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FOREWORD

Masayuki GOTO

Recent drastic increase of human activities since the beginning of this century is now causing
serious degradation of the environment not only within particular nations or regions but on a
global scale.

In order to prevent the world-wide critical situation which we can anticipate in the near future
if things are left as they are, we need to do everything we can in all aspects such as
technology, law, economy and politics. Equally, we all need to change our attitude and
lifestyles to coincide with the principles of sustainable development. In this respect,
environmental education must play an important role in positively changing the human
behavior towards environmental issues. While such environmental education should be made
available to all generations, the education targeted at the young generation is undoubtedly the
most important and the most effective.

The Environment Agency, the Government of Japan, recognizing the significance and
importance of environmental education, started a five year project to support environmental
education in developing countries in 1991 and committed the project to the International Lake
Environment Committee (ILEC), taking their achievement hitherto into account. We sincerely
appreciate the efforts of ILEC as the project concluded in great success in 1996.

We cordially approve the publication of this Guideline Book with the intention of
disseminating and diffusing the results of the project and we hope this Guideline Book will
contribute to the advancement of environmental education of Lakes and Rivers in the world.
Finally we are heartily grateful to all the editors, writers and other contributors who aided in
the publication of this Guideline Book.

Director,

Olffice of Overseas Environment Cooperation,
Global Environment Department

Environment Agency, the Government of Japan
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PART I

GENERAL GUIDELINES



CHAPTER 1

INTRODUCTION
Sven Erik Jorgensen
1.1 Urgent need and present status of environmental education

Environmental issues have become increasingly important in our society over the last
three decades or so —since the first green wave resulting from Rachel Carson's book
"The Silent Spring”. At that time, it was the general opinion that environmental
problems could be easily solved by the application of the proper environmental
technology. Today, it has been acknowledged that environmental considerations have
relations to many aspects of our everyday life and that we cannot solve the
environmental problems without the use of a wide spectrum of initiatives.
Environmental technology has been supplemented by environmental legislation,
green taxes, cleaner technology and ecotechnology. Furthermore, it is an absolute
necessity that everybody participate actively, if the abatement of the environmental
problems is going to be successful. The attitude of everybody to the protection and
conservation of nature, to the application of possible recirculation and to the selection
of "green" products in the supermarket are crucial for solutions to the environmental
crisis. Therefore, all citizens in all states should understand the environmental policy
which is imposed on them and be in opposition to the legislation if it is insufficient.
They should take the right environmental decisions in their everyday involvement in
environmental issues:

- when they are discussing local planning on all levels,

- when they are shopping,

- when they are considering their own transportation and work,

- when they consider different local solutions to all waste problems or
- when they are taking care of their own waste.

This will obviously require a very profound understanding of the environmental
problems and call for an environmental education on all levels from kindergarten to
university and postgraduate education.

We have today introduced environmental education in many contexts and on many
levels. The question is, have we introduced the right form for environmental
education? This issue will be discussed further below.

Science has changed during the last few decades. Due to the many serious problems
and crises of today —the deterioration of the environment, the shortage of energy and
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resources and the overpopulation problems — science has been forced to descend
from its ivory tower and be more occupied with "down to earth" problems. This has
uncovered the shortcomings of our present science: it is an excellent tool to analyse a
relatively simple relationship in nature or even better in a laboratory, but it is not a
very good instrument in the understanding of complex systems or in seeking
solutions to complex problems. Science has up to now built too much on
simplification which may be valid in a laboratory but not in nature, where many
components and processes are interacting steadily. This has influenced the recent
development of various scientific disciplines and particularly environmental science
and ecology, where the need for a more holistic approach has been most evident. It is,
however, difficult and time consuming to change the course of a large a body as the
scientific community. It is therefore not surprising that the use of a more holistic view
in science is still in its very initial phase, but it emphasises the need for introduction
of more holistic viewpoints and approaches in education to ensure that the coming
generations are prepared to meet the challenge of the urgent global problems that we
are facing.

The introduction of environmental education started in the early seventies in several
industrialised countries. At that time, the effort was concentrated on university
studies, particularly those related to environmental and ecological problems, such as
sanitary engineering, chemical engineering and biology. In some countries the
sanitary engineers changed their name to environmental engineers with more
emphasis on ecology, environmental science in general and a deeper understanding of
the relation between various forms of pollution and their influence on nature. Some
biological students also became specialised in environmental biology or ecology with
emphasis on conservation of nature or other related ecological disciplines. The role of
a multi- and interdisciplinary approach and the simultaneous applications of several
scientific disciplines, biology, physics, chemistry, geology and so on, were
emphasised. It was, however, easy to make educational planning with profound
understandings of the urgent needs, but much more difficult to force different
disciplines with their individual traditions to work together with the aim to create a
multi- and interdisciplinary education. Environmental education at the university
level in the seventies was therefore in most cases very traditional and to a certain
extent only an introduction of yet another subject or at best new (environmental)
illustrations of already accepted scientific ideas.

The need for an early environmental introduction course with a multidisciplinary
basis in (almost) all studies was stressed by an OECD working group focusing on
environmental education. This resulted, however, in only a few initiatives in this
direction during the seventies.

Slightly later the same tendencies were adopted in many gymnasium, secondary and
elementary schools. Environmental education was in most cases simply included into
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a subject, most often biology, as illustrations of the basic concepts.

During the eighties, many more studies included environmental issues into their
syllabus, for instance, law, economy, agricultural engineering and medicine to
mention the most important. It did, however, only in a few cases, imply that the old
traditional borderlines between two or more scientific disciplines were broken down
and a more wide application of several disciplines at the same time introduced. The
public schools in the eighties were to a certain extent more open for project-oriented
multidisciplinary educational initiatives than universities, mainly because the public
school probably more generally deals simultaneously with many disciplines. In some
countries (see for instance the description of the Danish experience in Part II) the
legal framework for the activities in the school law made it possible to support
project-oriented multidisciplinary educational initiatives, which obviously facilitated
the introduction of environmental problems and issues in the education.

Still today, when we are approaching the year 2000, only a few multi- and
interdisciplinary initiatives on all educational levels have been taken, because old
traditional disciplines still exist and the gaps between them are not easily bridged.
The need for holistic and system analytical education is more urgent than ever. The
global problems are far from being solved and will only grow in the time to come. It
is therefore of utmost importance to take this into account in the planning of future
educational developments.

The status of the environmental education today may be elucidated and summarised
in the following points:

- Many good initiatives have been taken and are implemented on all educational
levels.

- The need for professional skill in environmental issues in many particular
higher educations has inevitably provoked the emergence of many very useful
courses in environmental topics from environmental legislation and economy
to environmental technology and ecology.

- The needs for more holistic and system analytical approaches in science due to
the complexity of our global problems including pollution problems has turned
science towards a more multi- and interdisciplinary direction, but the
development in this direction is going very slowly compared with the urgent
need for changes. This is probably caused by the presence of obsolete,
traditional borderlines between the various scientific disciplines.

- Therefore only a few real multidisciplinary and holistic educational initiatives
have been taken. Although it may be possible to find them more represented in
public schools than in universities, they are still relatively rare on all
educational levels.

- Project and problem-oriented education may be found to a certain extent on all
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educational levels, also with relation to environmental education, as this
educational approach is more generally accepted today than one or two
decades ago.

This status, particularly the shortcomings of the present environmental education,
may be used to find the key factors in improving environmental education in the
future.

The objectives and scopes of environmental education in the future may be listed as
the following points:

1.

2.

Change of Attitude. Environmental education should change the attitude
towards the environment and nature, from indifferent to very concerned.
Insight into How Nature Works. Environmental education should give a
certain insight into how nature is functioning, why nature can absorb some
pollutions but not all. Why nature at the same time is very robust but also very
vulnerable.
Present Basic Natural Principles. Environmental education should and could
present the basic natural principles which we must adapt, if we want a
sustainable development:
a. the role and importance of recycling, because of conservation principles
b. the role of the chemical composition for all living components,
c. that all components are tied up in a network, which explain their
interdependence,
d. that all natural systems must be open (or rather non-isolated) because
they are dependent on an energy source and a heat sink, and so on.

. Stress the Nature of Complex Systems. Environmental education should

underline the nature of complex systems and how predictions on the reactions
of complex systems require a very profound knowledge on many aspects at the
same time. This underlines the urgent need for a holistic multi- and
interdisciplinary environmental education, which is covered in the following
two points (5 and 6). '

. Contain Holistic Elements. Environmental education should have at least

some holistic elements. It is important to use what could be called a
macroscope —see the whole and not the details —several times in the course of
environmental education,

. Draw on several Disciplines Simultaneously. Environmental education

should at least have some multi- and interdisciplinary elements to illustrate the
importance of drawing on several disciplines simultaneously to solve real life
problems.

. Be Problem-Oriented. Environmental education should be problem-oriented,

as the practical application of the education would focus on problems. The
problems should be well defined, quantified and the possible solutions to the
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problems discussed with view points from several angles.

8. Use Practical Projects. Environmental education should to a high extent be in
the form of projects, preferably very concrete projects, in order to bring the
education "down to earth". This would facilitate the introduction of points 5, 6
and 7 in the environmental education.

9. Present our Dependence of Nature. Environmental education should reveal
our complete dependence on nature, and the vulnerability of our modern
society to any changes in the basic properties of our environment, In this
relation our dependence of access to recreational areas and a wide spectrum of
natural resources should also be mentioned. The relation between our health
and the environment is also significant in this context, for instance the
importance of high quality drinking water We are indeed dependent on nature,
while nature particularly on a long term basis is independent of mankind. We
can influence nature, but we cannot change the fundamental laws of nature.

10. Include the Role of Environment as a Social-Economic Factor.
Environmental education should also consider the role of our environment in
the society as a social-economic factor. It should reveal how many social-
economic problems can be explained as environmental problems and how
insufficient shortsighted environmental decisions can create social-economic
problems.

The ten mentioned objectives should be considered in all levels of environmental
education, not necessarily with the same weight on all levels, but it is considered of
utmost importance to include all the mentioned elements to be able to turn
environmental education in the right direction, i.e. the direction which would
consider the above mentioned characteristics of environmental problems. It will be
illustrated in this guideline book that it is possible on the public school level to
include all the 10 elements by a suitable choice of project and by the integration of
the project into several school subjects. The national experiences gained by this
school project launched by ILEC, demonstrate that this is possible even by relatively
simple means, at least if the focus of the environmental educational project is on
inland water environments. This is discussed further in the next section.

1.2 Environmental education focusing on inland water environments and resources

Pollution problems and shortage of resources are often coherent, because the shortage
is frequently caused by a deterioration of resources from pollution. Examples where
the two problems are linked are an excellent illustration of the ten objectives of
environmental education listed above, because they give the opportunity instantly to
illustrate the use of a macroscope, how complex real problems are and how problems
and ecosystem components are linked together and cannot be separated. Inland
waters are excellent examples of this relationship between pollution of natural
systems and the need for maintenance of the quality and quantity of the natural
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resources that are so essential for our society — in this case sufficient water of an
acceptable quality which has great influence on the public and social economic
factors.

Inland waters have the advantage as objects for environmental education that they
may be found almost everywhere and that the local society often consider the
adjacent inland water, either a lake, a wetland or a reservoir, as the most important
local recreational area. It usually attracts a lot of recreational activities such as
swimming, boating and fishing. This facilitates the possibilities to raise a natural
interest for the inland waters by the pupils of the adjacent schools. This is illustrated
in Part II particularly for the Danish and Japanese school project, where the schools
are adjacent to lakes which are particularly important recreational areas of the region,
but in principle it can be seen from the results by all the natural experiences.

How the use of inland water environments as the focus for a school project is able to
meet all the above mentioned ten objectives is discussed below. The numbers refer to
the numbers used above.

1. The local interest for the inland water(s) adjacent to a school should make it
easy to awake the concern for nature. It is in this context important that the
pupils visit the focal inland water several times and thereby get a sense for its
beauty and its role as a recreational area in the region.

2. This discussion will inevitably lead to an assessment of the conditions for the
inland water, including a discussion of the water quality and its importance for
the use of the inland water for recreational purposes. This gives occasion to
discuss the loading of organic matter and nutrients and the possibilities of the
ecosystem to absorb at least partially these pollutants. It should be applied to

Fig.1 Uses of lakes — 1) Recreation. Lake Washington (USA).

8



Fig. 2 Uses of lakes — 2) For daily life. Washing on the shore of Lake Toba (Indonesia).

illustrate that ecosystems possess ecological buffer capacities which can reduce
the impact of any pollutant but only to a certain extent. Above a certain limit
the ecosystem will deteriorate which — and here inland waters are excellent
examples, too —may lead to an irreversible reduction of the ecosystem quality.
It implies that it will often cost more effort to bring the system back to normal
than expected: prevention is therefore better than abatement coupled with
restoration.

. By continuous analyses of inland waters it is possible for the pupils to
exemplify the basic properties of ecosystems. The annual cycle illustrate
simultaneously the cycling of nutrients, because the concentrations of available
soluble nutrients are different from winter to spring to summer to fall because
of the nutrients cycle. The water cycle is also another illustrative subject to be
discussed in relation to inland waters. The relation between drinking water,
waste water, waste treatment and the water quality in a lake or reservoir can
easily be understood by 8 — 12 years old school pupils.

