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ANATOMY OF THE EARTH

The Earth is made up of several lavers of rock
around a core of iron and nickel. The deeper
the laver. the higher the temperature.

, Atmosphere
/ Depth: approx. b40km
T (400 miles)

Crust
Depth: 6-70km
(43 miles)
Compasition: rocks
stmilar to those on
the surface

Mantle

Depeh: approx. 2.900km
(1800 miles)

© Composition: maostly solid
rock: probably partly meled
80-130km (30-93 miles) down

_ Quter core
Depth: approx. 2,000km (1.240 miles)

Composition: mosty liquid iron,
nickel. and oxvegen
_ Inner core
Diameter: 2.740km (1,700 miles)
Composition: solid iton and nickel
The temperature of the Earth's inner core 1s thought to

be about 4.300°C (8.100°F),
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Where did our attitudes toward nature come from?
Most historians exploring that question have been primarily
interested in the origin of the view that humans are "apart
from and above nature" and "here to dominate it."
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Daniel D. Chiras, Environmental Science: Action for a Sustainable Future (Redwood City, Calif: The
Benjamin/Cummings Publishing Company, Inc., 1991), p. 456.
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Nature being known, it may be master'd, managed,
and used in the services of human life.

Clive Ponting, A Green History of the World (New York: St. Martin's Press, 1991), xiv + 432 pp.
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. we can ... employ them in all those uses to which
they are adapted, and thus render ourselves the masters
and possessors of nature.

it is easy to see that in future, when science and
technigue have attained to a perfection which as yet we are
unable to visualise, nature will become soft wax in his
[man's] hands which he will be able to cast into whatever
form he chooses.
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A Buddhist Solution for the Twenty-first Century

A Constitution for Living

Beyond Tolerance and Pleasure

Buddhism and Education.

Buddhism, A Layman's Guide to Life.

Buddhist Economics

Buddhist Economics, a Middle Way for the market place

Buddhist Education {(Radical Conservatism Buddhism in the Contemporary World, Articles in Honour of Bhikkhu
Buddhadasa's 84th Birthday Anniversary, pp. 77-132)

Buddhist Solutions for the Twenty-first Century

10

Dependent Origination: The Buddhist Law of Conditionality

11

English Lessons for Young Buddhists Book 1.

12

English Lessons on Buddhism Book 1.

13

English Lessons on Buddhism Book Il

14

Freedom: Individual and Social.

15

Good Evil and Beyond

16

Great Buddhists.

17

Helping Yourself To Help Others.

18

Introduction to Buddhism Book | and II.

19

Jataka Tales Book |, 1.

20

Looking to America To Solve Thailand's Problems.

21

Mahachula English Course for Young Buddhists Book I, 11, 1Ii.

22

Mahachulalongkornrajavidyalaya Buddhist University under Roya! Patronage, Catalogue B.E. 2510-11/1967-68 A.D.

23

Samadhi in Buddhism

24

Sammasati An Exposition of Right Mindfulness

25

Social Dimension of Buddhism in Contemporary Thailand.

26

Students' Thai-Pali-English Dictionary of Buddhist Terms.

27

Thai Buddhism in the Buddhist World.

Toward Sustainable Science
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Rudyard Kipling
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A study on the International Cooperative Distance Learning to Foster Creativity
in Mathematics Education

Moriya Seiji

Abstract

We have been studying international cooperative distance learning (ICDL) to foster creativity in mathematics
education since 1995. The purposes of this study are to develop evaluation tools to measure students'
creativity, to develop new educational contents in an information-oriented society, and to organize methods of
ICDL to foster creativity in mathematics education.

We developed evaluation tools which investigate a creative attitude by using the factor of creativity based on
research of Guildford. By using this tool, it was confirmed that the lesson using the TV-Conference System
contributed greatly to developing a creative attitude as new educational contents, "Fractals Geometry" and "The
Geometry of the Earth and the Sun" were developed. Moreover, the consistent curriculum from an elementary
school to a junior high school was proposed too. It is confirmed by the experimental lesson that these are
effective contents.

