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Forward 
 

This special issue of the Tsukuba Journal of Educational Study in Mathematics is the 
Proceedings of APEC - Tsukuba International Conference on ‘Innovative Teaching 
Mathematics through Lesson Study’, in January 15-20th in Tokyo. 
At the third APEC Education Ministerial Meeting held on 29-30 April 2004 in 
Santiago, the ministers defined four priority areas for future network activities. 
“Stimulating Learning in Mathematics and Science” is one of the four priority areas. 
Based on this priority, the project “A Collaborative study on innovations for teaching 
and learning mathematics in different cultures among the APEC Member Economies” 
was approved by APEC Member Economies in August 2005. The project is managed 
by the Center for Research in Mathematics Education (CRME) in Khon Kaen 
University and the Center for Research on International Cooperation in Educational 
Development (CRICED) in University of Tsukuba. At the first stage, we had planed 
to set the meeting for ‘Innovative Teaching Mathematics through Lesson Study’, in 
January, 2006 in Tokyo. The aim was to share research questions and develop 
collaborative framework for the implementation of innovative scheme in teaching 
and learning of mathematics. For stimulating learning in mathematics and science, we 
focused on Lesson Study to develop good practices as a way of innovation.  
Every January, the mathematics education committee for the Cooperation Bases 
System in educational cooperation by the ministry of education, culture, sports and 
science, has the meeting for educational cooperation with developing countries.   
APEC meeting and the educational cooperation meeting are different meetings but 
the theme of APEC project is meaningful not only for APEC economies but also for 
other countries and the educational cooperation meeting is also meaningful for APEC 
economies. Then, the organizing committee connected different meetings in a week 
and named APEC-Tsukuba International Conference. 
APEC-Tsukuba Conference integrated the following three different meetings: 

 The Open symposium: “Improving the Quality of Education for 
Developing Numeracy on Education for All” 

 APEC Open symposium: “International Symposium on Innovative 
Teaching Mathematics through Lesson Study” 

 APEC Specialist session: “International workshop on Innovative Teaching 
Mathematics through Lesson Study”. 

 Specialist session included Lesson Study meetings by the Attached 
Elementary and Middle School of the University of Tsukuba.  

The conference has 226 participants from 20 countries. There are a number of 
Keynote lectures, panels, lectures and research presentations by key researchers of 
each country. Speakers of open symposium were nominated by the organizing 
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committees from the view point of the planning of the educational cooperation for 
developing numeracy. Speakers of APEC Open symposium were nominated by 
APEC project overseers. Speakers of APEC specialist session were nominated by 
APEC economies and APEC project overseers as representatives of economies. 
Considering those significant contributions, organizing committee decided to publish 
all contributions as special issues of the Tsukuba Journal of Mathematical Education 
for sharing these research papers with members of mathematics education society in 
the world. 
At last part of the forward, we would like to acknowledge supported and contributed 
governmental organizations and institutions. APEC project “A Collaborative study on 
innovations for teaching and learning mathematics in different cultures among the 
APEC Member Economies” is proposed from Thailand. The conference is organized 
by the University of Tsukuba with the organizing committee with support of APEC 
Project Overseers, co-organized by: Ministry of Education, Culture, Sports, Science 
and Technology of Japan (MEXT) and Japan International Cooperation Agency 
(JICA), supported by Ministry of Foreign Affairs of Japan (MOFA), Japan Society of 
Mathematical Education (JSME), Japan Society for Science Education (JSSE). 
We would like to deeply appreciate these organizations and institutions, and 
contributors who worked for the conference. 
 

March 31, 2006 
 
 

Editors  Masami Isoda 
Shizumi Shimizu 

Takeshi Miyakawa 
Kazuhiro Aoyama 

Kimiho Chino 
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GENERAL INTRODUCTION 
 

At the third APEC Education Ministerial Meeting held on 29-30 April 2004 in 
Santiago, the ministers defined the four priority areas for future network activities. 
“Stimulating Learning in Mathematics and Science” is one of the four priority area. 
Based on this priority, the APEC project “A Collaborative study on innovations for 
teaching and learning mathematics in different cultures among the APEC Member 
Economies” was approved by APEC Member Economies in August 2005. The project 
is managed by the Center for Research in Mathematics Education (CRME) in Khon 
Kaen University and the Center for Research on International Cooperation in 
Educational Development (CRICED) in University of Tsukuba. 
The project aims at: 1) to collaboratively develop innovations on teaching and 
learning mathematics in different cultures of the APEC Member Economies, and 2) to 
develop collaborative framework involving mathematics education among the APEC 
Member Economies. For these aims, the project focuses on the good practices in 
school classroom and ways of professional development such as the Lesson Study in 
each Member Economies. As the goal of project, we would like to publish the report 
(or book) with CD-roms including good teaching practices of participated economies 
and models of good practices which enable to use for the innovation of mathematics 
education in APEC economies and the world. 
In order to achieve the goal of the project, we set two meetings within the four phases 
of the project: 
Phase I, open symposium and closed workshop (specialist session) among key 
mathematics educators from the cosponsoring APEC Member Economies hosted by 
Center for Research on International Cooperation for Educational Development, 
University of Tsukuba, Japan will be organized in order to develop a research 
proposal and collaborative framework for the implementation of innovation scheme 
in teaching and learning mathematics (January 2006). 
Phase II, each cosponsoring APEC Economy will develop some examples based on 
the framework (February-March 2006). 
Phase III, the International Symposium will be organized in order to share and 
reflect on each Economy’s research results and best practice. The Symposium will be 
hosted by Center for Research in Mathematics Education (CRME), Faculty of 
Education, Khon Kaen University, Thailand  (May 2006). 
Phase IV, The product for innovation of mathematics education will be developed. 
(July, 2006) 
The project itself is carried out by the people invited in the two meetings at Phase I 
and Phase III. At the same time, to open the ideas for good practices to everyone in 
each society, the open symposium will be set in each meeting. We are expecting to 
invite same people in the both meetings. Depending on the restriction of the grant, we 
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are expecting to invite people from the following countries: USA, Japan, Korea, 
Australia, Chili, China, Hong Kong, Vietnam, Thailand, Philippines, Indonesia, 
Malaysia and Singapore. At the same time, we have been making effort to invite more 
people from other APEC economies. Participating of matheducators who have wishes 
to come to self fund will be acceptable. 
The foci of the two meetings are to share the ideas of good practices from participants 
and structuring, developing and reviewing the product with VTR for teacher 
education and reform movement in Mathematics Education. 
 
Ways of Publications 
We develop our results through first and second meeting. At first meeting, 
participants present the discussion paper with some examples of good practice. At the 
end of first meeting, we would like to set editorial board, the clear format and 
structure of final papers with VTR. At second meeting in Thailand, participants are 
expecting to present papers with VTR based on the format and structure. After the 
discussion in Thailand meeting, we need to revise papers with VTR. 
We are planning to report following ways. Contributions in the first meeting of Tokyo 
will be sited on the conference website and published from the Special Issues of 
Tsukuba Journal of Educational Study in Mathematics. Contributions in second 
meeting of Khon Kaen will be sited on the conference website and published from 
the Special Issues of Journal of Center for Research in Mathematics Education. 
Finally, we are planning to publish the comprehensive, revised and accepted papers in 
two meetings as a book with DVD or CD-roms. 
 

Tentative Definition of Good Practice in Mathematics 
 We use the word of good practice in mathematics classroom as for the reform of 
each economy’s mathematics education. It must not be the same depending on each 
economy. The ideas of innovation included in good practices might be useful for 
other economies. Depending on the result of TIMSS video tape study, we knew that 
there are differences among countries. There are strongly impressed people in the 
world by distributed VTR tapes. But we know that the study itself did not aim to 
know what the good practice is and which country should be the model of the 
mathematics lesson. In each economy there are a lot of researches in classroom and 
matheducators have been developing the good practices. On the other hands, there are 
problems that they can not write what, how and why good it is because there are no 
appropriate scientific ways to illustrate it as understandable among different cultural 
societies.  
This project focus on gathering good practices themselves from participants in each 
economy and discuss what is good, why it is and how the teacher can develop such a 
good practice. If we discuss these points, we may know that how each good practice 
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has been done on different cultural setting and through the using these difference as 
our mirrors, we revalue our good practice from different perspective and get ideas 
and models for innovation of our mathematics education and try to use the model to 
the reform.  
Indeed, TIMSS video tape study enables us to know how useful to look at a short part 
of the lesson and discuss about analyzing of it by each of us such as why it is good 
and why teacher did such a way. Through the meetings, we would like to talk about 
each good practice and define how we can express good practice. At the beginning of 
this project, we tentatively define the good practice in mathematics with following 
conditions. 

1) It is visible, recordable in the classroom and can be showed to other people. 
2) It may be known as a good approach in an economy. 
3) There is a teacher who is well known by its approach. 
4) It may be known as useful for the reform of mathematics education. 
5) Many teachers may have their wish to do the same approach. 
6) It may be taught in the teacher education (pre-service or in-service) 
7) Against its approach, on contrast, there are different/traditional approaches 

based on different/traditional value. 
These conditions are tentative as for imaging what it is. One of the goals of project is 
to develop visible models of good practices which can be used for teacher educations 
with DVD or CD-roms (or distributed through Internet) in each economies. Thus in 
the meetings, it is necessary to show and share examples by VTRs (digital movies). 
 

Structure of Meeting in Tokyo, January 15-16, 2006 
The aims of Phase I, first meetings, are constructed with two components to share the 
ideas for good (or best) practices, know the diversity meanings and approach in 
different cultures and share the good ideas of ongoing professional development such 
as the Lesson Study. First component of the meeting is open symposium based on key 
note lectures and symposium for shearing ideas. Second component is closed 
workshop (specialist session) to share the good practices in each economy, knowing 
why it is good and the developing shared frameworks for second meetings in 
Thailand.  
The structure of meeting in Tokyo is explained in following schedule and obligation 
of participants of workshop will be written after the schedule.  
 
Schedule of APEC - Tsukuba meetings in Tokyo 
Following are schedule of APEC - Tsukuba meetings in Tokyo. Titles of lectures are tentative. 
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Jan 14 SAT.  Arrival of Participants 
 
Jan 15 SUN.  Open Symposium for planning collaboration (APEC participants 

survey of other countries’ reform movements): 
Improving the Quality of Education for Developing Numeracy on Education for 
All: Planning the International Collaboration for Future 

Keynote lectures: 
“Mathematical Literacy for Living from OECD-PISA perspective” 

Dr,.Jan de Lange,  Director, Freudenthal Institute, Netherlands. 
Chair, OECD-PISA technical committee 

“Japanese Lesson Study for Developing Best Practice” 
Professor Akihiko Takahashi, DePaul University,  
Professor Shizumi Shimizu, University of Tsukuba 

Panel for sharing the ideas of projects for planning international collaboration on 
Numeracy: 

“How have countries adopted the Lesson Study Approach for Educational 
Development on their JICA Projects ? ” 
  General view of JICA Projects 
 Presentation from Countries on JICA Projects in Mathematics 

 
Jan 16 MON.  Open symposium on APEC: 
“International Symposium on Innovative Teaching Mathematics through Lesson 
Study” 

Welcome Speech, Yoichi Iwasaki President of the University of Tsukuba  
Opening Address, Dr. Chira Hongladrom, Lead Shepherd of APEC Human 

Resouce Development Working Group, 
Key note lectures: 

“Professional Development through Lesson Study: A Lesson learned from US” 
Professor Catherine C. Lewis, Mills College USA 

       “Comparative Study of Mathematics Classroom” 
         Professor Frederick Leung, Hong Kong 

Lectures: 
      “Innovation of mathematics teaching with ICT” 
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  Professor Yasuyuki Iijima, Aichi University of Education, Japan 
      “Good Practice in Korea” 
  Professor Kyoungmee Park, Korea 
      “Open-ended Approach and Teacher Education” 

         Professor Maitree Inprashita, Thailand 
General Discussion: 
 “Developing Research for Good Practice and its Methods” 
      Modulator: Professor Tad Watanabe, USA 

 
Jan 16 to Jan 20.  Specialist session on APEC  
“International workshop on Innovative Teaching Mathematics through Lesson 
Study” 
  Jan 16 (after open symposium) Opening of Specialist Session 
  Jan 17 Morning  School visit: Elementary School, University of Tsukuba. 

Jan 18 Morning School visit: Secondary School, University of Tsukuba 
Jan 20 Noon  Closing  
 

Ways of Specialist session, Jan 16 – Jan 20, in APEC-Tsukuba Conference 
One of the goals of project is to develop visible models of good practices. At 
specialist session, we would like to discuss following points based on contribution 
from participants: what lesson study is, what the good practice is, why it is good, how 
it was developed. At the last stage of the session, we would like to conclude the 
reliable format, structure and categories of topics to describe good practice in 
mathematics education. 
Specialist session will be managed by following two ways. 

a. Lesson Study meetings at the attached schools on January 17 and 18 mornings 
  1) Short explanation of the lessons 
  2) Lesson observations 
  3) Discussion about lessons after observations 
  4) Discussion about what Japanese way of the lesson study is. 
b. Presentation and discussion depending on categories 

Presentation and discussion are categorized by topics depending on their full papers. 
Tentative categories are followings but it is not aimed to orient the contents of papers. 

A. Lesson Study Project for special themes in mathematics education 
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B. Lesson Study Project for developing Innovative lesson approaches 
C. Lesson Study Project for teacher education and professional development 
E. Lesson Study Project for Implementing Curriculum  
F. Lesson Study Project with ICT 

Presentation and discussion are managed following ways. 
1) Modulator and presenters are nominated depending on their papers 
     The role of modulator is refocusing on special topics to be discussed. 
2) 30 minutes (or less) presentations including questions and answers 

The aim of presentation is sharing ideas on good practices. In presentation, 
the presenter prepares his/her presentation with a short movie (10 minutes 
or less). Presentation must answer what is good, why it is good, and how it 
is developed. The methodology to show video movie, the way of 
presentation, itself is also meaningful for discussing how useful to look at 
a short part of the lesson for teacher education. 

3) Modulator poses the questions and having short Break. 
After three or four presentations, the modulator pose some questions which 
are useful for sharing key and meaning full ideas for innovation of 
mathematics education, knowing difference and developing the ideas for 
innovation of mathematics education. 

4) Discussion in group depending on questions 
 Group discussion is done by participants from economies and observers. 
5) Each group reports in 5 minutes 
6) Modulator integrates reports and writes the concluding paper with reporters. 

 
Venues of APEC - Tsukuba Conference in Tokyo 
The meetings will be held following places: 
Jan 15-16: International Conference Auditorium 

JICA INSTITUTE FOR INTERNATIONAL COOPERATION 
http://www.jica.go.jp/english/contact/ific/index.html 

Jan 17-20: Attached Schools, University of Tsukuba at Tokyo 
http://www.gakko.otsuka.tsukuba.ac.jp/map.jpg 
and Meeting Rooms: 
JICA INSTITUTE FOR INTERNATIONAL COOPERATION 

Accommodations of representatives is going to be sited at the hotel in JICA Institute 
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for International Cooperation Building in Tokyo 
 

Important Information for Participants at First Meeting in Tokyo 
Format of the papers 
The format of all papers including lectures and presentation in open symposium is the 
PME format1 by Adbe pdf or MS word. There are no limitation of pages in the case 
of lectures in January 15 and 16. In the case of lectures in January 15 and 16, 
simultaneous translation English-Japanese is set for Japanese participants. Thus, it is 
necessary to have papers for translation.  
For specialist sessions, we are expecting 8 pages but if necessary we do not count the 
pages of Appendix. You can see any papers of PME on ERIC by the key words 
"Psychology of Mathematics Education" 
 
Dead line of submission 
Please send your paper to apec@criced.tsukuba.ac.jp no later than January 7 for 
people can read before your coming to the conference. 
 
Recommended format of the paper for specialist session 
Followings are the expecting contents of full papers for specialist session: 

 Description of Good Practices 
 Why we can say it as good practices? 
 What kind of reform is expected by such kinds of practices? 

If necessary: 
Please describe the setting in curriculum standard for 
explaining why it is good. 
Please explain it by the technical term of mother language as 
well as English meanings of it. 
Please explain it with relation to the world mathematics 
education research movement. 

 Through the conference we would like to elaborate and develop appropriate 
ways of research paper format for describing and qualifying the good practice. 
Thus, you do not necessary to imagine the passed PME style research papers 
for writing your paper. It is better for us to consider using it to teacher 
education with example of VTR.  

                                           
1 http://www.pme30.cz/doc/PME30Template.rtf 
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 If necessary, you can add pages with the appendix for describing details of the 
lesson but at the same time, people could not read if you put appendix too 
many protocols in the lesson. If necessary, it may be also useful if you can add 
the lesson plan with your economy’s format as well as excerption of protocols 
of the lesson. 

Additionally, at your presentation in conference, please use VTR or the data file of 
movie within 10 minutes for introducing a good practice. It may be necessary that 
VTR is edited with captions in English for understanding.  
Following is an example: 
  http://e-archives.criced.tsukuba.ac.jp/en/result_data.php?idx_key=1034 

You can see clearer/heavier version: 
http://www.criced.tsukuba.ac.jp/math/teaching-material.html 

Exploring Japanese Mathematics Lesson  
 -For sharing key ideas- 

.wmv 

(short ver.)(53.3MB) 

This is an example. The ways of developing VTR and showing may be a good topic 
to be discussed in our meeting. In this case, it is developed for teacher education. It is 
expected that teacher educator, in this case Masami ISODA, explains each situations. 
Depending on the ways of using, it is not comfortable because there is no explanation 
about whole lesson and teaching plan. Captions are not protocols! 
The video more than 10 minutes is not appropriate to understand because English is 
the second language for most of participants. It must be helpful for all people if your 
paper including some protocols and resume of VTR for understanding your VTR. 
 
Supporting Travel Expense 
Your travel expense will be supported from APEC Singapore Office or University of 
Tsukuba. The necessary information will be send to each person. If you have question 
in process, please ask immediately to the correspondences. 
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MATHEMATICAL LITERACY FOR LIVING FROM OECD-PISA 
PERSPECTIVE 

Jan de Lange 
Freudenthal Institute, Utrecht University – the Netherlands 

 
The OECD/PISA study is spreading all over the globe: 58 countries might participate 
in 2006. And although PISA has had ample media attention it seems far from clear 
what PISA actually measures and how. The Literacy aspect is often overlooked, and 
the discussion is hardly ever about the content, or the instrument. This is an 
undesirable situation. Given the expansion of PISA it is worth to reflect on its meaning, 
possibilities and problems, starting with the Mathematical Literacy aspect. 

MATHEMATICAL LITERACY 
Mathematical Literacy has become a rather common term through the influence from 
OECD/PISA. But there is quite a history, at least dating back to the seventies, of efforts 
to cover the idea, often called numeracy or quantitative literacy. As quantitative 
Literacy has been used rather widely let us first look at a definition of QL. Lynn Arthur 
Steen (2001) pointed out that there are small but important differences in the several 
existing definitions and, although he did not suggest the phrase as a definition, referred 
to QL as the ‘capacity to deal effectively with the quantitative aspects of life.’ Indeed, 
most existing definitions Steen mentioned give explicit attention to number, arithmetic, 
and quantitative situations, either in a rather narrow way as in the National Adult 
Literacy Survey (NCES, 1993): 

The knowledge and skills required in applying arithmetic operations, either alone or 
sequentially, using numbers embedded in printed material (e.g., balancing a check book, 
completing an order form). 

or more broadly as in the International Life Skills Survey (ILSS, 2000): 
An aggregate of skills, knowledge, beliefs, dispositions, habits of mind, communication 
capabilities, and problem solving skills that people need in order to engage effectively in 
quantitative situations arising in life and work. 

The problem we have with these definitions is their apparent emphasis on quantity. 
Mathematical literacy is not restricted to the ability to apply quantitative aspects of 
mathematics but involves knowledge of mathematics in the broadest sense. As an 
example, being a foreigner who travels a great deal in the United States, I often ask 
directions of total strangers. What strikes me in their replies is that people are generally 
very poor in navigation skills: a realization of where you are, both in a relative and 
absolute sense. Such skills include map reading and interpretation, spatial awareness, 
‘grasping space’ (Freudenthal, 1973), understanding great circle routes, understanding 
plans of a new house, and so on. All kinds of visualization belong as well to the literacy 
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aspect of mathematics and constitute an absolutely essential component for literacy, as 
the three books of Tufte (1983, 1990, 1997) have shown in a very convincing way. 
We believe that describing what constitutes mathematical literacy necessitates not only 
this broader definition but also attention to changes within other school disciplines. 
The Organization for Economic Cooperation and Development (OECD) publication 
Measuring Student Knowledge and Skills (1999) presents as part of reading literacy a 
list of types of texts, the understanding of which in part determines what constitutes 
literacy. This list comes close, in the narrower sense, to describing many aspects of 
quantitative literacy. The publication mentions, as examples, texts in various formats: 

Forms: tax forms, immigration forms, visa forms, application forms, 
questionnaires; 

Information sheets: timetables, price lists, catalogues, programs; 
Vouchers: tickets, invoices; 
Certificates: diplomas, contracts; 
Calls and advertisements; 
Charts and graphs; iconic representations of data; 
Diagrams; 
Tables and matrices; 
Lists; 
Maps. 

The definition Steen used in Mathematics and Democracy: The Case for Quantitative 
Literacy (2001) refers to these as ‘document literacy’, following a definition adopted 
by the National Center for Education Statistics (1993). 
Against this background of varying perspectives, we adapt for ‘mathematical literacy’ 
a definition that is broad but also rather ‘mathematical’: 

Mathematics literacy is an individual’s capacity to identify and understand the role that 
mathematics plays in the world, to make well-founded judgments, and to engage in 
mathematics in ways that meet the needs of that individual’s current and future life as a 
constructive, concerned and reflective citizen (OECD, 1999). 

This definition was developed by the Expert Group for Mathematics of the Programme 
for International Student Assessment (PISA), of which the author is chair. 

A MATTER OF DEFINITIONS 
Having set the context, it seems appropriate now to make clear distinctions among 
types of literacies so that, at least in this essay, we do not declare things equal that are 
not equal. For instance, some equate numeracy with quantitative literacy; others equate 
quantitative and mathematical literacy. To make our definitions functional, we connect 
them to our phenomenological categories: 
Spatial Literacy. We start with the simplest and most neglected: spatial literacy. 
Spatial literacy supports our understanding of the (three-dimensional) world in which 
we live and move. To deal with what surrounds us, we must understand properties of 
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objects, the relative positions of objects and the effect thereof on our visual perception, 
the creation of all kinds of two- and three-dimensional paths and routes, navigational 
practices, shadows – even the art of Escher. 
Numeracy. The next obvious literacy is numeracy, fitting as it does directly into 
quantity. We can follow, for instance, Treffers’ (1991) definition, which stresses the 
ability to handle numbers and data and to evaluate statements regarding problems and 
situations that invite mental processing and estimating in real-world contexts. 
Quantitative Literacy. When we look at quantitative literacy, we are actually looking at 
literacy dealing with a cluster of phenomenological categories: quantity, change and 
relationships, and uncertainty. These categories stress understanding of, and 
mathematical abilities concerned with, certainties (quantity), uncertainties (quantity as 
well as uncertainty), and relations (types of, recognition of, changes in, and reasons for 
those changes). 
Mathematical Literacy. We think of mathematical literacy as the overarching literacy 
comprising all others. Thus we can make a visual representation as follows: 

 

Fig. 1: Tree structure mathematical literacy 

PISA LITERACY 
The OECD/PISA mathematical literacy domain is concerned with the capacities of 
students to analyse, reason, and communicate ideas effectively as they pose, formulate, 
solve and interpret mathematics in a variety of situations. The assessment focuses on 
real-world problems, moving beyond the kinds of situations and problems typically 
encountered in school classrooms. In real-world settings, citizens regularly face 
situations when shopping, travelling, cooking, dealing with personal finances, et cetera, 
in which mathematical competencies would be of some help in clarifying or solving a 
problem. 
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Citizens in every country are increasingly confronted with a myriad of issues involving 
quantitative, spatial, probabilistic or relational reasoning. The media are full of 
information that use and misuse tables, charts, graphs and other visual representations 
to explain or clarify matters regarding the weather, economics, medicine, sports, 
environment, to name a few. Even closer to the daily life of every citizen are skills 
involving reading and interpreting bus or train schedules, understanding energy bills, 
arranging finances at the bank, economising resources, and making good business 
decisions, whether it is bartering or finding the best buy. Thus, literacy in mathematics 
is about the functionality of the mathematics you have learned at school. This 
functionality is important for students to survive in a successful way in the present 
information and knowledge society. 
Such uses of mathematics are based on skills learned and practiced through the kinds 
of problems that typically appear in textbooks and classrooms. However, they demand 
the ability to apply those skills in a less structured context, where the directions are not 
so clear. People have to make decisions about what knowledge may be relevant, what 
process will lead to a possible solution, and how to reflect on the correctness of the 
answer found. 
Some explanatory remarks are in order for the definition of mathematical literacy to 
become transparent: 

1. In using the term ‘literacy’, we want to emphasize that mathematical 
knowledge and skills that have been defined and are definable within the 
context of a mathematics curriculum, do not constitute our primary focus here. 
Instead, what we have in mind is mathematical knowledge put into functional 
use in a multitude of contexts in varied, reflective, and insight-based ways. 

2. Mathematical literacy cannot be reduced to – but certainly presupposes – 
knowledge of mathematical terminology, facts, and procedures as well as 
numerous skills in performing certain operations, carrying out certain 
methods, and so forth. Also, we want to emphasize that the term ‘literacy’ is 
not confined to indicating a basic, minimum level of functionality only. On 
the contrary, we think of literacy as a continuous, multidimensional spectrum 
ranging from aspects of basic functionality to high-level mastery. 

3. A crucial capacity implied by our notion of mathematical literacy is the ability 
to pose, formulate and solve intra- and extra-mathematical problems within a 
variety of domains and settings. These range from purely mathematical ones 
to ones in which no mathematical structure is present from the outset but may 
be successfully introduced by the problem poser, problem solver, or both. 

4. Attitudes and emotions (e.g., self-confidence, curiosity, feelings of interest 
and relevance, desire to do or understand things) are not components of the 
definition of mathematical literacy. Nevertheless they are important 
prerequisites for it. In principle it is possible to possess mathematical literacy 
without possessing such attitudes and emotions at the same time. In practice, 
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however, it is not likely that such literacy will be exerted and put into practice 
by someone who does not have some degree of self-confidence, curiosity, 
feeling of interest and relevance, and desire to do or understand things that 
contain mathematical components. 

MATHEMATISATION AS KEY TO LITERACY 
Mathematical literacy is about dealing with ‘real’ problems. That means that these 
problems are not ‘purely’ mathematical but are placed in some kind of a ‘situation’. In 
short, the students have to ‘solve’ a real world problem requiring to use the skills and 
competencies they have acquired trough schooling and life experiences. A 
fundamental role in that process is referred to as ‘mathematisation’. 
The process of mathematisation starts with a problem situated in reality (1). Next the 
problem solver tries to identify the relevant mathematics, and reorganizes the problem 
according to the mathematical concepts identified (2) followed by gradually trimming 
away the reality (3). These three steps lead us from a real world problem to a 
mathematical problem. The fourth step may not come as a surprise: solving the 
mathematical problem (4). Now the question arises: what is the meaning of this strictly 
mathematical solution in terms of the real world (5)? 
The following figure shows the cyclic character of the mathematisation process: 
 

 

Fig. 2: The mathematisation cycle 
 
In might help the interested reader understanding this cycle better by giving an 
example. The following item has been field trialled for PISA but was rejected because 
of the high degree of difficulty. The item has previously been released by OECD. For 
the purpose of making the mathematisation process clear we have changed the 
question asked: 
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Fig. 3: Example of item that lends itself to mathematisation 
 
The process of mathematisation starts with a problem situated in reality (1). 
As will be clear from the item the realty in this case is physical fitness. An important 
rule when doing exercises is that one should not go to far in becoming fit, as this may 
cause health problems. We can jump to this conclusion because of the text: maximal 
heartbeat. 
Next the problem solver tries to identify the relevant mathematics, and reorganizes the 
problem according to the mathematical concepts identified (2). 
It seems clear that we have two word formulas that need to be understood, and we are 
requested to compare these two formulas, and what they really mean in mathematical 
terms. The formulas give a relation between the advised maximum heart beat rate and 
the age of a person. 
Next we are gradually trimming away the reality (3). 
There are different ways to move the problem to a strictly mathematical problem, or 
trimming away reality. One way to go is to make the word formulas into more formal 
expressions like: 

y = 220 – x 
y = 208 – 0.7x 

Of course we have to remind ourselves that y expresses the maximum heart beat in b/m 
and x the age in years. Another way to go to a ‘strictly’ mathematical world is drawing 
the graphs right from the word formulas. 
These three steps lead us from a real world problem to a mathematical problem. 

HEARTBEAT 

For health reasons people should limit their efforts, for instance during sports, in order not to exceed a 
certain heartbeat frequency. 

For years the relationship between a person’s recommended maximum heart rate and the person’s age was 
described by the following formula: 

Recommended maximum heart rate = 220 – age 

Recent research showed that this formula should be modified slightly. The new formula is as follows: 

Recommended maximum heart rate = 208 – (0.7 × age) 

 

QUESTION 1: HEARTBEAT 

What is the main difference between the two formulas and how do they affect the maximum allowable 
heart rate? 
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The fourth step may not come as a surprise: solving the mathematical problem (4). 
The mathematical problem at hand is to compare the two formulas or graphs, and to 
say something about the differences for people of a certain age. A nice way to start is to 
find out where the two formulas give equal results or where the two graphs intersect. 
So we can solve this by solving the equation: 

220 – x = 208 – 0,7x. 
This give us x = 40 and the corresponding value for y is 180. So the two graphs 
intersect at the point (40, 180). 
And as the slope of the first formula is -1, and of the second one -0,7 we know that the 
second graph is ‘less steep’ than the first one. Or the graph of y – 220 – x lies ‘above’ 
the graph of y = 208 – 0,7x for values of x smaller than 40, and below for values of x 
larger than 40. 
Now let us move to step 5 to see if this solution of the mathematical problem helps us 
in solving the ‘real world’ problem. 
Now the question arises: what is the meaning of this strictly mathematical solution in 
terms of the real world (5)?  
The meaning is not too difficult if we realize that x is the age of a person and y the 
maximum heart beat. If one is 40 years old both formulas give the same result: a 
maximum heart beat of 180. The ‘old’ rule allows for higher heart rates for younger 
people: in the extreme, if the age is zero the maximum is 220 in the old formula and 
only 208 in the new formula. 
But for older people, in this case for those over 40, the more recent insights allow for a 
higher maximum heartbeat. As an example, and again extreme: for an age of 100 years 
we see that the old formula give us a maximum of 120 and the new one 138. 
Of course we have to realize a number of other things: the formulas lack mathematical 
precision and give a feel of quasi scientific. It is only a rule of thump that should be 
used with caution. An other point is that for ages at the extreme the outcomes should be 
taken with even more hesitation. 
What this example shows is that even with relatively ‘simple’ items, in the sense that 
they can be used within the restrictions of a large international study and can be solved 
in a short time; we still can identify the full cycle of mathematisation and problem 
solving. 
What the example also shows is that mathematical literacy goes beyond most 
curricular mathematics. We will explore this further next. 

MATHEMATICS FOR LITERACY 
Mathematics school curricula are organized into strands that classify mathematics as a 
strictly compartmentalized discipline with an over-emphasis on computation and 
formulas. This organization makes it almost impossible for students to see 
mathematics as a continuously growing scientific field that continually spreads into 
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new fields and applications. Students are not positioned to see overarching concepts 
and relations, so mathematics appears to be a collection of fragmented pieces of factual 
knowledge. 
‘What is mathematics?’ is not a simple question to answer. A person asked at random 
will most likely answer ‘Mathematics is the study of number.’ Or, if you’re lucky, 
‘Mathematics is the science of number.’ And, as Devlin (1994) states in his very 
successful book Mathematics: The Science of Patterns, the former is a huge 
misconception based on a description of mathematics that ceased to be accurate some 
2,500 years ago. Present-day mathematics is a thriving, worldwide activity; it is an 
essential tool for many other domains like banking, engineering, manufacturing, 
medicine, social science, and physics. The explosion of mathematical activity that has 
taken place in the twentieth century has been dramatic. At the turn of the nineteenth 
century, mathematics could reasonably be regarded as consisting of about 12 distinct 
subjects: arithmetic, geometry, algebra, calculus, topology and so on. The similarity 
between this list and the present-day school curricula list is amazing. 
A more reasonable figure for today, however, would be between 60 and 70 distinct 
subjects. Some subjects (e.g., algebra, topology) have split into various sub fields; 
others (e.g., complexity theory, dynamical systems theory) are completely new areas 
of study. 
Mathematics could be seen as the language that describes patterns – both patterns in 
nature and patterns invented by the human mind. Those patterns can either be real or 
imagined, visual or mental, static or dynamic, qualitative or quantitative, purely 
utilitarian or of little more than recreational interest. They can arise from the world 
around us, from depth of space and time, or from the inner workings of the human 
mind. 
Since the goal of OECD/PISA is to assess student’s capacity to solve real problems, the 
strategy has been to define the range of content that will be assessed using a 
phenomenological approach to describing the mathematical concepts, structures or 
ideas. This means describing content in relation to the phenomena and the kinds of 
problems for which it was created. This approach ensures a focus in the assessment that 
is consistent with domain definition, but covers a range of content that includes what is 
typically found in other mathematics assessments and in national mathematics 
curricula. 
The concept of a phenomenological organization is not new. In 1990, the 
Mathematical Sciences Education Board published On the Shoulders of Giants: New 
Approaches to Numeracy, a book that made a strong plea for educators to help students 
delve deeper to find the concepts that underlie all mathematics and thereby better 
understand the significance of these concepts in the world. The labelling of 
phenomenological categories has many varieties. For the PISA study the term 
‘overarching idea’ has been chosen. 
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Many phenomenological categories can be identified and described. In fact the domain 
of mathematics is so rich and varied that it would not be possible to identify an 
exhaustive list of phenomenological categories. It is important for purposes of 
assessment, however, for any selection of big ideas that is offered to represent a 
sufficient variety and depth to reveal the essentials of mathematics and their relations 
to the traditional strands. 
The following list of mathematical phenomenological categories meets this 
requirement: 

Quantity 
Space and shape 
Change and relationships 
Uncertainty 

Using these four categories, mathematics content can be organized into a sufficient 
number of areas to help ensure a spread of items across the curriculum, but also a small 
enough number to avoid an excessively fine division – which would work against a 
focus on problems based in real-life situations. Each phenomenological category is an 
encompassing set of phenomena and concepts that make sense together and may be 
encountered within and across a multitude of quite different situations. By their very 
nature, each idea can be perceived as a general notion dealing with a generalized 
content dimension. This implies that the categories or ideas cannot be sharply 
delineated vis-à-vis one another. Rather, each represents a certain perspective, or point 
of view, which can be thought of as possessing a core, a centre of gravity, and a 
somewhat blurred penumbra that allow intersection with other ideas. In principle, any 
idea can intersect with any other idea. (For a more detailed description of these four 
categories or ideas, please refer to the PISA framework (OECD, 2002).) 
Quantity 
This overarching idea focuses on the need for quantification to organize the world. 
Important aspects include an understanding of relative size, recognition of numerical 
patterns, and the ability to use numbers to represent quantifiable attributes of 
real-world objects (measures). Furthermore, quantity deals with the processing and 
understanding of numbers that are represented to us in various ways. An important 
aspect of dealing with quantity is quantitative reasoning, whose essential components 
are developing and using number sense, representing numbers in various ways, 
understanding the meaning of operations, having a feel for the magnitude of numbers, 
writing and understanding mathematically elegant computations, doing mental 
arithmetic, and estimating.  
Space and Shape 
Patterns are encountered everywhere around us: in spoken words, music, video, traffic, 
architecture, and art. Shapes can be regarded as patterns: houses, office buildings, 
bridges, starfish, snowflakes, town plans, cloverleaf, crystals, and shadows. Geometric 
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patterns can serve as relatively simple models of many kinds of phenomena, and their 
study is desirable at all levels (Grünbaum, 1985). In the study of shapes and 
constructions, we look for similarities and differences as we analyze the components of 
form and recognize shapes in different representations and different dimensions. The 
study of shapes is closely connected to the concept of ‘grasping space’ (Freudenthal, 
1973) – learning to know, explore, and conquer, in order to live, breathe, and move 
with more understanding in the space in which we live. To achieve this, we must be 
able to understand the properties of objects and the relative positions of objects; we 
must be aware of how we see things and why we see them as we do; and we must learn 
to navigate through space and through constructions and shapes. This requires 
understanding the relationship between shapes and images (or visual representations) 
such as that between a real city and photographs and maps of the same city. It also 
includes understanding how three-dimensional objects can be represented in two 
dimensions, how shadows are formed and interpreted, and what perspective is and how 
it functions. 
Change and Relationships 
Every natural phenomenon is a manifestation of change, and in the world around us a 
multitude of temporary and permanent relationships among phenomena are observed: 
organisms changing as they grow, the cycle of seasons, the ebb and flow of tides, 
cycles of unemployment, weather changes, stock exchange fluctuations. Some of these 
change processes can be modelled by straightforward mathematical functions: linear, 
exponential, periodic or logistic, discrete or continuous. But many relationships fall 
into different categories, and data analysis is often essential to determine the kind of 
relationship present. Mathematical relationships often take the shape of equations or 
inequalities, but relations of a more general nature (e.g., equivalence, divisibility) may 
appear as well. Functional thinking – that is, thinking in terms of and about 
relationships – is one of the fundamental disciplinary aims of the teaching of 
mathematics. Relationships can take a variety of different representations, including 
symbolic, algebraic, graphic, tabular, and geometric. As a result, translation between 
representations is often of key importance in dealing with mathematical situations. 
Uncertainty 
Our information-driven society offers an abundance of data, often presented as 
accurate and scientific and with a degree of certainty. But in daily life we are 
confronted with uncertain election results, collapsing bridges, stock market crashes, 
unreliable weather forecasts, poor predictions of population growth, economic models 
that do not align, and many other demonstrations of the uncertainty of our world. 
Uncertainty is intended to suggest two related topics: data and chance, phenomena that 
are the subject of mathematical study in statistics and probability, respectively. Recent 
recommendations concerning school curricula are unanimous in suggesting that 
statistics and probability should occupy a much more prominent place than they have 
in the past (Cockroft, 1982; LOGSE, 1990; MSEB, 1993; NCTM, 1989, 2000). 
Specific mathematical concepts and activities that are important in this area include 



Mathematical Literacy for Living from OECD-PISA Perspective 

 23

collecting data, data analysis, data display and visualization, probability, and 
inference. 

MATHEMATICS VERSUS MATHEMATICAL LITERACY 
In an interview in Mathematics and Democracy, Peter T. Ewell (2001) was asked: 
“The Case for Quantitative Literacy argues that quantitative literacy is not merely a 
euphemism for mathematics but is something significantly different – less formal and 
more intuitive, less abstract and more contextual, less symbolic and more concrete. Is 
this a legitimate and helpful distinction?” Ewell answered that indeed this distinction 
is meaningful and powerful. 
The answer to this question depends in large part on the interpretation of what 
constitutes good mathematics. We can guess that in Ewell’s perception, mathematics is 
formal, abstract, and symbolic – a picture of mathematics still widely held. Ewell 
continued to say that literacy implies an integrated ability to function seamlessly 
within a given community of practice. Functionality is surely a key point, both in itself 
and in relation to a community of practice, which includes the community of 
mathematicians. Focusing on functionality gives us better opportunity to bridge gaps 
or identify overlaps. In the same volume, Alan H. Schoenfeld (2001) observed that in 
the past, literacy and what is learned in mathematics classes were largely disjointed. 
Now, however, they should be thought of as largely overlapping and taught as largely 
overlapping. In this approach, which takes into consideration the changing perception 
of what constitutes mathematics, mathematics and mathematical literacy are positively 
not disjointed. 
For Schoenfeld, the distinction most likely lies in the fact that as a student he never 
encountered problem-solving situations, that he studied only ‘pure’ mathematics and, 
finally, that he never saw or worked with real data. Each of these is absolutely essential 
for literate citizenship, but none even hints at defining what mathematics is needed for 
ML, at least not in the traditional school mathematics curricula descriptions of 
arithmetic, algebra, geometry, and so on. 
Again, in Mathematics and Democracy, Wade Ellis, Jr. (2001) observes that many 
algebra teachers provide instruction that constricts rather than expands student 
thinking. He discovered that students leaving an elementary algebra course could solve 
fewer real-world problems after the course than before it: after completing the course, 
they thought that they had to use symbols to solve problems they had previously solved 
using only simple reasoning and arithmetic. It may come as no surprise that Ellis 
promotes a new kind of common sense – a quantitative common sense based on 
mathematical concepts, skills, and know-how. Despite their differences, however, 
Schoenfeld and Ellis seem to share Treffers’ (1991) observation that innumeracy might 
be caused by a flaw in the structural design of instruction. 
These several observers seem to agree that in comparison with traditional school 
mathematics, ML is less formal and more intuitive, less abstract and more contextual, 
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less symbolic and more concrete. ML also focuses more attention and emphasis on 
reasoning, thinking, and interpreting as well as on other very mathematical 
competencies. To get a better picture of what is involved in this distinction, we first 
need to describe what Steen (2001) called the ‘elements’ needed for ML. With a 
working definition of ML and an understanding of the elements (or ‘competencies’ as 
they are described in the PISA framework) needed for ML, we might come closer to 
answering our original question – what mathematics is important? – or formulating a 
better one. 

COMPETENCIES NEEDED FOR MATHEMATICAL LITERACY 
The competencies that form the heart of the ML description in OECD/PISA seem, for 
most parts, in line with the so called ‘elements’ in Steen (2001). The content part of the 
competency description relies on the work of Niss (1999) and his Danish colleagues, 
but similar formulations can be found in the work of many others representing many 
countries (as indicated by Neubrand et al., 2001). The same holds for the description of 
the competency clusters. The present description is a further development of work 
carried out by the author (Boertien and De Lange, 1994; De Lange, 1995, 1999) and his 
colleagues from the Netherlands and the United States. 

1. Mathematical thinking and reasoning. Posing questions characteristic of 
mathematics; knowing the kind of answers that mathematics offers, 
distinguishing among different kinds of statements; understanding and 
handling the extent and limits of mathematical concepts. 

2. Mathematical argumentation. Knowing what proofs are; knowing how proofs 
differ from other forms of mathematical reasoning; following and assessing 
chains of arguments; having a feel for heuristics; creating and expressing 
mathematical arguments. 

3. Mathematical communication. Expressing oneself in a variety of ways in oral, 
written, and other visual form; understanding someone else’s work. 

4. Modelling. Structuring the field to be modelled; translating reality into 
mathematical structures; interpreting mathematical models in terms of 
context or reality; working with models; validating models; reflecting, 
analyzing, and offering critiques of models or solutions; reflecting on the 
modelling process. 

5. Problem posing and solving. Posing, formulating, defining, and solving 
problems in a variety of ways. 

6. Representation. Decoding, encoding, translating, distinguishing between, and 
interpreting different forms of representations of mathematical objects and 
situations as well as understanding the relationship among different 
representations. 

7. Symbols. Using symbolic, formal, and technical language and operations. 
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8. Tools and technology. Using aids and tools, including technology when 
appropriate. 

To be mathematically literate, individuals need all these competencies to varying 
degrees, but they also need confidence in their own ability to use mathematics and 
comfort with quantitative ideas. An appreciation of mathematics from historical, 
philosophical, and societal points of view is also desirable. 
It should be clear from this description why we have included functionality within the 
mathematician’s practice. We also note that to function well as a mathematician, a 
person needs to be literate. It is not uncommon that someone familiar with a 
mathematical tool fails to recognize its usefulness in a real-life situation (Steen, 2001). 
Neither is it uncommon for a mathematician to be unable to use common-sense 
reasoning (as distinct from the reasoning involved in a mathematical proof). 
As Deborah Hughes-Hallett (2001) made clear in her contribution to Mathematics and 
Democracy, one of the reasons that ML is hard to acquire and hard to teach is that it 
involves insight as well as algorithms. Some algorithms are of course necessary: it is 
difficult to do much analysis without knowing arithmetic, for example. But learning 
(or memorizing) algorithms is not enough: insight is an essential component of 
mathematical understanding. Such insight, Hughes-Hallett noted, connotes an 
understanding of quantitative relationships and the ability to identify those 
relationships in an unfamiliar context; its acquisition involves reflection, judgment, 
and above all, experience. Yet current school curricula seldom emphasize insight and 
do little to actively support its development at any level. This is very unfortunate. The 
development of insight into mathematics should be actively supported, starting before 
children enter school. 
Many countries have begun to take quite seriously the problems associated with 
overemphasizing algorithms and neglecting insight. For example, the Netherlands has 
had some limited success in trying to reform how mathematics is taught. To outsiders, 
the relatively high scores on the Third International Mathematics and Science Study 
(TIMSS) and TIMSS-R by students in the Netherlands appear to prove this, but the 
results of the Netherlands in the PISA study should provide even more proof. 

COMPETENCY CLUSTERS 
We do not propose development of test items that assess the above skills individually. 
When doing real mathematics, it is necessary to draw simultaneously upon many of 
those skills. In order to operationalise these mathematical competencies, it is helpful to 
organize the skills into three clusters: 

Reproduction (definitions, computations). 
Connections (and integration for problem solving). 
Reflection, (mathematical thinking, generalization, and insight). 

We will elaborate on these clusters next. 
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Cluster 1. Reproduction 
At this first cluster, we deal with the matter dealt with in many standardized tests, as 
well in comparative international studies, and operationalised mainly in 
multiple-choice format. It deals with knowledge of facts, representing, recognizing 
equivalents, recalling mathematical objects and properties, performing routine 
procedures, applying standard algorithms, and developing technical skills. Dealing and 
operating with statements and expressions that contain symbols and formulas in 
‘standard’ form also relate to this level. 
Items at cluster 1 are often in multiple-choice, fill-in-the-blank, matching, or 
(restricted) open-ended questions format. 
Cluster 2. Connections 
At this cluster we start making connections between the different strands and domains 
in mathematics and integrate information in order to solve simple problems in which 
students have a choice of strategies and a choice in their use of mathematical tools. 
Although the problems are supposedly non-routine, they require relatively minor 
mathematisation. Students at this level are also expected to handle different forms of 
representation according to situation and purpose. The connections aspect requires 
students to be able to distinguish and relate different statements such as definitions, 
claims, examples, conditioned assertions, and proof. 
From the point of view of mathematical language, another aspect at this cluster is 
decoding and interpreting symbolic and formal language and understanding its 
relations to natural language. Items at this cluster are often placed within a context and 
engage students in mathematical decision making. 
Cluster 3. Reflection 
At cluster 3, students are asked to mathematise situations (recognize and extract the 
mathematics embedded in the situation and use mathematics to solve the problem). 
They must analyse, interpret, develop their own models and strategies, and make 
mathematical arguments including proofs and generalizations. These competencies 
include a critical component and analysis of the model and reflection on the process. 
Students should not only be able to solve problems but also to pose problems. 
These competencies function well only if the students are able to communicate 
properly in different ways (e.g., orally, in written form, using visualizations). 
Communication is meant to be a two-way process: students should also be able to 
understand communication with a mathematical component by others. Finally we 
would like to stress that students also need insight competencies – insight into the 
nature of mathematics as a science (including the cultural and historical aspect) and 
understanding of the use of mathematics in other subjects as brought about through 
mathematical modelling. 
As is evident, the competencies at cluster 3 quite often incorporate skills and 
competencies usually associated with the other two clusters. We note that the whole 
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exercise of defining the three clusters is a somewhat arbitrary activity: There is no clear 
distinction between different clusters, and both higher- and lower-level skills and 
competencies often play out at different clusters. 
Cluster 3, which goes to the heart of mathematics and mathematical literacy, is difficult 
to test. Multiple-choice is definitely not the format of choice at cluster 3. Extended 
response questions with multiple answers (with or without increasing level of 
complexity) are more likely to be promising formats. But both the design and the 
judgment of student answers are very, if not extremely, difficult. 
It goes without saying that we can describe the eight competencies fitting all three 
competency clusters. The actual PISA framework does this in detail (meaning eight 
competencies as they play out at the reproduction cluster, at the connections cluster 
and at the reflection cluster. 
Finally, we want to make the observation that the competencies needed for ML are 
actually the competencies needed for mathematics as it should be taught. Were that the 
case (with curricula following the suggestions made by Schoenfeld and Hughes-Hallett 
and extrapolating from experiences in the Netherlands and other countries), the gap 
between mathematics and mathematical literacy would be much smaller than some 
people suggest it is at present (Steen, 2001). It must be noted, however, that in most 
countries this gap is quite large and the need to start thinking and working toward an 
understanding of what makes up ML is barely recognized. As Neubrand et al. (2001) 
noted in talking about the situation in Germany: ‘In actual practice of German 
mathematics education, there is no correspondence between the teaching of 
mathematics as a discipline and practical applications within a context’ (free 
translation by author). 

AN EXAMPLE: TIDES 
Natural phenomena should play a vital role in mathematics for ML. For a country like 
the Netherlands, with 40 percent of its area below sea level, the tides are very important. 
The following protocol is taken from a classroom of 16-year-olds (De Lange, 2000): 

 

Fig. 4: Tides 
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Teacher: Let’s look at the mean tidal graph of Flushing. What are the essentials? 
Student A: High water is 198 cm, and low is -182 cm. 
Teacher: And? [pause] 
Student A: So it takes longer to go down than up. 
Teacher: What do you mean? 
Student A: Going down takes 6 hours 29 minutes, up only 5 hours 56 minutes. 
Teacher: OK. And how about the period? 
Student A: 6 hours 29 and 5 hours 56 makes 12 hours 25 minutes. 
Teacher: Now, can we find a simple mathematical model? 
Student B: [pause] Maybe 2 sin x. 
Teacher: What is the period, then? 
Student B: 2 pi, that means around 6.28 hours [pause] 6 hours 18 minutes [pause] oh, I 

see that it must be 2x, or, no, x/2. 
Teacher: So? 
Student C: 2 sin (x/2) will do. 
Teacher: Explain. 
Student C: Well, that’s simple: the maximum is 2 meters, the low is -2 meters, and the 

period is around 12 hours 33 minutes or so. That’s pretty close, isn’t it? 
Teacher: [to the class] Isn’t it? 
Student D: No, I don’t agree. I think the model needs to show exactly how high the 

water can rise. I propose 190 sin (x/2) + 8. In that case, the maximum is 
exactly 198 cm, and the minimum exactly -182 cm. Not bad. 

Teacher: Any comments, anyone? [some whispering, some discussion] 
Student E: I think it is more important to be precise about the period. 12 hours 33 

minutes is too far off to make predictions in the future about when it will be 
high water. We should be more precise. I think 190 sin [(pi/6.2)x] is much 
better. 

Teacher: What’s the period in that case? 
Student F: 12.4 hours, or 12 hours 24 minutes, only 1 minute off. 
Teacher: Perfect. What model do we prefer? [discussion] 
Student G:  190 sin [(pi/6.2)x] + 8. 

The discussion continued with ‘What happens if we go to a different city that has 
smaller amplitudes and where high tides come two hours later?’, ‘How does this affect 
the formula?’, ‘Why is the rate of change so important?’ 
Why do we consider this a good example of mathematics for ML? Given the 
community in which this problem is part of the curriculum, the relevance for society is 
immediately clear – and the relevance is rising with global temperatures. The relevance 
also becomes clear at a different level, however. The mathematical method of trial and 
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error illustrated here not only is interesting by itself, but the combination of the method 
with the most relevant variables also is interesting: in one problem setting we are 
interested in the exact time of high water; in another we are interested in the exact 
height of the water at high tide. Intelligent citizens need insight into the possibilities 
and limitations of models. This problem worked very well for these students, age 
sixteen, and the fact that the ‘real’ model used forty different sine functions did not 
really make that much difference with respect to students’ perceptions. 
One important observation has to be made: one should not confuse ML with the study 
of the discipline of mathematics. ML is about the functionality of the discipline as the 
students encounter their discipline at school. But the aspects of abstraction, 
formalization and structure of mathematics are often overlooked at school as well, and 
this aspect is well worth another study. But the example also shows that some real good 
traditional mathematics is really needed to become literate in this example, for this 
certain community of learners. 

