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PREFACE

A series of experimental modules for the pre-service and in-
service traning of primary-school teachers, secondary-school science
and social studies teachers in environmental education has been pre-
pared in the context of the Unesco-UNEP International Environmental
Education Programme, and as a follow up to the Thilisi Conference
Recommandations with respect to the training of teachers in environ-
mental education.

This module focuses on the pre-service training of science tea-
chers and supervisors in environmental education for secondary schools.
Its main objectives are to (a) foster the acquisition and transfer of
knowledge, skills, and affective attributes concerning the environ-
ment and its problems and (b) develop competence in the teaching and
supervision of the environmental dimension of science in secondary
schools. In this context, the module addresses itself to (a) the
environmental problematique and education's response, (b) science
education - an essential contribution to environmental education,

(c) curriculum tasks in environmental education for science teachers,
(d) teaching strategies for use in environmental science education,
(e) evaluation in environmental education, and (f) implementation of
environmental education at the school and system levels.

The module for Pre-service Training of Science teachers and
Supervisors in Environmental Education for Secondary Schools has
been prepared under Unesco contract at Monash University and South
Australian College of Advanced Education (Peter J. Fensham and
D. John Hunwick). In the process of the preparation, the detailed
outline and the different drafts of the module were circulated for
comments and critics to about thirty professionals and institutions
around the world. Similarly, the module and its local adaptation
were studied by groups of teacher educators at the Subregional Work-
shops on Teacher Training in Environmental Education at the National

Council of Educational Research and Training (NCERT), New Delhi,
India, on 3-16 March 1983 and at the School of Education of the
University of West Indies, Mona, Jamaica, on 18-29 July 1983.

Unesco is appreciative of the contributions made which have been
used towards the preparation of this version edited by Professor
Willard J. Jacobson, Teachers College, Columbia University,New York,N.Y., U.S.A.

Opinions expressed in this publication do not necessarily coin-
cide with any official views of Unesco. The designation employed
and the presentation of the material herein do not imply the expres-
sion of any opinion whatsocever on the part of Unesco concerning the
legal status of any country, or of its authorities, or concerning
the delimitations of the frontiers of any country or territory.
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FOREWORD

This book sets out to help science teachers make science teach-
ing more environmental. That is, it explores a number of ways that
science teachers can contribute through their lessons with pupils to
an improved environmental scene. We are very conscious that science
education alone cannot provide all the education that is needed for
environmental issues. The environment is not neatly parcelled up
according to the subject labels of schooling. For this reason envi-
ronmental education needs to have contributions from all subject
areas of the curriculum and indeed needs to find ways of giving an
interdisciplinary approach to students' learning.

We agree with these total intentions for environmental education
and acknowledge that many environmental problems will depend upon
complex economic, social and political considerations for their solu-
tion. Nevertheless, we know that secondary schooling in most coun-
tries is organised and presented through separate subjects. Not only
is science a very important school subject, but there are also scien-
tific aspects to most environmental issues.

It is important to say a word about our philosophical stance re
environmental education. We see environmental education as a contri-
bution to the solution of real problems.

It is part of a wider response to alleviate the threats that
face so many aspects of Planet Earth's environment and that limit
effective and harmonicus living for so many of the world's population.

The goal of environmental education for us is Education for the
Environment not merely education in or about the environment. These
last two types of education may be useful stages towards the goal
but they are not the goal itself.

Beyond the individual response, we see many of the problems of
human and social development as part of the wider environmental scene.
The disproportionate consumption and waste of both resources and
energy by the minority population of the developed, industrial world
are environmental concerns of the first order. So too is the lack of
access of the majority population of the developing nations to these
resources and to adequate energy sources.

We recognise that all human beings are actors in present day
environmental dramas., While some people exert great influence on the
present and future quality of the environment, the last decade has
revealed that most people's lifestyles have adverse consequences.
Because of this, individuals reading this book can, through their own
lifestyle, contribute positively to the harmony and conservation of
the environment. As people involved in education, they have the addi-
tional opportunity to influence the choice and development of some
aspects of other people's lifestyles.

Advocating social action as the outcome of environmental educa-
tion is consistent with our own commitment to social change if envi-
ronmental issues are to be resolved. It is the responsibility of
every teacher and science teacher educator to choose the manner,
timing and extent of the involvement of students in environmental
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issues. While change in many aspects may be desirable, the educator's
responsibility, as we see 1it, is to develop in students the feeling
that they can participate in change and that this will be more effec-
tive when the science that is involved is properly applied.

The book is presented as a series of units for use in the educa-
tion of science teachers. Its primary orientation is that it will be
useful in the initial education of these teachers. Many of its units
(or short seqguences of them) could, we believe, also be used in in-
service workshops for science teachers during their professional
careers.

We have assumed that these science teachers will have had (or
be having) a sound education in science as part of their basic train-
ing as teachers of this subject area of the curriculum. Because a
few science concepts recur very often in environmental situations we
have included in an Appendix some basic material on these which high-
light the environmental linkage.

We also believe that education of science teachers should induct
them into the sorts of learning experiences they should provide for

their own pupils in schools. Accordingly we have given attention in
many of the units (particularly Chapter 3) to the variety of modes
that are known to enhance learning. These units, in particular, make

the book also a source book of curriculum ideas for science teachers.
In many educational systems, we expect that pupils taking middle and
senior secondary science courses could, with profit, undertake many
of these units. In adapting these units to their use in schools,
teachers would need to recognize and allow for the constraints of
their own situations. Chapter 6 of the book should be helpful to
them in this implementation.

A secondary orientation of the book is to the supervisors in the
educational system who have responsibilities about the way science 1is
taught, and who can do so much to facilitate the efforts of science
teachers in their classrooms. Chapters 1 and 6 are, we believe, par-
ticularly important for use with these sorts of educational profes-
sionals.

In revising an early draft of our manuscript we have been very
much helped by the comments and suggestions of a number of reviewers.
A list of these persons- is given at the end of this preface and we
wish to record our gratitude to them all. One particular advantage
from these varied comments was that we were able to gain some broader
perspective on the situations that exist for the education of science
teachers. It is quite clear that these vary very greatly. Some
reviewers felt that we had expectations that went beyond what would
be possible in many developing countries. Another suggested that in
meeting the needs of these countries we had pitched the content at a
level that was more appropriate for senior secondary pupils in his
country than for the education of their teachers.

Another reviewer wanted more structure and tight linkage to sci-
ence topics. Against this there was a plea for a much more open
ended approach in which real environmental issues would be tackled by
the science teacher educator and his/her student teacher over an
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extended period of a year. In this approach, problem solving and its
concomitant skills would be developed in the reality of the project.

aArmed with all these and many other comments we have revised the
draft and tried to cover as many situations as possible. We do
acknowlege, however, that it will be the prerogative and the respon-
sibility of eXxperienced science educators, regional consultants and
state and national supervisors to select and modify our suggestions
so that they can be used with meaning and sensitivity in each parti-
cular situation.

Acknowledgements

Internationally we are indebted to the following reviewers -
Abdul Ghafoor, Robert J. Warpinski, Gunter Eulefeld, Paul F. Norvale,
Fred H. Hubbard, George Za'rour, Ron Morgan, Arthur M. Lucas and
R. Kyburz-Graber.

Locally, Ian Walker, Ted Sandercock and Peter Brinkworth of the
S.A.C.A.E. have played a similar role and we are most grateful for
their many perceptive suggestions. Finally, there are those many
students in our classes who have made and tested for us so many of
the ideas that come together in this book. To them we express our
thanks for they and others like them are the people for whom this
book is intended.

Peter Fensham

D. John Hunwick
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INTRODUCTION

The education of science teachers, like science education in
schools, takes place usually in a series of discrete sessions - part
of the timetable of a programme of formal education. Occasionally
these sessions can be extended and commonly there is opportunity for
the learning experience to be continued in the learner's unscheduled
time. These patterns of learning apply also to the inservice situa-
tion where a programme of learning is drawn up for whatever periocd

the teachers have been released from their classroom.

To facilitate the use of the ideas in this book in such learn-
ing patterns, it has been primarily presented in the form of units
which are explicitly designed for discrete sessions.

The units, in general, have a common format that has already
been found, in projects in a number of countries, to have widespread
usefulness in science teacher education.

In setting out these units which show clearly the various compo-
nents of learning sessions, we are conscious that the written word
makes static a learning scene that in practice should be dynamic and
interactive. Accordingly, users of this book are encouraged to fami-
liarise themselves with the intention of each unit and implement it
in a way that is flexible and meaningful to their students.

Included in the introduction to each unit there are a summary
of its ideas, suggestions for its impliementation, and a clear state-
ment of a unit's objectives. These form a basis for the teacher
educators and pre-service teachers to evaluate the effectiveness of
their performance in a unit as well as the worthwhileness of the
unit's ideas. Where necessary in the suggested approach, a Worksheet
is also provided for easy reproduction and possible use in the train-
ing programme.

In general, it is assumed that the training of science teachers
will be the responsibility of a single person (or a group of such
persons) to whom we refer by the term science teacher educator.

The resource materials that are involved in the units have been
deliberately chosen so that they have a wide adaptability across
countries and educational systems. Since the specific materials will
often have to refer to environmental situations that have meaning
locally, attention is given to the provision of examples and likely
sources.

The basic time for a teacher training session is assumec to be
one hour. Some units will take multiples of this time or involve a
sequence of hour sessions over a period of time in the training
course.
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In planning and preparing the units for this book we have had a
number of broad objectives in mind. These are

(a) To alert the student science teachers to the urgency of the
Environmental crisis.

(b) To present the origins of Environmental Education.

(c) To provide a rationale for, and a sense of urgency for
Environmental Education in Science and other teaching.

(d) To define a set of characteristics or guidelines for
Environmental Education.

(e) To indicate the relation between science teaching and
Environmental Education.

(f) To establish a list of objectives for Environmental
Education in science teaching.

(g) To promote problem solving as the central feature of
Environmental Education in science teaching.

(h) To provide some basic concepts that are useful in
Environmental problem solving.

(i) To identify and acquire skills in the various stages of
curriculum planning for Environmental Education in science
classrooms.

(j) To know and to experience teaching strategies that are
particularly useful in Environmental Education.

(k) To recognise criteria and to practice using them in the
evaluation of Environmental Education.

(1) To identify and reduce the factors that constrain the
teaching of Environmental Education by teachers and to
provide the conditions and support for teachers that may
facilitate its implementation.

As a result, the units group themselves rather naturally into
six Chapters. 1In Chapter 1 (Units I to IV), the student science
teachers are introduced to the origins of Environmental Education as
a response to the urgent environmental problems that confront human-
kind at local, national and global levels. The nature of this dis-
tinctive and purposive type of education is then developed via its
objectives and particular characteristics. In clarifying environmen-
tal education its features will be contrasted with those of tradi-
tional science teaching (and that of other subjects) in secondary
school. The chapter concludes with a unit that develops a schema for
science teachers to include an environmental emphasis in their science
teaching and to recognise this as a contribution to the totality of
Environmental Education.

Chapter 2 (Units V-VIII) deals with the nature of science, its
relationship to environmental education, and some of the concepts
already developed through science that relate to the environment.
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Science often means different things to different people. To
many it means bodies of knowledge about the physical world grouped
under different subjects; to some it means research or the pursuit of
truth; to some it means the development of technology intended to
benefit mankind; and to others it means finding out, experimenting,
measuring. These are all different aspects of science, as the know-
ledge, experimenting, technology, etc., have all been produced by
what could be called the "processes of science'.

The various '"processes of science'" are identified and summarised
in the first part of this chapter as an introduction to that character-
istic of science - the problem-solving approach - that is to be applied
to an environmental issue. The processes that will be discussed
include: observation, communication, control of variables, experimen-
ting, hypothesising, measuring variables and concept formation.

Collectively the names of these processes of science make up a
set of statements that formally describe the process of problem-
solving as used consciously or otherwise by scientists. It is through
the application of these processes that scientific work is undertaken.
The problems to which science addresses itself range very widely,

e.g. from understanding the movement of particles in a fluid to the
production of machines that will generate electricity. Environmental
problems are just cne aspect of life to which science can be applied,

but they are, as we will argue, quite urgently in need of solution.

Because environmental education seeks to 'provide students with
opportunities to be actively involved ... in working towards the
solution of enviornmental problems', the problem-solving approach of
science is an integral part of it. However, the problem-solving
aspect of science has Frpqnpnf-'lv been lost in science teaching,

(S E=-3 § L U X ~TCTIl AUSY sLeaCUlLT Loaliillly

because of the overwhelming emphasis many teachers give to the expo-
sition and acquisition of the body of knowledge in a text book,
generally because it is required for a written examination. The
acceptance of the goals of environmental education by science teachers,
will therefore broaden their pupils' view of science by assisting

them to become actively involved in its application as problem-
solving.

Some science concepts have been defined and developed in ways
that make them particularly relevant in the solving of environmental
issues. A summary of six of these environmental concepts is present—
ed in Appendix 1. Proper appreciation of them by teachers and pupils,
however, comes not just from memorising them but from understanding
their relevance and how they can be applied to significant environ-
mental problems. Suggestions for teaching the concepts in prepara-
tion for tackling environmental problems are also given.

The concepts that are included are 1. Energy (types of energy,
law of conservation of energy, and law of energy degradation);
2. Ecosystem (energy flow in ecosystems, law of conservation of
matter, nutrient cycling in ecosystems, evolution of ecosystems and
succession); 3. Resources (the nature of resources (inexhaustible,
renewable, irreplaceable)); 4. Food (production, and energy use, and
nutrition); 5. Pollution (pollutant, threshold, synergy, persistence,
and biclogical magnification); 6. Human Population - Growth and
Control (birth rate, death rate, fertility rate, marriage age, age
structure and density, and distribution.
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Chapter 3 (Units IX-XIV) consists of a number of units that
collectively consider in detail the curriculum task a science teacher
has if she/he is to implement an environmental emphasis in the class-—
room.

Six stages of the teacher's curriculum plan are identified and
elaborated: -

(1) identifying an environmental "problem" area.

(ii) investigating a problem (identifying and acquiring the
relevant background knowledge that is to be used by the
class) .

(iii) preparing and evaluating possible solutions to the problem.
(iv) getting involved.

(v) identifying possible strategies for social action by the
class and teacher.

(vi) evaluating the strategies for social action.

The chapter then includes an exemplary environmental situation
(the problem of waste disposal) that has very evident scientific or
technological features and that will be familiar in almost all coun-
tries.

In order to implement the curricula tasks outlined, a number of
teaching strategies that are particularly useful for Environmental
Education in classrooms are introduced experientially to the science
teachers in the suggestions in the Units of Chapter 4 (XV-XVII).

As examples we cite here "buzz groups" and '"brainstorming". The
former is an activity requiring a class to be divided up into small
numbers of pupils (2-8) following a short talk or other presentation
of a limited task. The pupils carry out the required task having
been given a short periocd of time (e.g. 4-5 minutes) following which
there is feedback to the teacher and the whole group. "Brainstorming"
is the use of a number of "brains" to throw up ideas quickly, without
evaluating them, that could contribute to the solution of a problem.
Again a limited period of time is given (10-15 minutes). Other tea-
ching strategies included are the use of audio visual and other non-
verbal stimuli, debates and projects, simulation and other games.
Special units are devoted to the use of role playing and simulation,
the conduct of a field trip, and the development of the learning
trail.

Chapter 5 (Units XVIII-XX) looks at evalutaion in environmental
education in a number of senses. One of these uses a form of content
analysis to provide evaluations of curriculum materials like text
books and other student resources. Curriculum resources of these
types are slowly becoming more available to science teachers in many
countries, but there are still many problems with these supports to
teachers. Effective environmental education will need to be related
to local, topical and current situations much more often than to the
most distant, chronic, and exemplary situations that can be included
in large scale and permanent curricular resources. Furthermore, we
should not expect that environmental resources produced in one
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country will be of much use in the schools of another one. Tradition-
al science text books have often had considerable portability of this
sort although more recently the need to embed science teaching more
strongly in a nation's own cultural scene has been recognised.

Accordingly, the resources science teachers will use in environ-
mental teaching will often be newspaper articles, information from
both expert and lay participants in environmental issues, and locally
obtained statistics and data. They should use these in various ways
in lessons, and a way of checking what sorts of teaching and learning
experiences in fact are being used is presented at the end of this
chapter.

Chapter 6 is concerned with the support science teachers need
from their school authorities and in the wider educational system
itself if they are to be able to contribute environmental education
through their science lessons.

Equipping the science teacher with the concepts of Environmental
Education and with the skills and strategies for its design and
teaching is only one of the requirements for the implementation of
Environmental Education in schools. All educational systems have
constraints that hinder innovation in curriculum and teaching. The
identification and control of these constraining factors are impor-
tant if teaching is to become more environmental. Some of the
constraints are quite beyond the control of the classroom teacher.

It is in relation to this latter type of constraint that the science
supervisors have quite key roles. Through them, constraints on the
teacher and the school can be lifted, and conditions created that
make possible some of the novel but quite essential features of
Environmental Education. It is thus most important that science
supervisors be aware of their role concerning these constraints and
facilitating conditions. These will, however, be very different from
country to country and the co-operation of supervisors will be needed
to adapt the chapter's issues to the particular situations they are
in.

The discussion in this chapter deals with these support struc-
tures for Environmental Education at three levels - within the school,
the system, and the community. Within the school the constraints may
take the form of timetable difficulties, opposition from other staff,
conflict with traditional teaching approaches, lack of understanding
and encouragement from senior administrators, conflict with student
expectations, lack of resources, etc. Within the system they may
come from an overcrowded curriculum, a dominant and unsupportive
examination system, and from legal and financial difficulties re
field trips. Within the community they may relate to the involvement
of outside resources, cumbersome administrative procedures, and
parental and community participation.

In discussing these sorts of constraints teachers and supervisors
will be encouraged to identify which ones exist in their own cases
and how they can work to modify them so that strucutres emerge that
support the teacher in his/her classroom.
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Environmental Education within Science Teachinhg

We recognise that there is little scope for self-determination
in the overall secondary school science curriculum by the individual
science teacher. Science curricula in most countries (except perhaps
for the lowest levels of the secondary school) are laid down by the
Ministry of Education and/or by Examinations Boards.

Accordingly, our major thrust in the book is towards the teaching
of Environmental Education, from time to time, in the science class
through the existing curriculum of science education and through
special events or "junctions'. A special event might be an excursion,
a display, a community work project, a school project or a festival.
The word "junction" is used (as at the Unesco Asian Workshop for
Environmental Education in September, 1980) to describe such occa-
sional happenings in a class or school programme and is useful
because it does imply the co-operation or "coming together" of the
science teacher with other teachers or with personnel from outside
the school. This is necessary to embody the interdisciplinary, holis-
tic and realistic characteristics of Environmental Education. We are
not advocating or preparing science teachers for a new and separate
subject - Environmental Science or Environmental Studies. Such an
approach is not possible in most cases of secondary education since
the curriculum is already overloaded. Furthermore it is not advo-
cated as desirable since environmental education then becomes just
one more specialised subject that is often only optional for students
and hence has a rather low status.