The analyses of the water quality also give occasion to discuss the concept of
the limiting factors, which is embodied in the basic composition of plants.
Furthermore, the annual cycle of zooplankton illustrate the dependence of the
food source, phytoplankton, and give occasion to discuss food web and thereby
the ecological network of ecosystems.
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Finally the relation between phytoplankton growth and solar radiation which is
nicely illustrated by the annual cycle clearly demonstrates that inland waters
are open (non-isolated) ecosystems. The inflows and outflows are further
illustrations of the openness of ecosystems. The ecosystem is dependent on all
the activities in the entire watershed and the entire watershed is dependent on
the processes in the interrelated ecosystems, whatever we are focusing on
lakes, reservoirs, rivers or wetlands, are excellent examples of the ecosystem
properties. It can therefore be concluded that inland water, whatever they are
lakes, reservoirs or wetlands, are excellent examples of the ecosystem
properties.

4. The application of almost the entire spectrum of natural sciences, physics,
chemistry, geography and biology, by the observations and analyses of inland
waters is evident. It is however also easy to utilise other subjects which may be
considered an unique opportunity to demonstrate that the problems of real life
cannot be solved by the use of one subject only but require always an
integrated and simultaneous use of several subjects. An environmental project
focusing on an inland water could be utilised in art (drawing), mathematics
(graphs, calculations of areas, volume, loadings etc.) and languages (reading of
manuals).

5. Because of the close relation between water quality and the ecology of inland
waters, they are also excellent examples of the need for a holistic view. It is
clear that one water quality parameter does not reveal much, but has to be
integrated with the other parameters, with the analyses of phytoplankton,
zooplankton, insects, birds and fish species and with the general impression of
the ecosystem and its surroundings to be able to assess the ecosystem health
and the possibilities to improve it and the water quality. The analyses and

Fig. 3 Uses of lakes — 3) Waterborne transportauon Boats are still the most important means of cargo
transit on many lakes and rivers of central China like this Tai Lake.
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Fig. 4 Uses of lakes — 4) Fishery. Mechanised scoop-net fishing on Lake Biwa (Japan).

observations are carried out for the entire system which emphasises the
importance of the system level.

. The application of inland waters in environmental education makes it possible
to stress the need not only for multidisciplinary approaches but also for
interdisciplinarity. The assessment of the ecosystem health for an inland water
requires that biological, physical and chemical parameters are evaluated in
parallel which is only possible by integration of the knowledge based on the
various disciplines.

. The problem orientation is important in environmental education because our
concern for the environment is associated with real and often very urgent
problems. In addition, our knowledge, skill and know how in real life are again
and again confronted with problems and the comparisons of possible solutions.
In the school on the other side, very few real problems are in focus. It is
therefore an unique opportunity for the school to use real life problems in
education to use inland waters as an environmental project, because it is in
most cases simple to give emphasis to real problems: the shortage in water
supply, the odour when floating blue-green algae are forming foam in the late
summer, the transparency of a lake used for sailing or swimming, the reduced
species diversity of fish and so on.

. Environmental education in general is very well suited to formulate an
educational project. Current examinations of a lake or reservoir and the
implications of the present water quality for the use of the water and the
ecosystem is a straightforward project which is realistic, illustrative, problem-
oriented and multidisciplinary at the same time.

. Such a project gives also occasion to discuss the relationship between the lake,
river or reservoir and the adjacent local society. Again, selection of inland
waters as focus for environmental education meets this objective, as the local
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society is very much dependent on the freshwater ecosystems, for water
supply, for recreation and for transportation, but they play usually also a major
role for the local climate. The entire watershed is dependent on a proper
management of the aquatic ecosystems in the region.

10. The project can furthermore illustrate that the social-economic life, health
conditions, drinking water supply, various types of jobs and recreational
activities, are strongly dependent on the inland waters in the region.

On the basis of this brief discussion of the objectives of environmental education
given above with relation to inland waters, it can be concluded that an environmental
educational project focusing on inland waters is particularly well suited to meet all
the ten objectives.

Details on how to implement such educational environmental projects focusing on
lakes or reservoirs are given in Chapters 2 to 4, while the experiences gained by pilot
school projects in 6 different countries with very different cultural and climatic
background are summarised in Part II. The final selection of a suitable environmental
educational programme should obviously consider on the one hand the objectives and
available tools to meet these objectives and on the other the social-economic-cultural
basis for the education. It is therefore considered of significance to find a feasible
solution to the implementation of inland waters for environmental education in both
developing and developed countries of different geographical regions to be able to
give recommendations which can be used widely. Obviously, the industrialised
countries will be able to offer better equipment for the implementation of an
environmental educational project than it is possible for developing countries, but it
does not imply that the industrialised countries can offer better school projects. The
success of the environmental educational school projects is probably more dependent
on the enthusiasm of the school teacher than on the quality of the equipment. It is an
important challenge to make useful equipment for lake and reservoir observations
with what is at hand and at no or almost no costs. The educational result of this
challenge may be more important than a series of accurate measurement by use of
sophisticated equipment.

Guidelines on how to make low cost equipment are given in Chapter 3 but can also
be found in UNESCO-UNEP-ICCE's publication "Suggestions for making and using
low cost equipment from 1992".

A few ideas to implement in context with environmental educational projects with
reference to the ten objectives are given below. It is important to use the proposed
activities for a wide discussion on the environmental aspects and turn them around
several times and from different angles for a better understanding according to the
objectives. The ideas given below are mentioned in more detail in connection with
the national experiences in Part II.
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A. Measurement and observations of the annual cycles of temperature (profile),
water transparency and concentrations of nutrients can be used for objectives
2,3 and 8.

B. Observations of fish, insects and bird species can be used for a discussion of
objectives 3,4, 5 and 8.

C. Drawings and photos of the inland water environments can be used for
objectives 1, 8 and 9.

D. Following the water cycle: drinking water supply — waste water — waste
water treatment (if any) — discharge of treated waste water — self-
purification in the lake or reservoir — evaporation — rain (better quality? air
pollution?) can be used for the objectives 2, 3, 6, 7, 8, 9 and 10.

E. Comparing different inland waters in the adjacency of the school can be used
for the objectives 2, 3, 4, 5, 8, 9 and 10.

E. Examination of the quality of the rainwater can be used for the objectives 3, 4,
5,6,7 and 8.

G. Examination of the food chain in the inland waters can be used for the
objectives 4, 5, 6 and 8.

H. Examination of the use (fishery, drinking water supply, swimming, boating) of
the inland waters in the region can be used to cover the objectives 6, 8, 9 and
10.

I. Examination of the water regulation can be used to cover 1, 5, 6, 8 and 9.

1.3 ILEC and Environmental Education

ILEC has an interest in all projects which can increase concern for and the
information about inland waters environments. It is therefore natural for ILEC to
support an environmental educational project focusing on inland water environments.
For a period of seven years, ILEC has supported and followed the environmental
educational project referred and summarised in this guideline book. The main idea
has been to assess the educational methods that give the best and most certain results
in different countries, with different backgrounds. From the very start it was
considered of importance to run pilot plant projects in different geographical regions
to gain experience based on different cultural and climatic backgrounds. It has been
possible to obtain experience from Argentina, Brazil, Denmark, Ghana, Japan and
Thailand. As seen, it has been possible to get a wide geographical coverage with two
industrialised countries from Asia and Europe and four developing countries from
three continents. There is no doubt that it has influenced the results in the different
countries, that water and water quality plays a different role in the six countries. This
issue will be further discussed in Part II, where the national experiences are
presented.

ILEC's general interest in environmental management has emphasised the need for a
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multidisciplinary approach and for the role of the watershed. In lake and reservoir
management it is stressed again and again that we cannot solve the problem of a lake
or reservoir, if we don't look into the entire watershed, because what is going on in
the watershed influences the lake, the river or reservoir and these aquatic ecosystems
influence the entire watershed and its social-economic life. An inland water is an
open system which is highly dependent on the forcing functions determining the
inputs. Only through a proper control of the anthropogenic forcing functions it is
possible to solve the environmental problems. This is consistent with objective
number three, mentioned above.

The emphasis on the impact by the entire watershed should be reflected in
environmental education and is furthermore consistent with objective number nine
and ten. It is recommended to include in the environmental education the role of the
entire watershed, for instance by the application of the following list of questions:

I. Find the drainage area of the considered inland waters.

II. How many inhabitants are there in the entire drainage area?

HI. Where is the waste water in the drainage area discharge? After which
treatment?

IV. How is the water supply for the inhabitants of the drainage area covered?
Ground water or surface water? What is the quality of these two types of
water? Which treatments are used?

V. Which industrial productions characterised the drainage area? Which
compositions and amounts of waste water, smoke and solid waste are coming
from these productions? Where are these amounts of waste water, smoke and
solid waste discharged and after which treatment?

VL. Which more or less toxic compounds will as a consequence of V be discharged
to the lake or reservoir? What effects will they have?

VII. What agricultural activities are going on in the watershed?

VIIL. Approximately how much fertilisers and pesticides are used? Which types of
fertilisers and pesticides? What do we know about the fate of these
compounds? With relation to the inland water quality?

IX. What has been done to reduce the pollutants originated from agriculture
(reference to question VIII)? What should and could be done? How?

X. Survey the touristic activities in the watershed. Which inverse effects on the
water quality have these activities?

XI. What has been done to solve the problems related to tourism, see question X?
XII. Which other activities are of importance for the water quality in the watershed?
Which considerations have been carried out to solve the related problems?

XIII. What are the social-economic implications of the inland waters?- What role do

they play in the social-economic life of the region?

XIV. What is the general environmental policy of the region? Does it consider
sufficiently the local and regional environmental problems? How is it
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coordinated with the regional policy in other areas? Is the environmental
questions considered sufficiently in, for instance, the economic planning of the
region?

XV. How many jobs in the region are directly dependent on the water quality?

It is not necessary to include all these questions in every planning of environmental
education, but it is important to include some of the questions to demonstrate the
relationship between watershed and the inland waters, because that will give a clear
impression of the human impact on inland waters and also indicate that something
can be done, provided that we control (reduce) at least the part of our activities that
have the most pronounced effect on the environment. It is crucial in environmental
education that there is a very narrow relationship between the anthropogenic forcing
functions and the conditions for the ecosystems. A control of the forcing function
based on a good understanding of the fundamental functions and properties of
ecosystem is therefore crucial in environmental management. This is one of the most
pertinent messages to give in environmental education, as it opens for a positive
attitude towards the measures to be taken, even if they imply a reduced consumption
or welfare. These aspects of environmental education are significant in democratic
societies where the attitudes and everyday behaviour of every citizen count and will
imply a certain effect —in this case on the quality of inland waters in the region.

Some of the questions I-XV would require too much insight in local or regional
conditions to be answered by the lower grades in the public school. It is, however,
essential to apply the watershed view in all grades, but it may be advantageous to
reserve the most comprehensive and widest use of the watershed view, perhaps
including the more social-economic aspects (mainly questions XIII, XIV and XV), to
the gymnasium or at least to the grades 8-10. If the pupils are considered to have
sufficient insight into regional and local problems, then watershed planning in
general is an excellent topic to include in discussion of social sciences, as it is easy
for the teacher to find local, easily understood, illustrations.

This part of the guideline book has given some indications of how inland water
environments can be used as illustrative examples in environmental education. The
core objectives of environmental education have been presented as a tentative basis
for the implementation in practical school work. It has been demonstrated that inland
waters give some particular possibilities to meet these objectives, which is made
concrete by a series of components that could be included in an environmental
educational project.

In this section the importance of the watershed view has been emphasised. The

application of this view in environmental education was illustrated by 15 questions
which could be incorporated in environmental educational projects.
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This part of the guideline book gives some basic ideas and considerations, but does
not give a sufficient basis for practical implementation of inland water environments
as the core theme in environmental education from grades 1-12.

The practical educational recommendations are presented in Chapters 2 and 3, details
about the incorporation of environmental education in current school education
programme, preparation of curricula, preparation of teaching materials, suggestions
to laboratory experiments and field studies are given.

Chapter 4 of this volume discusses environmental education classes, involvement of
local communities and the training of teachers, of particular interest for developing
countries.

Part II presents the national experiences gained by ILEC's educational pilot plant

project. The results are compared and discussed with reference to the basic aspects
presented in this part and the practical aspects presented in Chapters 2 to 4.
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CHAPTER 2

DEVELOPMENT OF CURRICULA

Sirmsree Chaisorn

Practices in the development of school curricula in different countries depend on
their educational systems and educational theories they adhere to. In many countries
where education is more centralised and national syllabi are prepared for all schools,
it is difficult to find schools where teachers take the initiative to adjust or add new
aspects to the curricula. However, that initiative is most desirable if students are to
gain meaningful learning experiences. Curriculum framework should allow for
diversities and flexibility so that school learning can be made more relevant to
students' practical-life needs as well as to the present and future needs of each
society. School personnel, administrators and teachers alike, should be empowered to
enhance or design learning experiences appropriate to local, regional, and global
communities. Students need to learn how to tackle problems facing their own life and
communities effectively. In such a school-based programme, awareness of world-
related issues must also be developed since we are all living in increasingly
interdependent world environments.

Environmental education school curricula developed in the six countries participating
in the ILEC-EE project focusing on inland water resources during 1989-1995, are
examples of various school-based curriculum development efforts which could be
applied in both centralised and decentralised educational systems. The projects in
some countries such as Japan, Ghana and Argentina have had profound effects on
environmental education curriculum development and production of new teaching
materials at the provincial or district level of their educational systems.

The present educational system in most countries participating in the ILEC project,
have no compulsory independent courses for environmental education. Some courses
such as "Environmental Studies" and "Surrounding Environments" which are in the
lower-secondary school curriculum of Thailand, for example, are offered as electives
and need to be made more localised, more experiment-and inquiry-based, and more
stimulating. Teachers of "Life Studies" course in the first and second grades in Japan
used more effective teaching approaches supported by ILEC. Environmental
education is normally integrated into various subjects in the curriculum such as
science, social studies, language, art, and agriculture.