PROBLEMS AND PROMISES 
One of the main aspects of PISA that seems to draw fire a lot is the ‘horse-race aspect’. 
PISA is seen as a competition with winners and losers and indeed, the report by the 
OECD is quite supportive of this judgment. On the first pages it is talking about 
winners and losers. And by doing this it gives authors like Clarke (2003) a good 
foundation for their critique that with PISA and TIMSS there is a ‘current 
preoccupation with competition’. 
Clarke is right of course if we see that the TIMSS-report says: ‘Singapore was the 
top-performing country’ (on page 3, in 2003) and the PISA report is even faster: 
‘Finland is the top performing country’, on page 1 (!). 
This horserace might be of some interest to the popular press (Der Spiegel: ‘The 
Winner is Finland’) but it overwhelms the real questions, about the instrument, for 
instance. Keitel and Kilpatrick (1999) observe, quite correctly, that ‘questions of 
content have usually been seen as secondary’. This is in line with Bonnet’s (2002) 
conclusion that ‘one would have wished for more space to be devoted to trying to 
understand what happens in the classrooms in terms of teaching and learning.’ Given 
my earlier published comments like: ‘concerns about content validity resulted in some 
countries in national options’, and: ‘the content is a point of concern that gets relatively 
little attention’, I do agree with the earlier quoted authors (De Lange, in press). 
But not only the horserace, and the lacking interest in content and instrument aspects is 
worrying a lot of observers. There are also validity aspects that need further discussion. 
A main issue seems to be the choice to measure ‘mathematical literacy’ instead of 
‘curricular mathematics’ as in TIMSS. One certainly can join OECD in there effort to 
measure mathematical literacy, as defined in the frameworks of OECD. It seems a 
worthwhile effort to try not only to define the functionality of mathematics for 15 year 
old students, but also to design an instrument that tries to operationalize this definition 
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in tasks. But how do we know for sure that these tasks will do the job? Can we really 
measure mathematical literacy with multiple choice and open questions, with an 
average answer time of less than 2 minutes? Is it true that we need other instruments as 
well, like extended tasks (like in PISA Problem Solving). Like group work, like IT use 
in solving the literacy problems? 
And talking about the instrument: how does OECD decide what the cut point will be to 
be called literate? One can easily find arguments that one test for students of so many 
countries (in 2006 about 70) cannot suffice the needs of all countries. For instance, in a 
secondary analysis of the PISA 2003 mathematics result, the researchers suggest that 
for the Netherlands one can only be called literate if above the level 4 from OECD. 
OECD has her cut point above level 1. 
A point that is often ignored about the horserace that indeed we see Finland reach the 
finish line first, but do we know the ‘time’ or whether or not it is a world record? In 
other words, the scores in PISA are relative scores: the average over all countries is 
500 and the standard deviation is 100. So, although the definition of mathematical 
literacy is quite elaborated in a whole variety of competencies, there is no criterion 
referenced testing in PISA. Everything is norm referenced and we have no clue 
whether or not we do really well even if we are a top-performer as a country. To get a 
better view on the competencies of students in a country, we need secondary analysis 
of scores and insight in actual student’s work. OECD encourages the use of their data 
for this purpose but even if secondary analysis takes place, it never get the media 
attention it deserves, and does not change in any respect the horserace. 
A well acknowledged problem of any international comparative test is the fact that 
education is culturally embedded. Clarke’s remark: ‘to assess the extend to which 
Ethiopian students possess the mathematical skills required for effective participation 
in American society seems both futile and uninformative’ is often embraced but rather 
futile itself. The mathematical competencies as identified in the Assessment 
Framework try go beyond the cultural aspects: to think somewhat logically, to be 
critical, to reason mathematically, to be able to use mathematics are competencies that 
are useful in any situation or culture. In our opinion the cultural aspect is less about the 
‘content’ and much more about the ‘cultural context’ of education in a country. 
The following graph, showing socio/economic/geographical clustering of countries 
participating in TIMSS, tells a story: 
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Fig. 5: Mathematical achievement in TIMSS 
Authors also get quite excited about the role of contexts in large-scale assessments. 
There are many good reasons to do so, as we still fail to understand quite often the 
actual role the context plays in a certain problem. As Feijs and De Lange (2004) 
concluded: ‘the choices of context in relation to item construction and validation is a 
very complex one’. And I would like to add: we cannot say anything firm about the 
relationship ‘context familiarity’ to ‘success rate’. 
Officially the PISA study is about measuring or evaluating educational systems. But 
this is not always simple. Just take the case of Belgium and the Netherlands that do 
equally well in the horserace but have very different educational systems. The ‘one 
number tells all principle’ can backfire in bad ways, if we leave it at that one number. 
This adds to the undesirability of the horserace. 
A point of concern is also the choice of what is in the report and what is left out. It is 
interesting to know that PISA is overseen by a board that consists of officials from the 
different countries that represent their departments of education. This is 
understandable as they are paying for the whole PISA enterprise. But at the other side 
the board can influence the way the results are gathered (multiple-choice is cheap) and 
which results end up in a prominent place in the reports. As the political scientist Kettle 
once observed, educational tests are not really about measurement but about political 
communication. 
The Dutch government once asked us to give a reason or two why Singapore 
outperforms the Netherlands (again: the horserace). One of the reasons might be found 
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if we analyze a graph, that we constructed ourselves, but that was based on available 
data from TIMSS. Why is this graph not in the report? Who makes the choices? 
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Fig. 6: TIMSS score versus time spent on math 
Nevertheless, in our opinion PISA can become an important instrument for measuring 
mathematical literacy. If it does so at present remains to be proven, but it does some 
valuable things. One of the most important is putting the volume of ML at the heart of 
the discussion. 
And PISA departs from the usual curricular approach and tries to find out how well our 
young students are equipped for modern society. It has an innovative and ambitious 
framework for assessment with the main components: Content, Context and 
Competencies. It has a nice collection of items that make up the instruments, in 
comparison with items from previous large scale assessments. It lends itself to 
extensions that will make the validity better, and make the information more reliable 
and relevant. It may influence, in a positive way, the thinking about the value of 
mathematics education in a substantial part of the world, which might in return lead to 
better communication about the math education problems in the world. It might 
support the very necessary communication between psychometricians at one side, and 
math educators at the other. If secondary analyses are carried out the relevance for 
individual countries will be enhanced considerably. 

A FINAL WORD 
A final word of warning should be placed here, because heated discussions can arise 
from being uninformed. OECD/PISA has been clear in pointing out that PISA 
measures mathematical literacy, which is not the same as curricular mathematics. 
However, in the popular media this distinction almost never is reported. Therefore, 
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sometimes OECD has been found ‘guilty’ for imposing a new curriculum for 
mathematics for its member states, and the guests. 
PISA reports how students perform on tasks that are intended to measure mathematical 
literacy, and it is clear therefore that it does not tell how well students ‘master’ their 
school curricula. TIMSS does that better. 
It is also clear that many countries take the outcomes of PISA seriously in the sense 
that they embrace the idea that the output of an educational process should include a 
certain amount of ‘functionality’. But it is up to the countries to decide how important 
this aspect is. And from that policy standpoint will follow how much attention will be 
given to the functionality in the school curriculum. One country that has taken these 
steps is Germany: this country made great efforts in introducing more context oriented 
problems involving good mathematics. The score from 2000 to 2003 has improved, so 
it will be interesting what Germany will do in 2006 and 2009. Other countries will do 
similar actions. But we should not forget that the more formal and abstract 
mathematics, showing the structure of the discipline is not what PISA is all about – 
although some ‘inner-mathematical’ problems are included. 
Many countries consider mathematics education having three primary goals: 

preparing students for society; 
preparing students for future schooling and work; 
showing the students the beauty of the discipline. 

PISA addresses primarily the first two goals. It would be an additional challenge to see 
if one can design an international study that addresses the third goal. It seems that the 
International Mathematics Union could take an initiative in this direction. 
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CHARACTERISTICS OF JAPANESE MATHEMATICS LESSONS 
Akihiko Takahashi 
DePaul University 

 
Japanese mathematics lessons, especially for elementary grades, include a significant 
amount of problem solving. This instructional approach, called structured problem 
solving, is designed to create interest in mathematics and stimulate creative 
mathematical activity in the classroom through students’ collaborative work. The 
lesson usually starts with students working individually to solve a problem using their 
own mathematical knowledge. After working with problems, students bring various 
approaches and solutions to classroom discussion. The teacher then leads students in a 
whole-class discussion in order to compare individual approaches and solutions. This 
whole-class activity provides students with opportunities to develop their 
mathematical abilities including conceptual and procedural understanding. 

THE REFORM MOVEMENT IN TEACHING AND LEARNING 
MATHEMATICS 
Teaching mathematics through lectures may be an easy instructional method for 
teachers. When students are passively listening to teachers, however, their 
opportunities to understand mathematical concepts and procedures are not maximized. 
Rather than just listening to teachers talk, students need to be actively involved in 
mathematics and to do mathematical activities (Brown, 1994). 
In Japan, the major reform movement in teaching and learning mathematics occurred 
during the 1970s and 1980s (Takahashi, 2000). One of the major aspects of this reform 
movement was to shift from a traditional classroom that focuses on teachers’ 
instruction, to a student-centered classroom that focuses on students’ engagement in 
mathematical activities. During this reform movement, Japanese mathematics 
educators and teachers worked collaboratively to find ways to implement the ideas of 
reform mathematics teaching and learning by referring to various documents published 
in the U.S. Those references included the National Research Council’s (1989) 
“Everybody Count: A Report to the Nation on the Future of Mathematics Education,” 
and the National Council of Teachers of Mathematics’ “Curriculum and Evaluation 
Standards for School Mathematics” (National Council of Teachers of Mathematics, 
1989). A basic assumption of the reforms is that students can learn by constructing 
their own conceptions of mathematics (National Research Council, 1989). In other 
words, students are viewed as active constructors of knowledge, rather than passive 
recipients of it (Brown, 1994). Based on the TIMSS videotape classroom study (1997), 
Stigler and Hiebert argue that Japanese mathematics lessons better exemplify current 
U.S. reform ideas than do typical U.S. mathematics lessons (1999). 
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CHARACTERISTICS OF JAPANESE MATHEMATICS LESSONS 
Student-centered instruction using problem solving as a foundation 
Although images of good practice might not be exactly the same among all Japanese 
educators, most of them would agree that Japanese school mathematics has been 
strongly influenced by the emphasis of problem solving as a good practical application 
of reform mathematics. 
Stigler and Hiebert described Japanese mathematics lessons as “structured problem 
solving” by summarizing several characteristics of Japanese mathematics lessons. 

In Japan, teachers appear to take a less active role, allowing their students to invent their 
own procedures for solving problems. And those problems are quite demanding, both 
procedurally and conceptually. Teacher, however, carefully design and orchestrate lessons 
so that students are likely to use procedures that have been developed recently in class. An 
appropriate motto for Japanese teaching would be “structured problem solving” (J. Stigler 
& Hielbert, 1999, p. 27) 

Similar characteristics of Japanese mathematics lessons were also reported in the 
proceedings of the U.S.-Japan Seminar of Mathematical Problem Solving (Jerry P. 
Becker & Miwa, 1987; Jerry P Becker, Silver, Kantowski, Travers, & Wilson, 1990). 
Japanese structured problem solving was built on the firm foundation of emphasizing 
story problems in mathematics teaching and learning. Historically, Japanese 
mathematics teaching and learning has been focused on developing mathematical 
thinking skills by using a variety of story problems. In fact, teaching patterns similar to 
the ones that Becker reported (Jerry P Becker, Silver, Kantowski, Travers, & Wilson, 
1990) were found not only widely throughout Japan but also in earlier documents. 
Those earlier documents include publications as early as 1937 (Minoru Yoshida, 1992). 
Based on the existing resources of story problems and of lesson plans focusing on 
promoting mathematical thinking, Japanese teachers, researchers, and administrators 
worked collaboratively through Lesson Study, a professional development approach 
that is popular in Japan, to develop mathematics instruction by referring to Polya’s 
(1945) four phases of problem solving work (Takahashi, 2000). Studies of U.S. 
documents of mathematical problem solving that focused on teaching mathematical 
thinking skills (Lester & Garofalo, 1982; Schoenfeld, 1985) also influenced the 
Japanese mathematical reform movement. 
Although Japanese structured problem solving has been influenced by U.S. research on 
problem solving, it is not the same as the problem solving approach used in the U.S. In 
the U.S., problem solving is often viewed as an approach to develop problem-solving 
skills and strategies. As a result, U.S. mathematics lessons employing the problem 
solving approach are usually focused on the process of solving a problem and not 
necessary focused on developing mathematical concepts and skills. These 
problem-solving lessons often end when each student comes up with a solution to the 
problem. 
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In Japan, on the other hand, problem solving is often viewed as a powerful approach 
for developing mathematical concepts and skills. Thus, Japanese teachers use problem 
solving not only for lessons that focus on developing problem-solving skills and 
strategies but also throughout the curriculum in order to develop mathematical 
concepts, skills, and procedures. 
Structured problem solving 
Structured problem solving is a major instructional approach in Japanese mathematics 
education. Structured problem solving is designed to achieve two extremely important 
goals that are essential to the Japanese mathematics reform curriculum: to create 
interest in mathematics, and to stimulate creative mathematical activity in the 
classroom during the collaborative work of students. 
This instructional approach emphasizes the process of problem-solving activities and 
provides students with opportunities to re-invent mathematical ideas and concepts by 
themselves. This is why the lesson usually starts with students working individually to 
solve a problem using their own mathematical knowledge. After working with 
problems, students bring to classroom discussion several different approaches and 
solutions. The teacher then leads students in a whole-class discussion in order to 
compare individual approaches and solutions. This whole-class activity provides 
students with opportunities to develop their mathematical abilities including 
conceptual and procedural understanding (Figure 1). 

Using structured problem solving as a major instructional approach, Japanese 
mathematics lessons bear notable characteristics (Jerry P Becker, Silver, Kantowski, 
Travers, & Wilson, 1990; Stevenson & Stigler, 1992; J. Stigler & Hielbert, 1999; J. W. 
Stigler, 1987; J. W. Stigler, Gonzales, Kawanaka, Knoll, & Serrano, 1999). Among 
these characteristics, the following three major characteristics will be discussed in this 
paper.  

• Carefully selected word problems and activities, and their cohesiveness 
• Extensive discussion (Neriage) 
• Emphasis on blackboard practice (Bansho) 

 

Figure 1: Structured Problem-Solving
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Carefully selected word problems and activities, and their cohesiveness 
Typically, each Japanese mathematics lesson is designed around solving a single 
problem to achieve a single objective in a topic. In order for students to achieve the 
objective, the teacher carefully selects a problem an activity for the day. It is rarely 
seen that a lesson includes two or more problem-solving activities, although teachers 
might give students a couple of extended problem or exercises after a major problem 
solving. Thus, the selection of a problem for the problem-solving activity in each class 
is extremely critical for teachers when they plan a lesson. 
When we look closely at Japanese mathematics textbooks, the use of carefully selected 
problems and activities and their cohesiveness emerge. The following examples are 
from one of the elementary grade textbook series1 in Japan. 

To develop the concepts and skills for finding the area of basic figures, the Japanese 
textbook includes an introductory activity in the first grade. The page is designed to 
introduce the concept of direct comparison, indirect comparison, and comparison using 

                                           
1 The textbook series that is referred in this paper is the English translation of the textbook series for 1st grade to 6th grade 
published by the Tokyo Shoseki based on the 1989 National Course of Study translated by the Global Education Resources, 
NJ (www.globaledresources.com).   

Figure 2: Japanese fourth grade mathematics textbook (4B) pp.22-23 
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an arbitrary unit. The page is also designed to provide mathematical situations from 
students’ daily life in order for them to become familiar with comparing area. 
Building upon the activity in the first grade, the fourth grade textbook includes a unit 
designed for students to develop the concepts of finding the area of rectangles and 
squares by using multiplication formulas. This unit begins with a problem from 
students’ familiar context. The rectangle and the square are given to students to 
compare which is bigger (Figure 2). The sizes of these two geometric figures are 
carefully chosen. For example, the perimeters of these two figures are the same but 
their areas are different by the area of a square with 1 cm sides. This is used because 
students tend to be confused by a typical misunderstanding that the areas of shapes can 
be determined by their perimeters. In order for students to overcome this 
misunderstanding, the textbook intentionally chose two shapes with the same 
perimeters but different area. 
Through this problem-solving activity, students are expected to use their prior 
knowledge to compare the area of the rectangle and the square by using the area of 
square with 1 cm sides as an arbitrary unit. Then, measuring the areas of the rectangle 
and the square by using 1 cm2 is introduced as measurement by a universal unit. 
This unit also includes problem-solving activities to extend their capacity to use these 
formulas on irregular shapes (Figure 3). This problem-solving activity is designed to 
provide students with an opportunity to apply their previous learning, which is the 
formula for finding the area of a rectangle and a square, to a new situation. This 
experience will be the foundation for developing the formulas for finding the areas of 
other basic shapes in fifth grade. 

Figure 3: Japanese fourth grade mathematics textbook (4B) p.28 



Akihiko Takahashi 

 42

Building upon what they learned in the fourth grade, students in the fifth grade are 
given opportunities to develop the formulas for finding the area of a parallelogram, 
triangle, trapezoid, rhombus, regular polygon, and circle. Throughout the fifth grade 
students are expected to develop formulas for finding these basic figures through 
hands-on activities such as cutting and rearranging shapes on grid papers. 
The sequential order of the problems and activities in each unit is carefully designed in 
order for students to develop their concepts and skills. A unit in Japanese mathematics 
textbooks is considered as a series of problems and activities rather than a set of 
problems and activities. 
Extensive discussion (Neriage) 
In the structured problem-solving approach, Japanese teachers emphasize that one of 
the most important roles of the teacher during a lesson is to facilitate mathematical 
discussion after each student comes up with a solution. When the teacher presents a 
problem to students without giving a procedure, it is natural that several different 
approaches to the solution will come from the students. Thus, the textbooks include 
examples of students’ typical approaches and ideas. Because the goal of the structured 
problem-solving approach is to develop students’ understanding of mathematical 
concepts and skills, a teacher is expected to facilitate mathematical discussion for 
students to achieve this goal. This discussion is often called Neriage in Japanese, 
which implies polishing ideas. In order to do this, teachers need a clear plan for the 
discussion as a part of their lesson plans, which will anticipate the variety of solution 
methods that their students might bring to the discussion. These anticipated solution 
methods will include not only the most efficient methods but also ones caused by 
students’ misunderstandings. Thus, anticipating students’ solution methods is a major 
part of lesson planning for Japanese teachers. 
Towards the end of a lesson, a teacher often lead the lesson to pull all the different 
approaches and ideas together to see the connection. Then, he or she summarizes the 
lesson to help students achieve the objective of the lesson. The teacher often asks 
students to reflect on what they have learned during the lesson. 
Emphasis on blackboard practice (Bansho) 
Another notable characteristic of Japanese mathematics lessons is the use of 
mathematical expressions, figures, and diagrams on a large-size blackboard (Jerry P 
Becker, Silver, Kantowski, Travers, & Wilson, 1990; J. Stigler & Hielbert, 1999). 
Japanese classrooms are equipped with a large blackboard at the front. Yoshida (2005) 
summarizes how Japanese teachers use the blackboard during mathematics lessons as 
follows: 

• To keep a record of the lesson 
• To help students remember what they need to do and to think about 
• To help students see the connection between different parts of the lesson and 

the progression of the lesson 
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Figure 4: Use of blackboard (Bansho) 

• To compare, contrast, and discuss ideas that students present 
• To help to organize student thinking and discovery of new ideas 
• To foster organized student note-taking skills by modelling good organization 

Discussion that compares and synthesizes several different solution methods demands 

that students not only clarify the idea behind each method and justify the adequateness 
of each one. It is also important to examine the limitations of each method. To facilitate 
such discussion, Japanese teachers use the blackboard as a visual aid for students to 
participate in discussion throughout all the grades while considering student level of 
understanding of mathematics as well as their communication skills (Figure 4). Since 
this blackboard practice is an important skill for teachers to develop, Japanese teachers 
use a special term, Bansho, to discuss issues regarding the board writing skill. Thus, 
developing a plan for using the blackboard is another major component of lesson 
planning. In fact, some schools choose developing teachers’ skills for using the 
blackboard effectively as a school goal when conducting school-based professional 
development. 
CONCLUSION 
Japanese mathematics teaching, especially for elementary grades, includes a 
significant amount of problem solving in order to provide students the environment to 
construct their understanding of concepts and procedures in mathematics. Although 
Japanese textbooks exemplify the characteristics of mathematics lessons, those 
characteristics do not solely came from the textbook authors’ effort. It is important to 
note that the characteristics of Japanese mathematics lessons are the result of 
collaboration among Japanese educators, researchers, and policymakers, including 
efforts from the lesson study practitioners. Moreover, the effort to improve 
mathematics teaching and learning is still ongoing. 
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MATHEMATICS LITERACY 
– HOW WILL IT INFLUENCE MATHEMATICS TEACHERS? 

Ronél Paulsen  

University of South Africa 

 

Mathematical Literacy will be a compulsory subject as from 2006 in grades 10 – 
12 for learners in South Africa who do not take “pure” Mathematics. This paper 
reports on a survey that was undertaken to investigate the opinions of local 
teachers about the inclusion of Mathematics Literacy as a compulsory subject. 
There seem to be justified concerns amongst teachers, especially mathematics 
teachers, who will have to play a central role in the implementation of the 
curriculum. This paper will clarify the real value of Mathematics Literacy, and 
attempt to enthuse teachers to become excited about the prospects of teaching 
Mathematics Literacy. It will also report briefly on the in-service training 
programme in Mathematical Literacy that was developed by the University of 
South Africa. 

 

The underlying intention of the policy makers is that Mathematics Literacy will 
play a vital role in the improvement of the quality of learners' lives. The ideology 
of the decision makers must be realised in the classrooms, but what are the 
viewpoints of the educators who must bring this ideology to fruition?  
The goals for mathematics proficiency are widespread, but how those goals are 
being achieved, is subject to heated discussions among educators, education 
researchers, and members of the public. Often these disputes centre on the content 
that should be taught and the methods how it should be taught.  
Being “mathematically literate” means being able to use mathematics to make 
well-founded mathematical judgements and to engage in mathematics, in ways 
that enable a person to be a constructive and reflective citizen. It is further 
concerned with the capacity of an individual to draw upon their mathematical 
competencies to analyse, reason and communicate ideas effectively by posing, 
formulating and solving mathematical problems in a variety of domains and 
situations. This entails more than just knowing mathematics at some minimal level, 
but also using mathematics in a whole range of situations (OECD, 2004).  
In reality, it is not likely that mathematical literacy is going to be put into practice 
by someone who does not understand the notion of mathematical literacy and does 
not believe that it is important to develop students’ mathematical literacy. The 
subject cannot be taught in isolation, and the traditional teaching methods to which 
many teachers still adhere to, will not be effective. Mathematics Literacy will 
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require a complete new mindset from teachers. What are the links between to 
contextual teaching and contextualsing knowledge? These are subtle points but 
pivotal to an understanding of Mathematical Literacy. 
 
Issues that will be addressed are, inter alia: 
Are teachers in South Africa adequately informed? 
How prepared are teachers for implementation? 
What should be done to train teachers? 
In what depth must the “maths” be? 
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SMASSE PROJECT 
Nancy Wambui Nui & Alice Nyacomba Wahome 

SMASSE 

 
Baseline Studies and Intervention Strategies 
1.0 What is SMASSE Project? 
SMASSE is an acronym for Strengthening of Mathematics and Science in 
Secondary Education. 
SMASSE Project is a joined venture between the Kenya government through 
MoEST, and Government of Japan through JICA initially on pilot basis. 
SMASSE Project is mainly involved in In-Service Training (INSET) of Serving 
Teachers in Mathematics and Science in Secondary Schools in Kenya. 
The System of operation is through the Cascade System.  
 

Cascade System of TrainingCascade System of Training

Trains Trains TeachersTeachers in thein the
whole country whole country 

Implements in the 
classroom

Trains  Trains  District TrainersDistrict Trainers
from the whole country from the whole country 

National                  National                  
Trainers Trainers 

District District 
TrainersTrainers

Teachers Teachers 

 

 

1.1 Why SMASSE? 
SMASSE came into being when the consistently poor performance in Mathematics 
and Science (Biology, Chemistry and Physics) became a matter of serious concern. 
Broad curricula, lack of facilities and inadequate staffing were always cited as the 
major causes of the problem. Although dismal performance in these subjects had 
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almost been accepted as the norm in some schools, the Ministry of Education 
Science and Technology (MoEST) and other stakeholders felt there had to be an 
intervention, hence the Strengthening of Mathematics And Science in Secondary 
Education (SMASSE) Project.  
The SMASSE team conducted a baseline survey in the nine pilot districts (Kajiado, 
Gucha, Kakamega, Lugari, Butere-Mumias, Kisii, Murang’a, Maragua and 
Makueni) to determine the areas that needed intervention and come up with a 
strategic plan of operation. Interviews were conducted for Head teachers, teachers, 
students, parents and laboratory assistants. More data was collected by 
administering questionnaires to teachers and students, lesson observation and video 
recording of lessons for further observation.  
From the results of the survey, it was evident that there were numerous problems 
in mathematics and science education. Among these were those problems within 
the scope of SMASSE Operations and others beyond the scope of the project.  
 
Problems within the scope of SMASSE include: 
1. Attitude Towards  Science and Mathematics 

a. Students’ Attitude: 
Attitude was generally neutral/negative. This was attributed to low marks at 
admission, belief that the subjects are difficult, peer influence, lack of facilities, 
harsh teachers, teacher absenteeism and theoretical approach to teaching. 
b. Teachers’ Attitude: 
Attitude was generally neutral. They were reluctant to perform experiments, 
especially in Chemistry which were deemed dangerous. In some cases 
experiments failed. Most practical sessions were merely teacher demonstrations. 
c. Head Teachers’ Attitude 
The Head teachers’ neutral/negative attitude was reflected in their development 
project priorities. Text books, laboratories and laboratory equipment rarely were 
ranked high. 
d. Parents’ Attitude 
Most were not interested in their children’s performance, least of all in 
Mathematics and Science. Progress reports were not a matter of concern. Some 
were ignorant, others felt paying fees was their only role. PTAs were eager to 
construct prestigious structures to be seen to be development conscious, at the 
expense of basic teaching / learning resources.  

2. Inappropriate teaching methodology 
3. Content Mastery   
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4. Inadequate Assignments 
5. Few or no interactive fora for teachers 
6. Infrequent professional guidance  by subject quality assurance and standards 

officers 
7. Missing link between primary and secondary school levels 
8. Lack of information about schools (the community)  
 
1.2 SMASSE Intervention  
SMASSE Project, through In-Service Education and Training of serving teachers 
of Mathematics and Sciences, addresses the problems within its scope. 
The INSET Curriculum was thus developed to upgrade / strengthen teacher 
competence by addressing, through carefully selected topics, such areas of concern 
as:  

• Attitude  
• Pedagogy /Teaching Methodology  
• Mastery of Content  
• Developing teaching / learning materials  
• Administration and Management 
 

a. Attitude: 
SMASSE targeted teachers first because of the time they spend with students. The 
attitude of the teacher, (teacher centred ness, inability to carry out experiments and 
demonstrations successfully, low frequency of experiments, chalk and talk, being 
content driven and knowledge based) impacts negatively on students. Negative 
attitude among students is manifested in untidy/incomplete homework, frequent 
absenteeism/feigned illness, lack of attention in class, poor performance and low 
enrolment in optional science subjects, especially physics.  
b. Pedagogy: 
Teacher training curricular do not adequately address issues pertinent to secondary 
school teaching. The theories in the curricula are often outdated and not applicable 
in the classroom.  
c. Methodology: 
Most teachers are content/syllabus driven; thinking that covering the syllabus is the 
same as effective teaching. Lecture becomes the method of choice even in science 
subjects because it allows coverage of ground in terms of content, although very 
little, if anything is achieved in terms of learning.  
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d. Mastery of content 
In our classrooms we have the following categories of teachers; 
1) Teachers who have good content mastery. The following is portrayed in their 

teaching; 
• take time to plan, 
• think about the delivery process with their students in mind 
• are sequential in their teaching and 
• Most often student focused /centred.  

 
2) Teachers who ‘lack’ the time  and their teaching portrays  that they  ; 

• do not take time to plan  
• do not think about the delivery process 
• are not sequential in their teaching 
• are out of touch with the syllabus 
• aren’t student focused/centred and in many cases confuse students 

 
3) The third category is of those who lack content mastery. They ; 

• cannot explain concepts satisfactorily 
• often misleading students unknowingly 

SMASSE has all these factors in mind while preparing for INSETS. 
During INSET teachers are equipped with the necessary skills to develop 
teaching/learning (training) materials, use limited resources efficiently and 
effectively and utilise materials in their environment, Work planning e.t.c for 
effective teaching and learning of Mathematics and Sciences.  
 
1.3 Good Practices for Effective Classroom Practices 
1. ASEI /PDSI Paradigm Shift 
The SMASSE Team came up with the Activity, Student, Experiment, and 
Improvisation (ASEI) movement to upgrade the various aspects of teaching and 
learning. There are four basic principles inherent in this, which guide SMASSE 
INSET activities aimed at a shift as follows: 
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PDSI Approach:  
To achieve the ASEI condition, SMASSE came up with the Plan, Do, See and 
Improve (PDSI) approach to teaching and learning.  
• Plan  
Apart from schemes of work and lesson plans, the teacher carefully plans and tries 
out the Teaching / Learning activities, materials and examples before the lesson.  
Emphasis is on how instructional activities will enable learners to: 

 Understand individual concepts and connections among them 
 Get the rationale/value for the lesson 
 Retain the learning and apply it in real life situations  
 Get rid of learning difficulties and misconceptions 
 Have more interest in the lessons 

 
• Do  
The teacher carries out the planned lesson / activity as planned 
Teachers are encouraged to;  

 Be innovative in lesson presentation. 
 Present lessons in varied interesting ways to arouse learners’ interest e.g.          
through role play, story telling 

 Ensure  active learner participation 
 Be a  facilitate the teaching/learning 
 deal with students’ questions  and misconceptions 
 Reinforce learning at each step 

During INSETS, Teachers carry out peer teaching on the ASEI lessons and later 
actualize in schools. 
 
• See ( Lesson study ) 
 The teacher evaluates the teaching and learning process during and after lesson, 
using various techniques and feed back from students. Teachers also allow their 
colleagues to observe their lessons and offer feed back. 

• Enables teachers to; 
  see the good practices in the lesson and   strengthen them 
  see mistakes  made in earlier lesson   
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 Avoid earlier mistakes in future lessons 
 

• In the process teachers become more open to evaluation by; 
  fellow teachers 
 school administrators   
 Quality and standards assurance officers 
 Students  

• Improve 
Reflect on the performance, evaluation report and effectiveness in achieving the 
lesson objectives.  
These Enables the teacher to; 

  see the good practices in the lesson and   strengthen them 
  see mistakes  made in earlier lesson   
 Avoid earlier mistakes in future lessons 

 
The teacher makes use of such information in planning the next lesson to enhance 
performance and student learning. 
 
2. Climbing learning approach 
Other than ASEI and PDSI approach SMASSE has borrowed other important 
practices in the classroom like the Climbing Learning Approach 
Climbing Learning approach was developed by Professor Noboru Saito of Naruto 
University of Education, Japan, Mathematics department. This method utilizes a 
concept map, table of the reason for arrow lines and the research card during the 
lesson instruction. Students are supposed to fill in the space of the concept-map the 
explanation of the learning elements, the formula, the examples and self made 
problems and answers. In the process the teacher makes the students understand 
the content and meaning of each learning element tightly. Thereby having the 
student extend the existing knowledge and reconstruct it.  The other teaching 
learning tools in this method is the Table of the reason for arrow lines, where the 
students write the reason for arrows in the concept map. This activity is to enhance 
the students’ understanding of interrelation of learning elements 
The 3rd tool is the research card where the students write any questionable issues. 
These are how, why and what issues.  
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3. Open-ended approach   
1.4 Why they are good practices  
Through these approaches, SMASSE Project has had a positive impact on skills, 
knowledge and attitudes in the teaching and learning of mathematics and science. 
There has been significant improvement in performance in these subjects, in the 
districts where SMASSE has been in operation during the project period. The 
graph below shows some of those results in Kenya;  

 

Other than focusing on Kenya, SMASSE focuses on the African region through 
SMASSE-Western, Eastern, Central and Southern Africa (WECSA) as a regional 
association of mathematics and science educators. It was started in 2001 for the 
purpose of strengthening the quality of teaching and learning of mathematics and 
science in member countries. Member countries have adopted SMASSE’s ASEI 
movement and PDSI approach as a way of improving classroom practice. 
As a follow-up, SMASSE Kenya personnel conducted Monitoring and Evaluation 
of application and impact of the principles of ASEI movement and PDSI approach, 
in the classroom in Malawi, Zambia, Rwanda and Zimbabwe 
They also administered lesson Quality of Participation questionnaire to the 
students in the classes they observed lessons to assess the quality of learning by 
SMASSE trained and non-SMASSE trained teachers. The results were as follows: 
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Quality of Learning in Malawi, Zambia, Rwanda and Zimbabwe
Extent of student Participation in Lesson  (N=41)  -May 2005-
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 SMASSE Project Impact Assessment Survey Results  
September 2004, SMASSE Project undertook a nationwide survey to assess the 
impact of INSET. The aim was to find out how SMASSE activities are practiced in 
the classroom and how they translate in achievement. It was conducted in form two 
classes of selected schools, teachers taking the classes in mathematics and science 
subjects, and Principals of the schools. 
The students had two sets of questionnaires; one dealing with their learning of 
mathematics in general, their attitudes toward the subjects and their participation in 
class during learning. 
The following were observations on the teachers and the learners after being 
exposed to the INSET   
Net impact on Teachers; 

 Plan better and more consistently 
 Attend students’ needs more 
 Teachers are more open to team work 
 More confident to carry out practical activities  and experiments previously 

thought to be difficult  or dangerous 
 Try out new methods 
 Face the challenge arising from lack of resources better 
 Face the challenge of large classes better 
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Net impact on Students; 
  Are actively involved 
 Show great interest and responsiveness 
 Attend lessons more punctually and regularly 
 Do their assignments more neatly and promptly 
 Carry discussions beyond class time 
 Ask questions in and out of class 
 Students’ interest and curiosity is aroused and sustained as they relate 
mathematics  to their real life experiences 

 Encourages teamwork but allow individual participation for the students.  
 Provide students with opportunities to develop key competencies such as 
problem-solving, analysis, synthesis and application of relevant information 

 Demystify math  because  by relating it to students’ real life experiences 
 Their attitude gradually  becomes positive 

 
Reforms expected; 
The kind of reforms expected out these practices are like some of the positive 
impacts already mentioned as noted in the teachers and learners. We also expect 
that; 

• Attitude will be positive for teachers and students 
• Teachers will practice more effective Teaching Methodologies  
• Teachers will have a better Mastery of Content  
• Teachers will Develop effective teaching / learning materials  
• There will be better Administration and Management in schools 

In essence, the students should become active in the learning process while the 
teacher carefully guides the process and there will be more meaningful learning 
activities in the Mathematics classrooms.  
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IMPROVING TEACHING MATHEMATICS OF PRIMARY 
SCHOOL IN EGYPT 

hamed-Ebada, Nasser Elsayed Abdel  

NCERD  

This article summarized the JICA project for improving teaching mathematics in 
primary school in Egypt from the begging of April 2003 to the end of M arch 2006. 
This long-term study depends on centered students-study approaches focus on   
problem solving as a teaching method to develop students’ achievement and attitude. 
The main process of this project centralized on  improve performance of teacher and 
its activities in mathematical class, in specific of using problem solving as teaching 
method to be skilled in its process. By our observation of students and analysis of 
achievement test during this project the mathematical class was improved, for 
example: students' oral and writing communication, representation, solving daily life 
problems, discussing mathematical thinking and assessment.                                         

Theoretical framework 

By the beginning of the twentieth century, several important developments had taken 
place in the world of the mathematics. New branches of the subject had been 
developed, and more refined and powerful problem-solving techniques had gradually 
replaced established standard methods of working. Many traditional areas of 
mathematics had been re-conceptualized in an attempt to put the subject on a firm 
logical foundation                                                                                                              

Now Mathematics instructional programs should focus on solving problems as part of 
understanding mathematics so that all students: build new mathematical knowledge 
through their work with problem, develop a disposition to formulate, represent, 
abstract, and generalize in situations within and outside mathematics, apply a wide 
variety of strategies to solve problems and adapt the strategies New Situations, 
monitor and reflect on their mathematical thinking in solving problems.                       

Problem solving is an integral part of mathematics learning. Students should 
regularly work on tasks where the solution path is not readily apparent and where 
solving the problem requires more than just merely applying a familiar procedure.  
Solving problem is not only a goal of learning mathematics but also a major means of 
doing so. Students should have frequent opportunities to formulate, grapple with, and 
solve complex problems that require a significant amount of effort and should then be 
encouraged to reflect on their thinking (NCTM, 2000,49). As students think about 
new problems, they not only learn how to solve similar ones, they can also develop 
new skills and ideas.                                                                                                         
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Mathematics Education in Egypt 

In Egypt, mathematics is a core subject. Through visiting school and observation , 
teacher in action, the style of mathematics education was described as explanation 
style: in mathematics class teacher depends on presenting one or more example of 
concepts , and write the rules, generalizations, characters related to this concepts, 
then he gives students time to solve more practices individually to evaluate them, 
finally he make conclusion in blackboard. Maybe he uses some concrete materials to 
explain when teacher teach skills. You can say teacher works and talks more than 
students.                                                                                                                            

In general teacher thinks solving more practices is important to understand, but in this 
case the students use some rules, operations and procedures to get right solutions.   
Also about solve daily life problem, teacher depends on textbook to select problems, 
but most of these problems aren’t logical with daily life problems. Teacher needs to 
know how to posing problem or making word problem. One point related to solving 
problems is process not right answer. Process is very important. It gives students 
chance to express to their ideas. It includes mathematical thinking process. Also 
teacher should know how to make expectations of students answer, and how to use 
the wrong answer.                                                                                                             

Why the JICA Project  

JICA project is very important for students, teachers and schools. For example it 
helps the NCERD staff (fifteen Researchers) to give proper instruction to teachers on 
the new teaching methods in Egypt, that is, the child-centered and problem solving 
methods including lesson plan. Then the teachers at the selected schools mastered the 
new teaching methods and practiced them in class, and the methods were proved to 
be effective. In general it helped teacher to change his teaching method from only 
explanation to child-centered study, so students’ academic performance effected on 
their understanding, attitude and interest in mathematics.                                               

Principles of project (protocol) 

1- depending on cooperation between JICA, Hokkaido Univ. of education staff and 
NCERD staff, Hokkaido Univ. of education staff present experiences of mathematics 
education through long time experts and short time experts, they present their 
experiences about teaching methods, teacher training courses, and evaluation. Also 
visiting NCERD staff Japan to take training course in action in Hokkaido Univ. of 
Education and visiting primary schools.                                                                           

2- depending on child-centered study including problem solving as teaching method. 

3- Review the guidebooks of teaching mathematics  
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4- the new teaching methods are interdicted in existing teachers training courses, then 
recognized by the people in education field.   

Methodology, Design and Procedures 

Eight experimental schools were selected in this project, four of them as a pilot 
school, and four of them as control schools. In this project there are two targets we 
deal with them   (teachers is first target and direct operation, students are the second 
target and indirect operation,).It is long Term - Study, the same students from Fourth 
grade to Sixth grade, also it depends on pre _ post Test and Questioner                         
Target                   A pilot School             Control school                         Variables
  
Teacher                         7                                     7                          Teaching Strategy
Students                  About35 each class                                  Achievement &Attitude
                        

Table1:Targets of project 

This project depends on the good technique to support the teachers using child 
centered- study. There are a lot of activities that were done, For example: Visiting 
school, In-service training courses, Open class                                                            

Visiting school: In the pilot school, teachers required background about the project    
mathematics education, guide book (GB), child centered-study and problem and 
problem solving as teaching methods. The members of this project (JICA member 
and NCERD)have visited each school weekly. They used to observe the teacher in 
mathematics class to see how the teacher teach, how the teacher encourage students 
to depend on the previous experience to deduce new concepts, also how the students 
develop the ideas, working in group or individually. In general, they have observed 
how the teacher prepared the teaching plan and follow it to achieve the aims of 
lesson.                                                                                                                               

After the end of class (one hour), the member has made a meeting with mathematics 
teachers to discuss good point in class and how to improve their performance in 
teaching mathematics. This open discussion as part of strategy was very important for 
teachers. They learn what the differences among ways depending on explanation and 
other ways depending on child centered- study. The member of project have observed 
improving performance of mathematics teacher in pilot school gradually most of 
them use problem solving as teaching method well. They depend on concreted 
mathematics instead of symbolic mathematics.                                                               

In-service training courses: The members of project have thought of providing 
mathematical teachers in another experimental school background about this project 
and good practice lesson. The technique of this training course have tacked care of 
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presenting framework of teaching mathematics including how to deal with the unit in 
test book depending on guide book (what to teach, why to teach how to teach), also 
process of problem solving as teaching method, then presenting good practice using 
micro teaching, finally open discussion to develop precipitant' ideas all this paint was 
in the first day, in the second day teachers have presented good practices depending 
on strategy. Through discussion, the idea of teachers have improved and their 
believes have been changed. In the third day teachers observe open class in pilot 
school and discuss it to require more experiences and skills.                                           

CONTANT OF TRAINING COURSES  

Using Guide Book: 

In this point, teachers are presented what the philosophy of the GB and how they can 
use it. It is very essential the teachers recognize dealing with units and subject in 
Egyptian Mathematics Textbooks through presenting an example like this:                   

Unit 2 Proportion and its application 
A. Aims of the Unit, 1. Aims of the Instruction, The students should be able to: 

(1-1) calculate the second, third, or forth proportion in a proportion involving four 
numbers. (1-2) use the property of product of extremes = product of means. (1-3) 
express missing term in a proportion by a symbol, and then calculate its value using 
more than one property in the proportion.                                                                        
2. Lessons 
(2-1) The meaning of proportion          (2-2) Properties of proportion 
(2-3) Application on proportion           (2-4) Proportional division 
(2-5) Percentage                                   (2-6) Applications using percentages   
(2-7) General exercises                        (2-8) Activities 

3. Flow Chart of Related Units 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Unit 1:Ratio and its application
1. The meaning of ratio
2. Applications on ratio
3. Ratio of three numbers
4. General exercises
5. Activities

Grade 6 

Unit 2 Proportion and its application
1. The Meaning of Proportion 
 2. Properties of Proportion      
3. Applications on Proportion 
4. Proportional Division          
5. Percentage                           
6. Applications on Percentage 
7. General exercises                
8. Activities                             

Grade 6 
Unit1 Decimals
1. Adding decimals          
2. Subtracting decimals
3. Multiplying decimals
4. Multiplying by 10,100,1000
5. Dividing by 10,100,1000 

Grade 5 
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B. Brief Explanation of the Contents 
1. What to Teach   
Proportion is a concept applicable for quite various uses. For example:  
(1-1) The weight of a nail can be calculated by weighing 100 nails and dividing the 
value by 100. The number of nails is proportional to the total weight of the nails        . 
(1-2) The distance that a car drove at 60 km/h can be calculated if the driving time is 
given. The driving time at a fixed speed is proportional to the distance covered.           
(1-3) A spring balance is an application of the proportion of the weight of a subject to 
the extension of the spring. The samples above indicate the following features of 
proportion.                                                                                                                        
Proportion is a quantitative correlation. 
Sample 1) is a correlation of the number of nails and the total weight of the nails.  
Sample 2) is a correlation of the driving time and the distance covered.  
Sample 3) is a correlation of the weight of a subject and the extension of the spring.  
The proportional ratio is fixed.  
In the case of sample 1), the quotient of the “total weight of nails” divided by the 
“number of nails” is always the numerical value of the “weight of a nail.” In the case 
of sample 2), the quotient of the “distance covered” divided by the “driving time” is 
always the “driving speed.” In the case of sample 3), the quotient of the “weight of a 
subject” divided by the “extension of the spring” is always the “spring constant.”         
One of the proportional changes twofold/threefold, the other also doubles/triples.  
There are two approaches necessary to learn for the application of proportion as 
follows: Approach to verify if the two values concerned are proportional, Another 
Approach to solve a problem based on the proportional correlation between the 
values concerned. Both approaches are based on the features of proportion. To verify 
if the two values concerned are proportional, it is necessary to measure the values in 
more than one case as reference data. For example: The following table deals with the 
data on the length of a burning candle. The elapsed time from lighting and the length 
of the candle that has been burned at the point of time are measured.                             

Time (minute) 

Burned length (mm)

5 

3 

10 

6

15 

9
The correlation between the elapsed time and the burned length is regarded to be 
proportional, as the ratio is fixed. Therefore, it is possible to predict how much the 
candle will be burned down in one hour after it is lit. It can be calculated from by 
how much shorter the candle was three minutes after the lighting.  
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 The burned length of the candle is 3mm after five minutes from the lighting. Based 
on the constant of the proportionality, the burned length after three minutes from 
lighting can be calculated at 1.8mm, by the expression 3×3÷5. (Refer the following 
table.) 

Time (minute) 3 5

Wore length (mm) ? 3
2. Why to Teach 
The contents of this unit are essential from the following viewpoints:  
Most of the previous studies on number and calculation can be utilized for 
understanding proportion. The concept of proportion, similar to that of ratio, is 
essential not only in our daily life but also for scientific studies.                                    
3. How to Teach 
(3-1)  Methods for Achieving the Aims 
As shown by the examples with nails and candles, proportion is a correlation of 
concurrently changing volumes, e.g. the number of nails and the total weight of the 
nails, or the burning time of a candle and the decrease in length. It is necessary to 
know if a correlation is proportional, or what a proportional relation indicates. Pupils 
need to work on these examinations before learning how to process proportion with 
calculation.                                                                                                                        
In our daily life, there are some situations by which pupils can make sense of the 
importance of proportion: for example, the sense of ingredient proportion is 
necessary for cooking. The teacher should try to give such situations for pupils to 
easily understand proportion.  
(3-2) Planning Classes: In this case, the timetable is distributed. Teacher understands 
number of lessons, hours, and determines aims of each lesson.                                       
C. Examples of Instruction Scenarios 
The GB present example to explain how the teacher shows the problem, give students 
chance to read it and discuss, then make expected answer,  also how the students  
think, work: grouping, individual, whole class. Finally, students should make 
communication to present their ideas to solve the problem.( see  index1: teaching 
plan for a good practice)                                                                                                   
One important point included in content course is Teaching Process in Problem-
Solving-Study. It includes this process: Teacher shows the problem of this lesson to 
students, Students ask the teacher some questions about the problem and discuss with 
each other. They take notes, then Teacher shows the theme of this lesson to students, 
and Students think of how to solve the problem individually or in groups, after that 
teacher helps the class to learn during a student’s presentation, Teacher puts to 
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several students’ thoughts, now students can understand how to solve the problem; 
finally teacher evaluates students’ understanding of the aim and contents of lesson. 
Result & Discussion  
Through working with the teachers & students there are improvement in performance 
teachers & students and attitudes as following: 
Teachers in pilot schools use problem solving as a teaching method, depending on 
process of teaching. They give students chance to deduce new concept and build their 
mathematical knowledge (conceptual knowledge, procedural knowledge, problem 
solving).They encourage students to use previous experiences to expect answers. 
Teacher works as facilitator for students to think and work themselves.                         
On the other hand, teacher could deal with textbook including organize information, 
select the suitable problems and modify them for lessons, transform the problem to 
daily life problem, and connect between  mathematical concepts and skills, also, 
determine the process that is necessary as simulation for students.                                 
Students in pilot school communicate to discuss problem, and express their thought 
in oral and communication. They can explain the process and operation of solving 
and give different way to solve problem. Also they learn new concepts and skills 
when they work. This strategy gives students chance to discover the value of 
mathematics, they make connections among mathematics through daily life problem 
and applications. The students now make word problems to show how they have 
understood clear and give examples from life expressing mathematical expression. 
Now, this strategy makes students have good thought, high achievement and positive 
attitude.                                                                                                                             
Challenges & difficulties 
In general changes; mathematical teacher believes about nature of mathematics as a 
subject and mathematics education is very essential: mathematics is not symbolic 
language or group of operation the students have performed them. Mathematics is a 
language that all people speak, and is ways of thinking that students should learn. 
Also mathematics education isn’t only explaining and presenting concepts, it is field 
helping teacher to recognize (what, why, how) to teach. The second point should be 
reformed is mathematical textbook. It includes more example and practice to present 
concepts and skills, but there is no process that students must do it to deduce and 
understand these concepts and skills.                                                                               
About the problem solving as a teaching methods, the teachers need more experience 
about how to present problem and give students time to read, analysis, remember 
previous experiences related before thinking to expect and solve. Also they must 
finish teaching plan on time.                                                                                             
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Index (1)              Teaching Plan 

Lesson: Applications on percentage (6th grade 1st Term Unit2) 

Aims of this lesson: By the end of this lesson students will be able to 

1- solve daily life problems related to proportion 

2- think how to solve in many ways, those are, by using figures, formulas and the 
meanings of percentages, etc. 

3-  know the meaning of the formula by using figure. 
  

Development of this lesson    
 

Remark Students’ Activity Teacher’s Activity 
 

 

Teacher 
asks  
students to 
think 
themselves

Students read the problem
They think about…
EX.
*the meaning of the sentence.
*the meaning of %.
*the meaning of 6% etc.
* mathematical exertions

 

T: We have studied the 
meaning of percentage and 
converting of percentage to 
fraction and vice versa.
(Teacher asks students to read 
the problem.)

 
 
 

  
O

PE
N

IN
G

 
Problem (1)
In a primary school there are 600 pupils. One day 6% of 
the total were absent. Find the number of the pupils who 
were absent on that day.
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D
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el
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t
 

 
 

 

(Students 
solve this 
problem in 
group.)
Teacher 
walks among 
desks to 
support each 
group. It is 
convenient 
to use the 
figure for 
understanding 
the meaning.

Students solve it 
individually. 

 

Students think how to solve 
by each group. 

（Expected answers）
* Absent; 600×6%=36 
* 

TotalAbsent
600…….Value
66Per %

 

  36
100

6600
=

× Absent =

  
TotalpresentAbsent
600…………Value
100946Per

36
100

6600
=

× Absent = 

* 
 
 
 
 
 
 
 

• 6%= 
•  

 
100

6 6%= 

 =36 
100

6 Absent = 600× 

Students present their ideas.
 
 
 
 
 
 
 
 

Today we learnt how to solve the 
life problem in many ways. 

Teacher presents this 
problem 
and gives handouts to each 
student.
Teacher makes students 
solve 
the problem and explain their 
ideas.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Teacher asks students discuss 
which solution is useful.
Teacher gives students a similar 
exercise .

 
 
 
 
 

Teacher rounds off today’s class 
with review.
Teacher gives homework.

 
C

lo
si

ng
 

Problem(2)
Your father bought a T.V set with a discount of 15% if 
its listed price was L.E1280, find the money your father 
paid after the discount

94% 6%

100%

600pupils 

Value of 1%=600÷100=6
Absent =6×6=36
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IMPLEMENTATION OF LESSON STUDY FOR IMPROVING THE 
QUALITY OF MATHEMATICS INSTRUCTION IN MALANG  

Muchtar Abdul Karim 
Faculty of Mathematics and Science, State University of Malang 

 
The purpose of this paper is to describe some advantages of developing and 
implementing lesson study for mathematics instruction in Malang. FMIPA UM has 
introduced, developed and implemented lesson study to mathematics instruction in 
Malang. The advantages that we found as impacts of implementing lesson study are as 
follows. Usually in the past teacher and lecturer of mathematics have no relationship 
and never have what the so called collaboration. Now, they work together in a group to 
plan, implement, and observe, as well as reflect their lesson. Lessons implemented are 
open to be observed and criticized by others both internally and externally. 
Mathematics lecturers are directly involved in mathematics instruction in school so 
they get useful experience. Mathematics teacher association is more empowered. 
Mathematics teachers and lecturers will be professional. 

INTRODUCTION 
The Government of Republic Indonesia and Japan International Cooperation Agency 
(JICA) have collaboratively established the Project for Development of Mathematics 
and Science Teaching for Primary and Secondary Education. The project has been 
formally established since October 1, 1998. The name of the project is “Indonesian 
Mathematics and Science Teacher Education Project – Japan International 
Cooperation Agency, (IMSTEP – JICA)”. There are three universities participated 
and worked together in the project. The first university is Indonesia University of 
Education [Universitas Pendidikan Indonesia (UPI)] – Bandung – West Java. Faculty 
of Mathematics and Science Education [Fakultas Pendidikan Matematika dan Ilmu 
Pengetahuan Alam (FPMIPA)] from this university involves in implemnting the 
project. The second university is State University of Yogyakarta [Universitas Negeri 
Yogyakarta (UNY)]. Here, Faculty of Mathematics and Science [Fakultas Matematika 
dan Ilmu Pengetahuan Alam (FMIPA)] plays a role in implementing the project. The 
third is Faculty of Mathematics and Science [Fakultas Matematika dan Ilmu 
Pengetahuan Alam (FMIPA)] of State University of Malang [Universitas Negeri 
Malang (UM)] – Malang – East Java also has taken part in implementing the project 
since October 1, 1998. 
Since it is established, it has been completed two phases of implementation. The first 
phase is done from October 1, 1998 to September 30, 2003. Basically, the main 
purpose of IMSTEP JICA is to enhance the capacities of teachers in mathematics and 
science both through pre-service teacher training and in-service teacher training. To 
achieve the purpose, during this period, the activities of the project are mainly related 
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to providing laboratory facilities, curriculum revision and its subject content, syllabi 
revision, teaching method development, teaching materials development, evaluation 
and communication development for both pre-service and in-service teacher training. 
Communication development in FMIPA UM is emphasized on printing and publishing 
five journals and one Newsletter of IMSTEP JICA. The journals are Jurnal FMIPA, 
Matematika, Foton, Media Komunikasi Kimia and Chimera.  
In performing activities as I mentioned before, four task teams has been establish to 
handle it out. They are (1) Task Team A: responsible for curriculum and subject 
contents, (2) Task Team B: responsible for syllabi and teaching method, (3) Task Team 
C: responsible for teaching materials, and (4) Task team D: responsible for educational 
evaluation and communication for the project. In addition to the task teams, under the 
framework of technical cooperation, JICA dispatched some experts related to 
mathematics and science education. They are very useful in conducting and managing 
the purpose of the project. 
After mid-term evaluation conducted in July 2001, piloting activities and exchange 
experience is introduced. In piloting activities, a teacher - in-service teacher training - 
can invite other teachers to observe his or her lesson. Other teachers can be teachers 
from the same school (collegial teachers), teachers or people from outside school, 
and/or academic staffs (lecturers) from FMIPA UM. By doing this, we believe that 
professional development of a teacher can be achieved. There are four piloting schools 
in piloting activities conducted in Malang, i.e Public Junior High School 4 of Malang 
[Sekolah Menengah Pertama Negeri 4 Malang (SMPN 4 Malang)], Laboratory Junior 
High School of State University of Malang [Sekolah Menengah Pertama 
Laboratorium Universitas Negeri Malang (SMP Lab UM)], Public Senior High 2 of 
Malang [Sekolah Menengah Atas Negeri 2 Malang (SMAN 2 Malang)], and 
Laboratory Senior High School of State University of Malang [Sekolah Menengah 
Atas Laboratorium Universitas Negeri Malang (SMA Lab UM)].  
Exchange experience is conducted to let teachers share their experiences. Participants 
of the exchange experience activities are districts education officers, subject matter 
supervisors, principals, principals association [Musyawarah Kerja Kepala Sekolah 
(MKKS)], teachers, subject matter teacher association [Musyawarah Guru Mata 
Pelajaran (MGMP)], and academic staffs from university. Therefore, exchange 
experience is a medium to disseminate the results of piloting activities.  
The second phase of the project is the Follow-up Program started from October 1, 2003 
and ended in September 30, 2005. Based on the minutes of meeting between Japan 
International Agency and Authorities Concerned of the Government of Republic 
Indonesia, the goal and purposes of the Follow-up Program are as follows. The goal is 
to improve students’ scientific thinking and experimental skills as well as their 
understanding of science and mathematics in lower secondary education in Indonesia 
through institutionalizing disseminating outputs of the project. While the purposes are 
(1) the quality of in-service teacher training in mathematics and science education will 
be improved by the institutionalized participation of university and (2) education to 
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prospective teachers in mathematics and science at the three universities (UPI, UNY, 
and UM) will be improved. 
During Follow-up Program phase, the project introduced and implemented an 
approach, a technique, or a method of instruction to piloting school, namely lesson 
study. Lesson study is not only introduced to teachers of piloting schools; but also to 
students, subject matters teachers association, principals, principals association, and 
academic staff from university.  
Lesson study has been implemented for mathematics instruction in piloting schools. 
Puspitasari, mathematics teacher from SMPN 4 Malang, implemented it successfully. 
Besides, Arsita and Setiawan – mathematics teachers from SMA Lab UM - have also 
tried this approach to their classroom instruction.  
The purpose of this paper is to describe briefly three things. First, describing good 
practices of lesson study for improving quality of mathematics instruction. Second, 
describing why lesson study can be good practices for improving quality of 
mathematics instruction. Third, describing reforms that can be expected from 
mathematics teachers by implementing lesson study in their classroom lesson.  