This way of introducing Environmental Education is consistent
with the recent moves for science teachers to include aspects of
Science and Society in their science teaching. Science teachers are
certainly concerned in Environmental Education about the interface
between scientific knowledge and society, but the characteristics
of Environmental Education add dimensions and significance about this
interface that have not often yet been included in the socialising
of science with its emphasis on description and analysis.

The book, as it has been written, is a package for use with
science teachers as a part of their pre-service training course after
they have been introduced to the basic aspects of the theory and
practice of teaching science subjects. We recognise that it will
perhaps often not be possible for the set of units to be included in
teacher training in total or with all the detail that is provided.
However, it is impertant that this book with its units be assimilated
as a whole by science teacher educators before they seek to use it
in their courses. Of particular importance are Units III, IV and
V. These are designed to help science teachers deal with the nature
of Environmental Education. Without a clear appreciation of its
distinctive objectives and characteristics, science teachers are
likely to believe that teaching the details of biophysical environ-
ments in their usual knowledge-only sense is Environmental Education.
This would deny the fundamental purpose of the module.
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CHAPTER 1

THE ENVIRONMENTAL PROBLEMATIQUE AND EDUCATION'S RESPONSE

INTRODUCTION

In the decade 1968-1978 the number of pesticide-resistant species
of insects and mites has almost doubled.

Between 1960 and 1971 Japan lost 7% of its agricultural land to
buildings and roads.

In India there is an annual loss of about 6,000 tonnes of soil
per year and with this goes six million tonnes of nutrients - more
than the amount added as fertiliser.

In the United States three million acres (nearly 1% of the
agricultural land) is degraded annually by soil erosion.

Overstocking has severely degraded grazing lands in North
America, in the Andes and even in the Himalayas.

Traditional strains of crops and animals are seriously at risk.
Of the 145 cattle breeds native to Europe and the Mediterranean,
115 are threatened with extinction.

Nearly one quarter of the earth's land surface is in danger of
becoming desert.

The average Swiss citizen consumes forty times as much in
resources at the average Somali.

Despite its small population, most of Australia's coastal forests
have been destroyed, there are threats from logging to the few remain-
areas.

A widespread problem in Sri Lanka is the cutting of mangroves
for firewood.

The Bay of Mieggia in the northern Adriatic has been devastated
by petrochemical wastes.

After the publicity that followed the disastrous Minamata Disease,
many fish and shellfish in Japan still have too high levels of mercury.

Tourism, sewége and fertilisers, are destroying coral reefs in
Tanzania, Australia and the Virgin Islands.

I.U.C.N.'s Red Data Book lists more than 1,000 species know to
be threatened with extinction.

These staccato comments are drawn from Robert Allen's little
book How to Save the World.* This book sets out to publicise the

* How to Save the World: strateqgy for world conservation, Robert Allen,
Paul Keagan, London, 1980.
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World Conservation Strategy - a challenge to governments to recognise
that the needs of the world's people as a whole, and the improvement
of their quality of life will only be possible through the dual pro-
cesses of development and conservation.

The purpose of such a Strategy, nationally and internationally,
is to help advance the achievement of sustainable development through
the conservation of living resources.

Because of its emphasis on living resources, this strategy does
not highlight so strongly a number of other issues such as the dispro-
portionate consumption of energy by the citizens of the quarter of
the world that is sometimes described as developed and is perhaps
better described as industrial. These persons also consume far more
per capita of the mineral resources, some of which have been so
depleted that an end to their availability is now within a genera-
tion or two unless new reserves are found or more conservative pro-
cedures are introduced.

Our activities as humans are steadily reducing the capacity of
the earth to go on sustaining life. One gquarter of the world are
consuming too rapidly while half of the world, in order to stay
alive, have to engage in practices which, while under consuming in
comparison, are destructive of the basic land and water around them.

The sorts of problems and issues that have been alluded to above
are what has become known internationally as the Environmentale
Problematique. Essentially this situation has arisen as a conse-
quence of increasing human demands on finite resources. The demands
come from many socurces of human life but two quite different develop-
ments in this century have made the situation a critical problem now,
in ways it was not fifty years ago. The first development has been
the rapid escalation of the living standards of much of the popula-
tion of the more industrialised countries since 1950. As these
mass living standards have risen, their consumption of resources has
gone up many times. The other developemnt that has so affected the
other 75% of humanity has not been a rapid increase in their per
capita consumption of resources, but a very significant increase in
their overall population growth.

So we have two populations whose lifestyles are probably getting
further apart. One is static in size, but consuming increasing
amounts of resources and the other, also consuming more, but only
because it is increasing in size. The lifestyles of the former are
not however invisible to the latter and it is not surprising that they
too have aspirations for greater consumption per capita. For both
groups then, there is a contradiction between aspiration and possi-
bility.

Another difference between these populations arises when the
quality of their living environment is considered. In the population
of already high consumption, improved quality of life or quality of
living environment is often thought of in very individualistic terms.
The things this person has, the style of house he or she lives in, and
the types of leisure pursuits that can be afforded are often the
sorts of measures that might be applied. 1In the case of the low
consuming population one tends to think of the whole community's or
society's lifestyle or environment. The general inadequacy of
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shelter, the poor standard of nutrition, the absence of suitable sani-
tation, the unavailability of fuel and other resources, are the natu-
ral measures, and these are social or group and not individual ones.
The subtlety of this shift of measure is an important thing to be
aware of in the whole environmental movement. Many persons strongly
involved in environmental issues in the developed world may be motiva-
ted to preserve or improve an already '"good" environment. In the
other populations, such “good"” environments have not yet existed and
need to be achieved. The task of being "for a better environment",

is rather different in these two cases. As we look more and more at
education for the environment in this book rather than just education
about the environment, it is important to note these points and remem-
ber some of these differences which are themselves very much part of
the Environmentale Problematique.

How is it that we have this internationally recognised problem,
and where have the initiatives for things like a World Conservation
Strategy come from?

In 1972 the United Nations held a conference in Stockholm on the
Human Environment. The participation in this meeting and the response
to it was gquite extra-ordinary.

The conference provided the first really international opportu-
nity for the voices of concern about the sorts of issues at the
beginning of this chapter to be raised. Persons from all sorts of
countries were among the voices at Stockholm. Each from their own
expertise pointed to the contradictions they had found in the way
human beings were developing and the ability of Planet Earth to
sustain indefinitely that pattern of development. Many of the sorts
of examples that began this chapter were given at Stockholm. It was
like taking the lid off an international pot that had not previously
been opened. Not everything inside could be seen at once but enough
was evident for the world body to be convinced that urgent action
was needed.

A new international agency, the United Nations Environment
Programme, UNEP was established and a number of other bodies like the
International Union for the Conservation of Nature and the World
Wildlife Fund got new recognition of their efforts and importance.

The United Nations Educational Scientific and Cultural Organisa-
tion, UNESCO, was asked to work with UNEP to create an international
and national contribution from education to the solution of these
great problems. Since major changes in lifestyle and complex bio-
physical systems were involved education obviously had much to do.
This book is one small product of the multi-faceted educational
response to the challenge that was issued at Stockholm and which is
renewed almost daily in all countries of the world as we learn more
of the contents of that pot of problems that involve our local,
national and world environment.

One useful way to categorise the problems within the Environmentale
Problematigque has been the five broad headings of Ecology, Energy,
Population, Food and Resources. These will be used on a number of
occasions in the units of this book. The first of these units sets
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out to assist its learners to begin to appreciate the extent and per-
vasiveness of environmental issues and to recognise how human beings
are involved in both their causes and their effects.

UNIT 1: The Nature of Environmental Issues.

Objectives Environmental Education Aims

(1) to enable students to recognise . to help students acquire an awareness
and classify environmental of and sensitivity to the total
issues environment

(2) to help students identify these . to help students develop a basic
issues at national and local understanding of the total
levels environment and the interrelationship

(3) to demonstrate that these issues of man and the environment

can also be identified in the Science Process Skills
social and physical environment
of a school

interpreting data, communicating,
classifying
(4) to identify some of the human

‘ . - ; Pedagogical Techniques
interactions in these issues g

Buzz groups, small group activity
assignments, data collection.

Preservice Teacher Needs

(1) to become aware of a wide range (2) to be able to identify in broad
of envirommental situations terms environmental issues in
that may have educational different contexts
potential

Resources Suggested Time

Newspapers and Worksheet. One 2-hour session

SUGGESTED APPROACH

Introduce the pre-service science teachers to the five broad
headings of environmental concern - Ecology, Energy, Population, Food
and Resources by using some of the situational statements at the
beginning of Chapter 1. Check that this introductory process has
provided the class with some appreciation of the meaning of these
headings as a classification for environmental problems.

The class should then attempt to classify the other items on the
Worksheet. After a few minutes, suggest that they discuss their
classifications in small groups. Some of the items will probably have
multiple positions in the classification.
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ACTIVITY 1 - Identifying Environmental Issues

The class could then be re-grouped into small groups of five or
six pre-service teachers and each group asked to undertake the next
task on the Worksheet.

Type of Issue National Local or Regional | School Context

Ecology

Energy

Population

Food

Resources

The task for each group is to try (from their own experience,
general reading, and expert knowledge) and find one or more examples
of environmental issues that could be located in each part of the
matrix on the Worksheet. 1In other words the questions for the groups
are: -

(i) What is an example of an Ecological issue in our country?

(ii) What is an example of an Ecological issue that is specific
to a local area (or region) with which I am familiar?

(iii) What is an Ecological issue that exists in many schools
in our country?

and so on for Enerqgy, Population, Food and Resources.

If the pre-~service teachers seem to be slow in coming up with
examples, the science teacher educator may help them along by sugges-
ting that endangered species and pollution are sub-categories of the
Ecology heading, that sources of, and comparative rates of consump-
tion are environmental issues within Energy, that growth rates, age
profiles, and employment patterns are Population issues, that rela-
tive protein intakes, food self-sufficiency, food distribution and
food quality, are recurring issues within Food in both developed
and developing countries, and finally that where iron, copper, chro-
mium, phosphate and the manufactured goods used in home, industry,
the farm and the school come from and go after use raise Resnurce
issues.

ACTIVITY 2 - Recognising Human Interrelationships

When a number of the parts of the matrix are completed, one
example from each line or column should be chosen by the group
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and a list made of the types and groups of persons who are involved
in this issue. The following check-1list of guestions may be helpful:

(i) Whose interests and needs are met in this situation?
(ii) What groups are actually directly involved in this situa-
tion?

(iii) Which groups' quality of life is, or may be adversely
affected by the continuance of this environmental situa-
tion.

The small groups should be asked to report their identification
of these human interactions in one of their environmental issues to
the whole class in the last 15 minutes of the session.

Further Notes

If some more time 1is available for this unit or if it can be
prepared for in earlier weeks, the following activities are suggested
for action by either the science teacher educator or by members of
the class of pre-service science teachers.

Because of the importance of keeping the reality of environ-
mental problems in the forefront of any educational programmes, two
other suggestions are made to science teacher educators in relation
to the aims of this unit.

ACTIVITY 3

Keep a record of any issues that are reported in the newspaper
(over say four weeks) and that seem to have an environmental aspect.
See which of the broad headings most often appears and report their
occurrence to the class.

If a library is available with the newspaper of 10 or 20 years
ago, some of the class could be asked to go through a similar period
of weeks to see if reporting of these sorts of issues has changed.

ACTIVITY 4

From sources like local authorities and other specialist sources
of information (Wildlife Departments, Purchasing managers, Energy
Companies, Census data, Sewage and garbage authorities, Industrial
managers), some specific data can be gathered to indicate trends over
the last decade in issues like the following:

What species of animals or plants are now more
or less endangered in our country or region?

What features of the man-made heritage have been
saved or lost, or recognised in this period?

What were and are the relative importance of
oil, coal, wood, hydro and solar as sources of
industrial and domestic energy?
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What was and is the per capita consumption rate
of energy per year?

which of the sources of energy are imported from
other countries?

What was and is the population growth rate?
What was and is the age profile?

For what sub-groups in the country do these
population statistics vary considerably from
overall national values?

For what types of food 1is the nation self-
sufficient?

Has the incidence of Iindices of malnutrition
and/or poor diet diminished or grown?

What minerals are now imported that previously
were available in the country?

What fertilisers are being used commonly and
how much of them are being imported?

What was and 1s the estimated rate of soil loss?

What 1is and was the per capita rate of production
of solid waste?

wWhat has changed (if at all) in the pattern of
solid waste disposal?

The data that relate to these gquestions should be tabulated and
shared in the class so that some sense of the stability or accelera-
tion or recession of these potential environmental problems is gained.

The organisation and difficulties involved in gathering these
data and presenting them in a meaningful way should be then considered
by the class and classified as to their suitabkility for replication
with the science students at the different levels of secondary school.
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UNIT 1

THE NATURE OF ENVIRONMENTAL ISSUES

WORKSHEET

Claessifying Environmental Situations

Ecology, Energy, Population, Food, Resources

Situation Classification

In the decade 1968 - 1978 the number of pesticide-resistant

species of insects and mites has almost doubled.

Between 1960 and 1971 Japan lost 7% of its agricultural land

to buildings and roads.

In India there is annual loss of about 6000 million tonnes
of s0il per year and with this goes 6 million tonnes of nutrients -

more than the amount added as fertiliser.

In the U.S.A. three million acres (nearly 1% of the agricultural
land) is degraded annually by soil erosion.

Overstocking has severely degraded grazing lands in North Africa,
in the Andes and even in the Himalayas.

Traditional strains of crops and animals are geriously at risk.
Of the 145 cattle breeds native to Europe and the Mediterranean, 115
are threatened with extinction.

Hearly one quarter of the earth's land surface is in danger of

becoming desert.

The average Swiss citizen consumes forty times as much in

resources as the average Somali.

Despite its small population, most of Australia's coastal
forests have been destroyed, and there are threats from logging to

the few remaining areas.

A widespread problem in Sri Lanka is the cutting of mangroves

for firewood.

The Bay of Mieggia in the northern Adriatic has been
devastated by petrochemical wastes.

After the publicity that followed the disastrous Minamata
Disease, many fish and shellfish in Japan still have too high levels

of mercurye

Tourism, sewage and fertilisers, are destroying coral reefs in
Tanzania, Australia and the Virgin Islandse.

I.U.C.N,'s Red Data Book lists more thamn 1000 species known to
be threatened with extinc tion.
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ACTIVITY 1: Identifying Environmental Issues

Write in the squares of the matrix examples of the five types of
issues that relate to the local school, local or national contexts.

Type of Issue National Local or Regional School Context

Ecology

Energy

Population

Food

Resources

ACTIVITY 2: Recognising Human Interrelationships

Choose a number of issues from the matrix and for each discuss
the questions:

(i) Whose interests and needs are met in this situation?

(ii) What groups are actually directly involved in this
situation?

(iii) Which groups' quality of life is, or may be adversely
by the continuance of this environmental situation?
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UNIT TIT

THE ENVIRONMENTAL CHALLENGE TO EDUCATION

INTRODUCTION

Environmental education in almost every country of the world has
been to some extent affected by the International Programme of Unesco
and UNEP. Such an influence from the work of Unesco cannot be claimed
in many other areas of education especially in the more developed
world.

The International Programme's influence in environmental educa-
tion has been so strong because very few countries had developed this
part of their educational programmes to any extent before the Unesco-
UNEP project began in 1974. This was equally true of developed and
developing countries.

There were, of course, many individuals, groups and interested
organisations who were active in an educational sense prior to this
time. Nevertheless, a survey that began the international project
revealed few examples of countries where a general priority was being
given in formal or in non-formal education to environmental education,
or where extensive human and material resources, of an expert kind
were available for it.

The first phase of the International Programme ran from 1974 to
1977. Among its achievements can be listed:

(i) an awakening of many countries to the need for and the
possibilities of environmental education.

(ii) an evolving understanding of the nature of environmental
education.

(iii)} the acknowledgement at governmental levels that environ-
mental education was important and should be developed
and supported.

Since then the programme has moved into its second and third
phase. 1In these years a great deal of development and some implemen-
tation has occurred in many countries. New curriculum materials have
been developed, curriculum plans have been formulated, a great deal
of inservice education has begun and a range of support services have
been established in some countries.

The Unesco-UNEP International Environmental Education Programme
(IEEP) has supported a number of these developments and through a
continuing series of regional and international meetings, conferences
and workshops has done much to facilitate the growth of ideas and
the exchange of enthusiasm and worthwhile practices. Its newsletter
CONNECT regularly sends news about environmental education all around
the world.
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This unit aims to enable preservice science teachers to share in
the excitement and challenge that so characterised the first phase

of the International Programme.

(1) to make students aware of the
international nature of
environmental education

(2) to clarify the way human actions
are responsible for the
environmental problematique

(3) to present the magnitude of the
task facing environmental
education

(4) to indicate some of the many
resources that now exist to
support environmental education

UNIT I : The Environmental Challenge to Education
Objectives Environmental Education Aims

to help students acquire social
values involving strong feelings of
concern for the environment.

to help students acquire the
motivation to actively participate
in environmental improvement and
protection.

Pedagogical Techniques

teacher directed discussion, debate
preparaticn.

Preservice Teacher Needs

(1) To enthuse them with the idea of
environmental education as a
buoyant and contemporary movement

(2) to reassure them that many
resources are emerging to assist
them to teach environmentally

Resources

2 Worksheets, Copies of The World
Conservation Strategy of the
International Union for the
Conservation of Nature would be very
useful.

Suggested Time

Two sessions of 1-1% hours, followed
up by personal reading of same of
the resources displayed.
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SUGGESTED APPROACH

ACTIVITY 1:

Members of the class should all be issued with Worksheet 1 which
includes a copy of that part of the Belgrade Charter entitled
"A. Environmental Situation". They should be encouraged to read
it carefully several times as a whole and then to mark in the
margin against lines in the text where it refers to: -

(a) applications of science and technology.

(b) the interactive effects of humankind on the natural
environment.

(c) the interactive effects of some nations on other nations.

(d) the interactive effects of groups within a society on
other groups.

(e) the types of behaviour that require change.
(f) the new types of behaviour that are sought.
(g) the qualities that may lead to the change in (e) and (f).
(h) features that define 'quality' of life.
ACTIVITY 2:

When the class members have become familiar with this early
statement that was hammered out at the Belgrade Workshop of

the International Programme in 1975, it could be divided in

two halves, as if in a debate, to prepare arguments in support
of the two views that people tend to hold about the conservation
of the environment. The World Conservation Strategy of the
International Union for the Conservation of Nature would be a

useful resource for this task.