To practically develop successful environmental education in schools, either through
these courses or some other approaches, many aspects can be learned from the ILEC
school projects.
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2.1 Developing school policies that foster environmental education

School administrators should themselves be truly concerned with the state of the
environment and problems of all levels if they want school teachers to be active and
forward looking in organising environmental education for students. School policies
must be continuously established, to set forth action needed during the specified
amount of time. Policies that foster environmental education must include the
following attempts:

- Familiarising school teachers of all subject areas with updated information
about local and world environmental situations.

- Inviting innovative ideas or projects from teachers to increase both teachers' or
students' understanding of environmental matter. '

- Allowing the implementation of challenging projects by providing supports of
all kinds.

- Encouraging cooperation with other organisations outside schools to help with
environmental education projects. These organisations may be universities
where there are many experts in various fields, local and other national
authorities, or non-governmental agencies, etc.

- Encouraging cooperation among teachers of different subjects to work together
in organising learning experiences for students both in course work or special
projects.

- Making school environments a resource centre for students' study to be
friendly with the natural environment and reinforcing attitudes such as their
love-of-nature.

- Promoting enjoyable scientific learning activities both in classes and outdoors
to cultivate students' scientific mind.

- Setting for environmental education activities for the entire school at least a
few days once a year so that teachers and students can plan and work together
to get everybody, including the local community, involved in learning about
environmental issues and thinking about solving some of the environmental
problems.

These policies should be announced to all school teachers early in the beginning of
each school year to allow discussion and plans for action.

2.2 Alternative programmes and organisations for environmental education in schools

1. Infusion approach

This approach calls for the revision of and addition to existing courses. Teachers of
each school subject should re-examine their course content in order to add new
topics, examples and cases, some details, including learning activities that are related
to understanding of natural and socio-cultural environments. In Danish schools,
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where teachers have much freedom to select their own topics since there are no
examinations or grading required in the first seven grades, it is easy to introduce a
topic such as "Lakes" into many subjects. Each subject treats the topic in its own
specialised ways. Teachers can even team themselves to carry on many learning
activities together if they work on changing their teaching schedules so that they can
teach related topics about the same time. In reading and written, students can read
passages and write about important local or world water bodies and environmental
problems we are facing. They can make a written or oral report of their study on
danger of pollution, or describe the importance of their local water resources to their
lives. Some subjects lend themselves to treat environmental topics deeper than others.
These subjects include science, social studies, language, and agriculture. In Japanese
pilot schools, at least 10 hours in each class of different subjects are spent for
environmental education during the academic year. The infusion of environmental
topics into various existing subjects creates multidisciplinary curriculum
development in the selected themes. This approach depends much on individual
subject teachers' views and their recognition of the values of contents to be added.
However, if the school policies are made prominent in this regard, it should be the
responsibility of all teachers to act. Schools must have some way of monitoring in
order to reinforce teachers' efforts or help solve some problems they may encounter.
The trouble of the infusion approach of curriculum development is that when all
teachers know that it is the responsibility of everyone, then someone may not take
action. It might end up with only a few subject teachers making an effort.

In Denmark, pupils learn ecology in biology, measure pollution in chemistry, analyse
costs of pollution in mathematics, illustrate the concepts of food chain in art classes.
In Ghana, environmental education is integrated in social studies, cultural studies, life
skills, general science, agricultural science. Students took environmental education
four periods per week in schools but not every week.

2. Addition of new courses or new integrated units

New independent courses may be added to the syllabus with one teacher or a group
of teachers in charge of course management. In many countries, this is a recent
approach since the curriculum development committee, either at the Ministry of
Education level or at the provincial or school level, realise the necessity to
extensively educate young people about our community and global environment.
These new courses are added to certain subject areas, normally to science and social
education programmes.

Some of these new courses are electives. Some are required. The latter are added into
the syllabus as parts of the core courses which all students in schools must study.
These new whole courses may be organised using interdisciplinary or integrated
concepts which mean the course content are selected according to the themes. Each
theme becomes a unit. The content and leaming activities selected for one theme or
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one unit may come from various disciplines. It might be necessary to create an
interdisciplinary team comprising different subject teachers to carry on these
integrated teaching and learning units. Although the experiences from the school
projects in Argentina indicated that the interdisciplinary approach is more effective in
primary schools, where contents are quite basic and one teacher can manage to
organise learning activities for their pupils easier than in the secondary schools, it is
still a sound curriculum development approach for the problem-based content. Open-
minded and cooperative teachers holding holistic views of environmental issues are
the key elements to bridge the gap between theory and practice.

In the syllabus of some countries where new courses in environmental education are
not yet introduced because room is still being arranged to add new courses, one big
unit can be organised by a group of teachers from related disciplines in order to plan
for exciting learning experiences for students. Of course, close cooperation and
planning time among teachers are needed. And this is the most difficult part. In the
case of Thailand's Chiang Mai project, science teachers and social studies teachers
planned and taught students on "Water and Life" unit for 10-12 hours in lower-
secondary pilot schools using "Environmental Studies", which is an elective course in
social studies area, as a base. The same unit with simpler content was taught at the
elementary school level where the individual teachers of "life-experiences” can
manage the whole instructional plan and activities by themselves.

3. Co-curricular activities

Through various students club activities, environmental education can also be
promoted. Students learn to manage all kinds of plans and activities by themselves
under the supervision of teachers. Usually students who have similar interests will
belong to the same clubs. Nature-loving clubs or Nature Conservation clubs are
among the most popular groups. Furthermore, clubs such as the Photography,
Journalism, and Tourism might also play a vital role in providing environmental
knowledge. Not only can they pursue their interests without worrying about grades
like in the programmes of study, students could also disseminate their findings to
other students in schools and to the public at large as well.

In Argentina, Secondary School No.71, which is a pilot school in Concordia city,
started an extra-class workshop for 30 students. With some training in collection and
interpretation of information, they could develop skills in social communication for
the community with understandings of environment problems and conservation. The
relocation of residents caused negative attitudes toward the Salto Grande Reservoir.
Students were successful in changing people's attitudes so that the reservoir can be
used and enjoyed. This project was awarded a citation by the municipality of
Concordia. In the second year, the project students used the kitchen of a house nearby
the reservoir as their laboratory for meetings and study of blue-green algae, pollution
of the reservoir. In Brazil, a "Water quality kit" was designed by a staff member of
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the University of So Paulo and provided to more than 20 schools. Students used the
equipments in the kit for extra-curricular activities, collected data weekly for a period
of 6 months. Data from various watersheds were compared.

4. Special projects

Special projects may be related to many courses or they may be special events
planned for the whole school and communities. Two main pilot schools in Denmark
were very successful in working on multidisciplinary projects centred around science.
The Seven Stars School had three major lake projects integrated in science classes of
three different levels. In Project 1, "Excursions to Lake Fure", third grade students
sampled phytoplankton, zooplankton, measured water quality and collected data
relating to seasonal variations. In maths classes, students plotted graphs on different
topics. Project 2, "Water cycle", fourth grade students visited a drinking water plant,
and sewage treatment plant, discussed about water consumption and reduction of
consumption. Water consumption was calculated in mathematics. Students studied
birds, fish in the lake and on lake shores. They produced posters of their
observations. Project 3, "Lake model software", fifth grade students learned from
computers. The lake project in this school continued to grade six in which groups of
students studied and compared different lakes to learn about lake ecosystems. For
seventh grade, they got to analyse nutrients in lake water in chemistry class, studied
deeper the biology of freshwater fish and birds. Another special project is the yearly
one-week project for all classes in the school to study one local theme such as "Urban
ecology" and "The rain forest".

At the Vestervang School, another of the Danish pilot schools, the entire school was
involved in "The Energy project”. Students studied energy consumption, ways to
reduce the consumption, greenhouse effect and acid rain. Another interesting project
involving the whole school was called "Nature", where students had opportunities to
g0 on a one-week nature camp. Upon their return, some wrote about their experience
in the school journal. Other projects that were carried on in some classes included
"Rivers and streams" and "Our school".

In Ghana, pilot school projects attempted to get joint participation of community
members in some outdoor activities such as "Cleaning up our environments".
Residents along the Densu River bank worked with school children in various project
activities. Student-made posters of health problems, sources of pollution, sand boxes,
and a model of the Densu River basin were used to educate the local community. The
schools were successful in trying to involve community residents in the identification
of solutions to environmental problems such as health problems, unsanitary waste
disposal, and pollution caused by household waste. People changed some of their
habits. They boiled river water before drinking it. Ghanian school projects did have
positive impacts on the local community. It was, however, suggested that tactful
approaches were needed at the initial stage to get community agreement.
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The Shiga Prefectural Board of Education in Japan offered various environmental
education programmes for fifth grade students in the floating school, Uminoko. This
big boat can take up to 240 students at a time. Students studied the water quality of
Lake Biwa and the physical environment in and along the shores of the lake.

2.3 Curriculum designs appropriate for real-world education

All the ILEC environmental education school projects had put theory into practice in
terms of designing curriculum and instruction appropriate for local and world needs.
Every project began with choosing water bodies that are close to school areas and
significant to people's lives as the study sites.

- Brazilian project schools used Lobo-Broa watershed and Lobo reservoir.

- Shiga schools studied Lake Biwa, the main source of water supply for millions
of people in Japan.

- For Danish people lakes are important recreation areas.

- Chascomus Lagoon was the study-site for project schools in Chascomus,
Argentina. Also in the city of Concordia, students studied Uruguay River and
Salto Grande Reservoir.

- Densu River and Weija reservoir were the centre of Ghanian school projects.

- Pattani River Basin and mangrove forest in the southern part of Thailand were
the main study areas of the students in Thailand's Pattani project.

- For Chiang Mai project in the northern part of Thailand, Ping River and its
watershed were used.

Experiential learning was emphasised in all projects. Both elementary school and
secondary school students were provided opportunities to observe, experiment,
analyse, construct, work on many sub-projects, discuss and learn about their
surrounding environments. They learned the causes of environmental problems and
tried to find various ways to solve such real-life problems. Problem-based learning
helped students gain many essential life skills together with scientific and social
processes. Curriculum designs focusing on experiential learning or problem-solving
relating to environmental studies need consideration from various viewpoints and
cooperative actions. Using thematic units which can be multidisciplinary or
interdisciplinary seemed to stimulate students' concerns and curiosity.

2.4 Arrays of learning objectives for environmental education

From Chapter 1, ten important objectives of environmental education were stated. The
project reports of the six countries revealed arrays of learning objectives which can be
viewed as the modification of those ten objectives. The following are the objectives
analysed from the reports of each country in terms of students' learning outcomes.
Students should be expected to acquire knowledge, attitudes, and skills as follows.
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Objective 1: To change learners' attitudes toward the environment and nature

from "indifferent" to " very concerned”

- To gain knowledge of and be more concerned with environmental problems.

- To be more sensitive to environmental problems and life quality.

- To take active roles in protecting the environment and water resources.

- To help community people understand the concepts of environmental
conservation.

- To have the attitudes of human living in harmony with nature.

Objective 2: To promote understanding of the function of the nature

- To be aware of the limitation of natural resources.

- To gain deeper knowledge of natural resources especially wildlife, forests, and
water resources.

- To realise the magnitude of the impacts of human activities on the
environment.

- To be aware of the limited capacity of nature in absorbing some pollution.

- To learn about origins of pollution, and the kinds and effects of diseases caused
by pollution.

Objective 3: To increase knowledge of basic natural principles
- To be able to apply conservation principles in daily lives especially the
principles of recycle, reuse, and reduce unnecessary consumption.
- To understand sustainable development strategies.
- To realise the interdependence of natural components in ecosystems especially
aquatic ecology, and rural and urban ecology.

Objective 4, 5, 6: To enhance holistic, multidisciplinary and interdisciplinary

approaches in learning about environmental conditions and problems

- To be able to analyse their immediate environment and global environment
using an holistic approach.

- To be able to describe the relation between immediate environment and global
environment.

- To understand the needs of multidisciplinary and integrated approach for
understanding and solving complex environmental problems.

Objective 7: To encourage problem-oriented methods of teaching and learning
- To realise the discrepancy between measured values and sensory estimates.
To have direct contact and experiences in local reality.
To be able to use scientific language and equipments for experiments.
To value scientific experiments.
To leamn scientific processes, thinking skills, inquiry skills, investigation skills,
problem-solving skills.
To learn to listen and be tolerant to others' opinions in group work.
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- To know how to measure water quality.

- To have skills in related subject fields that are used in collecting and analysing
environmental data: Calculation skills, statistical analysis and presentation,
interviewing, recording, drawing, communicating, performing, composing, etc.

Objective 8: To encourage concrete projects in environmental education

- To be able to transfer knowledge to action.

- To participate in cooperative activities between school and community.

- To learn how to obtain cooperation from the public or outside-school
authorities.

- To be actively involved in community development programmes.

- To be able to create projects that help improve community environment and
raise people's life quality.

- To propose ways to disseminate information about environment problems and
their effects to the public.

Objective 9: To reveal man's complete dependence on nature
- To understand the relationship between human lives and natural resources.
- To realise the danger of shortage, deterioration, and contamination of natural
environment to mankind.
- To identify global problems relating to environment and the quality of life.

Objective 10: To consider the role of our environment in society
- To find a social-economic factor.
- To reveal how many social-economic problems are explained as environmental
problems.
- To reveal how insufficient short-sighted environmental decisions create social-
economic problems.