DESCRIPTION OF GOOD PRACTICES 
Lesson study is a method that can be used in pre-service teacher training, in-service 
teacher training, and on-service teacher training. In other words, it can be used to 
professional development endeavours to mathematics teachers and instruction. It is 
true because development and implementation of lesson study is based on the real 
teaching practices, data observed during lessons done by internal teachers (collegial 
teachers) and other external teachers (lecturers), and reflection. Therefore we choose 
lesson study to be developed and implemented in FMIPA UM, especially in 
mathematics instruction. 
There are several steps that have been done by FMIPA UM to introduce and implement 
lesson study. The first step is conducting workshop and training for piloting school 
teachers and academic staffs of FMIPA UM. The purpose of this workshop and 
training is to introduce what, why, and how of lesson study to the participants. There 
are two separated kind of workshops and training, namely FMIPA UM and piloting 
school level. The participants of workshop and training for FMIPA UM level are 
lecturers and students from mathematics, physics, chemistry, and biology department 
of FMIPA UM. While the participants of piloting school level are mathematics, 
physics, chemistry, and biology teachers of piloting schools as well as subject matter 
teacher association.  
The second step is conducting workshop and training for planning lesson study. 
Academic staff from FMIPA UM, student from FMIPA UM, and teacher from piloting 
schools for each subject matter worked together in a group. This research lesson 
planning group usually consists of 5 – 6 members. They select and decide research 
theme, subject area, topic, unit, and research lesson that will be implemented. They 
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also decide one of the group members to be a teacher or instructor that will implement 
the research lesson while others will be observers.  
The third step is conducting research lesson. Teacher that has been appointed teaches 
the research lesson. Other group members observe and collect data related to research 
lesson implemented. At this step, other invitees can attend and observe the 
implementation of the research lesson. After completing the research lesson, at the 
same day – soon after the research lesson finished, all participants discuss data 
collected from research lesson.  
Reflection and revision is the final step in implementing lesson study. Member of 
research lesson planning group identify and consolidate what they have learnt from the 
research lesson as well as write up reflections. Based on the result of reflection, the 
member of the group revise the research lesson and if decide they re-teach the lessons. 
From the above description, there are at least five good practices that can be identified 
from the development of lesson study in my institution. They are (1) relationship and 
communication between FMIPA UM and schools run smooth and efficient, (2) 
partnership among teachers and lecturers is mutually developed, (3) collegiality among 
teachers and/or lecturers is developed, (4) mathematics instruction is more effective, 
and (5) professional development of mathematics teachers is achieved. 

WHY I CAN SAY IT AS GOOD PRACTICES 
There are several reasons why I said that implementation of lesson study can be good 
practices.  
Before the implementation of lesson study, it was hard and difficult to build 
relationship and communication between teachers in schools and lecturers in FMIPA 
UM. After implementing lesson study, relationship and communication run smooth 
and efficient. Teachers and lecturers realize that they need each other to perform lesson 
study effectively.  
In line with the second good practice, partnership among teachers and lecturers is also 
mutually developed. Teachers and lecturers collaboratively design, develop, and 
implement their lesson plan, research lesson, observation, discussion, reflection, and 
revision. On the one hand, mathematics teachers need to collaborate with mathematics 
lecturers in terms of getting verifications of mathematics instruction they implement. 
On the other hand, mathematics lecturers can learn how teaching learning mathematics 
practiced in school. It is useful for both mathematics teacher and lecturer. They can do 
some reflection to themselves by seeing others in doing this practice.  
The third good practice is promoting mathematics teachers and/or lecturer collegiality. 
Usually collegiality is formed through initiative collaborative works. There is no 
feeling superior and inferior among them. Teachers can come and see their partners for 
help at campus without difficulty. They just make a call to make appointment and get 
their self-fulfilment. Mathematics teachers and lecturers should be opened for others 
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critics. This is the way how they can learn each other. They have to evaluate and give 
some critics to their colleagues that performed their lesson in class.  
The fourth good practice is the effectiveness of mathematics instruction. The 
effectiveness of mathematics instruction can be guaranteed due to (1) lesson plan and 
research lesson prepared by a group of mathematics teachers, (2) one group member 
teaches research lesson while others observe and collect data, (3) team member discuss 
data collected, and (4) they do reflection and revise the lesson. 
Professional development of mathematics teachers is achieved. It is reasonable due to 
plan, do (implement), and see (observe and reflect) of lesson study cycle. This is done 
repeatedly during the implementation of research lesson. Knowledge and skill of 
teacher will be improved. Consequently, he or she who teaches research lesson can be 
a professional mathematics teacher. 

WHAT KIND OF REFORM IS EXPECTED BY SUCH KIND OF PRACTICES 
After several periods of implementations, finally there are found some reformations. 
Usually in the past, mathematics teachers in school did not collaborate with 
mathematics lecturers in FMIPA UM. Teacher – lecturer collaboration existed only 
when students of FMIPA UM conducted teaching practices at particular school. Due to 
the implementation of lesson study, collaboration among them is needed. 
Automatically collegiality among teachers is formed through it. Group of mathematics 
teachers consult lesson theme, discuss teaching strategies and methodology, decide 
teaching materials, produce worksheets to be used, and arrange time schedule together 
with colleagues. The result of this activity is communication among them has been run 
smoothly.  
Now, they work together to plan research lesson. Research lesson implemented are 
opened to be observed by others. It was rarely happened in instructional atmosphere in 
my country before. Mathematics teachers did not like to be observed when they 
performed their teaching in class. Now, teachers are welcome to be observed because 
they realize that suggestion and critics from colleagues or others are very useful in 
improving the quality of their instruction. 
Mathematics lecturer are directly involved in mathematics instruction in school so they 
get useful experience to enrich their knowledge and skill. They directly observed the 
research lesson implemented in classroom instruction. By doing this, mathematics 
lecturers get a clear insight of how mathematics curriculum and program is 
implemented. They can use it to prepare qualified prospective mathematics teachers.  
Mathematics teachers association (MGMP Matematika) is more empowered. They 
involved in workshop and training on lesson study held by FMIPA UM. They have 
actively and fully participated which started from preparing, implementing, discussing, 
reflecting, and revising the lesson. Now, lesson study is a part of their program and 
activities and they like it very much. 
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CONCLUSION 
Lesson study is a method that can be used to improve the quality of mathematics 
instruction. Lesson study has been chosen, developed, and implemented in 
mathematics instruction. In developing and implementing lesson study, we use several 
steps as follows (1) We held workshop and training related to lesson study attended by 
teachers, lecturers, principals, supervisors, mathematics teachers association, and 
mathematics education student to introduce the what, why, and how of lesson study, 
(2) We held workshop and training to make lesson plan and research lesson, (3) 
Research lesson is implemented, observed, discussed, reflected, and revised in piloting 
school.  
The implementation of lesson study has some impacts as follows (1) collaboration, 
collegiality, and communication among teachers and lecturers are formed, (2) 
Implementation of research lesson is opened to be observed by others, (3) Mathematics 
lecturers directly involved in mathematics instruction in school, (4) Mathematics 
teachers association is more empowered. 
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THE TECHNIQUE TEACHING IMPROVEMENT  
IN MATH AREA PROJECT “PROMETAM” 

José Gerardo Fuentes Zúniga 

Mathematic Department 

Universidad Pedagógica Nacional Francisco Morazán (UPNFM), Honduras 

 

This paper show the Technique Teaching Improvement in Math Area Project 
“PROMETAM” in Honduras that is established between the Japan Government, 
Education Secretary of Honduras and the UPNFM  to solve the teaching quality 
problem of the Math Teachers. 

I. BACKWARD 

The Technique Teaching Improvement in Math Area Project “PROMETAM” began 
as a result to solve the teaching quality problem of Math teachers, because of the 
existing high rates of dropping off and failed students around the country. 

Japan Government through Japan International Cooperation Agency (JICA) has been 
supporting the efforts concerning in education system that Honduras makes by means 
of teaching training for elementary teachers and with some Japanese volunteers 
support through Math Project that began to develop in 1989 on twelve states of the 
country (Lempira, El Paraíso, Choluteca, Valle, Francisco Morazán, Olancho, 
Comayagua, Cortés, Colón, Copán, Ocotepeque and Santa Bárbara) for more than 
twelve years.  Such Project began with 58 Japanese teachers whom gave teaching 
training to 20,000 Honduran teachers, so it allowed finding very much information in 
this field, which we considered very important to contribute to Math developing in 
this country.  In this opportunity it was considered this project reformation in three 
states: Ocotequepe, Colón, and El Paraíso into a new stage through “PROMETAM”.  
This is a pilot experience, and according to the evaluation scores getting from it, 
some measures will be applied in order to improve the project and spread it out 
around the country.  The selection of such states is a result from some meetings with 
Honduras Education Secretary, based on some data gotten from preliminary research, 
scoring and objectives analysis, experts, coordinators, and volunteers’ advising and 
analysis of the geographical avail. 

Lessons derived from the performance of the previous Math Project 

a. The teaching training contents have not been applied in class, because most of the 
teachers have considered difficult to plan their classes applying their gotten 
knowledge during each subject teaching training. 
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New strategy: during the teaching training they will learn how to use the teacher’s 
guide book and the student’s work book into the classrooms, which were 
elaborated by grades in order to make the class developing most efficient. 

b. The rewards for participating in not-formal teaching training organized by SE as 
well as its supervision have been very low. 

New strategy: To use PFC’s schema (Continuous Teaching Formation Program) 
of the UPNFM. What the Continuous Teaching Formation Program (PFC) is? 

It is an educational program executed by Universidad Pedagógica Nacional 
Francisco Morazán, with a framework directed to increase teacher’s academic 
level into a Licentiate Degree, so to improve the educational services quality by 
means of on going classes during weekends (Saturdays and Sundays) and 
intensive vocational school. 

c. The monitory evaluation and on going process system has not been productive. 

New Strategy:  To systematize three (3) evaluation levels (evaluations about Math 
teaching, class quality and children’s academic efficiency) 

 

II. GENERAL INFORMATION 

a General Aim 

Decrease the amount of failed students because of their low academic score in 
Math during their first and second grades of basic education, especially in the 
rural area. 

b Purpose of the Project 

Improve Math teaching methodology during the firs and second grades of basic 
education. 

c Component of the Project 

i. Elaboration of Math teacher’s guide book and Math student’s work book for the 
first and second grades of basic education. 

ii. Teaching training for teachers through Continuous Teaching Formation Program 
of Universidad Pedagógica Nacional Francisco Morazán. 

iii. Elaboration and execution of the evaluating system about the teachers’ teaching 
abilities, quality class, and children’s basic output. 
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d Expecting goals 

Raising of the teachers’ scientist knowledge, methodology, and didactical level in 
Math teaching through the teachers’ guide book, students’ work book and basic 
level teaching training in the pilot states, and then to spread this effect out around 
the country, by means of FID (Teachers’ Beginning Formation) and teaching 
training for teachers currently in service through INICE. 

e Project term 

Three years:  From April 2003 to March 2006. 

f Impact zone of the Project 

Around the country, beginning a first step with the states of Colón, Ocotepeque, 
and El Paraíso in 2001, and spread it out to Comayagua and Valle in 2004. 

PFC/PROMETAM currently has six pilot centers distributed as follow: 

OCOTEPEQUE  1) NUEVA OCOTEPEQUE 

COLON    2) SONAGUERA 

EL PARAISO   3) DANLI 

     4) GUINOPE 

COMAYAGUA  5) LA LIBERTAD 

VALLE    6) NACAOME 

 

III. TEACHING MATERIAL DESIGN AND DEVELOPMENT 

PROMETAM’s Teaching Materials Design and Development Unit has elaborated the 
teachers’ guide book and the students’ work book for the first and second cycles of 
Basic Education (1st to 6th grade) 

Because of the gotten experience during the previous Japan’s Math Project, and the 
one currently acquired by PROMETAM such as in teach training as well as in the 
teaching designing materials for Math subject, we received a request letter from 
Honduras Education Secretary Minister, asking for the elaboration of the 1st and 2nd 
cycle according to the National Basic Curriculum in order to spread them out around 
the country since 2005, being this a benefit for students as well as for teachers. 
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Moreover, complementary exercises brochures have been elaborated for the second 
cycle (from 4th to 6th grade), such purpose is to use them for improving the Math 
learning. 

a. First Cycle 
Grade Draft Digital Data Design Final Draft 

First Grade End of June - 
End of July 
2003 

End of June - 
End of July 
2003 

End of June - 
End of July 
2003 

September 9, 
2003 

Second 
Grade 

End of July – 
end of august 
2003 

End of July – 
end of august 
2003 

End of July – 
end of august 
2003 

September 24, 
2003 

Third Grade End of 
August – 
Beginning of 
October 2003 

End of 
August – 
Beginning of 
October 2003 

End of 
August – 
Beginning of 
October 2003 

September 29, 
2003 

 
b. Second Cycle 

Grade Draft Digital Data Design Final Draft 
Fifth Grade February – 

May 2004 
March – June 
2004 

March – June 
2004 

September – 
October 2004 

Sixth Grade June - July 
2004 

June – August 
2004 

July – August 
2004 

September – 
November 
2004 

Sixth Grade 
complement 

August 2004 August – 
September 
2004 

August – 
September 
2004 

November 
2004 

 
c. First cycle (2nd Edition) 

Grade Draft Digital Data Design Final Draft 
First Grade December 

2004 – April 
2005 

December 
2004 – April 
2005 

December 
2004 – May 
2005 

April – May 
2005 

Second 
Grade 

May – June 
2005 

May – July 
2005 

May – August 
2005 

August – 
September 
2005 

 
d. Validation of Educative Materials 
For the validation of the elaborated teaching materials, we have Universidad 
Pedagógica Nacional Francisco Morazán’s collaboration though Continuous 
Teaching Formation Program, authorized by Honduras Education Secretary, who is 
currently validating the 6th grade books. 
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The validation is made by the same teachers who are receiving the teaching training, 
such as Honduran instructors that are working with Continuous Teching Formation 
Program around the country, because they have been trained by PROMETAM’s 
experts. 
7,913 PFC’s teachers currently in service with knowledge of the contents of the 
teachers’ guide book and the students’ work book for the 1st and 2nd cycle children, 
trained by PFC’s instructors with knowledge in PROMETAM’s methodology. 
The total amount of students subscribed in the schools of all the centers who are 
working with the validation of all the teaching materials designed by PROMETAM if 
about 1,680. 
The teaching materials designed are used during the teaching trainings.  Each teacher 
gets his/her own teachers’ guide and students’ work books according to the amount of 
children they have, corresponding to the grade teaching training they receive.  This 
allows us to make then the next step. 

 
IV. TEACHING TRAINING 
PFC/PROMETAM has directly trained to 240 Basic Education teachers currently in 
service through the teaching training conveyed as follow: 

 
a. Teach training for teachers currently in service 

 

Content No of 
Participants Place Date Instructor 

Summary of 
the first cycle 236 

PROMETAM 
centers 

July 24 to 
November 6, 
2004 

Japanese 
volunteers 

Math and its 
methodology 
for 4th grade 226 

PROMETAM 
centers 

December 6, 
2004 to 
January 21, 
2005 

Japanese 
volunteers 

Math and its 
methodology 
for 5th grade 

226 
PROMETAM 
centers 

March 5 to 
June 28, 2005 

Japanese 
volunteers 

Math and its 
methodology 
for 6th grade 

226 
PROMETAM 
centers 

July 23 to 
November 
13, 2005 

Japanese 
volunteers 

 

*Each teacher gets her/his teachers’ guide and students’ work books according to the 
amount of children they have, corresponding to the grade teaching they have received. 
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b. First goals of the incorporation of PROMETAM to PFC 

In February 2004; 214 teachers received their Bachelor Degree, corresponding to the 
centers of Trujillo and Sonaguera, Colón; Danlí and Güinope, El Paraíso. 

c. Licentiate Degree in Basic Education 

In August PFC/PROMETAM began to offer the licentiate level in Basic Education to 
the same teachers that got their Bachelor Degree during the previous two years, and 
moreover, the others that received their Bachelor Degree with other programs could 
apply for the Licentiate Degree too. 

At the end of each teaching training, such Japanese volunteers as experts and 
Honduran counterpart among Departmental, Municipals Directors, region 
coordinators, the Continuous Teching Formation Program’s centers, and the 
Mathematician expert from Honduras Education Secretary, will participate in the 
meeting “REFLECTING ABOUT THE TEACHING TRAINING IN MATH AREA” 
for the correspondent grade, with the purpose of analysing found problems such as 
the given solution, in order to get establishing some mechanisms of forestalment 
actions for the future teaching training. 

 

V. CLASS EVALUATION AND ANALYSIS 
a. The blanks designed to make the evaluation, allow us to know how the teacher is 

using the established time for Math teaching class. 

“Academic Learning Timing” 

The purpose of this method is to know what are the teachers and students doing.  This 
analysis is developing during the class time, selecting three children who we identify 
as Kid A, kid B, and kid C besides the teacher that is teaching in that grade.  15 
seconds are timed to watch the activities of each one, and so on, until the class is 
finished. 

Three sheets of paper are used one for each of the selected kids, as it was previously 
explained, on which we evaluate how are they using the class time, and how long 
they are dedicating to make activities, such as:  to copy from the board to the 
notebook, if they are listening faithfully or they are amused, if they are working or 
making some activities not related to the class, etc. 

In order to have a concrete vision about the use of “Academic Learning Timing”, we 
avail of an assistant sheet of paper to this method that allow us to compensate 
incomplete information and at the same time needed information. 
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And then the instructor or the supervisor writes in the blank space the corresponding 
number to the gotten score. 

b. Qualitative analysis 
i. Present class problems 

The class problems that are ordinarily watching during the elementary level in 
Honduras show the following: 

1. The teacher is not developing the planned class. 
2. The teaching method is transitive 
3. The teacher is not thinking why it would be so (he/she does not teach the 

reason) 
4. the teacher almost does not use the text book or note book 
5. the teacher does not take care of the children that are not working 
6. A very low class management 
7. There is any class evaluation 
8. The teacher does not know how to use the designed teaching materials 
9. An inadequate teaching work attitude 

ii. The kind of teaching class expected by PROMETAM 

It is not easy to invent some methods and develop them in order to solve the 
whole showed problems. It is not convenient to look for something ideal because 
of the real situation or certain cooperation limit.  However, it will be reasonable 
to put some goals as the following, at less to improve the academic output, and 
to decrease the failing rates. 

1. Teach the whole curriculum content 
2. Do not teach mistakes 
3. Use the methodology that can make the children think 
4. Assure the children’s learning activities, including the multigrade classes 

In order to make these possible, the Project designs the teachers’ guide book to 
develop the on going classes based on the unit and yearly class planning, as well 
as  the students’ work book, in order to make easier the kids’ learning activities.  
Also, it executes the teaching and content of these educative materials, as well as 
to develop the class according to the teachers’ guide book in the classroom. 

As a goal, the Project expects the class as follow: 
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1. To develop the planned teaching class 
2. Avoiding transitive teaching methods  
3. Improve the teaching techniques 
4. To execute the evaluation correctly 

iii. Blanks for the analysis teaching class 

Taking in consideration the class image that PROMETAM expects in order to 
analyse what kind of teaching class ins developing, they elaborate “Blanks for 
the teaching class analysis” 

Designing of “Blanks for the teaching class analysis” 

Interview before the class begins (5-10 minutes)… before the class begins the 
supervisor interviews to the teacher making some general questions about the 
class, such as:  the aim of the class and its content, etc. 

Analysis of the teaching class… during or after the class, about the supervised 
class, the supervisor answers 41 questions that are divided in six categories as 
“yes”, “no”, or “there is any sense” 

iv. Table 2:  Category of the questions 
 

N° Category N° of 
questions 

 

1 Use the methodology that 
can make the students think 

15 

2 Improve the teaching 
techniques 

7 

3 Assure the children’s 
learning activities, including 
the multigrade classes 

9 

4 To execute the evaluation 
correctly 

9 

5 Do not teach mistakes 4 
6 Develop the planned 

teaching class 
4 

Interview after 
class ends (5-10 
minutes)… after 
the class ends the 
supervisor 
interviews too the 
teacher making 
some questions, 
mainly about the 
teachers’ guide 
and students’ 
work books. 

Checking out the students’ notebooks (5-10 minutes)… To check out three 
children’s note books after the class ends. 
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VI. OTHER CONTRIBUTIONS OF PROMETAM TO HONDURAS 
SYSTEM EDUCATION 

a. Developing teaching materials 
Honduran counterpart by SE and UPNFM began on December 2004 the second 
edition of the designed teaching materials for the first cycle (1st – 3rd grade) besides 
the elaboration of the third cycle (7th – 9th grade)with the teaching support of 
PROMETAM’s Japanese experts, if it is necessary. 

i. Third Cycle 
Grade Digit data Diagramming 

and design 
Final draft Last draft 

Seventh 
grade 

December 
2004 – 
February 2005 

December – 
May 2005 

February – 
May 2005 

April – May 
2005 

Eighth 
grade 

July 2005 August – 
September 
2005 

September 
2005 

October 2005 

 
ii. Complementary exercises for the students’ work book 

Grade Date 
4th grade July – August 2004 
5th grade September 2004 – March 

2005 
6th grade April – October 2005 

 
iii. Teaching training 

Also PROMETAM has given teaching training support to other programs 
1. Teaching training for Instructors 

Given to Content N° of 
participan

ts 

Place Date Instructor 

First cycle 
summary 

15 INICE May 27-
29, 2004 

Eiichi 
Kimura, Lic. 
and Ramón 
Rosa, Lic. 

a) Luis 
Landa 

Math and its 
methodology 5th 
grade 

10 INICE February 
23 and 24, 

2005 

Eiichi 
Kimura, Lic. 

b) PFC, 
FID, CIE 
and 

Math and its 
methodology 4th 
grade 

48 INICE July 9-11, 
2004 

Eiichi 
Kimura, Lic. 
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Math and its 
methodology 5th 
grade 

30 INICE December 
3 and 4, 

2004 

Eiichi 
Kimura, Lic. 

Teaching 
schools- 
INICE 

Math and its 
methodology 6th 
grade 

50 INICE February 
24-27, 
2005 

Eiichi 
Kimura, Lic. 

 First cycle for the 
National 
Instructors 

36 INICE September 
24-26, 
2004 

Eiichi 
Kimura, Lic. 

 
* From November Thursday 13th  to Sunday 16th , 2004, PROMETAM collaborated 
with a seminar about the Project development given to JICA’s guest participants to 
the region area, such as Japan Corporation Officials as well as representatives from 
Honduras Education System (SE) and high schools from the following countries:  
United States of America, Jamaica, Guatemala, El Salvador, Chile, Colombia, 
Argentina, República Dominicana, Perú, México, Nicaragua and Honduras. 

 
2. Teaching training to the National Team 

Given to Content N° of 
participan

ts 

Place Date Instructor 

National 
Teaching 
Training 
Team 

Use of the 
teachers’ guide and 
students’ work 
books 

54 INICE September 
24-26, 
2004 

Eiichi 
Kimura, Lic. 

 
*  This teaching training was coordinated by INICE, given by PROMETAM and 
directed by PFC’s Instructors, Luis Landa Educative Program’s and Teaching 
Schools’, with the purpose that they could coordinate the teaching training for 
teachers in service around the country (departmental and municipal).  The travel and 
food expenses were given by Luis Landa Program of Spain through which has been 
possible to train 18 departmental teaching training teams, that at all is a total sum of 
780 teachers, who were received by 37 facilitators of the National Teaching Training 
Team, who at the same time will be responsible of the teaching training of the 100% 
of the teachers around the country. 

 
3. Supporting to the departmental and municipal teaching training 
4. Scholars sent to Japan to study 

Send Scholars to Japan to study is the main duty of the Project, because there is 
a hope that people who were trained in Math act as a multiplier effect of these 



The Technique Teaching Improvement in Math Area Project “PROMETAM” 

 85

knowledge around the country, and whom received training in the 
administrative area could help to improve the collaboration and coordination 
with PROMETAM, besides to facilitate the relationship between the Project 
and Honduran counterparts. 

 
a. Educative Administration Group 

N° Charge Institution 
1 Departmental Director of Ocotepeque Honduras Education 

Secretary 
2 District Director of Danlí,  El Paraíso Honduras Education 

Secretary 
3 PFC Centers Coordinator in Güinope, El Paraíso UPNFM 

 
b. Mathematics Group 

N° Charge Institution 
1 Math teachers Escuela Normal Mixta Matilde Suazo Córdova 

Trujillo, Colón 
Honduras Education Secretary  

2 Math teachers Escuela Normal Mixta Litoral Tlántico 
Tela, Atlántida 
Honduras Education Secretary 

3 Math teachers Escuela Normal Mixta de Olancho 
Juticalpa, Olancho 
Honduras Education Secretary 

4 Math teachers Escuela Normal de Occidente 
La Esperanza, Intibucá 
Honduras Education Secretary 

5 Math teachers Escuela Normal Mixta Justicia y Libertad 
Gracias, Lempira 
Honduras Education Secretary 

6 Math teachers Escuela Normal Mixta España 
Danlí, El Paraíso 
Honduras Education Secretary 

7 Math teachers Escuela Normal Mixta Migual Ángel Chinchilla 
Nueva Ocotepeque, Ocotepeque 
Honduras Education Secretary 

8 Math teachers Centro de Investigación e Innovación 
Universidad Pedgógica Nacional Francisco Morazán 
Tegucigalpa, Francisco Morazán 

9 Math teachers Universidad Pedgógica Nacional Francisco Morazán 
Tegucigalpa, Francisco Morazán 
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N° Charge Institution 
10 Math teachers Universidad Pedgógica Nacional Francisco Morazán 

San Pedro Sula, Cortés 
 
c. Teacher Training Group 

N° Charge Institution 
1 Coordinator of Continuous Teaching 

Formation Program (PFC) 
UPNFM  
Tegucigalpa, Honduras 

2 Executive Director of INICE Honduras Education Secretary 
3 Associated Center Principal 

La Esperanza, Intibucá 
FID Associated Center 
La Esperanza, Intibucá 
Honduras Education Secretary 

The date of the trip (go and return) of the previous three groups was from June 12th to 
July 26th, 2004 

 
d. Seminar of International Collaboration 

Date Charge Institution 
November 13 

– December 9, 
2005 

Sub-Secretary of Technical 
Pedagogical Subjects 

Honduras Education 
Secretary 

 
 

VII. ABREVIATION 
SE / Secretaría de Educación 
INICE / Instituto Nacional de Investigación y Capacitación Educativa 
UPNFM / Universidad Pedagógica Nacional Francisco Morazán 
PFC / Programa de Formación Continua 
FID / Formación Inicial de Docentes 
CIIE / Centro de Innovación e Investigación Educativa 
CAI / Centros Asociados al INICE o Ex Normales 
LUIS LANDA / Programa Educativo Luis Landa de España 
PROMETAM / Proyecto Mejoramiento en la Enseñanza Técnica en el Area de 
Matemáticas 
 

Updated on December 6th, 2005 
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PROFESSIONAL DEVELOPMENT THROUGH LESSON STUDY: 
PROGRESS AND CHALLENGES IN THE U.S.i 

Catherine Lewis and Rebecca Perry 
Mills College, Oakland, California 

 
This paper provides a brief history of lesson study in the United States, with a focus on 
areas of progress and challenge.  Four areas of progress are identified: growth of 
interest among educators; growth of tools and resources; growth of understanding; 
and emerging evidence of effectiveness.  Five challenges are identified: access to rich 
models of mathematical instruction; premature “expertise;” simplistic research 
models; limited opportunities for cross-site learning; and inadequate feedback loops 
linking lesson study to changes in curriculum and policy. 

INTRODUCTION 
Lesson study is the core form of professional development in Japan, and is often 
credited for the steady improvement of Japanese elementary instruction (Hashimoto, 
Tsubota, & Ikeda, 2003; Lewis & Tsuchida, 1997; Stigler & Hiebert, 1999). U.S. 
educators have shown enormous interest in lesson study since the Third International 
Mathematics and Science Study brought it to public attention in 1999; however, the 
U.S. has a history of educational faddism, in which many promising innovations have 
been discarded before being thoroughly understood or implemented (Burkhardt & 
Schoenfeld, 2003; Fullan, 2001).  Will lesson study suffer a similar fate?  This paper 
examines evidence of lesson study’s progress and challenges in the U.S. to date. 
 

LESSON STUDY’S PROGRESS IN THE UNITED STATES 
Four areas of progress are identified: growth of interest in lesson study among U.S. 
educators; growth of tools and resources for lesson study; improved understanding of 
lesson study; and emerging evidence of lesson study’s effectiveness in U.S. settings. 
Growth of interest in lesson study. 
In 1999, the Third International Mathematics and Science Study brought Makoto 
Yoshida’s (1999) work on lesson study to a broad public audience (Stigler and Hiebert, 
1999), provoking enormous interest in lesson study among US educators and 
researchers.  Within three years, lesson study groups emerged in at least 200 U.S. 
schools across at least 25 states (Lesson Study Research Group, 2004a), and lesson 
study became the focus of dozens of conferences, reports and published articles in the 
US (e.g., Brown et al., 2002; Chokshi & Fernandez, 2004; Lewis 2002a,b; Lewis, 
Perry, & Hurd, 2004; National Research Council, 2002; North Central Regional 
Educational Laboratory, 2002; Richardson, 2004; Stepanek, 2001, 2003; 
Wang-Iverson & Yoshida, 2005; Watanabe, 2002; Wilms, 2003). 
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We are not aware of a systematic source of statistics on public lessons in the US, but 
we do that public research lessons now occur in many regions.  For example, in the first 
half of 2005 alone, public lessons occurred in Olympia, Washington; Chicago, Illinois; 
Fresno, San Mateo, and Sonoma, California; several locations in and around 
Watertown, Massachusetts; and Des Moines, Iowa.  At least five of these had more 
than 100 people in attendance. 
Some interest in lesson study in the U.S. has come from quarters where there is not 
extensive lesson study in Japan, such as universities.  U.S. interest in lesson study in 
the U.S. has emerged across grade levels (from preschool to university) and across 
subject areas, including science, mathematics, language arts, English as a second 
language, art education, social studies, special education, and no doubt other areas as 
well (Teaching American History, 2005; University of Wisconsin-LaCrosse, 2005). 
Growth of tools and resources for lesson study. 
Various tools for the pursuit of lesson study have been developed in the U.S., some 
based on Japanese practice (e.g, protocols for classroom observation and the 
post-lesson colloquium), and others in response to challenges that may be more 
prevalent in the U.S. than in Japan (e.g., how to get started with lesson study, how to 
develop collaborative norms within a lesson study group).  Resources include 
individual protocols and agendas for parts of the lesson study process; handbooks; 
practitioner-oriented articles; and videos of lesson study in Japanese settings and in 
U.S. settings conducted by U.S. practitioners and by Japanese practitioners (Fernandez 
& Chokshi, 2002; Lesson Study Research Group, 2004b; Lewis, 2002b; Mills College 
Lesson Study Group, 2005, 2003a,b, 2000, 1999a,b; Wang-Iverson & Yoshida, 2005).  
Improved understanding of lesson study. 
Table 1 illustrates two alternative ideas about the mechanism by which lesson study 
improves instruction. We developed Table 1 as a foil for use in workshops, in response 
to the theory of lesson study that seemed to underlie questions often posed to us, such 
as “When do Japanese practitioners decide a lesson is good enough to be used widely?” 
and “If Japanese teachers spend so much time on one lesson, how do they ever get to all 
the lessons in the curriculum?” The view of lesson study labeled as hypothesis 1 – that 
it improves instruction primarily through the improvement of lesson plans – has 
characterized the early lesson work of some sites we have studied.  For example, the 
teachers of Bay Area School District (BASD) initially used the phrase “Polishing the 
Stone” to describe their work, and originally planned to disseminate “polished” lesson 
plans on the district intranet as a primary outcome of their lesson study work.  However, 
during their first year of work, BASD teacher-leaders began to redefine their work as 
teacher-led research on practice, and they began to regard the lesson plans as an 
inadequate representation of their learning from lesson study.  As a result, they chose 
alternative methods to share their learning, such as open-house research lessons where 
visitors could participate in the whole process of lesson observation, data collection, 
and lesson discussion.  



Professional Development Through Lesson Study: Progress and Challenges in the U.S. 

 91

 Emerging evidence of effectiveness of lesson study in U.S. settings. 
When the senior author first gave talks about lesson study (in 1994), it was common for 
U.S. audience members to make comments like “lesson study is a good idea but it 
would never work in the U.S. because we are not a collaborative culture,” or “Lesson 
study works in Japan because teachers know a lot of mathematics, but that’s not true in 
the U.S.”  However, there are now emerging some “existence proofs” that U.S. 
teachers can use lesson study to build collaboration and content knowledge.  The video 
of the U.S. lesson study cycle “How Many Seats?” illustrates how U.S. teachers can 
use lesson study to build both collaboration and content knowledge.   In the segment of 
“How Many Seats?” excerpted in Table 2, Teacher 1 moves from confusion about the 
relationship of triangles and perimeter units (“tables” and “seats”; see problem in Table 
3) to clear statement of the relationship between the two.  Likewise, Teacher 5 gains 
insight into the physical reason for the numerical pattern.  Solution and discussion of 
the problem to be presented to students and careful data collection during the research 
lesson support teachers’ learning in these instances.    
The teachers in “How Many Seats?” also build collaborative capacity, by setting norms 
for their work together, choosing one to monitor at each meeting, and sometimes 
changing their group operating procedures based on these discussions.  For example, 
the group of teachers in “How Many Seats?” decides on a more active role for the 
(rotating) facilitator in confirming and marking group decisions, after monitoring of 
their norm “Sticking to the Process” reveals that some members are confused about the 
group’s decisions. The following conversation occurs on Day 2 of the group’s work, 
when group members are reflecting, at the end of the meeting, on the norm they chose 
to monitor that day: “sticking to the process.” After one member comments that many 
ideas were discussed without a clear decision on them, another member suggests that 
the facilitator needs to take a stronger role.    

Teacher 6: I second what Teacher 3 says about, I think the facilitator’s role is to stop, 
make sure you are on the process and make sure that everybody’s, you know 
everybody’s opinion is counted, you know. 
Teacher 5: hmm. So maybe we are hearing too that the facilitator needs to be a little 
bit more aggressive, a little bit you know more in there, saying let’s slow down, 
let’s poll everybody, let’s say what we are doing right now. Would you feel more 
comfortable with that?  
 (Nods, assents all around)  
The following day, when teacher 5 begins a segue into a new topic of conversation, 
the new rotating facilitator implements the more active role agreed upon the prior 
day: . 
Teacher 5:  So this would be a good place for us to anticipate what we think is going 
to happen, misconceptions that might happen when they do 4, 5, and 6. 
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Teacher 1:  Okay. But first let’s hear from everybody I think, because we had kind 
of a proposal on the table and I think one of the things that happened yesterday was 
we would have a proposal and we sort of assumed everyone was on board, but we 
weren’t.    Is everybody on board with this? (Each member assents.)  

This segment suggests that the group has actively used one of the tools provided 
(norm-setting and monitoring of norms), to create a more effective way of working 
together.  
Other U.S. lesson study evidence suggests other types of teacher learning during lesson 
study.  For example, the U.S. kindergarten teachers studied by Murata (2005) made 
connections between state standards and their own curriculum knowledge in the course 
of their lesson study work, shifting their view of the state standard in question from “no 
way” our students can do this to confidence that it can be mastered and knowledge 
about how go about it. 
A technology-based  “lesson-study inspired” innovation studied by Ermeling (2005) 
led U.S. high school science teachers to increase the student inquiry basis of their 
classroom lessons. 
At one U.S. elementary school, teachers voted to practice lesson study on a 
school-wide basis in 2002, after volunteer groups of teachers found it to be useful, and 
this teacher-led lesson study has continued in every year since, growing from 
mathematics to include other subject areas at the instigation of the teachers.  Table 4 
shows the scale scores for the school on the state mathematics achievement test, along 
with those for the district and state as a whole. Over 2002-05, the three-year net 
increase in mathematics achievement for students who remained at this school was 
more than triple that for students who remained elsewhere in the district as a whole 
(90.5 scale score points compared to 25.8 points), a statistically significant difference 
(F=.309, df=845, p‹.001). While a causal connection between the achievement results 
and lesson study cannot be inferred, other obvious explanations (such as changes in 
student populations served by the school and district) have been ruled out.  
School-wide lesson study appears to be a primary difference between the professional 
development at this school and other district schools during the years studied. ii. 

CHALLENGES TO LESSON STUDY IN THE UNITED STATES 
Five areas of challenge have also emerged as lesson study has unfolded in the United 
States: access to rich models of mathematical instruction; premature “expertise” about 
lesson study; simplistic research models; limited opportunities for cross-site learning 
about lesson study; and inadequate feedback links between lesson study and changes in 
curriculum and policy. 
Access to rich models of mathematical instruction. 
Kyouzai kenkyuu (investigation of teaching materials) is a facet of lesson study that 
may enable teachers to deepen their understanding of mathematics, pedagogy, and 
student thinking (Hashimoto, Tsubota, & Ikeda, 2003; Takahashi et al., 2005).  
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Visiting Japanese educators often ask U.S. teachers how a particular topic is presented 
in the textbook, or suggest that U.S. teachers study a topic’s presentation in several 
textbooks.  This may be useful advice if the textbook’s approach reveals interesting 
features of the topic.  Unfortunately, this is not always the case.  One group of 
mathematics coaches in California conducted a lesson study cycle on proportional 
reasoning.  Accounts of Asian treatments of proportional reasoning provided some of 
the richest material for discussion (see Table 5, from Lo,Watanabe & Cai, 2000); in 
contrast, a U.S. textbook might provide few examples for teachers to deepen their 
thinking about the mathematics or pedagogy of proportional reasoning (see Table 6).   
Premature “expertise.”   
Lesson study is a simple idea but a complex process.  Even after a decade of studying 
lesson study in Japan, we are all still learning about lesson study’s many forms and 
purposes.  Remarkably, some U.S. trainers seem to believe that participation in one or 
two lesson study cycles qualifies them as lesson study experts who can provide 
definitive blueprints to others.  Premature expertise may pose a substantial threat to 
lesson study, by generating a “been there, done that” attitude instead of a realistic 
expectation that “the road is created as we walk it together.” iii  
In contrast, a learning stance seems to characterize the work of settings such as BASD 
where lesson study has been sustained. During the first year of lesson study work, one 
of the BASD leaders answered a question about the attitudes essential to lesson study 
in the following way: .  

That you can always get better at teaching.  That you’re never at the end of the 
road…If you came into [lesson study] and you were [acting] like ‘I’m the hottest 
thing out there and I’ve got all these great ideas and I’ll share them with you 
guys’....you’re not going to get anything out of it.  

The expectation that teachers will learn about subject matter and its teaching-learning 
through lesson study has been a steady theme throughout the five years of the lesson 
study effort.  For example, a video shot in 2002 and widely used to introduce BASD’s 
lesson study work prominently features teachers’ initial struggle to understand the 
mathematics of a problem and their strategies to build their own mathematical 
understanding (Mills College Lesson Study Group, 2005). In 2005, as one BASD 
lesson study group shifted its focus from mathematics to writing instruction, 
experienced teachers readily volunteered that they did not believe they had effective 
strategies for teaching writing.  Two members commented afterwards on how lesson 
study fostered and was fostered by a culture in which “You’re learning.  You don’t 
know everything.  You’re not busy hiding what you don’t know.”  
Simplistic research models. 
When we ask a roomful of U.S. educators to raise their hands if they have ever seen a 
promising innovation discarded before it has been thoroughly tried, virtually every 
hand in the room goes up. Simplistic research models may be one contributor to 
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premature innovation death.  For example, lesson study might be regarded as 
something like aspirin, an easily transported treatment that interacts little with local 
site characteristics.  Or lesson study may be regarded as a “recipe” that can be  
implemented at a site according to some fixed external instructions (perhaps with 
minor adjustments like one would make when using a recipe at high altitude). 
Neither the metaphor of aspirin or recipe captures lesson study, because of the 
extensive interaction between lesson study and the local setting. What is needed to 
practice lesson study in a site where there is a coherent curriculum, tradition of 
collaboration, and history of careful study of student learning may be quite different 
from what is needed in sites where these do not exist. Lesson study might more 
appropriately be thought of as a system of learning with certain core principles, as 
sketched out in Table 1. Spreading a culture from one geographic location to another is 
perhaps the best analogy for lesson study; such cultural spread is something that can 
happen and has happened many times in human history. However, cultural spread is 
distinctly different from simply spreading the tools or recipes of a culture.  
Limited opportunities for cross-site learning. 
The United States is geographically large.  Even though there are many lesson study 
efforts springing up, many U.S. teachers have little opportunity to experience lesson 
study outside of their own setting.  To the extent that this is true, sites will reinvent the 
wheel, rather than learn from one another.  For example, the idea of setting group 
norms and choosing one to monitor at each meeting, developed by teachers in one U.S. 
school district was eagerly embraced by others when they saw it in a workshop.  
Opportunities to see research lessons and post-lesson colloquiums conducted by 
teachers from other sites can provide an opportunity for immersion in another culture 
of lesson study, providing a vantage point on one’s own assumptions, practices, and so 
forth. 
Cross-national learning that includes educators from Japan may be a particularly potent 
form of cross-site learning, judging from U.S. teachers’ reflections on cross-national 
workshops.  Comments from U.S. teachers who engaged in cross-site lesson study with 
Japanese colleagues in August 2001 illustrate the kinds of reflection about lesson study 
and mathematics teaching-learning that may be stimulated by cross-site collaborative 
lesson study: 

[I learned that lesson study] is not so much about lesson planning as it is about 
research and watching children’s learning 
I love the Japanese teachers’ polite, validating comments to the students.  “I don’t 
require the correct answer.”   
At the beginning of the week, I was more focused on the teacher.  Now I can see 
and record students’ mathematical thinking.  
There is no shortcut to doing the lesson planning and participating in lesson study 
yourself to become a helpful observer – DARN! 
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Effective observation involves skills, knowledge and preparation.  This includes a 
“record of lesson” sheet, a copy of the lesson plan itself, and how effectively you 
can link teacher action to child’s expression. 
Create a need (hunger) for mathematical language; don’t just give it to kids. 
The blackboard is a record of the lesson.  I often use the overhead (thus, erasing a 
lot) or erase what I’ve written on the blackboard due to lack of space.  Mr. 
Takahashi’s use of the blackboard has made me think of how I will use it in the 
future. 

Inadequate feedback loops linking lesson study to changes in curriculum and 
policy. 
In Japan there is an intimate relationship among lesson study, textbooks, and the 
national Course of Study.  Advances in one arena tend to reshape the other arenas as 
well.  For example, when Japanese elementary teachers used lesson study to try out 
lessons on solar energy (which was not then in the curriculum), this topic was picked 
up by other teachers, noticed by policymakers, and eventually became part of the 
national Course of Study (Lewis & Tsuchida, 1997). New elementary lessons are 
expected to prove themselves widely in public research lessons before finding their 
way into textbooks, and teacher-authors of textbooks are typically very active in lesson 
study, incorporating successful new approaches into textbook revisions.   
MEXT (the Japanese Ministry of Education, Culture, Sports, Science and Technology) 
provides funding to schools across Japan that apply to be “designated research 
schools” for curricular innovations under consideration.  Over a period of several years 
when an innovation is being considered or initiated, teachers at designated research 
schools engage in repeated cycles of lesson study, often inviting in university-based 
specialists and nationally known teachers interested in the particular innovation (Bjork, 
2004; Lewis & Tsuchida 1997, 1998; Tam, 2004; Tsuneyoshi, 2001, 2004).  Teachers 
at the designated research schools study existing curricula and materials (often 
including approaches from abroad), adapt or develop approaches they think will work 
in their own settings, and study students’ responses to the new types of instruction.  
After cycles of internal lesson study, teachers conduct public research lessons that 
bring to life the local vision of the innovation, enabling visiting educators to observe 
the instructional approach and the students’ learning and development, and providing a 
public forum for lively discussion of the local theory of the innovation.  In this way, 
instruction, textbooks, and standards can evolve in tandem. 
In contrast, the hard work of U.S. teachers to understand, for example, how a particular 
standard might be brought to life for first-graders (Murata, 2005) may remain within 
their group..  The major information conduits linking lesson study, textbooks, and 
educational policy in Japan are missing or sparse in the U.S.: for example, the 
well-known educators who travel to many lesson study sites to provide public 
commentary; the teacher-authors of textbooks who are heavily involved in lesson 
study; and the regional and national policymakers who attend research lessons and use 
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them as formative data on the strengths and shortcomings of policy and its 
implementation (Watanabe, 2002).   
Conclusion. 
In this international symposium, we have a valuable opportunity to find out whether 
the advances and challenges of lesson study experienced in the U.S. are similar to those 
found in other countries.  We also have a valuable opportunity to share strategies for 
building progress and overcoming obstacles.  As the Japanese say, “When three people 
gather you have a genius.”  I hope we can work with the great genius we have 
assembled here. 
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Table 1: How Lesson Study Results in Instructional Improvement: Two Conjectures 
 
 

Professional D
evelopm

ent Through Lesson Study: Progress and C
hallenges in the U

.S. 

 

VISIBLE FEATURES OF LESSON STUDY

 

• Consider long term goals for 
student learning and development 

 

• Study existing curricula and 
standards 

 

• Plan and conduct research lesson 

 

• Collect data during research lesson

 

• Present and discuss data from 
research lesson, draw out 
implications for future instruction 

 

CONJECTURE 1 

LESSON STUDY IMPROVES LESSON PLANS

 
 
 

Improvement of 
Instruction 

 
 
 

CONJECTURE 2 

LESSON STUDY STRENGTHENS 3 
PATHWAYS TO INSTRUCTIONAL 

IMPROVEMENT: 

1.TEACHERS’ KNOWLEDGE, e.g.: 
• Knowledge of subject matter 

• Knowledge of instruction 

• Capacity to observe students 

• Connection of daily practice to 
long-term goals 

2.TEACHERS’ 
COMMITMENT-COMMUNITY, e.g.: 

• Motivation to improve 

• Connection to colleagues who can 
provide help 

• Sense of accountability to valued 
practice community 

3. LEARNING RESOURCES, e.g: 

• Lesson plans that reveal and 
promote student thinking 

• Tools that support collegial learning 
during lesson study 

Intervening Changes 

97 
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Date Evidence  Researcher’s Inference 
8/7/02 Planning Meeting 

Teacher 1: I thought when we added a 
triangle we were adding two, but the output 
chart here is adding one, and I’m not, I 
don’t understand why that is….. 
Teacher 6: Because the third one is now a 
combined one. 
Teacher 2: One plus two.  It’s plus two this 
way (moves finger horizontally across 
Teacher 1’s chart, to show comparison 
between seats and tables).   
Teacher 1: Oh. Wait a second (studying 
triangles). 
Teacher 5: So maybe it would be a good 
time for us to do the activity? 
Teacher 1: (Laughing), yeah maybe! 
[teachers work problem with manipulatives 
and discuss]… 
Teacher 6: Because if you have one triangle 
you have three [sides], but then when you 
have two [triangles], one of those three 
[sides] becomes a combined. 
Teacher 1: Two of them become combined, 
that’s why you don’t have 5.  Cause I’m 
thinking, how come I don’t have 3 plus 2? 
Teacher 6: I just did the same thing! 
Teacher 4: You don’t count the shared side.
Teacher 5: It’s the number of triangles plus 
two. 
Teacher 2: It’s all plus two. It’s plus two 
this way. [Gesturing across Teacher 1’s 
chart, comparing triangles and perimeter 
units]… 
Teacher 1: But now why is that?… I’m still, 

Teacher 1 is trying to 
understand the 
meaning of the “plus 
two” pattern in the 
chart.  She initially 
merges the plus one 
pattern (each additional 
triangle adds one 
perimeter unit) and the 
plus two pattern (the 
number of perimeter 
units is two more than 
the number of 
triangles).  Through 
trying different 
numbers with the 
manipulatives, she 
grasps the plus-two 
numerical pattern. 
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though, why isn’t it if I add a triangle…why 
am I not…[continues to work with the 
triangles, initially with puzzled tone of 
voice, then increasingly matter-of-fact as 
she tries different numbers of triangles] 
Three.  So there’s the two….[With 
confidence] This does not fit for zero 
triangles.  This formula is not an n formula, 
it is not like “in any case” cause it has to fit 
for zero stage, right?   
Teacher 2: I don’t know.  I’d have to ask. 
Teacher 1: If the number of triangles is 
zero, you do not have two sides when you 
have no triangles.   

8/9/02 Planning Meeting  
Teacher 1: (Reading from group’s 
instructional plan goals). Students will 
discover a pattern and they will represent 
the pattern as a rule. They will understand 
what a mathematical rule is and will be 
introduced to the idea of representing the 
rule as an equation. 
Teacher 2: So, representing the rule as an 
equation, that’s a little bit.. 
Teacher 3: going in another direction 
Teacher 1: But it is an equation.  We’re 
saying: Number of tables plus two equals 
the number of …seats; that is where we 
want to get them to at the end of the easel 
time.   

Now teacher 1 clearly 
describes the plus two 
pattern in her own 
words as she advocates 
for it in the lesson 
goals.   

8/12/02 First teaching of research lesson: Teachers 
record the activities and speech of selected 
students, trying to create a complete record 
of what the selected student heard, saw, and 
did during the lesson. 

 

8/12/02 Colloquium of First Teaching  
Teacher 2: I noticed kids counting the seats 
different ways, and this was a kind of a big 
aha for me… When I’ve done the problem 

Observation of student 
counting methods 
enabled Teacher 2 to 
understand the 
mathematics of the 
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myself I’ve always counted [shows 
counting around the edge] and it didn’t 
occur to me there was another way of 
counting it…But [student name] had laid 
out 20 triangles…and she was counting 
[demonstrates counting top and bottom 
alternately, followed by ends] and then it 
looked totally different to me; I could see 
there’s 10 triangles on top, 10 on bottom, 
and a seat on either end.  Now I was seeing 
the pattern a different way. Up until then, I 
had always seen it as you’re taking away a 
seat and adding these two, taking away a 
seat and adding these two [shows adding a 
triangle and subtracting the side that is 
joined]. I was seeing a pattern from 
somebody else’s perspective. That's why I 
thought it might be helpful to have kids 
talking about how they’re counting it. How 
are you seeing the seats, and the numbers, 
and the increases, and where does that come 
from?  So I think definitely having the kids 
use the manipulatives is important, and 
watching how they use them is going to tell 
us a lot about how did they see the pattern. 

problem in a new way: 
that the two ends 
contribute the “plus 
two.” 

Table 2: Excerpts From The Lesson Study Cycle “How Many Seats?” 
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We have a long skinny room and triangle tables that we need to arrange in a row 
with their edges touching, as shown.  Each side can hold one “seat,” shown 
with a circle. Can patterns help us find an easy way to answer the question: 

How many seats fit around a row of triangle tables? 
 

 

 

 

 

 

 

 

 
 
 
Table 3: Illustration of Problem Used In Lesson Study Cycle “How Many Seats?” 
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Table 4: California Standards Test in Mathematics: Mean Scale Scores, Grades 
2-5 
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                  Table 5: Ideas about proportional reasoning introduced from 
                        research on Asian curricula (Lo, Watanabe, & Cai, 2004) 
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COMPARATIVE STUDY OF MATHEMATICS CLASSROOMS 

– WHAT CAN BE LEARNED FROM THE TIMSS 1999 VIDEO STUDY1 

Frederick K.S. Leung 

The University of Hong Kong 

The Third International Mathematics and Science Study (TIMSS) 1999 Video Study 
aims at describing and comparing eighth-grade mathematics teaching practices 
among seven countries in order to identify similar or different classroom features.  
Since East Asian students have consistently performed well in recent international 
studies of mathematics achievement, this paper intends to analyze the TIMSS Video 
Study data for the East Asian country of Hong Kong in order to see whether there 
are classroom practices that can be used to explain students’ high achievement in 
mathematics.  The data analysis however yields conflicting results.  While a 
qualitative analysis of the data shows that the quality of mathematics teaching in 
Hong Kong is high, a quantitative analysis of the same data shows that teaching in 
Hong Kong is rather traditional and teacher-centred.  The conflicting results point 
to the complexity in interpreting video data on classroom practices and of 
achievement data in international studies.  The results are then interpreted with 
respect to the underlying cultural values in East Asia, and implications for 
methodology in analyzing video data, as well as for educational reform in East 
Asian countries and other countries are discussed.  

 

Introduction 

Students from East Asian countries 2  have consistently outperformed their 
counterparts in the West in international comparative studies of mathematics 
achievement such as the Third International Mathematics and Science Study 
(TIMSS3) (Beaton et al, 1996; Mullis et al, 1997; Mullis et al, 2000; Mullis et al, 
2004) and the OECD Program for International Student Assessment (PISA) 
(OECD, 2001; 2003; 2004).  However, the high achievements of East Asian 
students do not seem to have been accompanied by correspondingly positive 
attitudes towards mathematics (Leung, 2002).  An obvious question to ask of such 

                                           
1 Paper to be delivered at the APEC-Tsukuba Conference, Tokyo, Japan, 16 January, 2006. 
2 East Asian “countries” in this paper refer to Chinese Taipei, Hong Kong, Japan, Korea and Singapore.  Although 

some of them (e.g. Hong Kong) are not countries, for convenience the generic term “countries” will be used to 

refer to all participants in these international studies. 
3 TIMSS was renamed Trends in International Mathematics and Science Study starting from the 2003 Study. 
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international studies is what accounts for high achievement, and in particular, what 
accounts for the high achievement of East Asian students despite their negative 
attitudes towards mathematics.  Since students learn most of their knowledge in the 
classroom, it is reasonable to expect that the instruction they receive should be a 
major factor in influencing their achievement. 

In this paper, the TIMSS 1999 Video Study data for the East Asian country of 
Hong Kong are analyzed to see whether there are classroom practices that can be 
used to explain students’ high achievement in mathematics.  Methodological issues 
related to comparative classroom studies are then discussed, and results of the 
Study are interpreted with reference to the East Asian culture.  Finally some 
implications of the findings of the study are drawn for mathematics curriculum 
development in East Asian and other countries. 

 

The TIMSS 1999 Video Study 

The TIMSS 1999 Video Study (hereafter referred to as the Study) examined 
instructional practices in eighth grade mathematics for seven countries: Australia, 
Czech Republic, Hong Kong SAR, Japan, Netherlands, Switzerland, United States.  
The goals of the Study were to: 

• describe and compare eighth-grade mathematics teaching across seven countries 
• discover alternative ways to teach mathematics  
• examine teaching in one’s own country with fresh eyes, and 
• create digital library of public use videos for teacher professional development 

(Hiebert et al, 2003) 

Japan did not collect video data for mathematics in 1999, but the Japanese data for 
the TIMSS 1995 video study were re-analyzed using the 1999 methodology in 
some of the analyses.  For this reason, only the Hong Kong data will be 
highlighted for discussion below, since it is the only East Asian country for which 
data was collected in the 1999 Study. 