View A: The essence of the Environmental Problematique facing
our nation (and the world) is the preservation of
aspects of the man-made and natural environments that

View B: The essence of the Environmental Problematique facing
our nation (and the world) is more responsible and
equitable development that includes a redistribution
and a conservative approach to resources.

In making a list of the arguments on Worksheet 2 that support
these two views, the two groups should also try to answer the
following questions: -

a) With what sorts of resources and issues is this view usually
associated?

b) Which groups (more affluent or less affluent) tend to be the
most concerned about these issues?
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c) Are these issues ones that directly affect the lives of the
majority or the minority of a nation's citizens?

d) Whose living standards would be affected if this sort of
environmental problem was solved?

e) Would the resolution of this issue in one country or region
have negative repercussions on the quality of the environment
elsewhere?

ACTIVITY 3:

A full page collage of headlines and items from various issues
of CONNECT would serve as an initial resource for this activity
in the second session. Such a collage is shown on Worksheet 3.

The students should study it to list the countries that can be
identified from it as part of the environmental education
movement.

Against this international backdrop the remainder of the time
in this session would be usefully occupied helping the pre-
service teachers become aware of the range of international,
national and more local resources that exist for environmental
education. If possible, some of the many Unesco and UNEP pub-
lications should be displayed. A list of these international
sources is included in Appendix 4.

The science teacher educator should have on display for this ses-
sion examples of national and more local resources, e.g. mate-
rials from Departments and Ministries of Education, Environment,
Conservation, Energy, Health - Curriculum Materials - Publica-
tions, films, etc., from Non-Governmental Organisations - Reports
from National Commissions for Unesco.

The intention for this session is not that the pre-service
teachers learn any particular details about environmental educa-
tion or these resources. Rather it is that they will realise
that environmental education is an exciting international and
national movement for which many resources exist.
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Worksheet 1
THE BELGRADE CHARTER

FRAMEWORK FOR ENVIRONMENTAL EDUCATION

A, Environmental Situation

Our generation has witnessed unprecedented econowic growth and technological
progress which, while bringing benefits to many people have also caused
severe social and environmental consequences.

Inequality between the poor and the rich among nations and within
nations is growing and there is evidence of increasing deterioration of the
physical environment in some forms on a world-wide acale. This condition,
although primarily caused by a relatively small number of nations, affects
all of humanity.

The recent United Nations Declaration for a New Internmational Economic
Order calls for a new concept of development ~ one which takes into account
the satisfaction of the needs and wants of every citizen of the earth, of the
pluraliem of societies and of the balance and harmony between humanity and
the environment. What is being called for is the eradication of the basic
causes of poverty, hunger, illiteracy, pollution, exploitation and domination.
The previous pattern of dealing with these crucial problems orn a fragmentary
basis is no longer workable. It is absolutely vital that the world's
citizens insist upon measures that will support the kind of economic growth
which will not have harmful repercussions on people -~ that will not im
any way diminish their environment and their living conditions. It is
necessary to find ways to ensure that no nation should grow or develop at the
expense of another nation and that the consumption of no individual should
be increased at the expense of other individuals. The resources of the world
should be developed in ways which will benfit all of humanity and provide the
potential for raising the quality of life for everyone.

We need nothing short of a new global ethic. An ethic which espouses
attitudes and behaviour for individuals and societies which are consonant
with humanity's place within the biosphere - which recognises and sensitively
responds to the complex and ever-changing relationships between man and nature
and between man and man. Significant changes must occur in all of the world's
nations to assure the kind of rational development which will be guided by
this new global ideal - changes which will be directed towardes an equitable
distribution of the world's resources and more fairly satisfying the needs of
all peoples. This new kind of development will also require the maximum
reduction in harmful effects on the environment, the utilisation of waste
materials for productive purposes, and the design of technologies that will
enable such objectives to be achieved. Above all, it will demand the
assurance of perpetual peace through the coexistence and co-operation between
nations with different social systems. Substantial resources for reallocation
to meet human needs can be gained through restricting military budgets and
reducing competition in the manufacture of arms. Disarmament should be the
ultimate goal.

These new approaches to the development and improvement of the environ-
ment call for a reordering o national and regional priorities. These policies
aimed at maximising economic output without regard to its consequences on
society and on the resources availabdble for improving the quality of life
must be questioned. Before this changing of priorities can be achieved,
millions of individuals will themselves need to adjust their own priorities
and assume & ‘'personal and individualised global ethic' - and reflect in
all of their behaviour a commitment to the improvement of the quality of
the environment and of life for all the world's peocple.
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The reform of educational processes and systems is central to the
building of this new development ethic and world economic order. Goveramenta
and policy-makers can order changes, and new development approaches can
begin to improve the world's condition - but all of these are no more than
short-term solutions unless the youth of the world receives a new kind of
education. This will require new and productive relationships between
students and teachers, between schools and communities, and between the
education system and society at large. Recommendation 96 from the Stockholm
Conference on the Human Environment called for the development of environ-
mental education as one of the most critical elements of an all-out attack
on the world's environmental crisis. This new environmental education must
be broad based and strongly related to the basic principles outlined in the
United Nations Declaration on the New Internationsal Bconomic Order. It is
within this context that the foundations must be laid for a world-wide
environmental education program that will make it possible to develop the
nev knowledge and skills, values and attitudes, which will constitute the
key factor in a drive toward a quality of environment and, indeed, toward
a better quality of life for present and future generations living within
that environment.

Read carefully this statement several times trying to take in its
overall emphasis and challenge.

Then read it again to find paragraphs and lines where it refers to
the following. Use the left hand margin to insert lines as (a), (b),
etc., and the right hand margin to similarly index the paragraphs.

(a)

(b)

(c)
(a)

applications of science and technology.

the interactive effects of humankind on the natural
environment.

the interactive effects of some nations on other nations.

the interactive effects of groups within a society on
other groups.

the types of behaviour that require change.
the new types of behaviour that are sought.
the gualities that may lead to the changes in (e) and (f).

features that define 'quality' of life.

WORKSHEET 2

Environmental View A:- The essence of the Environmental Problematique

facing our nation (and the world) is the pre-
servation of aspects of the man-made and
natural environments that are under threat.

Environmental View B:- The essence of the Environmental Problematique

facing our nation (and the world) is more
responsible and equitable development that
includes a redistribution of, and a conserva-
tive approach to resources.
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1)

2)

3)

(a)

(b)

(c)

(a)

(e)

Arguments in support of View : -

With what sorts of resources and issues is this view usually
associated?

Which groups (more affluent or less affluent) tend to be the most
concerned about these issues?

Are these issues (in (a) ) ones that directly affect the lives of
the majority or the minority of a nation's citizens?

Whose living standards would be affected if this sort of environ-
mental problem was solved?

Would the resolution of this issue in one country or region have
negative repercussions on the quality of the environment else-
where?
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WORKSHEET 3

A Collage of Headings and Places from Connect.

African Regional Workshop
in Environmental Education

Dakar, Senegal, 11-20 December 1978.
atin American
nvironmental Education Activities

Sdo Paulo, Brazil, 26-31 March 1979.

Environmental Education
in the Asia and Oceania Region

Latin American Regional Workshop
in Environmental Education

San José. Costa Rica. 29 October-7 November 1979.

European Conference
on Environmental Education

Berne, Switzerland, 29 March-2 April 1980.

Caribbean Workshop

=

nvironme tal Educatio

World Problems
and Unesco’s Medium-Term Plan
(1984-1989)

Education and the Environment

Paris. 23 November — 3 December. 1982,
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UNIT TIIT

DEFINING ENVIRONMENTAL EDUCATION

INTRODUCTION

Over the years a number of definitions of environmental educa-
tion have become available, and several of these are given in Appen-
dix 3. However since the early 1970s they have all terded to empha-
sise similar points to those in the Nevada Conference of the Interna-
tional Union for the Conservation of Nature and Natural Resources:

"Environmental education Is the process of recognising
values and clarifying concepts in order to develop
skills and attitudes necessary to understand and
appreciate the inter-relatedness among man, his
culture and his biophysical surroundings. - Environ-
mental education also entails practice in decision-
making and self-formulating of a code of behaviour
about issues concerning environmental quality.”

Some important features in this definition that will recur
throughout much of this module are the following:

. Recognition of the inter-relatedness of mankind and the bio-
physical support systems in which human life occurs.

. A priority for learning values and attitudes as well as for
learning more customary conceptual knowledge.

. A deliberate attempt to develop skills for real situations.

. A relationship between education and codes of personal and
social behaviour.

It is important to dwell on these features that are so succinctly
contained in 55 words. They are, in a number of ways, quite novel as
far as definitions of school education are concerned. 1Indeed, they
have more in common with the way we might define the education that
took place, until the arrival of European colonists, in traditional
societies among indigenous people like North and South American
indians, Australian aborigines and the island communities in South-
East Asia and the Pacific.

So many aspects of learning, for almost all societies, have now
been handed over to schools, that they cannot be ignored or totally
replaced when new programmes of education are needed.

Education has been challenged to make a contribution to the
resolution of the world's Environmental Problematique. Accordingly,
it is necessary that this very all embracing view of the process of
environmental education be developed into broad goals or aims and
detailed objectives for teaching and learning that can be related to
schools and their forms of education.

During the 1970s, this development, at a general level, was under-
taken. Sets of goals and objectives appeared as part of both
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the Belgrade and Tbilisi meetings and they are listed in Appendix 3
together with some from national curriculum statements. Again there
is a remarkable congruence in the lists. This is a reflection of the
influence of the international character of this educational movement.

The set of broad aims (goals) we have chosen for use in the
module is as follows: -

. to help students acquire an awareness of and sensitivity to
the total environment.

. to help students develop a basic understanding of the total
environment and the interrelationships of man and the environ-
ment.

. to help students develop the skills necessary for investigating
the total environment and for identifying and solving environ-
mental problems.

. to help students acquire social values and strong feelings of
concern for the environment.

. to help students acquire the motivation for actively partici-
pating in environmental improvement and protection.

. to help students identify alternative approaches and make
informed decisions about the environment based on ecological,
political, economic, social and aesthetic factors.

. to provide students with opportunities to be actively involved
at all levels in working towards the resolution of environ-
mental problems.

These aims take the definition a little further by making more
explicit reference to the problems to which environmental education
is a response. They also spell out attitudes that recognise the
urgency of the problems and they indicate that our inter-relatedness
does mean there are alternatives for any environmental situation if
enough citizens (or nations) will make the necessary decisions.
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UNIT III:

Defining Environmental Education

Objectives

(1) to help students elucidate the
features of environmental
education

(2) to provide practice in applying
with them as a plan for
environmental learning

(3) to enable students to translate
these general aims into specific
objectives

these features to become familiar .

Environmental Education Aims

. to help students develop a basic
understanding of the total environment
and the inter-relationships of man
and the environment

to help students develop the skills
necessary for investigating the total
environment and for identifying and
solving environmental problems

Pedagogical Techniques

small group work, teacher directed
activity

Preservice Teacher Needs

(1) to give students familiarity
with the intentions of
environmental education.

(2) to equip them with the ability to
relate general aims to specific
educational tasks.

Resources

3 Worksheets

Suggested Time

1 hour

SUGGESTED APPROACH

ACTIVITY 1:

The science teacher educator hands out Worksheet 1 that provides
the class with the IUCN definition. The Worksheet also contains
a circle and space around it as in Figure 1.1. The circle is a
schematic representation of what the definition means by environ-
ment. The class is then asked to use the definition to write in
the circle the components of the environment.

In the upper half of the space on the Worksheet around the cir-
cle, the pre-service teachers are then to write (from the defi-
nition) those things that environmental education is to develop
in students concerning this environment.

In the lower half of the space around the circle, the pre-service
teachers should then list those actions that environmental educa-
tion is intended to lead learners to make when the guality of

the environment is at issue.

The pre-service teachers should compare their diagrams and
discuss their agreements and discrepancies. 1In particular, it
is important that the meaning of "man" in the definition and
where it should be represented in the diagram be considered,
the cases of individual "man" and societal "man be discussed.

and
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The consequences of placing them inside or away from the circle
contemplated since the separation of persons and some social
groupings from their environment is associated with much of the
exploitation of nature that has occurred throughout history.

ACTIVITY 2:

Worksheet 2 should now be handed out and the pre-service teachers
can now read the list of aims for environmental education. By
comparing the definition and their diagram on Worksheet 1 with
the aims, the class are to consider how these two ways of descri-
bing environmental education are similar and different.

It is not necessary that only a one-to-one correspondence appears.
A possible outcome would be:

Aim Components in Definition

develop attitudes, appreciation, recognise values
clarify concepts, understanding

develop skills

appreciation develop attitudes

appreciation

decision making, code of behaviour

N O D W N

self-formulation

ACTIVITY 3:

The class should now be divided into groups of 4 or 5 and either
are given a relevant environmental issue that would have some
familiarity to them or are asked to choose one from their experi-
ence.

On Worksheet 3 they are now to try to formulate one or more
specific objectives that link each of the seven aims to this
environmental issue. It may be helpful to identify a level for
this hypothetical educational programme. For example, it could
e one in which the pre-service teachers themselves are the
students or it could be lower or upper secondary students. How-
ever at this stage the emphasis is on the attempt to translate
general aims into specific objectives rather than on their achie-
vability in a real class.

When each group has finished, it should be encouraged to share
and compare its list with another group particularly if they
have worked from a common issue.



ED-86/WS/55 - page 32
WORKSHEET 1

“"Environmental education is the process of recognising values
and clarifying concepts in order to develop skills and attitudes
necessary to understand and apprecitae the inter-relatedness among
man, his culture and his bio-physical surroundings. Environmental
education also entails practice in decision-making and self formula-
ting of a code of behaviour about issues concerning environmental
quality”. (I.U.C.N. Nevada)

On the diagram below, list those things that this definition
specifies as (i) the environment (in the circle); (ii) the things
environmental education is to develop in learners concerning this
environment (upper space outside circle) and (iii) the things environ-
mental education should provide when the quality of the environment
is at issue (lower half outside circle).

ENVIRONMENT

Figure 1.1 A schematic representation for the elements in the
process of environmental education.
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WORKSHEET 2

THE AIMS OF ENVIRONMENTAL EDUCATION ARE:

1.

2.

to help students acquire an awareness of and sensitivity to
the total environment.

to help students develop a basic understanding of the total
environment and the interrelationships of man and the envi-
ronment.

to help students develop the skills necessary for investiga-
ting the total environment and for identifying and solving
environmental problems.

to help students acquire social values and strong feelings
of concern for the environment.

to help students acquire the motivation for actively partici-
pating in environmental improvement and protection.

to help students identify alternative approaches and make
informed decisions about the environment based on ecological,
political, social and aesthetic factors.

to provide students with opportunities to be actively invol-
ved at all levels in working towards the resolution of envi-
ronmental problems.

In the table below write in the right hand column the components
of the definition on Worksheet 1 (that you identified in the upper
and lower spaces) that relate to each aim.

Aim Components in Definition
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WORKSHEET 3

ENVIRONMENTAL ISSUE :

LEVEL FOR E.E. PROGRAMME

General Aim Specific Educational Objective in
relation to this Environmental Issue
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UNIT IV

SCIENCE TEACHING AND ENVIRONMENTAL FEDUCATION

INTRODUCTION

The teaching of science now occupies a prestigious place in the
total curriculum of secondary schooling. One hundred years ago
science was fighting for a place in the then c¢lassically dominated
school curriculum. Now, however, it is hard to imagine a secondary
school without physics, chemistry and biology.

In the late 1950s and early 1960s when the attention of the
developed world was turned to the role of schooling in providing an
adequate supply of scientists and technologists, it was the science
curricula of the secondary school that became the focus of reform.
Since that time millions of dollars have been spent on projects that
have produced many new approaches to the teaching of science.

The existence of these projects and the curriculum reform move-
ment in science education does not mean that all the recommended
changes have been adopted. The curriculum of schooling in many
countries is not so easily modified. There are many constraints on
and within the educational systems. External examinations, the
traditional expectations of parents and employers, the use by society
of science as a selecting subject, and the inertia of teachers, the
lack of resources and adequate support for the innovations, are just
some of the brakes on any hopes for rapid reform. Nevertheless there
is little doubt in many developed countries that the scene of science
education is much changed since the early 1960s. There has been a
shift towards more active learning, the laboratory and the field have
become more commonly the contexts for learning. Science syllabuses
and courses contain more relevant content and a wider conception
exists of what should be learnt in science classes at schools.

From the late 1960s a similar reform movement has been spreading
in the countries of the developing world. The impetus for increased
and improved science learning in these countries may be different
from that which motivated the original developments in the U.S.A. and
the U.K. There was certainly a strong degree of educational influence
in the first spread of new science courses in the developing coun-
tries. A number of examples occurred where curricula designed to meet
the specific educational needs of the U.S.A. and the U.K. were expor-
ted with only minimal adaptation to countries with very different
needs. However, throughout the 1970s a number of more indigenous
curriculum projects have appeared and some very significant changes
are evident in science education in Africa, Asia and Latin America.

It appears that, overall, no other subject area in the school
curricula has received such attention, and the character of science
as a subject for study is well defined and reasonably familiar.

One set of these traditional characteristics is the following: -
(1) there is a large and exceedingly complex body of theore-

tical knowledge with which are associated a number of
highly specialised (and often quantitative) skills.
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(ii) most students are incapable of learning more than the most

elementary aspects of this knowledge and through failure
or discouragement, are excluded from its study as their
schooling proceeds.

(iii) even those who succeed in learning it are only preparing

themselves for the real learning of the sciences that
takes place in the future for a tiny minority in univer-
sity and college education keyond the end of formal secon-
dary education.

(iv) application of science learning at school is largely

restricted to artificial laboratory situations or teacher
demonstrations so the knowledge is divorced from real
action.

the content of most science curricula is discipline cen-
tred, and science disciplines are tightly defined in terms
of subject matter and language.

(vi) the knowledge in science curricula is usually sequential.

(vii) the general mode of science teaching is transmission from

At

the knowledge store of the teacher or from the text book
to the learner.

lower levels in the secondary school this set of characteris-

tics may apply less.

One of the curriculum projects of the early 1970s at this level,
the Schools Council Integrated Science Project in Britain, listed
the following eleven rather more radical set of objectives.

1.

(a) recalling and (b) wunderstanding those concepts which
would enable them to pursue science (courses in physics,
chemistry, biology or physical science) to a higher level or
as a hobby.

(a) recalling and (b) understanding those patterns which
are of importance to the scientist.

making critical appraisal of available information, from what-
ever source, as an aid to the formulation or extraction of
patterns.

using patterns and making critical appraisal of available
information in order (a) to solve scientific problems and
(b) to make reasoned judgements.

organising and formulating ideas in order to communicate them
to others.

understanding the significance, including the limitations, of
science in relation to technical, social and economic develop-
ment.

being accurate in the reporting of scientific work.
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8. designing and performing simple experiments, in the laboratory
and elsewhere, to solve specific problems and to show perse-
verance in these and other learning activities.