2.5 Scope of environmental content for school students

Lessons of inland water resources conducted in the ILEC school projects in all
countries have provided a variety of topics to be covered. Samples of these topics are
illustrated below:

1. Watershed ecosystem and subsystems:

- Water bodies: lakes, reservoirs, rivers, canals

- Bio-diversity: forests, wild-life, natural resources, vegetation, geology, flora
and fauna in lakes or rivers, fish and fisheries, bird life in the lakes, reed
community, aquatic insects, macrophytes, phytoplankton, zooplankton

- Use of water, water cycle

- Food chain

- Renewable/non-renewable natural resources
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- Self-purification of nature
- variability and adaptability of nature

2. Affective links between waterbodies and people:
- Human settlement
- water supply and treatment for drinking water
- Agricultural use/irrigation
- Recreation areas
- Effects of nice and clean water and environment on people

3. Local and global environmental problems:

- Loss of bio-diversity

- Pollution from industrial, agricultural, and domestic sources.

- Water pollution and other types of pollution

- Solid waste accumulation and unsanitary dumping and disposal

- Problems of phytoplankton, algae, and red-tide phenomena

- Sediment or suspended matter

- Acid rain/acidification

- Deterioration of recreation areas

- Deforestation/desertification

- Overuse of chemical fertilisers in agriculture/ground water quality

- Soil erosion/alteration

- Analysis of human overconsumption of all types of resources, consequences,
solid waste, waste water, seasonal changes, change in visual scenics, toxic
chemicals, health problems, water-associated diseases

- Ozone depletion

- Marine pollution

- Global warming/greenhouse effect

4. Solving environmental problems:

- Management of solid waste and waste water
Sustainable development
Concepts of "reduce, reuse, and recycle"
Eco-tourism
How to improve water quality
Laws and ordinances

5. Experimentations:
- Acidic solution, neutral solution, alkaline solution
- Measurement of water quality of water samples, water temperature,
transparency/turbidity, pH, conductivity, dissolved oxygen, phosphate ion
(eutrophication), pH of rain water, pH in soil, light penetration in water, (water
samples — domestic wastewater, river water, lake water, juice, tea, industrial
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wastewater, liquor, vinegar)

- Climate — radiation, air temperature, humidity, wind direction, precipitation,
soil temperature, light penetration in forests

- The wonders of the microscopic world in the laboratory

- Solution which dissolve gas, Metal in diluted HCI,

- Lime in paddy fields.
etc.

In most cases, many environmental concepts taught in elementary schools were
basically the same as those taught in junior high schools. However, content and
experiments studied and engaged by upper-grade students were more complex and
more detailed. Some schools gradually increased the scope of content from common
interests or students' immediate environment to the more complex ones. Daiho
Elementary School which was one of the pilot schools in Japan, for example,
introduced first graders with "wildlife animals", expanded it to "living things" for
second graders, discovering and exploring things in Nakanoi River in the third and
fourth grades, exploring Lake Biwa in the fifth grade and learning about global
environment in the sixth grade.

2.6 Recommended teaching methodologies and techniques

All the students who participated in the ILEC environmental education project
reported their appreciation and excitement of the learning activities they had gone
through. The following approaches in teaching and learning concluded from the
projects, therefore, have been proved effective to the large extent.

1. Activity-based learning/teaching: This method stimulates students to actively
study about environmental conditions and principles. Teachers must develop the
programmes that centre around students' action both in and out of classes. Students
should also be allowed to choose and plan their own activity. The teacher should
encourage the curiosity of the students and provoke them to ask "why?". This would
initiate the student engagement in activity-based learning. Some activities can be
short and can be done within 1-2 class periods. Others can be long-term projects
involving many kinds of investigations and thinking processes. Survey activities in
real environmental settings, for example, help students identify the origin of pollution
of the rivers receiving industrial, agricultural and domestic effluents. In many pilot
schools, after the examination of phosphate ions in water samples, students were
helped to proceed to the thinking and discussion of how to prevent the eutrophication
problem of the rivers and lakes under study. These kinds of activities finally can lead
to action plans and implementation to help solve some community problems.

A campaign and drawing contest on Pattani River conservation including
organisation of an " Environmental Day" were examples of activities done after the
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survey study and experiments on water quality of the Pattani River in the Pattani
project in the South of Thailand. Students also wrote essays and set up exhibitions of
mangrove forests they studied.

2. Field-trips or excursions: Students could learn to observe, investigate, and
appreciate important environmental concepts such as ecological systems,
environmental deterioration and pollution sources, and conservation strategies
through excursions or field-trips. Besides nearby rivers, lakes, reservoirs, students in
our pilot schools also visited watershed areas, supply water plants, waste dumping
sites, museums, etc. Teachers gave orientation before the trips so that students knew
what to do during the trips and later in class discussion, experiments, or summary.
Students might need to collect water samples, take photos, record climate and water
condition. These outdoor activities allow students to have direct contact with the
environment. Nature trails in camping sites or in the watershed areas may be
arranged for students. Given appropriate time, place, and necessary equipments,
students could make their own discovery through such direct contact. During the
nature-walk activities, for example, students could be encouraged to see, hear, smell,
and feel the wonder of our natural world using all their senses. Some tasting activities
can be done with caution. Children or students could learn to appreciate the sounds of
nature such as rustling leaves, birds, squirrels, waterfalls, etc. Students of Chiang Mai
project have seen the cleamness of water at the waterspring upstream of a branch of
Ping River and the sedimented Ping in most parts of the downstream.

Field-trips to certain places may be far away from schools. Excursions, however,
could be in nearby surroundings close to schools or even in the school ground where
students can learn about some environmental aspects in depth. All pilot schools in
our project used excursions as one of their major learning activities. Different kinds
of artistic expressions such as drawing, painting, making collage from dried natural
materials, making up stories relating to natural world, writing poems, writing for
school journal, could also be fostered during and after excursions and field-trips.

3. Scientific experiments: The value of scientific experiments must be stressed if
students are expected to experience the excitement of learning and to learn about
environment in depth. It was made clear in the Shiga project in Japan that
environmental education is not just involvement in the activities such as cleaning
public spaces, growing flowers and trees, but that science education has its major
role.

Students must learn to realise the advantages of different scientific ways and levels of
analyses to understand our environment deeply. For instance, to really understand
about acid rain, it is, as the Shiga project suggested, insufficient to use only litmus
papers. Students must collect water samples and measure pH of rainwater in the
areas. Scientific experiments can be carried out both in school laboratories and at
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outdoor study sites depending on the subjects under study. Besides the process of
discovery, students will gradually get acquainted with scientific language and be able
to use scientific equipments more skilfully. This knowledge and skills will tempt
them to further search for more understandings about local and global environments.

More details in organising environmental classes such as for laboratory experiments
will be illustrated in Chapters 3 and 4.

4. Group investigation or group work: In most observational and laboratory
studies, for instance, soil analysis or research of insect diversity, students can work in
groups. They can learn to help each other in planning, observing, recording, making
hypotheses, collecting more needed information, preparing equipments, carrying on
the experiments and making conclusions. Through group research projects and other
types of group work such as discussion and problem-solving, students will leamn to
listen, share ideas and experiences and learn to be tolerant to others' opinions.

In Ghana project, students in a school worked in groups to make posters of health
problems and sources of pollution, to construct sand boxes, wind vanes, sun dials,
rain gauges. Reforestation is another kind of activity students can do in groups.

5. Problem-solving approach: Problem-solving is a natural-life process of
humankind. Problem-solving steps might be slightly different when different people
talk about or use the approach. In general, it encourages learners to:

- recognise the problem,

- seek information,

- analyse it,

- propose possible solutions,

- test consequences of those solutions,

- select a solution and evaluate the selected solution,
- make a summary.

Teachers in Argentinean pilot schools used the following steps:

study real situations,

identify problems and search for relevant information,

collect information from various sources using various methods,
sketch possible solutions and select the most appropriate one,
make suggestions or proposals for implementation.

Classroom atmosphere can be serious but good and stimulating with students actually
spending time on learning tasks. Learning can be serious, fun, and experiential. The
pilot schools in Ghana successfully involved local community residents to work
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cooperatively with students in identifying environmental problems and solutions.
This joint school and community activities gave students realistic experiences. They
used this particular approach in place of their inadequate laboratory settings. That
means so many things can be done to give students meaningful environmental
experiences.

It becomes clear that the more real and authentic the problems chosen for study are,
the more motivated and skilful students would be.

6. Discussion: This teaching method is very important for enhancing thinking
abilities. It can be used together with all other teaching methods and all other kinds of
activities. Teachers may lead the whole class to discuss about particular topics or
conditions in any stage of the lesson being taught at the beginning, during main
instructional activities, and the lesson closure. Students may be assigned to exchange
ideas or opinions among themselves, in pairs or in small groups. Environmental
education deals with real-life surroundings or situations which need a lot of
discussion. Many times an actual case method is used to give students some
information or knowledge to discuss about. Role-play and other simulation activities
would lack their meanings without discussion of the situations and the solutions to
solve the inherent problems. In order for students to discuss, it is advisable that
teachers prepare sets of key questions to use in classes or in all other learning
activities. In Sawayama Elementary School in Japan and in the Seven Stars School of
the Danish project, as in other pilot schools, questions were raised to guide students’
discussion and research.

a. Examples of questions in Sawayama School were:
- Can acid rain dissolve concrete and metals?
- What are other solutions that can dissolve metal?
- What can we do to prevent damage from acid rain?

b. Examples of questions raised for class discussion at Seven Stars School were:
- Why is the lake so green?

Do you like to swim in green water?

Why is the water warmest at the surface during summer?

What does zooplankton eat and who is eating zooplankton?

Can we reduce water consumption?

Why should we reduce water consumption?

7. Using resources for inquiry learning: Teachers can provide some information
for students with the purpose of building up their curiosity to learn new things. They
can use any kind of media or resource together with stimulating questions as a
springboard of students' inquiry. The term "Resources of learning" covers places,
audio-visual materials or multi-media, and persons. Teachers act as facilitators of
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learning by asking questions and providing resources while children are observing
water plants, for example. Teachers sometimes give incomplete or partial answers,
just enough for students to do their own further thinking and find out essential
information needed by themselves.

Many pilot schools produced small textbooks on various kinds of topics for students.
The design of these textbooks should lead to inquiry activities within which students
enthusiastically probe into the topics and search for information or answers that
sometimes are not included in the texts.

Inquiry learning may be short or long scientific learning projects. It can be close-
ended inquiry where teachers let students think of the expected answer from
analysing different types of instructional media. It can also be open-ended inquiry
where both students and teachers together put the efforts in finding out about certain
environmental aspects. Teachers should be models of inquirers through both their
sincere actions and words in order to lead students to be truly interested in the natural
and social environments and phenomena. If teachers always look, hear, smell, and
listen to things in nature, using necessary equipments, their students would use their
own senses the same way.

Preparing teaching materials to foster students' inquiry is a very important task that
teachers or those who are working for teachers must be truly concerned with. There
are many kinds of resources that we can use for inquiry learning as follows:

- Audio-visuals: pictures, video-tape, charts, slides, real cases, constructed cases,
work sheets, learning packages, etc.

Equipments: laboratory equipments, measuring tools, etc.

Interactive media: games, simulations, role-play cases etc.

Places: parks/watershed, water supply plant, factories, sewage treatment plant,
governmental offices, rural communities, urban communities, school ground,
dump sites, lakes/rivers, etc.

8. Evaluation of environmental education programmes: Similar to all other
programmes, environmental education programmes need to be evaluated so that their
successful aspects can be reused or reproduced and some can be refined, modified,
improved, revised or eliminated before the next attempts. Moreover, the elements
found effective can usually be good examples for the others who want to run new
environmental education programmes. The simple way to go about evaluating the
programmes is to ask these questions:

I. What are the things we want to evaluate?
This decision is the most important step. The list below illustrates some aspects
to evaluate. Programme objectives are usually the main source of the list.
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a. Students' progress and achievements
prog

Students' increased awareness of natural and social environmental concepts
and problems

Students’ deeper knowledge of nature and environment especially in
relation to humankind

Students' attitudes toward reasonable approaches for conservation and
participatory learning

Students’ abilities and skills in scientific processes and leamning in general
Students' unexpected learnings

b. Teachers' roles and teaching competencies

Teachers' knowledge and awareness of environmental issues and problems
Teachers' ability to plan for and implement the instructional plans
Teachers' enthusiasm in the programme and expansion of their own
knowledge and skills

Teachers' ability in using scientific tools

Teachers' ability in guiding students' inquiry learning in classrooms,
laboratories and outdoors

Adequacy of teachers' preparation or training of environmental classes
Appropriate guidebooks for teachers' use

¢. School and community recognition and acceptance of the importance of the
programme ’

Their agreement with the objectives and the activities of the programme
Their cooperation with teachers and students in students' learning activities
and actions

Their awareness of the programme impacts

Evaluation criteria should be established to examine the relevance, effectiveness, and
the impacts of the programmes and programme management.

II. Who should be the evaluators?

The evaluators may be project committee who guide or arrange the
programmes, teachers and students who are in the teaching and learning
contexts, school administrators who provide support for the programmes, local
authorities and communities who participate in programme activities and
receive the impact from the programmes. All may be needed to give evaluative
judgement.

How should we evaluate?

What evaluation methods and instruments should be used? If we want to find
out the facts, it is suggested that we should use a variety of evaluation
approaches and instruments. Here are some examples.
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Tests on different topics (paper and pencil/performance tests)
- Questionnaires/lists of open-ended questions

Self-reporting

- Observation

Discussion/seminars

Interviews

Samples of open-ended questions the Argentina project used with their
teachers were:
- Consider to what extent the programme stimulated learning.
- What aspects of the programme will have to be kept, modified, or
eliminated to improve or strengthen it?

Samples of test questions they used with primary-level children were:
- Describe what happens in a lake in different seasons of the year.
- Do you consider that the lake or small stream is in good condition?
Justify your answer.