Sampling, Data Collection and Analysis 

Sampling 
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To obtain a representative sample of eighth-grade mathematics classrooms in each 
of the participating countries, a national probability sample4 of a target of 100 
schools was drawn in the Study.  One mathematics class was then randomly 
selected from each of the schools, and only one lesson was videotaped for the 
sampled class.  Including the 50 Japanese lessons videotaped in 1995, altogether 
638 lessons were videotaped, ranging from 78 lessons (the Netherlands) to 140 
lessons (Switzerland5) per country. 

Since the eighth grade mathematics curriculum in the seven countries differs from 
each other, it has not been possible to match the content of the videotaped lessons 
in different countries.  Instead, lessons were randomly selected across the school 
year so that they covered the content taught in the whole of the eighth grade in the 
country. 

Data Coding and Analysis 

Videotaping in all countries followed standardized camera procedures.  Two 
cameras were used, with one camera focusing on the teacher and her interaction 
with students, and the other camera focusing on the whole class.  All data from the 
seven countries were assembled together and analyzed by an international video 
coding team, advised by an expert group with members (known as national 
research coordinators) from each of the participating countries.  Although the 
working language of the project was English, data analysis for individual countries 
was performed in the language used in the classrooms.  Members of the 
international video coding team were all fluently bilingual (in the language used in 
the classrooms concerned and English) researchers, and working together they 
developed codes to apply to the video data.  Three marks (i.e., the in-point, out-
point, and category) for the codes were evaluated and included in the measures of 
reliability.  For any code, if the reliability measures fell below the minimum 
acceptable standard after numerous attempts, it would then be dropped from the 
study.  Altogether, 45 codes survived and were applied in seven coding passes to 
each of the videotaped lessons. 

The Mathematics Quality Analysis Group 

The quantitative analysis described above is fine grained, and allows details of the 
lessons to be captured.  On the other hand, there is a danger that fine grained 
analysis would break down the lessons into minute constituent parts but the parts 

                                           
4 The sample was a Probability Proportional to Size (PPS) one, i.e., the probability that a school being chosen is 

proportional to the size of the school as measured by the number of eighth grade students in the school. 
5 In Switzerland, since there were three major languages of instruction, more schools were selected so that 

instructions across different language groups may be compared. 
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may not fit with each other to form back a meaningful picture of the lesson.  For 
this reason, in addition to the quantitative analysis described above, a number of 
more qualitative analyses were performed.  One such analysis was performed by an 
expert panel, known as the Mathematics Quality Analysis Group, comprising 
mathematicians and mathematics educators at the post-secondary level.  The group 
reviewed a randomly selected subset of 120 lessons (20 lessons from each country 
except Japan6) and evaluated the quality of the lessons based on expanded “lesson 
tables” prepared by the international video coding team.  The “lesson tables” 
contained detailed written descriptions of the lessons, including the classroom 
interaction, the nature of the mathematical problems worked on, goal statements, 
lesson summaries, and other relevant information.  These lesson descriptions were 
examined “country-blind”, with all indicators that might reveal the country 
removed. 

 

Mathematics Classrooms in Hong Kong 

A. Instructional Practices as Portrayed by the Analysis of the Codes 

Whole-class interaction dominated 

In describing the kinds of teacher and students interaction in the seven countries, 
the Study defined five types of classroom interaction: public interaction, private 
interaction, student presents information, teacher presents information, and mixed 
private and public work.  An analysis of the different types of interaction showed 
that the Hong Kong classroom was dominated by public or whole-class interaction.  
Three quarters of the lesson time was spent in public interaction while 20% of the 
lesson time was spent in private interaction (see Table 1 below).  These represent 
the largest proportion of lesson time in public interaction and the smallest 
proportion of lesson time in private interaction among the seven countries.  As the 
Study Report commented, “Comparing across countries, eighth-grade mathematics 
lessons in Hong Kong SAR spent a greater percentage of lesson time in public 
interaction (75 percent) than those in the other countries, except the United States.” 
(Hiebert et al, 2003: 54-55). 

 

 

 

                                           
6 Since this same group of experts performed a similar analysis on the 1995 TIMSS Video data, which included the 

Japanese data, the 1999 Japanese data was not included in this analysis. 
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Table 1: Average Percentage of Lesson Time Devoted to Public and Private Interactions 
Country Public interaction Private interaction Others 
Australia 52 48 0 
Czech Republic 61 21 18 
Hong Kong 75 20 5 
Japan 63 34 3 
Netherlands 44 55 1 
Switzerland 54 44 1 
United States 67 32 1 

Teacher talked most of the time 

What were the Hong Kong teachers and students doing during the whole-class 
interaction time?  The Study recorded and calculated the number of words spoken 
by the teachers and the students in the lessons 7  as indication of the kind of 
interaction that took place.  As can be seen from Figure 1 below, Hong Kong 
teachers spoke an average of about 5800 words per lesson while their students 
spoke only an average of 640 words.  Compared to other countries in the study, 
Hong Kong teachers (together with the US teachers who spoke an average of about 
5900 words per lesson) were the most talkative among the teachers in the 
participating countries.  In contrast, Hong Kong students were the least talkative 
among the students in all the seven countries. 

 
 
 
 
 
 
 
 
 
 

Figure 1:  Average Number of Teacher and Student Words Per Lesson 

 

Combining the two sets of figures in Figure 1, Hong Kong classrooms have the 
highest ratio of average number of words spoken by the teacher to those spoken by 
                                           
7 Since lesson duration varies across countries, the lesson time reported here is standardized to 50 minutes. 
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their students (Figure 2).  As the Study Report pointed out, “Hong Kong SAR 
eighth-grade mathematics teachers spoke significantly more words relative to their 
students (16:1) than did teachers in Australia (9:1), the Czech Republic (9:1), and 
the United States (8:1)” (Hiebert et al, 2003: 109).  When we factor in the 
relatively large class size of the Hong Kong classroom8, the reticence of the East 
Asian students is even more striking.   

Figure 2:  Average Number of Teacher Words to Every One Student Word Per Lesson 

 

Students solved procedural problems unrelated to real-life following prescribed 
methods 

In the Study, it was found that the lesson time in all the seven countries was 
dominated by students working on mathematical problems, and thus one of the 
major units of analysis in the study was the mathematical problems.  Different 
aspects of the characteristics of the problems worked on in the lessons were coded 
for analysis, and results of some of the analyses are discussed below. 

Nature of problem statements 

One important characteristic of the mathematical problems is the nature of the 
problem statements.  Three types of problem statements were defined in the Study 

                                           
8 The average class size of the lessons videotaped in Hong Kong was 37, which is significantly bigger than the 

class size of other countries in the study (except for Japan for which the class size data was not available) - the 

average class size in the other five countries ranged from 19 (Switzerland) to 27 (Australia).  So a ratio between 

teacher words and student words of 16 to 1 in Hong Kong is in effect a ratio of nearly 600:1 as far as an individual 

student in concerned. 
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based on the kind of mathematical processes implied by the statements.  They are 
using procedures, stating concepts, and making connections (Hiebert et al, 2003: 
98).  Figure 3 below shows the average percentage of problems of each problem 
statement type in the participating countries9. 

 

Figure 3:  Average Percentage of Problems Per Lesson of Each Problem Statement Type 

As can be seen from Figure 3, the problem statements of nearly 85% of the 
problems worked on in the Hong Kong classrooms suggest that they were typically 
solved by applying a procedure or a set of procedures.  This percentage is highest 
among all the countries in the Study.  Problems with statements that called for 
mathematical concepts or constructing relationships among mathematical ideas and 
facts were relatively rare.  As the Study Report noted, “Hong Kong SAR lessons 
contained a larger percentage of problem statements classified as using procedures 
(84 percent) than all the other countries except the Czech Republic (77 percent)” 
(Hiebert et al, 2003: 98). 

Contexts of the problems 

In what contexts were these procedural problems set up when they were presented 
to the Hong Kong students?  Mathematics problems are usually either set up within 
some real-life contexts or simply presented using mathematical language or 
symbols (e.g., Solve the equation:  x2 + 3x – 8 = 0).  Many mathematics educators 
argue that mathematics problems presented within real-life contexts make 
mathematics more meaningful and hence more interesting for students. 

                                           
9 The data from Switzerland was not available since English transcripts were not available for all Swiss lessons. 
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Figure 4 below shows the average percentage of problems that were set up with a 
real-life connection compared to those that were presented with mathematical 
language or symbols only.  As can be seen from Figure 4, Hong Kong lessons had 
most of the problems set up using mathematical language or symbols only, second 
to Japan.  Only 15% of the problems had a real-life connection, and more than 
80% of the problems were formulated with mathematical language and symbols 
only. 

Figure 4:  Average Percentage of Problems Per Lesson Set Up With a Real Life Connection or 

With Mathematical Language or Symbols Only 

 

Choice of solution methods 

When Hong Kong students were presented with these procedural problems set up 
with mathematical language and symbols, how were they expected to deal with the 
problems?  Were they expected to solve the problems with prescribed methods, or 
were they given a choice and encouraged to solve the problems using different 
methods?  Mathematics educators usually think that to enhance students’ problem 
solving ability, they should be encouraged to solve the same problem with 
different methods.  In the Study, the number of problems worked on in which 
students had a choice of solution methods was noted, and the results are show in 
Table 2 below.  In Table 2, the left hand column gives the average percentage of 
problems per lesson in which students had a choice of solution methods, and the 
right hand column shows the percentage of lessons where there were at least one 
problem worked on in which students had a choice of solution methods. 
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Table 2: Average Percentage of Problems Per Lesson and Percentage of Lessons With at Least 
One Problem in Which Students Had a Choice of Solution Methods 

Country10 Average percent of 
problems with a choice of 
solution methods  

Percent of lessons with at 
least one problem with a 
choice of solution methods 

Australia 8 25 
Czech 
Republic 

4 20 

Hong Kong 3 17 
Japan 15 31 
Switzerland 7 24 
United States 9 45 

It can be seen from Table 2 that compared with other countries, Hong Kong had 
the least amount of problems where students were given a choice of solution 
methods, whether measured by average percentage of problems per lesson or by 
the percentage of lessons with at least one problem in which students had a choice 
of solution methods.  In only three percent of the problems worked on were 
students given a choice of solution methods, and such occasions happened in less 
than 20% of the lessons recorded. 

So we can see from the three characteristics of the problems discussed above that 
the mathematical problems Hong Kong students worked on in their classrooms 
were mainly problems unrelated to real-life.  The statements of the problems 
suggest that they were typically solved by applying a procedure or a set of 
procedures rather than calling for mathematical concepts or constructing 
relationships among mathematical ideas and facts.  Furthermore, students were 
expected to follow prescribed methods in solving these problems instead of being 
given a choice of solution methods. 

Summary 

From the results presented above, the instructional practices in the Hong Kong 
mathematics classroom as portrayed by the analysis of the codes in the Study can 
be characterized as follows: 

                                           
10 For the Netherlands, there were too few cases reported and so the data was not shown here because the reporting 

standard was not met. 
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Whole-class interaction dominated the lesson time.  During the whole-class 
interaction, the teacher talked most of the time while the students remained 
relatively reticent.  The mathematics problems that students worked on during the 
lesson were mainly set up using purely mathematical language and symbols, and in 
contexts unrelated to real-life.  These problems were also typically solved by 
applying a procedure or a set of procedures, following standard methods prescribed 
by the teacher. 

From the viewpoint of most mathematics educators, the picture portrayed above is 
a mathematics classroom that is not very conducive to quality teaching and 
learning! 

B. Quality of Content as judged by the Mathematics Quality Analysis Group 

As described earlier, one of the qualitative analyses of the data in the Study was 
performed by an expert panel comprising mathematicians and mathematics 
educators.  Panel members reviewed detailed descriptions of a random sub-sample 
of the videotaped lessons country-blind and made qualitative judgements about 
them.  In addition to judging the content level of the lessons, the panel also 
assessed the quality of the mathematics in the lessons along four dimensions: 
coherence, presentation, engagement and overall quality.  The results of the 
judgements of the Mathematics Quality Analysis Group are presented below. 

More advanced content 

The panel made judgement on how advanced the mathematics content in the 
lessons was, and placed each lesson in the sub-sample into one of five “curricular 
levels”, from elementary (1) to advanced (5).  The results of their judgement are 
shown in Figure 5 below.  As can be seen from Figure 5, the panel found the 
content covered in the Hong Kong (and Czech Republic) classrooms relatively 
more advanced.  The mathematics content of 20% of the lessons was judged to be 
advanced, while the content in none of the lessons was judged to be elementary.  
This is in great contrast to other countries in the Study, where three of them 
(Australia, the Netherlands and the United States) did not have any lessons with 
content judged to be advanced (and Switzerland had only 5% of the lessons with 
content judged to be advanced), and the mathematics content in at least 10% of the 
lessons in four countries was judged to be elementary. 
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Figure 5:  Percentage of lessons in sub-sample at each content level 

 

Lesson more coherent 

Coherence was defined by the panel as “the (implicit and explicit) interrelation of 
all mathematical components of the lesson” (Hiebert et al, 2003: 196).  As can be 
seen from Figure 6 below, 90% of the Hong Kong lessons were judged to be 
thematically coherent, with the remaining 10% moderately thematically coherent.  
This compares very favorably with the other countries in the Study.  For example, 
in the Czech Republic and the United States, only 30% of the lessons were judged 
to be thematically coherent. 

 

 

 

 

 

 

 

Figure 6: Percentage of Lessons in Sub-sample Rated at Each Level of Coherence 
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More fully developed presentation 

Not only were the Hong Kong lessons judged to be more coherent, their 
presentation was also found to be more fully developed.  Presentation was defined 
by the panel as “the extent to which the lesson included some development of the 
mathematical concepts or procedures” (Hiebert et al, 2003: 197).  Development 
required that mathematical reasons or justifications were given for the 
mathematical results presented or used.  Presentation ratings took into account the 
quality of mathematical arguments: higher ratings meant that sound mathematical 
reasons were provided by the teacher (or students) for concepts and procedures.  
Mathematical errors made by the teacher reduced the ratings.  The results of the 
judgment of the panel are show in Figure 7 below.  It can be seen from Figure 7 
that 20% of the Hong Kong lessons were judged to be “fully developed”.  This 
percentage is highest among all the other countries, and is in striking contrast with 
Australia where none of the lessons were classified as “fully developed”.  If we 
take into consideration the category “substantially developed” as well, we can see 
that three quarters of the lessons in Hong Kong were classified as either ‘fully 
developed’ or ‘substantially developed’.  This figure is three times higher than that 
for the lessons in the Netherlands. 

 

 

 

 

 

 

 

Figure 7:  Percentage of Lessons in Sub-sample Rated at Each Level of Presentation 
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was defined by the panel as “the likelihood that students would be actively 
engaged in meaningful mathematics during the lesson” (Hiebert et al, 2003: 198).  
A rating of ‘very unlikely’ (1) indicated a lesson in which students were asked to 
work on few of the problems in the lesson and those problems did not appear to 
stimulate reflection on mathematical concepts or procedures; a rating of ‘very 
likely’ (5) indicated a lesson in which students were expected to work actively on, 
and make progress solving, problems that appeared to raise interesting 
mathematical questions for them and then to discuss their solutions with the class. 

As can be seen from Figure 8 below, the panel inferred from the lesson 
descriptions that students in Hong Kong classrooms were more likely than those 
elsewhere to be engaged in the lesson.  The panel estimated that students in 35% of 
the Hong Kong lessons were likely to be engaged, whereas in none of the 
Australian lessons were students likely to be engaged. 

 

 

 

 

 

 

 

Figure 8: Percentage of Lessons in Sub-sample Rated at Each Level of Student Engagement 

 

Overall quality 
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overall quality to be ‘high’ or ‘moderately high’. 
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Figure 9:  Percentage of Lessons in Sub-sample Rated at Each Level of Overall Quality 

Summary 

From the results presented above, we can see that the quality of instructional 
practice in the Hong Kong mathematics classroom was judged by the Mathematics 
Quality Analysis Group as very high.  The mathematics content covered was 
judged to be relatively more advanced, the lessons were more coherently structured, 
and the presentation was more fully developed.  Given these positive elements of 
the classrooms, students were expected to be more engaged in the teaching and 
learning process, and the overall quality of the lessons was judged to be high by 
the panel. 

This presents a picture of instructional practices which is much more positive than 
that portrayed by the quantitative analysis of the codes. 

 

Discussion 

A. Two different pictures? 

From the discussions above, it can be seen that the picture of instructional 
practices in the Hong Kong classroom as portrayed by the judgement of the 
Mathematics Quality Analysis Group is in stark contrast to the picture as portrayed 
by the quantitative analysis of the codes.  How do we reconcile the apparent 
inconsistency between the instructional practices as reflected by the two different 
analyses of the same data set? 

It should be noted that in the first picture, instructional practices were portrayed 
through objectively coding and summarizing activities that happened in the 

20
20

15

15

1530

20 25

2040

45

20

35

25

40

1015 05
25

10

15

35

30

055
15

30
15

0

20

40

60

80

100

AU CZ HK NL SW US

Pe
rc

en
t o

f S
ub

-
High

Moderately high

Moderate

Moderately low

Low



Comparative Study of Mathematics Classrooms 

 121

classroom, whereas in the second picture, the quality of content was judged by the 
Mathematics Quality Analysis Group based on their expertise and experience.  In 
the international report of the Study, readers are alerted to the small sample size 
involved in the qualitative analysis and are urged to be cautious in the 
interpretation of the results.  Readers are warned that the sub-sample “might not be 
representative of the entire sample or of eighth-grade mathematics lessons in each 
country” (Hiebert et al, 2003: 190).  Such warning needs to be heeded, for it 
pertains to the reliability of the analysis results.  That is, from a psychometric point 
of view, the results of the qualitative analysis are deemed to be not very reliable.  
In addition to the small sample size involved (which is typical of qualitative 
studies), the very fact that the analysis relied on the judgement of a group of 
experts means that the results may be “rater-dependent”.  Given another group of 
experts with different experience and inclinations, rather different conclusions 
about the teaching in the Hong Kong classroom may be arrived at, even when the 
same set of criteria and definitions are followed.  In contrast, for the quantitative 
analysis, since the coding (e.g. number of words spoken by teachers and students) 
is relatively objective, it is expected that given adequate training, any coder should 
arrive at more or less the same results. 

Since the results of the qualitative analysis are not very reliable statistically, should 
we discard them and resort only to the reliable quantitative analysis?  The 
quantitative analysis of the TIMSS 1999 Video data, as with all low-inferenced 
quantitative analysis, has its own limitations as well.  Take the number of words 
spoken by teachers and students in the classrooms as example again.  The 
quantitative analysis of the data computed accurately the number of words spoken 
by teachers and students in each country, and both the absolute number of words 
spoken and the ratio between teacher and student words provide relevant 
information on the kind of interaction that took place in the classrooms concerned.  
However, every teacher or educator knows too well that the quality of what the 
teachers and students say in class is far more important that how much they say.  
But to determine what the teachers and students say are significant or not, the data 
analysis requires a lot of judgement based on profound experience on the part of 
the researcher.  And in a quantitative study where the emphasis is on low-
inferenced data analysis, this is not possible.  Hence quantitative analysis may 
yield results that are highly reliable but not necessarily very meaningful. 

Thus, it seems that there is an inherent trade-off between reliability and validity in 
the analysis of video data.  In order to get highly reliable data, we have to restrain 
from making inferences, and hence we lose out in validity.  In order to increase the 
validity of the analysis of video data, we need to make subjective judegment, with 
the result that high reliability is difficult to attain.  This is rather like Heisenberg’s 
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Principle of Uncertainty in physics11.  It seems that if we want to get highly 
reliable and objective information, we have to lose out in the meaningfulness or 
validity of the data.  On the other hand, since qualitative analysis involves the 
judgement of “experts” based on their experience and expertise, different groups of 
experts may yield different results.  So the information we obtain cannot be very 
reliable. 

Which, then, is the “real” picture of mathematics teaching in Hong Kong?  Is the 
unreliable expert judgment of the Mathematics Quality Analysis Group “real”?  Or 
does the quantitative analysis of the data of the Study fail to reveal the subtlety of 
the complexity of classroom teaching? 

The answer depends on whether you prefer a very reliable description of the 
activities that happened in the classroom, or whether you can tolerate some lack of 
reliability and want to learn more about the experts’ view on the quality of 
teaching and learning in the classroom.  The crux of the matter is: in determining 
the quality of teaching, should we rely on objective summary of data, or should we 
rely on subjective judgment of experts?  Perhaps a synthesis of the two gives a 
picture nearer to the reality. 

B. The Traditional East Asian Culture and the High Achievement of East Asian Students 

Given that the results of the quantitative analysis of the Hong Kong data in the 
Study (which shows that instructional practices in Hong Kong are not very 
conducive to quality learning) are at least part of the “real” picture in Hong Kong, 
how can we explain the high achievements of students in Hong Kong and other 
East Asian countries in international studies of mathematics achievement?  Also, 
do the findings of the Study throw any light on the negative attitudes of East Asian 
students towards mathematics? 

First, the traditional teaching in Hong Kong as revealed by the quantitative 
analysis of the Study may be explained by the underlying cultural values in East 
Asia.  In a replication of Ma’s study (Ma, 1999) in Hong Kong and Korea (Leung 
and Park, 2002), it was found that although the teachers in the study were in 
general competent in mathematics, they often deliberately taught in a procedural 
manner for pedagogical reasons and for the sake of efficiency.  They seemed to 
believe that it would be inefficient or even confusing for school children to be 
exposed to rich concepts instead of clear and simple procedures.  This illustrates 

                                           
11 The Principle states that the more precisely the position of an object is determined, the less precisely its 

momentum is known in this instant (see Cassidy, 1992). 
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very well the pragmatic philosophy in the East Asian culture (Ko, 2001; 
Shusterman, 2004). 

Secondly, the underlying cultural values shared by the East Asian students may 
also explain both their high achievement and negative attitudes towards 
mathematics.  In the East Asian culture, there is a strong stress on the virtue of 
humility or modesty.  As the author pointed out elsewhere: 

Children from these countries are taught from when they are young that one should not be 
boastful.  This may inhibit students from rating themselves too highly on the question of 
whether they think they do well in mathematics, and so the scores may represent less than 
what students are really thinking about themselves.  On the other hand, one’s confidence and 
self image are something that is reinforced by one’s learned values, and if students are 
constantly taught to rate themselves low, they may internalize the idea to result in really low 
confidence.  Furthermore, the competitive examinations systems coupled with the high 
expectations for student achievement in these countries have left a large number of students 
classified as failures in their system, and these repeated experiences of a sense of failure may 
have further reinforced this lack of confidence.(Leung, 2002: 106) 

 

Given that East Asian students possess such negative attitudes towards 
mathematics and hold such low self-concept in mathematics, why do they perform 
so well in international studies of mathematics achievement?  Paradoxically, from 
the standpoint of the East Asian culture, one may argue that this negative 
correlation between students’ confidence in mathematics and their achievement is 
something to be expected: 

Over-confidence may lower students’ incentive to learn further and cause them to put very 
little effort into their studying, and hence result in low achievement.  This is exactly the kind 
of justification for the stress on humility or modesty in the East Asian culture.  The Chinese 
saying “contentedness leads to loss, humility leads to gain” illustrates the point well.      
(Leung, 2002: 106) 

 

In addition, the stress in the East Asian culture on diligence and practice may have 
also contributed to the high achievement of their students (Park and Leung, 2003).  
Underlying this stress on diligence and practice is the traditional East Asian value 
that attributes success more to effort than to innate ability (Leung, 2001).  The 
ultimate root of the stress on diligence and practice is the underlying Confucian 
cultural values which emphasize strongly on the importance of education and a 
high expectation for students to achieve.  Under the influence of this philosophy, 
learning or studying is considered a serious endeavour, and students are expected 
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to put in hard work and perseverance in their study.  This is reinforced by a long 
and strong tradition of publication examination, which acts as a further source of 
motivation for learning.  This high expectation on students to achieve provides an 
important source of motivation for students to learn well and to excel. 

C. Implications 

Given the methodological complexity of interpreting video data, and the cultural 
explanation of the high achievement of East Asian students, what lessons can 
educators from East Asia and elsewhere learn from the results of the Study? 

Implications for East Asian countries 

First, just examining the results of the quantitative analysis of the Hong Kong data 
in the Study may prompt us to call for radical changes in instructional practice in 
the Hong Kong classrooms, and by inference the classrooms in East Asia as well.  
However results from the qualitative analysis of the data present a different picture.  
Some readers may tend to embrace the qualitative results since they are more 
consistent with results of the achievement data (and for readers from East Asia, the 
results from the qualitative analysis of course look more pleasing!), and dismiss 
the quantitative results as invalid.  But it should be stressed that the quantitative 
analysis is done using a relatively more objective (at least more objective than the 
qualitative part of the analysis) methodology and utilizing a larger and more 
representative data set (compared with the qualitative analysis).  So the findings 
should not be dismissed lightly.  A more balanced view of the two sets of results is 
that they represent two aspects of the same reality.  They complement each other in 
giving a picture closer to the reality of the Hong Kong (and East Asian) classroom. 

Seen in this light, findings of the qualitative analysis of the video data should 
remind educators in East Asia of their strengths in terms of instructional practices 
in mathematics.  In particular, the expectation that students should learn a 
relatively advanced level of content with an appropriate degree of abstraction 
ought to be retained.  Simply reducing the difficulty of the content in order to 
make mathematics more accessible to the general student population is an endless 
retreat.  At the same time, teachers from East Asia should treasure their tradition of 
teaching mathematics in a coherent manner.  They should also continue their effort 
to fully develop their lessons so as to keep their students engaged in the 
mathematics.  Teachers should of course try to make the lesson lively and 
enjoyable for students through introducing various activities in their classrooms, 
but the goal should be to induce students to be interested and engaged in the 
subject matter of mathematics itself rather than in the lively activities per se.  
These clearly have implications for reforms in curriculum content, teaching 
methods, the kind of teachers to be recruited, and the kind of teacher education 
needed for teachers to perform their job. 
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On the other hand, it should be admitted that dominance of teacher talk may not be 
the best kind of activities for effective mathematics learning.  Also, despite their 
students’ success in international studies of mathematics achievement, educators in 
East Asia need to ask themselves whether the fact that the majority of the problems 
student solve are unrelated to real-life is in itself consistent with their ideal of a 
good mathematics education.  The challenge for mathematics educators in East 
Asia is to promote more student participation in meaningful learning without 
compromising their strengths in instructional practices as identified above. 

Implications for other countries 

If instructional practices and the resulting student achievement are so much related 
to the underlying culture, what are the implications for countries outside East Asia? 

First, students’ mathematics achievement in international studies should be viewed 
in conjunction with their attitudes towards mathematics and mathematics learning.  
Although negative attitudes of students may not necessarily disadvantage their 
achievements, the negative attitudes themselves should be considered part of the 
attainment of the curriculum in the countries concerned, and educators should be 
alarmed by such negative attitudes.  Curriculum documents in countries around the 
world always include enjoyment of study as part of the aims of education, 
irrespective of the culture of the countries.  So a high student achievement in 
international studies should not relegate efforts to promote students’ interest in 
their study.  We don’t want students to do well in mathematics while hating it. 

Secondly, simple transplant of classroom practices from high achieving countries 
to low achieving ones would not work.  Since teachers and their teaching are so 
much influenced by the underlying cultural value, one cannot transplant the 
practice without regard to the cultural differences.  Culture by definition evolves 
slowly and stably with the passage of long periods of time, and there is simply no 
quick transformation of culture.  What we can learn from another culture through 
comparative studies is to identify not only the superficial differences in 
educational practice, but the intricate relationship between educational practice and 
the underlying culture.  Through studying these relationships in different cultures, 
we may then begin to understand the interaction between educational practices and 
culture, and through identifying the commonality and differences of both the 
educational practices and the underlying cultures, we may then determine how 
much can or cannot be borrowed from another culture. 
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Conclusion 

For many sectors of the community, especially the media, the attention of 
international comparative studies is usually focused on the relative position of 
countries in the league tables generated from the studies.  For other people, 
especially the educational policy makers, such international studies sometimes 
provide an impetus or excuse for educational changes.  But very often, such 
changes are made without a careful consideration of the complex context in 
different countries within which the achievement and classroom instructions under 
study are situated. 

However, the primary purpose of these international studies is not for countries to 
compete with each other.  Nor should the results of comparative classroom studies 
be used rashly to justify the classroom practices of the high achieving countries.  
The significance of such international studies should lie in the rich data set they 
generate, serving as mirrors for educators to better understand their system.  And 
any changes in educational policies should take into account the rich data set as 
well as the different cultural values that generate such richness. 
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INNOVATION OF MATHEMATICS TEACHING WITH ICT 
- THE CASE OF DYNAMIC GEOMETRY SOFTWARE: 

GEOMETRIC CONSTRUCTOR - 
Yasuyuki Iijima 

Aichi University of Education 
 
Geometric Constructor is one of the dynamic geometry softwares used in Japan. 
There are three versions (DOS, Windows, Java), some web applications using 
GC/Java. One of the features of Geometric Constructor is the existence of powerful 
users. By the collaboration with teachers, this software has been able to be developed. 
One of the core of collaboration is lesson study. Three lessons are described in this 
paper. The whole-class discussion is suitable to the lesson with Geometric 
Constructor. 
 
INTRODUCTION 
Geometric Constructor (GC : in short) is one of the dynamic geometry software 
(DGS : in short) like cabri, Geometer's Sketch Pad etc., which is developed by the 
author. Since 1990, it has been used in many schools (mainly junior high schools) in 
Japan. And we had made lesson study with many teachers. In this paper, I would like 
to overview the outline of the innovation with GC, focusing the features of software 
and examples of lessons. 
 
FEATURES OF GEOMETRIC CONSTRUCTOR 
Dynamic geometry software used in Japan 
GC is one of the dynamic geometry software. We can construct a geometrical figure. 
Under dragging some points, we can find some invariants or functionality in the 
figure. The first version of GC was MS-DOS version (GC/DOS, 1989 - ). According 
to the development of computer and network, we have developed the windows 
version (GC/Win, 1997 - ) and make the web site Forum of Geometric Constructor to 
provide software , manuals and other educational resources for practices. Since 2000, 
I and Zeta corporation have developed the Java version (GC/Java. 2000 -) to make 
many content according to the junior high school textbook.  
From this project, we make two another approaches. I make some web application 
(GC_BBS, PukiWiki with GC) using GC/Java, by which we can construct figures and 
save it at everywhere and every time, without installing specific software. Zeta is 
developing GCL(which is one of the dynamic geometry software developed based on 
macromedia Flash) and dbook to make commercial contents according to the 
textbooks, which will be available in this April. These approaches make a distinct 
feature of GC from commercial softwares like cabri and Geometer’s SketchPad. 
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GC has developed as a tool of mathematical investigation for us and as a tool of 
mathematics teaching for teachers and as a tool for content providers. 

 
Figure 1: GC/Win 

 
Figure 2: GC/Java 

 
Interactive theorem finding through variation of geometrical figure 
Schumann (1991) mentioned about interactive theorem finding through variation of 
geometrical configuration with cabri. We can do it similarly with GC. We can use a 
mouse or keyboard to drag. The most typical example of GC is shown in Figure 1,2. 
We can drag points A, B, C, D to deform ABCD and investigate the relation of 
ABCD and EFGH. 
We can make various special cases and make many findings from comparison of 
them. 
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Figure 3:continuous variation by dragging point A 

In Figure 4, red line is a bisector half line of angle BAC. By dragging point A, we get 
Figure 5, by which only few students can find an invariant. 

 
Figure 4: a bisector half line of angle ABC 

 
Figure 5:variation of bisector 

But, if we make the trace of half line as Figure 6, many students find the fact that line 
and circle is crossed at the same point. 
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Figure 6:trace of the bisector 

We have many examples like these.  
Three styles of GC: Standalone software, static web contents and web 
application 
We can use GC in three different styles, which are connected seamlessly.  
According to e-Japan strategy, we will use a computer with projector in an ordinary 
classroom. We have not enough time to use computers in mathematics teaching (In 
fact, we have only three hours for mathematics per week in junior high school). So, 
the basic use of ICT in mathematics is presentation of contents in the CD/DVD or in 
the Internet. We can use many web contents using GC from them. In this case, we 
use GC/Java as a viewer of the static web contents. We can make a presentations, 
discussions and investigations in mathematics teaching, but we cannot save it (it 
means static).  
If we want to make students experience mathematical investigation, we need to write 
report and to save figure(it means dynamic). To do so, we have two solutions. One of 
them is the use of GC/Win or GC/DOS as a standalone software. Another is the use of 
GC_BBS or PukiWiki with GC as web applications.  
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Figure 7:GC_BBS 

 
Figure 8: PukiWiki with GC 

Three modes of GC/Java 
GC/Java can be used as a viewer for beginners. For beginners, simple is best. But 
occasionally, we hope to investigate with same contents. In this case, we want to use 
GC/Java as a tool for investigation as same as GC/Win. For the sake of this purpose, 
GC/Java has three modes, which can be changed with clicking icon. This is a 
different feature of GC/Java from cabrijava and JavaSketchPad, which can be used 
as a viewer only. 
Viewer mode : We can use only some functions ; drag, locus, zoom, etc. 
Applet mode : We can use some icon for construction. 
Window mode : GC/Java has the own window. We can use full menu of GC/Java 
and change the size of the window. 
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Figure 9: Three modes of GC/Java 

Web contents with GC 
We have developed many web contents which can be used in mathematics teaching. 
The portal site of GC is Forum of Geometric Constructor. There are some kinds of 
samples about mathematics topics, questionings, records of mathematical 
investigations etc. 

  
Figure 10: Forum of Geometric Constructor 

Uehara provides many web contents suitable for mathematics teaching in junior high 
school in the following site. 
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Figure 11: Mow3’s Room of GC 

Instant web content making with GC 
It is easy to make a web content using GC/Java. To make a web content we can use 
the on-line saving function of GC/Win; (1) we make a figure, (2) make a title and a 
question and (3) save it on the server (iijima.aeumath.aichi-edu.ac.jp). We can use 
them immediately and globally. 

   
select online saving   making question    saved 
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list of contents          instant web content 

Figure 12: instant web content with GC/Java made by GC/Win 
COMMUNITY OF POWERFUL USERS OF GC 
One of the features of GC is the existence of the community or powerful users 
(mainly, teachers in junior high schools), which has made many discussions about 
software, web contents and lesson study.  
For discussion, we use our mailing list, from which we get about 1,000 e-mails for 
year. They have made many requests about new functions of GC. If I implement such 
a new function of software or a new prototype of content, I upload them on the server, 
and propose to discuss in the list. In a week, we have some cycles of check and 
re-making. In this way, we have developed many web contents to enjoy and discuss 
in this community.  
This collaboration between researchers and teachers is very satisfactory for us. And it 
will be more important in the future. I think that we cannot realize it without ICT. 
LESSON STUDY AND DIGITAL VIDEO LIBRARY 
One of the cores of discussion in this community is lesson study, which is the theme 
of this conference. In many case, about 10 teachers attend to observe and discuss the 
lesson. But, many other teachers cannot attend, because of their own job at own 
schools. So we send them copies of video tape (or a video file in CD/DVD, Figure 
13) and discuss about the lesson in the mailing list.  

 
Figure 13: DVD contained video files and resources of the lesson 
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Since 2002, we archive them to a digital video library. It contains full-video files, 
lesson plans, transcripts and video-clips of the lesson (if possible). Members of our 
community who has ID can access the library at their schools and can discuss about 
lessons archived in it. And if possible, we use it in our undergraduate and in-service 
teacher training. If our university and schools will be connected with broader network, 
the importance of such video library of lessons will be increased. 
Now, most comprehensive library about video clips of lessons with IT is 
http://www.nicer.go.jp/itnavi/, which contains 430 examples (about all subjects). In 
which, three lessons with GC/Java by our members are contained. 

  
top page                          transcript of lessen 

 
a list of the clips(left) and the first video clip and transcript(right) 

Figure 14: lesson archived in the video library 
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Figure 15: lesson archived in library of NICER 

INTERNAL STANDARDS TO USE GC IN MATHEMATICS TEACHING 
If we can make softwares and contents to be used easier in schools, it is not easy to 
make a good practice for many teachers, who has no experience of lesson with ICT. 
We have to share the key concepts or standards appropriate to lesson with ICT. 
Hershkowitz(2002) shows the standards of CompuMath team as follows; 

1. Inquiry (observing, hypothesizing, generalizing, and checking) is a desirable 
mathematical activity. 

2. Mathematical activity should be driven by the goals of understanding and convincing. 
3. Proving is not only the central tool for providing evidence that a statement is true but 

should also support understanding why it is true. 
4. Mathematical activity should take place in situations that are meaningful for the 

students. 
5. Mathematical activity must stem from previous knowledge (including intuitive 

knowledge). 
6. Mathematical activity should be largely reflective. 
7. Mathematical language (notion systems) fosters the consolidation of mathematical 

knowledge; it should be introduced to students when they feel the need for it. 
8. Technical manipulation is not a goal in itself but a means to do mathematics. 
9. Computer tools support and foster the above and beyond. 

These standards are important for us, and we have some internal standards to have a 
lesson with GC, which may be implicit or explicit. I will sketch them as following 
section. 
Use ordinary know-how for the whole-class discussion effectively. 
In Japan, many teachers emphasize the whole-class discussion, which is effective in 
the lesson with GC. It is important to emphasize ordinary know-how for the 
whole-class discussion to make a good practice and to make relax teachers and 
students. 
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For example, in many case, we project GC/Java on a blackboard as Figure 16, not on 
a screen. In a whole-class discussion, Bansho is important. Teachers want to write 
several mark and keyword and whole proof in some case. They can write them easily 
in the case of blackboard. 

   
Figure 16: GC/Java projected on a blackboard 

Do not use technology excessively. 
We don’t spend much time to manipulate GC. We spend about 5 minutes in a 
presentation with GC in usual case. We spend about 10-20 minutes for 
individual/group investigations in the case of 90 minutes lesson. We spend more time 
to understand, formulate, hypothesize, and discussion. More excessively, less 
mathematically, we think. 
We use open approach in many case. 
With GC/Java, we can pose problematic situation without words. Inevitably, we use 
open questions. There are a variety of formulations of the situation. The process of 
formulation from the situation is important in the lesson with GC. 
Elegant use of GC does not always make a good practice. 
We want to make a good problematic situation, not nice presentation of the computer. 
In many case, with elegant use of GC, students feel no problem. According to the 
problem, more primitive and unskilled use of GC is better to make a good practice, 
Not only objectively, but also affectively, subjectively. 
Our problem solving should be objectively. But we emphasize students’ affection and 
involvement to the problem. From one situation, we can make a variety of problems, 
a variety of processes. According to the students’ findings, ideas, suppositions, 
utterances, awareness, teacher have to navigate a nice process of problem solving. 
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SOME LESSONS WITH GC 
Angle of circumference: construction and group investigation with GC(2001) 
In this lesson, we could use many but old computers. So teacher used GC/Win and 
students used GC/DOS. Teacher talked how to construct and measure the angle of 
circumference.  
Problem : investigate about the angle ACB. 

 
Figure 17: angle of the circumference 

 

     

 
Figure 18: problem posing and first investigation 

Students found many things. Some students dragged points A and B, and found that if 
the center O is on the segment AB(which means AB is a diameter of circle), the angle 
BAC is 90 degrees. Some students found that if they drag point A, then angle BAC is 
constant, but if they drag point B and C, then angle is changed. Following 
conversation was interesting; 

1  S1: (She is dragging point A) The size of this angle does not change. It is not 
interesting. 

2 S2:  Yes, it is not interesting. 
3 S3:  Teacher, this does not change. It is not interesting. 
4 T1:  What does not change? 
5 S4:  This angle. 
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6 T2:  Why you feel not interesting? 
7 S5:  I hope the size of this angle to change. 
8 S6:  Why does not the size of this angle change? 

They investigated some other special cases, and they were involved in the situation. 
Some minutes later, teacher projected a student’s display to the blackboard with the 
use of video camera and projector (Figure 19). 

1  T1: Drag the point (A). 
2 S1:  (He is dragging the point A) 
3 T2:  What do you find from this? 
4 S2: The size of this angle does not change. 
5 T3: (To the classroom) Do you find same thing? 
6 T4: Other group found other thing. Talk about it, dragging it. 
7 S4:  If point A pass the segment BC, the size of this angle changes. 
8 T5:  Yes. Let’s observe this on your computer, and find what happens. 

  
Figure 19 projection to the blackboard and second investigation 

Following is the conversation of same group who talked that this is not interesting. 
1  S1: This angle is 54 degrees. 
2 S2:  Yes, it is just. 
3 S3:  Very comprehensible! (The sum of two angles is 180 degrees.) 

After these investigations (it took 19 minutes), teacher asked to make the formulation 
of the theorem and the proof of it (33 minutes remained). 
Relation of Angles : presentation and group investigation with paper(2004) 
In this lesson, teacher use a computer with projector. Teacher showed the relation of 
the angles which was learned at previous lesson. And he dragged the vertex and show 
some other relations. 
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Figure 20: Presentation of some relations by dragging 

And he asked to make new problems by the change of some condition of original 
figure. A student said that he wanted to make more vertices and angles. Teacher 
made requested figure, but it was not interesting. So, teacher asked other problem. 
Other student said what if, lines are not parallel. And teacher showed it. And he 
showed today’s main problem: What is the relation of these angles in this figure? 
(Teacher spent 5 minutes in this presentation.) 

   
Figure 21: teacher changes figure according to student’s request 

Students started their investigation with worksheet individually. And next, they had 
group discussion. Teacher walked around into groups, and sometimes he gave a 
advice (Figure 22). 

   

   
Figure 22: individual, group investigation and teacher’s advice 
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Each group summed up each idea on the board, and explained it on the blackboard, 
and they discussed the comparison and relation of ideas. 
Lastly, teacher used GC/Java to show extension in two minutes. 

  

   
Figure 23: Whole class discussion 

 
Quadrilateral composed by four angle bisectors of a Quadrilateral: group 
investigation and whole class discussion (1992) 
First lesson was done in the computer room. Teacher asked to remember the problem 
about quadrilateral composed by four middle points of four segments of a 
quadrilateral, which was learned last year with other software. He talked that if we 
change the shape of ABCD, then the shape of EFGH change. He manipulated GC to 
present students how to investigate and how to manipulate GC. He changed the shape 
of ABCD to rectangle, rhombus, square, parallelogram, trapezoid and so on. He 
checked the relation (showed in table 1) only verbally. 

  
Figure 24: presentation of how to investigate with problem learned previously 
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ABCD EFGH  

Square 
 

Square 
 

 
Rectangle 

 
Rhombus 

 

 
Rhombus 

 
Rectangle 

 
 

Parallelogram 
 

Parallelogram 
 

 
Trapezoid 

 
Parallelogram 

 
 

Kite 
 

Rectangle 
 

 
Quadrilateral 

 
Parallelogram 

 
 

Wedge 
 

Parallelogram 
 

 
Table 1:relation of quadrilaterals (1) 

He showed today’s problem. 
There is ABCD. We draw angle bisectors of four angles, and name the intersections 
of bisectors E, F, G, H. We want to investigate this figure like that investigation. We 
want to investigate the relation of ABCD and EFGH. 
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Figure 25: quadrilateral composed by intersections of angle bisectors 

He asked what shapes of ABCD do we investigate, and sum up students’ answers to 
the table on the blackboard. And he said. Firstly, suppose the result, and investigate 
the figure with GC, and write results and sketches on the worksheet. 

    
Figure 26: group investigation with GC/DOS 

Students investigated in pair for 10 minutes. 
And teacher and students made up following table in whole class discussion. 

ABCD EFGH EFGH 
(supposition)

Sketch 

Square 
 

Point 
 
 

 
 

 
Rectangle 

 
Square 
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Rhombus 
 

Point 
 

 
 

 
Parallelogram 

 
Rectangle 

 
 

 
Trapezoid 

 
∠HEF=∠HGF

=90° 

 

 
Kite 

 
Point 

 
 

 

 
Quadrilateral 

 
Quadrilateral  

 
Wedge 

 
Two triangles  

 
Table 2:relation of quadrilaterals (2) 
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Figure 27:Whole-class discussion 

1  T1: What is a difference between your supposition and observation. 
2 S1:  Parallelogram is … 
3 T2:  Parallelogram is ? 
4 S2:  Parallelogram is missed. (Students laughed.) 

This student pointed out that parallelogram was supposed in some column but he 
could not observe it. Other student pointed out rhombus and trapezoid too. They got 
problems. 

• Is this table valid? 
• Can we make EFGH parallelogram, rhombus, trapezoid?  
• If we can not, why? 
 

In next lesson in the ordinary classroom (several days later), to investigate these 
problems, the teacher picked up these cases, and asked to make proofs.  

 

    
Figure 28:making proofs about the special cases 

Secondly, they think about the general case. 
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Figure 29: whole-class discussion about the general case 

They found EFGH was a cyclic quadrilateral in any case, therefore EFGH can not be 
parallelogram, rhombus. (Some students pointed out that EFGH could be a trapezoid. 
This finding was not expected by the teacher.) 
Teacher presented the circle always inscribed to EFGH with GC. In fact, this was true 
in the case of wedge. There was relation about two triangles, which was not expected. 
 

 
Figure 30: EFGH is always inscribed by a circle 

 
DISCUSSION 
Mathematical activity can be supported and fostered with ICT 
With computer, we can investigate mathematical problems deeper and wider. We 
have experienced this since 1990. But, how many teachers have experienced and 
enjoyed deeper and wider investigations with computer? Not so many, I suppose. 
This is a serious problem for the expansion of the use of ICT in mathematics teaching 
in Japan. 
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Know-how of the whole-class discussion is appropriate with ICT 
According to the e-Japan strategy, we will use a computer with a projector in a 
ordinary room. But, one way presentation is more tedious for students than traditional 
chalk-and-talk style. To be more attractive, we should use the presentation 
interactively. Is it difficult? No, I think. Because, many teachers have the know-how 
about the whole-class discussion in Japan. I hope it make the breakthrough of the 
Japanese style lesson with ICT. 
How to make the de facto standards for mathematics teaching with ICT in 
Japan 
In fact, many teachers do not use ICT in mathematics teaching in Japan. I think that 
one of the reasons is the lack of the standards for mathematics teaching with ICT in 
Japan. It is not good for us, of course. But, what can we do in this condition? 
I think the answer is to make de facto standards, which may be possible with ICT as 
an infrastructure for teachers.  
Of course, it is not so easy. But we can provide softwares and contents from our 
servers. We can make a community to discuss and collaborate. 
Lesson study is important to collaborate with teachers in Japan 
Many teachers want to make a good practice. Using ICT is not a goal in itself. It is a 
means to do a good practice. To collaborate with teachers, lesson study is important. 
For example, we had a lesson study at Hikarigaoka junior high school at Komaki on 
22 November, where we had a comparison between lessons with GC and without GC. 
Over 100 persons came to observe and discuss the lessons. They discussed eagerly. 
We made resources (transcriptions, video-clips, etc.) for the discussion, and had a 
meeting on 23 December at Komaki. Over 60 persons attended and discussed.  
 
CONCLUSION 
The history of GC is the history of collaboration with teachers. Designing and 
implementation of the software is my task. But to device user-friendly interface, the 
monitoring by teachers is necessary. I have experienced my own mathematical 
investigations with GC, and proposed problems to teachers. They have accepted them 
and revised them suitable to their students. The core of collaboration has been lesson 
study. To make a good practice, we have had many discussions before and after the 
lesson. That produced many mathematical problems, know-how, lesson plans and 
hints for improvement of software and contents. In this process, ICT has been useful 
for us. We can provide software and contents with our server in the Internet, and we 
can discuss almost everyday with mailing list. Now, we are trying to make and use 
the digital video library of lessons. It is not easy to make a good lesson study, but it is 
challenging for us. 
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MATHEMATICS LESSONS IN KOREA: 
TEACHING WITH SYSTEMATIC VARIATION 

 
Kyungmee Park  

Hongik University (Korea) 
 
To investigate the features of Korean mathematics lessons, the data from the 
Learners’ Perspective Study (LPS) was analyzed.   A cursory review of the LPS data 
gives the impression of a very traditional style of teaching, a salient feature of which 
is the dominance of teacher talk and reticence of students.  Instruction seemed to 
focus more on the content rather than the process of mathematics, with concepts 
often stated directly using formal mathematical language. 
In a more fine-grained analysis, one lesson judged to be “typical” in each of the 
three schools was selected for study based on the ‘theory of variation.’  The results 
show that there were rich variations in concepts, procedures, and practicing exercise.  
In particular, a kind of systematic and continuous variations is identified.  These 
variations started with a certain simple basic situation, and one aspect of the 
situation was then varied at a time until a target form was reached.  It is argued that 
these systematic variations constitute a kind of exploration on the part of the students.  
These variations were carefully designed by the teacher, leading students to discern a 
certain set of attributes of the concepts involving the final situation.  Coupled with 
systematic variations in the exercise given to students where they have an opportunity 
to practice the application of the concepts systematically in class and/or at home, 
such systematic variations will create the necessary condition for critical attributes of 
the object of learning to be experienced by the students. 
 
Introduction 
In the past decade or so, there has been increasing interest in the study of 
mathematics classrooms in East Asian countries, or countries falling under the so-
called Confucian-heritage culture (CHC), the dominant culture in East Asia.  
However, relatively little has been published in the international literature on 
classroom practices in the CHC country of Korea.  In this paper, characteristics of the 
Korean mathematics classroom that are deemed to be conducive to effective learning 
are identified through an analysis of the Korean data of the Learners’ Perspective 
Study (LPS).  Then the classroom characteristics identified are interpreted in terms of 
the underlying cultural values that they share with other East Asian countries. 
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Learners’ Perspective Study 
The LPS, a video study of the mathematics classroom, is characterized by in-depth 
documentation of the student perspective over several lessons in the same classroom. 
The methodology of the LPS offers an informative complement to the survey-style 
approach of the TIMSS video study.  A research design of LPS predicated on a 
nationally representative sampling of individual lessons, as in TIMSS, inevitably 
reports a statistically-based characterization of the ‘typical lesson’.    
In the LPS, one teacher from each of three schools in each participating country was 
sampled for study, and a series of 10 to 15 consecutive lessons taught by the teacher 
were videotaped.  The teachers chosen were judged to be competent teachers in their 
respective countries. The study combines videotape data with participants’ re-
constructions of classroom events.  Three cameras were employed in the videotaping; 
a “Teacher Camera,” a “Student Camera” and a “Whole Class Camera.”  An audio-
video mixer was used for on-site mixing of the images from the teacher camera and 
the student camera to provide a split-screen record of both teacher and student actions.  
The integrated images were used for stimulated recall in interviews conducted 
immediately after the lessons to get students’ reconstructive account of the teaching 
and learning (Clarke, 2004). 

 
Theory of variation1 
To identify mathematics classroom features, a learning theory espoused by Marton 
(1999) is utilized in the analysis of the Korean data.  Marton hypothesized that 
variation, simultaneity, and discernment were critical to learning, and studies by 
Runesson (1999) and Mok (2000) showed that Marton’s theory of variation had a 
demonstrated potential in revealing the salient characteristics of classroom features 
that are related to student learning. 
The theory of variation was developed from the work of Marton and Booth (1997), 
which described how an ‘enacted space of learning’ was constructed through the 
creation of certain dimensions of variation for the experience of the students.  
According to Marton et al (2003), learning is a process in which learners develop a 
certain capability or a certain way of seeing or experiencing.  In order to see 
something in a certain way the learner must discern certain features of the object.  
Experiencing variation is essential for discernment, and is thus significant for 
learning, and Marton et al (2003) argued that it is important to attend to what varies 
and what is invariant in a learning situation. 

                                           
1 Theory of variation is based on Phenomenography, which was developed by a Swedish research group in early 1970s.  

The word ‘phenomenography’, coined by Marton in 1979, was derived from the Greek words ‘phainemenon’ and 
‘graphein’, which mean appearance and description respectively.  Thus ‘phenomenography’ concerns about the 
description of things as they appear to us.  According to phenomenography, a way of experiencing something is 
defined in terms of the critical aspects of the phenomenon as discerned and focused upon by the experiencer at the 
same time. Nobody can discern an aspect of a phenomenon without experiencing variation in a dimension which 
corresponds to that aspect (Marton & Booth, 1997; Pang, 2003). This provides a basis for the theory of variation. 
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In parallel with Marton’s theory of variation, a theory of mathematics teaching and 
learning, called teaching with variation, has been developed by Gu (1994). Gu’s 
theory was based on a series of longitudinal mathematics teaching experiments in 
China, and was heavily influenced by theories of cognitive science and 
constructivism. According to this theory, meaningful learning enables learners to 
establish a substantial and non-arbitrary connection between their new knowledge 
and their previous knowledge (Ausubel, 1968). Classroom activities can be 
developed to help students establish this kind of connection by experiencing certain 
dimensions of variation.  The theory suggests that two types of variation are helpful 
for meaningful learning.  One is called “conceptual variation”, and the other is called 
“procedural variation” (Gu et al, 2004). 
Conceptual variation consists of two parts. One part is composed of varying the 
connotation of a concept: standard variation and non-standard variation.  The other 
part consists of highlighting the substantial features of the concept by contrasting 
with counterexamples or non-examples. The function of this variation is to provide 
learners with multiple experiences from different perspectives. 
Procedural variation is concerned with the process of forming a concept logically 
and/or chronologically (scaffolding, transformation), arriving at solutions to problems, 
and forming knowledge structure (relationship among different concepts).  The 
function of procedural variation is to help learners acquire knowledge step by step, 
develop learners’ experience in problem solving progressively, and form well-
structured knowledge. 