9. be willing to- work (a) individually and (b) as part of
a group.

10. (a) Dbe sceptical about suggested patterns yet (b) be willing
to search for and to test for patterns.

11. be concerned for the application of scientific knowledge
within the community.

This curriculum and those of several other science projects
during the 1970s have been very much on the fringe of acceptance
within science education but they do represent an attempt by science
curriculum designers to broaden the scope and relevance of science
in schools for the majority of students who will not go on to tertiary
studies in science while not ignoring the minority who do.

It will be clear from what has already been said about environ-
mental issues that, more often than not, they do involve many aspects
in which scientific knowledge and skills have a part. It is there-
fore very obvious that science teachers have an important part to
play in the overall contribution to environmental education.

Because of their backgrounds in science, science teachers will
find some of the characteristics of environmental education rather
novel.

The phrases Education in the Environment, Education about the
Environment, and Education for the Environment, do try to distinguish
between existing sorts of education that may identify themselves with
the environmental education movement.

In one sense education that falls within any of these three
phrases is environmental. However, in a much more fundamental sense,
an education programme that simply occurs in the environment, or is
only about the environment is not environmental education in the
sense we have defined it in this book. Science education has tradi-
tionally often occurred in the appropriate environment under study,
(e.g. marine bioclogy at a sea shore, etc.) and has usually been about
some aspect of the natural world or environment. It has much less
rarely been for an immediate purpose that relates to the real world
outside the classroom.

Another less cryptic way to make this point is to list in more
detail characteristics for environmental education that have emerged
during the international project and from the experience of the last
decade.

One list of these characteristics is the following: -

1. Environmental Education is oriented to an Environmental
problem or issue.

2. Environmental Education involves concern for situations that
have real consequences for a society.
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3. Environmental Education is interdisciplinary in its knowledge
goals.

4. Environmental Education is holistic.

5. Environmental Education includes action in relation to the
problem.

6. Environmental Education seeks alternative solutions/actions
for Environmental situations.

7. Environmental Education is concerned with the bases for choice
between alternatives.

8. Environmental Education aims to clarify values, and in some
instances to change them.

9. Environmental Education seeks to develop skills for solving
Environmental problems.

One of these characteristics will almost certainly require
explanations. It is characteristic for environmental education to
be holistic. Holistic is a term that can in one sense be understood
as an antithesis of the analytic or atomistic approach that dominates
most science education. In science we usually simplify real situa-
tions by isolating variables and considering as few of these together
as possible. Many of our laws and principles state how one variable
relates to another e.g. rate of reaction as a function of temperature,
or pressure as a function of volume,etc. We also tend to see the
overall situation as a simple sum of these individual components or
interactions. Acceptance of the complexity of natural systems is not
unknown in science, as ecologists or systems approaches testify.
They are not so common in school science, but there are now good
examples of these approaches through games, simulations, dynamic
models, etc., that can be used in schools.

Another sense of holistic refers to the many varieties of contri-
butions that are needed if environmental problems are to be solved.
This is close to the idea of interdisciplinary in Characteristic 3,
but goes further by suggesting that any disciplinary approach (even
from many disciplines) is likely to have gaps, leave out aspects
important to the environmental issue.

Finally, holistic refers to the fact that all sorts of modes of
experience and sources of information contribute to the totality of
knowledge, and should be recognised and involved in environmental
education.

As we will see in Unit V, science teachers are not expected to
provide all of these aspects of environmental education. The present
unit sets out to remind them of the characteristics of their own sub-
ject, to familiarise them with those of environmental education and
to provide some comparison between them.
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UNIT IV: SCIENCE TEACHING AND ENVIRONMENTAL EDUCATION

Objectives Environmental Education Aims
(1) to clarify the nature of . to help students acquire an
science education awareness and sensitivity to total

(2) to set out characteristics of environment

environmental education . to help students identify

alternative approaches in science

(3)  to contrast these two types of and environmental education

education

Science Process Skills Pedagogical Technigues

teacher led discussion, individual

communiéating, analysing, comparing and small group activity

Preservice Teacher Needs

(1) to reinforce the knowledge (2) to become aware of different
students have about science purposes for education
teaching

Resources Suggested Time

Worksheets 1 and 2. 2 hours

SUGGESTED APPROACH

Science teachers through their own education at school and at
the tertiary level will be familiar with the characteristics of
science teaching as they have experienced it at school and college.

ACTIVITY 1:

The science teacher educator, by discussion or presentation,
should remind the pre-service teachers of these characteristics
of their subject as taught in schools. When these have been
listed and acknowledged the stated objectives of any senior
secondary science course in the schools of their own country
could be examined to see if any of them add further character-
istics to the list. The list of characteristics of traditional
science education on pages 36-37 may be a useful summary.

ACTIVITY 2:

(1) Using a recent examination paper for a senior secondary
subject, the pre-service science teacher should check which
of the characteristics on the list are encouraged by the
examination and which are not.

A judgement on say a 3-point scale (Certainly Applies,
Possibly Applies, Certainly Does not Apply) should be made
for each of these objectives.
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(ii) Using a recent examination paper for a low secondary
science subject, the pre-service science teacher should
check which of the characteristics on the list are encour-
aged or not encouraged by the examination.

(iii) Next, they should be asked to check the list of more radi-
cal characteristics for science education to see which of
these are part of their experience of science teaching or
of its examination. (Worksheet 2)

ACTIVITY 3: (Worksheet 3)

A broad topic in the local secondary science syllabus should be
chosen (e.g. growth of plants, electrical energy, or production
of sulphuric acid, etc.) and the pre-service teachers should be
asked to suggest how this topic would be taught with the empha-
sis implied in the three phrases: -

Science Education in the Environment
Science Education about the Environment
Science Education for the Environment

ACTIVITY 4:

NOTE:

Briefly discuss the list of characteristics of Environmental
Education on Worksheet 4, clarifying any terms that are not clear
or familiar. Then ask the pre-service teachers in small groups
to make the following comparisons: -

(i) with the definition and objective of Environmental Educa-
tion in Unit III.

(ii) with the list of characteristics of science education that
has been developed in Worksheet 1.

(iii) with the list of radical objectives for science education
on Worksheet 2.

These comparisons should enable bridges to be recognised between
the expressions of science education (examinations, experience
and intended objectives) and some of the intentions of environ-
mental education.

It is important again to remind the pre-service teachers that
they are not expected to carry all the responsibility for envi-
ronmental education.
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WORKSHEET 1.

ACTIVITY 1 and 2 (i) and (ii)

CHARACTERISTICS OR OBJECTIVES OF LOCAL
SENIOR SECONDARY SCIENCE TEACHING

EMPHASIS IN SAMPLE
EXAMINATION PAPER

Senior Sec.

Lower Sec.
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WORKSHEET 2

ACTIVITY 2 (iii)

Characteristics of Integrated
Science Project (U.K.)

Extent to which they apply
in local science courses
for 12-15 year olds.

Certainly
Applies

Possibly
Applies

Certainly
Does Not

Apply

1(a)

2(a)

9.

11.

recalling and (b) understanding those
concepts which would enable them to
pursue science {courses in physics,
chemistry, biology or physical
science) to a higher level or as a
hobby .

recalling and (b) understanding those
patterns which are of importance to
the scientist.

making critical appraisal of available
information, from whatever source, as
an aid to the formulation or
extraction of patterns.

using patterns and making critical
appraisal of available information in
order (a) to solve scientific problems
and (b) to make reasoned judgements.

organising and formulating ideas in
order to communicate them to others.

understanding the significance,
including the limitations, of science
in relation to technical, social and
economic development.

being accurate in the reporting of
scientific work.

designing and performing simple
experiments, in the laboratory and
elsewhere, to solve specific problems
and to show perseverance in these and
other learning disorders.

be willing to work (a) indidually and
(b) as part of a group.

10(a) sceptical about suggested patterns

yet (b) be willing to search for
and to test for patterns.

be concerned for the application of
scientific knowledge within the
community.
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WORKSHEET 3

ACTIVITY 3
Consider a topic in your secondary science syllabus (e.g. growth
of plants, electrical energy, or production of sulphuric acid,
etc.) and briefly suggest how this could be taught with the
emphases implied in the three phrases: -
1. Science Education in the Environment

2. Science Education about the Environment

3. Science Education for the Environment

Emphasis 1.

Emphasis 2.

Emphasis 3.
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WORKSHEET 4.

ACTIVITY 4

Characteristics of Environmental Characteristics | Cbjectives

Education Definition of of
of E.E. Traditional Integrated
Science Science

1. Environmental Education is
oriented to an Environmental
Problem or issue.

2. Environmental Education
involves concern for situations
that have real consequences for
a society.

3. Environmental Education is
interdisciplinary in its
knowledge goals.

4. Environmental Education is
holistic.

5. Environmental Education includes
action in relation to the
problem.

6. Environmental Education seeks
alternatives for Environmental
situations.

7. Environmental Education is
concerned with the bases for
choice between alternatives.

8. Environmental Education aims to
clarify values.

9. Enviromnmental Education seeks
to develop skills for solving
Environmental problems.

Use a tick or a cross to indicate your judgement concerning congruence with these

characteristics.
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CHAPTER 2

SCIENCE EDUCATION - AN ESSENTTAL CONTRIBUTION TO ENVIRONMENTAL EDUCATION

Introduction

Science is taught in schools for two main purposes. The first
is to prepare that minority of students who will go on beyond school
for more specialised training in science and technology. The second
purpose applies more universally and it is to develop a satisfactory
level of what is called scientific literacy in all students, that is,
what every person should know, understand and feel about science.

But what is science? Science means different things to different
people. To many it has come to mean bodies of knowledge about the
natural world arranged under different subjects; to some it means
research or the pursuit of truth; to some it means the development of
technology intended to benefit mankind; and to others it means finding
out, experimenting, measuring. Each of these is in fact a different
aspect of science and a scientifically literate person is one who
has some appreciation of a number of these aspects of science.

Whatever the state of development of a society, there is now a
mixture of traditional knowledge about the natural world and of that
which is derived from the movement we describe by the term science.
The impact of the latter through modern technology, medicine and
industry is increasingly influential. This makes the goal of a popu-
lation literate in science both desirable and necessary. The great
issues that make up the recent history of the environmental movement
all involve scientific and technological aspects. This does not,
however, mean that answers to the problems associated with these
issues are to be found solely from within science. Nevertheless,
along with other contributions, much science and technology will be
involved in these solutions. Scientific literacy includes an appre-
ciation of the strengths and limitations of science and is therefore
more likely to encourage the balance of contributions from various
subject areas that are required to achieve solutions to environmental
problems.

One useful discription of scientific literacy makes use of seven
dimensions*, each of which is now summarised.

*Showalter, V. et al (1974) "Unified Science and Scientific Literacy",
PRISM II, Vol. 2, Nos. 3 and 4, Centre for Unified Science Education,
Ohio State University, Columbus, Ohio, U.S.A.
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1 Interest

The scientifically literate person has developed a richer, more satisfying,
and more exciting view of the universe as a result of his/her science education
and continues to extend this education throughout his/her life.

This personal dimension involves a broad and persistent interest
in the way the sciences expand our understanding of the natural world,
and a positive but not uncritical attitude towards both scientific
ideas and scientific technology. A feature of this dimension that
is particularly important when considering science and environmental
education is an awareness of one's part and place in an environment
that is an interacting totality that includes both biophysical and
social components. Because the application of scientific knowledge
has often led to disturbance and damage to this environment there
has been a tendency for some people to become disillusioned with
science and to shy away from it or to reject it. However, the realis-
tic recognition of how it can contribute in the totality will be in
the long run a necessary contribution to the solution of environmen-
tal problems of which we are now so much more aware.

Some pointers to a person's growth in this dimension, which are
useful to teachers and their students are: (i) felt and expressed
interest in science; (ii) confidence to participate in science
learning; (iii) preference to read, listen or watch scientific
topics in the media; (iv) tendency to consider or be involved in
science based hobbies or careers, and (v) perception of scientists
in general with respect.

2 Practical Skills

The scientifically literate person has developed numerous manipulative
skills associated with science and technology.

Because of the emphasis on scientific facts and concepts that is
often found in examinations or because of unavailability of facili-
ties and equipment, this dimension of scientific literacy has often
been neglected. However, there has been a determined effort in many
countries to improve the facilities for practical work, and Unesco
and others* have provided many suggestions for cheap apparatus for
science education. When we add to this the growing recognition of
technology in science education, and of the community and the work-
shop as additional resources, more opportunities do exist for many

students to gain some facility in practical skills. The following
list may be suggestive of the wide range of equipment that can be
used for this purpose -~ thermometers, microscope, meter stick,

calculator, balance, graduated cylinder, camera, timing device,
ammeter or voltmeter, etc.

* The Unesco Handbook for Science teachers, the New Unesco Source
Book for Science Teaching and Guidebook to Constructing Inexpensive
Science Teaching Equipment, Science Teaching Center, University
of Maryland.
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3 Processes of Science

The scientifically literate person uses processes of science in solving
problems, making decisions, and furthering his/her own understanding of the
total environment.

One of the most significant features of science is the way
scientists set about solving problems. This has become known as
the scientific method, but it is not a single intellectual process

nor a set sequence of processes to be slavishly followed. Rather
scientists make careful use of particular combinations of these pro-
cesses for the problem in hand. Many of these processes like obser-

liarly powerful in the context of the natural phenomena that are the
subject matter of the sciences.

It is possible to list a number of these processes which are the
ones that singly or in combination are commonly used by scientists
to solve problems. These processes can be grouped as information-
acquiring or information-using.

A Information-Acquiring Processes

(1) observing. The basic process of science requiring the use
of all five senses to compare and describe objects and
events.

(2) recognising number relations. Making use of numbers to

express observations, relationships, etc. as a complement
to words.

(3) measuring. The use of instruments to determine meaningful
numerical values for some characteristic of objects or
events such as length, volume, temperature, mass, time, etc.

(4) designing experiments. Planning a series of data-gathering
operations which will provide a basis for testing an hypo-
thesis or answering a question.

(5) controlling variables. Identifying and managing the factors
that may influence an object or event (in the laboratory or
in the field) so that the effect of a given factor may be

learned.
(6) gquestioning. 'To raise an uncertainty, or unresolved issue
about events and objects. This may be based on the percep-

tion of a discrepany between what is observed or said, and
what is accepted by present scientific knowledge.

B Information-Using Processes

(1) «classifying. The useful grouping of related objects or
events on the basis of differences and similarities.

(2) communicating. Any one of several procedures in which
information and ideas relating to scientific data are
transmitted from one person to another.
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(3) interpreting data. Finding a pattern or meaning in a
collection of data.

(4) inferring and predicting. Explaining or suggesting what
the observation of an object or event with one's previous
experience will be on the basis of previous experience
and existing data.

(5) hypothesising. EXpressing a tentative generalisation or
inference that may explain or relate characteristics of
objects or events.

(6) formulating models. Constructing pictures in words,
designs, material or mathematical form, that would behave,
in some sense, like that of real objects and events.

Many of the environmental siutations that are of great concern
today include objects and events that lie within the fields of study
of natural scientists. Accordingly, as part of the solving of these
environmental problems it is important that as many of these power-
ful tools of science be brought to bear as possible. An appreciation
of these and their use is thus very much a contribution science tea-
chers can make to the scientific literacy of an environmentally
equipped population.

4 Concepts in Science

The scientifically literate person knows and accurately applies a number of
science concepts, principles, laws and theories in Interacting with his total

environment.

Over the years scientists have developed or invented a number of
concepts that are terms which express regularities in objects and
events. Likewise the principles or laws of science are statements of
relationships between concepts. They can take quantitative or quali-
tative forms. For example, force and acceleration are linked quanti-
tatively by the formula, Force = Mass X Acceleration, while the
Periodic Table portrays the electronic structure of the atoms of the
elements in a quantitative way but indicates only qualitative trends
in their chemical properties.

As the amount of knowledge generated by scientific research has
increased enormously, the emphasis of science teaching has changed
from the simple recall of many items of information, to an understand-
ing of a number of these concepts, principles and laws that summarise
or represent these aspects or phenomena.

Some concepts (see examples below) relate to many branches of
scientific knowledge. Other concepts are restricted to specific
fields of knowledge and have precise and specialised meanings in
those contexts. The scientific meanings for words like work, animal,

mixture, force, volume, etc. need to be recognised as being very

useful to scientists in this form. They may be used in other less
precise ways quite usefully by other persons in other contexts or in
everyday life.
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Some concepts that have wide applicability in the sciences are
the following:

1. change. When an object or situation is in the process of
becoming different or something else.

2. cycle. The apparent pattern in which certain events or condi-
tions seem to be repeated at regular intervals or periods.

3. eguilibrium. That state of affairs in which changes or tenden-
cies to change in opposite directions, exist in balance or
are happening at equal rates so that a stable state is
evident.

4., field. A region or space in which something influences or
affects something else, often without direct physical contact.

5. interaction. A situation in which two or more things influence
or affect each other.

6. invariance. A characteristic of an object or a situation
which stays constant even though other characteristics may
change.

7. perception. The interaction between the human mind and the
external world.

8. probability. The relative certainty (or lack of it) that can
be assigned to certain events happening in a specified time
interval.

9. significance. The belief that certain differences which exist
or which follow certain actions exceed those that would be
expected to be caused by chance alone.

10. population. A group of fundamental entities that have certain
similarities or common characteristics.

11. system. A group of things or events which can be defined, at
least in part, by boundaries that one person can communicate
to another and which enable it to be Jdiscussed and studied
more effectively.

12. resonance. An action within one system which causes a similar
action within another system.

13. symmetry. Patterns in nature that are structurally or function-
ally independent of direction.

A number of broad concepts are of particular use in considering
the events and objects of environmental situations. Among these are
Energy, Ecosystem, Resources, these are discussed and developed in
some detail in Appendix 1.
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5 Nature of Scientific Knowledge

The scientifically literate person understands the nature of scientific
knowledge.

There has been a tendency in school science education to empha-
sise only some aspects of scientific knowledge. Traditionally, sci-
ence courses were prone to be an encyclopaedic collection of facts
about objects and phenomena. More recently some new science curri-
cula have strongly emphasised the methodology of processes of science
(see Dimension 3) while others have been more theoretical or concep-
tual (Dimension 4). In both these types of curricula, there has been
a tendency to lose sight of the actual events or objects in nature
that are being described or studied.

A useful diagram that incorporates and relates these three
aspects is Gowin's V* .

This is shown in Figure 2.1.

At the bottom of the V and integral to its two sides are the
events (natural phenomena) or objects that are the ultimate subject
matter of science.