It is through sound evaluation that we will learn whether our programmes are based
on real problems of local communities and the real world or not. Necessary change
needs to be done if the results of the evaluation reveal the ineffectiveness and
inappropriateness of even the small parts of the programmes so that learmers could be
better taught to acquire essential skills and are encouraged to learn and act in
accordance with the environmental principles.

32



CHAPTER 3

DEVELOPMENT OF TEACHING MATERIALS
Munetsugu Kawashima
3.1 Necessity and importance of teaching material development

Since the United Nations Conference on the Human Environment in Stockholm in 1972,
many conferences have been held to solve environmental problems. The importance of
environmental education has also been emphasised since the Intemnational Environmental
Education Workshop held in Belgrade in 1975. The Belgrade Charter states:

1. Goal of Environmental Action: To improve all ecological relationships,
including the relationship of humanity with nature and people with each other;

2. Goal of Environmental Education: To develop a world population that is
aware of, and concerned about, the environment and its associated problems,
and which has the knowledge, skill, attitudes, motivations and commitment to
work individually and collectively toward solutions of current problems and
the prevention of new ones.

On the other hand, such environmental problems as global warming, acid rain, ozone
depletion, ocean pollution and more localised regional environmental problems are
still advancing. It is extremely difficult to find effective measures to essentially solve
these problems. Even if every possible measure is taken in the fields of technology,
law, politics and economy, global environmental problems cannot be solved, nor can
the sustainable society be established, unless the life style of the people in the world
undergoes significant changes. Thus, the importance of environmental education has
increased, and the progress of environmental education will play a significant role in
human efforts to prevent environmental disruption.

The concept and the importance of environmental education have been discussed and
developed worldwide. However, it cannot be said that its methodology has been fully
examined and therefore, environmental education has not been sufficiently
implemented. Under the circumstances, it is not quite easy at this moment to indicate
how to systematise the curriculum and develop the teaching materials for
environmental education in school education as well as in-service education.

3.2 Viewpoint of teaching material development
When we take up environmental problems in school education, some can be dealt
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with in the framework of existing subjects, but some may include content that can be
adopted neither in science nor in social studies, and the different perspective for
teaching materials may be requested. The following points should be considered in
this context:

1. Environmental problems have not fully found their causes and effects and any
environmental problem is an ongoing problem. It is important to realise the
situation where education becomes necessary to address these problems
without the causes or effects fully identified.

2. It is important to be willing to convey the correct information to students, but
we should realise that this is not always possible. In addition, the perspective
of prediction (future perspective) is needed, but it is also important to keep in
mind that scientific predictions are uncertain.

3. Environmental problems are not coming from an immediate reaction for a
short period of time, but are taking place slowly. We need to take time into
consideration. It is inadequate just to make haste in showing and describing the
cause and effect (the situation of damage), and it is necessary to try to handle
the ongoing ‘changes with students' participating in experiments, researches,
and observations.

4. Environmental problems are not just problems taking place far away and
therefore, it is important to conceive them as a problem adjacent to the social
structure or system, where we live. It is advisable to adopt as many studies that
utilise the local materials as possible.

5. In elementary and junior high schools, in terms of the characteristic of growth
stage, it is important to locate the teaching materials for environmental
education in the neighbourhood or in daily life. Adopting daily life materials or
local materials makes it possible to develop studies through observations and
experiments.

6. Environmental problems are often handled through a natural scientific
approach. That means that the viewpoint of the destruction of nature or
ecosystem tends to be emphasised. Since environmental disruption was
brought about by human activities, it has also a social scientific background,
which gives opportunities for an important approach.

7. Environmental problems are complex. It is important, therefore, to make the
teaching materials, considering the age, growth stage of the students, as well as
the previous studies. At the end of the class, more than what they have learned
tends to be represented in a summary, which often confuses the students. It is
recommended to summarise only on what they have learned, and give them
enough time for discussion. It is also important to try to develop the teaching
material that answers their questions.

Based upon the above, the points to be attended to in proceeding environmental
education can be summarised as follows:
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1. We should set a certain location for the studies based on the students' own
experience, and give them as many opportunities as possible to come in
contact with natural objects and phenomenon and to observe what human
society really is today.

2. We should adopt as many direct experiences as possible by use of experiments,
observations and research, and nurture an inquiring attitude. A scientific view
and way of thinking should be emphasised.

3. We should aim at the studies that are continuously enjoyed.

Consequently, it is essential that teachers understand the environmental problems
near the schools and make environmental education programmes so as to satisfy their
students’ desires to learn more about the environment in depth. Therefore, a positive
and voluntary attitude to create teaching materials by themselves is indispensable. In
elementary and junior high schools, in terms of the characteristic of growth stage, it
is important to find the materials for environmental education in the local area or at
the place of living. Therefore, it is desirable to develop studies by experience with the
daily life material and the local materials introduced. Environmental education in the
future should not be regarded as a concept of being a mere out-door or natural
education, but should be developed into a creative one that will resurrect the earth
and the regions where natural disruption and environmental aggravation have
progressed. That will create a more desirable environment.

Considering the perspectives given above, the ILEC Environmental Education
Project has developed an environmental education focused especially on the lake
environmental problem and acid rain. We would like to introduce the materials that
we have developed, which, we hope, will be of some reference.

3.3 Teaching materials on lake environmental problems — focusing on
eutrophication

The lake environmental problem was originally regional. Though it is not included in
so-called global environmental problems, the lakes found throughout the world are,
more or less, plagued with the common problem of pollution, that could or can be
addressed all over the world, whether in industrialised or in developing countries.
According to the fact-finding survey on the condition of lakes worldwide conducted
jointly by UNEP and ILEC (1994), environmental problems peculiar to lakes that are
closed water areas are categorised into the lowering of water level, rapid siltation,
acidification, contamination with toxic chemicals, eutrophication, and resultant
disintegration of aquatic ecosystems and loss of bio-diversity (Fig. 3.1).
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Fig. 3.1 The six major environmental problems in world lakes/reservoirs and the ways they are related
to one another (UNEP/ILEC).

All of the problems are serious and should be addressed toward solution as soon as
possible. Above all, many lakes all over the world suffer from eutrophication.
Eutrophication is defined as "a series of change in aquatic ecosystem caused by the
increase of supply of nutrients such as phosphorus and nitrogen". Furthermore, the
first ordinance addressing the eutrophication problem in Japan "the Ordinance
Related to the Prevention of Eutrophication in Lake Biwa, Shiga Prefecture” defines
eutrophication in more detail as "the phenomenon where the substances containing
nitrogen and/or phosphorus flow into the closed water area, in which with
phytoplankton growing and other aquatic plants luxuriating, the water quality
accumulatively deteriorates”.

The drainage from factories, the runoff from fertilised fields, the sewage from homes
in the land area, as well as the increase of the loads of nutrients due to precipitation,
and the drop of natural self-purification owing to the renovation around the lake
cause the concentration of nutrients in the lake to rise. In consequence, phytoplankton
and water weeds increase in the lake. In some lakes, red tide and water bloom are
observed, and as a result, degrades the value as water resources such as the source for
drinking water, fishery, and recreations. In some regions, it may cause the prevalence
of Bilharzia and increase carcinogenic substances such as trihalomethane in tap
water. In the stratified lake, the problem of oxygen depletion occurs in the bottom
water.
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As mentioned above, there are various causes that make eutrophication proceed.
Though its influence is also complicated, it is truly a problem brought by human
activities, and is deeply linked to our life. Since the lakes as well as the rivers exist
close to us, they provide us with excellent materials for environmental education. In
other words, they can give us the teaching materials that are easy to follow and
effective in the studies of understanding the environmental situation, the
environmental deterioration by human activities, and the interaction among ecology
in the lakes and their watersheds. Through these studies, it is expected to foster a
positive way of thinking and attitude for the students to solve environmental
problems.

Below we would like to introduce the teaching materials and the related tools that
have been developed.

1. Turbidity of water

Water is originally colourless and transparent, but the environmental water that we
see is turbid in many cases. Turbidity is divided broadly into the following: turbidity
from soil particles; turbidity by organic pollutants drained from homes and factories;
and turbidity caused by the growth of phytoplankton occurring in the stagnant water
such as lakes and wetlands. Many cases of the turbidity from soil particles are
attributed to soil erosion, and are closely related to the destruction of forests. In lakes,
turbidity is often caused by the growth of phytoplankton, with the inflow of drainage
and the progress of eutrophication. The level of turbidity can easily be measured by
children with the transparency/turbidity meter or the Secchi disk, either of which is
simply made by themselves.

1. Transparency/turbidity meter

We made a transparency meter with the students in order to measure the level of
turbidity in the river. The transparency meter has a one-meter transparent pipe with a
rubber plug attached to the bottom, carrying a white plate on which a double line is
drawn horizontally. Pour tested water until it covers the double line, then read the
height of tested water by centimetre. Though a transparency meter of 30 to 50 cm
long is sold, it is a little too expensive to use at school, and is too short to measure in
clear water. The principle of the transparency meter is so simple that the students can
understand what the data shows and can use this tool without difficulty.

At one elementary school in Japan, the students were instructed to measure by turns
the transparency level of the river near the school every day except on Sunday, to
indicate the data on a bar graph, and to inform all the students of the result. At first
children were not interested in the river that they just passed by and saw every day,
but after doing the survey and examining the graph of the transparency level that
showed drastic changes, they started to take an interest in water contamination,
waste, plants and aquatic life. They also showed further interest in the source of
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contamination in the upper reaches of the river and the destination of the river, and
started searching the upper and lower reaches. The result of the research was taken up
in class, which became the starting point of the studies of eutrophication, and further
led the children to voluntarily clean up the river.

II. Secchi disk

Because the level of turbidity in lakes is usually smaller than that of rivers, the Secchi
disk is suitable to measure turbidity. Make a white disk with a diameter of 30 cm out
of wooden disk or metal, suspend it with the graduated rope, and attach a plummet.

ITI. Application of simple filtration apparatus

The filtration apparatus used to filter lake water and river water ranges from large
ones, small ones to portable ones. A syringe with a plastic holder (e.g. Advantec PP-
25) attached is easy to handle, and suitable to observe the quality of suspended solids.
When water is filtered, suspended solid colours filter paper, and the leap of filtrate
gradually decreases. The students can infer the causes of turbidity in the river and the
lake by comparing the colour of suspended solid on the filter. They also learn the
level of transparéncy by comparing the water pressure (how far filtrate splashes)
when filtering.

When eutrophication is selected as the theme of studies at elementary school in Shiga
prefecture, the students usually measure the transparency of the lake, and examine
phytoplankton and zooplankton with the microscope. As long as these experiments
are not connected with each other, however, they are not appropriate as teaching
materials for eutrophication. Therefore, we attempted a new material so that the
students could find it easy to learn that the decrease of transparency level in the lake
is mainly caused by the growth of phytoplankton. That is, after passing lake water
through the simple filtration apparatus, they examined the colour of suspended solid
on the filter paper, then further observed filtrate and suspended solids under the
microscope. Through this experiment, the students learned that lake turbidity is
primarily attributed to phytoplankton.

So far we have introduced the experiment with the use of a simple filtration apparatus
that is purchased. If a filter or a filtration material is devised, however, another
interesting and simple experiment can be developed. For instance, an appropriate
container and a cloth make a filter for water. Cut off the bottom of the PET bottle,
place it upside down, and pack it with sand, then it also makes another filter. Many
alternatives could be devised.

2. Teaching materials on the causes, effects and measures for eutrophication
When we conduct the studies of eutrophication, it is indispensable to teach
photosynthesis and respiration. The following Redfield's equation should be fully
recognised by students.
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106 CO, + 16 NO, + HPO +122 H,0 + 18 H" + (Trace-elements + Energy)
(photosynthes1s) I T (respiration)
(CH,0),(NH,) _(HPO,) + 138 0,
algal protoplasm

or more simply,

Carbon dioxide + Nutrients (N & P) + Water + Proton + (Trace-elements + Energy)
(photosynthesis) 4 T (respiration)
Phytoplankton

It is important to have all the factors prepared in order for photosynthesis to
proliferate phytoplankton. Although the above equation does not mention it, water
temperature is also a significant factor. Any element lacking in the equation prevents
phytoplankton to grow. For instance, if light is shut off, phytoplankton does not only
grow, but contrarily consumes oxygen to be resolved into original inorganic elements
(respiration), which is the same phenomenon observed in the hypolimnion. Of
course, it is not possible to cut off light over the lake. Controlling carbon dioxide is
not possible either, since it dissolves into lake water from the air. All these factors
exist even when the lake keeps an oligotrophic state. Even oligotrophic lakes carry
nutrients, though in low density, and keep a good balance between photosynthesis
and respiration. In the oligotrophic lake, the loads of nutrients caused by human
activities has increased, which leads to various evil effects. Phosphorus normally acts
as a limiting factor for phytoplankton in many cases. Besides, the fall of natural self-
purification due to the inappropriate renovation around the lake is another factor that
brings about the increase of nutrients in the lake water.

Nutrients including nitrogen and phosphorus are essential nutrient elements, and
many foodstuffs contain a large amount of nitrogen and phosphorus. Therefore,
domestic wastewater makes a major source of nitrogen and phosphorus. Drainage
from the food and textile industry, where natural organic matters are used as raw
materials, is no exception. Since nitrogen compounds such as nitrate and ammonium
ion, as well as phosphate, are widely utilised in industrial production activities, many
of the industrial wastewater contains nitrogen and phosphorus. Nitrogen and
phosphorus are also essential for agricultural activities that produce grain and
vegetables. Fishing and livestock industries are other large sources of the two
nutrients. As an example, see the figure of the rate of nitrogen and phosphorus loads
into Lake Biwa in Shiga Prefecture, Japan. (Fig. 3.2)
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Fig. 3.2 Nitrogen and phosphorus loads into Lake Biwa and their sources (Shiga Prefecture).