 
Multi-dimensional Variation and Developmental Variation 
While the two kinds of variations suggested by Gu are potentially powerful tools for 
analyzing classroom events, the terms “conceptual variation” and “procedural 
variation” may be misleading.  The adjectives “conceptual” and “procedural” may 
remind readers of the terminology of “conceptual understanding” and “procedural 
understanding” coined by Hiebert (1986), which are used differently from the 
meaning of “conceptual” and “procedural” as defined by Gu.  Gu’s terminology may 
give the impression that “conceptual variation” and “procedural variation” are 
disjoint, but in fact according to Gu’s own definition, procedural variation is also 
related to the formation of concept.  So the terms “conceptual variation” and 
“procedural variation” do not reflect very well the meaning they are supposed to 
represent as defined by Gu. 
In this paper, the term “multi-dimensional variation” will be used to denote what Gu 
termed “conceptual variation” because the term refers to enhancing conceptual 
understanding through multiple representation and varied examples of a given 
concept.  Along with conceptual variation, the term “developmental variation” will be 
used to substitute for Gu’s “procedural variation”, since this variation helps the 
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learners to construct knowledge structures through progressively acquiring the 
knowledge. 
For example, in one of the lessons videotaped, the teacher familiarized students with 
the concept of linear equations in two unknowns through comparison with linear 
equations in one unknown.  The teacher reminded the class that equations with one 
unknown and those with two unknowns are similar in the sense that a root should 
satisfy the equation when substituted into the unknown(s) of the equation.  But the 
two are different because the number of roots is different.  This explanation helps 
students to understand linear equations with one unknown and two unknowns by 
contrasting the similarities and differences of the two concepts, and is thus considered 
a “multi-dimensional variation.” 
Another example of multi-dimensional variation is found in a lesson from another 
school.  There the teacher introduced a new concept (ratio of areas) through concrete 
examples in everyday life: the fact that the amount of ink needed to print a photo 
depends on the area of the photo.  This connection between an abstract mathematical 
concept and a concrete example in real life can be interpreted as a multi-dimensional 
variation as well as “mathematization” in Freudenthal’s terms (Freudenthal, 1983). 
An example of “developmental variation” is identified in a lesson from the third 
school videotaped in this study.  In the lesson, the teacher provided a variety of 
situations by presenting a pouch with colored stones and then changing a certain 
colored stone to another colored stone.  Based on this “experiment,” students 
observed that the probability increased from 0 progressively until eventually it 
reached 1.  This was then generalized into the properties of probability.  So students 
acquired the knowledge through experiencing progressive problem solving. 
In fact, these notions of variations are similar to the “mathematical variability 
principle” by Dienes (1973), and the “duality of mathematical concept” suggested by 
Sfard (1991).  According to this theory of variation, the “space of variation” consists 
of different dimensions of variation in the classroom, and they form the necessary 
condition for students’ learning in relation to certain learning objectives.  For the 
teacher, it is crucial to consider how to create a proper space of variation focusing on 
critical aspects of the learning object through appropriate activities.  For the learner, it 
is important to experience the space of variation through participating in constituting 
the space of variation. 
For the data analysis in this paper, the patterns of variation critical to learning will be 
described in two aspects: what the multi-dimensional and developmental variations 
are and how they are created. Studies by Runesson (1999) and Rovio-Johansson 
(1999) support the hypothesis made by Marton (2000) that variation is a key for 
comparing the difference in practices between the East and the West.  Marton argued 
that the most important difference between the Chinese/Japanese classes and those in 
the U.S. was the difference in the pattern of variation.  Chinese and Japanese students 
learned to approach the same mathematics problem in different ways, whereas the 
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American students learned to apply the same approach to different but similar 
problems. 
 
Sample, data collection and analysis  
Following the methodology of LPS, three schools in the urban/metropolitan 
community of Seoul were sampled for study. To preserve anonymity, the three 
schools are referred to as school H, school K and school W in this chapter.  One 
grade 8 mathematics teacher in each of schools H, K and W judged to be competent 
by the local professional community was selected.  The teacher had at least five years 
of experience as a qualified teacher.  One of the grade 8 classes taught by the teacher 
was then selected for study, and a continuous sequence of at least 10 lessons were 
videotaped for the class. 
The videotaped lessons were then viewed carefully, and a preliminary analysis was 
preformed on the data.  Then a lesson in each of the three schools judged to be 
“typical” of lessons in the series was chosen for a more fine-grained analysis. Table 1 
shows the background characteristics of the three sampled schools and the sampled 
teachers, as well as information about the lessons chosen for detailed analysis: 

Table 1. Background characteristics of the sampled schools and lessons 

 School H School K School W 
Type of schools Girls’ school Co-educational Co-educational 
SES of parents Mostly middle class 
Teacher Gender 

(age) 
Male (47) Female (32) Female (33) 

Teaching 
Experience 

18 years 6 years 7 years 

Class size 36 34 37 
Duration of lesson 45 minutes 

Topic of lesson Linear 
equations with 
two unknowns

Area of similar 
geometric 

figures 

Properties of 
probability 

 
 
Results 
Preliminary Analysis 
A preliminary analysis of all the videotaped lessons shows that the Korean 
classrooms in this study, like the classrooms in other East Asian countries, were 
characterized by the dominance of teacher talk and reticence of students when 
compared with Western countries (Leung and Park, 2005).  The number of words 
spoken by the teachers and the students in all the lessons in the three schools was 
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counted and their ratio computed, and the results are shown in Figure 1.  As can be 
seen from Figure 1, the ratios of number of words spoken by the teacher to those 
spoken by the students vary between 18 and 40, with an average of 28.  These ratios 
are higher than those obtained from the TIMSS 1999 Video Study (Hiebert et al, 
2003), especially higher than those for the Western countries in the TIMSS 1999 
Video Study (Figure 2) 

 
 
 
 
 

 
 
 
 
 
 
Figure 1. Ratio of number of teacher words to student words in the 3 Korean schools 

 

 

 

 

 

 

 

 

Figure 2. Ratio of number of teacher words to student words in Korean classrooms 
compared to those in other countries 

 
 

A cursory review of the video data shows that the teaching in the three Korean 
schools seemed to focus more on the mathematics content to be learned rather than 
the process of understanding the content.  Mathematics content was delivered 
efficiently, with mathematics concepts often stated directly.  As the teacher in school 
H remarked during the interview after the lessons: 
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Teacher of school H: 
Of course, there should be lots of student activities.  But I found that they distracted 
the students and made it difficult to proceed with the lesson. Also, the high 
achieving students seemed to get bored and would sometimes just sit idled.  If we 
have activities in class, those who are not so good don't even know what they are 
for. Innovative lessons which try new thing in class make everybody tired. Just 
giving mathematical explanations is much better for both high and low achieving 
students. People seem to think that inquiry instruction is a good form of teaching 
that fits the current trend but I do my own explanation and lead the whole class 
because it (inquiry instruction) tends to loosen the lesson somewhat. 
The focus of the lessons seemed to be on the final product rather than the process of 
arriving at the product.  There was much more use of formal mathematical language 
rather than less formal everyday life language such as metaphors.  There was also 
ample practicing of mathematics exercise during the lessons. 
The analysis also shows that the Korean lessons by and large followed a rather 
similar structure, which we categorize into four stages.  In the first stage, which we 
name review and induction, the teacher would usually begin the lesson by reviewing 
relevant materials covered in previous lessons and prepare the way for the main 
concepts of the lesson to be introduced. In the second stage, named exploring new 
concepts, the main concepts of the lesson would be introduced and elaborated by 
teacher-initiated exploration.  In the third stage, examples and exercise, the main 
concepts would be illustrated with examples, and students would be directed to work 
on some relevant exercise.  In the final stage, summary and assignment, the teacher 
would summarize the main points of the lessons and assign homework for the lesson. 
 
Fine Grained Analysis 
As pointed out above, the preliminary data analysis was followed by a more fine-
grained analysis of one lesson in each of the three schools judged to be “typical” of 
lessons in the school.  The further analysis was data-driven, following a grounded 
theory approach.  The lessons were reviewed several times and the variations were 
identified from the process.  Results of this analysis of the three chosen lessons show 
that during the four stages of the lesson identified above, there were a lot of 
variations in concepts and practicing exercise.  In the discussion below, we denote the 
variations referred to by two capital letters and a number.  The first letter refers to the 
school (H, K or W) where the lesson took place, the second letter stands for either 
multi-dimensional variation (M) or developmental variation (D), and the number 
indicates the order in which the variation occurred in that particular lesson.  For 
example, HD1 means the first developmental variation which occurred in the chosen 
lesson of school H. 
The multi-dimensional and developmental variations identified in the three lessons 
include: 
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–Linkage of different concepts, introducing a new topic based on a review of the 
content covered in previous lessons (HD1 and WD1) 

–Consolidation through summary (HM4) 
–Learning concepts through comparison and contrast (HM1) 
–Linkage between mathematics and concrete examples (KM1) 
–Multiple representation of a concept (HM2, KM2) 
–Generalization through abstraction (WD2) 
 
Systematic Variation 
One particular kind of variation warrants highlighting for discussion.  It is a kind of 
systematic and continuous variation that leads students to understand the concept 
under discussion.  It is interesting to find that such systematic variations were found 
in each of the three lessons analyzed: HM3 & HM4, KM3 & KM4, and WM1 below 
can all be classified as this kind of systematic variation. 
 
HM3 & HM4 
This is the first lesson of school H. Students were given a series of tasks which were 
gradual variations to a basic equation, x + y = 5. 
 
 
                        linear equation with 2 unknowns      domain of x and y            
basic equation                   x +  y= 5                            natural numbers 
 
 
task 1                              3x + y = 15                           natural numbers 
                                                                       
 
task 2                            -3x + y = 12                            natural numbers 
  
 
task 3                              x + 2y = 6                       x values {-2, -1, 0, 1, 2, 3, 4, 5, 6, 7}  
 
 
task 4                                x + y = 3                              no limitation  
   
In task 1, the domain of the unknowns was natural numbers and only the coefficients 
were changed from the basic equation.  In task 2, the equation included a negative 
coefficient, and in task 3, the domain of the unknowns was extended to negative 
integers.  In task 4, the domain of the unknowns was further extended to real numbers, 
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and students were required to draw a graph without going through the process of 
finding the solution.  After solving task 4, the concept that the graph of a linear 
equation with two unknowns was a straight line in the coordinate plane was well 
expounded (HM3). 

1. T: Let's go ahead and read what's written right below.  There is only one line 
between two points.  Therefore, to draw the graph of a linear equation, one 
would get two roots and graph those two points on the coordinate plane.  With 
those two points, one may easily construct a line. 

2. T: So, if we are to draw a line on the coordinate plane we would need to choose 
two ordered pairs and connect them.  What do we get then?  We get the graph 
of a line.  There is only one line when we have two points, right?  When we 
connect our points, we get a line. 

 
At the end of the lesson, the contents covered thus far were summarized.  During this 
process, the general form of a linear equation with two unknowns (ax + by + c = 0) 
where the domains for the unknowns (x and y) are real numbers was finally 
introduced.   This is a kind of multi-dimensional variation to consolidate and enhance 
the formation of concepts (HM4). 
In the analysis above, we can see that there are systematic variations starting with the 
basic equation x + y = 5 and moving step by step to the general form of ax + by + c = 
0.  In each variation, all but one of the components of the equation concerned are kept 
constant, so that the effect of the varied component is elucidated. 

 
KM3 & KM4 
This is the seventh lesson of school K. Students were given tasks which were 
variations of a basic diagram.  Tasks 1, 2 and 3 were not that different from the basic 
diagram because students were required to find the ratio of areas when only the type 
of geometric figure and ratio of similarity were different.  Task 4 required students to 
generalize from what they discovered in the preceding tasks.  Here, task 1 serves as 
scaffolding for tasks 2 and 3 as well as task 4. (KM3) 
 
Task1: Find the ratio of similarity and the ratio of areas of the given figures. 

 
Task2:  Find the ratio of areas of the rectangles when the ratio of sides is 1:3. 
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Task3:  Find the ratio of areas of the triangles when the ratio of sides is 2:3. 
 
Task4:  Fill in the blanks: 
 The ratio of areas between similar figures is the         of the ratio of sides. 
The ratio of areas between similar figures is          when the ratio of sides is m:n.

 
Task5:  Compute the area of a large pentagon when the ratio of similarity between 
two pentagons is 2:3 and the area of the small pentagon is 40. 

                 
                           geometric figure    ratio of similarity           find                
basic diagram      rectangle                       1:2               ratio of the areas  
 
 
task 1                   triangle                         1:2                ratio of the areas  
 
 
task 2                   rectangle                       1:3                ratio of the areas  
 
 
task 3                   triangle                          2:3                ratio of the areas                 
 
 
task 4           arbitrary polygon                  m:n               ratio of the areas  
 
 
task 5                   pentagon                        2:3            the area of one pentagon 

 
The lesson proceeded gradually from the basic diagram through tasks 1 to 4, but task 
5, which was given as a review problem of the lesson, made a greater variation to the 
original problem compared to the preceding tasks (KM4). The geometric figure is not 
the familiar triangle or rectangle but a pentagon (for which the area is not easily 
found), and the problem is not to find the ratio of areas but to find the area of one 
pentagon based on the area of another. 
With these systematic variations, students are guided to understand the concept that 
for a pair of any similar polygons, if the ratio of similarity is m : n, then the ratio of 
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areas is m2 : n2 . Students are expected to be able to find the area of a polygon based 
on the area of another similar polygon and the ratio of similarity. 

 
WM1 
This is the first lesson of school W. The first content to be covered in the lesson was 
that the probability of an impossible event is 0, that of a certain event is 1, and all 
probabilities have values between 0 and 1.  The teacher did not present the problem 
in heterogeneous situations but found the probability of a series of situations by 
continuously changing the color of stones in the same pouch.  The teacher drew a 
pouch on the board, stuck three red magnets in the pouch and showed the students 
that the probability of selecting a blue stone is 0.  Then she replaced one red magnet 
for a blue one and showed that the probability of choosing a blue stone was then 1/3.  
By replacing a red magnet by a blue magnet one by one, the class eventually found 
that the probability of selecting a blue stone when all three stones are blue becomes 1. 
In the three examples above, the teaching all started with a certain simple basic 
equation, diagram or situation.  Then only one of the different aspects of the basic 
equation, diagram or situation was varied at a time, and the variations followed a 
systematic pattern until the equation, diagram or situation reached a target form.  It 
can be argued that these systematic variations constitute a kind of teacher-initiated 
exploration or guided exploration on the part of the students.  It seems that the 
incremental variations were carefully designed by the teacher, leading students to 
discern attributes of the object of learning or the concepts involving the final situation. 
In addition, in all three lessons analyzed above, there were also systematic variations 
in the exercise given to students.  So students after being exposed to systemic 
variations in the presentation of the concepts would now have an opportunity to 
practice the application of the concepts systematically in class and/or at home.  
According to the theory of variation, these combined experiences of the students on 
the systematic variations of the concepts will help establish their understanding. 
 
Discussion  
It was mentioned above that the systematic variations identified constitute a kind of 
exploration on the part of the students.  Exploration in the Western context often 
means students were given open-ended tasks and engaged in free exploratory 
activities, usually conducted in a small group or individualized setting.  This is in 
contrast to the teacher-directed Korean classroom reported above.  However, the fine-
grained analysis of the data shows that in the seemingly teacher-directed Korean 
classroom, students still had the opportunity of exploring mathematics ideas under 
the close guidance of the teacher.  In the words of the variation theorists, such 
systematic variations will create the necessary condition for different features or 
critical attributes of the object of learning to be experienced by the students (Marton 
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and Booth, 1997).  In this regard, this kind of exploration is referred to as teacher 
directed exploration or simply directed exploration in this paper. 
The descriptions above fit well with the findings of another study on the classroom 
practices in Hong Kong and Shanghai.  Huang and Leung (2004) reported that the 
Hong Kong and Shanghai mathematics classrooms in their study were characterized 
by teacher dominance and student active engagement, with much emphasis on 
exploration of mathematics and exercises with variation. 
 
The East Asian Culture 
How do we account for the classroom practices in Korea as identified in this study?  
To what extent can these classroom characteristics be attributed to the underlying 
East Asian culture?  In the literature, various scholars have tried to attribute 
differences in classroom practices and achievements to cultural factors (Watkins and 
Biggs, 1996; Wong, 1998).  In particular, Leung (1999) discussed the traditional 
Chinese views of mathematics and education which might have an impact on the 
classroom practices in the current Chinese classroom.  Leung (2001) extended the 
argument from the Chinese classroom to the East Asian classroom and identified 
features of East Asian mathematics education in contrast to features in the West, and 
presented the differences in terms of six dichotomies.  He argued that the different 
practices between East Asian classrooms and those in the West are based on different 
deep-rooted cultural values and paradigms, whether explicit or implicit, that have 
been built up over centuries.  In the next section, we will try to account for some of 
the classroom practices identified in this study through referring to the underlying 
cultural values that Korea shares with other East Asian countries. 

 
Teacher dominance and whole class teaching 
Teacher dominance and whole-class teaching accord well with the traditional East 
Asian philosophy which emphasizes integration and harmony (Sun, 1983), in contrast 
to the Western culture which stresses independence and individualism (Taylor, 1987).  
Related to this tendency in the East Asian culture, which Yang (1981) labeled as 
‘social orientation’ (as opposed to ‘individual orientation’), are characteristics such as 
compliance, obedience, respect for superiors and filial piety (Lin, 1988, Liu, 1986).  
East Asians are known to have a tendency of complying with rules or orders more 
than Westerners, giving rise to a strong tendency for uniformity and conformity 
(Bond and Hwang, 1986).  In such a cultural environment, it is not surprising that 
classrooms are found to be teacher dominated, with whole-class teaching being 
commonplace. 
Teacher dominance may also be related to the high regard given to teachers in the 
East Asian culture.  In the East Asian culture, the image of the teacher is that of a 
scholar held with high respect.  So it is just natural that in the classroom setting, 
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teaching and learning activities should be directed by the scholar-teacher. Teacher 
dominance and whole-class teaching however do not necessarily mean that students 
are not actively engaged in the lesson.  As can be seen from the results of this study 
presented above, active student engagement is still possible in a classroom where the 
class size is large and the activities are dominated by the teacher. 
 
Content versus process 
It has been reported in the literature that “Chinese teachers held the more rigid view 
of mathematics being more a product than a process, (and) the more important thing 
for them in mathematics teaching was to have the mathematics content expounded 
clearly.” (Leung, 1995: 315).  The emphasis in the East Asian mathematics classroom 
was on the mathematics content and the procedures or skills in dealing with the 
content rather than the process of handling mathematics.  There is an underlying 
belief that 

“the critical attribute of mathematics is its distinctive knowledge structure, and it 
is this distinctive structure which distinguishes mathematics from other forms of 
knowledge.  So the most important goal of mathematics learning is to understand 
and get hold of this distinctive knowledge structure, and the foremost task of the 
mathematics teacher is to help students acquire the mathematics content.  The 
process of doing mathematics is part of the process of learning the content, but 
the process needs the content as its foundation.  Without content, there is nothing 
for the process to be applied to” 
(Leung 2001: 39) 

 
The findings of this study agree well with the reported views above.  This stronger 
stress on the content rather than the process of mathematics also reflects how the 
nature of mathematics is perceived in the East Asian culture. 

 
The emphasis on directed exploration and practice 
The finding in this study on the emphasis of the Korean teaching on directed 
exploration may seem to contradict the stereotype of the East Asian classroom.  The 
learning styles in East Asia are often portrayed in the literature as “learning by rote” 
or “passive learning” (Biggs and Watkins, 1996), and the teaching strategies 
characterized as “procedural” (Zhang, Li and Li, 2003).  But results of this study 
show that behind the seemingly procedural teaching and passive learning, the Korean 
students are actually heavily involved in exploration when following the prescribed 
classroom activities designed by the teacher. 
On the other hand, the finding that there are a lot of practicing exercises in the 
Korean lessons is consistent with the stereotype many held for the East Asian 
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classroom. However, the results of this study also suggest that the exercises that 
Korean students worked on were not simply repetitive drills, but were carefully 
designed problems with systematic variations. 
In the East Asian culture, practice has always played an important role in the learning 
process.  Actually, the word or term in Chinese for “learning” consists of two 
characters (学习), and the second character (习) conveys the meaning of practice.  So 
in the CHC tradition, practice is an inherent part of the learning process.  The idea of 
learning without practicing is absurd in the CHC.  The well known saying (熟能生
巧) which is often translated as “practice makes perfect”, reflects this philosophy of 
learning well.  As Confucius put it, “Is it not a pleasure, having learned something, to 
try it out (i.e., practice) at due intervals?” (Analects, I. 1). 
Underlying this stress on practice are the traditional East Asian cultural values which 
lay a strong emphasis on the importance of education and which attribute 
achievement more to effort than to innate ability.  Under the influence of such values, 
education or study is considered a serious endeavor, and there is a high expectation 
for students to put in hard work and perseverance in their study and to achieve.  This 
is reinforced by a long and strong tradition of public examination, which acts as a 
further source of motivation for learning.  All these add up to form an important 
source of motivation for students to learn well and to excel. 
 
Conclusion 
As can be seen from what have been presented in this chapter, the analysis of the 
Korean LPS data utilizing the theory of variation has yielded some interesting results 
which help reveal the kind of teaching in Korea.  Ample practice of mathematics 
skills does not necessarily imply rote learning or learning without understanding.  
The analysis in this study shows that there are actually well designed and systematic 
variations in both the classroom activities and the practicing exercises in the Korean 
classroom, with the consequence that a lot of exploration is taking place on the part 
of the students in the teacher-directed classroom.  And according to the theory of 
variation, such experience of variations on the part of the student will lead to 
understanding. As Leung (2001) pointed out, understanding is “not a yes or no matter, 
but a continuous process or a continuum.”  The process of learning often starts with 
gaining competence in the procedure, and then through “continuous practice with 
increasing variation” (Marton, 1997), students gradually gain understanding. 
Amidst the global tide of educational reform, there is a pressure on governments of 
East Asian countries, Korea included, to change the educational practices in their 
countries as well, and a common strategy taken is to send a team of policy makers to 
a number of “more developed” countries and shop around for new ideas and practices.  
But too often, those new ideas and practices have not been well tested even in those 
“developed” countries, and the cultural differences between the East Asian countries 
and the “developed” countries being visited have not been attended to in the adoption 
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of the reforms.  What is needed in Korea and other East Asian countries for policy 
decision are systematic collection and analysis of relevant data, and reflection on the 
strengths and weaknesses of the existing system and the interaction between existing 
educational practices and the underlying culture.  And what is reported in this paper 
represents exactly one such endeavor. 
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During 1970s and 1980s, open-ended approach had emerged as a method to reform 
mathematics teaching of Japanese classrooms and has been spreading around the 
world. In the 1990s lesson study, a Japanese style of professional development, 
become known to other countries. During this time educational reform movement in 
Thailand has been focusing on reforming of student’ learning processes and calling 
for innovative teacher education program. This paper describes how in this era 
open-ended approach when being integrated with lesson study has become an 
innovative mathematics teaching to improve teacher education in Thailand.  
 
 
A BRIEF ON TEACHER EDUCATION 
Teacher education or the education of teacher has a long history. In various parts of 
the world, as Gibb et al. (2003) mentioned, the need for better-qualified teachers has 
been a critical issue in the minds of parents and educators. In what follows, many 
classic questions in this field are still debatable issues to the present time: What are 
the essential characteristics of a professional program for teachers? Should a program 
for teachers differ from a liberal arts program, and if so, what should be the 
distinctive features of the treatment of subject matter in each type of program?, and 
what types of courses in professional education should be required of prospective 
teachers? (Gibb et al., 2003). This paper emphasizes the last question while 
concerned with other questions.  
Much of the research supports the idea that teacher preparation is important, and that 
knowledge and skill is built over time, in a coherent program of study. Here are some 
suggestions from National Council for Accreditation of Teacher Education: High 
quality educator preparation makes a difference in student learning, teacher 
preparation increases teacher retention, and teacher preparation helps candidates 
acquire essential knowledge and skills.  
Thailand has undergone many problems in establishing programs for teacher 
education, particularly in science and mathematics teacher education. Not until the 
last decade, 36 teachers’ colleges and 8 universities of education locating across the 
country had gained high respectability in providing teachers to elementary and 
secondary schools. The persons who entered teachers’ college and university of 
education at that time were high-achiever students from various schools. However, 
after universities of education had been changed to be comprehensive universities 
thirty years ago and teachers’ colleges had been changed to be Rajabaht Institute 10 
year ago and now become Rajabaht universities, faculties of education at these 
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universities have become ′second-class′ faculties in terms of their profile. The 
graduates feel inferior to graduates from other programs and often have negative 
attitudes towards their career. This is a crucial problem for most teacher education 
programs currently. 
After the 1999 Educational Acts was enacted, Thailand was put into an educational 
reform movement. Most school teachers have been attempting to improve their 
teaching practice. Unfortunately, they lack any innovation to improve their everyday 
work. Most teachers still use a traditional teaching style focusing on coverage of 
contents, but they neglect to emphasize students’ learning processes and their 
attitudes toward learning with understanding. More importantly, a number of teachers 
classify themselves into a reforming group (e.g., master teachers, initiative teachers 
etc.,) but in effect do not realize that they are still in an old paradigm.      
Regarding this point, there are many crucial aspects of the educational reform 
movement in many countries. Among other things, teacher training is a central issue. 
Teachers need to learn how to capture students` learning processes and to examine 
their own practice, etc. However, we lack clarity about how to best design initiatives 
that involve the examination of practice (Ball, 1996; Lampert, 1999; Shulman, 1992; 
cf., Fernandez et al., 2003)  
Among other alternatives, lesson study is a comprehensive and well-articulated 
process for examining practice that many Japanese teachers are engaging in 
(Fernandez, Cannon & Chokshi, 2003). In fact, recently a number of American 
researchers and educators have suggested that lesson study might be an incredibly 
beneficial approach to examining practice for US teachers (Lewis&Tsuchida, 1997; 
Stigler&Hiebert, 1999; Yoshida, 1999; cf., Fernandez et al., 2003).  
However, the most difficult part of implementing lesson study in a new classroom 
culture is that how to get started. Teachers who are new to this approach always insist 
asking where the first lesson comes from, and how to know that is a study lesson 
worth for continuing study. To shift from making lesson plan according to the topics 
ascribed in the curriculum to making lesson plans that will satisfy the long goal as 
expected in lesson study is not an easy work. It demands changing of teachers’ beliefs 
while challenging them to encounter a new paradigm of teaching mathematics. To 
solve this problem, using open-ended approach in order to create a rich 
mathematical activity is the most important part of making the first study lesson.  
 
A BRIEF ON OPEN-ENDED APPROACH 
Open-ended approach originated in Japan during 1970s. Between 1971 and 1976, 
Japanese researchers carried out a series of developmental research projects on 
methods of evaluating higher-order-thinking skills in mathematics education using 
open-ended problems as a theme (Becker and Shigeru, 1997). This approach started 
with having students engaging in open-ended problems which are formulated to have 
multiple correct answers “incomplete” or “open-ended”.  In terms of teaching method, 
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one “open-ended” problem is posed to the students first, then, proceeds by using 
many correct answer to the given problem to provide experience in finding something 
new during the problem-solving process. Mathematical activities generated by open-
ended problems are very rich and subtle so as teachers can evaluate student’s higher-
order-thinking skills. In a sense, open-ended problem is a good start for creating the 
first study lesson for the purpose of study in lesson study approach.  
Constructing a good open-ended problem is not an easy task. Suggestions for 
constructing appeared on The Open-ended Approach: A New Proposal for Teaching 
Mathematics may help doing that.  However, for the new comers those suggestions 
are still very difficult.  
Japanese teachers have long experiences in developing story problems. Thus, they 
can implement the suggestions just mentioned in order to make their own open-ended 
problems. However, for Thai teachers they are familiar with introducing new contents 
to students through some examples and exercises. It is very difficult for them to 
organize many mathematical concepts into a problem situation, which is an important 
part of open-ended problems. This kind of problem situation has to be formulated so 
that mathematical activity can be naturally generated from it. In what follow, the 
project introduces the concept of presenting the problem situation in terms of some 3-
5 short instructions instead of presenting in terms of story.  
In this way, it is easy for students to start mathematical activity from the given open-
ended problems. It is also so suitable for teachers to investigate how their formulated 
open-ended problems have been engaged in by the students. This will be helpful for 
them to revise their open-ended problems which included in lesson plan. This will be 
a good start of lesson study. 
  
AN EXEMPLAR OF NTEGRATING OPEN-ENDED APPROACH AND 
LESSON STUDY 
To illustrate how to implement the idea mentioned above into teaching practice,   the 
author conducted a small project with 15 student teachers enrolled in the practicum 
teaching course. This attempt is an expansion of the meanings of professional 
development and also the notion of lesson study. Similar to professional development 
of school teachers, student teachers need to examine their own practice. In the 2002 
academic year, the Faculty of Education at Khon Kaen University, in an attempt to 
improve teacher education program, conducted a project to investigate how student 
teachers develop their worldview on teaching practice and to investigate how school 
students in the classrooms using the Open-Approach method of teaching recognize 
their learning experiences.  
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Overview 
The project was conducted in the 2002 academic year in 7 schools in Khon Kaen 
province in the northeastern part of Thailand. It is aimed at investigating changes in 
student teachers’ worldview on their professional development when using the Open-
Approach method of teaching (Nohda, 2000). The project is also aimed at clarifying 
how school students recognize their learning experiences. Fifteen student teachers 
voluntarily participated in this project and 1200 junior highschool students responded 
to the survey. Those student teachers enrolled in the forth year of the bachelor degree 
program at the Faculty of Education, Khon Kaen university. According to the 
requirement of the program, they had to conduct their practicum teaching at their 
selected schools for one semester (about four months and a half). They had to follow 
some regular activities designed by the program and had to follow some additional 
required activities designed by the research project. In what follows, regular activities 
and required activities for this project are described. 
 
1) The Research Project Settings 
1.1 Regular activities requiring all student teachers to do 
All student teachers had to teach in Khon Kaen urban area 6-8 periods (about 50 
minutes for one period) a week. The school teachers who serve as school supervisors 
can assign appropriate work to the student teachers. For one semester, the student 
teachers were supervised 4 times by school supervisors and another one time by 
supervisors from the faculty. They also had to conduct a classroom research under 
advisorship of his/her research advisor. Furthermore, they had to attend seminar or to 
meet their research advisors on every Friday afternoon (approximately three hours).  
1.2 Required activities for the research project 
Fifteen student teachers who participated in the research project had attended a one-
month workshop for constructing lesson plans to be used later in the first semester of 
2002 academic year. They were grouped according to school levels they intended to 
teach. Six were in the 7th-grade group. Five were in the 8th-grade group and four in 
the 9th-grade group. Coached by the researcher, they spent about 6 hours a day 
constructing lesson plans using open-ended problems. Ten units of lesson plans to be 
used for 10 weeks were completed before they went to schools. The remaining 5 units 
were conducted afterward.  
In order to have a chance to share their experiences of teaching by the open-approach 
method, the 15 student teachers attended a special seminar organized by the 
researcher on every Friday. In this seminar they expressed their common concerns, 
interesting points, changes of some particular students’ behaviors, and etc. 
Furthermore, they were expected to develop some ideas in order to conduct 
classroom research.  
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During the whole semester, they also had to make a journal related to their 
experiences of teaching with the open-approach method. This journal was used for 
discussion in the special seminar on Friday.    
1.3 Parts of the Research Results  
In response to the aims of the research project, research results will be described in 
two categories: Change in student teachers’ worldview on teaching practice and 
learning experiences of students in the classrooms using the open-approach method 
of teaching.  
1.3.1 Change in student teachers’ worldview on teaching practice 
During the first half of the semester all student teachers in the project experienced the 
difficulty in adjusting to their roles in classroom organization.  Participating in Friday 
seminar made most of the student teachers gradually change their worldviews on 
teachers’ role. The most critical point of change depended upon encountering 
different experiences of their friends. Sharing experiences with their friends in Friday 
seminar not only resolved their common concerns but also developed their worldview 
on teaching practice which in turn reflecting their worldview on professional 
development. The most important aspect of student teachers’ worldview is that 
teaching mathematics does not mean only focusing on the coverage of content. 
Emphasizing on students’ learning processes, original ideas and also attitudes 
towards learning mathematics satisfying one’s competence is more importantly.  
Most of the student teachers developed positive attitudes towards doing research 
during teaching practice. They have come to realize that doing classroom research 
can help them develop a wider perspective on how to view their classrooms. 
Moreover, they acknowledged that classroom research may help improve teachers’ 
everyday practice.  
Most importantly, student teachers in the project changed their attitudes towards 
learning from academic learning to life-long learning. Their paradigm on teaching 
and learning has been shifted into a new one which is seen a unification of their way 
of life and their learning. This also influences their educational values on their own 
contribution to society, the core values demanding for Thai society.   
1.3.2 School students’ recognition of learning experiences in the classrooms 

using Open-Approach method of teaching   
In what follows, some of school students’ learning experiences are illustrated 
according to items in the survey of about 1200 secondary school students in the 
above-mentioned 7 schools who experienced the open-approach method of teaching.   
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Figure 1 showing the responses to the item “Give the reasons why do you like doing 
activity in the classrooms?” (Select from the given choices) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The meaning of each choice in this item is shown below:   
1:  More Active   2:  More Thinking   3:  More Playing   4:  Use Art knowledge   
5:  Good atmosphere, friendship   6:  Do something originally   7:  Feel like 
independent time   8:  Feel like be more valuable   9:  Do real practice with given 
materials   10:  Summarize some ideas by themselves (or by own group)   11:   When 
think out, feel like “genius”  12:  Feel not be boring.   
Figure 2 showing the responses to the item “Give the reasons why you do not like 
doing activity in the classrooms?”  (Select from the given choices) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The meaning of each choice in this item is shown below:  
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1:  Boring   2:  Quite not understand questions or direction clearly   3:  Feel that 
loudly Classrooms 4:  Do not like working in group   5:  Do not like someone in own 
group   6:  Quite difficult activity   7:  Do not know “to do for what”   8:  Cannot 
conclude or connect ideas in activities   9:  Feel that do not learn the same things as 
friends do in other classes   10:  Do not know what to do to answer “the why how 
questions”   11:  Teachers cannot observe all students   12:  Time restricted.  
Figure 1 and 2 shows a very high consistency that most of the school students like 
doing activity in the classrooms using Open-Approach method of teaching. The 
percentage of 2nd choice in figure 1 proved evidence that this kind of classroom 
activity enhancing the students to think than they used to be.   
 
Figure 3 showing the responses to the item “Explain in what issues you change in 
positive way?”  (Select from the given choices) 
             
             
             
             
             
             
             
             
             
             
             
      
 
 
 
 
 
The meaning of each choice in this item is shown below:  
1:  More reasonable   2:  More skillful in observation   3:  More cooled-heart    
4:  Know how to work cooperatively   5:  Dare to ask question   6:  Dare to argue 
according to their own thinking   7:  Dare to reject what they do not accept    8:  
Better communication with friends   9:  Know how to solve problems in a variety of 
ways   10:  More connected knowledge networking   11:  More enthusiasm   12:  
Better achievement. 
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Figure 4 showing the responses to the item “Explain in what issues you change in 
negative way?”  (Select from the given choices) 
  
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
         
 
 
 
The meaning of each item is shown below:  
1:  Do not use the fullest ability or capacity    2:  Lose confidence because of rejection 
of group       3:  Friends or teacher dominate ideas   4:  Inert   5:  Being bored with 
maths than before        6:  Tension and anxiety   7:  Worse achievement   8:  Quite 
show off   9:  Feel not belong to group   10:  Others (not friendship) 
The responses to the items 3-4 mentioned above shows in what way the school 
students recognize their learning experiences. Choice 4 in figure 3 is the most 
interesting one. Nearly 60 percents of the school students learned how to work 
cooperatively. This situation sharply contrasts with the traditional classrooms in 
Thailand which mainly focusing on individual seat working. 
From choice 9 in figure 4, since there is nearly 30 percents of the students who feel 
anxious, it is worthwhile to be concerned with this issue if we plan to expand the 
implementation of open-approach and lesson study in the future.  
 
CONCLUSION 
The project provides many ideas on professional development. The line between 
programs for student teachers and in-service teachers is blurred. It is worthwhile to 
conceive that programs for professional development should start in earlier years of 
teacher education programs.  So far, lesson study approach started to have a great 
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influence on the reform of program for professional development in Thailand. The 
National Commission on Science and Mathematics Education incorporates the 
concept of lesson study into the framework on the development of science and 
mathematics education. The Faculty of Education at Khon Kaen University started 
implementing lesson study approach into a new 5-year program in the 2004 academic 
year. In the proposal submitted to the ministry of education, Thailand to establish 
Center of Excellence in Mathematics the concept of integrating open-ended approach 
and lesson study approach is put into the framework of professional development.  
Khon Kaen University has also just started a training program for mathematics and 
science teachers from Lao PDR since 2002. This training program also implements 
the integrated open-approach teaching method and lesson study approach. This kind 
of professional development may create teacher networking among countries in the 
Great Mekhong Sub-region in the near future. 
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REFLECTING ON GOOD PRACTICES VIA VTR 
BASED ON A VTR OF MR. TANAKA’S LESSON ‘HOW MANY BLOCKS? 

Masami ISODA 
University of Tsukuba 

 
The focus of the Tokyo and Thailand meetings are to share ideas on good practices 
from participants and to structure, develop and review the product using VTR for 
teacher education and reform movement in Mathematics Education. The Tokyo 
meeting focuses on developing a format for sharing good practices. This paper 
proposes the following special format: a) Short summary of the lesson with 
emphasis on major problems in the lesson, b)Components of the lesson and main 
events in the class, and, c) Possible issues for discussion and reflection with 
teachers observing the lesson. Based on this format, good practices may be 
identified and explained. This procedure strengthens the proposal that the function 
of the VTR is more than merely the re-production of good practices. 
 
Key ideas for using VTR in relation to the Lesson Study 
Japanese Lesson Study has been developed from 1873 (See Appendix A). There are 
various kinds of usage but, currently, in narrow meaning, a Lesson Study is divided 
intothree parts: a) planning the lesson, b) the observation part, and, c) the discussion 
and reflection part. These parts may be summarized by the words: plan, do and see. 
The lesson study is usually done through the collaboration of teachers. Plan, do and 
see can be done by a teacher but as we know, it is not necessary to begin from plan 
in daily practice. Indeed, many teachers do not write their lesson plan everyday. A 
teacher’s knowledge is usually developed through the order of do, see, plan. In any 
case, the part of reflection or see is a key component of the lesson study. In the 
process, teachers participate in the study lesson and reflection, and learn ideas for 
their next lesson. When we use the VTR, we also begin from the lesson observation 
but the VTR itself already loses many dimensions, parameters and context because 
the program is prepared (recorded) from the perspective of the recorder’s and VTR 
editor’s eyes only. Through the observation of the VTR, we learn things and apply 
these in the next activity. It is also the process of do, see and plan, or observation, 
reflection and planning. From the phrase ‘Reflecting on the Good Practice (RGP) 
via VTR’, I would like to propose these processes (do, see and plan) in teacher 
education, reform movement in mathematics education and mathematics education 
research. 
The phrase or idea of RGP, rather, focuses on a methodology for innovation in 
mathematics education. The TIMSS Video Tape Study illustrated this very well. 
Even if Draft for APEC-Tsukuba Conference in Tokyo, Jan 15-20, 2006 people do 
not know the lesson in the US, Germany and Japan, they absorbed some messages 
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from the short VTRs excerpted from the lessons and later discussed. What the 
mathematics educator does is develop the lesson in the form of a research. 
 
An example of good lesson and a way of description 
The VTR used is in the following website: 
http://e-archives.criced.tsukuba.ac.jp/en/result_data.php?idx_key=1034 
http://www.criced.tsukuba.ac.jp/math/teaching-material.html 

Exploring Japanese Mathematics Lesson    wmv 
-For sharing key ideas-     (short ver.)(53.3MB) 

wmv 
(long ver.)(28.1MB) 

The lesson in the VTR is titled ‘How many blocks?’ The longer version contains an 
8 minute edited lesson and almost 5 minutes of comments by Max Stephens. 
In the context of developing usages of the VTR, Abraham Arcavi (to appear) 
developed a formatted description as follows: 

a) Short summary of the lesson showing the major problem areas of the lesson. 
b) Components of the lesson and main events in the class. 
c) Possible issues for discussion and reflection with teachers observing the lesson. 

The structure of this format is a good way of describing the use of the VTR in the 
context of teacher education for following reasons:  
Viewing lessons via the VTR takes time. A short summary is necessary to grasp the 
contents quickly. Components of the lesson and events are useful in order to 
understand the contents quickly. If we do not have this background, we have to 
observe the VTR again and again to understand its contents clearly. Issues for 
discussion and reflection may be resorted to when using the VTR for teacher 
education. 
The description of the VTR in this format is the format of RGP. The description 
does not need to be done by a VTR editor. On the contrary, it may be better that it is 
done by others because in the case of an editor, the description may not be the issue 
for discussion and reflection by others but may be fixed on his issues. There is 
actually a diversity of possible issues depending on the users’ perspective, ideas and 
context. 
The Appendix B is an example by Aida Yap (to appear). Please refer to the VTR 
and read the document she prepared. She did not have a chance to look at the 
original lesson and edited original VTR but she described very interesting issues 
clearly. I compared her description with my ideas after I observed the original 
lesson and edited the VTR. 
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Context, De-contextualization and Re-Contextualization 
RGP focused on good practices, good lessons or innovative lessons for the reform of 
mathematics education. It is accepted as a model for innovation of mathematics 
education by the person who selected it. The word ‘reform’ is usually defined by the 
problem and the aim of mathematics education based on personal recognition or by 
reference to same policy documents. The research based on evidences for making 
hidden valuables clearer is important. On the other hand, some things are not easy to 
reform even if we find them. For example, we may find that a teacher’s belief is an 
obstacle to change the lesson but teacher’s beliefs are not easy to change. Even if we 
try to be constructive, there are a number of constructive approaches depending on 
the number of teachers. On the other hand, RGP does not fix the word or value from 
the beginning. It tries to share the example as a model of good practice or lesson and 
we can use it what is good, how it is good, for doing it what is necessary conditions 
and how it was developed. 
In any case, the edited VTR is not the same as the original lesson. It is 
de-contextualized through the process of recording and re-contextualized through 
editing. The user and observer of the VTR is not the editor. Through questioning by 
the users or observer of the VTR for reflection, it is re-contextualized. 
Indeed, the interesting questioning by Aida Yap in the Appendix B is not the same 
as the original context and editor’s context. She discovered aims of the lesson but 
she did not describe some special meanings of the original lesson study done by 
Hiroshi Tanaka. By reforming the Japanese standard, we lost the context of the 
study on solids at grade 1 in elementary level. Thus, she introduced solids in 
exploring the context of counting. When Japanese observed the study lesson at the 
recorded year, we observed it on the context of curriculum development such as 
how pupils can explore the solid on the context of counting and calculating problem 
setting on the curriculum standards. In the original context, this is a most important 
reason for explaining why this lesson study is a good practice. 
Aida Yap discovered most of editors’ perspectives but could not question some parts. 
Editors cut so many interesting parts for focusing on translation among 
representations of solids, pictures and expressions. She discovered them but she did 
not ask what part the editor found the most interesting in the lesson. 
As the editor of VTR, I would suggest adding the question “Why did a pupil ask 
‘Did we study mathematics today?’ at the end of the lesson?” I would do so because, 
as explained, the students did not have experience in exploring solids and that they 
believed studying a new calculation is the lesson of mathematics. At the same time, 
it implies that it was an enjoyable activity for them (the students) which they 
associated as being the same as playing blocks at the beginning of the lesson. The 
limitation of the lesson, the inability to introduce new contents on solids, will be 
taught in the upper grade. In Japan, many teachers have a strong belief that we could 
not teach beyond the standards even if it is permitted to do so. 
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De-contextualization in the process of the description of the VTR depending on the 
format is unavoidable. And in the context from other economies, some issues are not 
significant. From the different ways of questioning we can know the different 
perspectives in mathematics education as well as commonality of perspectives. Ms. 
Yap’s ways of questioning well imply that the curriculum differences are some 
issues for RGP via VTR. 
 
How can we develop good teacher’s perspective on teachers through the VTR? 
Questioning helps us re-contextualize the VTR. In the process of pre-service teacher 
education, it is important to develop teacher’s perspectives. Learning to listen is a 
key word for this approach. In the case of Japan, lesson study usually begins by 
developing a lesson plan. At this stage, teachers solve and pose problems from 
students’ perspectives. By analyzing problems, teachers develop good ways of 
questioning. For writing the description of the VTR, it is very important to ask why? 
Why did students say this? Behind their words, there must be so many kinds of ideas. 
Why did the teacher say that? Through these questions, we can better know and 
understand the hidden features of the lessons being observed through VTR. Then, it 
is very important to add the format such kinds of descriptions from the view points 
of original lessons but even if we add descriptions we do not needs to follow 
because re-contextualization is done by VTR users. 
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DEVELOPING GOOD MATHEMATICS TEACHING PRACTICE 
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Although there is no consensus on what constitutes good mathematics teaching 
practice in the United States, a recent document published by the National Research 
Council (NRC) offers a vision that might be acceptable to the various stake holders.  
The NRC document considers teaching as an “interaction among teachers and 
students around content.”  Lesson study may play a significant role in developing and 
spreading good mathematics teaching practices that are in alignment with the vision 
presented in the NRC document.  In this paper (and accompanying video of a lesson), 
we will discuss some specific features of good teaching practices and how lesson study 
may contribute to the development of such practices.  We will conclude the paper with 
a brief discussion of future research that may be fruitful. 

INTRODUCTION 
As the participants of the APEC conference may be aware, recently there has been a 
lively debate about mathematics education in the United States.  This debate, often 
called the “Math Wars,” has largely focused around the new mathematics curricula 
developed to implement the Standards (National Council of Teachers of Mathematics 
[NCTM], 1989, 2000).  These curricula de-emphasize teacher-telling as the primary 
mode of instruction.  Rather, they organize their units around student investigations 
and discussions, to help students develop conceptual understandings and their own 
procedures, often very different from conventional procedures.  Furthermore, these 
curricula emphasize the integration of mathematics, both within and beyond the field 
of mathematics.  Thus teaching practices necessary to successfully implement these 
curricula are significantly different from that of direct instruction.  Critics, such as the 
group called Mathematically Correct, argue that such an approach disadvantages 
significant segments of the student population.  Thus, it should be clear that there is no 
consensus in the United States on what constitutes good mathematics teaching practice.  
However, a recent publication, Adding It Up (National Research Council, 2001), seems 
to offer a possible vision of good practice that may be agreeable to all sides of the 
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current debate for it is based on the work of the Mathematics Learning Study 
Committee consisting of people from different viewpoints. 

GOOD PRACTICES 
One cannot discuss good or effective instructional practices without considering the 
goals of instruction.  In Adding It Up, the authors present the notion of mathematical 
proficiency consisting of the following five interwoven strands: 

• Conceptual understanding – comprehension of mathematical concepts, 
operations, and relations 

• Procedural fluency – skill in carrying out procedures flexibly, accurately, and 
appropriately 

• Strategic competence – ability to formulate, represent, and solve 
mathematical problems 

• Adaptive reasoning – capacity for logical thought, reflection, explanation, and 
justification 

• Productive disposition – habitual inclination to see mathematics as sensible, 
useful, and worthwhile, coupled with a belief in diligence and one’s own 
efficacy. 

(NRC, 2001, p. 116) 
Thus, good teaching practices should promote the development of these strands of 
mathematical proficiency.  Moreover, since these strands are “interwoven and 
interdependent” (p. 116), good teaching practices cannot focus on just one or two of 
these strands. 
The document considers teaching as “interactions among teachers and students around 
content” (NRC, 2001, p. 313).  In particular, they adapted the teaching triangle model 
developed by David Cohen & Deborah Ball shown in Figure 1. 

 

Figure 1: This model shows that mathematics teaching as the interaction among 
teachers, students, and mathematics, all taking place in contexts (NRC, 2001, p. 314). 
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Therefore, good mathematics teaching practices must go beyond simply what teachers 
do as they teach mathematics lessons.  In particular, the document suggests, 

High-quality instruction, in whatever form it comes, focuses on important mathematical 
content, represented and developed with integrity.  It takes sensitive account of students’ 
current knowledge and ways of thinking as well as ways in which those develop.  Such 
instruction is effective with a range of students and over time develops the knowledge, 
skills, abilities, and inclinations that we term mathematical proficiency (p. 315). 

In the following section, we will illustrate some features of good mathematics teaching 
practices from a Grade 6 lesson taught during a lesson study open house.  

AN ILLUSTRATION: RESEARCH LESSON ON AREA OF TRIANGLES 
The following example is from one of the research lessons developed by a lesson study 
group in the U.S..  Unlike typical lesson planning, a group of teachers spent a couple of 
months to plan the lesson, studying the specific mathematics topic intensively and 
investigating the available resources, including a translated Japanese textbook.  One 
member of the group, Mr. Jackson, was selected to teach the lesson.  In order to 
accommodate a large number of observers, the lesson was conducted in a gymnasium. 
The teacher opens the lesson by having selected students read what they wrote about 
what they learned in the previous day’s lesson.  This interaction clearly reminds the 
students some of the important ideas they learned in the previous day’s lesson.  
However, in addition, this interaction illustrates how Mr. Jackson is considering his 
students’ current thinking in setting up the main task for the lesson.  Prior to the lesson, 
he selected which students to call on and in what order.  By sequencing the students’ 
comments (and their work from previous day’s lesson), Mr. Jackson is able to provide 
a cohesive summary of the important mathematical ideas from the previous lesson, 
instead of a collection of haphazard recollections by randomly selected students, 
possibly leaving out some important ideas. 
Another important point to notice in this opening segment is that, by integrating the 
students’ own ideas in the lesson, Mr. Jackson communicates to his students that, in 
this classroom, their own ideas and methods are valued.  Such an expectation has been 
identified as an important feature of a classroom that is set up as a community of 
learners (Hiebert et al., 1997). 
This emphasis on students’ own ideas and methods are again stressed in the next 
segment of the lesson, where Mr. Jackson poses the main task for the lesson – finding 
the area of a triangle by changing its shape.  However, the first thing Mr. Jackson asks 
his class to do is to write down their ideas on how they might approach this task.  By 
posing this question, Mr. Jackson communicates to his students that what is valued in 
this lesson is not just the answer, i.e., the area of the particular triangle, but also various 
ways students can determine the area.  Furthermore, by having students share some of 
their ideas, Mr. Jackson provides an opportunity for those students who may be unsure 
about the task to consider ideas that they may pursue. 
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As the students begin their investigation, they were provided with many copies of the 
triangle on papers of different colours.  Students are expected to cut and paste the 
triangles to illustrate their method clearly.  The decision to use this particular set of 
materials in the lesson was not made lightly.  During the post-lesson discussion, Mr. 
Jackson stated that he and his colleagues have explored a variety of materials, 
including the use of geoboards.  However, the planning team felt the actual experience 
of cutting and re-arranging the given figure would provide an important foundation for 
the students to make sense of the area formula, which was the eventual goal of the unit.  
This type of careful consideration of instructional materials in light of the students’ 
current understanding and the mathematical goals is another indication of effective 
mathematics teaching practices. 
As the students engage in their investigations, they are free to choose whatever method 
that makes sense to them.  As they experiment with their ideas, sometimes they attempt 
methods that are not productive.  However, they are given the opportunity to determine 
whether or not their ideas are correct based on logical necessity, not because their 
teacher says so.  Granting students such autonomy is another feature of a classroom as 
a community of learners (Hiebert et al., 1997). 
In the next segment of the lesson, Mr. Jackson has his students share their ideas.  As he 
did at the beginning of the lesson, Mr. Jackson carefully sequences students’ ideas.  By 
selecting and sequencing students’ ideas intentionally. Mr. Jackson attempts to match 
students’ diverse thinking processes with the development of a particular mathematical 
idea, illustrating interaction between the teacher, the students, and mathematics. 
Furthermore, student work is clearly displayed on the blackboard, both their work with 
paper arrangements and mathematical expressions.  In many so-called reform 
mathematics lessons in the United States, teachers often ask students to share their 
solutions publicly.  However, too often, the sharing of students’ solutions becomes the 
end of the lesson.  That was not the case in Mr. Jackson’s lesson.  Perhaps the most 
important segment of the lesson is the next phase of the lesson where the teacher poses 
some questions to further analyse the ideas and methods shared by the students.  In this 
particular lesson, Mr. Jackson asks students to sort the variety of methods into two 
types – those which transformed the given triangle to another shape without changing 
the area and those which created another shape by doubling the area of the given 
triangle.   In the lessons to follow, the class will formally derive the area formula for 
triangles, but the experience gained in this lesson is an important foundation in 
understanding why the formula includes the division by 2. 
Mr. Jackson ends the lesson by providing a summary of the important ideas discussed 
in the lesson.  In his summary, he connects the day’s lesson with the previous lesson by 
referring back to the work shared at the beginning of the lesson.  This segment 
illustrates once again how the selection of the ideas to be shared at the beginning was 
intentional.  Moreover, making this connection communicates to the students that 
mathematics learning should be based on what they have learned previously. 
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This particular lesson is by no means perfect.  We do not claim that all students in the 
lesson learned everything discussed in the lesson completely.  However, we offer this 
lesson as an illustration of good teaching practice that attempts to address the five 
strands of mathematical proficiency in an integrated manner.  What is important to 
consider here, however, is that Mr. Jackson was not born a master teacher.  He openly 
admits that his teaching was very different as recently as five years ago.  He learned 
many of the features we discussed above through his participation in lesson study at his 
school.  Furthermore, what Mr. Jackson learned through his participation in lesson 
study was not his alone.  Other teachers who participated in lesson study also 
developed deeper understanding of good mathematics teaching practices.  In the 
following section, we will discuss how lesson study may promote the improvement of 
mathematics teaching. 

ROLE OF LESSON STUDY IN DEVELOPING GOOD TEACHING 
PRACTICE 
As the participants of the APEC conference know, lesson study is the primary mode of 
professional development in Japan.  Lesson study has played an important role in 
professional development in Japan since the beginning of the public education system 
in Japan more than a hundred years ago.  One of the reasons for this popularity might 
be that lesson study provides Japanese teachers with opportunities to do the following: 
a) make sense of educational ideas within their practices; b) change their perspectives 
about teaching and learning; c) learn to see their practices from the child’s perspective; 
and d) enjoy collaborative support among colleagues.  For example, one Japanese 
teacher said: 

It is hard to incorporate new instructional ideas and materials in classrooms unless we see 
how they actually look. In lesson study, we see what goes on in the lesson more objectively, 
and that helps us understand the important ideas without being overly concerned about 
other issues in our own classrooms (Murata & Takahashi, 2002). 

Why is lesson study so appealing to so many US researchers and educators?  We think 
lesson study has certain characteristics that set it apart from the typical professional 
development program in the U.S., and that these unique characteristics are what makes 
lesson study so popular.   These characteristics are described below. 
First, Lesson Study provides teachers the opportunity to see teaching and learning in 
the classroom in a concrete form.  This is due to the fact that lesson study guides 
teachers to focus their discussions on planning, implementation, observation, and 
reflection of classroom practices.  By looking at actual practices in the classroom, 
teachers are able to develop a common understanding or image of what good teaching 
practice entails, which in turn helps students understand what they are learning.  
Another unique characteristic of lesson study is that it keeps students at the heart of the 
professional development activity. Lesson study provides an opportunity for teachers 
to carefully examine the student learning and understanding process by observing and 
discussing actual classroom practices.  Understanding student misunderstandings is 
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often examined in the process of observing and discussing the lesson.  This also 
contributes to helping students construct their understanding.  A third characteristic of 
lesson study is that it is teacher-led professional development.  Through lesson study, 
teachers can be actively involved in the process of instructional change and curriculum 
development. Lynn Liptak, a retired principal at Paterson Public School No.2, Paterson, 
NJ, who has been implementing lesson study for over 4 years, contrasted lesson study 
with traditional professional development in the U.S., as summarized in Table 1.  
As can be seen from Table 1, lesson study is teacher-led professional development 
where all the participants reciprocally learn from each others’ experiences. In addition, 
the collaboration helps reduce isolation among teachers and helps to develop a 
common understanding of how to systematically and consistently improve instruction 
and learning by the school as a whole.  Moreover, lesson study is a form of research 
that allows teachers to take a central role as investigators of their own classroom 
practices and become life-long autonomous thinkers and researchers of teaching and 
learning in the classroom. 