On the right hand side are all the intellectual skills (or pro-
cesses) and the experimental procedures that make up the methodology
of the scientist. On the left hand side are the concepts, principles
and theories that scientists have invented and that have proved use-
ful in describing and explaining these events and objects. Linking
the two sides are the questions or problems that relate to these
events and objects. Answering these questions or solving these pro-
blems involves the use of both sides of the V. Sometimes when sci-
entists can use the methods on the right to check a claim or idea
about their objects or events they establish new concepts and new
theories and thus build up the left hand side. Older views of this
side of the V may in this way be modified or displaced.

THEORETICAL MEXTHODOLOGICAL

QUESTIONS OR PROBLEMS

ARSVERS REQUIRE AN ACTIVE

INTERPLAY BETVEEN THE
RIGHT BIDE AND THE
LEFT S8IDE

g’

Knowledge and

Philosophy vy
ue claims

Theories
Information-Using
Processes

Principles &
Conceptual
8ystems

Information-Acquiring

Concepts: Regularities
Processes

in Events or Objecta

Events
Obiscts

Fig. 2.1 Gowin's V: A diagrammatic portrayal of the way scientific
knowledge develops

* The heuristic device devised by Robert Gowin of Cornell University
has been described by several papers by his colleague Professor
J. Novak, e.g. in "The Reception Learning Paradigm'", J. Research
Science Teaching, 16, No. 6, 481-488 (1979).
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This picture of the nature of scientific knowledge enables us to
see 1its dynamic and potentially evolving character. It also helps us
to see that answering questions or problem solving - the pre-eminent
features of environmental education - also lie at the heart of scien-
tific knowledge.

A number of words have been used to describe the nature of
scientific knowledge. It is called empirical to emphasise that it is
based ultimately on observation or experiment, that is, the real
world of sense experiences. It is said to be universal or replicable
because this empirical evidence is not dependent (at least in theory)
on the persons (or their location) who generate it. It is called
public because its evidence if accepted would lead other individuals
to the same conclusions. It is tentative in that its concepts and
theories that are useful to explain events are socially constructed
or invented and thus are subject to change. At any time its present
worth is based on its usefulness and this is not diminished by this
possibility of ultimate impermanence, since the new concept and
theories will lead to greater use.

6 Values

The scientifically literate person interacts with the biophysical aspects
of his/her environment in a way that is consistent with the values that underlie
science.

Among the values that have assisted the development of scienti-
fic knowledge, we can list the following:

1 longing to know and to understand

2 gquestioning about nature and ideas that describe or explain
nature

3 searching for data and their meaning
4 demand for verification
5 respect for logic

Without these persistent values in some people we would not
have the impressive body of knowledge that exists as science today.
Nor would we have many of the applications of this knowledge that
have transformed in positive ways the nature of social life in most
countries.

The conscious recognition of these values has not occurred as
commonly or as explicitly in school science education as their funda-
mental importance warrants.

To develop this dimension, learning experiences need to be
included in science education in which these scientific values are
identified and contrasted with other sorts of values such as aesthe-
tic, economic, or social ones.

For example, it has been suggested that some of the values
underlying the scientific enterprise are in fact aesthetic ones, and
that others are strongly influenced by recognition that scientists
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give each in the international community of science. On the other
hand the values like 4 and 5 above are often seen as particularly
important in science and as less significant in other fields. Envi-
ronmental issues such as the degree to which a factory effluent is to
be purified or the optimal location of an airport, are excellent
subjects to establish such learning experience. These sorts of sub-
jects include very obvious scientific aspects and scientific values
are relevant to the problems associated with them. Other sorts of
values will be associated with the other aspects of the situations.
In considering how decisions about these issues are made, the con-
trast of values will be clear. A number of science curriculum
projects have developed kits (games, case studies or simulated pro-
jects) that can assist teachers in this type of science learning.

Sometimes scientific knowledge is presented in ways that become
very dominant in any assessment of complex environmental situations.
In developing this knowledge scientists often regard the natural
world as an 'object' of study, rather than ecological as an inter-
active system that includes themselves. The outcome is a mechanistic
world view that in some senses can reinforce attitudes and behaviour
that have been very destructive of environment.

Now, more freely than a few decades ago, it is commonly recog-
nised that science itself can be influenced by other sorts of values
that take the form of bias. Scientists have shown in a number of
fields a tenacity to reject certain scientific work because of its
clash with existing perspectives, theories or practices. Any histo-
rical look at one of the sciences can produce many examples, and in
fifty years time it will no doubt be clear that similar biases are
operating at present.

Then there is the bias based on differing social or political
values that enables some scientists today to take different stances
on the data concerning cigarette making and lung cancer, or on the
disposal of radio-active waste. 1In these cases, it is important for
the scientist to be aware of the bias of his/her position and to
report it concurrently with any conclusions. As science makes its
contribution to environmental problems this reporting of bias will be
increasingly important.

7 Science-~Society *

The scientifically literate person understands and appreciates the joint
enterprise of science and technology and the inter-relations of these with each
other and with other aspects of society.

The distinctions and the relations between science and technology
are useful to discuss because there is often confusion about them.

Research scientists and many science educators have tended to
see science and technology as separate. Indeed these sorts of persons
often tend to see science as a precursor to technology and as essen-
tially value-free. Technology results from a subsequent application

* Much of this section and Unit VIII with grateful thanks is drawn
from Science and Society - a booklet that forms part of Man and
the Physical World, ed. G. Wright, V.I.S.E. St Kilda Road,
Melbourne, Victoria 3004.
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of scientific knowledge and only then, these persons argue, it is
proper to ask moral or social questions about the effect or conse-
quence of this application. There are, of course, a number of
examples today of just this sort of sequence from scientific knowledge
to a new piece of technology.

Historically, however, a great deal of technology has developed
by the practical improvement of traditional crafts or, pragmatically
in the face of new social demands. The science of this technology
may by now be more or less understood, but it certainly was not the
springboard for it. Science in these cases provides a rationalisa-
tion of established practices but did not generate them.

There are also a number of examples where these sequences are
extended. Existing technology may need to be improved or replaced and
this practical demand opens up major new scientific enquiries the out-
working of which goes far beyond the original problem. As a result
the technology is improved and sometimes quite new ones emerge as
well.

Technological change has been an inseparable part of the history
of mankind and continues to be one of the dominant features of our
lives in this century. From the time of making and using stone tools
right up to the present age of electronic computers, there has been
a continuing progression of new inventions, new tools and new ways of
doing things. The ages of human history are often described in terms
of the dominant materials and technology used - stone age, bronze age,
etc. - indicating the importance of technology to the development of
civilization.

The changes in technology of the past have not been the only
factors in the growth of civilization - language, arts, philosophy,
religion, economical and social organisation have always been other
types of expression of the way societies have perceived themselves and
behaved. Yet there are many points in history where a dramatic turn
was made which could be attributed to the invention of a single new
process in technology. Some examples of this are the discoveries of
fire, the wheel, paper and the printing press; all of which had very
wide reaching social effects.

Up until about 200 years ago, technological progress took place
at a relatively leisurely pace. The maintenance of a tradition of
the ways things were done and the kinds of materials used was generally
more important than any drive to change these traditions.

Since the industrial revolution however, technological change
has become one of the prime interests of large segments of our soci-
ety. Activity in science is measured in terms of the rate of disco-
very of new, important ideas. These ideas are rapidly made use of by
engineers, and whole new industries and new products or processes
come into being. The present urge in many places is not to maintain
traditional methods but to change. Technological change is as much
a part of our lives now as was people's dependence on tradition and
non-change in earlier times.

The physical environment of all city dwellers is almost totally
man-made. It is heavily influenced by technology, often science based
and usually involves some scientific knowledge. This invasion by
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science into our environment is increasingly true also for persons
who live in the countryside. It is quite difficult to find objects
in our environment which have not been the subject of scientific
study. And knowledge about an object invariably provides mankind
with the potential to affect it.

Even natural substances like a piece of wood have often been
through the science mill. Botanists have peered at it through a
microscope. Foresters and agriculturists have cultivated, fertilised
and harvested it. Other experts have milled it, treated it against
disease and dried it under controlled conditions. Furthermore, all
knowledge on which the production of the piece of wood rests, is to
be found in books. It is highly specialised knowledge, and is handed
on in a formal way by a science education system. The fund of know-
ledge and practice relating to wood is constantly growing, not by the
contributions of people working with wood every day, but by the contri-
bution of specialists whose sole job is to find out more about it.
Much of the new knowledge is produced from laboratory controlled
experiments.

A piece of wood bought from a local store may be as much a pro-
duct of modern science and technology as an electronic calculator.

To the ordinary person the distinctions between science and
technology are much mere blurred. They are likely to give a digital
watch, or transistor radio or a satellite as an example of science
when scientists may wish to see these as examples of technology.
However to the mass of these citizens, the application of scientific
knowledge in their lives, and its ability to change how they do
things, or how things are done to them, represent the real meaning
and value of science. By the same token many of the critics of
science have based their case on technological applications which have
had undesirable side effects of such a magnitude that they outweigh
the original desirable ones. As long as such large proportions of
scientifically trained professionals are employed in the industries
of weapons technology, the association of science and potentially
negative affects is obvious and inevitable.

An understanding of the links between science, technology and
society cannot be gained by simply studying and/or memorising details
of these relations. Understanding and appreciation will be developed
when an assortment of specific situations involving these components
are studied in active fashion.

Environmental situations can be ideal for such study. Often
they are directly relatable to the impact of technological change.
Even more commonly they have scientific aspects that require some
sort of technological intervention to be made if any resolution is to
be achieved. Accordingly, any science teacher wishing to develop
this dimension of science/technology at all will find himself/herself
engaged in environmental education.

There are many cross-links between this dimension of scientific

literacy and others. For example, some scientific knowledge may not
be seen to engender strong attitudes or value judgements, but its
direct outworking as technology may readily do so. These consequences

may be directly related to the social application of scientific know-
ledge, or to the social process whereby the application is determined.
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Again, because of their basic personal value positions or because of
the tentative nature of existing scientific knowledge, scientists/
technologists may differ among themselves regarding the same applica-
tion of science.

Many of these dimensions of scientific literacy will be familiar
to science teacher educators. A number of them and their associated
pedagogical methods will be covered in the usual training programmes
of most science teachers.

From the above discussion, it will be clear that many of them
are quite integral to any science teaching that sets out to contribute
to environmental education. Thus, many of the units of this book
include activities and pedagogical training that will assist science
teachers in achieving scientific literacy in their students.

The remainder of this chapter contains four units. The first
provides a useful way of looking at the relationship between science
education and environmental education.

The next two units are exemplary ones of how teaching from the
learning of science process skills (Dimension 3 above) can be done
within the sorts of context the environmental situations so readily

provide to science teachers. A problem with some of the science
curricula that emphasise these process skills is that they under-rated
the role of science content. The science content is important to the

learner and the best learning of process skills is likely to occur
when very meaningful and important science topics are being studied.
Environmental situations can easily be found that contain this sort
of science content.

The fourth unit is concerned with the Science-Society dimensions
(No. 7 above) because it is still less commonly emphasised in science
teacher training than are most of the other dimensions of scientific
literacy.

The next two units explicitly emphasise the need to teach for
some of the processes of science (Dimension 3 above) using the sorts
of context that environmental science teaching so readily provides.
The fourth looks at Dimension 7 - the Science-Society one - because it
is still much less commonly found in science teacher training than
most of the others.
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UNIT V

ENVIRONMENTAL EDUCATION AS PART OF SCIENCE EDUCATION

INTRODUCTION

Environmental education as we have defined it in this book so
far clearly goes beyond the boundaries or capacity of the teacher of
a single subject. How then can it be part of secondary education and
of science education is particular?

Perhaps it should be a new subject for the curriculum with its
own subject matter, its own methods of enquiry, and its own super
teachers? For all sorts of reasons we reject this proposal. There
is firstly, the very practical one that secondary curricula in most
countries are already over-crowded and any new subject would have
low status and have to fight to displace another subject of estab-
lished value. Secondly, as we define it, it is not a discipline with
its own subject matter distinct from existing subjects. Accordingly,
it is unrealistic to think of the super teacher who could encompass
in themselves all aspects of environmental education. Finally, to
make it a separate subject is to lose sight of the fact that environ-
mental education is a philosophy which challenges existing education
as a whole to contribute to the resolution of the crisis facing human-
kind in its environment.

In rejecting the separate subject approach in favour of one that
expects teachers in all subjects of the secondary curriculum to contri-
bute to environmental education we are conscious of two shortcomings.
They both arise from the almost universal organisation of secondary
schooling into a number of discrete subjects of study. This pattern
means that the students have overt models in their own teachers of
the learning they are expected to undertake. The teacher usually is
'expert' in only one or two subjects and yet the student is to acquire
knowledge in a large number. Secondly, this compartmentalisation of
knowledge into disciplinary subjects means that many aspects of life
and important questions are not dealt with by any subject teacher in
the curriculum.

Both of the features of secondary schooling are again very
relevant to any discussion of environmental education and they do mean
that the approach described below has definite limitations. Once
again the students are expected to achieve an integration of know-
ledge and learning for the environment that is not required of their
teachers. Secondly, evén when well applied the approach will leave
out a number of aspects of any environmental situation because it
does have a holistic (or integrated) character that goes beyond
a good interdisciplinary view. Nevertheless since secondary school-
ing operates with this fragmented knowledge pattern we have set out
to find an approach that will optimise its contribution to environ-
mental learning.

How then can the existing parts of secondary education and
science in particular contribute to environmental education? 1In
answering this guestion it is important that science teachers are
not overwhelmed by what is expected or lose sight of the other impor-
tant contributions they have to make to the schooling of their students.
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The set of characteristics for environmental education that were
given in Unit IV can be used to identify when, and in what ways,
science education, as part of the secondary curriculum, can contri-
bute to environmental education.

The task, using these characteristics, is to delineate the contri-
bution of science education to an overall curriculum emphasis on the
environment. At the same time proper appreciation of this task should
liberate science teachers (and teachers of other subjects) from any
sense that perhaps all their science classes are supposed to have this
environmental character.

Science (like other subjects) has a number of contributions in
its own right to make to schooling and our process here should also
clarify and support these. Figure 2.2 illustrates a suggested
approach in which science education contributes to environmental
education but is only a part of the totality. Furthermore, it is
clear that science education is only part of its time concerned with
environmental matters.

ENVIRONMENTAL
EDUCATION

7

SCIENCE
EDUCATION

Figure 2.2 An overlap model for the way science education
contributes to environmental education.

Figure 2.3 shows the outcome of this procedure when it is
extended across all the subjects of the curriculum. The hatched set-
ments for each subject in these two Figures together contribute to
environmental education.

Environmental
science education

~

ART, MATHS, P.E.
1~ ENGLISH, HISTORY
and other

subject components

of the curricutlum
1T N | vl v |3

L

SCIENCE

Figure 2.3 The overlap model showing how all the subjects of the
curriculum can contribute to environmental education.
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The areas of non-overlap represent curriculum content in these
subjects that exist for other valid educational reasons. For example,
a biology course of study may have a strong ecological emphasis (and
hence be education about the environment) without having the more
distinctive characteristics 1,2,5,6 and 9 (see page 37) of environ-
mental education. Such curricula are nonetheless good biological
education when they serve other valid functions of schooling. 1In
this way we also avoid the confusion that has sometimes arisen that
environmental education is just 'good' biology or 'good' geography
and vice versa.

How in the case of scie
overlap model might work? Thi
opportunity to practise its use.

UNIT V: ENVIRONMENTAL EDUCATION AS PART OF SCIENCE EDUCATION

Objectives Environmental Education Aims

(1) to assist students to see how science . to help students acquire an
teaching contributes to environmental awareness of and sensitivity

education to the total environment
(2) to enable students to recognise that . to help students develop a

other subjects also contribute to basic understanding of the

environmental education total environment

. to help students develop the
skills necessary for invest-
igating the total environment
and for identifying and solving
environmental problems

Science Process Skills Pedagogical Techniques

communicating (i) teacher directed
(ii) small group discussion

Preservice Teacher Needs

(1) to feel confident that as science (3) to know that only part of
teachers that have knowledge and their teaching should be
skills to contribute to environ- directed to an environmental
mental education emphasis

(2) to feel re-assured that science
teachers do not carry whole
responsibility for environmental

education
Resources SuggestedvTime
Worksheet 2 hours
SUGGESTED APPROACH
Step 1

Divide the class into five small groups and providereaqh group
with a Worksheet that shows the two overlap diagrams. Give one group
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the broad topic Ecosystems, another Energy, another Population, another
Food and another Resources.

Explain the digaram in Figure 2.2 to them making sure they
understand that the whole vertical column represents topics, concepts,
principles, experimental skills, etc. that are suitable ones for sci-
ence teachers to teach (e.g. the syllabus content (or part of it) of
the same level of a science subject in your country).

Then explain the distinction between the hatched and unhatched
areas of the column. The hatched area represents those science
content aspects of a syllabus topic (or a whole syllabus) that, as
well as being science, also have the characteristics listed on the
Worksheet (see also Unit IV) that help us to define environmental
education. Science content that does not have these characterisitics
(or the obvious potential to be taught in that way) belong in the
unhatched area of the diagram.

Step 2
Each group is then to make two lists of content (concepts,
principles, experimental skills, etc.) that would be appropriate for

a science teacher to teach under the broad topic the group has been
given. In the list that is to be related to the hatched area, the
content details must at least need characteristics 1 and 2 from the
list. Characteristic 3 can be met by trying to think of the way the
sciences infringe on problems within this broad topic. In elaborating
detail to the content list the teachers should be encouraged to include
characteristics 5 and 9 and also some attempt at 6 should be made.

Step 3
After some time concentrating on the content relatable to the

hatched area, the teacher should be encouraged to make the other list
of the science content under their topic that does not and need not
have these characteristics. Much of the science content of most sylla-
buses will be in this unhatched area and its importance for teaching
is obvious because it meets other objectives and because it is the
basis of whatever examination or testing system exists.

Step 4
When both these lists have a number of examples of appropriate

content, the students should be asked to consider characteristics 4,

7 and 8. In their groups they should be asked to discuss whether as
science teachers, they might be able to contribute to them when tea-
ching the content related to the hatched area (i.e. their first list)
or whether they should be better left to other teachers as the diagram
in Figure 2.3 suggests is appropriate.

Step 5
Finally the group should be encouraged to list aspects of their

broad topic that would be very appropriate for other subject teachers
to teach within the hatched part of their subject columns in Figure 2.3.