Two ICDLs, between high school students Japan and Thailand, and between junior high school students
Japan and Thailand, are experimented on. We confirmed in those experiments that the identity, logic, precision
and the activity were fostered. In order to further foster the creativity of students by ICDL, we must organize
the lessons which students can make the best use of themselves idea, and they can discover the problem by
themselves.

Key Words
International Cooperative Distance Learning, TV-Conference System, Creativity, Fractals, Sundial,
Trigonometric Ratio
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1. Introduction

We are studying for the International Cooperative Distance learning (abbreviated as ICDL) to educate the
creativity in mathematics education since 1997. Purposes of this study are to develop the evaluation tools to
measure students' creativity, to develop new educational contents in an information-oriented society, and to
organize methods of ICDL to educate the creativity in mathematics education.

We think' "If students which take the lesson of high quality have the opportunity of the cooperative distance
learning, then they will take the lesson of higher quality and they will get higher creativity than before." We
developed the new contents and the methods of valuation of creativity about this ICDL, and experimented on
lessons that the students of high or junior high school between Japan and Thailand took the ICDL. [ would
like to report for their results in the following.

2. Methods and system for ICDL
Types of Teacher-Pupil/Students interaction in distance learning lessons are denoted as (1) to (4) in Figure 1.
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Figure 1 Model of distance learning . Figure 2 Model of lesson process

The cooperative distance learning process is, as indicated in Figure 2, a combination of an interactive mode
(abbreviated as DL) in which the lesson is conducted with bi-directional communication maintained between
the classrooms A and B, and an independent mode, in which studies are conducted independently with no
communication between the two sites.

In the cooperative distance leamning process, first the common problem to be addressed is chosen. This
common problem is presented to each of the classes A and B in concrete form, but from different points of
view in each case. In preliminary lessons, the problem is solved independently in the classes A and B, and
related works are created. At this time, interest in and anticipation of the unfamiliar pupils at the remote site
are mingled with the students' lack of confidence in their own solutions, and these amplify their interest in the
solution to the problem and spur them to create better works. Interactive lessons of from 60 to 90 minutes are
assumed. After the students greet each other and introduce themselves, the results of the preliminary lessons
are presented and opinions exchanged. At this time students may discover new ideas and techniques they had
not thought of before, and this makes them eager to solve the problem or to improve their solutions. In
follow-up lessons, the students review these new discoveries, and reflect on their own works and
problem-solving methods. In the process, their own understanding of, and interest in the problem is deepened.
At the same time a sense of competition with the remote-site students spurs them to improve their solutions or
creations. As a result, in the next interactive lesson the students can study with a better grasp of the subject
matter. Through this teaching procedure the students' desire to learn is stimulated and their creative instincts are
encouraged.

Classroom-A Pattem-X

Te ]
5

Classroom-B

Pattem-Y Pattem-STS Classroom-B
Classroom-4 Classroom-B J
T N
e ..
—— ] | r—‘-" @Er -2 |>
Papls ) 1~ | -«

Figure 3 Pattems of interactive lessons

In the case of elementary schools, each class is attended by the teachers and pupils (pattern-X in Figure 3),
or remote class is attended by the teacher (pattem-Y in Figure 3). In the case of secondary schools, The
students of secondary schools can produce an mteractive lesson of distance leaming on their own, and can
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teach remote students (Pattern-STS in Figure 3). In this pattern, teachers support students' activities mainly.
Students of teacher's part were satisfied with the results of DL. But, students of student's part felt that the
discussion using English in real-time was difficult. Therefore, it is better to adopt methods of using the Web,
E-Mail, and BBS under the asynchronistic system before they have the lesson using the TV-conference system.

ISDN circuits at 128 kpbs are adopted for communications. Included in the 128 kbps bandwidth are camera
images, audio, images from stand cameras, and computer data.
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Speaker

Video camnera

Chairp ersons’
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Meny seats thr studerms
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|
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(for iracording)
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Figure 4 The ICDL systems in Japanese and Thai classroom

3. Educational experiment

3.1 Japan-Thailand distance learning in senior high school

1) Students: 40 of first-year students in senior high school attached to Kyoto university of education
(abbreviated as KHS) and 20 members of forth-grade students in laboratory school attached to Rajabhat
institute Phranakhon Si Ayutthaya (abbreviated as AHS).