Traditional Lesson Study 
Begins with answer 
Driven by outside “experts” 
Communication flow: 
       trainer              teacher 
Hierarchical relations between 
trainer & learners 
Research informs practice 

Begins with question 
Driven by participants 
Communication flow:  
      teacher            teacher  
Reciprocal relations among 
learners 
Practice is research 

Table 1: Contrast between lesson study and traditional U.S. professional development 
(By Liptak, as included in Lewis, 2002, p. 12) 
It is because of these features that lesson study has the potential to influence the quality 
of mathematics teaching practices in the United States, and elsewhere.  Lesson study 
offers opportunities for participants to critically evaluate teaching practices.  Such 
critical dialogues may take place during the planning period among the planning group 
members, or they may take place during the post-lesson discussion.  In either case, 
these dialogues take place in the context of actual lessons, developed carefully and 
intentionally.  Through such critical evaluations, lesson study provides a concrete 
image of effective instructional practice.  Hiebert, Gallimore, and Stigler (2002) 
suggested that lesson study might be a potentially useful way of sharing good teaching 
practices.  However, we suggest that lesson study is not only a useful tool to 
disseminate effective teaching practices but also a powerful mechanism to develop 
such practices. 
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As we noted at the beginning of this paper, the mathematics education community in 
the United States is in the midst of debate.  Although people may disagree with each 
other, they are all concerned about students’ mathematics learning.  In order for us all 
to learn from these debates, we need to make sure that the debates are deeply rooted in 
the actual teaching of mathematics, and lesson study offers a systematic forum where 
such debates to can take place. 

FUTURE RESEARCH 
Just as mathematical proficiency involves interwoven and interconnected strands, 
good teaching practices, that is, teaching practices that promote mathematical 
proficiency, also involve interrelated components.  Adding It Up lists the following 
five components for proficiency in the context of teaching: 

• Conceptual understanding of the core knowledge required in the practice of 
teaching; 

• Fluency in carrying out basic instructional routines; 
• Strategic competence in planning effective instruction and solving problems 

that arise during instruction; 
• Adaptive reasoning in justifying and explaining one’s instructional practices 

and in reflecting on those practices so as to improve them; and a  
• Productive disposition toward mathematics, teaching, learning, and the 

improvement of practice (NRC, 2001, p. 380). 
Although lesson study seems to offer a promising pathway to an improvement of 
mathematics teaching practice, there are yet many questions that need to be addressed 
through further research.  In particular, if we are to accept the notion of mathematics 
teaching proficiency, we must investigate how teachers develop such proficiency.  One 
important question that needs to be addressed is the relationship between teacher 
knowledge and teacher practice.  What knowledge do teachers draw on to teach 
mathematics more proficiently?  How do they develop such knowledge?  Other 
questions will have to address the effectiveness of educational policies in promoting 
proficient teaching practices.  What support must school systems provide to practicing 
teachers so that they can continue to develop their proficiency?  What are the 
appropriate responsibilities of teacher education institutions in preparing the beginning 
teachers? 
As we engage in this research in the future, we should also keep in mind the value of 
cross-system research.  Although teaching occurs in contexts, and our contexts vary 
significantly, our future research can nevertheless inform each other.  One 
recommendation for improvement of mathematics teaching practices offered in 
Adding It Up states that professional meetings should be used for “more serious and 
substantive professional development” (p. 430).  Likewise, when mathematics 
education researchers throughout the world come together, we should use those 
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occasions for sharing and planning further collaborative efforts to improve 
mathematics teaching practices everywhere. 
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IN SEARCH OF GOOD PRACTICE AND INNOVATION IN 
MATHEMATICS TEACHING AND LEARNING: 

A MALAYSIAN PERSPECTIVE 
 

LIM Chap Sam 
School of Educational Studies 

University of Science Malaysia 
 
 
Introduction 
This paper begins with a description of good practice of mathematics teaching as 
perceived by the Malaysian perspective. The sources of discussion include those 
from the school curriculum, local related research studies and the practicing 
mathematics teachers. The second part of this paper will focus on a small research 
project that promotes practices of good mathematics teaching through the Lesson 
Study model. Issues and challenges that we faced in introducing Lesson Study as 
an innovative model of teacher professional development will be discussed. A 
video clip of one of the lesson planned and taught during one of the Lesson Study 
cycle will also be displayed for further discussion.  
 
What is a description of good practice from the Malaysian lenses? 
There is yet to have consensus of a single definition of “good practice”. Mohd 
Majid Konting (1997) proposed that information about good practice may come 
from various sources: theory, research, curriculum planners as well as expert 
teachers. Professor Nerida Ellerton (2003) in her summary of best practices and 
innovations in the teaching and learning of mathematics among the 6 represented 
APEC economies (namely Australia, Japan, Korea, Malaysia, Singapore and 
United States) listed four guiding principles for defining best practices: 

a) Best practice is not the same the world over 
b) Best practice needs to be developed in the school level 
c) Models of best practice need to be shared 
d) Best practice needs to be valued at all levels- school, community, district, 

state, national and international.  
She further proposed that best practice involves: 

a) listening to the voices of children 
b) designing a child-centered curriculum 
c) children enjoying learning 
d) doing to understand – active learning 
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e) relating learning to the world of the child 
f) teachers as learners 
g) providing professional development 

(p. 209) 
 
Hence, in order to search for a good definition of good practice, we need to take 
into consideration voices from various parties such as students, teachers, school, 
community, district, state, national and international. This is because mathematics 
teaching is a cultural activity. Good practices in classroom teaching are shaped by 
all parties involved in the culture. The notion of good practice is in fact, loaded 
with value judgment. What is “good” to one culture might not hold true for another. 
With this notion in mind, I have looked into the following three sources to get a 
glimpse of ‘good practice’ of mathematics teaching as perceived by Malaysians: 
 

1) From the Malaysian Primary and Secondary School mathematics curriculum 
A brief content analysis of the latest Integrated Curriculum for Secondary School 
Mathematics syllabus (2004) highlighted the following emphasis in the process of 
teaching and learning mathematics:  

a) the need to link mathematics “learning to everyday life and 
experiences in and out of school” (p.2); 

b) the development of problem solving skills (p.3); 
c) the development of logical, systematic and creative thinking together 

with valid reasoning (p.4); and  
d) the inculcation of intrinsic values of mathematics and values of the 

Malaysian society which include being systematic, accurate, diligent, 
confident, not wasteful, moderate and cooperative, all of which 
contribute towards becoming a responsible citizen. (p.4) 

Though not explicitly spelled out, the above emphasis may be considered as 
prescribed good practices which were planned or intended by the Malaysian 
mathematics curriculum.  
Besides problem solving skills and logical reasoning, in the curriculum 
specification of the Integrated Curriculum for Secondary School Additional 
Mathematics (2004), the following were focused as the main elements in the 
teaching and learning of Additional Mathematics: 

e) communication through mathematics, that “will develop students’ 
ability in interpreting certain matters into mathematics models and 
vice versa” (p.6). 
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f) mathematical connections between different mathematical related 
topics, as well as with other learning areas (p.6). 

g) the use of technology including both hardware such as computers & 
calculator and software related to education, websites and learning 
packages that are available and can enhance “students’ understanding 
of certain concepts, providing visual representation and making 
complex calculation easier” (p.6).  

However, to what extent are these intended ‘good practice’ implemented in the 
actual classroom? Are they pragmatic or are they too idealistic?  
 

2) From the local research literature 
The second source that I looked into was the local research literature pertaining to 
mathematics education. After a search of the local conference proceedings, 
journals, articles and unpublished paper presentations, I found only a couple of 
research studies related to good practice of mathematics teaching and learning.  
The first one was a report of a workshop on the ‘Thinking in Science and 
Mathematics (TISM) Project’ published by SEAMEO-RECSAM (1990). The 
seven teacher researchers from a local school were asked to list down their 
perceptions of good teaching and good learning. Table 1 displays a summary of 
both lists. 
 

Table 1: Perception of teacher researchers on good teaching and learning 
Perception of good teaching Perception of good learning 
1. Achievement of objectives in that 
goals of lessons were attained. 

1. That the students are happy at the 
end of the lesson and that they want 
more of the lesson concerned. 

2. Good delivery and presentation  2. That the students participate by 
asking more questions and are 
thinking hard. 

3. Good planning of student 
activities 

3. That the students understand 
what is being taught and can apply 
what they have learned to solve 
problems. 

4. Keep students busy 4. Good learning results in ability to 
apply knowledge to new situation. 

5. Involving participation of 
students 

5. A good learner is not satisfied 
with what he knows at the moment. 
He constantly questions the ‘truth’ 
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of what the teacher says. He also 
tries to relate what he learns to his 
previous knowledge.  

6. Involving positive changes in 
students 

 

7. Resulting in long period of 
retaining the knowledge acquired. 

 

8. Resulting in students’ ability to 
understand, analyze, and internalize 
new knowledge. 

 

9. Resulting in change of behaviors, 
attitudes towards learning. 

 

10. Resulting in good learning on 
the part of students. 

 

Source: SEOMEO-RECSAM (1990, page 6-7).  

 
The second was a journal article by Mohd Majid Konting (1997) which uses a 
totally different method of data collection. He observed 58 lessons of 16 effective 
mathematics teachers from one district. His assumption was that these teachers 
were nominated as ‘effective mathematics teachers’ by those in authority 
(including the principal, assistant principal and head of department), thus their 
classroom practice might reflect ‘good practice’. Findings of his study show that: 

 
The effective mathematics teachers were inclined to use traditional whole-
class teaching strategies and to dominate classroom interaction. There was 
little group work and little evidence of pupil-centredness. Their actions were 
associated with high levels of on-task activity and good pupil behaviour. But 
the differences are not, to some extent, parallel with the KBSM’s 
recommended pedagogies of pupil-centredness.             

 (p. 17) 
 
Hence, there seems a mismatch between good practice as intended by the 
Malaysian curriculum and that were practiced in the mathematics classroom. How 
do we operationalize the intended good practices in the mathematics classroom 
then? Is it not possible to do so? What are the possible hindrances or barriers? 

 
3) From the practicing mathematics teachers 
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In the year 2004-2005, my PhD student and I have carried out a Lesson Study 
project in two secondary schools in one district in Malaysia (see Lim, White & 
Chiew, 2005 and Chiew & Lim, 2005 for more details). Both project schools 
received the Lesson Study model of teacher professional development positively, 
though one of the schools shows keener interest in implementing the project than 
the other.  
From the interviews, group discussion and the resulted lesson plan, we observed 
that these teachers were using three guiding principles in planning and teaching 
their lessons: 

a) student-based activities - attempt to involve students in group or individual 
activities that will help them to develop or construct mathematical concepts; 

b) relating mathematical concepts with real life situations by giving related 
examples in and out of school experience that encourage students to make 
connections in mathematics and make learning mathematics meaningful to 
students; 

c) the ultimate goal of teaching is to ensure that all students can achieve good 
results in public examinations - drill and practice involving pass year 
examination questions is encouraged.  

Indirectly, these principles might be termed as the main characteristics of good 
practice of mathematics teaching as viewed by these practicing mathematics 
teachers.  
 
An exemplar lesson plan 
The two case studies of Lesson Study yielded five lesson plans. One of them was 
on the topic: “rotation”. Appendix 1 shows the complete lesson plan and the 
worksheet given.  
 
Set induction (10 minutes):  
To introduce the concept of rotation, the teacher asked students to describe 
examples of daily life situations that involve rotation. Two possible situations are 
the rotation of the ceiling fan or the rotation of the hand of a clock. This 
encouraged students to see mathematics connections with real life situations.  
 
Teaching step 1: Developing the concept of rotation (15 minutes): 
Teacher used a teaching aid (made of manila card and transparency) to elaborate 
the meaning of angle, direction and center of transformation as a result of rotation.  
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Teaching step 2: determining the image of an object under a rotation (35 minutes) 
Teacher then guided the students(working in pairs with a learning aid) to determine 
the image of an object under various transformation of rotation such as 90 degrees 
clockwise and anticlockwise, as well as other angle such as 45 degrees clockwise 
or 240 degrees anticlockwise etc. The learning aid is made of a compass attached 
to a piece of tracing paper. Students solved problems in worksheet 1. Later the 
teacher asked students to present their answer in front and students checked their 
answers. 
 
Teaching step 3: Describing a rotation(10 minutes) 
The teacher distributed worksheet 2 that required students to describe a given 
rotation. Students work individually.  
 
Teaching step 4: whole class discussion (8 minutes) 
Students gave their answers and teacher checked orally.  
 
Closing (2 minutes) 
Teacher guided the students to summarize today’s lesson. Teacher gave homework 
based on exercises given in the textbook.  
Characteristics of Good Practices in mathematics teaching 
The above lesson plan on rotation was planned and revised several times by the 
group of school teachers. After observing and reflecting on the lesson, the teachers 
were rather happy with the lesson. Ideally, they would like to have every lesson 
planned this way because it fulfills many of the characteristics of a good lesson or 
good practices. These characteristics include: 

a) student centered activities that encourage conceptual understanding 
b) related to students’ daily life experiences 
c) that the students understand what is being taught and can apply what they 

have learned to solve problems 
d) Good planning of student activities 
e) Active participation of students in fun and meaningful activities 
f) Use of teaching aids that enhance student understanding 

However, in practice, these teachers espoused that it was rather impossible or too 
challenging for them to carry out this kind of lesson everyday. This is because they 
met with a number of issues and constraints that do not encourage or support this 
kind of practices in real teaching situation.  
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Issues and constraints faced by the mathematics teachers 

a) time constraint 
Both project schools reported time as the major constraint. This can be seen from 
two aspects: the students’ and the teachers’ time constraint. From the part of the 
students, doing group or individual work in the classroom could be time 
consuming. There are fixed amount of syllabus to be covered within a limited 
teaching time. Hence, many teachers opt for teacher centered approach where the 
teacher instructs while the students listen. Besides this, from the part of teacher, 
student based activities demand teachers to spend much time in planning and 
searching for resources/ideas. Very often, teachers do not have sufficient time to 
plan their lesson because they are tight down by heavy workload. Again, teacher 
centered approach is preferred as it requires lesser preparation time.  

b) Teacher’s beliefs 
Many teachers tend to believe that giving clear explanation with suitable examples 
(teacher-centered approach) is practical and sufficient to achieve most teaching 
objectives. It is always too time consuming to allow students to construct their 
knowledge through student-based activities. Furthermore, they are not confident 
whether their students have acquired enough knowledge and skills if the students 
were allowed to explore by themselves. Hence, the teachers tend to feel more 
certain if they can control the teaching and learning pace of their students.  

c) Examination oriented culture 
Examination oriented culture is prevalent in Malaysian society. Examination 
results especially the public examination results is used as a yard stick or 
accountability of school performance. From the education minister to the students’ 
parents, everyone is very anxious about their children’s examination performance. 
Hence, it is common for school principals to use students’ performance in 
examinations as a yard stick to evaluate teacher’s teaching competency. 
Consequently, this has strengthened many teachers’ belief that their teaching 
priority is to ensure that their students pass and achieve good results in the 
examinations. The main duty of the teachers is to make sure that they have taught 
the whole syllabus before the examination.   

d) Common belief of ‘practice make perfect’ 
As our study on culture of mathematics teaching and learning in some Malaysian 
schools (see Lim, Fatimah and Tan, 2003) has shown that many mathematics 
teachers and parents, especially those from the Chinese schools tend to hold strong 
belief of “practice make perfect” as a way of learning mathematics. Consequently, 
students are usually given large amount of home work and pass year examinations 
questions to practice their mathematics skills.   
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Although teachers are exposed to student centered learning, contextual and 
cooperative learning approaches, they seem difficult to change the culture of 
mathematics teaching and learning in schools. For any new approaches that they 
employed, they have to meet the demands of the school principals and parents. It is 
thus not easy to change the culture of teaching and learning in schools.  
 
Lesson Study as an innovative teacher professional development programme 
Despite the above challenges and constraints, all the Lesson Study research project 
participants expressed positive feedback. From the group and individual interviews 
conducted at the end of the research, the participants listed the strengths of the 
Lesson Study process as follows: 
a) Through group discussions and observing other teachers teach, they gained and 
enhanced both their mathematics content knowledge as well as pedagogical 
knowledge.  
b) Upon self reflection and advice from colleagues who observed their teaching, 
the participants were able to rectify their own teaching errors. Novice teachers, 
especially have the opportunity to improve themselves by observing and learning 
from the experienced colleagues the skills and techniques in teaching various 
concepts of mathematics. 
c) Lesson Study promotes a collaborative culture that enhances the professional 
collegial bonds within their mathematics staff. 
d) Lesson study is a valuable professional development program. It was observed 
that participants have regarded the Lesson Study sessions as the venue to solve 
their teaching problems, and to develop their professional knowledge of 
mathematics teaching and learning. 
Nevertheless, based upon our reflection on the research projects, we recommend 
that the following approach should be taken to ensure the effectiveness of the 
Lesson Study process and to be practicable in Malaysian context: 
i) The Lesson Study program be monitored and supervised by the Expert Teacher 
(“Guru Pakar”) of Mathematics, and supported by the school administrator. 
ii) The Lesson Study group be made up of smaller group (3-4 mathematics teachers) 
to allow greater flexibility of time; group according to grade level (such as lower 
secondary) to reduce the constraint of time, teachers’ specialization and logistic. 
iii) A network of mathematics teachers be created within the district to share, learn 
and collaborate within the context of Lesson Study. 
  
Conclusion 
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In this paper, I attempted to give a description of good practice of mathematics 
teaching as perceived by the Malaysian perspective. I have looked at it from the 
school curriculum, local related research studies and the views of the practicing 
mathematics teachers. There is yet to have a consensus on a definition of good 
practice. What I can offer is just the characteristics of good practices. This is 
because it is not easy to maintain these good practices. Mathematics teachers are 
often faced with many constraints and challenges. The main constraint being the 
lack of time and the examination oriented culture.  
However, our case study on using Lesson Study process to promote teacher 
professional development seems to yield encouraging outcomes. As a result of the 
Lesson Study process, teachers reported a change in the nature of the staff-room 
discourse with a greater focus upon the Study Lessons and alternative teaching 
strategies coupled with a lot more sharing of ideas. Teachers are able to prepare 
better student based activities as they share and collaborate in preparing a lesson 
plan. Furthermore, as a result of the change in staff room discourse, they felt more 
self confident and greater support from their colleagues. Thus, perhaps the Lesson 
Study process which provides a meaningful context for non-threatening lesson 
observation, and promote collaboration and sharing within the mathematics 
teachers might be a possible solution or measure to enhance good practice of 
mathematics teaching in schools.  
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Appendix 1: Lesson Plan on “ Rotation” 
 

 
Topic   : Transformations (l) (Form 2 – Chapter 11) 
 
Learning Area : Rotation 
 
Learning Objective : To understand the concept of rotation 
 
Learning Outcomes : Students will be able to: 
      i) identify rotation as a form of transformation 
     ii) determine the image of an object under a rotation;  
         given the centre, angle and direction of the rotation 
    iii) describe the rotation; given the object and image of 
         the transformation of a rotation 
    iv) elaborate the properties of the rotation 
 
Duration  : 80 minutes 
 
Resources  : teaching kit of transformations, clock, fan, manila cards, 
     tracing paper, compass, worksheets. 
 
 
Teaching and Learning Activities 
 
Set Induction (10 minutes) 
 
Teacher asks students to describe/give examples of daily-life situation that 
involve rotation or ‘putaran’ in Malay language. The teacher facilitates and 
guides the students to conceptualize ‘rotation’ with examples in their daily 
life. 
 
Teacher presents the following situations (if necessary): 
 
Situation 1:  Rotation of the ceiling fan 
 



Lim Chap Sam 

 216

Situation 2: Rotation of the hands of a clock 
 
Step 1: Concept of rotation (15 minutes) 
 
Using a teaching aid (made of manila card), the teacher elaborates and 
emphasizes the angle, direction and centre of the transformation of rotation.  
 
Teacher facilitates and guides the students (working in pairs with a learning 
aid) to determine the image of an object under various transformation of 
rotation such as: 90o clockwise and anticlockwise, 180o clockwise and 
anticlockwise, 
 270o clockwise and anticlockwise, 360o clockwise and anticlockwise. 
To conceptualize the transformation of rotation, teacher facilitates students 
with examples such as 60o clockwise, 45o anticlockwise, 250o clockwise etc. 
 
Teacher uses the teaching kit provided and demonstrates it on the board 
with a few examples. Teacher guides the students to conceptualize the 
properties of the rotation. 
 
Step 2: Determining the image of an object under a rotation (35 minutes) 
 
Teacher distributes worksheet 1 that requires students to determine the 
image of an object under a rotation. Teacher demonstrates (using the 
teaching kit) to the students how to use the learning aids (tracing paper and 
compass) to solve the problems in worksheet 1. Students work in pair and 
the teacher checks students’ answers. 
 
Students present their answers on the manila cards (the teacher prepares 
the manila cards). Using the manila card, the students determine the image; 
given the transformation and object by the teacher. Students check their 
answers. 
 
Step 3: Describing a rotation (10 minutes) 
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Teacher distributes worksheet 2 that requires students to 
describe/elaborate the rotation; given the object and image of the 
transformation of rotation. Students work individually in worksheet 2.  
 
Step 4: Discussion (8 minutes) 
 
Students give their answers in worksheet 2 and the teacher checks the 
answers orally.  
 
* Note: There are two answers for every question and teacher should 
sought both answers from the students. Using the transformation kit, 
teacher demonstrates and explains why there would be two answers for 
every transformation of rotation (if necessary). 
 
Closing (2 minutes) 
 
Teacher guides the students to summarize today’s lesson. 
Teacher gives homework from the textbook: pg. 96, exercise 11.4, question 
6. 
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Worksheet 1 
Instruction: Draw the image of the object under the rotation stated about the origin. 
 

1) Rotation 90o anti clockwise 
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
             

2) Rotation 90o  clockwise 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
      

3) Rotation 180o anti clockwise 
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
              

4) Rotation 270o  clockwise 
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5) Rotation 90o anti clockwise 
 
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
             

6) Rotation 90o clockwise 
 

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
      

 
7) Rotation 180o anti clockwise 

 
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
             

8) Rotation 270o clockwise 
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Starting in 1999 and lasting in 2005, the extending of IMSTEP_JICA Project 
resulting the piloting activities through Lesson Studies for searching good practice of 
secondary mathematics teaching in three cluster site West Java, Central Java and 
East Java. Results of the studies significantly indicated that there are improvements 
of the practice of secondary mathematics teaching learning processes in term of 
teaching methodology, teacher competencies, students achievements, alternative 
evaluation, teaching learning resources and syllabus. The results of the project 
support the government efforts in improving secondary education by introducing the 
new curriculum. However, there are still great challenges for both educationists and 
practitioners to establish good practice of secondary mathematics teaching. One of 
the proposed solutions is to en-culture lesson studies activities by e.g. learning them 
from Japan contexts. 
Key Word: good practice, lesson study, secondary mathematics teaching learning 
 

 

OVERVIEW 
Some philosophical backgrounds of the nature of good practice of teaching need to be 
discussed as the references of the efforts to put on the grounds for the long-term 
orientation of improving mathematics education. Those notions cover the questions to 
mean education whether:  (a) as the investment or as the need for society?, (b) as the 
obligation or as the awareness of the students?, (c) as the competition or as the 
collaboration?, (d) as the product or as the process, etc.  Although the examples of 
good practice differ in some contexts, there are some features common to the way the 
children were working such as in/formality of typifies classroom, clearness of the 
objectives, ethos of the school, flexibility and variety of teaching styles. The quality 
of teaching was the strongest feature common to all the examples of good practice; 
while the adequacy of good practice may outlined on the basis of the context of the 
ideal practices.  
Brown in Riley (1992) suggested that the features of good practice include fostering a 
positive attitude to mathematics; emphasis on the application of mathematics; well-
planned work; children formulating testing and revising hypotheses; work and pattern 
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and relationship; a variety of approaches to calculation used; sensible use of the 
calculator; extensive experience of measurement and estimation; clear policies on 
mathematics; individual, group and whole class work as appropriate; opportunities for 
co-operative work;  positive and well timed teacher intervention; meeting needs 
through the differentiation of work; use of practical and first-hand experience; cross-
curricular work; appropriate reflection of cultural diversity; relevant exploratory work; 
stimulating working environment; effective teaching. 
The Third International Mathematics and Science Study (TIMSS), from the 
videotaping study of classroom instruction of mathematics lessons in the U.S., 
Germany, and Japan, found that good practice of mathematics teachings were more 
likely to target mathematical thinking and seeking to teach students how to solve a 
particular kind of problem or carry out a specific procedure. Further, it suggested that 
the concepts of mathematics were far more likely to have been developed rather than 
simply presented as rules. It included multiple ways to solve mathematical problems 
and asked students to perform tasks that were not “routine.”  TIMSS suggested that 
good practice of mathematics teaching should encourage the teachers to help students 
make explicit connections between parts of the lesson to previous knowledge, and/or 
to statements and problems from earlier parts of the lesson. Good teaching practice 
should be supported by the research on how children learn and, particularly, on how 
they learn mathematics. 
While in Japanese context, on which Lesson Study has its culturally deep rooted, 
good practice of mathematics teaching (Masami ISODA) may perceived as it is 
visible, recordable in the classroom and can be showed to other people. Further, it 
may be known as a good approach in an economy in which there is a teacher who is 
well known by its approach. Accordingly, good practice of mathematics teaching 
should be useful for the reform of mathematics education as a whole and many 
teachers may have their wish to do the same approach. Good practice of mathematics 
teaching also should encourage the improvement of teacher training program. 
According to him, the challenges for the practitioners who develop good practice 
consist of capacity to describe the nature of good practice? Why we can say it as 
good practices? What kind of reform is expected by such kinds of practices? What 
kind of the setting in curriculum standard for explaining why it is good. And what 
kind of relation of good practice to the world of mathematics education research 
movement? 
One significantly reference for Lesson Study performed by Education Development 
Center, Inc. (“EDC”) of Massachusetts. It organized divisions and centers of various 
sizes of Lesson Studies and develops Lesson Study Communities Project to carry 
research to introduce teachers to lesson study, to build a community of teachers 
interested in lesson study, to enhance teacher knowledge of mathematics and 
pedagogy, and to learn how the Japanese lesson study model can be adapted to 
become a successful professional development model for U.S. secondary school 
mathematics teachers. Indonesian educationist as well as practitioners may be able to 
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learn from Japan and other country to perform good practice of mathematics teaching 
in secondary schools. 

OBSERVABLE GOOD PRACTICE AND IDEAS VALUES BELIEFS OF 
MATHEMATICS TEACHING LEARNING IN INDONESIA 
The efforts of pursuing good practice of mathematics teaching learning in Indonesia, 
starting from 1994 up to present, have its ideal values beliefs, political as well as 
empirical and pragmatic ground. In the conceptual framework, it can be seen that 
observable good practice components can be directly related with educational questions 
'What should children learn ?' and 'How should children learn and teachers teach ?'; and 
ideas values beliefs can be directly related with the questions 'Why should children be 
educated in this way ?' and 'What is an educated person ?'. As they are elaborated from 
socio-constructivists approach, that teacher is not only to implement the curriculum 
but also to develop it. Teaching and learning in the classroom should not always be 
directed teaching in which teacher dominated activities and initiations; however, 
teacher needs to accommodate students’ initiatives and students’ needs. Therefore, 
teacher needs to implement flexible method of teaching, in which students’ 
performance and achievements can be assessed during the processes of learning 
activities. It implied that teaching learning process will be student centered rather 
than teacher centered, in such away that students have various experiences and 
opportunities to consciously uncover the nature of what they are learning. 
Mixing from values beliefs and empirical evidences, there are currently demands in 
Indonesia, that any educational reform should handle the issues of (a) how to promote 
interactive curriculum rather than instrumental curriculum?, (b) how to promote 
student centered approach rather than teacher centered approach?, (c) how to promote 
students’ initiation rather than teacher’s domination?, and (d) how to promote simple 
and  flexible curriculum rather than crowded and tight-structured curriculum? While 
in term of observable good practice, there were demands that teachers need to have a 
chance to reflect their teaching in such away that they may move from older 
paradigm of teaching to the new one. Teachers may move from emphasizing the 
“teaching” to emphasizing the “learning”; they may move from the act of 
“transferring teacher’s knowledge” to “constructing students’ knowledge”.  
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Figure: Most Indonesian teachers implement Traditional Teaching (2001) 
 

There are also demands that teachers may move from “instructing” to “serving”; they 
may move from “product oriented” to “processes oriented”; they may move from 
“classical teaching” to “individual teaching”; they may move from “single method of 
teaching” to “various method of teaching”; and they may move from “theoretical” to 
“hands on activities”. To develop the aspects of students’ life-skill teachers need to 
have a lot of time, passionate, and extra-efforts in such away that teachers are able to 
motivate their students, to give them the chance to develop their skills and 
experiences. In the socio-constructivist approach, teachers are expected to fully 
concentrated and focused at their teachings and its preparations. It made them to be 
able to promote their creativities in developing their various method of teaching such 
as discussion, investigation, laboratory practice and demonstration.  
The currently studies on mathematics teaching practices in Indonesia indicated that,  
under the implementation of the Curriculum 1994, student’s process skill and 
student’s achievement are still low; contents on Mathematics were crowded; too 
many time consuming administration stipulation for teachers; there were mismatch 
among the objectives education, curriculum, and National Evaluation system. Further, 
National Leaving Examination assessed the children’s ability cognitively only and 
considered individual differences inappropriately; while University Entrance 
Examination system was considered to trigger school teachers apply much on goal 
oriented rather than process oriented. Observable practices of mathematics teaching 
in the period of the year 2001-2003 also indicated that many teachers still have 
difficulty in elaborating the syllabus; a number of mathematics topics are considered 
to be difficult for teachers to teach; a significant number of children consider some 
mathematics topics as difficult to understand; teachers consider that they still need 
guidelines for conducting teaching process by using science process skills approach.  

 
PURSUING GOOD PRACTICE OF SECONDARY MATHEMATICS 
TEACHING THROUGH MEDIUM-SCALE OF LESSON STUDIES  
In the fiscal year 2001-2003, a medium scale of piloting of Teaching Learning Model 
of secondary mathematics and sciences through Lesson Study has been carried out by 
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IMSTEP-JICA in collaboration with UPI Bandung, UNY Yogyakarta, and UM 
Malang, in which Japan Government supported facilities, training as well as 
Educational Experts. 

. 
Method 
The piloting activities were carried out  in three clusters i.e. West Java (Bandung), 
Central Java (Yogyakarta), and East Java (Malang). Following are the sites:  
 

West Java 
(Bandung) 

Central Java 
(Yogyakarta 

East Java 
(Malang) 

 

Year 
2001/2002 

Year 
2002/2003

Year 
2001/2002

Year 
2002/2003

Year 
2001/2002 

Year 
2002/2003

 Classes 
(schools) 

1 2 1 3 1 1 

Teacher  
 involved 

1 2 3 3 1 1 

Lecture 
involved 

4 4 4 3 4 4 

 
Table: Three cluster sites of Lesson Studies of Mathematics Teaching (IMSTEP-
JICA Project) 

 
The Lesson Studies were developed in which the teachers, in collaboration with 
Lecturers and Japanese Experts, tried out some teaching models at schools. The 
Lecturers of Teacher Training Program and School Teachers worked collaboratively, 
composes some numbers of Lesson Studies. The grounds of the Lesson Study 
activities were reflecting and promoting the new paradigm of the secondary 
mathematics and science education, in which learning activities are not only 
perceived pragmatically and short-time oriented but also to be perceived as a long-
life time purposes.  
The objectives of those Lesson Study activities were to contribute the improvement 
of secondary mathematics education by pursuing good practice of mathematics 
teaching. Lesson Studies for secondary mathematics were carried out by mainly 
Classroom Action Research approach. They carried out to improve the teaching 
learning practices and to find more appropriate methods for facilitating students 
learning. Teachers’ experiences have been shared with other teachers and the lectures. 
The specific objectives of Lesson Study activities are: (1) to develop instrument and 
equipment for teaching learning process, (2) to develop teaching method and model 
for teaching learning process, (3) to develop teaching material for teaching learning 
process, and (4) to develop teaching evaluation for teaching learning process.  
Lesson Study activities let the teachers to reflect and evaluate, in cooperation with 
lectures or other teachers, their paradigm of teaching. Approaches of Lesson Studies 
covered (a) students cooperation with others in their learning, (b) contextual teaching 
and learning, (c) life-skill, (d) hands-on activities, (e) interactive process oriented 
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curriculum and syllabi development, and (f) teachers and students autonomous. From 
those three sites of study, there can be produced the notions of educational 
improvement, in term of teacher, student and lecture.  
 
Result 
The results of Lesson Study could be inferred from the view of students, teachers, 
and of lecturers. Evidences were collected through observations, questionnaires and 
interviews. It can also be noted the strengths and weaknesses of the activities. Those 
are as the following: 
 
Teacher 

1. The teachers felt that the class is getting more alive. However, all the above 
progresses have to be paid by spending longer time for preparation. 

2. The teachers have to spend longer time for preparation, have sufficient skill to run 
the experiments and use various tools. 

3. Lesson Study gave positive results because it could improve teachers’ 
professionalism in finding variations of teaching approaches, and teaching methods.  

4. It could also improve teachers’ skills in classroom management and in questioning 
and in developing creative ideas.  

5. Through Lesson Study, many teachers were introduced some innovations in 
mathematics and science teaching and learning.  

6. The new model was introduced to teachers to increase the variation of alternatives on 
how to conduct classroom teaching and learning process.  

7. Teachers stated that now, they have more choice to teach certain units of studies. 
8. Teachers involved in these Lesson Study activities developed their competencies in 

teaching mathematics and science.  
9. Competencies developed for teachers are realistic approaches (RMA), authentic 

assessment, and constructivist approach.  
10. Teachers involved in these Lesson Study activities felt that they have to think and 

develop new ways on how to let students learn and construct their own concepts.  
11. They expressed their impressions that their creativity was improved.  
12. There were indication that teachers’ skill to communicate, to deliver questions, to 

carryout discussion method was improved e.g. in order to stimulate students to think, 
teachers asked questions and by doing these, questioning skills were improved.  

13. There were also evidences that teachers’ perceptions of their students’ learning in 
Lesson Study activities were positive.  

14. Teachers stated that Lesson Study activities needed to be continued or to be extended 
in order that they could continue to develop mathematics and or science teaching.  

15. Teachers stated that Lesson Study activities were useful to support the 
implementation of competence-based curriculum.  
 

Student 
1. Good responds were heard during the meeting, especially the students’ enthusiasm, 

students’ involvement in doing experiment and discussion.  
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2. The students respond to the contextual teaching and learning approach during Lesson 
Study period may be indicated by their participation in experimentation, discussion, 
and presentation.  

3. More than 80% of the number of respondents were actively involved in the 
experimentation, approximately 75% involved in discussion,  and more than 75% 
involved in presentation.  

4. It can be concluded that nearly 3 out of 4 students were actively involved in the 
contextual teaching and learning process.  

5. Nearly 70% students were happy with the teaching learning process using a lesson 
plan.   

6. More than 57% of them were happy with the lesson plan and the involvement of 
teacher during teaching and learning process is still high, more than 95%.  

7. Students could develop responsibilities in their learning and be more active in finding 
learning resources out of the classroom.  

8. Students get more skillful in sharing ideas and communicating their mathematics 
activities 

9. Innovations practice tried out at Lesson Study schools could also improve students’ 
enthusiasm, motivation, activities, and performance.  

10. The innovation in approaches and media of learning bring good results for students. 
Most students in each class were enthusiastic in learning using the new media, 
methods, or approaches.  

11. It was indicated that most of students expressed their happiness during the Lesson 
Study activities; the reason were: (a) the lesson was not so formal, (b) the contents 
were easier to learn, (c) they were able to express their ideas, (d) they got much time 
to discuss with their classmates.   

12. The reasons of improving students’ motivation were: (a) they were able to detect 
their competencies any time, (b) contextual teachings made them understand the 
usage of learning certain subject-matter, (c) realistic teaching made them not be 
boring. 

13. There were more activities done by students in science laboratories, especially 
activities to improve their process skills.  

14. Most of the students stated that they liked to learn with hands-on activities, 
discussion, demonstrations, teaching aids and worksheets.  

 
Lecturer 

1. Lecturers got experience in developing teaching materials for schools and know more 
about problems faced by teachers.  

2. They could also develop more creative ideas to find better methods of instruction 
with teachers and better hands-on activities by utilizing local materials. 

3. Through Lesson Study activities, lecturers were also benefited in knowing more 
about the problems faced by teachers and schools in conducting mathematics and 
science teaching and learning.  

4. Lecturers’ experiences were improved due to the fact that in Lesson Study activities, 
they in cooperation with teachers, should develop teaching guide, teaching materials 
and assessment methods. 
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Constraint 
1. Those are the tendency of teachers to keep on doing “teacher centered activities” 

instead of trying new ways of teaching which need thought, energy and time to 
develop, to plan, and to implement.  

2. These resistances for change are caused by the “crowded curriculum” that have to be 
finished and the fact that there were too many students in a classroom. 

3. Lecturers and teachers should also need time to introduce and learn new innovations. 
They should be very patient in developing new things; they could only develop one 
thing at a time.  

4. Based on their experience in conducting processes, there were different perceptions 
of those lecturers and teachers on new paradigm.  

5. Some teachers tend to skill use the “old” orientation in teaching and learning 
processes, which is to try to achieve the highest possible score in final examination.  

6. In order to do that they usually practice “teacher centered” and “product oriented” 
teaching and learning processes and forget to develop students’ thinking processes 
skills. 

7. Based on the implementation of Lesson Study activities, it was found that some 
aspects of Lesson Study activities have difficulties to implement in term of teachers, 
students, class management, equipment or facilities, and schooling system.  

8. Number of students in each Lesson Study class was relatively high i.e. 35 or more; 
this made the teachers have difficulties to facilitate their needs in learning activities. 
With a large number of students in the class, it was difficult for the teachers to 
monitor and supervise their activities.  

9. Due to the fact that we do not implement moving class, it needs more time for the 
teachers to prepare equipments and other facilities.  

10. Another difficulties faced by the teachers related to the development of students’ 
worksheets was that teachers have some problems on how to prepare many kinds of 
worksheets, to decide the topics to be piloted and to prepare teaching guides.  

 
 

 
Figure: Group discussion in piloted teaching practice (2003) 

 
 

DISCUSSION AND CONCLUSION  
There were strong evidences that Lesson Studies activities improved students’ 
enthusiasm, motivation, activities, and performance. It also improved teachers’ 
professionalism in terms of teaching performance, variation of teaching 
methods/approaches, collaboration.  Lecturers got knowing more about the problems 



Pursuing Good Practice of Secondary Mathematics Education Through Lesson Studies in Indonesia 

 229

faced by teachers. It was take time for teachers to shift from teacher-centered to 
student-centered. Teachers developed  teaching methods based upon more hands-on 
activities and daily life utilizing local materials. Students were active learning and 
involved in discussion to share ideas among classmates. Students enjoyed learning 
science and math during Lesson Study activity due to some reasons. According to 
students’ respond, the lesson was not so formal, the contents were easier to learn, 
students able to express their ideas, students got much time for discussion with their 
classmates, more experiment science and math. Teachers got alternative method to let 
students learn and construct their own concepts. However, teachers took time to get 
used to develop teaching model by their own. 
The Lesson Study project was proven to be very effective in lifting students’ 
enthuciastic in learning science, helping students to develop their experimental and 
discussion skill, giving opportunities to students in developing their own scientific 
concept by themselves. It was also reported that by using constructivism approach, 
the students may find out their best style of learning. Competition rises among groups 
of students in presenting the results of their work and defending their presentations. 
This forces students to learn theory more on their own. As a result of Lesson Study 
activities there were many teaching material developed either by lecturers and 
teaching together or by lecturers or teachers themselves. Those materials were either 
developed by lecturers or teachers in their own classroom or by lecturers and teachers 
together during Lesson Study activities. In general lecturers and/or teachers 
developed the teaching materials after thinking extensively what and how to develop 
teaching materials for a certain topic, and then develop the materials. Further they try 
out the teaching materials in their classroom and revise those according to the result 
of the try out. 
The results of Lesson Study activities and exchange experiences come to a suggestion 
that to improve mathematics and science teaching in Indonesia; it needs to deliver 
obvious messages to the government, teachers and head-teachers or schools.  
Learning from study, it was also suggested that to promote good practice of 
mathematics and sciences teaching, the teachers need to en-culture their efforts in 
inovating teaching learning processes which meet to academic students needs, 
encouraging students to be active learners, developing various strategic of teaching, 
developing various teaching materials, and in developing teaching evaluation. In 
developing teaching learning methods, the teachers need to: plan the scenario of 
teaching, plan students activities, plan teachers’ roles, distribute the assignments, 
develop assesment methods, and monitor the progress of students achievements.  
To develop their experiences, the teachers also need to participate frequently in such 
kinds of workshops or  seminars. By using those teaching materials teachers could 
conduct the teaching and learning process more efficiently. Students enjoyed their 
learning process because they were involved in observing and doing things. Those 
teaching materials also improve students’ motivation and interest in learning the 
materials. Although there were may kinds of teaching materials that have been 
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developed through those Lesson Study activities, there still more topics that need to 
have or to have better teaching materials. Therefore lecturers from three universities 
need to have further collaborative work to develop more teaching materials in the 
future. 
The study also recommended that to encourage educational innovations, the head-
teachers need: (1) to make good atmosphere for teaching and learning, (2) to promote 
to implement various teaching methods and teaching learning resources, (3) to give 
the chances for the teachers and their students to perform their initiatives, (4) to 
promote cooperative learning, (5) to promote research class as a model for 
educational innovations (as Japanese teachers do), (6) to support the teachers to be 
the developer/maker of the curriculum, (7) to promote teachers’ autonomy in 
developing model of teaching learning activities, (8) to implement school-based 
management, (9) to encourage students’ parents participations, and  (10) to promote 
cooperation with other educational institutions. 
Further, the study also recommended that to improve the quality of mathematics and 
sciences education, the central government needs to: (1) implement more suitable 
curriculum i.e. more simple and flexible one, (2) redefine the role of the teachers i.e. 
teachers should facilitate students' need to learn, (3) redefine of the role of principals; 
principals should support the professional development of teachers by allowing them 
to attend and participate in scientific, meetings and trainings, (4) redefine the role of 
schools; schools should promote school-based management, (5) redefine the role of 
supervisor; the supervisors need to have similar background with the teachers they 
supervise in order to be able to do academic  supervision, (6) improve teachers’ 
autonomy to  innovate mathematics and science teaching and learning, and (7) 
promote better collaboration between school and university; communication  among 
lecturers and teachers should be improved; these could be done through collaborative 
action researches and exchange experiences through seminars and workshops,  (8) 
redefine evaluation system, and (9) to extend project for promoting new paradigms 
and educational innovations.  
 
REFERENCE: 
Bourne J. (1994). Thinking Through Primary Practice. Routledge: London 
Cohen, L. and Manion, L. (1994).  Research Methods in Education : Fourth Edition. 

London : Routledge. 
Ebbutt, S. and Straker, A. (1995). Children and Mathematics',  Mathematics in Primary School, 

Part I. London: Collins  Educational. 
Ernest, P. (1989). Mathematics Teaching : The State of the Art. London : The Falmer Press. 
Gorman, J. (1994-2005). Lesson Study Communities Project. Education Development 

Center, Inc., Center for Mathematics Education, 55 Chapel Street, Newton, MA 02458. 
Grouws, A. D. and Cooney, J. T. (1988) Effective Mathematics Teaching : Volume 1, 

Virginia : The NCTM, Inc. 
Herawati Susilo. (2003). FINAL REPORT: Improvement of Secondary School Education. 

IMSTEP-JICA Project 



Pursuing Good Practice of Secondary Mathematics Education Through Lesson Studies in Indonesia 

 231

Isoda, M. (2005). Information for Workshop in APEC specialist session from January 17: 
APEC-Tsukuba meeting focus on Innovation of mathematics education through the 
lesson study.  Retrieved <E-mail: apec@criced.tsu kuba.ac.jp> 

Marsigit. (2003). The Implementation Of Project Ctivities October To 20. 1998  - 
September 2003,  IMSTEP-JICA Project 

TIMSS. (2005) Lessons from the World : What TIMSS Tells Us About Mathematics 
Achievement, Curriculum, and Instruction.  National Center for Education Statistics 
(NCES), Retrieved 2005 <http://nces.ed.gov/timss> 



Tsukuba Journal of Educational Study in Mathematics. Vol.25, 2006 

 233

GOOD PRACTICES IN MATHEMATICS TEACHING AND 
TEACHER DEVELOPMENT 
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Singapore 
 
Since 1992, the Singapore mathematics curriculum has been revised several times to 
encourage teachers to help pupils develop competencies that are useful for the global, 
technological economy. This paper provides an overview of what is considered good 
mathematics teaching. The focus of this paper is on teacher development. How can and 
to what extent do teachers develop such good practices?   

INTRODUCTION 
In 1992, the Singapore mathematics curriculum was changed to make problem solving 
the focus of the curriculum. In 1997, the Singapore Ministry of Education launched an 
initiative Thinking Schools, Learning Nation to encourage schools to explicitly teach 
thinking skills. In 2001, the mathematics curriculum was revised to reflect this 
emphasis. As a result, textbooks included a wider variety of problem-solving heuristics. 
There is also a conscious effort to teach problem solving explicitly. The focus, 
however, is on skills and techniques. In 2003, the Singapore Ministry of Education 
launched a follow-up initiative Innovation and Enterprise to encourage schools to help 
pupils develop good habits of mind.  
In 2004, the Prime Minister asked, in his national day speech, schools to teach less so 
that pupils can learn more. The theme Teach Less, Learn More philosophy is 
encouraged in schools. Teachers are encouraged to help pupils master the basics well 
and to apply these basics in a wide range of situations rather then attempt to tell pupils 
everything. The Teach Less, learn More call underlines the Singapore Ministry of 
Education’s effort to help pupils develop thinking skills and thinking habit. In 2005, 
the Ministry set as its aim to nurture every pupil. In line with this, all grade one class 
size was reduced to thirty (previously it is typical to have forty pupils in each class) and 
teachers are encouraged to use different strategies to help pupils develop in an effective 
and engaged manner. Presently, grade one and grade two teachers are using the SEED 
approach in their classrooms. SEED stands for strategies for effective engagement and 
development. 
In 2007, the mathematic curriculum is revised to emphasize the recent initiatives. 
Specifically, teachers are encouraged to de-emphasize paper-and-pencil computation 
and to emphasize mental computation and skills like visualization. 
Overall, the education system and the mathematics curriculum aim to help pupils 
develop competencies that are useful in a global, technological knowledge-based 
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economy. What are some good practices that contribute to the realization of this 
vision? How do teachers develop such good practices?   
 

GOOD PRACTICES 
In analysing the recent initiatives by the Singapore Ministry of Education, good 
practices in the mathematics classroom can be characterized as the following: 

• Good practices provide pupils opportunities to develop competencies and 
attitude that put them in good stead in the global, technological economy. 

• Good practices aims to develop good thinking by enhancing pupils’ thinking 
skills and thinking habit. 

• Good practices instil among pupils a belief that they are able to extend their own 
knowledge. 

• Good practices engage pupils in the learning process. 
• Good practice is effective as in all pupils develop key ideas in mathematics. 

 
In a project involving five primary schools in Singapore, one part of the study aims to 
study how teachers can be engaged in developing innovative approaches and 
exemplify good practices. Briefly, the Think-Things-Through (T3) Project provides 
worksheets for teachers to use in their mathematics lessons. Teachers are encouraged 
to read notes for teachers provided by the research team and to discuss with each other 
before the implementation. The two sources for teacher development are (1) the 
worksheets and (2) the discussion. The worksheets are available at 
http://math.nie.edu.sg/T3 
In traditional mathematics classrooms, teacher actions are limited to providing 
explanation. In good practices, teachers should be able to engage in a wider range of 
roles. Other than providing explanation, are teachers able to model certain way and 
habits of thinking? Are they able to guide pupils to think in a certain way? Are they 
able to provide the necessary materials and environment to create opportunities to 
engage in certain way of thinking? In brief, do teachers take on more roles in the 
learning process? 
 

AN ILLUSTRATION 
The lesson was for a grade three class. Pupils were supposed to for the letters I and T 
using sticks. Specifically, each letter I is formed using three sticks and the letter T 
using two sticks. Pupils were given 19 sticks and asked to find the number of Is and Ts 
that can be formed. Subsequently, the pupils played a game where they may use any of 
the observations that they have made in the first part of the lesson. 
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• Good practices aims to develop good thinking by enhancing pupils’ thinking 
skills and thinking habit. Various parts of the lessons required pupils to make 
observations, make generalizations and extend their thinking.  

• Good practices instil among pupils a belief that they are able to extend their own 
knowledge. Pupils were expected to use the ideas from the first part of the lesson 
to determine a winning strategy for the game. 

• Good practices engage pupils in the learning process. Pupils were actively 
involved in solving the problem. They were given concrete materials to work 
with. As they were paired up, pupils were talking and discussing with each 
other.  

• Good practice is effective as in all pupils develop key ideas in mathematics. The 
problem is accessible to every pupil. Every pupil in the class was able to achieve 
some degree of success in this activity. The use of sticks made the problem even 
more accessible. In the game, pupils were asked to observe generalization. The 
activity did not emphasize the computation aspects. Instead big ideas such as 
making generalization were given emphasis. 

 
This lesson was designed by the teacher. Previously, she had conducted lessons 
prepared by the research team. The lesson that she designed and conducted had 
features that are similar to the lessons designed by the research team. 
 

TEACHER-INNOVATOR MODEL 
A teacher development model for good practices is proposed to investigate the extent 
of teacher development through activities such as lesson study. The model comprises 
four stages.  
Level 0 
Teachers at this level are indifferent to the stimulus provided. Such stimuli include the 
lessons designed by the research team and any discussion the teacher may have with 
his colleague. Other than the lessons designed by the research team, no change is 
detected in other lessons. 
Level 1 
Teachers at this level respond to the stimulus provided in a superficial manner. For 
example, the lessons they design are identical to those designed for them. Any 
modifications are superficial. 
Level 2 
Teachers at this level respond to the stimulus provided in a structural manner. For 
example, the lessons they design are structural modifications of the lessons designed 
for them. 
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Level 3 
Teachers at this level have become innovators of good practices. They no longer 
modify lessons they receive from the research team. Instead, they design their own 
lessons. 
Using this model, it may be possible for us to answer the questions to what extent do 
teachers develop such good practices. Subsequently, we may be able to study the 
conditions under which each level is achieved.   
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INTRODUCTTION 
One of the main focuses of educational reform movement in Thailand call for the 
development of good or effective lesson plan aligned with the new 2001 curriculum. 
In order to respond to this, the study of the lesson plan development using Lesson 
Study Approach according to the Education Reform Act has been conducted by the 
cooperation of the Faculty of Education, Khon Kaen University, Plan Organization of 
Thailand and the Education Area 5 (Jurisdiction of Supervisory Area 5). The study 
has the objectives of developing the ability of the leading teachers in Khon Kaen 
province to develop good lesson plan according to the Education Reform Act 1999 
which emphasizes the reform of student’s learning processes (ONEC, 2001, 
Sintoovongse, 2002). The leading teachers are expected to have the understanding 
and skills in the development of lesson plans by using the Lesson Study Approach. In 
addition, they are required to implement the plans in the actual classrooms, to follow 
up on the results, to expand their practice to the other teachers in the education areas 
to which they belong. The project evaluation was carried out through project 
exhibitions and presentations. 
Based on the positive outcomes, the project has proved to be valuable in teacher 
development. All leading teachers were interested in participating in the activities in 
order to fully enhance their capacity. The continuous effort in expanding the 
knowledge to the network teachers in the other education areas was one of the 
evidence showing the success of this study. 
This report is a summary of the study in the lesson plan development based on the 
Education Reform Act 1999. Since the operation of the study has been a great impact 
on the northeastern region of Thailand in educational reform movement, it also 
includes some suggestions that would be useful for the education improvement of the 
other regions and organizations in the future. 
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WHAT IS A DESCRIPTION OF GOOD PRACTICE? 
What should be called good practice in educational reform movement in Thailand has 
to satisfy some of the following criteria: aligned with the 1999 Education Act and the 
new 2001 curriculum, supporting teacher as a researcher trend, creating teacher 
networking in the region, in particular among schools and higher education 
institutions like university, teachers colleges, or vocational colleges, if it is the work 
of graduate school, needed to pull the theory from the shelf. This project at least 
satisfies most of the criteria just mentioned. 
In this project, the participants are the leading teachers in the Education Area 5 of 
Khon Kaen province.  Among 48 participants, there are 30 women and 18 men, 28 of 
whom teach in the primary school level and 20 of whom teach in the secondary 
school level. 
The project aims to develop the teachers to be researchers at the same time to 
improve their teaching practice.  It is believed that research leads to positive changes 
and continuous development by the aid from fellow teachers.  The content of the 
curriculum comprises the following process of the Lesson Study Approach (Stigler 
and Hiebert, 1999): 
1) Defining the problem 
The Lesson Study Approach concentrates on the process of solving problem.  To 
define the problem is the way to the motivation in working and building framework 
of the group of teachers.  Problems defined may be general problems (such as how to 
generate students’ interest in mathematics) or in-depth problem (such as how to 
develop the understanding in adding the unequal fraction).  Normally, the most 
common problems teachers encounter are those caused by the teaching experience 
that affects students’ learning or those related to the national policies.    
2) Planning the lesson 
After the learning goals are set by the group of teachers, they start the meeting to plan 
the lessons. The goal of lesson plan is not only to come up with effective lessons, but 
also to improve the understanding with students.  The initial plan is presented to the 
teachers’ meeting of the whole school to get feedback to improve the plan.  This step 
may take up to a month or several months before it is ready to be used in the 
classroom. 
3) Teaching the lesson 
This is the step of bringing the lesson plan into the class. The class schedule and the 
instructors are set by the teacher group.  The teacher who is responsible for the class 
must be involved in every single step of lesson planning.  As the teaching starts, the 
rest of the participants are observing the class, taking detailed notes so that sufficient 
information is available for reflection of the lesson in the next step.  
4) Evaluating the lesson and reflecting on its effect 



Development of Effective Lesson Plan Through Lesson Study Approach: a Thai Experience 

 239

After the class is over, the teachers evaluate and reflect on the lesson.  The first who 
gives the opinions or reflects on the lesson is the teacher who teaches the class.  The 
teacher focuses on how successful the plan is and what the problem are.  Next, the 
other participants show their reflections only on the lesson that they planned together 
but not on the instructor’s performance.  Everyone takes responsibility of the results 
from the lesson.  The opinions on the lesson will lead to the lesson improvement.  
5) Revising the lesson 
The teachers revise the lesson by using the information gained from classroom 
observation and the lesson reflection.  The revision might involve the development of 
education technology, the class activities, the problems coming up in the class and the 
questions emerging along the process.  Often, the lesson revision emerged from the 
students’ misunderstanding of the lesson during class activities.   
6) Teaching the revised lesson 
The revised lesson is used in the classroom by either the same teacher or the new one.  
At this stage, all teachers in the school participate in the classroom observation. 
7) Evaluating and Reflecting 
As it comes to this stage, not only the teachers in the school but also the specialists 
from outside of the school are involved.  Like in step four, the teacher taking control 
of the class is the first who evaluates the lesson.  How the students learn from the 
lesson is the main point to be considered as the lesson reflection proceeds.  Some 
other points to be mentioned include the lesson design by considering theories and 
principles underlying the design.  The reflection also includes the discussion of 
knowledge gained from planning the lesson and bringing it to the real classroom.  
8) Sharing the results 
Although the Lesson Study Approach is based on a case study, the results are 
generalizable because Japan uses the same basic curriculum.  Therefore, it is 
encouraged that the results be published and presented in the annual regional and 
national conferences. 
The premises of the lesson plan development using the Lesson Study Approach are 
summarized below: 
1) Develop continuously 
2) Maintain students’ effective learning as the ultimate goal  
3) Focus on developing teaching practice in the real classroom 
4) Focus on the process of the teachers’ mutual learning 
5) Perceive the teachers’ roles as contributors to the development of body of 
knowledge and practice in the teaching profession 
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HOW IT IS DEVELOPED? 
The procedure of operating this project has been designed based on the framework of 
Lesson Study Approach mentioned earlier. It comprises of 5 phases as follows: 
Phase I: Developing the network of the co-operation 
To develop the co-operation in the development of the lesson plan in Mathematics 
project due to the  1999 act of education between the Faculty of Education at Khon 
Kaen University , Plan Organization  of Thailand and The  academic area of Khon 
Kaen. 
Phase II: Setting the workshop for improving the leading teachers 
The workshop, held on April 19-23, 2004 at the Faculty of Education, Khon Kaen 
University, had the objectives of creating the understanding in improving the skill of 
making the lesson plan using Lesson Study Approach.  
Phase III: Training in the class 
On May 17 to Sept 24, 2004, the leading teachers brought the improved learning plan 
to the class. The steps of this stage are presented as follows. 
1)   The Follow –up 

1. Lesson plan check up: The Mathematics teachers participated the workshop of 
designing the lesson plan using  the Open Approach sent the plan back to the 
committee to be checked up for the suggestions and improvement. 