The concentration of nitrogen and phosphorus in precipitation is normally higher
than that of Lake Biwa, and occupies the majority of natural sources indicated in the
‘figure. Therefore, it is more like an artificial source based on air pollution than a
natural one. Thus, the sources of nutrients have a wide variety, but they are indeed
the product of human activities in the watershed.

In order to arrange environmental studies based upon above, various kinds of
teaching materials have been developed and devised.

I. Cultivation experiment of phytoplankton with domestic waste water

By culturing phytoplankton with the use of food waste or vegetable waste from
homes, the students learn that the above waste is the cause of the growth of
phytoplankton. More specifically, they study it through a simple experiment as
follows. Prepare an Erlenmeyer's flask (or an alternative container), and pour 50 ml
of lake water. Add a drop of liquid food such as soy sauce, milk, beer, or juice
consumed every day, or juice squeezed from vegetables, as well as liquid fertiliser.
Then leave it by the window for about 10 days. The water that was almost colourless
and transparent at first will turn green. It is necessary to make the experiment in a
room appropriate for phytoplankton growth with careful attention to water
temperature and light.

II. Detection of phosphate ion

The growth of phytoplankton by the addition of foodstuff and vegetable waste can be
confirmed by the above experiment. We would like to adopt a more advanced
experiment showing that this liquid contains the nutrients (phosphorus and nitrogen)
which are indispensable for phytoplankton growth. The measurement of nitrogen
(ammonium ion and nitrate ion) is difficult for elementary and junior high students,

40



but as for that of phosphate ion, qualitative analysis is relatively easy to conduct by
the molybdenum blue method (see Annexe). The liquid food, juice, or wastewater
brought by children is either used as it is, or diluted if it has colour. Vegetable waste
is extracted to make solution as tested water. When the detection indicator for
phosphate ion is added, most tested water detects phosphate ion. For the controlled
experiment, the use of fertiliser containing a large amount of phosphorus, which is
also familiar to children, would help them understand the result of the experiment.

It is necessary to use a spectrophotometer or a colorimeter in order to measure
phosphate ion. Since these meters are expensive, however, most elementary or junior
high schools are not equipped with them. Therefore, we developed a simple
colorimeter which utilises emission diode as the light source and CdS as the detector
(see Annexe). The concentration of phosphate ion that can be detected ranges from 0
to 1 mg/l, and detectable minimum is 0.02 mg/l We found it very effective to apply
this equipment to the environmental studies of eutrophication in junior high school.
In 1995, we provided one to other member countries participating in the ILEC
Project.

III. Removal experiment of phosphate ion with soil

After learning that wastewater containing phosphate ion advances eutrophication, the
studies of how to reduce the phosphate loads on lakes and rivers are important. The
children learned that by passing phosphorus-contained wastewater through the soil,
the concentration of phosphate ion decreases. In other words, by comparing the
intensity of colour development of phosphate ion by the molybdenum blue method
before and after passing tea through the column packed with soil, the effect to pass it
through the soil is evident. Through this experiment, they studied that it is better to
discard wastewater on the soil than to directly drain it to the river for the prevention
of eutrophication.

IV. Function of attached algae

It is important to study how to reduce the inflow loads of nutrients such as
phosphorus for the prevention of eutrophication progress, but we would like to
further teach that the function of contamination prevention is working through self-
purification within the lake. To study the importance of purification by the reed
community and others, a method was devised to test the function of removing
phosphate ion by the algae attached to reed or stone. Pour some solution with
phosphate ion in an appropriate container like a beaker, put a segment of reed or a
stone collected around the lake, and leave it under the sunlight with air bubbled into
the container. When we compare the colour development of phosphate ion by the
molybdenum blue method before and after the experiment, the decrease of phosphate
ion by photosynthesis is clearly observed. For a controlled experiment, make the
experiment without reed or stone simultaneously. The use of a waterweed such as
water hyacinth will result in the same decrease of phosphate ion.
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3. Oxygen depletion of bottom water

Regarding respiration, the contrary process of photosynthesis, it is necessary to
comprehend in terms of eutrophication effects. In the hypolimnion where light fails
to reach, the carcass of phytoplankton which has sunken consumes oxygen to be
decomposed. In the stratification period when no oxygen is supplied, dissolved
oxygen decreases in the hypolimnion, and the oxygen depletion, eventually anoxic
condition proceeds. Moreover, when the bottom water has no dissolved oxygen
(reducing state), nutrients and heavy metals again release from the bottom sediment
which has a considerable effect on lake water. To study the above, a new teaching
material was tested at a junior high school. Put the collected bottom sediment in the
airtight glass jar, quietly pour the lake water, and shut the lid tightly. For a controlled
experiment, prepare the jar without a lid. Assuming the bottom layer of the lake,
leave the jar in a dark place for several days to one months, then observe the change
in colour of the bottom sediment. In the controlled experiment (in which oxygen is
fully supplied), the surface of the sediment is covered with an oxidised layer, and the
colour remains light brown.

On the other hand, in the airtight container, with the consumption of the remaining
oxygen, the oxidised layer disappears, and the sediment turns to dark grey. The
measurement of the dissolved oxygen and phosphate ion shows the connection
between the decrease of dissolved oxygen and the dissolution of phosphate ion.

4. Pollution of lake and water circulation mechanism

Sea water and land water evaporate into aqueous vapour, which is cooled up in the air
to again fall over the sea and the land as precipitation (rainfall or snowfall). The
precipitation reaching the land forms lakes and rivers, and moistens the soil. Though
some is accumulated as subterranean water, in the meantime, utilised by plants,
human beings and other animals, it again runs into the sea by way of lakes and rivers.
Repeating this process, water circulation has formed itself on the earth. In elementary
schools, the students learn about the large-scaled water circulation from an early age.
We would suggest that the responsibility of human activities be added to the studies
of water circulation. That is to say, in the process of water circulation, human
activities pollute water and degrade water quality.

In the process of water circulation, precipitation is polluted in various ways. When
aqueous vapour becomes rain or snow in the air, it takes in some substance as a
nucleus (rainout), or adopts various substances in the air until it falls down to the
ground in the form of rain or snow (washout). As a result, in precipitation there exist
in the form of either dissolved ion or in the form of suspended solid, gaseous
substances and dusts in the air, as well as sea salts (ion in the sea) which are carried
to the air when sea water scatters and evaporates. Human activities especially, which
emit sulphur oxides and nitrogen oxides deriving from the smoke of cars and
factories, give various influence over human life and ecosystem in the form of acid
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precipitation or in the form of supplying nutrients to lakes. (For more details, see
2.2.4) Moreover, when precipitation reaches the ground, most eventually arrives at
lakes and seas as river water, though some is stored as subterranean water.
Meanwhile, water is utilised for various purposes by human beings. Consequently, it
returns to rivers and lakes, finally to sea as contaminated water,

A new teaching material was developed to understand that the fact that human
activities are largely connected with water circulation. It can be used in the class of
fourth graders of elementary school. After studying water circulation in detail and
discussing its importance as a resource, an experiment was introduced to observe the
results of human activities. Put some distilled water (water evaporating from the sea
or lake) and various kinds of wastewater from homes on the evaporating dish, heat it
to make it quietly evaporate, and compare the colour and the quality of what remains
on the dish. Through this simple experiment, the students learn that a number of
substances are present in wastewater, even if it looks transparent. It is meaningful to
study water circulation in relation to human life, not just as a mere theme in science.

5. Mapping of waste water streams

Where does wastewater from homes and factories go? This is a question often asked
by students when they make an experiment of water turbidity. To answer this
question, research on the drainage route or the stream in the neighbourhood is
effective. Each student starts from school or home to trace the drainage route or the
stream, and draws a map of the watercourse. The students bring their own map to
complete a drainage route map of the whole area. Putting this research together with
the measurement of turbidity and phosphate ion mentioned earlier helps to
understand the change in water quality. Also through this survey, the children are led
not only to examine water quality, but also to see waste, aquatic life and plants
around the river bank, which helps them to understand how human activities
contaminate rivers as well as lakes.

In relation to these studies, it is advisable to introduce a tour in an area where a
sewage treatment system is fully equipped. Taking this opportunity, students realise
how difficult it is to dispose of contaminated water, discuss the relations between
water consumption and contamination, and are encouraged to think about how to
reduce water consumption as well.

6. Trihalomethane problem

The problem of trihalomethane may be difficult to directly deal with in elementary or
junior high school, but teachers should definitely understand this problem in relation
to eutrophication. Therefore, we would like to provide some significant points
relating to this matter.

When nutrients are excessively loaded in lakes, phytoplankton grow due to
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eutrophication, which causes musty water, increases the concentration of
carcinogenic substances such as trihalomethane in tap water, thus threatens human
health. Chloroform, dichlorobromomethane, dibromochloromethane, and bromoform
are known generically as trihalomethane, but none of them are detected in raw water
for water supply such as in the lake. Trihalomethane is produced at the pre-
chlorination process in the water supply plant, where chlorine added to oxidise and
decompose ammonia and organic matters in raw water and precursors such as humic
acid react to each other. In addition, chlorinated organic compounds such as
trichloroacetic acid, another carcinogenic substance are also generated. The more
polluted raw water becomes by eutrophication and organic contamination, the higher
the concentration of chlorinated organic compounds becomes in tap water. Since
trihalormethane is carcinogenic, it is prohibited by law in Japan to make for drinking
usage tap water containing more than 100 pg/l of trihalomethane on average a year. It
is estimated that four out of 100,000 persons will have cancer if one continues
drinking water with this much trihalomethane. The WHO recommends that the
concentration of 25 pg/l should be set as the criterion, with which one out of 100,000
is likely to have cancer when a person weighing 70 kg drinks two liters of water
every day, taking into consideration that the probability of getting cancer increases
proportional to the amount of poisonous substances taken up by the body. No matter
how small it may be, the concentration of safety standards never exists, and zero
should be the goal for the concentration of such toxic substances.

Boiling is often discussed as a measure against trihalomethane. It is true that
chloroform is removed from water by boiling, because its boiling point is lower than
that of water. (Since when boiling, the concentration of trihalomethane temporarily
becomes higher than that of tap water, it is necessary to continue letting it boil.)
However, because the boiling point of many other chlorinated organic compounds is
higher than 100 °C, boiling does not only drive the substances out, but also
concentrates them as water evaporates. Besides, since one person needs
approximately 1.2 litres of water per day, removing trihalomethane through boiling
will lead to large consumption of energy and the increase of carbon dioxide. At the
water supply plant, as an alternative of chlorination, the use of ozone has been
introduced, and another technology to reduce organic matters before chlorination by
treating raw water with micro-organisms has recently been developed. Such
technological progress can reduce trihalomethane in tap water, but the new
technology is expensive, and it takes a long time to supply safe and good water for all
the citizens. It would be desirable to spend as much on the utmost effort to prevent
eutrophication and contamination of raw water as on the new technology at the water
supply plant in the form of symptomatic treatment,

3.4 Teaching materials on acid rain
Even non-polluted air contains carbon dioxide, and the distilled water in contact with
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this air is acidified. Because the distilled water which is in equilibrium with carbon
dioxide in the air (the representative value in the 1980s is 340ppm) has pH = 5.6 (at
25 °C), the rain with acidity of less than pH 5.6 is defined as acid rain. However, since
sulphur oxides and nitrogen oxides, the principal causes of acid rain, are emitted not
only by burning fossil fuel, but also in natural phenomenon such as volcanic eruption,
some argue that the rain with acidity of less than pH 4.8 to 5.0 should be defined as
acid rain, considering this influence. In any case, the rain with high acidity of the level
of pH 4 falls everywhere in the world. A recent survey found acid rain of pH 4.5 also
in Japan. Besides, as the effects of acid rain, the withering of forests, acidification of
lake, the damage to marble or concrete buildings have been conspicuous as a serious
problem all over the world, including Europe and North America.

Above is a brief outline of acid rain. Since the sources of sulphur oxides and nitrogen
oxides, dry and wet deposition of reaction products of these gaseous compounds, as
well as environmental influence is largely linked to chemical and biological reaction,
the reaction mechanism of acid rain is extremely complicated. At the same time, the
viewpoints in case of taking this problem as environmental education may also have
a wide variety.

Because it rains unexceptionally in every region, the students can directly touch rain,
collect it, and measure it in various ways. Therefore, the problem of acid rain is
comparatively easy to handle as studies through experience. However, many classes
only use audio-visual materials such as video, and tend to deal with this theme
through an explanatory approach. Pictures and video are effective in showing objects
hard to obtain or distant situations difficult to actually see, but they often represent
only the results of environmental destruction, and are hardly connected to the
understanding of the ongoing process and mechanism of environmental disruption.
Comprehending the mechanism of environmental disruption is indispensable to foster
a scientific view and way of thinking and thus, the introduction of environmental
studies through experiments are recommended. Hereunder are some practical
examples focused on a natural scientific approach.