2) The date: From 2002 Nov. to 2003 Feb.

3) Contents: Fractals. Theme is "Nature and Mathematics".

4) Lesson:

Students of KHS have studied Fractals, self-similarity, transformations, exponent and logarithm before ICDL.
Students of AHS have studied exponent and logarithm, but they have never studied Fractals, and so in ASH it
was hard for them to learn about Fractals in a short period. The plan of ICDL is Figure 5.

a~
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Figure 5 The chart of Japan—Thailand cooperative distance learning

KHS students taught Chaos Game to AHS them in DL1 (Figure 6, 7). Next AHS students taught statistic
similarity dimension to KHS them in DL2 (Figure 8).

coastline, around a rose petals, etc., and confirmed that they were Fractals all.

complicated figures are Fractals. In order to show a counterexample they thought and researched no Fractals

KHS students measured some figures of nature, the
However they doubted that all

figure (Figure 11). The last, in DL3, they presented each other the new contents which they have studied till

DL3 (Figure 9 - 12).

result of presentation very well.

wan

AS KHS and AHS students have learned the base of Farctals, they understood each

5]
Figure 8 Thai students are teaching how to

Figure 6 Thai students are learning
Chaos Game (DL1)

measure Fractals dimension (DL2)
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Figure 12 The Simulation of the fern based on affine transformation (DL3)

3.2 Japan-Thailand distance learning in junior high school

1) Students: 64 of third-grade students in Kyoto junior high school attached to Kyoto university of education
(abbreviated as KJS) and 20 of third-grade students in laboratory school attached to Rajabhat institute
Phranakhon Si Ayutthaya (abbreviated as AJS).

2) The date: From 2003 Nov. to 2004 Feb.

3) Contents: Sundial and trigonometric ratio. Theme is "Let's think about the earth!"

4) Lesson:

Japanese students can not usually leam trigonometric ratio in mathematics classroom of junior high school
under the official guidelines for school-teaching, but, there is this contents on the text book of Thailand.

In DL1 KJS students taught AJS students the relationship between latitude and the altitude for the sun, and
they requested them to study the principle of the sundial and to make the sundial to use in Thailand (Figure
13-15). AJS students taught KJS students the trigonometric ratio and simple applications, and they requested
them to study how to measure the height of pagoda and traditional buildings (Figure 13, 17). In DL2 and
DL3 they presented the first results of study and exchanged opinions with each other. KJS students presented
the method to measure the height of pagoda at one point on the ground. However AJS students indicated that
we could not measure the length form a center point of pagoda's bottom to the point on the ground as a pagoda
stood on wide bottom. This reality surprised KJS students, and they studied on this problem again with some
hints from AJS students. In DL4 they presented the contents of study to each other, and together they studied
a common problem for a horizontal sundial (Figure 18-20).

-
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Figure 15 The TV-conference room in AJS

Figure 16 Thai students study a sundial Figure 17 Thai students teach trigonometric ratio
under Japanese students (DL1) to Japanese students (DL1)
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Figure 18 The problem is proposéd by AJS, and its solution (bef'oré‘l‘)L4)

Figure 19 The sundial in order to use in Thailand (DL4) Figure 20 A common problem for a
horizontal sundial (DL4)

4. Results and discussion

4.1 For educating the creativity

We used the creative attitude test developed by Li (2002) (Table 1). This test consisted of 8 factors as 35
items. Students choose just one form five-points as "an extremely favorable or positive to an extremely
unfavorable or negative". This test is scored by assigning +2,+1,0,-1-2 to each point. This test was
implemented before and after ICDL. The results of 1st experiment is the following Figure 21.

For the Japan side, we can read the increase of identity on the result of the creativity test. Teacher and staff
who take part in ICDL recognized that the activity was educated more to read on the result of the test.
However, we can't read the increase of search and originality on this result. We think that students don't have
much opportunity to research into the mathematical contents for Fractals because it is difficult for students to
study this contents.

Generally speaking for the Thailand side, we can't read statistically good results on the test, but there was an

increase of the average of some students.
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In the 2nd experiment we used the new test for creative attitude on table 2. Students answered each sentence of
the table 2 right after every lesson. The results of the experiment is the following Figure 22.