2. Suggestions for the improvement of lesson plans: The committee gave the 
suggestion for improvement of the lesson plans. 

3. The appointments for observation and supervision: The organizing committee 
directly made appointments with the teachers in the key learning area group for 
the follow-up of the usage of the lesson plan. The table showing the 
appointment for observation and supervision is shown the next. 

2)   The reflection of using the lesson plan 
           The group of teacher used the following procedure: 
     1.   Group discussion on the implementation of the learning plans at each basic 
education level  
     2.   Summary of the discussions for presentation 
     3.   Presentation within the group  
     4.   Analysis and group discussion 
Phase IV: Expanding the results to the teachers in the jurisdiction of supervisory area 
The Jurisdiction of supervisory area 5 had the responsibility to operate on expanding 
the teacher network in the area. 
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Phase V: Evaluating    
It is the last stage of the project of developing the lesson plans using the Lesson 
Study Approach. The seminar was held on the process of this stage for the summary 
of the operation. The implementations were presented in the form of exhibition and 
seminar on the stage, which was held on February 26, 2005 at the Faculty of 
Education, Khon Kaen University.  
 
Table I: Showing the opinions towards the success of the workshop (April 19-23, 
2004). 
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Note: the average scores are calculated from 1-5 Likert scale style (showing 1: 
strongly disagree,  
2: disagree, 3: indifference, 4: agree, 5: strongly agree 
 
Items 
1. The clarity in objectives of the project 
2. The co-operation of the Faculty of Education, Khon Kaen University, Plan 
Organization and the jurisdiction of supervisory of Khon Kaen. 
3. The confidence in putting theory into practice 
4. The confidence in giving knowledge to others 
5. The belief in developing the quality of teachers with the improvement of lesson plans 
6. The belief in developing the quality of teachers with this approach being enhanced 
7. The belief in developing the quality of teachers with this approach bringing long lasting 
results. 
8. The belief in developing the quality of teachers with this approach influencing the 
quality of children in the future. 
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CONCLUSION AND REFLECTION 
 Problems and limitation  
1. Problems of implementation 

1.1 The teacher lacked of confidence specifically in linking the students’ concepts to 
the teacher’s expectation. This made the teacher feel frustrated with their role of 
teaching. 

1.2 There are times when the teacher interfered too much with the students’ thinking, 
causing the teacher’s leading circumstances. The students therefore had no 
freedom to think as they should. 

1.3  The students had no chance to discuss with other groups. They had no 
opportunity to learn to solve other students’ problems.  

1.4 The Open Approach is a time-consuming innovation. The Mathematics class 
usually takes only one hour. This caused the discontinuity of the activities 
resulting in the students’ problem-solving.  

1.5 The teacher prepared all he materials for the students but the students were not 
responsible for them. 

1.6 It was difficult to group the students. There were forty-three students and the 
classroom was very small.  

1.7  There was the difference in the group of student. Some cannot read.  
1.8 There was a controversy among the teachers on “the accordance between lesson 

plans using Open Approach and the national test”. Some teachers thought they 
were in accordance, other did not think so. The implementation of the plans, 
therefore, was not successful as it should be. 

1.9 The network teachers, who came to observe the Open Approach teaching-learning, 
did not understand the model and the methodology of the approach. Unnecessarily, 
they interfered with the students’ thinking process during the activities. 

1.10 The teachers who used the Open Approach in their teaching were eyed and 
criticized by the authorities and colleagues in the school. This made them feels 
unconfident, pressured and uncomfortable to keep on using the approach.  

2. Problems and restrictions of the follow-up 
2.1 In case that there was a change of appointment time due to some urgent and 
unexpected work, contacting with the teachers was difficult. Some teachers gave the 
telephone number that cannot be contacted. 
2.2 The teachers did not receive the returned plans sent by post from the committee, 
due to the ineffectiveness of the administration staff in the Faculty of Education or 
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the post office. Additionally, the difficulty in communicating by phone made it 
inconvenient for the committee to give advice. 
2.3 The cancellation of the follow-up appointment due to urgent work or other 
activities of the school or education regional area, such as the external evaluation of 
the office of national standards and quality assurance, mathematics Camp, or special 
events etc. This directly affected the timetable of the committee. 
2.4 There was a misunderstanding of the coordinator, who was in charge of the 
school maps and the permission form to work outside for the supervisors, which 
delayed the follow-up. 
2.5 The location of the school on the map did not match with the actual one. The 
journey was in the wrong direction and was delayed. 
2.6 The supervisors were not free on the same day as they have lots of work to do. 
The transportation was hired too many times. Each follow-up could cover only a few 
classes.  
2.7 Some schools were located quite far away from others, in bad condition roads, 
making the committee unable to go to all schools in the project. The follow-up to the 
remote schools was costly.  

Reflections from the teachers   
1. The teachers did not have enough time to prepare and write the lesson plans using 

Open Approach due to too much work other than teaching. 
2. Writing this kind of lesson plans needs brainstorming to acquire diverse aspects. 

There must always be reflective thinking to achieve good lesson plans. Practically, 
it was almost out of question to get the teachers together because of such 
restrictions as the long distance among the schools, the high expense of traveling, 
the free time of the teachers and the teachers’ other missions.  

3. The teachers still did not understand their role in using Open Approach in their 
teaching. They did not know what exactly they had to do so they lacked 
confidence in teaching. For example, how to begin the lesson, how to sum up, 
how to write the evaluation form, what they were doing was right or wrong etc. 

4. There was a doubt whether each unit of mathematics content could be written in 
Open Approach lesson plans or not, and how? 

5. The staff from the regional education area did not at all take part in either the 
follow-up, or the project support after the workshop. 

6. The results of the implementation of the plan shown that the students could think 
more, and sometimes the students could think more than the teachers. 

7. The teacher had worried about being observed but after the observation was done, 
they felt that this is very supportive. 
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8. The teachers had more confidence in using the lesson plans in the class. They felt 
like having the supervisors with them. 

9. This was the first project with the follow-up and gave the teacher assistance 
closely. The workshop was worth the time and it was the great activity. 

 
Table III: Showing the average of the level of satisfaction with the objectives of the 
project. 
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Note: the average scores are calculated from 1-5 Likert scale style (showing 1: strongly 
disagree, 2: disagree, 3: indifference, 4: agree, 5: strongly agree 
 
Item 
1. The distribution of the teaching innovation 
2. The understanding in the development of learning due to the education reform 1999  

3. The teachers’ capacity promoting due to the education reform 1999 

4. The sharing of the learning development of the teachers living in the North-Eastern region

5. Forming the group for creating the education development in the community 
6. Improving students’ ability in studying by the learning innovation created.     
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STRATEGIES FOR ADDITION AND SUBTRACTION OF WHOLE 
NUMBERS EXTENDED TO NUMBER SENTENCES INVOLVING 

FRACTIONS AND DECIMALS 
Max Stephens 

The University of Melbourne 
In this lesson study, Year 6 students (age 13 years) are asked to simplify, “using any 
appropriate strategy”, eight addition and subtraction problems. The teacher also asks 
students “to communicate your thinking in your working”. 

WHAT DOES THIS LESSON SHOW? 
1. When asked to simplify and solve sentences of the form a + b and a – b, students 
have to think deeply about the meaning of “sum” (or total) in the case of a + b, and 
about “difference” in the case of a – b. (The expression “sum” is frequently used by 
teachers and in curriculum documents in describing sentences of the form a + b. The 
expression “difference” is less common. “Difference” is an important word because it 
expresses a relation between two numbers.) 
2. This teacher uses the expression “difference” or “find the difference between two 
numbers” when asking students to consider sentences of the form a – b. Many other 
teachers would read a sentence of this form as “taking b away from a”, or as 
“subtracting b from a”, or even as “a minus b”. While these are correct expressions, 
they express an operation, not a relation. The teacher’s careful use of the relational 
word “difference” will be shown in the lesson. 
3. The lesson is important because it builds upon ideas of relational thinking that the 
teacher has taught this year, and last year to those students who were in his Year 5 class. 
The nature of relational thinking, in contrast to computational or algorithmic-based 
thinking, will be shown in this lesson. 
4. The lesson begins with number sentences involving only whole numbers, but in the 
second half of the lesson students have to think more deeply about addition and 
subtraction involving fractions and decimals. 
5. Students apply strategies they have used to simplify addition and subtraction 
sentences with whole numbers to sentences involving fractions and decimals. Here, 
students have to think deeply about the nature of decimal and fraction numbers. 
6. In discussion surrounding the eight questions, students are asked to communicate 
their reasons for choosing a particular strategy, and are asked to consider if there may 
be alternative strategies. Students are asked to comment upon strategies used by other 
students even though they may not have thought of using these strategies themselves. 
7. Most of the strategies discussed by the teacher with the students are intended to train 
students to see that the numbers in sentences such as a + b and a – b are open to 
dimensions of variation (Marton & Morris, 2002; Marton, Runesson & Tsui, 2004), 
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and that recognising and using these degrees of variation is an important tool in 
simplifying and solving number sentences. 
8. Helping students to see dimensions of variation in addition and subtraction 
sentences involving whole numbers, decimals and fractions builds up algebraic 
thinking. Seeing that numbers within number sentences can vary is intended to provide 
a bridge between the study of arithmetic and the emerging study of algebra. 
9. The teacher’s focus is having students see possibilities for simplification and 
successful calculation, and being able to explain why the simplification is appropriate. 
The teacher recognizes that some students will prefer to use strategies (i.e. algorithms 
that these students have learned in Years 2, 3 and 4) that do not rely upon relational 
thinking. All students are encouraged to consider other possibilities. 

COMMENTARY ON THE LESSON RELATING TO EACH PROBLEM  
Prior to the lesson, students were given an assignment entitled: Addition and 
subtraction strategies. They were asked to “Simplify using any appropriate strategy. 
Communicate your thinking in your working” for the following problems. 
Problem 1: 826 – 489 
The teacher commences by asking students, “What should you be thinking about 
before you start trying to work it out?” Some students say that they need to simplify the 
problem. The teacher asks again, “What are we trying to find?” Several students refer 
to a “difference”. The teacher emphasises this point: “Any time we have a subtraction 
problem we are finding the difference between the numbers”, then asks: “How have 
you thought it out?” A student says that he added 11 on to both numbers: 
826 – 489 
+11   +11 
Before proceeding with the calculation, the teacher again asks, “Why did you add 11 to 
both numbers?” A student replies, “If you add eleven to the first number it makes the 
first number eleven more, so you have to add eleven to the second number”. The 
teacher helps to finish the sentence by saying, “In order to …”. Another student 
completes the sentence, “It keeps the difference the same”. 
The teacher asks, “Is there an alternative to adding eleven to each number?” A student 
says that it is possible to subtract 26 from both numbers, but agrees with the teacher 
that this would not result in making the problem easier. 
The problem is completed, using an equal sign under the above working: 
= 837 – 500 
= 337 
The teacher concludes by saying, “I know there are a number of you that are not using 
this strategy yet, but you can see [what it means].” 
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Problem 2: 9124 + 6968 
Again the teacher asks students to think about what this problem is asking them to do. 
One student replies that it is asking them to find 6968 more than 9124. The teacher says, 
“We are finding the sum”. 
Students described how they simplified the problem: “Add 32 to the second number”. 
The teacher explains, “Adding 32 to the second number makes the sum 32 more than it 
should be, so we have to take 32 from the 9124, giving 9092”. 
9214 + 6968 
– 32       +32 
= 9092 + 7000 
= 16092 
One student explains that it is possible to add 1000 first to the 9192 and then add 6000, 
giving the same result.  The teacher accepts this possibility. He then concludes, “The 
reason why we are using these strategies is that they make it easier”. 
Problem 3: 3004 – 1746 
The teacher asks first, “Can we use the same strategy here as we did in the first case?” 
Students agree that the goal is to make the second number into “a nice round number”. 
This gives rise to the suggestion that they could add 54 to both numbers (resulting in 
the second number becoming 1800). The teacher then asks, “Why do we need to add 54 
(to the first number) and not take away?” Students agree that the difference has to be 
kept the same, giving: 
3004 – 1746 
+54        +54 
= 3058 – 1800 
= 1258 
One of the students suggests that 3058 – 1800 could be simplified further by adding 
200 to both numbers: 
3058 – 1800  
+200     +200 
= 3258 – 2000 
= 1258  
The teacher accepts this suggestion, and goes on to ask, “Is there another way we can 
approach this problem? … Generally, we look at the second number to make it easier.” 
He is hinting that students think about transforming the first number. A student 
suggests taking 5 from each number, giving 
3004 – 1746 
– 5          – 5 
= 2999 – 1741 
= 1258 
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The teacher asks them to think why nine is the easiest number to subtract from. He says 
that some students might set out 2999 – 1741 formally (in vertical form). Students and 
teacher go through the formal steps: “1 unit from 9 units; 4 tens from 9 tens; 7 hundreds 
from 9 hundreds; and 1 thousand from 2 thousand”. 
Problem 4: 4024 + 7659 
The teacher commences: “We are back to addition. We are finding a sum or total. What 
might we do here?” Students suggest subtracting 24 from the first number: 
4024 + 7659 
– 24        +24 
= 4000 + 7683 
= 11683 
Asking students to compare this strategy (for addition problems) to those used with 
subtraction or difference problems, the teacher asks, “With addition, do we need to 
focus on any one of these numbers? No. We have got the choice. You can focus on 
either one of them. As long as you make one a nice round number to work with”. (This 
contrasts with the subtraction problems where it was agreed “generally to make the 
second number a nice round number”.) 
The teacher reminds students that the equals sign can be used only at the beginning of 
equivalent lines. This last comment is important for understanding a student who said 
that he added 1 to 7659 and subtracted 1 from 4024, and then added 4023 + 7660 “bit 
by bit”. The teacher asked, “You didn’t use the equals sign (to connect lines) did you?” 
The student said he didn’t. He said that he worked out the thousands first and then 
calculated the other parts of the sum “bit by bit”: 
4000 + 7000 = 11000 
11000 + 600 = 11600 
11600 + 60 + 23 = 11683 (Note that equals signs is used only to show results.) 

Problem 5: 7
6
1  – 3

6
5  

The teacher and students note that they are finding the difference between the numbers. 
The teacher asks, “Which number are we going to focus on - to make it a nice round 
number? Not that you can’t use the first number. But it’s generally easier the other 
way”. This leads to agreement to add one-sixth to both numbers, giving  

7 
6
2  – 4  

= 3
3
1  
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One student says that he did it another way.  He said that he converted seven and one 
sixth to six and seven sixths. The teacher asks him to explain. He says that he converted 
one of the “wholes” in 7 into six sixths, giving 

6 
6
7  – 3

6
5  

= 3 
6
2  

This student understands that he is taking away 3 wholes and also taking away 5 sixths. 
After hearing this second approach, the teacher adds, “You have so many alternatives. 
You don’t need to do it one particular way.” 

Problem 6: 12 – 7
9
4  

Here the teacher does not remind students that they are dealing with a difference. He 
asks what number could be added to both numbers in order to simplify the problem.  
Students see that adding five ninths is the best way to simplify the problem:  

12 – 7
9
4  

= 12 
9
5  – 8 

= 4 
9
5  

The teacher then says: “Some of you could work this (problem) out in your heads. But 
what goes down on paper communicates how you thought it out”. Taking a lead from 
this comment, a student explains his approach as follows: 

12 – 7 – 
9
4  

= 5 – 
9
4  

= 4 
9
5  

Teacher adds, “Fine. You have realised that you have to subtract the seven and the four 
ninths”. 
Problem 7: 8.23 – 3.67 
The teacher first asks students to explain the meaning of each of the decimal numbers. 
“What is .23?” Students: twenty three hundredths. “What is the 2 on its own?” 
Students: two tenths. “What is the 3?” Students: three hundredths. Then the teacher 
continues: “We are finding the difference again. What is the easiest number to focus 
on?” He adds quietly, “That is an interesting question”, knowing that some students 
will take this as a hint that they might possibly focus on the first number. 
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Students agree that making the second number into a “nice round number” would be a 
useful simplification to start with: 
8.23 – 3.67 
+.33    +.33 
= 8.56 – 4.00 
= 4.56 
Taking the teacher’s earlier hint, one student suggests taking .23 from both numbers: 
8.23 – 3.67 
–.23   – .23 
8.00 – 3.44 
The teacher asks, “Is this going to be easier?” No one agrees. The teacher asks, “Could 
we make it even easier?”, hinting that the above simplification has not gone far enough. 
Several students suggest subtracting .24 from each number: 
8.23 – 3.67 
–.24   – .24 
7.99 – 3.43 

“We are subtracting from nines again”, says the teacher. Together the class repeats: 
“3 hundredths from 9 hundredths, (giving) 6 hundredths.” 
“4 tenths from 9 tenths, (giving) 5 tenths.” 
“3 wholes from 7 wholes, (giving) 4 wholes.” 

Problem 8: 7.06 + 9.892 
Reminding the class that this is addition, the teacher asks, “What number are you going 
to focus on?” Someone suggests adding .008 to 9.892 (to make it 9.900): 
7.06 + 9.892 
–.008   + .008 
Without proceeding any further, the teacher asks, “Who will find this easier? Maybe, 
it’s not such an easy strategy to use.” The teacher adds, “If you start thinking to do it 
one way, you don’t have to keep doing it that way”. Some students see this as a hint to 
look at the first number. Some suggest subtracting .06 from the first number. The 
teacher asks them: “If you take .06 from this number, what do you have to do to the 
other number?” They reply that it is necessary to add .06 to the second number: 
7.06 + 9.892 
–.06   + .06 
The teacher and students work together as they “add 6 hundredths to 9 hundredths”, 
giving 15 hundredths. “From 15 hundredths, we can make 1 tenth and 5 hundredths”. 
7.06 + 9.892 
–.06   + .06 
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= 7 + 9.952 
= 16.952. 
The teacher concludes the lesson: “[There are] many strategies to work. Textbook 
(formal) strategies are included. Sometimes it might be easier to use them. [You need 
to ask] ‘What is going to be the best way of doing any particular problem?’ Now you 
have many strategies for doing that.” 

HOW TYPICAL ARE THESE TEACHING APPROACHES IN AUSTRALIA?  
In answering these questions, several points need to be made: 
1. The school in which this lesson study has been captured is a private school and the 
strategies used by the teacher are not typical of many other teachers in the school. 
These teachers use computational approaches and, while encouraged to do so, have not 
introduced relational thinking into their mathematics classes. 
2. The teacher in this study also gives attention to computational and algorithmic 
strategies for addition and subtraction. He is one of a growing group of elementary and 
junior secondary teachers who are moving arithmetic away from an almost exclusive 
focus on computational algorithms in order to foster students’ algebraic thinking. In 
this way, teachers are making a more effective transition between number patterns and 
relationships in arithmetic and some key ideas of algebraic thinking which students in 
the upper elementary school are expected to meet. 
3. Australian national and state curriculum documents all recognize the importance of 
teaching students to use reliable written methods for computation. All curriculum 
documents also emphasize that mental computation has an important place along side 
the teaching of algorithms. There is no clear agreement among the various national and 
state documents about when formal written algorithms for the addition and subtraction 
of multi-digit numbers should be introduced into the elementary school mathematics 
program. Some states appear to favour a later introduction than others. 
4. Authors such as McIntosh (in press) argue that mental computation should be given 
greater priority in the elementary school curriculum, stating that “when children 
calculate mentally, they use conceptual understanding of the numbers and operations 
involved, unlike the use of formal algorithms, which draws on memory of rules” (p. 4). 
McIntosh even argues “in favour of placing mental computation, instead of written 
computation, at the heart of primary school computational work” (p. 3). This position 
is more radical than that recommended in any of the national and state curriculum 
documents. McIntosh is quite careful to point out that his position is quite different 
from “advocating an even heavier diet of mental computation and tests which have 
formed the main approach to mental computation in the past” (p. 3). 
5. McIntosh’s work has attracted the attention of national and state governments in 
Australia. In one national funded project led by McIntosh, the aim was to explore “in 
Grade 2, 3, and 4 classrooms ... ways of moving from mental computation to informal 
written computation, while refraining from teaching the formal written algorithms of 
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addition and subtraction, and about the effects on teachers and children and their 
advice to teachers in other schools as a result of this project.  
6. National and state curriculum documents no longer advocate priority of place to the 
teaching of formal written algorithms for addition and subtraction, although these 
approaches are still recommended in most of the national and state documents. 

WHAT IS SPECIAL ABOUT THIS LESSON STUDY? 
While national and state documents all recommend the use of mental computation and 
the teaching of alternative written methods, there is no one recommended approach. 
All recommended approaches, however, deal only with addition and subtraction of 
whole numbers. This teacher encourages students to use relational strategies to 
simplify and solve addition and subtraction problems involving whole numbers, 
decimals and fractions.  
Other teachers who use a similar approach to addition and subtraction have found it 
especially helpful to some students who are experiencing difficulty in carrying out 
formal written algorithms. This is a very important point. While some students being 
taught in this lesson study may appear to be quite able, it should be remembered that 
the whole class is a mixed ability class, with some students who find mathematics 
difficult. Other teachers report that the strategies used in this lesson are accessible and 
successful with many students in Years 4 to 8 who are not mathematically able. 
What does this approach have to offer to teachers and students in other countries, 
especially those APEC countries who are striving to build up the proportion of students 
entering and successfully completing secondary education? 
These reforms require a rethinking of the elementary mathematics curriculum. In the 
past, because participation in secondary education was very limited, the elementary 
school mathematics curriculum focused almost exclusively on computation 
proficiency and the teaching of algorithms. This approach is unlikely to provide the 
growing proportion of young people entering secondary school with the mathematical 
experiences needed to understand algebraic structure and reasoning in the secondary 
curriculum. If more young people are to succeed in secondary school, then they must 
leave elementary school with a deeper experience of relational (algebraic) thinking 
which can be developed through number sentences and operations.  
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BEGINNING THE STUDY OF THE ADDITIVE FIELD 
Grecia Gálvez Pérez 

Ministry of Education. Chile.  
 

An innovation project is developing in Chile, the Strategy of Consultantship to the 
School for the Curricular Implementation in Mathematics, that considers the 
mathematical activity as the study of problems fields.  In this article a first grade class 
is described and analysed, carried out by a "consulting teacher" from this Strategy 
who is responsible for the training of other teachers. The training is carried out 
through the study and application of Didactic Units that are proposals to organize 
brief learning processes in those the sequence of the proposed tasks generates the 
evolution of the techniques and knowledge that the students put at stake.  

THE STRATEGY OF CONSULTANTSHIP TO THE SCHOOL 
The level of Basic Education includes eight years in Chile, and it has a covering about 
97%. About 92.8% of the children study in schools subsidized by the State, 
administered by a Town council (52.3% of the registration) or by a private supporter 
(40.5% of the registration). The Ministry of Education regulates the curriculum, 
evaluates the students’ performance and carries out diverse initiatives to improve the 
educational system, such as training and evaluation for teachers, distribution of study 
texts and other resources for the learning, and implementation of special programs for 
schools with poor academic performance. 
When pupils finish their elementary school 4th grade (ten year-old children) a 
performance measurement for all students is carried out.  Evaluating the result of these 
measurements, and considering the new existing Study Programs from 2002, the 
Ministry of Education began a Reading-Writing-Mathematics Campaign (LEM), 
dedicated to improve pupils’elementary learning in the first school cycle.  According 
to this Campaign, an agreement was settled down in 2003 between the Ministry and the 
Chilean University of Santiago to develop a "Strategy of Consultantship to the School 
for the Curricular Implementation in Mathematics”. During the first year, a pilot plan 
was carried out in twenty schools and, during the two following years, this strategy was 
applied in almost two hundred schools, in three Regions of the country. 
The Strategy of Consultantship to the School elaborated a didactic proposal being 
based on the Anthropological Theory of Didactics (Chevallard, 1999) that takes 
mathematical activity as an activity of fields’ study of mathematical problems: 

The mathematician does not only aspire to think about good problems and solve them, 
but rather he also seeks to characterize, to define and even to classify the problems in 
"types of tasks” to understand, describe and characterize the techniques that he uses to 
solve them, until the point of controlling them and regulating their use, he intends to 
settle down the conditions under which these are working or they are not applicable 
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and, ultimately, he aspires to build solid and effective arguments that sustain the 
validity of his ways of proceeding (Bosch, M., L. Espinoza y J. Gascon, 2003).  

According to this theory, so that children learn mathematics it is necessary that they 
deal with problems, elaborate procedures to solve it, explain and justify the operation 
of their procedures, students exchange and compare procedures between themselves, 
they are willing to adopt those that are more effective to solve the outlined problem, 
explain the knowledge that support them and relate them with knowledge that already 
have, then they will deal a new problem located in the same field that presents new 
challenges for the students.  
According to the Theory of the Didactic Situations (Brousseau, 1990), in this proposal 
is considered that the "sense" of a mathematical knowledge is built facing with a set of 
problematic situations where this particular mathematical knowledge appears like a 
tool for their solution. These situations should allow children to elaborate strategies 
from previous mistakes, from the inadequacy or "fail" from their previous knowledge 
and the modification of the same ones. 
The Strategy of Consultantship to the School elaborated a model to transform the 
pedagogic practices, based on sixteen Didactic Units, for the first four elementary 
grades. Under a consulting teacher leading, the teachers of each school study these 
Didactic Units and afterwards they apply them, with the observation and feedback of 
the consulting teacher. 
The class that I will present was carried out in 2005, in a council school of a town 
located 500 km to the south of the country’s capital. The students are considered 
vulnerable or with social risk factors, due to its economic lacks and incidence of 
activities of socially disintegrating character. The teacher who imparts the class is a 
"consulting teacher" since 2004. She is recognized as a good teacher by the local 
ministerial authorities; she has been worthy of a special salary assignment for her 
"pedagogic excellence" and she has been selected to evaluate other teachers through a 
mechanism of "elaboration of briefcases". She is also recognized by the community, 
since parents of their current students accepted they were changed from afternoon to 
morning period, so that she was the teacher of their children. 
The elected class corresponds to the first class of the Second Didactic Unit for the first 
elementary grade, elaborated by the Consultantship Strategy team. The Unit is titled: 
"Additive Problems of Composition" and it is a proposal to organize the study of this 
topic during three classes, from 90 minutes each one. The Unit contains an outline that 
allows to visualize the learnings that it is awaited students achieve, the learnings that 
should have previously acquired, the progression of proposed tasks and the awaited 
procedures during these three classes, besides plans for the classes that describe the 
activities to carry out, working sheets for students and an evaluation instrument1. 

                                           
1 See in Appendix: Outline of the Didactic Unit, plan for the first class and work sheets for the students first class. 
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Description of a good class 
The sequence of activities of the class gets close to the plan elaborated by the Strategy 
of Consultantship to the School, as introduction to the study of the additive problems. 
For a self-controlling mechanism, the teacher has written the activities in cards that she 
reads aloud simulating they are Pepito’s letters, a pelican cut off in bristol board and 
superimposed at the corner of the blackboard. Following the plan, the class consists of 
three well differentiated moments, an initial moment, where children exercise abilities 
considered as previous to the addition and subtraction learning, a development moment, 
in which they carry out and observe actions for joining and separating collections of 
objects, associating them to the addition and subtraction operations, and a closing 
moment, in where what was learned is institutionalized. 

In the initial moment, the plan proposes: 

• Say the numeric sequence in upward and descending form, at least up to 10. 
The teacher structures this activity forming a row of seven children and 
requesting them that they bend over; each one rises when saying a term of 
the sequence in upward order, and they bend over when saying it in 
descending order again. According to children's wish, the teacher accepts 
they also say the sequence from 0 to 6 and from 6 to 0.  

• Count at least up to 10 objects. A Pepito’s letter notices: "Children have not 
been counted". The teacher designates three children so that they count the 
members of their row. Numbers are registered on the blackboard, each of 
them digits. At Pepito’s request, absent children are counted. The teacher 
reads their names and children put a stick on their tables for each name. The 
total sticks are 12. 

• Read the numbers up to 10, and copy them from the numbered ribbon. At the 
beginning of the class two children order the first 25 numbers, written in 
cards with a rope. Once reordered, they read in a chorus. After counting the 
absentees, they identify the 12 in the rope, as well as the previous number 
and the following one. The teacher writes two digit numbers on the 
blackboard and children read them mentioning which it is bigger. At the 
initial moment children don’t write numbers. 

At the moment of the class development, the mathematical task specified in the plan is: 
"Determine the quantity of objects resulting from joining or separating actions, 
proposed verbally by the teacher, manipulating objects that are accesible to children. 
Numeric range up to 10." 
According to the plan, the teacher organizes an activity in which children manipulate 
objects. In order to make activity more attractive, she includes a song about a hen, 
known by children. When saying each number, children put a stick on their table. The 
stories are: 

• The hen put 3 eggs during the first day and 5 eggs the second. How many it 
put in the two days? 
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• Considering the 8 eggs it put, 3 were broken. How many are now? 
In order to determine their answer, children count the objects that have on their table, 
awaited technique for this first class, according to the plan. 
The teacher organizes another activity changing the conditions of carrying out the task. 
This time, the objects that join and separate -red and blue notebooks- they are only 
manipulated by the teacher. The children follow the actions visually and they 
determine, counting at distance, how many are they: 

• 2 red notebooks plus 3 blue notebooks  
• 3 red notebooks plus 3 blue notebooks  
• 6 notebooks minus 3 blue notebooks (the same ones that were joined) 
• 4 red notebooks plus 3 blue notebooks  
• 7 notebooks minus 3 blue notebooks (the same ones that were joined) 

In these exercises, the subtraction appears as inverse operation from addition, in which 
teacher enhances the proposal of the plan. 
The plan intends to study the case of additions and subtractions in those the second 
term is 1. The teacher comments that they already know it, talking to Pepito. She 
continues manipulating notebooks: 

• 4 red notebooks plus 1 blue notebook 
• 5 notebooks minus 1 blue (the same one that was joined) 
• 6 red plus 1 blue 
• 7 notebooks minus 1 blue (the same one that was joined) 

As last activity of this moment, the plan proposes for children 4 work sheets, with 
collections of drawn objects that can be separated in two subcollections. Children 
should count the objects in one or both subcollections and all the objects, sometimes 
answering in oral form and other in written form. In the first one, second and fourth 
work sheet, the objects are children or animals. In the third work sheet the objects are 
triangles and rectangles. The teacher draws an example of each one on the blackboard 
and she asks the children to identify them. When she reads that they should count the 
small rectangular figures, she comments: how difficult it is! 
At the closing moment, the plan of the class indicates that the teacher should 
systematize what they learned, associating the action of joining collections with 
addition and the action of separating collections with subtraction. In order to determine 
the sum or the subtraction, the counting is used, as procedure. When one of the 
collections has only an object, the result is the following number, or the previous one. 
The teacher asks what they learned today. A girl says: I learned to subtract and to add 
and to do mathematics with the numbers. Another: And to count, with the sticks. 
Another: order the numbers, too. The teacher asks them to sing the Pepito’s song, as 
they always finish the class, changing the letter to say what they learned today.  
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Why do I consider that this is a good class? 
First of all, the structure of the class is consistent, it is adjusted to a proposal designed 
by a project specialized in the implementation of the national curriculum. The teacher 
segments the class in the three moments indicated in the plan and she is guided by the 
appropriate sequence of activities. 
In relation to emotional environment, the teacher has a very significant support for  
children: Pepito, the clipped pelican. When feigning to dialogue with this character, the 
teacher introduces in the class an imaginative and funny dimension, full of  surprises. It 
is necessary to order the numbers that Pepito disordered; it is necessary to sing "The 
Francolina hen" because Pepito likes it (and children too); it is necessary to sing the 
song dedicated to the pelican, to explain him what they learned in the class. This funny 
tone proposes the development of a positive attitude toward mathematics' learning. 
The class is focalized in the mathematical task. The teacher introduces humorous 
comments and she accepts those from children, but she quickly recaptures the course 
of the work, giving clear signs of what it is the important in order to achieve the 
learning. 
The work rhythm is intense; hard-working time. The course of the activities is 
continuous; practically there are not interruptions. Occasionally an adult enters and 
goes out discreetly, without distracting the group. The teacher has a voluntary assistant, 
the mother of a student, who distributes materials and assists some children with basic 
necessities. In certain moment, a girl comes closer to the teacher for asking sticks; the 
teacher is looking for the sticks and then gives her, while she continues giving 
instructions to the group. 
Along with adopting a plan that has not been created by her, the teacher carries out a 
class underlined by her personal style. Using the didactic proposal of the Strategy, she 
uses a margin of professional freedom to implement it. In order to solve tensions 
between the proposed plan and her appreciation about the students’ competence, the 
teacher attributes Pepito the responsibility of the plan. The Pepito’s messages 
constitute a means of controlling the program’s execution but, at the same time, it is 
possible to qualify some activities like too easy: “¡but if everybody already knows it, 
Pepito! ", or very complex: "how difficult is this!”. Although she practically carries out 
all the proposed activities, introduces variations: she enlarges the numeric range of 10 
to 25 for ordering and reading of the numbers, she only manipulates the objects in 
some of the actions that generate additive situations, and she separates the same 
collection of objects that previously had joined, proposing this way an intuitive 
anticipation of the inverse character of the addition and subtraction operations. 
The teacher seems receptive from children propositions. She accepted their 
restlessness for the zero, allowing them to say the numeric sequence from this number, 
besides saying it from the 1. Also, she invites them to write additions on the blackboard, 
since some already know it, although the plan proposes they only write the result. She 
corrects them, introducing the equal sign, and she shows them how to write a 
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subtraction. She is interested to know where they learned what they know and she 
stimulates them to share their knowledge during the class, without moving away from 
her own plan. 
The children keep up expectant. They are happy, relaxed, and willing to carry out the 
proposed tasks. Teacher encourage children to express themselves openly, as much 
responding to her questions as expressing their emotional reactions and 
communicating their appreciations concerning any topic. This opening is propitiated 
by the supposed spontaneity of Pepito’s behavior. Indeed, through Pepito, the teacher 
verbalizes infantile necessities and emotions, during the class. Pepito carries out 
mischiefs, feels happy or sad, shows with vehemence its impulses and the teacher 
feigns to dialogue with him to become calm, instead of doing directly with her students. 
In order to avoid conflicts, the teacher attributes complicated decision making to 
Pepito, for example, what boy goes to the blackboard in a given moment. 
The relationship between the teacher and the children contains as much guiding 
elements as permissiveness. The teacher, encouraging them with Pepito’s tales, 
manages the class; this management is accepted by all the children. On the other hand, 
she is able to establish a grade of trust that allows children to express themselves 
confidently, saying what they know and what they don't know, or something that other 
boy told them, generating a climate of frankness and intellectual honesty. 
Finally, there is a 40% of absent children. Although the teacher recognizes that this 
situation "make Pepito unhappy", she does not get discouraged and she works with the 
current children with the same enthusiasm that, without a doubt, she would deploy if 
she had complete attendance. 
What kind of reform is expected, with practices as the one observed? 
In the observed class it is operating the didactic proposal elaborated by the Strategy of 
Consultantship to the School. The class is part of a Didactic Unit where it is proposed a 
planning for several classes, at the end of which it is awaited that the students achieve 
certain learnings. Through these classes, the students face different types of 
mathematical tasks, they should elaborate procedures or techniques to undertake these 
tasks. The tasks, they are proposed by the teacher, but the techniques arise from what 
children know or can discern, in the moment to undertake them. Once the task was 
carried out, the teacher manages a discussion in which children expose their techniques 
and they compare them, according to the effectiveness regarding the proposed task, in 
order to choose one of them for the use of the whole community.  
The tasks and their execution techniques constitute the practical component of the 
mathematical activity, but the school study would not be complete if it have not been 
included its theoretical component. Once children have a technique to carry out certain 
task, this late is modified changing their conditions to carry out, so that children will 
have to change the techniques which they undertake. The simple task of "add 1", can be 
replaced with "add to 1", requesting children determine the quantity of notebooks 
when the teacher puts 1 red notebook and then 6 blues. The technique of saying the 
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following number of the first term is no longer useful and it is very probable that the 
children need to count all the notebooks to give the answer. The commutativity 
resource will arise but, how to justify this property? 
Along the Didactic Unit, starting from the sequence of proposed tasks and from the 
evolution of the techniques used to solve them, the teacher opens the discussion about 
the progress in mathematical knowledge of the group. The discussion about techniques, 
their reach (where they work) and their justification (why they work), it corresponds to 
a more theoretical level of the mathematical work that is carried out in the classrooms. 
The teacher stimulates the search of relationships among the used techniques and he 
guides the formulation of properties, concepts and theorems. Walking towards the 
theory, it supports the search of relationships among the acquired knowledge.  
The reform of the teaching and learning practices that is expected, begins with the 
study and application of these Didactic Units by the teachers of a school, under the 
management of an experienced teacher and previously qualified in the frame of the 
Strategy, the "consulting teacher". The study begins with a process of problematization 
of teachers’knowledge in regard to the topic boarded in the Unit. The teachers face a 
problem or mathematical task and they solve it with the techniques they manage, later 
identifying the mathematical knowledge they put at stake or those they have 
reformulated, or acquired, during the process. Then they read the Didactic Unit that 
contains, besides specific proposals of activities to organize the work with the children 
and evaluate the achieved learnings, an extensive chapter to argument, from a didactic 
and mathematical perspective, the curricular decisions made by the authors of the Unit.  
The following step for the appropiation of the didactic proposal, consists of applying 
the Unit studied in the course where each teacher teach. In this process, teachers are 
accompanied by the consulting teacher who attends some of their classes as participant 
observer, subordinating his participation to the support needs expressed by the teacher 
that manages the class. Afterwards, the consulting teacher gives feedback to the 
teacher who applied the Unit, in individual and in collective sessions, with the 
participation of all the teachers of the school. In these sessions it is very useful to have 
videorecords of the classes, in order to have a repeated observation and an analysis 
more objective. 
Besides training teachers starting from the study and application of four Didactic Units 
in a school year, the consulting teacher interacts with the directive personnel of the 
school, in order to generate institutional conditions that support the study and 
appropiation of the didactic proposal by the teachers. 
The Didactic Units contain propositions to organize the educational work during a 
brief period, one or two weeks. They foreshadow a learning process, providing a basic 
structure that needs to be complemented by each teacher. It is in this complementation 
where the teacher's master is evidenced since his class has been selected as example of 
a good practice. Besides modifying some of the proposed activities, she puts at stake 
her knowledge about how to delight and to make their students work. When operating 
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through consulting teachers, the Strategy of Consultantship to the School aspires to 
enrich its proposals with the exchange of experiences among the group of teachers that 
are beginning the study of the Didactic Units and an experienced teacher that has 
already studied them and perform some of them with their students, as in the case of the 
consulting teacher whose class we have analysed.  
The Strategy of Consultantship to the School proposes fundamental changes in the 
paradigm that operates in our national educational system at the moment. It intends to 
change: 

• A teaching focalized in the learning of concepts and mathematical procedures, 
to be changed by a teaching based on the study of problems. 

• A teaching of isolated concepts, to be changed by the undertaking of 
articulated problems fields. 

• The presentation of definitions and explanations from the teacher or from a 
text, to be changed by the collective construction of senses and mathematical 
meanings, assumed as a cooperative task. 

• An activity few established, to be changed by other, based on arguments and 
justifications arised from the own children work, and that respects the 
consistency and mathematical rigourness. 
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AWAITED LEARNINGS FROM PROGRAM 
• They associate the addition and subtraction operations with the actions of joining or separating sets 

and adding or removing objects, in situations that allow determining unknown information from 
available information. (Awaited learning 5, first semester). 

• They manage mental calculation of additions and simple subtractions in the range 0 to30.  
  (Awaited learning 6, first semester). 

AWAITED LEARNINGS FOR THE UNIT 
• They associate the addition with joining objects from two collections in only one. 
• They associate the subtraction with separating objects from a collection in two collections. 
• They solve additive problems associated to the actions of joining objects from two collections in only 

one or separating the objects from one collection in two. 
• In some cases of additions and simple subtractions, they add or subtract for evoking results, that is, 

through mental calculation. 

1st. Grade  

SECOND DIDACTIC UNIT: 
Additive Problems of Composition 

Central ideas for this unit: 
• Counting is a procedure that allows determining the quantity of objects that result from joining objects 

of two collections or separating objects of one collection in two parts. 
• The action of joining objects from two collections in only one, it is associated to addition. 
• The action of separating objects from one collection in two collections, it is associated to subtraction. 
• Addition allows anticipating the quantity of objects that will result from joining objects of two 

collections. 
• Subtraction allows anticipating the result of separating objects from one collection in two parts. 
• In some specific cases, it is possible to anticipate the result of the actions through mental calculation 

Previous learnings: 
• Say the numeric sequence in upward and descending form, at least up to 10. 
• Count objects, at least up to 10. 
• Identify each one of the numbers up to 10 and copy them, for example, from a numbered ribbon. 
• Locate a well-known number from the numbered ribbon, and continue saying the numeric sequence to 

locate the writing of another number. 

Traverse objective: 
It will tend to develop in boys and girls, the self-confidence in the own possibilities of solving problems that imply results about 
certain actions. 



B
eg

in
ni

ng
 th

e 
St

ud
y 

of
 A

dd
iti

ve
 F

ie
ld

 

 
26

7

Pl
an

 fo
r 

th
e 

fir
st

 c
la

ss
 (9

0’
)  

So
lv

in
g 

co
m

po
si

tio
n 

pr
ob

le
m

s, 
in

 th
e 

ra
ng

e 
0 

to
 1

0 
M

at
er

ia
ls

: O
bj

ec
ts

 in
 th

e 
cl

as
sr

oo
m

: s
ch

oo
l t

oo
ls

, c
ol

or
s c

ar
ds

, s
tic

ks
, b

ot
tle

 c
ov

er
s, 

pu
pi

ls
, e

tc
. 

M
at

he
m

at
ic

s 
T

as
k 

A
ct

iv
iti

es
 

E
va

lu
at

io
n 

 

St
ar

tin
g 

th
e 

cl
as

s. 
C

ol
le

ct
iv

e 
si

tu
at

io
n:

 T
he

 te
ac

he
r e

xp
os

es
 p

ro
bl

em
s t

o 
ch

ild
re

n 
th

at
 a

llo
w

 h
im

 to
 b

e 
su

re
 th

at
 a

ll 
of

 th
em

 k
no

w
: 

- 
to

 sa
y 

th
e 

nu
m

er
ic

 se
qu

en
ce

 in
 u

pw
ar

d 
an

d 
de

sc
en

di
ng

 fo
rm

, a
t l

ea
st

 u
p 

to
 1

0 
- 

to
 c

ou
nt

 a
t l

ea
st

 u
p 

to
 1

0 
ob

je
ct

s 
- 

to
 re

ad
 th

e 
nu

m
be

rs
 u

p 
to

 1
0 

an
d 

to
 c

op
y 

th
em

 fr
om

 th
e 

nu
m

be
re

d 
rib

bo
n 

Fo
r 

ex
am

pl
e:

 
- 

he
 a

sk
s a

 b
oy

 to
 b

eg
in

 th
e 

nu
m

er
ic

 se
qu

en
ce

 a
nd

 o
th

er
s t

o 
co

nt
in

ue
 th

is
 se

qu
en

ce
 u

p 
to

 1
0;

 th
en

 h
e 

re
qu

es
t o

th
er

 c
hi

ld
re

n 
to

 sa
y 

th
e 

nu
m

er
ic

 se
qu

en
ce

 in
 d

es
ce

nd
in

g 
fo

rm
 u

p 
to

 1
 o

r 0
 

- 
qu

es
tio

ns
: h

ow
 c

an
 w

e 
kn

ow
 h

ow
 m

an
y 

ch
ild

re
n 

ar
e 

th
er

e 
in

 th
is

 ro
w

?,
 h

ow
 m

an
y 

ar
e?

, h
ow

 m
an

y 
bo

ok
s a

re
 th

er
e 

on
 m

y 
de

sk
?,

 e
tc

. 

Th
e 

ch
ild

re
n 

pe
rf

or
m

an
ce

 
ac

co
rd

in
g 

to
 a

pp
ro

pr
ia

te
 ta

sk
s 

ca
n 

su
gg

es
t t

he
 te

ac
he

r t
o 

pr
op

os
e 

ac
tiv

iti
es

 li
ke

: s
ay

 th
e 

se
qu

en
ce

 in
 d

es
ce

nd
in

g 
fo

rm
, 

co
un

t o
bj

ec
ts

 d
is

tri
bu

te
d 

in
 

di
ff

er
en

t f
or

m
s, 

lo
ca

te
 a

nd
 c

op
y 

nu
m

be
rs

 fr
om

 th
e 

nu
m

be
re

d 
rib

bo
n.

  

D
ev

el
op

m
en

t o
f t

he
 c

la
ss

.  
C

ol
le

ct
iv

e 
si

tu
at

io
n:

 F
or

 e
ac

h 
pr

ob
le

m
 th

at
 th

e 
te

ac
he

r e
xp

os
es

, c
hi

ld
re

n 
m

an
ip

ul
at

e 
th

e 
ob

je
ct

s a
cc

or
di

ng
 to

 th
e 

pr
op

os
ed

 p
ro

bl
em

: t
he

y 
jo

in
 o

r s
ep

ar
at

e 
ob

je
ct

s, 
ac

co
rd

in
g 

to
 

th
e 

ca
se

. T
he

y 
al

w
ay

s s
ho

ul
d 

gi
ve

 a
 c

om
pl

et
e 

or
al

 a
ns

w
er

 a
nd

 w
rit

e 
th

e 
co

rr
es

po
nd

in
g 

nu
m

be
r. 

In
 

re
la

tio
n 

to
 th

e 
re

la
tio

ns
hi

p 
am

on
g 

th
e 

nu
m

be
rs

, t
he

y 
ar

e 
of

 tw
o 

ty
pe

s:
 

1.
 

So
m

e 
pr

ob
le

m
s i

n 
w

hi
ch

 o
ne

 o
f t

he
 c

ol
le

ct
io

ns
 h

as
 a

n 
ob

je
ct

: 
E

xa
m

pl
e 

1:
 A

na
 h

as
 7

 sh
ee

ts
 a

nd
 L

ui
s h

as
 o

ne
. T

he
y 

jo
in

 th
ei

r s
he

et
s. 

H
ow

 m
an

y 
do

 th
ey

 h
av

e?
 

E
xa

m
pl

e 
2:

 A
na

 a
nd

 L
ui

s j
oi

n 
8 

sh
ee

ts
. A

na
 h

as
 1

. H
ow

 m
an

y 
do

es
 L

ui
s h

av
e?

 
2.

 
O

th
er

s p
ro

bl
em

s, 
th

ey
 c

ou
ld

 in
cl

ud
e 

an
y 

co
up

le
 o

f n
um

be
rs

 (w
ho

se
 su

m
 d

oe
s n

ot
 o

ve
rc

om
e 

10
): 

E
xa

m
pl

e 
3:

 T
he

re
 a

re
 6

 sm
al

l b
oo

ks
 a

nd
 3

 b
ig

 b
oo

ks
 o

n 
th

e 
te

ac
he

r’
s d

es
k.

 H
ow

 m
an

y 
bo

ok
s a

re
 th

er
e 

on
 th

e 
de

sk
? 

  
E

xa
m

pl
e 

4:
 T

he
re

 a
re

 9
 b

oo
ks

 o
n 

th
e 

te
ac

he
r’

s d
es

k,
 6

 a
re

 sm
al

l a
nd

 th
e 

ot
he

r o
ne

s a
re

 b
ig

. H
ow

 m
an

y 
bi

g 
bo

ok
s a

re
 th

er
e?

   
Th

e 
te

ac
he

r a
sk

s i
n 

ea
ch

 c
as

e:
 w

ha
t a

re
 w

e 
do

in
g 

w
ith

 th
e 

ob
je

ct
s?

, w
ha

t o
pe

ra
tio

n 
ar

e 
w

e 
do

in
g 

w
ith

 
th

e 
nu

m
be

rs
?,

 h
ow

 a
re

 w
e 

go
in

g 
to

 fi
nd

 th
e 

re
su

lt?
 

It 
is

 im
po

rta
nt

 th
at

 e
ve

ry
bo

dy
 

jo
in

 a
nd

 se
pa

ra
te

 o
bj

ec
ts

 
co

rr
ec

tly
. T

he
re

 w
ill

 b
e 

ch
ild

re
n 

th
at

 d
on

't 
ne

ed
 to

 c
ou

nt
 a

ll 
th

e 
ob

je
ct

s;
 it

 is
 n

ot
 n

ec
es

sa
ry

 to
 b

e 
de

m
an

di
ng

 w
ith

 th
em

. T
he

 
di

ff
er

en
t l

ev
el

s o
f s

tu
de

nt
s' 

pe
rf

or
m

an
ce

 w
ill

 su
gg

es
t t

he
 

te
ac

he
r t

o 
pr

op
os

e 
pr

ob
le

m
s i

n 
a 

bi
gg

er
 ra

ng
e 

of
 n

um
be

rs
; j

oi
ni

ng
 

or
 se

pa
ra

tin
g 

pr
ob

le
m

s, 
et

c.
 It

 is
 

im
po

rta
nt

 th
at

 a
ll 

ch
ild

re
n 

gi
ve

 a
 

co
m

pl
et

e 
or

al
 a

ns
w

er
. 

     Th
ey

 
de

te
rm

in
e 

th
e 

qu
an

tit
y 

of
 

ob
je

ct
s t

ha
t 

re
su

lts
 fr

om
 

jo
in

in
g 

or
 

se
pa

ra
tin

g 
ac

tio
ns

, t
ha

t 
th

e 
te

ac
he

r 
ve

rb
al

ly
 

pr
op

os
es

, 
m

an
ip

ul
at

in
g 

ob
je

ct
s t

ha
t 

ar
e 

cl
os

e 
to

 
th

em
. 

N
um

er
ic

 
ra

ng
e 

up
 to

 
10

. 

W
or

k 
Sh

ee
t T

as
k:

 S
tu

de
nt

s w
or

k 
in

 w
or

k 
sh

ee
ts

 1
, 2

, 3
 a

nd
 4

. T
he

 te
ac

he
r c

an
 a

dd
 a

ct
iv

iti
es

 to
 th

os
e 

pr
op

os
ed

 in
 th

e 
w

or
k 

sh
ee

ts
. 

So
m

e 
st

ud
en

ts
 w

ill
 n

ee
d 

co
nc

re
te

 m
at

er
ia

l. 
C

lo
si

ng
 th

e 
cl

as
s. 

A
t t

he
 e

nd
 o

f t
hi

s c
la

ss
, t

he
 te

ac
he

r s
ho

ul
d 

sy
st

em
at

iz
e 

w
ha

t t
he

y 
le

ar
ne

d:
 to

 so
lv

e 
pr

ob
le

m
s, 

a 
pr

oc
ed

ur
e 

is
 a

dd
in

g 
(if

 th
ey

 
ha

ve
 jo

in
ed

 o
bj

ec
ts

) o
r s

ub
tra

ct
in

g 
(if

 th
ey

 h
av

e 
se

pa
ra

te
d 

ob
je

ct
s)

 th
ro

ug
h 

co
un

tin
g.

 In
 th

e 
ca

se
s i

n 
th

at
 a

 c
ol

le
ct

io
n 

ha
s o

nl
y 

on
e 

ob
je

ct
, t

he
 

re
su

lt 
is

 th
e 

fo
llo

w
in

g 
nu

m
be

r o
r t

he
 p

re
vi

ou
s n

um
be

r, 
ac

co
rd

in
g 

to
 th

e 
ca

se
. 

  

1s
t. 

G
ra

de
. S

ec
on

d 
U

ni
t 

267 

Beginning the Study of Additive Field 



G
re

ci
a 

G
ál

ve
z 

Pé
re

z 

 
26

8

W
or

k 
Sh

ee
t 1

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
N

am
e:

 _
__

__
__

__
__

__
__

__
__

__
__

__
_ 

 
A

ns
w

er
 v

er
ba

lly
: H

ow
 m

an
y 

gi
rls

 a
re

 th
er

e 
in

 th
e 

sq
ua

re
? 

H
ow

 m
an

y 
bo

ys
 a

re
 th

er
e?