1. pH measurement of rainwater

First of all, when the students collect rainwater, what kind of container should they
use? What does it mean to the students to collect rainwater? When elementary school
students were asked to collect rainwater, they used different types of containers such
as a bucket, a kettle, a film case, or a ceramic cup, and in various ways; some
received rain coming from the sky directly into the container, some collected runoff
from the roof, others scooped water from rain puddles in the playground or the
asphalt road. Needless to say, the pH varied, for example ranging from pH 4 to pH 8.
After comparing different values, the question arose "why is acidity different, though
it is the same rain?", which further developed the studies.
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There are two methods of pH measurement: one by meter, and the other by indicator
or test paper. The pH indicator (acid-base indicator) is less expensive than the pH
meter, and is easy to handle because the correction by pH standard solution is not
necessary. Also this experiment appeals to the eye through the colour difference and
change. For these reasons, the use of an indicator is recommended. As an indicator
measuring acid rain, one that simply distinguishes between acidity and alkalinity, for
example, litmus paper is not appropriate, therefore, BCG (colour change ranges pH 4
to 5.8) and BTB (colour change ranges pH 5.8 to 7.4) should be prepared. Indicators
are widely used in elementary science class, and students will find it easy to use it
after a few minutes of practice.

2. Continuing observation

The students should be encouraged to continue measuring the rain falling in the
school district. The pH of rainwater fluctuates every day, and sometimes it is not
acid. The results obtained for five consecutive years in Otsu City, Shiga Prefecture
show that according to the amount of rainfall, climate, the concentration of dissolved
ions, it ranges widely from pH 3.5 to pH 6.5. In the limestone area of Shiga
Prefecture, alkaline rain is observed from time to time. At an elementary school
which continues survey on rain as an extracurricular activity, the students realise that
rain with high acidity is falling in their town through experience, which provokes
their desire to learn more about the cause and the effect of acid rain. This kind of
continuous research is not only effective in enhancing the interest in environment, but
is also important as the premise to introduce acid rain to the environmental class.

3. Acid rain damage

The influence of acid rain such as the withering of forests, acidification of lake, the
damage to building surfaces, and concrete icicles (acid rain icicles) manifest
themselves after a long period of time. Therefore, the progress is hard to reproduce
by experiments during a one-hour class. We recommend the use of a colour change
indicator, in order to show that acid rain erodes the surface of metal and concrete.
When a piece of concrete or steel wool is put in the solution (acid rain) with acidity
of about pH 4, actual reaction cannot be directly observed. However, by adding the
indicator, colour of solution changes with the progress of neutralisation, and it is
possible to visually observe the reaction. Drop BCG, place a piece of concrete in
rainwater of pH 4 showing yellow, and leave it undisturbed, then it is observed that
the surface gradually turns from yellowish green to blue. This reflects the pH change
in accordance with neutralisation of the concrete surface. The change can be
observed in a few minutes. Stirring the solution makes the reaction quicker, but it is
more effective to examine without stirring, and to realise the reaction taking place on
the surface as it is. BTB can also be used as an indicator, but in terms of the
measurement of the present acid rain (of the level of pH 4.5), BCG would be more
suitable. According to the report made by the students after the class, though some
could acknowledge the phenomenon of eroding concrete, most students
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acknowledged it as something that happened with the reaction of the concrete surface
and rain. However, when they saw the video on concrete icicles later, it helped them
to comprehend the content of the previous experiment. Regarding the problems
including the withering of forests and acidification of lake, it is difficult to learn of
the phenomenon through experiments or experience. In this case, audio-visual
materials such as video and pictures would be effective.

4. Causes of acid rain

When the textbook of science or social studies describes acid rain, all it mentions
often is that sulphur oxides and nitrogen oxides emitted from cars and factories are
the principal cause. In order to prove the fact by experiment, we developed a method
by which the pH level and the conductivity of the solution can be measured in the
class, when exhaust gas (from gasoline/diesel cars) and the gas and smoke emitted in
burming heavy oil, paper, waste or sulphur are dissolved into water. In accordance
with the plan submitted to the students, gas was collected and dissolved into distilled
water, and the pH level was measured. For instance, when gas is collected in a large
waste bag, and water is added to shake, acid solution can be obtained without
difficulty. This method can also be utilised for the experiment of concrete dissolution.
Handling the burning of the objects close to our daily life as the experiment of the
source provides the students with the opportunity to have further discussion of
environmental problems and their relations to human activities.

So far we have introduced several simple experiments that can be adopted in the class
in natural science. Please remember that students are full of ingenuity, and they often
provide teachers with various ideas on the method of experiments and the like. If
necessary, social scientific approach in relation to international treaties (the reduction

~of sulphur oxides and nitrogen oxides), as well as the problems of border, waste,
natural resources and energy could be adopted in the class.

3.5 Use of regional information and audio-visual materials

In making environmental teaching materials for environmental education, it is
necessary to select materials which interest the students, and leads them to think
about the problems. The willingness to respond to their requests is also indispensable
to avoid "one-way knowledge". There is plenty of information on environmental
problems around us, and therefore, only if we keep ourselves attentive, can we obtain
as much information as possible from newspapers, TV, magazines, books,
Environmental White Papers, statistics, the reports from local governments, regional
bulletins, and other sources. It is not hard to collect the materials to fulfil the students’
necessity. Spending time in making scraps and copying will give teachers the benefit
of grasping the whole picture of real-time environmental changes. At the same time,
the positive participation to the regional community will also reveal new teaching
materials. As recent education has advanced in content, the community has become
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detached from school. Just as there used to be a term "the blending of school and
community", it is necessary to retrieve school education so that it is closely tied up
with the regional community. The best thing that teachers can do is to participate in
local events to resume communication with the people living there. Teachers should
play an important role as one of the opinion leaders in the community. This is also
significant in terms of making teaching materials from local sources in environmental
education.

Although learning through experience is given top priority, it is impossible to learn
everything through experience and therefore, audio-visual materials such as pictures
and video are effective from time to time. Even if we wish to adopt the studies by
experience, they are limited by time and space in some cases. Especially when we
study the environmental problems in a foreign country, in a remote place or in a place
where we are unable to go (e.g. the bottom of the lake), audio-visual studies can be
conducted.

So far, introducing specific teaching materials on environmental studies, we have
touched upon how to make teaching materials especially for the studies of
eutrophication and acid rain. However, many more materials would be needed. Such
studies can be realised by teachers who make constant contact with students. Each
teacher has different natural or social environment around him or her, has different
type of students, or has different views to make teaching materials for the class.
Especially when environment is treated, it is necessary to select the material that
interests the students, and to make them consider the problems as their own.
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ANNEXE

INSTRUCTION MANUAL OF A SIMPLE COLORIMETER
SP-11 AND MEASUREMENT OF PHOSPHATE ION BY
THE MOLYBDENUM BLUE METHOD

Simple Colorimeter SP-11

1. Structure

Light Source

Emission Diode

(695nm)

Digital Tester
Test Tube
'iIII|I|I' Terminals
Batteries o [
1.5V x 4
"
Detector (CdS) |

2. Procedure

1) Put four batteries (1.5V) in a cell case.
2) Connect the lines from the light source to the terminals of the cell case.
3) Confirm the lighting of the emission diode inside the light source.
4) Put the batteries in a digital tester.
5) Connect the tester to the terminals of SP-11.
6) Mark with marking ink at a position of 10 cm above the bottom of the test tube.
7) Pour the sample solution into the test tube up to the mark.
8) Insert the test tube slowly into SP-11.
9) Put the light source on SP-11.
10) Read the electric resistance value.
11) Convert the value into a logarithm.

3. Measurement of SRP by the molybdenum blue method
SRP (Soluble Reactive Phosphorus) is nearly equal to phosphate ion in natural waters
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such as lakes, rivers and rain water.

1) Reagents

(1) 25MH,SO,

(2) Ammonium molybdate solution: Dissolve 20 g of NH Yav0,0,,4H O into 500 ml
of distilled water.

(3) Ascorbic acid solution: Dissolve 1.32 g into 75 ml of distilled water.

(4) Potassium antimonyl tartrate solution: Dissolve 0.2743g of
KOOC(CHOH)ZCOOSbO-I/ZHZO into 100 ml of distilled water.

(5) Mixed reagent: mix the above four reagent solutions at the volume ratio of
10:3:6:1

(6) Standard solution of SRP (stock solution): Dissolve 0.4394g of KH_PO, into
1000 ml of distilled water in order to make the standard solution of 100 ug-P/ml.

<Remarks>
(1) If tap water has no SRP, you can use tap water instead of distilled water.
(2) It is convenient to stock the mixed solution of 2.5M H,SO,, the ammonium
molybdate solution and the potassium antimonyl tartrate solution. Before use,
mix with ascorbic acid solution.

2) Procedure
(1) Filter the sample water with a glass fibre filter (Whatman GF/C).
(2) Put an aliquot (usually 20 ml) of the filtered water into volumetric flask of 25 ml.
(3) If necessary, neutralise a solution with dil.NaOH using phenolphthalein as an
indicator.
(4) Add 4 ml of mixed reagent for developing the colour.
(5) Dilute up to the mark with distilled water.
(6) Stand for at least 10 min. at 25-40 °C.
(7) Measure the electric resistance value using SP-11.
(8) Convert the value into logarithm,

3) Calibration curve:
(1) Dilute the stock solution (100 pg-P/ml) to the concentration of 5 pg-P/ml.
(2) Put0, 1,2, 3,4, 5 ml of the solution (5 pg-P/ml) into volumetric flasks of 25 ml.
(3) Add distilled water up to ca. 20 ml.
(4) Hereafter, perform the same procedure as the sample water.
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CHAPTER 4

ADDITIONAL CONSIDERATION
Munetsugu Kawashima and Sirmsree Chaisorn
4.1 Environmental education class

More than 20 years have passed since the Belgrade Charter stated the excellent
objectives of environmental education in 1975 (see Chapter 3). However,
environmental education has not achieved these goals so far. Meanwhile, especially
in industrialised countries, education has mainly supported the development of
science and technology that has brought us mass production and mass consumption.
There have been little efforts made to achieve the goal of environmental education up
to now. Environmental problems have been more and more crucial.

Many classes are still focused on conveying knowledge one-way to the students. This
may also be applied to many other subjects. Especially in environmental education,
we should convert the conventional education which has emphasised common
knowledge and skill to ability to think, judge and act.

The ILEC Environmental Education Project has studied the environmental education
programme based upon the students’ experience, in order to nurture the scientific
view as well as the power of execution which leads to the solution of environmental
problems, the ultimate objective of environmental education. To realise this, we have
concluded that, particularly in elementary and junior high schools, it is indispensable
to create the environmental education programme that satisfies the students’ desire to
understand the environmental circumstances and problems in the neighbourhood of
their school, and to know more about environment. The teaching materials that we
introduced earlier were developed and devised to support the above-mentioned
environmental studies. In addition, we would like to actively adopt discussions and
role playing conducted by the students themselves. After the studies positively
introducing learning by experience on environmental problems, the discussions on
the content of what they leamned, the way to solve environmental problems, what they
can do now or what they will be able to do when they grow up will greatly contribute
to fostering the power of judgement.

At present, many countries do not set the independent subject for environmental
education, nor do they indicate the systematic contents as environmental education.
As it is seen in the report of ILEC in 1996, since the daily classes at school are
normally based on the studies guidance outline submitted by the government, there
are few possibilities for environmental education to find a niche. Therefore, the
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relations between each subject and environmental education become important, The
Ministry of Education in Japan stated about the tie-up of each subject in the guidance
data on environmental education in 1994, "It is desirable to conduct environmental
education in every subject at school; however, the treatment of the phenomenon
related to environment should naturally be considered in accordance with the
characteristic and the objective of each subject. In this case, the point to be attended
to is to manage to link the treatment of phenomenon with each subject in an
appropriate manner.” In short, it is possible to conduct environmental education as an
overall, systematic study within the hours left to the school's discretion. Frankly,
though the importance of environmental education is emphasised, the time allocated
to this purpose is very limited. Also schools are obliged to depend on the level of
each teacher's interest or competence. As a result, many classes of environmental
education tend to be a thrown-in type centred on just explaining environmental
problems during the class of a different subject, and become one which provides only
knowledge to the students. Since environmental education is related to the other
subjects, it sometimes gives a wrong idea that it can be dealt with in any subject with
any kind of material. For instance, we should keep in mind that science and
environmental education stand on two essentially different foundations. Science is
based on natural science where natural principle and natural law are clarified.
Environmental education is based on environmental science which studies
methodology to perceive and solve environmental problems. It is therefore, also
linked closely to social science. Also, it is necessary to realise that environmental
education is not a mere study about the environment. In this respect, an independent
subject like "environmental studies" is expected to be introduced in the future.

Under the current system, we are obliged to carry out environmental education within
other subjects, and need to develop a programme which can simultaneously achieve
the objectives of each subject and environmental education. Besides, since the class
hours are limited, it is important to set a fixed objective of the class.

4.2 Involvement of and feedback to local communities

Environmental education is extremely important for adults as well as for children,
and it is naturally regarded significant as one of the modern themes in lifelong
learnings. It is adults that have destroyed the environment, and solving environmental
problems is a big challenge loaded on adults. However, the warning that should be
directed to adults are often given to children. It is often pointed out that children
today are not meeting with nature, and have therefore lost recognition, love and
sensitivity toward nature. This tends to be regarded as the children's problem.
However, it is the society created by adults that has deprived children of the life and
the playground, where they have direct contact with nature, and that has compelled
them to adapt to the deformed modem society with technological development. First
of all, it is necessary for adults to reflect on this fact and to think about global and
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regional environment together with children.

The relationship between environmental education at school and the community is
important because of the following two points. Firstly, what children learn is
expected to increase the opportunity for their whole family and the citizens in the
community including adults to study the environment and environmental problems.
Especially in the industrialised countries, adults were educated during the period of
high economic growth where economic development had precedence, and were never
given environmental education about environmental conservation and the solution of
environmental problems. It is important for them to be ready to share the results of
environmental studies with children.