Note The science teacher educator may prefer to illustrate the pro-
cess by taking the class through the steps with an example. The topic,
ENERGY, is an easy one because it has obvious aspects like the use of
energy for heating and working that relate to the hatched area and
others like conservation of energy that relate to the unhatched area.
It also has obvious aspects like fuel sources that can be treated
historically and geographically, etc.
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UNIT V

ENVIRONMENTAL EDUCATION AS PART OF SCIENCE EDUCATION

WORKSHEET

INTRODUCTION

Science teaching in schools has many objectives. The many topics
in a science course introduce students to a number of concepts, prin-
ciples, processes and experimental skills that are useful to them and
important for them as they proceed through schecoling.

Among these aspects of the content of many broad science topics,
there are a number that provide science teachers with excellent oppor-
tunities to make a contribution to the environmental education of
their students.

In this unit you will be introduced to a process that enables
you to identify those opportunities. It will also encourage you to
see your science teaching as contributing to a number of needs of
your students -~ one of which is environmental education. Finally it
should become clear that not all the responsibility rests on your
shoulders. The teachers of the other subjects in the school curricu-
lum also have their share to make to this important goal.

1(a) ENVIRONMENTAL
EDUCATION

%

SCIENCE
EDUCATION

Figure 2.2 An overlap model for the way science education contributes
to environmental education.

Broad Topic:

In List 1 below, write details of science content (concepts,
principles, experimental skills, etc.) that can be related to the
hatched area of Figure 2.2. To be in this list they should have to
be suitable for the Characteristics 1 and 2 listed on this sheet.

You should be able to relate some to Characteristic 3 and with some
effort the detail of some content can be made to meet Characteristics
5, 9 and perhaps 6.

In List 2 below write the content details that belong in science
courses to your broad topic but which do not (and need not) have the
Characteristics of environmental education.
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WORKSHEET 1 (Contd.)

List 1 (Environmental Education) | List 2 (non-Environmental Education)

Characteristics of Environmental Education

1. Environmental Education is oriented to an Environmental problem

or issue.

2. Environmental

Education

real consequences for a

3. Environmental
goals.

4. Environmental
5. Environmental

6. Environmental
Environmental

7. Environmental

Education

Education

Education

Education

involves concern for situations that have
society.

is interdisciplinary in its knowledge

is holistic.
includes action in relation to the problem.

seeks alternative solutions/actions for

situations.

Education

between alternatives.

is concerned with the bases for choice

8. Environmental Education aims to clarify values.

9. Environmental Education seeks to develop skills for solving
Environmental problems.
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Environmental
science education

~

| ART, MATHS, P.E.
1 ENGLISH, HISTORY
and other

subject components

of the curriculum
T AR ARERENE.
-3

SCIENCE

Figure 2.3. The overlap model showing how all the subjects of the
curriculum can contribute to environmental education.

In List 3, suggest some aspects of your broad topic that could
appropriately be taught by other subject teachers. These contribu-
tions to a student's overall environmental education would relate
to the hatched areas at the tops of the other columns in Figure 2.3.

List 3

Topic Aspect Subject Teacher
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UNIT VI

OBSERVING AND CLASSIFYING - BASIC SKILLS
IN SCIENCE AND ENVIRONMENTAL EDUCATION

INTRODUCTION

The basis of all scientific knowledge is observation. This
entails recording not only the purely visual aspects of an object,
but also all the information that can be obtained directly through
our senses, or the extension of these senses through tools and instru-
ments of many sorts.

The recognition and observation of a wide range of characteris-
tics associated with any particular object leads, via careful record-
ing and measureemnt to well defined properties. Any one of these
will exhibit a range of values when a number of objects are considered.
The selection and arrangement of classifying systems from such a range
of property values can range from those designed purely to distinguish
between objects that look superficially much alike (e.g. classifica-
tion keys for identifying plants) to a system that categorises objects
according to their usefulness for a particular purpose (e.g. trams,
trains and planes could be grouped as forms of mass transport while
bicycles, small cars and small boats are not)".

All such classificatory systems are therefore artibrary and their
value depends entirely on the purpose for which the classification is
being undertaken. Scientists find it useful to classify many very
different animals together in the Class Mammalia but a farmer would
not find such generality very useful.

The starting point of this unit is the occurrence of the multi-
plicity of objects that litter an area. In many societies the con-
stant and accumulating nature of litter production is now a problem.
Until the scarcity of resources and of energy became so apparent, the
major problems were disposal and hygiene. HNow, however, a number of
methods of disposal (e.g. burning) which were hygienic in one sense
are now seen to be polluting in the long term. They are also energy-

consuming and wasteful of scarce resources. Increasingly, there is
an interest in recycling certain components of the world's litter.
An energy-poor or energy-concerned country might wish to conserve

energy resources by reducing the energy wasted in litter. To do this,
it is necessary to establish to what extent litter contains articles
that have been produced as a result of high energy input. The
development of a classificatory scheme applied to a heap of rubbish
might therefore look something like Figure 2.4.

Ciih

o a clacgificatory cscheme a ot bhacie
oUlIl a4 CiasSsriiilat C

canrt an
ory heme sorts out basic an
mation but does not by itself resolve the underlying issue.
example, the amount of energy that would be saved in reducing litter
by extracting these items for recycling depends on a number of
factors. The two most important are: the amount of energy actually
expended in collecting the litter; and the amount of energy required
to sort it out. Other significant factors could be the amount of

If the issue was a science resource like copper or lead what might
the classification scheme look like?
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litter (50 kgms)

|

is the article man-made
or not?

I

f 1

no (10 kgs) ves (40 kgs)

e.g. leaves, organic matter,
feathers, etc.

| is the amount of energy used in

its manufacture small or large?

can they be easily separated|
and used as fuel?

]

! 1

no (5 kgs) vyes (5 kgs) ( —
e.g. feathers, (e.g. branches
éma?l remains (e.g etc.) small (30 kgs) (large 10 kgs)
etc.) ! - (e.g. paper, (e.g. plastic containers
) glass bottles, aluminium cans, tins,
etc.) etc.)

Figure 2.4. A classificatory scheme for litter.

energy required to reprocess the manufactured litter into some useful
objects and the amount of energy that could be obtained from litter
that is easily used as a fuel.

Decision-making concerning changes in litter practices will
depend on these additional analyses and data. There would, however,
be no basis for this further analysis if the observations and classi-
fications were not carefully done.

This unit will provide the teacher with practice in the process
skills of observation and classifying and will help them to see how
an environmental situation can be used to teach science content and
these science processes.
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UNIT VI: OBSERVING AND CLASSIFYING -~ BASIC SKILLS IN SCIENCE AND
ENVIRONMENTAL EDUCATION

Objectives Environmental Education Aims
(1) To assist students in the making . to help students acquire an

of observations awareness of and sensitivity

(2) To develop students' ability to to the total environment

communicate clearly and accurately . to help students develop the
skills necessary for invest-
igeting the total environment
and for identifying and solving
environmental problems

(3) To develop in students the realis-
ation that the property selected
as a basis for classification is
of an arbitrary nature related
to the purpose of the classifi- to help students acquire the
cation motivation for actively

participating in environmental

te i tudents the real- . .
(4) To promote in s improvement and protection

isation that a range of classifi-
cation schemes is possible

Science Process Skills Pedagogical Techniques

observing, communicating, teacher direct discussion

classifying

Preservice Teacher Needs

(1) To feel that they have developed
a better understanding of the
nature of science

Resources

access to a range of litter

Suggested Time

1 hour minimum - up to 2 hours,

(or rubbish) depending on the activities
selected from the unit.
SUGGESTED APPROACH
Step 1

A: student-centered

Pre-service teachers are taken into the schoolyard (or walk
along a 400 metre stretch of road, footpath or creek) and asked to
collect all the litter that is to be found there.

B: teacher-centered

The science teacher educator provides the class with a rubbish
bin containing unwanted refuse.
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Step 2

The pre-service teachers are then asked to write a description of
one or more of the articles classed as litter or rubbish. Such a
description should contain reference not only to the visual attributes
of the article but also to one or more of the following properties:
natural or man-made, weight, volume, level of energy required in its
manufacture, biodegradability, the nature of the resource from which
it was made - renewable or non-renewable, etc.

Step 3

Each person is then asked to read out their description of the
article(s) and the rest of the group comments on the clarity and
accuracy of the statements.

Step 4

There are a number of issues that involve litter. These include
aesthetic aspects, energy wastage, non-renewable resources, and econo-
mic possibilities of it as a raw material. For one or two of these
issues, the pre-service teachers are asked to check their descriptions
to see if they referred to any observable properties that could be
used to sort litter in relation to these issues. If not, discuss
what property is relevant and how it could optimally be observed.

Step 5

Using this property a classificatory scheme of the type shown
in Figure 2.4 should be devised and diagrammatically presented.
Students should be encouraged to critically assess the potential use
of each other's schemes in various litter situations.
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UNIT VII

SUGGESTING HYPOTHESES AND DESIGNING EXPERIMENTS

INTRODUCTION

Both scientific knowledge and much of its application proceeds
and develops by the postulating and testing of hypotheses. Put simply,
these are tentative generalisations that can be used to explain a
number of observations. Such generalisations in science are testable
by making further observations under controlled conditions. This
overall procedure for the testing of hypotheses is what, in strict
use, the term, experiment, belongs to. Conversely, a generalisation
or statement cannot be a scientific hypothesis unless it can be
tested. In this strict sense, the primary purpose of scientific exper-
ments is to test hypotheses. 1In science education, and in science
practice, the term, experiment, is also used to cover many other
sorts of practical activity.

Let us consider an example. Algae are found in most aquatic
ecosystems, although their abundance and type seems to depend on a
large number of factors. It is observed that as the water in a river
or lake becomes more polluted the guantity of algae increases.

Here we have an observed phenomenon which arouses curiosity.
What causes the algae to become abundant? An hypothesis is needed to
explain the phenomenon, and it must be based on our knowledge of
algae and of water pollution. Perhaps the algae become more abundant
because the pollution makes the water more murky and darker, allowing
the algae to grow more gquickly. Or, perhaps there is something in
the pollution, for example more nitrates, which stimulates algal
growth.

Both of these hypotheses can be expressed in such a way as to be
testable. For example:

Hypothesis: I1f algal growth occurs more quickly in the dark ...

Prediction: then keeping a sample in continuous daylight should
inhibit growth.

This can be tested, as can the other possibility:

Hypothesis: If algal growth occurs more quickly in the presence of
nitrate from the pollutant,

Prediction: then adding nitrate to a sample would increase growth.

Experiments test hypotheses by checking the correctness of the
predictions that can be derived from them. However, a prediction can
be observed to occur although in fact its hypothesis was false. This
is because some unnoticed accompanying factor is also present and it
is the significant one. Valid predictions rarely (if ever) constitute
a full proof of the truth of an hypothesis. Further exploration of
other possible conditions would be necessary before the hypothesis
could be affirmed. Experimentation more easily negates hypotheses
than supports them.
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Thus, experimental design, in which all likely variables are
considered, is an important aspect of the work of scientists.

In this unit, a situation involving the death of fish is taken,
and pre-service teachers are asked to postulate possible causes,
construct testable hypotheses for each of the causes, and then develop
a possible experimental design that could test one or more of them.

UNIT VII: SUGGESTING HYPOTHESES AND DESIGNING EXPERIMENTS

Objectives Environmental Education Aims
(1) to develop students ability to . to help students develop a basic
construct hypotheses understanding of the total

environment and the inter-relation-

(2) to assist students in designing ships of man and the environment

experiments that test a given

hypothesis . to help students develop the skills
necessary for investigating the
total environment and for ident-
ifying and solving environmental
problems

. to help students acquire the
motivation for actively partici-
pating in environmental improvement
and protection

Science Process Skills Pedagogical Techniques
hypothesising, brainstorming, teacher directed
designing experiments discussion, role playing

Preservice Teacher Needs

(1) to feel that they have
developed a better under-
standing of the nature of

science
Resources Suggested Time
a relevant news item, textbooks 1 hour minimum or 2 one-hour
relating to topic being invest- sessions, if the nautre of an
igated (optional) 'hypothesis' has to be taught
as an introduction to this
module

SUGGESTED APPROACH

Step 1

The science teacher educator reads to the group a real or ficti-
tious 'news item' similar to the following:

'Yesterday it was reported that great numbers of
dead and dying fish were seen floating in the
local river (the river ..... ). People are warned
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against eating these fish because it is believed
that they may have been poisoned following a
possible discharge of contaminated waste from
the newly opened paper-making plant upstream in
the town of .....'

Step 2

Pre-service teachers are asked to brainstorm and suggest as many
reasons or causes as possible to explain the fish-kill.

Step 3

For each cause the class as a group, or individually, should
produce a statement of the sort:

Step 4

Each statement produced is to be discussed by the class, with
particular emphasis on the testability of the statement, that is,
the extent to which the suggested cause comes within the scope of
science.

Step 5

Following such discussion each pre-service teacher is asked to
imagine that they are employed by the responsible authority to inves-
tigate one of the causes. Their task is to devise (using tests, or
advice from relevant experts, etc.) the manner in which the experi-
mental investigation could be carried out. (At this stage the con-
straints of availability of equipment or expert persons are not to be
considered.)

These can be checked by the science teacher educator and several
of them presented and discussed at a later time to see if all agree
that they would in fact test the original statement.
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UNIT VIIT

SCIENCE, SOCIETY AND TECHNOLOGY

Most human beings spend their time day by day in a number of
different environments. Some of them are very personal such as home
or a place of work. They may be shared by a few people or in the
case of a large company or institution many people may work together
in the same physical surroundings. Most persons at some stage spend
a significant period in an environment that is devoted to education
or school or college or university. Then there are the wider envi-
ronments in which these persons live, work and play as members of a
society. These may be small rural communities, island societies or
large cities.

Each of these environments is likely to have seen changes over
the last fifty years and most school children in the world today are
familiar with things that were not available when their parents were
at school. These new objects and changing ways of living, working
and playing are, in many instances, associated with what is broadly
described as technology.

Each of these examples of technology depends on a history that
has involved scientists, technologists and ordinary people. For
each, there has been a group of people who have been seeking new
ways of doing things and in some cases new things to do. They have
provided an impetus for change. Although some of these have resulted,
as most technology did prior to the 19th century, from the persistence
and ingenuity of persons with little or no formal education in
science, many of them have acquired the specialised knowledge and
skills of those persons we now know as scientists and technologists.

Part A The Technological Society and its Related Science

In Figure 2.5, there is a collage of inventions and technologies
that exist in modern society. The vast majority of these were not in
existence 100 years ago. Even those that were, like paper or wood
(see discussion on page b4 ) are now treated and prepared in rather
different ways that are the result of the new knowledge and skills of
the specialists. This 20th century has been the Century of Science.
The number of people involved as scientists and technologists has
increased many-fold and the effort now expended in scientific research
is in orders of magnitude higher than it was 100 years ago. Scienti-
fic knowledge and new technologies have in turn accelerated.

Petrochemical industries are an example of scientific technology
that pervades almost everybody's life in some way. In their modern
form, the contributions of scientists can be found at almost every
stage from the finding of the o0il in the ground to the production
of the finished products. Basic to the discovery of deposits is an
understanding of the geology of o0il traps and the techniques of explo-
ration, such as shock wave recordings. Engineers design and develop
drilling techniques which have evolved as a result of both practical
experience and laboratory research. Scientific knowledge backs up
many parts of the operation. For example, the drilling bit can be
lubricated by fluidised mud. A matter of trial and error to begin



ED-86/WS/55 - page
FIGURE 25 SOME CONTRIBUTIONS OF SCIENCE TO MODERN LIFE

"8y,

- 3
cop, Ving g és
e’ect,'“”vis' < s 5, $e
erion ioglon == £ rf?"o g & «:?70 S
Treg,. 0N & BB E . o K
o B3S S EESIE
: ST E FE&ENQ G
o LA LR
Kidn ESoS8seEs &
Crim, aChing o_,oo K Ss FE 8 o
o e d, ectio ,5')@ é?'t‘ '\"\"900 &
frozs §f FEF o &
rozen fooq vy, TEEE
pTyv o  trag ¢ cp&°°
rex gl
T.A,B.g ass e
brain gy .
ge tectio®
bul!etproofglass g carth uake 4
; S )
auto piscuit oven 2 Yisie, o
=2 n, N l‘r°/d é“o
o K&b(;o 2_. 00,0 69// //VD Tlgs ~ ~o°°°
& Q\% 2 M O'ofo’b, & &
45‘ S:b S % '94 N Orooros,, A o"é 5
P & se 2 %o, 0, % ¢ &
¥ & g3 7 9 8
S SF a {77
& Qg 3 X se, %,
g Y05, VO, "0
3, 4, 7 $9 & >
. > 2 Me R, 0y o o g
reinforceq concret, i % tony, ¥ & e
Credit ca e Q . s q:b
rd § @%‘ o ’é’ quoqg-y < . wac% 0o
5 B % e \ogicd™®
S %, 2% % % 8
] 2 o =z g 0\ "
rrrc)OObb‘:"‘wmnsss & % % 9, @2 '3’6' \‘(«3 816 r"SLESCOP %
oried 519° o 0% o & s %
contal o °/° ‘2"" g OQ’? EN»(S s
Sey, fo,.e N9ste, o, 3 oo« ka gP:(N\ P N
@ " K 5t > e S . © 8 %
Yoy, g R, to “ep, O o™ < % % @ < &
¢ 2 %, Ce % w0 g Y, * 3 % g T
", \%‘, o, > 5 I . P 4b/ %, '9/0 % % o g 'S
9 LN % %, % % e Qq} 6"o‘,.a Co > S g 2 \é
c far W o 0 % p 0K M T, Ve, O T 358 B
o £ & %, ooe B % % e 4’6 o, X TE X O
3 Q@V (\°Q \\““‘5 7 ¢ %/,) 6”) %’ov % OG‘ o"oo ,bo,- 6‘6\} E
&3 o4° % % % % G e H
N i » S I - N s
A P L T T .
& 42 g ““\P‘ - < " % AayY g ulk g, ’
g g A R g L g 1'9)6 lie detector 3, Tugs fo, Ing o 08
3 N g & K’ Om, tal
=3 @ g 8 4 % Do er sa,,  Metic illp,
Eg COMPUTERTYPESETTING § & 2 * hand toq, “uy | ing.,
232 SPEAKWRITE COMPUTERS & 3 é? % o % 5 4. L
* $ © <. %
§§ &%fo 11915 ssajuiels g 5 BF\EED\NG 4\’0 o 6«% A O& '.°o,~ .% "
58 X redit ratings § & P 8 8 e, O %
“ = Y% o ¥ S C, 2
s % °& \°° "‘9 £ boto\'“V &'90 1’(;{%,.06& ‘//0’0 q&, ‘(::
3 INaaassseeerrr & 8¢° Qﬁft" § \o S, S % 0, R |
e v 5 < i -
& sy haybaler $ & & T PG ACHE S
g Sy, Y & l’o o .\\'a“ 8
ac, e, 3 2 o o\ & =)
3 © Y, "y . ) & _\é\o o oa
) 4 N x9S &
ey, A W p & 3
§ g € e 2 . © PLastics 3
= oﬂsh"""o.‘mgs rilisat! \’& "t pace, .ag 5 é‘l
A = &g N ware?™ B S
2 208 o 2 W, i d $
%F% We A0 &’(“‘\ L_% 5 g
. 20 £
oV 40 ® ? rder Do ¥
ot 0 0! ARA &
e o @ e ™ 2 gosiERRT
%c more VALIUM %
=
T

71



ED-86/WS/55 - page 72

with, the use of lubricating muds has become more efficient and
refined because scientists have investigated the flow behaviour of
ligquid mud in a laboratory including the use of mathematical models
to represent the effects of varying conditions on the flow.