In ICDL,
and it is a great

We can recognize that the precision of factors for creativity was educated under this ICDL.
interactive mode contributed to more educating the creativity than usually leaming,
contribution for the activity and logic. It is suggested that more experience of DL and the understanding the
educational contents and conversation in English are closely related.

= ¢ the divergency ——8==the logic
e=fr==the activity = & the idontity and the originality
% e the concentration and the durability amp==the convercency
=== the precision = O= the sesrch
450
400
350
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theorem of three DL1 trigonometric D2 measure of the DL4
perpendiculars ratio height of a tree

Figure 22
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4.2 For students’ attitude in ICDL

As we make the results of ICDL clear, the questionnaire of table 3 was done right after each DL. The
contents of questionnaire were seven categories as an interest and concern toward the lesson, understanding of
the lesson, environment of the lesson, will toward DL, impression toward the communication companions,
understanding of English and evaluation toward DL. We show categories in figure 23 that there is a high
correlation. We can understand that there is a high correlation between " Will toward DL" and "understanding
of the lesson". Judging from their impressions or comments about this ICDL, it is the experience and
self-examination of DL1 and DL2 that stirred them to will toward DL3.

Decimal number is correlation coefficient

Understanding Interest and concern
of the lesson sessssssssswssaanseensenan:  toward the lesson (1, 2, 5, 7)
[4 1 can study in this lesson | 0.70 e n

L d
.
» .
- v®

.’
o “eal JPtian

L d
.. “

0.66
.....
L 4

0.64

3 -
"y L 2
..

L 2

.
P ‘e

valuatior toward DL L R 8 iy Concentration on the l(es;son
0.61 6

E

. Will toward DL (19, 20)
0.69¢ ‘59.65

0.6
Realization**=="*== New discovery
that DL is good by DL 1)
(16)

Figure 23  Correlation diagram in DL3

5. Conclusion
The following was concluded for the methods of ICDL:
(1) Interactive modes have important role as the motivation

and positiveness in ICDL, and independent modes
deepen the understanding for contents of lesson.

(2) In interactive mode ICDL each students exchange the
development and application after the leaming contents
in common.

(3) There are two times interactive mode as for students to
experience two roles of teacher and students. They have :
the opportunity of interactive mode after that Cooperati

Figure 24 Pattern of STS in future

The following was concluded for the educating the creativity

under ICDL:

(4) The creativity is fostered interactive mode better than independent mode, and it is more motive to discuss
the study with foreign students

(5) Factors of creativity which are fostered in ICDL is different under educational contents and methods of
education.

(6) In order to foster creativity, it is important for students not to be passive, to take a more positive and active
attitude.
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(7) In figure 24, 1 propose the pattern of STS by ICDL better than now. It is international cooperative distance
study and distance conference by students.
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Table 1 Items of Creative Attitude Test

O :Signficant Difference-5% Level , A\: Signficant Difference-10% Level

. No. Factor Itern Number and Item Sentence
10 the 34 In the future, I want to have a respectable job which I can make use of my
independence | aptitude.
2 17 I have high requirement level about myself.
3 4 1 intentionally solve probrems by myself.
40 13 I'm not pressured by others.
5 10 I clearly express my feelings, thinking, wishes and so on.
6O | theidentity { 1 I want to be a hurman being who has a special way of living and who is different
from others.
70 7 1 have my opinions and beliefs.
80O 2 I can judge by myself and I'm a decisive person.
9 A | the activity | 8 I have questions and curiousity about various things.
10 11 When I begin to do something with others, I'm inclined to seize leadership.
11 the search |15 I have an interest in "creating something by miyself”.
12 9 I want to try many difficult problems more than easy problems.
13 16 Even if I have a little failure or danger, I want to face a new challenge which has
never been done.
14 the 19 I listen to someone attentively, consider carefully and carry out the plan.
15 concentration | 21 When I devote myself to studying, I don't think of anything else.
16O and 33 If I begin to do something, I'm inclined to be involved in it and to be unable to
the leave it half-finished or to do another thing.
17 A | attachment |27 I achieve what I set out to do, even if it is hard.
18 22 When I can canry out something thoroughly, I can be satisfied.
19 12 I'm inclined to be able to keep concentrating lengthy.
20 the 23 1 don't like a routine and a repetition.
21 originality 3 I'm good at thinking about a new method.
22 25 I'm not afraid to do something different from others.
23 26 1 have confidence in what I thought about.
240 the 5 I have a interest in the change and improvement.
25 divergency |29 I can think of many ideas.
26 14 I can think of ideas from the various angles.
27 32 I can make use of other’s ideas well.
28 18 I'm good at finding relations from something which you seem not to relate with.
29 28 When I do something, I try doing it in various ways.
30 the logic |30 My analysis ability is excellent.
31 and 24 1 relate things with something.
32 A\ | the analysis | 6 I consider about the factor of things.
33 31 I consider about the process when I reach the result.
340 20 1 consider about the connection to the whole.
35 35 1 expect a result and a route well.