Secondly, if the citizens in the community help children to study, more fruitful
environmental studies will be provided. When outdoor works are carried out, some
places entail danger for children alone, or they may find difficult to do research by
themselves. For instance, a junior high school in Japan provided a very meaningful
environmental study by exploring the shores of Lake Biwa by boat and surveying the
quality of water and"the bottom sediment. This study was possible with the warm
support from the local citizens as well as by the efforts of the teachers. There is
another good example found near a bay in Rio de Janeiro, Brazil. The students and
the teachers of a junior high school who worried about the disappearance of
mangrove forests owing to environmental aggravation called on the fishermen to
appeal for the restoration of mangroves. At first, the fishermen refused to cooperate,
but steadfast negotiations finally drove them to join reforestation. Now the mangrove
forest has been restored. Moreover, with the efforts of the local inhabitants, the water
quality of the entire bay has improved too.

The influence of environmental education over the local inhabitants in Ghana should
also be mentioned. An element of the general objectives for Environmental
Education Project in Ghana is the involvement of the local residents in the
identification of solutions to the environmental problems in the communities. During
the period of the project, the pilot schools for environmental education were
encouraged to promote local residents' participation in the environmental educational
activities of the schools. As a result, this gave the residents a favourable influence in
terms of realising the local environmental problems. The discussion with the local
residents revealed that they have come to recognise the environmental problems in
the neighbourhood. The environmental education project involved the traditional
rulers and opinion leaders in a number of activities geared towards the maintenance
of healthy environments. This motivated many other residents under the heads to join
the activities, such as durbars and cleaning exercises, etc., organised by the
environmental educational project.

The students started to clean their refuse dumping sites regularly by burning and
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burying together with adult residents of the communities. Before the project, more
than 80 % of the residents in Ayikai-Dobolo village were suffering from Bilharzia.
But the campaign by the pilot schools for environmental education with the support
from Noguchi Memorial Research Institute succeeded in decreasing the ratio to less
than 10 %. A lot more communities constructed places of convenience to avoid
defecating anywhere since the inception of the project. In villages where people were
drinking the river water without any treatment whatsoever, the project impacted the
idea of boiling the water before drinking. A number of community residents realised
the necessity to avoid washing, bathing, swimming and defecating in the Densu
River. In some areas, e.g. Ayikai-Dobolo, Nsawam Adogyiri and Domiabra, people
are now fined for dumping waste in their water bodies. Some residents organised the
regular cleaning exercises to clear choked gutters and waterways to avoid the
breeding of mosquitoes and other disease-causing organisms. Moreover, the teachers
of pilot schools acted and were considered by the residents as a pressure group on
environmental health officers and other environmental protection agencies in the
communities concerned. For instance, the project school teachers were introduced by
the District Chief Executive (district political head) to the Deputy Minister of
Environment, Science and Technology who visited their area as torch bearers of
environmental education. However, there is a need for continuous campaign to bring
about total attitudinal changes of the community residents, so as to minimise the
problems of the environment.

4.3 Training of teachers

4.3.1 Importance of in-service teacher training on environmental education
In-service teacher training, either at teachers' request or as their required experiences,
is one of the major methods used to enrich teachers with new knowledge and skills
needed for them to work more effectively in their teaching profession. Every school
should open up opportunities for their teachers accordingly. In fact, this type of
professionalization should be made prominent in school policies. Since
environmental education has increasingly become one of the most urgent
requirements our world population should have, all schools should take action in
adding on or highlighting their curricula or syllabi so that the youngsters of our world
are prepared to have environmentally positive behaviours and well-equipped with
environmental concepts and concerns needed for meaningful actions. To do so
effectively, school teachers should be trained or retrained so they will be acquainted
or updated with relevant information and techniques relating to the environment.
They can then accumulate new ideas and skills to use in their teaching or facilitating
their students' learning activities.

Almost all of our life aspects are influenced by local and global environmental
conditions which are more and more deteriorated by all kinds of human acts. Some of
the impacts are newly developed from our modem ways of living. No doubt, some
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issues and problems are easy to understand but many are complex and need much
time and extensive examination to understand them. Environmental understanding
means basically concem about nature and natural resources. Throughout the world,
some teachers' life styles today are so far apart from the natural world just the same
as their students. There is a need for both of them to learn to know and love nature
before they can become truly concerned and want to protect the natural environment.
Upon this regard, teachers need training on environmental concepts and changing
conditions as well as how to appreciate nature. Many environmental principles and
problems can be deeply understood only through scientific processes. All these call
for training workshops especially at the initial stage of teachers' instructional design
task before they do the actual environmental education teaching to their students.

As mentioned earlier, there are many approaches and aspects that could be used for
promoting school environmental education. School administrators or the
environmental education project committee must decide about these possibilities
before giving training to teachers. Below are some examples of questions to be raised.

1. Will all subject teachers in schools be encouraged to infuse environmental
education in their own specialised courses whenever appropriate? If so,
teachers of all subjects should be in the training workshops, not just science
teachers and social studies teachers whose subject areas deal with some aspects
of environmental issues directly.

2. Will there be or is there the development of direct environmental education
courses in the school curricula? Do these courses emphasise solely a science or
social studies content? Or will there be attempts to organise a curriculum that
is flexible enough to allow some kinds of interdisciplinary management with
cooperation among different subject teachers in such courses or teaching units?
If the last approach is to be used, then teachers should be trained on how to
cooperate in team teaching styles, for example.

3. Will students be encouraged to cooperatively work among themselves and also
with other adults in local communities in promoting environmental
understandings and problem-solving?

These types of questions will help in deciding about the training participants,
duration of the training, programme schedules and strategies to be used in the
training. ;

From the ILEC project, it is evident that the teachers who participated in the training
courses showed more interest and commitment to environmental activities.

4.3.2 Training time and schedules
Time and duration for teacher training vary according to the scope and details of
experiences expected for teachers to gain from the training and the available time
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they have. If the trainees are already familiar with environmental concepts, they
might need only short periods for training in some teaching strategies that are
appropriate to environmental education learning or for producing some instructional
materials. When should the training be offered? Most teachers of the ILEC
environmental education project agreed that training and retraining courses given to
them at the beginning of each academic year did raise their sensitivity to
environmental issues and help their activity planning. For the piloting project
especially, the training time should be before the implementation of the project. Once
the project has been started, some additional training and retraining are probably
needed in the middle of the programme or the beginning of the next cycle of the
programme.

In Argentina, over 20 teachers of pilot schools attended a one-week intensive training
course every year for three years during the holiday period preceding the
implementation of the project. Experimental activities in Chascomus Lagoon and in
the laboratory were repeated in each training workshop. These are the activities they
would use with their school students during their teaching. While the Argentinean
experience proved one week was adequate for the training of their teachers, the
Brazilian project found a 10-day training course for a group of 20-25 school teachers
very fruitful. In Ghana, however, 2-day workshops were held for elementary school
teachers separately from junior secondary school teachers. Each workshop included
approximately 30 elementary school teachers and about 20 junior secondary school
teachers respectively. Teachers also found great benefit from the training.

How long the training duration should be, therefore, depends on how much content
of training we want to cover and the budget we have for training management.
Planners of the trainings have to decide and select the possibilities best suited to each
target groups of teachers.

Appropriate training schedules should correspond with instructional plans to be
implemented in schools. However, firstly, teachers need to be familiarised with local
and regional necessities and also global problems and concemns. In the training
schedules, time should be provided for discussion of some prepared data and
information. Resource persons from the community, governmental and non-
governmental organisations and experts on environmental science and environmental
education, therefore, should be invited to expand teachers' visions and experiences.
Issues related to peoples' life quality must be selected for discussion.

Skills in problem-solving starting from the ability to identify problems to the ability
to find solutions must also be emphasised in teacher training along with how they can
play the roles of facilitators in the student-centred teaching/learning atmosphere.
Thus, observing, measuring, experimenting, analysing, identifying problems and the
like should be discussed and trained. In the training programmes, teachers should
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have opportunities to study the watershed system by following through some outdoor
activities the way they will use with their students. Use of media and equipments for
both outdoors and in classes must be practised.

Teachers in the training workshops should be assigned group-work activities to study
those to be used in classrooms, laboratories, and outdoors. In Brazil, during
excursions, groups of teachers were assigned to study different subsystems of the
Lobo-Broa watershed. One group studied in a natural forest area, while the other
went to reforested areas, rivers and wetlands, reservoirs, respectively. Another group
was also assigned to examine human impacts like affected areas, visual and scenic
change, solid waste accumulation, soil alteration and erosion. They studied air, soil,
water bodies, flora and fauna and light. Water samples were also taken to the
laboratory for the determination of pH, conductivity, dissolved oxygen and
suspended matter.

Some training courses may concentrate on cooperation techniques since cooperation
among teachers of different fields to promote the management of environmental
education interdisciplinary courses or units has, in practical terms, not been so
successful due to limited planning time and the essential understanding each subject
field teacher needs to have. In order to do cooperative teaching, teachers should have
the concept of team teaching, cooperation and sharing, and be prepared for their vital
roles as team leaders or team assistants in different parts of teaching.

To provide teachers with some alternative ideas for integration, a good part of the
programme schedules might be used on how to infuse environmental education into
existing study areas in school curricula. Each field content may be analysed and
guidelines for integrating related environmental content can be prepared for different
subjects. Many passages concerning various aspects of nature and other
environmental issues can be selected for reading in language classes. Environmental
topics can be used for students' practice of writing poems and essays. Drawing or
making some products reflecting human living in harmony with nature, or
approaches to promote sustainable development can also be very challenging to
students. Groups of teachers during their training can brainstorm and put selected
ideas in the guideline books or booklets so that they can use them with their students.
Training schedules must include both theoretical knowledge and practical
experiences for teachers.

4.3.3 Preparation of training

Before each training, besides the general preparation for place and equipments
needed, there should be discussion on what teachers actually need to attain from the
training workshop. Prior to the discussion, teachers' needs might be surveyed using
questionnaires or group discussion method. The training organisers then should set
up a priority list of such needed content and skills. After consideration of all the
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specified needs and time availability, they can determine training schedules, places to
be used in training, resource personnel to contact, materials and equipments to
prepare for teachers. The teachers as trainees should be informed ahead of time, for
instance, to bring in needed data, cases for analysis or to prepare for outdoor
activities.

Training evaluation should also be prepared to collect some ideas and opinions for
the effective teacher training in the future. Plans must be taken to give the
participants the evaluation forms to fill out at the end and/or to collect photos, slides,
video, to observe and record problems, attitudes and behavioural outcomes and
change occurred during training activities. Moreover, time after training to put
together some useful practical ideas and materials for school use should be taken into
account,

4.3.4 Recommended training strategies
Experiences gained from our school projects suggested a variety of promising
methods and techniques to be used for teacher training.

1. Using some illustrative media such as pictures, slides, and demonstrations to
stimulate lectures in order to provide interesting local and global environmental facts.

2. Promoting outdoor activities, field-trips, excursions, community-based
programmes to reach out to the real world just as they would teach their students.
Teachers should be provided with "touch-on or hands-on experiences" on
environmental conditions in classes, laboratory settings and outdoors.

3. Implementing small group discussion techniques so that teachers can identify the
problems and brainstorm about alternatives of solutions.

4. Designing innovative mini-projects or small tasks for groups of trainees to create
some kinds of products out of easily-found natural environmental materials.

5. Discussing environmental issues in current news and actual cases.

6. Planning for follow-up activities and close monitoring after training such as
classroom visits and conference. These activities would help lessen practical and
experimental problems that occur during the project implementation.

4.3.5 Role of universities, colleges or faculties of education in promoting
environmental education

Out of the various responsibilities of higher education institutions, the three main
ones are those of teaching, researching, and enhancing community development
through various community services and use of local wisdom.
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Universities are the collective places where all types of experts and scholars belong.
In today's comprehensive universities, many faculties or schools may foster
environmental understanding in many different ways. Usually there will be
specialised programmes that deal directly with the environment such as
environmental science or environmental engineering and many other programmes
offered within each faculty. Many universities have "environmental studies” as their
required courses for the general education part of the programme which is the basic
requirement for all students of their institutions.

The Faculty of Education should also take a leading role in promoting environmental
education by including such courses in their teacher education programmes. Not only
those who are trained to be science or social studies teachers should take the course,
but the course should also be opened for other major students. If possible, it should
be a required course for all prospective teachers to take. Another popular approach is
through co-curricular activities at this higher education level. Students' nature-loving
clubs/conservation clubs are usually active. However, the research for and
dissemination of essential environmental information the members of the clubs do
‘among themselves and can do for the general public are still limited. These activities
should receive more attention.

These pre-service programmes in the universities help build up the awareness of the
values of environment in our youth and enhance their environmental friendly
behaviours. The behaviour and attitudes of students and other teaching staff as well
as surrounding communities can be affected, if the actions of those responsible and
interested are taken continuously and sincerely.

Besides pre-service education, the Faculty of Education can give in-service training
for teachers who want to upgrade their knowledge and skills in environmental
education to be more effective in their teaching. The faculty staff should always
scrutinise or do some kinds of research on the topic. They should prepare themselves
with contemporary knowledge appropriate for teacher training in environmental
education. The centre for promotion of environmental education could be established
in the faculty to carry on research study in this field, to collect important and relevant
facts and information. More importantly, the centre can be the resource of effective
teaching strategies where school teachers can come to study and seek advice. It can
be the centre for disseminating and coordinating many environmental activities
within the university itself and among schools and the public. For instance, the centre
can offer various mini-courses or short training courses for school teachers and the
general public. To assure better quality, cooperation among different faculties of the
same interests should be promoted so that staff can share their expertise for the in-
service training. The Faculty of Education with its direct responsibility of searching
for the best ways to provide people with education they need can certainly lead the
role of coordinator.
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