At the refinery each distillation and every chemical reaction
has by now been thoroughly studied and the knowledge obtained fed
back to improve the operation. Each of the products of the plant,
say plastics, may be made by quite different reaction paths. Deci-
sions on the efficiency, energy cost and other factors need a basis
of scientific measurements before there can be confidence in the
choice of the most suitable method. The product must again be tested
from many angles before it is made available to the customer, although
the extent of legislation to protect the interests of the consumer
is still vary varied and is extremely lax in some countries.

These sorts of discrepancies in the law have led to serious
personal and environmental problems when products, legally unaccep-
table in the country of origin, are dumped on the markets of less
industrialised or developed countries. Science teacher educators and
science teachers have responsibilities and opportunities to alert
their students to these undesirable practices. Foods and food addi-
tives, pesticides and other agricultural products and pharmaceuticals
provide examples of products of this hazardous type. Also as legis-
lation has appeared to prevent the polluting effects of the effluent
from various industries, such as manufacturing and mineral refining,
the owners, often multinationals, have moved them to other societies
which are not yet protected by these sorts of laws.

In a modern science-based industry, no part of the process
should be left to chance. Even processes that had worked well for
many years have been improved by application of scientific knowledge
and the ideas of technologists. A great deal of effort by applied
scientists is nowadays directed towards these long established
practices in order to improve their efficiency, the quality of their
products, or to see what alternatives can be developed as traditional
raw materials become scarce and expensive.

There are two compelling reasons. why science should contribute
a monitoring role as well as a facilitating role in these industrial
processes. The first arises from the widespread evidence in all
types of countries that the employees have been suffering from hazar-
dous conditions associated with the environment of production pro-
cesses. Some of these, like the effects of asbestos, went undetected
for many years. Even after these hazards have been well established,
many companies still do not provide adequate safety precautions for
workers. Scientists and technologists are needed to identify the
presence of danger to humans in the increasingly complex situations
of modern production. Constant vigilance and monitoring is needed,
for example, to help workers protect themselves in the many industrial
and medical work environments where dangerous radiation is used.
When it is not possible to protect adequate safeguards the scientists
and technologists must develop alternative procedures and remote con-
trol devices have been substituted for human beings in some of these
high radiation situations.

The second monitoring role for scientists relates to the con-
sumers and these need to take into consideration both the health
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of individuals and of the society as a whole. Biological and medical
scientists often provide helpful evidence of the former that has led
to the sort of protective legislation to which we have referred.
Social health is less well understood and its part in environmental
issues is only just beginning to be recognised.

Part B The Scientific Place in Technological Society

The knowledge world of formal education is subdivided and set-
mented into areas of speciality. Figure 2.6 indicates just how true
this is for the worlds of science and technology. Some of these
specialities are new and have a long way to go, but most have a well
established body of knowledge. The specialists have extensive train-
ing, in which reading, experimenting, calculating and questioning
play very major roles, prior to their exXxperience in employment.

In this specialised world there seems little room for the non-
expert to have an influential say. There is an inbuilt danger in the
'expert' society that people will perceive that the last word, on all
sorts of issues that concern ordinary people, should be from the
expert. This tendency can be used to silence the voice of the ordi-
nary people whose lives will be affected by a particular technologi-
cal innovation. It can even extend beyond the field of competence of
the expert. Experts, themselves, used to guard against and be
challenged in this extension of their useful role.

In practice, however, there have been many occasions when the
voice of the expert is also not heard or acknowledged. Jacques Ellul
in a book called Technological Society, describes a tyrrany of technigue
in which the requirements of technology become the ultimate determi-
nants of mankind itself - individually and collectively - rather than
technology being sets of tools whereby human beings serve and control
their own needs and destiny.

In the large industries (petrochemical, electronic, food, etc.)
of technological societies, the technologist is only one member of
a huge team producing a wide variety of products. He/she may have
more status and responsibility than a shop floor worker, but his/her
influence on the overall policy of the company is often not much
greater. The fact that the company scientist may be working on a
development project which could be thought of as morally objection-
able, (e.g. a nerve gas or bugging devices) is not seen as overly
impressive when viewed in the context of the much wider range of
good products and activities that the company handles.

The individual scientist or worker is buffered from the conse-
quences of his/her action by a long chain of other processes and
decisions that go on between the time of his/her contribution and the
final objectionable use of the product. This is further complicated
by the fact that there are inevitably some good uses of the product.
For example nerve gas turns out to be an excellent treatment for some
diseases of the eye, providing relief for thousands of people.

In this buffered state, scientists and technologists became less
critical of their output and, indeed like most other workers, are
very interested in the continuance of their employment. 1In this way,
the very large number of these specialists involved in the industries
of weapons development become a driving force for its continuation.
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FIGURE 2.6 AREAS OF SCIENCE

AND TECHNOLOGY
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If only a fraction of world expenditures on weapons and the human
resources involved in its research and development could be utilized on
the issues of the environment, we would see great changes in societies
across the world. Scientists and technologists are very active in many
countries contributing to the resolution of environmental problems but the
scale of this use of them is no where near that of the armaments effort.

The absorption of the scientist and technologist into the system
of production (Ellul's technique) deprives them of the opportunity and
the motivation to see their work and its possible consequences as
something within their own sphere of personal responsibility and
control. The company or even something wider becomes the unit of
responsibility and control rather than the individual.

Research scientists in universities usually feel even further
away from control of or responsibility for consequences of their
work, but they too are part of the system, albeit at an earlier stage
of its production line.

Just as many mass produced and processed foods have taken on a
bland flavour and a soft texture to suit rather than satisfy all
possible tastes, so the mixture of good and bad consequences of one's
work and the anonymity of being part of a large institution, helps to
generate a bland mixture of moral values designed to offend few and
exhilarate even fewer.

The Technological Society also is designed in such a way that
there is a diffusion of moral responsibility for the more objection-
able aspects of technology. Hydrogen bombs are (presumably) not
produced all under one roof. Many separate manufacturing sites all
over the country each makes a small part of the total assembly -
possibly even without workers realising the use of the bit they are
producing. Each factory would make less offensive items so the
impact of this one on the participants seems very minor. The final
collection and assembly of the parts would only take place in maxi-
mum security conditions, with workers carefully chosen for their
positive attitudes towards the project. Individual responsibility is
totally diffused in a system like that, and even if the participant
makes a conscientious objection, his/her role is usually not crucial
to the overall plan and he/she can be replaced.

This unit sets out to assist teachers to gain confidence in
their roles as interpreters to their students of the world of techno-
logy and of the ways scientists work, and of how they contribute to
society.
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UNIT VIII: SCIENCE, SOCIETY AND TECHNOLOGY

Objectives Environmental Education Aims
(1) to develop students' understanding . to help students acquire an
of what are the relations between awareness of and sensitivity
science, technology and society. to the total environment
(2) to assist them with teaching methods . to help students develop the
to include these inter-relationships skills necessary for invest-
in their science teaching. igating the total environment
and for solving environmental
problems

. to provide students with
opportunities to be actively
involved at all levels in
working towards the resolution
of environmental problems

Preservice Teacher Needs

(1) To gain confidence that science/
society has a place in science
teaching

\2) To feel confident in the skills of

teaching methods that are appropriate
to this type of science teaching

Resgources Suggested Time

2 Worksheets and Figures 2.5 and 2.6 3 sessions of 2 hours, plus time
Access to library resources or to for information collection.
various scientists and

technologists

SUGGESTED APPROACH

Before embarking on the activities that relate to Parts A and B
of the broad topic, the science teacher educator may wish to present
the main ideas about how science, and technology interact and how
they both influence society. This should be made very relevant to
the teachers if an appropriate example for their own society is
chosen.

Some of these ideas have been set out in the introduction to

this unit but it is important that the science teacher educators

h LR ' B, e [ T P G I PR PR e P 2 e U T mw mem e e s a e U

Higlirigliv Lhiose asptlCis Lildl al e LelicvdIill LIl Liiell Owill COuntries.
PART A

Activity 1

After the introduction in the first half of Sessionl, the
science teacher educator should trace the involvement of scientists
in the production sequence of the following examples of modern
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technology. A more relevant local example can be substituted.
(a) an antibiotic drug
(b) a photographic film
(c) a transistor radio

(d) a cabbage or other vegetable for marketing
in a distant place.

Using brainstorming or buzz groups, the class can be encouraged
to speculate on some of the changes that science might bring to these
processes in the future.

Activity 2

Following this introduction and the class discussion, each
pre-service teacher is asked to select one of the inventions from
Figure 2.5. As an assignment for the next session on this Unit,
they are to collect information from the library, or from available
experts (in other university or college departments or in government
or industrial centres) so that the Worksheet sections are completed.
These Worksheets, when completed, should be shared within their
groups in the Session 2. One or two may be presented and discussed
by the class as a whole.

PART B

Activity 3

At the end of Session 2, each pre-service teacher is to select
two of the sciences in the collage of Figure 2.6. One should be a
science the teacher has studied and one should be an unfamiliar one.
Before Session 3, using library sources or appropriate scientists,
the questions on the Worksheet for Part B should be answered. Once
again, in Session 3, these should be shared within the groups and
some of them and the experiences of talking to the experts themselves
should be presented to the whole class.
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FIGURE 25 SOME CONTRIBUTIONS OF SCIENCE TO MODERN
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WORKSHEET 1 (Contd.)

PART A Technological Society and its Related Science

Chosen TechnNOlogy: +.cveoeseccaccccccccaansaos ceeeceeees ceecscenae

When technology was first
available commercially

in this country: ce s ea s Gt e et s ee e ce s f e ee e
Where technology is used: ...... ceeenn ce e s eascsecceenensnneranenns
What raw materials are used: ............ N ceeaes
Where do raw materials occur: ............ ce s aee e cesee e
Underlying science principles: ............. cheee e ceeesa e

Approximate dates when these
principles were established:  ......... ceeees cee e eseereae e

Some of the scientists
responsible for these

principles: c e eseenn et et a e e cseecenncscasaenen

What laws, if any, protect
people against the abuse
of such technology: f et eascasses s erencases e ceseeee

e ® 6 5 00 8 4 s o8 b e e e e s e s B e se e N s s
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AREAS OF SCIENCE AND TECHNOLOGY
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WORKSHEET 2 (Contd.)

PART B

Chosen Specialist Field of Science

What sorts of objects or events
do specialists in this field study? ........... A ceeeens

What are some important concepts
in this field of science? = @ it iiiiiieianan s eeeeceerensnn

What are three applications or
examples of technology that

involve this field? et eesesesceenseeneccarananans
Who are three internationally

famous persons expert in this

field?2 e e ee e c e e reesesae e
Who are two persons in your

country expert in this field? ch e eene e ceeeean e
What are three benefits to

Society from this field? e e teeseer et ceeean
What is an environmental

problem involving this field? = ...... C e es et seenen

P I I R R R T T I R S I A A A N R e
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CHAPTER 3

CURRICULUM TASKS IN ENVIRONMENTAL EDUCATION FOR SCIENCE TEACHERS

INTRODUCTION

In seeking to expand the science teaching into the realm of
environmental education, the most important requirement is the
commitment and motivation of the teacher, not the method. After all,
teaching is a very personal activity, the success of which frequently
depends on the relationship that exists between teacher and student.
When the emphasis of learning is solely on the acquisition of know-
ledge as frequently happens in science, the role of the teacher may
well be taken over in the future by computer-assisted learning. In
environmental education, the application of science is significant,
the motivation for getting involved is important, and creative
responses to real situations are being sought. 1In all of these, the
role of the teacher is both crucial and personal.

The basic problem underlying all the various environmental
issues is a question of values. There can be no greater misconcep-
tion of environmental education than to believe it to be concerned
only with the application of science to the problems of pollution,
energy and endangered species. It is fundamentally concerned with
the kind of people we are, the values we hold, and what we are to
do to improve the world we and subsequent generations are to live in.

What follows is a set of suggested procedures by which science
teacher educators can become involved in environmental education with
their students. To work in practice, these procedures need to be
followed sympathetically rather than slavishly. They will need to be
adapted to the local situation. In due course, they should all be
useful procedures for science teachers with their own pupils in
secondary school.

At the end of the set of procedures (Units IX-XIV), there is an
outline of how the problem of solid waste disposal could have been
developed using them. The chapter finishes with a challenge which
could be a check on both the skill acquisition and on the commitment
that is being built up through the environmental learning. It takes
the form of a junction event in which the group sets out together
to communicate about an environmental issue to a chosen target audi-
ence.
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UNIT IX

IDENTIFYING AN ENVIRONMENTAL PROBLEM

INTRODUCTION

The situations we now recognise as being environmental issues
have often developed over a period of time as a result of new scienti-
fic and/or technological innovations. Frequently these were initially
thought of as being beneficial with few or no perceived disadvantages.
With the passage of time the environmental implications come to be
recognised , by which time the whole issue is considerably complex.
This occurs because of the many social, economic and personal factors
that are involved.

One of the essential steps for sensible participation in the
resolution of complex social issues is to be able to identify the
environmental components involved. For example, the building of a
dam for irrigation in a drought-stricken area is initially seen as
most desirable. Years later when people are experiencing hardships,
the dam is identified as one of the contributing causes of, for exam-
ple, soil salination problems. The solution to this environmental
problem, however, is now extremely difficult, compounded as it is
by the dependence of the whole region on the dam, the economic pro-
blems being experienced by individuals and the administrative diffi-
culties of getting something done about it.

This first planning unit is to help pre-service science teachers
to recognise environmentally-related problems that occur in issues
involving science. After mentioning local issues and recognising
the science subject areas most closely involved, the pre-service
science teachers are required to state the problem and identify
whether it is related to the environment in some way. This process,
combined with a numerical method of ranking them, helps the science
teacher educator to select problems for possible ongoing study and
action.
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UNIT IX: IDENTIFYING AN ENVIRONMENTAL PROBLEM

Objectives Environmental Education Aims

(1) to develop students' understanding . to help students acquire an
of what are environmental problems awareness of and sensitivity

(2) to assist students in selecting to the total environment

appropriate environmental problems . to help students develop the

for inclusion in science lessons skills necessary for investigating
the total environment and for
identifying and solving environ-
mental problems

(3) to develop a commitment to an
environmental problem

. to help students acquire social
values and strong feelings of
concern for the environment

. to help students acquire the
motivation for actively partic-
ipating in environmental
improvement and protection

Science Process Skills Pedagogical Technigues

classifying, communicating (i) teacher directed discussion,
(ii) buzz groups

Preservice Teacher Needs

(1) to feel confident in ident-
ifying an environmental
problem

(2) to feel that they can cope with
the problem of selecting
satisfactory environmental
problems for investigation

(3) to provide the primary skill in
introducing an environmental
emphasis into their science

teaching
Resources Suggested Time
local/national newspapers over a 1 hour minimum -~ up to 2 hours,
limited period (a week) depending on the activities
selected from the unit
worksheet
SUGGESTED APPROACH
Step 1

A: student-centred

A week or so before the commencement of this unit the science
teacher educator could ask the pre-service teachers to collect news-
paper cuttings of local issues that they think have significant gcience
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and/or technological content. These are produced at the first session
and the pre-service teachers are asked to state briefly why they chose
their particular issues and to identify the science subject area asso-
ciated with it. (Alternatively, pre-service science teachers could
be asked without prior preparation to recall current issues of
interest and identify the science content.) Enter in columns 1 and 2
on Worksheet.

OR
B: teacher-centered
The science teacher educator produces a list of local issues
that he/she consideres has science and/or technological content and

would be of interest to the pre-service teachers. They are then
asked to identify the science subject area involved.

1 2 3 4

List of Science|Areas of Problems Associated|Science Involved
News Items Science Involved |with News Items in the Problem

Step 2

The pre-service teachers are then invited to identify a problem
associated with the news item they have chosen (or been given). They
are then to state thiss on the Worksheet, (column 3) and indicate in
column 4 whether or not the problem involves science content. These
are collected and summarised by the science teacher educator in a
master Worksheet table on the blackboard.
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As an example of this process, the master Worksheet on the black-
board may now look something like this:

1 2 3 4
List of Science Area of Problem Associated with Science Involved
News Items Science Involved News Item in the Problem
A logging of engineexing forests not being replaced YES (biology)
forests biology
B proposal to physics threatens plant and animal YES (biology)
construct a species
new road
C invention physics no identifiable problem NO
simplifying
building
construction
D strike at a - will temporarily increase YES (chemistry &
chemical pcllution of river biology)
factory
E construction physics displaces subsistence NO
of a food engineering farmers
processing
factory

Step 3

The science teacher educator describes how science involves a
problem-solving approach and therefore it can be applied to the
problems arising out of the issues that have already been brought
forward. Not all problems are environmental. It is explained to the
pre-service teachers that for a problem to be environmental it must
relate to one or other of:

energy, ecology, resources, food, pollution, population.

Step 4

The pre-service teachers are then placed into buzz groups * and
asked to identify those problems which are environmental. In this
process it may be necessary for the original wording of the problem
to be revised so that its environmental nature is made clear. These
are entered in columns 5 and 6. The outcomes are again collected and
summarised by the science teacher educator in the master Worksheet.

¥ see Chapter 4 on this procedure
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As an example of this process, the master Worksheet on the black-
board may now look something like this:

3 4 5

Problem Associated with Environmental Problem Re-stated as
News Item Category Environmental Problem

A forests not being 'l resources how can we be assured of an
replaced adequate continuing supply of

wood?

B threatens plant and ecology is it possible to conserve the
animal species threatened species?
deleted
will temporarily pollution is it possible to prevent the
increase pollution pollution of the river?
of river

E displaces subsistence population can the farmers or the factory
farmers be relocated elsewhere?

Step 5

To select a suitable environment problem for study and action
by the whole class as a group (or even an individual if the science
teacher educator so decides), the following list of criteria is
distributed to the class:

1 : can this problem be readily related to topics in the science
curriculum? (maximum score = 10)
2 : are information resources (people, books, documents, etc.)
readily available? (maximum score = 6)
3 : does the problem interest you?
(maximum score = 5)
4 : 1is the problem significant?
(maximum score = 5)
5 : 1is the problem relevant to you as a pre-service teacher?
(maximum score = 4)

It is possible that the science teacher educator would like to
change the weighting of the various criteria after discussion with
the class. 1In addition, other criteria might be added.