Table 2 Items of Creative Attitude Test on every lesson

Please check off the sentences which you practiced or your mood changed in this lesson, and please write the

reason for checking.
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No. Factor Itern Sentence
1] the divergency |As far as possible, I think about every method.
2 1 I'm good at finding relations from something which seem unrelated.
3 If it is not so, I think what will happen.
b I think about things in comparison with other things.
6 the logic I consider the connection to the whole.
7 I consider a process when I reach a result.
8 I consider a factors of things.
9 I expect a result and a route.
11 the activity  |I think about a thing many times until it is solved.
13 I have questions and curiousity about various things.
14 I pursue questions and subjects.
15 the identity I argue against the decided method.
16 and I think about a new method.
|2 tunk
17| the originality |[I treasure a flash.
18 I bave confidence to what I thought about.
19 I am deeply impressed by discovery.
20 I'm not afraid to do something different from others.
21 | the concentration |I think about something and forget time.
23 and Even if 1 fail, I don't give up.
the durability
25] the convercency |1 think about which method is the best.
27| the precision |I observe things closely.
28 1 ascertain that things are correct.
29 the search I have an interest in "creating something by myself".
30 I want to try many difficult problems more than easy problems.

Table 3 The questionnaire of attitude for DL

No. Category Item Sentence

1 Interest and concern I could leam joyously.

2 toward the lesson I had an interest m study.

5 I was excited by what happened in the lesson.

7 I had a feeling of satisfaction in the lesson

8 The lesson was boring.

3 Understanding I completely understood.

4 of the lesson I can study in this lesson

9 I followed tlus lesson neatly.

11 It was easy for me to understand the asmouncement and he explanation from
Thadand.

12 I wanted more explanation.

23 The explanation of the Thai teacher was good.

24 A Japanese teacher’s explanation was good.

6 | Environment of the lesson | I could concentrate on leaming.

14 I had a strange feeling about studying with Japanese students through the
image.

15 Various machines obstructed my learning.

17 My learning was obstructed by the movement that the image was stuck on

18 The voices were good.

10 ‘Will toward the lesson I tned histening to others closely and understand others.

25 (an announcement person only) I mmde an effort to Thai students'
understand my announce.

13 Impression I felt Thai students' feeling was very fine.

toward the commmmication
companions

22 | Understanding of English | I understood the English well that the Thai students spoke in.

16 Evaluation toward DL T think the Distance Learming through TV conference is good.

19 I want to have Distance Learming more through TV conference.

20 I wart to leam something with Japanese students more through TV
conference.

21 1 made a new discovery from TV conference.
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Figure 6 Thai students are learming Figure 8 Thai students are teaching how to
Chaos Game (DL1) measure Fractals dimension (DL2)

Japanese students
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The dimension of the coast (DL3)

‘Figure 12 The Simulation of the fern based on affine transformation
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Silver Morning, 2000
Acrylic on canvas

170 x 150 cm
Light of Solitude

Acrylic on canvas
110 x 145 cm.

: v 3 1 ¥ Solitude
3 ; 3} Acrylic on canvas
i i i 110 x 145 cm.
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Beyond the Horizon

i

it

The silence walley
Acrylic on canvas
90 x 120 cm.

Acrylic on canvas

150 x 195 cm.
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Without pretence
Acrylic on canvas
100 x 125 cm.
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