   
W

rit
e 

in
to

 th
e 

bo
x 

th
e 

to
ta

l a
m

ou
nt

 o
f b

oy
s a

nd
 g

irl
s t

ha
t t

he
re

 a
re

 in
 th

e 
sq

ua
re

.  
  

Yo
u 

ca
n 

co
py

 th
e 

nu
m

be
r f

ro
m

 th
e 

nu
m

be
re

d 
ri

bb
on

. 

 1
st

. G
ra

de
   

  S
ec

on
d 

U
ni

t 

268 

Grecia Gálvez Pérez 



B
eg

in
ni

ng
 th

e 
St

ud
y 

of
 A

dd
iti

ve
 F

ie
ld

 

 
26

9

W
or

k 
Sh

ee
t 2

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
N

am
e:

 _
__

__
__

__
__

__
__

__
__

__
__

_ 
  R

es
po

nd
 v

er
ba

lly
: H

ow
 m

an
y 

bi
rd

s a
re

 th
er

e 
on

 th
e 

sh
ee

t?
  

W
rit

e 
in

to
 th

e 
bo

x 
ho

w
 m

an
y 

ch
ic

ke
ns

 th
er

e 
ar

e.
 

Yo
u 

ca
n 

co
py

 th
e 

nu
m

be
r f

ro
m

 th
e 

nu
m

be
re

d 
ri

bb
on

. 
                        

 1
st

. G
ra

de
   

  S
ec

on
d 

U
ni

t 

269 

Beginning the Study of Additive Field 



G
re

ci
a 

G
ál

ve
z 

Pé
re

z 

 
27

0

W
or

k 
Sh

ee
t 3

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
N

am
e:

 _
__

__
__

__
__

__
__

__
__

__
__

_ 
 In

si
de

 th
e 

fr
am

e 
th

er
e 

ar
e 

re
ct

an
gu

la
r a

nd
 tr

ia
ng

ul
ar

 o
bj

ec
ts

.  
 

A
ns

w
er

 v
er

ba
lly

: H
ow

 m
an

y 
re

ct
an

gu
la

r s
m

al
l o

bj
ec

ts
 a

re
 th

er
e 

in
to

 th
e 

fr
am

e?
   

H
ow

 m
an

y 
sm

al
l t

ria
ng

ul
ar

 o
bj

ec
ts

 a
re

 th
er

e?
   

 
W

rit
e 

in
to

 th
e 

fir
st

 b
ox

 h
ow

 m
an

y 
re

ct
an

gu
la

r o
bj

ec
ts

 th
er

e 
ar

e 
W

rit
e 

in
to

 th
e 

se
co

nd
 b

ox
 h

ow
 m

an
y 

tri
an

gu
la

r o
bj

ec
ts

 th
er

e 
ar

e 
Yo

u 
ca

n 
co

py
 th

e 
nu

m
be

rs
 fr

om
 th

e 
nu

m
be

re
d 

ri
bb

on
. 

270 

Grecia Gálvez Pérez 



B
eg

in
ni

ng
 th

e 
St

ud
y 

of
 A

dd
iti

ve
 F

ie
ld

 

 
27

1

W
or

k 
Sh

ee
t 4

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  N
am

e:
 _

__
__

__
__

__
__

__
__

__
__

 
 In

 a
 g

am
e 

10
 b

ea
rs

 w
er

e 
pl

ac
ed

 a
nd

 A
na

 m
ad

e 
th

e 
fir

st
 p

la
y.

  
A

ns
w

er
 v

er
ba

lly
: H

ow
 m

an
y 

be
ar

s a
re

 st
an

di
ng

? 
  

W
rit

e 
in

to
 th

e 
bo

x 
ho

w
 m

an
y 

be
ar

s A
na

 th
ro

w
 a

w
ay

 in
 h

er
 p

la
y.

   
Yo

u 
ca

n 
co

py
 th

e 
nu

m
be

r f
ro

m
 th

e 
nu

m
be

re
d 

ri
bb

on
. 

 
   

 1
st

. G
ra

de
   

  S
ec

on
d 

U
ni

t 

271 

Beginning the Study of Additive Field 



Tsukuba Journal of Educational Study in Mathematics. Vol.25, 2006 

 273

ON THE ENHANCEMENT OF CREATIVE & INDEPENDENT 
AWARENESS OF PRIMARY SCHOOL PUPILS 

 
Le Hai Khoi 

Institute of Information Technology, Hanoi – Viet Nam 
 
Introduction 
The first Vietnamese class of the secondary school for gifted pupils in mathematics 
was established 40 years ago, in 1965. Nine years later Vietnam participated in the 
16th International Mathematical Olympiad (IMO) in Germany, and got 1 Golden, 1 
Silver, and 2 Bronze prizes. It was rather good debut for the newcomer country in the 
history of IMO. Over the past 30 years, Vietnam was very proud of the high results at 
IMO. However, it seems that many of laureates didn’t have high achievement in their 
university study, and therefore, they would not become scientists in the future as 
expected. It turned out that during many years the pupils have been trained in the way 
of “fighting-cock”, which could not promote the creative ability in the next education 
process.  
Certainly, to become a real scientist, pupils and students are required to have a lot of 
factors from ability of thinking, really creative aptitude to conditions, working and 
studying means, etc. One necessary thing considered is that how to cultivate the 
ability of independence and creativity for pupils from the first grades of the schools.  
Therefore, it is necessary to start a process of innovative teaching and enhancement 
for primary school teachers, that makes changes in the awareness of teaching staff to 
self improve teaching quality, thereby to improve independent and creative awareness 
of primary school pupils.  
There are different points of view on Education Reform so far. Many people agreed 
on the necessity of permanent and consecutive reform in the content of textbooks, 
which is suitable with the development of sciences and technology as well as with the 
development of historical and social issues. These people assumed that after 
graduating, pupils and students must be equipped with enough necessary knowledge 
which is suitable with the development of sciences and society. However, some 
others said that after each reform, their children became “testing mice”.  
Therefore, the aim of the process said above is to establish a standard program for 
primary school teachers, and thereby, to contribute to the enhancement of education 
quality at primary level. 
Nowadays, in Vietnamese primary schools, even in Hanoi and Ho Chi Minh City, 
pupils are trained by the method “professor dictates, students write, and do exactly 
what professor says”. A class is evaluated as a good one if all pupils silently listen to 
their teacher, raise their hands in the right way when they want to present their ideas 
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to establish this lecturer, etc. This regulation is applied in all schools for all pupils 
from the first to the last, fifth grades.  
It’s known that primary level is the basic level in the educational field. However, all 
pupils are trained in such a way that we unintentionally created a generation of 
machinelike pupils.  
Following the program, at the beginning of January all pupils must take the 
examination for the first semester within one week with 9 testing disciplines. 
Certainly, after (learning) each discipline an examination is necessary. However, the 
existing issue is how to establish a good program for evaluating pupils’ knowledge. If 
the testing program for the first semester for the first and the second grades is the 
same with the program for the third, the forth and the fifth grades, then all pupils will 
feel afraid and that method is unnecessary, or in some case it becomes “unscientific”.  
It turned out that in some primary schools, the teaching method is not pedagogic at all, 
and it doesn’t stimulate pupils’ independence and creative thinking.  
In order to prepare for the next examination, all pupils must revise all their lessons 
under the instruction of their teacher. For Literature of the forth and the fifth grades 
pupils are instructed to learn by heart all revised texts, because the question should be 
one of them. To prepare for the exams of Maths of the first grade pupils, after 
finishing two classes at school, pupils must do their homework until 10 or 11 pm with 
8 to 10 Maths exercises and 2 to 3 pages of writing exercises. Some of them become 
crying in learning. The above issue is one example of the best primary schools in 
Hanoi and Ho Chi Minh City. That is the problem of primary schools in big cites. 
The question is what about the status of primary schools in the whole country, or at 
least in the remote areas?  
Therefore, it is necessary to start a project on knowledge enhancement for primary 
school teachers that establishes a standard program. Knowledge and skills are 
necessary criteria to improve comprehensive education quality in schools nowadays. 
These criteria link closely together in order to create the real quality for primary level, 
especially to train one independent, creative and active youth generation.   
It’s difficult to get out of all existing teaching method as well as of all thinking which 
become a bad habit right now. But we must change them. It’s impossible to let all 
pupils to continue an obligatory, inflexible and uncreative curriculum. Certainly, 
pupils must be provided enough knowledge to become labors who have suitable 
capability in regional areas and in the world. Therefore, capability and knowledge of 
teachers must be improved in order to teach and communicate to their pupils. So, It’s 
necessary for all teacher especially the first form teachers to self improve their level, 
knowledge on the surrounding world, at the same time make reference to other 
teacher’s method though which teachers can build the most scientific teaching 
method for themselves in order to promote the independence and creativity of pupils, 
and to create a good habit just in the first form pupils. 
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Teaching and test using softwares 
We will present a software “I Study Mathematics” for the first grade of primary 
schools. 
There are 3 parts: 

1) Numbers within 10 
2) Numbers within 100 
3) Relax with logic thinking  

 
In the first two parts there are exercises/problems pupils should do/solve, and they 
can check their answers by clicking on the icon “View the result”. Also pupils can 
redo these exercises/problems. 
It is special with the third part. Here there provide different problems that require a 
logic thinking.  
 
1. PART ONE: “Numbers within 10” 
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2. PART TWO: “Numbers within 20, and 100” 
2.1. Numbers within 20 

 
 

2.2. Numbers within 100 
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3. PART THREE: “Relax with logic thinking” 

 
 

Here is an example. There are 15 bees among them only one bee could already find 
a “room” within the matrix of rooms. It is known that rooms of bees are not adjacent, 

and the number shows the quantity of bees on the line. Find the rooms for all bees. 
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HELPING STUDENTS DEVELOP AND EXTEND THEIR 
CAPACITY TO DO PURPOSEFUL MATHEMATICAL WORKS  

Tran Vui 
Department of Mathematics, Hue College of Education, Vietnam 

 
The reform curriculum of mathematics at all level from grade 1 to 12 have been tried 
out in Vietnam. From school year 2006-2007 the new curriculum and textbooks will   
be implemented in the whole country. The purpose of the reform is to activate the 
learning mathematics of students.  The curriculum tries to lessen the training of basic 
skills and procedures in mathematics but increases more hands-on activities to help 
students grasp the mathematics ideas and can apply knowledge in solving real-life 
problems. The mathematics teachers have learnt the effective teaching strategies by 
using manipulative materials to teach mathematics in problematic situations.  In this 
article we will present some findings of our research at provincial scale in Hue city of 
Vietnam. A try-out lesson done by an experienced mathematics teacher will be 
illustrated. From our research findings and observation of the lesson we will discuss 
what is the good practice in mathematics education in our economy and how to 
implement the good practice in our new curriculum.  

THE USE OF MANIPULATIVE MATERIALS IN DEVELOPING 
MATHEMATICAL CONCEPTS 

Following the old curriculum and mathematics textbooks, we taught mathematics in a 
traditional way. A key aim of schools was to prepare workers who were literate about 
numbers, computational procedures, algorithms and shapes. To ensure the 
memorization of basic facts, rules, and procedures, schools typically spoon-fed 
students, encouraging them to depend on authorities like their teachers and textbooks. 
If students did not know an answer of a problem, they asked the teacher or looked it up 
in the textbook. This is the reason why our students always need the tuition from their 
teachers after school.  Now the new curriculum requires more than mastery of basic 
mathematical skills, good algorithms in solving a class of specific problems. In our 
increasingly complex and rapidly changing economy, the memorization of facts, rules 
and procedures is not enough. Business, industry, and government increasingly need 
workers capable of using the power of mathematics to solve new problems.  

Traditional mathematics has focused on teaching concepts and skills usually in ways 
that are often referred to as behaviouristic. The difficulty with this approach is that 
mathematics becomes defined as the techniques and skills that students learn in a 
mechanistic way. There is seldom reference to contexts drawn from the world in which 
we live. Few students ever get to see how mathematics might be used and rightly 
question its relevance to their world. As mathematics teachers it may be helpful to 
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think of our role as helping students develop and extend their capacity to do purposeful 
and worthwhile mathematical work.  

The teaching of mathematics is changing. We are challenging the old paradigm of 
teaching and considering a new paradigm based on theory and research that has clear 
applications to instruction. The teacher ought to think of teaching in terms of several 
principal hands-on activities. The new paradigm of teaching is to help students 
construct their knowledge in an active way while working cooperatively with 
classmates so that their talents and competencies are developed. The activity 1 below 
was revised from try out mathematics textbook grade 5 (page 78). 

Activity 1. Use Figure 1. Student A shades any number of squares on one of the 
10�10 square-grids. Student B answers the questions below the square-grid. Student 
A checks the answers given by Student B. Each student shades the square-grid twice 
and answers the questions twice.  

 

No. of squares: ____________ 

Fraction:  ____________ 

Percentage:   ____________ 

 

No. of squares: ____________ 

Fraction:  ____________ 

Percentage:   ____________ 

Figure 1. Some student liked to draw beautiful pictures 

Some students liked to draw beautiful pictures such as dogs, houses, robots with the 
polygon shape and asked their peers to answer the above questions. They realized that 
the shaded region was not necessary a set of small squares but also any polygon that its 
area can be found easily. To do this activity most students feel that they were free to 
raise the questions, and knowledge of mathematics constructed was from their figures 
not from the teacher. This activity gave a good intuition on the relationship between 
fractions, decimals and percentages, students actively involved in doing their works. 
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DEVELOPING MATHEMATICAL CONCEPTS FROM REAL-LIFE 
CONTEXTS 

Traditional mathematics has focused on teaching concepts and skills usually in ways, 
which are often referred to as behaviouristic. The difficulty with this approach is that 
mathematics becomes defined as the techniques and skills that students learn in a 
mechanistic way. There is seldom reference to contexts drawn from the world in which 
we live. Few students ever get to see how mathematics might be used and rightly 
question its relevance to their world. As mathematics classroom teachers it may be 
helpful to think of our role as helping students develop and extend their capacity to do 
purposeful and worthwhile mathematical work. The critical manifestation of 
mathematics power in the mathematics investigation lies in the students’ abilities to 
employ mathematical thinking, understanding, tools, techniques and communication 
skills. 
Activity 2. Students in a class are surveyed to find their favourite fruits. The fractions, 
decimals and percentages of each fruit choice are determined. These percentages are 
then marked on a 100cm strip of paper, where 1cm length represents 1%. The strip is 
then bent into the shape of a circle to make a pie chart. In this activity the students work 
in groups of four, they generate their own data, make graphs and analyses, and present 
these findings back to the whole class.  
These activities are designed to reinforce the general concepts, imagination and 
concept of conversion from fractions to percentages. 
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Students record their own data in the table 1:  

Fruits Apple Banana Lychee Mango Orange Total  

No. of students        

Table 1. The number of students favouring each type of fruits. 

Using these data students make a bar chart to compare the number of students 
favouring each type of fruits. And then students determine and write down the 
fractions, decimals and percentages of each fruit choice in the table 2. 

 

Fruits Apple Banana Lychee Mango Orange 

Fractions      

Decimals       

Percentages                                                    

Table 2. The fractions, decimals and percentages of each fruit choice. 

The real-life problems are of real relevance to students, because they impinge on their 
everyday lives. When tackling such problems, students may draw on any knowledge, 
skills and understanding at their disposal, including those from outside mathematics. 
Real-life problems are often ill-defined, contain insufficient or redundant information, 
and may have several alternative solutions. When a problem is obtained, it is put into 
practice. 
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In one pilot class of 24 students, the data obtained by students as shown in the table 3.  

  

Table 3. The data generated by students in a class of 24 students. 

Most of students got the difficulty in deciding which decimals they should use when 
transfer fractions 2 0.083

24
= , 5 0.208

24
= , 7 0.291

24
= , 4 0.166

24
=  to the decimals.  

Some students asked why 4 22 2 0.08 0.16
24 24

= × = × = but the approximate decimal was 

0.17. Most of students did not check the condition 8% + 21% + 29% + 17% + 25% = 
100%.  

These percentages are then marked on a 
100cm strip of paper, where 1cm length 
represents 1%. The strip is then bent 
into the shape of a circle to make a pie 
chart.  

Students made their own the pie chart 
from the data generated.  

 
 

If we totally direct the activity, the problem becomes ours not the students who will 
subsequently lose interest. How can we expect students to use mathematics outside 
school if we never give them a chance to make decisions in the classroom? The students 
have to be given the chance to learn from their own mistakes. 



Tran Vui 

 284

 

The experience of having worked on a real-life situation may motivate and enable 
students to perceive the value of techniques when they are introduced. Students may, 
however, still not able to use the techniques on their own unless they are given further 
opportunities to apply them in various other real investigative contexts. 

USING DYNAMIC MODELS TO MAKE MATHEMATICS INTERESTING  

Activity 3.  
Work in pair using moving circles.  
Instructions:  

1) Student A rotates the moving circle to an arbitrary marked position.  
2) Student B answers the questions in the figure .  
3) Student A checks the answers given by Student B.  
4) Repeat (1) to (3) to begin with Student B.  

The students are familiar with moving circles in learning fraction as part of a whole. 
This time they were excited with learning percentage with the same model. Some 
students liked to rotate with two or three moving circles and asked their peers to answer 
some questions created by curious students such as what is the fraction of each part of 
the circle, what is the percentage and how to count them faster. 
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Fraction:______Percentage: ______% 

 

Fraction:______Percentage: ______% 

Figure 2. Some students liked to rotate with two or three moving circles 

The dynamic models really make mathematics interesting. This model can be 
presented effectively by dynamic software such as Geometer’s Sketchpad. 

PROBLEM SOLVING AS AN EFFECTIVE  TEACHING STRATEGY 

The need for problem solving work plays a vital role in our reform mathematics 
curriculum but how one can use this method depends much on the “teaching styles” of 
a teacher and the “learning styles” of the students. The students and class-room 
teachers are not familiar with the problem solving strategies. They still want to teach 
more algorithmic procedures to students to be sure their students can get high scores in 
the examination.   

Problem 1. 

The pie chart on the right shows the means of 
transportation that 80 students using to go to 
school. In the chart the percentage of student 
using motorbikes is missing. Using the chart 
to find:  
Number of students walked:  _____ 
Number of students used bicycles: _______ 
Number of students sent by motorbikes: ___ 
Number of students sent by cars:_______ 
 

Walk: 50%

Cars 

Motobykes ?%

Bicycle: 25%

5%

The pie chart in problem 1 has a missing number, students felt difficult to find it. They 
have to guess and check their prediction and then find the method to solve the problem. 
At the beginning students got stuck because this is a no routine problem. They 
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exchange the ideas in group of four to find an effective approach to solve the problem. 
A solution of one group was illustrated below. 

  

Problem 2. 

The pie chart on the right shows the ranking 
of the mathematics achievement of grade 5 
students in Tran Quoc Toan school. The 
percentage of good students is missing. If 
the number of good students is 120. Find the 
number of students with excellent  
achievement, average achievement.  

 

Good: . . .%?
Average

Excellent: 25%

15%

 
In problem 2, students wondered why the total number of grade 5 students was not 
given. And then another number was missing. When they understand the meaning of 
percentage as learnt above, they feel confident to solve this problem. 
DISCUSSION 

• The aim of good practice in teaching mathematics is to help students make sense of 
their world by equipping them with mathematical skills. These skills include 
content skills or “what mathematicians know” and process skills or “what 
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mathematicians do.” 
• The good practice should balance the content skills and process skills including the 

problem solving process. These two types of skills are always necessary to students 
in solving new problems in their lives. 

• This emphasis on the processes of mathematics, with problem solving being the 
core, is evident in our new curriculum initiatives. Some teachers, wary of change 
and concerned about “jumping on bandwagons” have ignored these processes, and 
continue to teach only the content of mathematics and algorithmic procedures. 

• When the teachers use manipulative materials in teaching mathematics they 
recognized that their students more active in learning. The students liked to learn 
mathematics with dynamic or moving models. 

• The teachers have to learn how to create new mathematical models with 
problematic situations and prepare good manipulative materials.  

• Students can often generate their own activities and questions. However, it is 
helpful if we prepare a sheet with a list written out of possible ideas as a resource for 
students who genuinely cannot see any possibilities for them to reflect on. 
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GOOD MATHEMATICS TEACHING PRACTICES  -  
IN THE MAKING: A PHILIPPINE EXPERIENCE 

Soledad A.Ulep  
National Institute for Science and Mathematics Education Development 

University of the Philippines 
 

This paper discusses how an eighth grade mathematics teacher engaged his students 
in hands-on activities, made them work on tasks in small groups, encouraged them to 
solve problems in different ways, and seized their mistakes as learning opportunities.  
Although the way he carried out these teaching practices still requires much 
improvement, these enabled the students to make sense of mathematics by 
discovering mathematical relationships on their own, communicating their ideas and 
reasoning logically, exploring various ways of solving problems, and regarding 
making mistakes as part of learning.  These experiences put the students as the most 
important factor in the teaching-learning process.  Such is a big departure from the 
traditional classroom scenario where the teacher is the source of all learning. 
A CONTEXT FOR GOOD MATHEMATICS TEACHING PRACTICES 
In order to understand what good mathematics teaching practices mean in relation to 
the class described in this paper, it is necessary to know the characteristics of 
mathematics classes in the Philippines generally, the recommendations of the 
Department of Education on strategies in teaching mathematics, and the perceptions 
of key mathematics teachers regarding effective teaching strategies.  Likewise, it is 
important to know the methodology used to gather data that captured these good 
practices.  
What is a Mathematics Class in the Philippines Like in General?   
To a great extent, the teacher explains and asks questions in a whole class setting.  If 
group work is done, it is superficial.  When students discuss, they seldom can sustain 
the discussion and make it productive (Pascua, 1993).  Students are orderly and quiet.  
To begin a new topic, the teacher first asks students what they know about it then 
explains the definition and rules (Department of Education, et al 2000).  The most 
common strategies in teaching mathematics are exposition, practice and consolidation, 
and discussion (High School Mathematics Education Group 1996; Bernardo, Salazar-
Clemena, and Prudente 2000).   
Department of Education’s Recommendations  and Key Teachers’ Perceptions 

The 2002 Basic Education Curriculum in Mathematics in the Secondary Level which 
is currently being implemented advocates using a variety of teaching strategies 
among which are practical work, discussion, problem solving, investigations besides 
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exposition and practice and consolidation, as well as cooperative learning 
(Department of Education 2002). 
The teaching strategies perceived to be most effective by science and mathematics 
teachers of schools identified as benchmarks in teaching and learning practices were: 
hands-on experience that brings students to their fullest learning capacity because 
they depend on themselves, cooperative learning because they can share better 
knowledge when they work in groups rather than when they work alone, and self-
discovery because it enhances students’ learning capability (Penano-Ho 2004). 
How were the teaching practices documented? 
The source of data in this paper is the 21st section of a grade 8 mathematics class 
consisting of 57 students in a public secondary school in Metro Manila.  It was one of 
the three Philippine schools included in the international research Learner’s 
Perspective Study which focused on the teaching and learning process that went on in 
grade 8 mathematics classes taught by locally identified competent teachers.  The 
class was observed and videotaped for 15 consecutive school days with the first 5 
days serving as familiarization period. Three cameras were used: one focused on the 
teacher, another on the whole class, and still another on two focus students who were 
randomly selected daily.  There was on-site mixing of the teacher and focus students’ 
cameras.  A microphone placed between these students picked up their conversations.  
At the end of each class that lasted on the average for one hour, the focus students 
were interviewed one after the other.  The teacher was also interviewed at the end of 
each week.  The video-stimulated interviews were audio-taped and along with the 
mix videotapes transcribed.  Translation was done when needed because although 
English is the medium of mathematics instruction, both the students and the teacher 
at times code-switched to Filipino, the national language. This paper used the data 
from the mix videotapes, teacher interview, and lesson plans for the last 9 days. The 
lessons were on geometry, particularly conditions for right triangle congruence, 
quadrilaterals and their properties, and different kinds of parallelograms and their 
properties. 
GOOD TEACHING PRACTICES 
A typical mathematics class usually employs the question and answer type of 
exposition, the teacher starts with definitions and rules, and students are most of the 
time quiet and just listen to the teacher.  In contrast, the teacher in this study used 
hands-on activities for practical work to introduce a topic and elicited discussion 
among students when they worked in small groups, presented their various ways of 
solving  problems, and corrected their mistakes. 
Using Hands-on Activities 
In 2 of the 9 lessons, the teacher used practical work besides exposition. In lesson 8, 
instead of giving the definition of a median and altitude that will be used in a 
subsequent construction of a proof, he asked the odd-numbered groups to draw any 
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triangle and a segment from any vertex to the midpoint of the opposite side.  He also 
asked the even-numbered groups to draw any triangle and a segment from any vertex 
perpendicular to the opposite side.  This was an instance where not all the students 
were doing the same task and individually within a group, students were free to 
choose what kind of triangle they will consider.  Later, the teacher asked the students 
to analyse their work and compare it with their seatmates. If only the teacher did not 
add that the students may draw an acute, right, or obtuse triangle and left the students 
to think about this on their own, this could have been an open exploration activity.  
After a sample answer from each task was presented, the teacher brought out the term 
median and altitude, the important words that he would use in the lesson.  So the 
activity provided a context in which these two words were introduced and its 
additional value was that students observed that regardless of the kind of triangles 
that they drew, the three medians and the three altitudes always intersect at a point 
and that in fact, a triangle can have three medians and three altitudes or heights.  
According to the teacher, students usually encounter the word altitude or more 
familiarly the word height only in formulas.  And so here, he wanted them to realize 
that this is the same height that is involved in proofs.  So he tried to make 
connections from what they had known in measurement to what they were learning in 
geometric proofs.   
In Lesson 11, the teacher used practical work to make the students verify the 
following relations after they had established the proofs: in a parallelogram, opposite 
sides are congruent, consecutive angles are supplementary, and opposite angles are 
congruent.  He asked some students to use the blackboard meter stick and blackboard 
protractor to measure the sides and angles, respectively of his drawing of a 
parallelogram.  Thus, the students had the opportunity to confirm that what holds true 
for the general case also holds true for a specific case.   
Using practical work is a good teaching practice because it enables students to 
discover on their own abstract relationships through concrete means.  By using this, 
students will take on greater responsibility for their own learning rather than merely 
rely on the teacher (National Council of Teachers of Mathematics 1989).  By 
providing students with appropriate activities and facilitating the processing of the 
results, this can be achieved.  Perhaps, would-be teachers in teacher education 
institutions can be taught how to develop such activities especially for topics that 
students find difficult to learn. They can also be taught how to conduct action 
research to determine if the strategy really helps in better student learning. 
Using Groupwork 
A dominant feature of the lessons, that is in 7 out of the 9 lessons, was the use of 
group work. Since students were organized by tables, those seated around a table 
consisted one group.  Some groups had 9 members while others have 10.  In lessons 6 
to 8, group work involved performing exercises on making proofs.  In lesson 9, there 
was a test and in lesson 13, the teacher carried out a whole class discussion on the 



Soledad A. Ulep 
 

 292

different properties of parallelograms, so in both lessons there was no group work.  In 
lessons 10, 11, 12, and 14, group work involved exercises on computations. 
Working in small groups afforded students opportunities to ask questions intended to 
get help or clarify their thoughts and to communicate their ideas clearly and reason 
out logically so that they could be understood whether they were asking or answering 
questions or simply discussing their ideas..  An example is in lesson 12. The group of 
Arn and Sher was asked to determine the measures of all the angles of parallelogram 
CITY given that angle C is equal to 5x – 10 and angle T is equal to 4x + 10.  Sher 
wrote their answers on the manila paper which the teacher gave.  Following are the 
conversations of Sher and Arn. 

Arn: How did that happen? Why are I and Y 90? 
Arn: What’s this consecutive?  Who’s going to explain? 
Sher: Arn 
Arn: Consecutive? Consecutive angles? 
Rub: Angle I and angle T? 
Arn: What’s that? Supplementary?  Are these supplementary?  Supplementary? 
Arn: What? 
Sher: What? Which? Which is your problem here? 
Arn: I’m asking if these are supplementary? 
Sher: Supplementary?  They are equal because aren’t C and T opposite angles? 
Arn: Yes. 
Sher: Opposite angles are congruent, oh.  So it’s written there, angle C is equal  

to angle T.  5x minus 10 is equal to 4x plus 10. 
Arn: Yes. 
Sher: There, then just find their value. 
Arn: Okay.  Why does it not have this? 
Sher: What? It’s there already, oh. 
Arn: What I mean is, why is it like that? … Why? 
Sher: There’s no more like that because 5x minus 4x is already x.  You don’t 

need to get it. 
Arn: Wait, wait. 
Sher: 4x.  5x minus 4x is equal to 1x, eh we divide don’t we? 
Arn: 5x 
Sher: Minus 4x. 
Arn: Oh, 1x. 
Sher: So do you still need to divide 1x by 1? 
Sher: Isn’t it that you don’t need to?  Isn’t it that it’s just the same as x? 
Arn: Sher…Sher…. Psst, Sher. Eh, what is, what is angle I? Consecutive 

angles? 
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Sher: Yes, because C and angle what, angle C and angle I are consecutive 
angles. 

Sher:  It means that they are supplementary, their measure is 180. 
Arn: Whatever is the measure should they be 180? 

Apparently, Arn did not stop asking Sher until he got satisfactory answers to all his 
questions.  Sher patiently explained because Arn would present the work of their 
group for others had their turn already.  In fact, for a while Arn asked Sher to present 
in behalf of their group because she knew how to do it.  Nonetheless, because by 
asking questions, Arn came to understand their solution, he presented it. This was the 
kind of support that group members got since the atmosphere was one of cooperation 
rather than competition. During group work, the teacher went around the room to 
monitor and assist the different groups.  Arn did not have to wait for the teacher to 
come and help him because somebody in his group was already capable of doing that. 
As it was, small group work had already its merits but these were limited. For 
instance, the group size was too large to fully involve every member in the discussion 
of the solution. There should had been two smaller groups per table instead of just 
one. The best student in each group almost single-handedly thought of the solution 
while the others simply looked on and asked him or her or other group members, if at 
all, when they did not understand something. The most insistent ones in asking 
questions were those who would present the group’s output. Some groups finished 
quickly, and so were off-task and sometimes noisy while the other groups were still 
working.  If only the teacher were sensitive to these situations, then he could have 
converted group work to cooperative learning whose distinctive features are complete 
participation and individual accountability for knowing what was done (Johnson and 
Johnson 1990).  The benefits of cooperative learning aside from the development of 
communication skills such as better mathematics achievement and positive 
interpersonal relationships are well-documented in research studies (Webb 1991, 
Fitzgerald and Bouck 1993, Pickhard and Bingaman 1993).  Hence, if properly 
implemented as a cooperative learning group, using small group work is a good 
teaching practice.  In the Philippines where classes are big and so the teacher is not 
always readily accessible for help and where resources are limited, cooperative 
learning offers peer help and resources sharing.  
Encouraging multiple solutions to problems  
The teacher also gave the students the opportunity to work on the tasks he assigned 
the way they decided to.  For instance, in Lesson 11, the group of Nic and  Jean were 
asked to find the measure of each angle of a parallelogram MORE given that the 
measure of angle R is 5x and the measure of angle E is 4x.  At the time that they were 
working on this routine problem, the teacher approached them.  The teacher asked 
them what the relation between angle E and angle R was to which Nic correctly 
responded “supplementary”.  When the teacher probed for the reason, members of the 
group also correctly answered “consecutive.” The teacher then told them where to 
write their solution apparently thinking that they would use the relation that 
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consecutive angles of a parallelogram are supplementary, to get the value of x.  That 
is, 5x + 4x = 180.  So x = 20. On the contrary, Nic said: “Given if measure of angle E 
is equal to 4x. Measure of angle R is 5x.  Eh, then … this. This is 5x, and 4x also 
(referring respectively to angles M and O).” He made use of the relation that the 
opposite angles of a parallelogram are congruent and that the sum of the measures of 
the angles of a quadrilateral is equal to 360. He got 5x + 4x = 9x. 9x + 9x = 18x. 
Then 360/ 18x = 20. Substituting the value of x for the measure of angles E and R, he 
got the measure of each of the angles.  Nic later presented their work.  After he had 
presented, the teacher made the following comments. 

Teacher:  What can you say about the solution of this group and this group?  Is there 
any difference? 

Student:   Yes.  
Teacher: Yes. But you got the same answer, is that right? Let’s see.  What did you 

use here Mike?  This is your answer Mike.  What did you use here?  The? 
Yes, Mar. 

Mar:    The…the what. Equal measures. 
Teacher:   Measures…Here, here.  Angle A and, ah, is equal to 5x, 7x.  So 5 plus 7 is 

equal to 12x.  That is?  What did you use? …Mike. 
Mike:  Consecutive angles. 
Teacher:  Yes, consecutive angles.  So what about what about Nic?… You use here? 
Nic:   The sum of the quadrilaterals. 
Teacher: Okay, the sum of the measure of angles of a quadrilateral.  Here he used 

many.  Angle E and angle O.  You know these are opposite angles, aren’t 
they?  So 4x, 4x, 5x, 5x…Although this is quite long, but this is correct.  
And, and I encourage you to … ah, to use that kind of behavior.  Because 
if you really cannot think like that immediately, eh then try another what 
try another method, right? O another way … in finding the correct answer. 
O last group?  

Later during the quiz, the teacher told the class to use relations so that they could cut 
down on computations.  This shows that while he accommodated the long but correct 
solution of students he at the same time was quick to point out that there was a more 
efficient way.  This balance between accommodating student responses that may 
differ from what a teacher expects and making them realize that some ways are better 
than the others, is a good teaching practice.  On one hand, students will get the 
impression that they are capable of coming up with their own solution to a problem 
no matter how crude or less elegant it may look and this can build their confidence.  
On the other hand, it can create an inclination in them to explore other solutions 
(NCTM 1989). Moreover, given different solutions, they can compare their merits 
and evaluate which one may be better than the others and identify the reasons for 
their choice.   
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Viewing Mistakes as Learning Possibilities 
Students’ group work output at times had mistakes.   For example, in lesson 6, one 
group made an incorrect statement in their proof.  When the teacher was already 
discussing their proof, and he probed the students concerned about what they meant 
by the statement, Win said: “Sir we just made a mistake in that statement.”  Emy who 
wrote their proof admitted that she really made a mistake. 

Teacher:    Do you realize your mistake? 
Emy:    Yes.  That’s already correct. 
Teacher:   That’s alright with me as long as you see…You don’t repeat the same 

mistake.  We just keep repeating.  Oh, here do you need to bisect? 

Another example is in lesson 14. After Mar presented the work of their group with 
the class following his presentation and the teacher even writing the numbers that he 
said, Sher commented on his work. 

Sher:    Sir angle 1 and angle 2 are not supplementary.  They are congruent. 
{Students cheer.} 

Sher:    Because what you (referring to Mar) did was to add the two and equate to 
180 which should not be.  

Teacher:    Oh that’s right!  {Teacher analysed the problem.  Students were noisy.} 
Mar:    Sir all are already wrong. 
Class:   That was embarrassing! {Students teased Mar.} 
Teacher:     Yes that is correct.  That’s okay. 
Mar:     Sir how? 
Teacher:     No, no.  That’s okay. 
Class:    That’s okay.  That’s okay.  That’s okay, Mar. 
Teacher:     That’s okay.  So angle 1 and angle 2 are really not supplementary.  But 

they are congruent.  … Please do them all again.  The last part only.  
Anyway that is very easy than the other one.  Alright, just sit down again 
there. …Okay next group, next group. 

Mar solved again by himself on his seat.  A group mate said that he was pitiful 
because he was solving alone.  His group mates encouraged him by saying that he 
could do it. When he presented for the second time around, his answer was already 
correct.   
In both lessons 6 and 14, the teacher said that it was alright if students made mistakes.  
Moreover, he gave them the chance to correct their mistakes thereby turning the 
situation as a learning opportunity.  With the kind of accommodating atmosphere that 
this manner of responding to students’ incorrect responses foster, students would 
more likely not hesitate nor be afraid to solve problems.  Yet at the same time, the 
teacher admonished the class not to be careless in their responses.  For instance in 
lesson 6, she told the groups: “Do not just write for you have nothing more on which 
to write.  You should think.  Think.  You should think first.”  It was observed that 
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only a small sheet of manila paper was provided to each group on which to write their 
solution.  Apparently, the teacher wanted the students to strike a balance between 
taking risks that might entail committing mistakes and not being careless.  His 
reassuring words and also that of the class exemplified a learning environment 
referred to by (Boland 1999) where it is safe to take risks because trust has been 
developed and risk taking and sharing are valued.  As such the way he dealt with 
erroneous responses of students is a good teaching practice. 
WHAT ELSE NEEDS TO BE DONE 
While the good teaching practices identified in this paper may still be greatly 
improved, they are definite attempts to implement the recommendations contained in 
the curriculum on how mathematics should be taught.  They are also in line with what 
the local key mathematics teachers regard as effective teaching practices which in 
turn are attuned to the thrusts of the international mathematics community.  In 
particular, the teacher will have to be familiarized more on developing and giving 
open-ended activities involving practical work.  He should be coached on how to 
form and manage cooperative learning groups to maximize the benefits that may be 
derived from using them.  Both of these may be done by mentoring where a more 
experienced and knowledgeable teacher serves as the mentor. Thus, at present these 
good teaching practices are still evolving or in the making. 
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CHANGES IN PRIMARY SCHOOL MATH CLASSROOM 
SINCE THE NEW CURRICULUM REFORM 

 
Dan Zhang and Shangzhi Wang 

Capital Normal University Beijing China 
 

Since “Mathematics Curriculum Standards in the Phase of Full-time Compulsory 
Education (Experimental Manuscript)” (referred to as the Standards) was enacted 
six years ago, the new math curriculum reform has been carried out all around China. 
Teachers tried to integrate the ideas and requirements of the Standards into their daily 
teaching practice, which brought new look to math classroom. The ideas, objectives, 
contents and suggestions that the Standards involved have increasingly become the 
focus of attention and the base of research for the mathematics educators and 
researchers. In light of this context, a series of obvious and profound changes have 
taken place in the primary school math classroom instruction. 

1. The focus now is placed on the close association of math and daily life, and 
the students are encouraged to learn math in rich contexts. 

The math classroom instruction has changed from the former teaching mode of 
reviewing—— introducing the new knowledge——giving examples——giving 
exercises. The math classes have become more interesting and lively. Teachers create 
rich contexts such as fairy tales and problems in daily life to attract and guide 
students to enter the mathematical world. 
The new curriculum advocates that the contexts should be close to students’ daily life, 
with the aim to enable the students to feel the close association of math and life and 
thus feel the need and pleasure to learn math. So math instruction should start from 
students’ previous life experiences and personal knowledge so that the students can 
experience the process of abstracting the practical problems in life into mathematical 
models and then explain and apply these models. Consequently, how to create 
interesting contexts that are close to life, full of mathematical implications and need 
exploration has become the focus of teachers’ research. 
As a matter of fact, students learn math long before they go to school and beyond the 
math classroom. In daily life they often run into various kinds of mathematical 
problems and have formed some kind of personal math knowledge. Though informal 
and unsystematic, and sometimes obscure and unclear, and some even wrong, these 
knowledge and experience are the starting point for students’ further math learning. 
Here an example in math instruction will be given to illustrate this. In one math 
lesson, the objective was to help the students have initial knowledge of fractions. 
First, the teacher wanted the students to learn the mathematical concept of 1/2. The 
teacher started from the question of how to divide one apple into two equal parts to 
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two children. From their previous life experience students answered that each child 
should get “a half”. Here the teacher didn’t immediately write 1/2 on the blackboard, 
instead, he asked the students to express the concept of “a half” in their own ways. 
Most of the students employed graphs to show this (such as                  ), 
but one student used half of one of the characters in his name to express the concept 
of “a half”. The teacher now didn’t eagerly make comments on their various 
expressions, but introduced the mathematical way of expressing “a half”, i.e., 1/2. He 
then asked the students whether they liked this expression. Some students still 
thought that their own ways were better because anyway, graphs are more vivid than 
figures. Then the teacher asked them to express “one a hundredth” in their own way. 
Now all the students realized that the mathematical expression of “1/2” was easier 
and can be generalized, so they accepted this new mathematical concept gladly. In 
this example, the teacher not only provided opportunities for the students to show 
their own expressions, but also brought the students to a full understanding of the 
new mathematical concept through elaborately designed questions. In other cases, 
some teachers encouraged students to create a mathematical way to express the 
concept of “a half”. So the students created 1/2, 2/1, 2, and 21, all of which were not 
only the students’ innovation, but also their primary understanding of fractions. 
It’s very natural that children have an immature primary understanding of certain 
mathematical questions. This crude understanding is most individual and is the real 
reflection of math in children’s mind. It is right on the basis of this incomplete and 
inaccurate expression of math that children will come to a real understanding and a 
correct expression of math.  

2. Students’ learning styles are more diversified, and inquiry learning, 
collaboration and communication are becoming important math learning 
styles. 

In the current math curriculum reform in primary schools in China, an important idea 
is to encourage various learning styles. As a result, students’ independent thinking, 
practical abilities, collaboration and communication between teachers and students 
and within students themselves are becoming important learning styles. Learning is 
becoming an active, interesting and highly individualized process of thinking and 
practicing. The changes in these aspects can be seen from the following two 
examples. 
In the past, when teaching arithmetic, great efforts were made in training students to 
“calculate fast and correct”. In terms of arithmetical methods, the teacher focused on 
explaining one particular method and making sure that all the students master this 
method through large amounts of various exercises and drills. For example, to solve 
the problem of 15-9, traditional math instruction requires the students to use the 
method of “to solve subtraction by addition”, i.e., 9+6=15, so 15-9=6. But with the 
further implementation of mathematics curriculum reform in primary school, teachers 
come to realize that when students try to do arithmetic, they have their own different 
arithmetical methods resulting from their own particular life experience and 
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individual ways of thinking. The students can and should invent their own 
arithmetical strategies, which will be of great help to their understanding of 
mathematics. Meanwhile, all the students can benefit from listening to and 
responding to others’ methods. In addition, students’ strategies show their ways and 
levels of thinking, which helps teachers to reflect on and improve their teaching. So, 
in math instruction, teachers should encourage and respect students’ independent 
thinking, and provide opportunities for students to share their different arithmetical 
methods. In the current math classroom teaching, teachers usually ask the students to 
think out various ways of solving 15-9, and then share with the whole class. Some 
students subtracted 9 from 15 one by one. Some divided 15 into 10 and 5, 10-9=1, so 
1+5=6. Some divided 9 into 5 and 4, 15-5=10，so 10-4=6. Some thought that 9+6=15, 
so 15-9=6. Still others thought that 15-10=5, so 15-9=6. For these different methods, 
the teacher gave positive feedback and encouraged students to share their methods 
with one another. Through communication the students finally chose the best method 
that fit them. Here students are no longer required to use the same single method as 
before. 
In the reform of classroom teaching, teachers come to realize that putting forward a 
problem and solving the problem are equally important. But putting forward a 
problem is the weak point for Chinese students. So some teachers try to provide 
opportunities for students to put forward a problem. They set a relaxing environment 
and encourage the students to observe life from various perspectives, describe things 
and phenomena from mathematical perspective, discover the elements in them that 
are relevant to math and put forward a problem, no matter correct and mature or not. 
The following is an example of a classroom teaching of “basic knowledge of 
percentage”. At the beginning of the class, the teacher asked the students to share 
examples in life of “percentage”. They found many on the package boxes of beverage, 
on the labels of clothes, on newspapers and on the instructions of toys and became 
greatly interested in it. Then, encouraged by the teacher, the students asked questions 
about percentage from different perspectives. The following are several typical ones: 

(1) Why do people like to use percentage? 
(2) What’s the difference between percentage and fractions? 
(3) What does percentage mean? 
(4) How to write percent in mathematics? 
(5) What’s the use of percentage? 
(6) Which is more widely used, fractions or percentage? 

After summing up these questions, the students tried to solve them in groups. And 
then the teacher and the students summed up what they had learned about percentage. 
At the end of this lesson, the teacher again asked the students to ask questions. The 
students talked actively. Some of them asked whether there was a way of describing 
an amount as if it was part of a whole which was 10 or 1000. This not only promoted 
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the students to have a more profound knowledge of what they’d learned, but also 
encouraged them to innovate. 

3. The teacher creates a democratic and relaxing classroom atmosphere, where 
the students have more opportunities to innovate 

In the classroom reform, the teachers come to the common recognition that math 
classroom is the basic place where students create, share and communicate. So the 
teachers all try their best to provide a relaxing classroom atmosphere, and provide 
more opportunities for the students to share their ideas and strategies. In this way 
different ideas collide to produce illumination to each student and thus promote the 
common development of different individuals. 
The following is an example of the lesson “statistics” for students of first grade. The 
students were divided into groups and each group had a bag with four balls marked 
No. 1 to No. 4. The group members were asked to keep a record of the number of the 
ball each time they take blindly from the bag. Then the teacher asked them to share 
how they made the record. 
Group one: We wrote down the number of the ball each time we took it from the bag. 
Like this: 4 1 1 2 3 4 2 1 2 3…… 
Group two: We first drew four circles representing the balls of No. 1 to No. 4, and 
then we wrote down the number of the ball each time we took under its 
corresponding circles. Like this: 

 

             1   2   3   4 

             1   2   3   4 

             1       3   4 

                         4 

Group three: Our practice is a little bit different from group two. We first wrote 
down No. 1 to No. 4 to represent the four kinds of balls and then we drew circles 
under them each time we took a ball. Like this: 

            1   2   3   4   

 

 

 

 

 

 

…… 
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And then the teacher asked the students to make comments on the above mentioned 
methods: 

Student 1: I think all of them make good records. 
Student 2: I disagree. The record of group one is not clear. Both group two and 

group three are better. 
Student 3: I also think that the recording methods of group two and group three 

are better than that of group one because the results are quite clear. 
Student 4: I think the method of group three is the best because it’s very easy to 

just draw a circle. 
From the discussion we can feel that through equal communication, the teacher 
guided the students to share their ideas and thus formed an enthusiastic and orderly 
learning atmosphere. The teacher listened, asked questions and guided the students to 
share their ideas and products. Even for those “not so good” ideas, the teacher didn’t 
simply correct the mistakes but encouraged the students to discuss and make their 
own judgment. The teacher now not only focuses the mathematical knowledge itself, 
but also shows great concern for the promotion of mutual understanding, respect and 
appreciation between students during the process of discussion. 

4. The teachers’ professional development is achieved in the process of 
promoting the all-round development of the students 

In the new curriculum reform, the idea of “to promote the all-round development of 
each student” has been fully carried out in daily teaching. According to the two years 
of follow-up research and evaluation of the first round of 42 national level 
experimental regions of curriculum reform conducted by Ministry of Education basic 
education curriculum reform “professional supportive work group”, there have been 
obvious improvements in students of the experimental classes. The students now 
enjoy learning more and like going to school. There have been improvements in 
students’ all-round quality, ability to search and process information, communication 
and expression skills, questioning and innovative abilities as well as practical abilities. 
All these strongly show that great improvements have been made in primary school 
math classroom reform. 
At the same time, the implementation of the new curriculum also forcefully promoted 
the teachers’ professional development and facilitated the changes in teachers’ roles. 
The following are the new roles of teachers: 

1. Teachers as facilitators of students’ learning. 
By this it means that teachers not only transfer knowledge to the students in the 
traditional sense, but also promote the sound and harmonious development of he 
individual student stressing on their learning capabilities. The role of the teachers as 
facilitators of students’ learning is the most obvious and direct characteristic of 
teachers’ roles. The new curriculum promotes teachers to become the organizers, 
guiders and partners in the teaching and learning activities. 
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The role of teachers in classroom can directly influence teachers’ teaching behaviors. 
In the new curriculum, the following changes have appeared in teachers’ teaching 
behavior: teachers now offer guidance for the students to form good learning habits 
and master learning strategies, create rich teaching environment, stimulate students’ 
learning motives, foster students’ interests in learning, provide various conveniences 
for the students’ learning, establish an acceptive, supportive and tolerant classroom 
atmosphere, share with the students some of their own feelings and ideas as 
participants in learning, seek truth together with the students and be responsible for 
their own mistakes and faults. 

2. Teachers as researchers of education and teaching 
The new ideas, methods involved in the new curriculum and the various problems 
that appeared in the implementation of the new curriculum can hardly be explained 
and dealt with by drawing on the past experience and theories. The teachers should 
not wait for someone else to tell them how to react and then employ others’ research 
results into their own teaching without giving it a second thought. In this regard the 
new curriculum promoted the transformation of the idea of “teachers as researchers” 
into practice. 
As a matter of fact, during the years of implementation of the new curriculum, the 
teachers in the experimental regions can actively undertake teaching research work 
with great initiative. Many teachers can now look at the various problems in their 
teaching practice from researchers’ perspective, reflect on their own behavior, explore 
the newly emerged problems, and sum up their experience. Teaching and researching 
become complementary to each other. Many teachers now write teaching diaries. 
They often get together to discuss problems emerged in teaching experiments. Such 
communication and discussion help to solve the problems closely pertinent to 
teachers, through which teachers really experience the joy of doing research. This 
“action research” which integrates teaching with researching is the basis of teachers’ 
further improvement, is the key for improving teaching standard and is the guarantee 
of the innovative implementation of the new curriculum. 

3. Teachers as people who construct the curriculum 
The new curriculum changed the role of teachers as people who implement to people 
who construct the curriculum. This is first shown in the innovative employment of the 
textbooks. The teachers now try to use the textbooks as curriculum resources and use 
them appropriately in accordance with the actual needs of their students. 
Secondly, this is also shown in the development of the curriculum resources. One of 
the characteristics of this round of curriculum reform is to emphasize on the status 
and role of curriculum resources. Though there’s a lack in curriculum resources, the 
teachers try actively to develop all kinds of resources by themselves. Practice has 
shown that the development and employment of curriculum resources have enlarged 
teachers’ eyes, expanded the educational contents, enriched the experiences and life 
of both teachers and students, and most importantly, promoted teachers’ abilities of 
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curriculum construction and their educational and teaching wisdom. 
In one word, more concrete and real changes have taken place in the students, the 
classroom and the teachers since the new curriculum reform. 
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CONCLUSION OF SPECIALIST SESSION 
 

Overall Purpose of the APEC Project 
The project aims to (1) collaboratively develop innovations on teaching and learning 
mathematics in different cultures of the APEC Member Economies, and (2) develop a 
collaborative framework involving mathematics education among the APEC Member 
Economies. 
Four Phases of the Project  
Phase I A open symposium and closed workshop (specialist session) among key 
mathematics educators from the cosponsoring APEC Member Economies was hosted 
in January 2006 by the Center for Research on International Cooperation for 
Educational Development (CRICED), University of Tsukuba, Japan, in order to 
develop further a research proposal and collaborative framework for the 
implementation of innovation in teaching and learning mathematics. 
Phase II Each cosponsoring APEC Economy will develop some examples based on 
the above collaborative framework (February to March 2006). 
Phase III An International Symposium will be organized in order to share and reflect 
on each Economy’s research results and best practice. The Symposium will be hosted 
by Center for Research in Mathematics Education (CRME), Faculty of Education, 
Khon Kaen University, Thailand (June 2006). 
Phase IV, The products for innovation in mathematics education will be developed 
and adopted in APEC economies (July 2006). 
Products of the Project 
The Products include Proceedings of the Tokyo Sessions and Proceedings of Khon 
Khaen Session. After the project, it is planned to develop a book on teacher 
development for good practice through Lesson Study with a VTR resources based on 
the products discussed below. 
Focus of Tokyo meetings 
There are several possibilities for innovation of mathematics education. Lesson Study 
which originated from Japan is currently a central focus in US and other economies 
for the professional development of teachers and the improvement of students’ 
learning. The Tokyo meetings came to a consensus about the significance of focusing 
on Lesson Study as a means to innovation. Participants at the Tokyo meetings agreed 
that Lesson Study promotes good practices and these good teaching practices are 
powerful model for changing the quality of education. For enhancing Lesson Study in 
their economies, the Tokyo participants agreed to develop a VTR of good lessons as a 
product of Lesson Study and to use it for teacher education.  
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Product of the Tokyo meetings 
At the Tokyo meetings, researchers from different APEC economies presented 
research papers together with VTRs. In the specialist sessions, the main focuses of 
discussion were as follows: what is good practice, challenging to improve the quality 
of education through Lesson Study, and how to use a VTR resource for the 
aforementioned improvement. Good practice embodied in Lesson Study is based on 
outcomes of successful students’ learning, including students’ mathematical thinking, 
and can be used for further development or challenges. In conclusion, the Tokyo 
meetings developed a format for the final report which is to be used for teacher 
education in APEC economies. At the APEC Khon Kaen meeting, it is planned to 
produce the following components to support teacher education and professional 
development:  

– Research papers for developing good lesson. 
– Videos with Lesson Plans 
– Worksheets (as appendix) to accompany videos for Teacher 

Development 
Based on the results of APEC Khon Kaen meetings, we will publish a book 
consisting of reports and VTRs of Lesson Study from participating economies. 
Necessary framework for developing products of the project 
Through discussion at the Tokyo meetings, participants concluded that the following 
research topics are necessary for innovation of mathematics education through 
Lesson Study: 

• What is Good Practice 
– Definition of desired mathematical performances by students 

• What is Lesson Study 
• Overcoming challenges that impede Good Practice 
• Possible Themes 

– Lesson Study as professional development 
– Lesson Study as innovation / reform movement 
– Lesson Study to develop content 
– Lesson Study to develop teaching approaches  

• Appendix of VTR 
Core Ideas of Lesson Study to be used for the APEC Project 
Key Principles for Adaptation of Japanese Lesson Study were identified at the Tokyo 
meetings. These are: 

• Teachers helping teachers (teacher-led) to improve mathematics instruction in 
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the classroom.  
• Teachers play a central role in working with other teachers. Professors and 

researchers play supporting roles especially in providing theoretical 
framework.  

• Decentralizing teacher development. 
• Using actual classroom scenarios  
• Adopting a Lesson Study cycle comprising planning  implementing and 

observing  discussing and reflecting (and the cycle repeats itself) 
• Developing teacher knowledge through Lesson Study. 

 In the long run, grounded theories (or practical theories) are developed. 
VTR form for good lesson to be used for teacher education. 

• 10-minute video clip to illustrate the theme of the paper (e.g. lesson study to 
develop content) 

• Explanation in the paper about how the video illustrates the theme 
• VTR (by DVD-rom or CD-rom) 

– Title and others 
• Copyright and product data: including names of related people 
• Title of VTR (It does not need to be the Name of Topic) 
• Name of Topic, Grade, Name of teacher and school 

– Subtitles are necessary even in the case of English language 
• If possible, full translation is best 

– Phases in Lesson and understandable explanation about extract. 
• Description (Appendix) 

– Title of VTR 
– Short summary of the lesson showing the aims of the lesson and the 

major problems or aspects covered in the lesson. 
– Components of the lesson and main events in the class. 
– Possible issues for discussion and reflection with in-service teachers or 

pre-service teachers observing the lesson. 
– Minimum information about copyright and acknowledgement of 

contributions of related people. 
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