Each buzz group is then asked to complete the Worksheet and
present their rank order to the whole class.



ED-86/WS/55 ~ page 89

An example of a completed Worksheet may look like this:

Environmental Problem

Crite
1

ria for Selection

2

3

4

5

(10)

(6)

(5)

(5)

(4)

Total Rank
Scora

A how can we be assured
of an adequate continuous
supply of wood?

B is it possible to

conserve the threatened
species?

C deleted

is it possible to
prevent the pollution
of the river?

E can the farmers or
factory be relocated
elsewhere?

23 1

23 1

20 2

il 3

Step 6

If buzz groups differ in the priority given to particular problems,
or two problems are given the same priority by the same buzz group, a
spokesperson is asked to justify their selection and ranking.

Step 7
Optional: Having decided how many problems are going to be

undertaken by the class for follow-up in subsequent sessions, the
science teacher educator selects them from those given high priority

by the group.
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UNIT IX

IDENTIFYING AN ENVIRONMENTAL PROBLEM

STUDENT WORKSHEET

INTRODUCTION

The situations we now recognise as being environmental issues
have often developed over a period of time as a result of increasing
new scientific and/or technological innovations. Frequently these
were initially thought of as being beneficial with few or no perceived
disadvantages. With the passage of time the environmental implications
come to be recognised, by which time the whole issue is very complex.
This occurs because of the many social, economic and personal factors
that are involved.

One of the essential steps for sensible participation in the
resolution of complex social issues is to be able to identify the
environmental components involved. For example, the building of a
dam for irrigation in a drought-stricken area is initially seen as
most desirable. VYears later when people are experiencing hardships,
the dam is identified as one of the contributing causes of, for exam-
ple, soil salination problems. The solution to this environmental
problem, however, is now extremely difficult, compounded as it is
by the dependence of the whole region on the dam, the economic pro-
blems being experienced by individuals and the administrative diffi-
culties of getting something done about it.

This first planning unit is to help you to recognise environmen-
tally-related problems that occur in issues involving science. After
mentioning local issues and recognising the science subject areas most
closely involved, you are required to state the problem and identify
whether it is related to the environment in some way. This process,
combined with a numerical method of ranking them, helps to select some
of these problems for ongoing study and action.

Stating real issues as problems and identifying the science
involved.

1 2 3 4

List of Science Area of Problems Associated with Science Involved
News Items Science Involved News Items in the Problem

A
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Application of Broad Environmental Categories as Criteria.

Is the problem related to: energy, ecology, resources, food, pollution,
population?

3 5 6

Problems Associated with Environmental Problem Re-stated as
News Item Category Environmental Problem

Application of Criteria for Selecting a Problem to Society.
Give each problem a score on the following criteria:

1. can this problem be readily related to topics in the science

curriculum? ‘maximum score = 10)
2. are information resources (people, books, documents, etc.)

readily available? (maximum score = 6)
3. does the problem interest you? (maximum score = 5)
4. 1is the problem significant? (maximum score = 5)

5. 1is the problem relevant to you as a pre-service teacher?

(maximum score 4)
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UNIT X

COMMENCING AN INVESTIGATION INTO AN ENVIRONMENTAL PROBLEM

INTRODUCTION

Problems, like those associated with the environment are charac-
terized by their complexity. This is because any significant issue is
not just a product of recent scientific and technological advances but
also of the whole social context within which it occurs.

At times the immensity or difficulty of the task can be seen as
overwhelming. For the would-be researcher into an environmental pro-
blem there are however three strategies which can collectively reduce
the task to something that is more manageable.

The first strategy is to define carefully the basic information
being sought. This can best be done in the form of specific questions
for which answers are being sought, which then act as a guide for the
work that follows.

The second strategy is to identify the known and potential sources

of answers to the questions that have been formulated. While in some
cases 1t may not be possible initially to be specific as to who to

turn to, it can be enough to recognise that institutions like govern-
ment departments, universities, local government councils. public
likraries, private industry or the media can be sources of assistance.
In addition to identifying various sources of expertise, there is the
information to be gained from the actual locality in which the problem
occurs. Finally there is the important contribution made by books,

< 1 +Fain miach +hat+ 1o
references and reports which if available, contain much that is

relevant.

The third strategy is to join with at least one or two others to
tackle the same problem. Such a pooling of human resources not only
reduces the work load for any individual but allows people with dif-
ferent skills and experience to interact and encourage each other
while being more efficient in the use of time and effort.

This unit is designed to provide a structure for the students®
approach to the investigation of a problem, using each of the three
strategies just outlined.
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UNIT X

COMMENCING AN INVESTIGATION

INTO AN ENVIRONMENTAL PROBLEM

Objectives

(1) to help students develop a
greater appreciation of the
nature of science and the need
to identify relevant sources
of information

(2) to promote a team approach to

the investigation of problems

to increase student appreciation
of some of the relationships
between science and society

(3)

Science Process Skills

questioning, classifying,
communicating, interpreting data

Environmental Education Aims

to help students develop a basic
understanding of the total
environment and the interrelation-
ships of man and the environment

to help students develop the skills
necessary for investigating the

total environment and for identifying
and solving environmental problems

to help students acquire social values
and strong feelings of concern for the
environment.

Pedagogical Techniques

(i) small group discussion
(ii) committe

Preservice Teacher Needs

(1) to feel confident in
investigating an environmental
problem

to feel that they can join as
a member of a team in under-
taking an environmental problem

(2)

to feel that they have a better
understanding of the nature of
an environmental problem

(3)

Resources

a list of information-seeking
questions (for part B), worksheet,
and whatever else is required by
the students in carrying out their
task

Suggested Time

Phase I:

Getting started
1 hour plus time for committees to
get organized

Phase II: Information gathering,

Monitoring Progress
15-30 minutes each week for 4-6
weeks

Phase III: Reporting and Collating
the Information
1 hour or more depending on the
number of questions being “nvest-
igated, the complexity of the
problem and the number of students
involved
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SUGGESTED APPROACH

PHASE I:

Getting Started - An environmental problem is either given by
the science teacher educator, or selected through the process outlined

in Unit IX.

Step 1

A: student-centred

In small groups of approximately 4-6, the pre-service teachers
are asked to produce a list of questions which collectively summarise
the information they consider is required concerning the environmental
problem being investigated.

OR

B: teacher-centred

The science teacher educator provides a list of the questions
which collectively summarise the information he/she considers relevant
to the environmental problem being investigated. The pre-service
teachers are then asked to suggest any further questions which they
consider relevant.

Step 2

The pre-service teachers are then asked to classify the questions
using two different criteria: (i) science or social, and (ii) cause
or effect. Science questions relate to the physical, biological and
technological aspects of the problem, while social questions relate to
people and the general social situation in which the problem has
arisen. (See the examples given in the environmental problem at the
end of Unit XIV.) This can be recorded on individual worksheets or
done directly by the class onto a master Worksheet on the blackboard.

Step 3

The science teacher educator explains how science develops by
the recording of information and ideas. For any problem, scientific
or environmental, there already exists a body of knowledge of varying
relevance. As it is impossible to know in advance in either field all
the problems in which one is likely to be interested, it is desirable
not only to have mastered a certain number of key concepts, but also
to possess the skills to find out how and where further information
may be obtained. 1In addition to the scientific literature and associa-
ted reports, relevant information can be obtained by observation and
measurement from the locality in which the problem occurs as well as
from people involved with the problem. These people include those at
or near the location of the problem whose actions cause and/or who are
affected by it, and experts who propose and have responsibility to
control the problem, but who may live quite removed from the problem
area.




ED-86/WS/55 - page 95
Step 4

The pre-service teachers (as a group or individually, depending
on time and the number of questions that have been produced) are asked
to identify the best or most likely source of information for each of
the guestions that have been posed, and to record it in a table as
follows. (The more specific the source identitified, the better.)

. . Possible Source of Answers
Questions Science Cause

or or Liter- Location Experts
Social Effect ature

Step 5

To co-ordinate the information-gathering and assign responsibility
for it, the pre-service teachers are arranged into three committees,
each one being responsible for obtaining as much of the information as
possible from one of the three sources. (The science teacher educator
has the responsibility of indicating the amount of time available for
this phase of the investigation.) That is, one committee of the pre-
service teachers will be responsible for the literature informaiton,
one for information from the locality and one for the experts.

PHASE II: Information-Gathering, Monitoring Progress

Even in situations where the science teacher educator chooses to
permit pre-service teacher to work fairly independently, it is advi-
sable to review their progress regularly. This is necessary for two
reasons: to set an example to the pre-service teachers who, when they
repeat their experience with their students will have to monitor them
closely because they will be younger and less experienced; and because
it allows the pre-service teachers to receive feedback on the expecta-
tions of the science teacher educator relating to progress in working
on the environmental problem.
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During this information-gathering phase it might be found neces-
sary for individuals or whole committees to do one or more of the

following:
(i) revise skills in conducting library research.
(ii) conduct a field trip.
(iii) interview people.

(iv) write letters (to individual experts, organisations,
government departments, etc.).

(v) prepare a survey or questionnaire.
(vi) carry out laboratory tests.

It is not possible here to elaborate on all these skills in
detail, but because of the importance of field trips to environmental
education, this aspect is discussed more fully in Unit XVI.

In relation to preparing gquestionnaires and interviewing people
generally, the science teacher educator would be well advised to
suggest that time be spent by the pre-service science teachers in
working out their guestions precisely before using them. There are
at least three common faults associated with questioning as generally

carried out by people seeking information. The most common one is
to ask questions which are irrelevant, i.e., they could be better
answered by a different person or source. When people agree to being

interviewed by students, it is a courtesy on their part to come
prepared. The second problem is associated with the clarity of the
question. What is understood by the person asking the question might
be misunderstood or unclear to the person being interviewed. The
proposed question could easily be pre-tested by one student asking
another to explain what he/she understands by the question. The
third problem is that of asking two guestions in one sentence,

e.g. 1s the pollution in that river harmful and difficult to control?
Any short answer can lead to confusion as to what is exactly meant

by the question and how the answer is to be interpreted.

PHASE 11I: Reporting and Collating the Information

After the allocated period of time for information-gathering has
elapsed, it is necessary to share and collate it with the whole group.
This is done by asking each of the questions in turn posed at the
outset of the investigation (along with any others that have arisen
since), and individuals and groups from the respective committees
who have anything to contribute are given the opportunity to report.

One way of giving some order to the information-sharing is to deal
with all the questions that are in the same social/scientific and
cause/effect category. Thus information could be presented in answer
to the questions in the following order of category:

social: cause
scientific: cause
scientific: effect

social: effect
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Such an arrangement emphasises the social and environmental context
in which problems occur.

For each question the group, as a whole is asked to identify any
contradictions that may have become apparent in the reports from the
committees using different sources. These are to be identified as
contradictions of fact or as differences in interpretation. In the
case of the former, discrepancies will have to be resolved (e.g.check-
ing original sources), whereas differences in interpretation can only
be recognised as such and treated accordingly.

Although additional information continues to become available
the completion of this phase means there is to be a change of emphasis
from finding out more about the problem to considering what can be
done about it. While the thought that not all is yet known about
the problem may be of concern to some students (and to science tea-
cher educators), it is not always possible in the real world to delay
social action until all the information is at hand. This situation
has long been recognised for in the words of Aristotle:

"The ultimate end... is not knowledge,
but action. To be half right on time

may be more important than to obtain
the whole truth too late."

UNIT XT

PROPOSING AND ELABORATING ON POSSIBLE SOLUTIONS

INTRODUCTION

Environmental problems and issues are rarely simple with a self
contained cause that can easily be altered or eliminated. More often
they involve very interactive causes that have ecological, social,
economic and political associations and consequences as well as more
scientific or technological ones.

Because of this complexity, it is possible that much of the
information that can be gathered about a problem may not be directly
relevant to proposing solutions to it. The information that science
teachers are best able to gather will relate to scientific or techno-
locigal aspects of the problem, but these may not be the most signifi-
cant ones for the solution since social and economic interests can
often mean that different individuals see the '"same" situation quite
differently.

Accordingly, it is not expected that pre-service science teachers
come up with the "right" answer. In this unit, they will, however,
have the opportunity to appreciate that some proposed solutions are
untenable, some are inappropriate, and some are possible.
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UNIT XI : PROPOSING AND ELABORATING ON POSSIBLE SOLUTIONS

Objectives Environmental Education Aims

(1) to develop students' appreciation . to help students develop a
of the numerous possible ways of basic understanding of the
dealing with environmental problems total environment and the

interrelationships of man

. :
(2) to develop students' understanding and the environment

of the possible ramifications of any

proposed solution to an environmental . to help students identify
problem alternative approaches and
make informed decisions
about the environment that
recognize ecological,
political, economic, social
and aesthetic factors

(3) to assist students in appreciating
individual differences in perceiving
the consequences of any proposed
solution to an environmental problem

Science Process Skills Pedagogical Technigues

classifying, communicating, (i)
inferring and predicting

small group discussion|
(ii) Dbrainstorming
(iii) debate

Preservice Teacher Needs

(1) to feel confident in handling
complex environmental problems

(2) to feel that they have developed
an understanding of the complexity
of environmental problems

(3) to become aware of individual
differences in reactions to
environmental problems and how
to begin to accept them

Resources Suggested Time
worksheet I and worksheet II either three 1 hour sessions

or 2 hours followed by
another one hour to allow
for a debate

SUGGESTED APPROACH

Step 1

The science teacher educator presents the class with a summary of
an environmental problem containing a range of information that relates
to the nature of the problem, to the social context in which it occur-
red, and to its effects. The problem presented can be one selected by
the science teacher educator, one that the pre-service teachers have
already been working on (see Units IX and X) or one based on the case
study included after Unit XIV.
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Step 2

The pre-service teachers are placed into small groups (approxi-
mately 5-10), and through brainstorming propose as many solutions as
possible for the environmental problem. The suggestions may be ones
that have already occurred to the pre-service science teachers, or
ideas generated on the spur of the moment; they may also be strictly
scientific or broadly social in nature. During a set period of time
(say 10-15 minutes) all suggestions are recorded with no consideration
given at this stage as to their merits or cost.

(V)

Ste

The science teacher educator then asks the small groups to report
to the whole class their suggested solutions, and a master list of the
different proposals is made on the blackboard.

Step 4

The science teacher educator then explains to the class that the
consequences of implementing any particular solution can vary consi-
derably. An explanation (with examples) should then be given to illus-
trate the possible sorts of consequences that might occur. To each
proposed solution, the pre-service science teachers are asked in small
groups of 2-4 (depending on the size of the class and the number of
proposed solutions), to infer what all the consequences might be,
assuming the proposed solution was actually implemented. The infer-
ences for each proposed solution are recorded by each member of the
group 1n a separate table, like Table 1 on the Unit Worksheet.

(0]

Step

On completion of the set of Table 1, for the proposed solutions,
the science teacher educator asks each pre-service science teacher to
use Table 2 on the Worksheet to rate each of the consequences for the
proposed solution on a 5-point scale:

(1) positively desirable
(2) mildly desirable

(3) consequences insignificant or positive aspects offset
by negative aspects

(4) mildly undesirable

(5) positively undesirable
(For some conseguences, ah alternative to the 5-point scale mcy be
more appropriate. If so, the science teacher educator can change it
accordingly.)

This can be repeated for another group's proposed solutions by

having the pre-service science teachers exchange copies of their
Table 1, with those of another group.
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Step 6

After the pre-service teachers have had an opportunity to note
the consequences of most, if not all the proposed solutions, a class
summary can be produced by the science teacher educator by extending
the master table of proposed problems on the blackboard in the follow-
ing manner:

MASTER TABLE OF PROPOSED SOLUTIONS

(summarising pre-service science teacher ratings of the consequences
for different proposed solutions)

Proposed Solution Consequences
ecolo- econ- aesth- scien- social other
gical omic etic tific

N.B. Record the ratings for each consequence in a systematic manner
(in columns or rows) in the boxes under each of the broad
headings.

Step 7

The class can now discuss:

1. differences in rating that occurred for the same consequence
for a proposed solution.

and 2. which solution would seem to be most desirable ecologically,
and (say) economically or socially. Are they the same? If
not, which solution is to be preferred? 1Is that the solution
that is most likely to be implemented?

Step 8

Following the class discussion, the science teacher educator can
arrange for two (or more) groups to prepare detailed arguments in sup-
port of one or more of their preferred solutions.
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These are to be presented to the class (or an even wider audience,
including other students, teachers and parents if circumstances permit)
on an occasion at which some non-science expert(s), e.g. ecologist,
economist, social scientist, or politician has been specifically
invited. After the groups have presented their arguments, the guest
expert is asked to evaluate the proposals from the point of view of
his/her particular expertise and to comment on aspects in that field
that the pre-service science teachers could not be expected to appre-
ciate fully.

WORKSHEET

INTRODUCTION

Environmental problems and issues are rarely simple with a self
contained cause that can easily be altered or eliminated. More often
they involve very interactive causes that have ecological, social,
economic and political associations and consequences as well as more
scientific or technological ones.

Because of this complexity, it is possible that much of the
information that can be gathered about a problem may not be directly
relevant to proposing solutions to it. The information that science
teachers are best able to gather will relate to scientific or techno-
logical aspects of the problem, but these may not be the most signifi-
cant ones for the solution since social and economical interest can
often mean that different individuals see the '"same" situation quite
differently.

Accordingly you are not expected to come up with "the right ans-
wer". In this unit, you will, however, have the opportunity to appre-
ciate that some proposed solutions are untenable, some are inappro-
priate, and some are possible.
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TABLE 1 - CONSEQUENCES OR PROPOSED.-SOLUTIONS TO ENVIRONMENTAL PROBLEMS

Problem:

Suggested Solution:

Consequences:
1. ecological

3. political

4. aesthetic

5. scientific/
technological

6. social (number of
people adversely affected
and their social class)

7. other

TABLE 2 - RATING OF DESIRABILITY OF CONSEQUENCES OF PROPOSED SOLUTION

Proposed Solution Consequences
ecolog- econo- polit- aesth- scien- social other
ical mic ical etic tific

N.B. Rate each consequence that is recognised under each of the
headings.
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UNIT XTI

DO I WANT TO GET INVOLVED?

INTRODUCTION

Science would not have become the powerful, elegant and intri-
guing body of knowledge and skills that it has if scientists through-
out the ages had not been willing to try out their ideas and to explore
their questions. Science, as we know it, is in fact the field of know-
ledge that derives its truths and falsehoods from experience -~ the
putting to the test of its ideas and theories.

But science does not stop at producing knowledge about some phe-
nomena. Other scientists often then move in and try to use the know-
ledge to solve practical problems to find new of doing things or simply
to improve on existing procedures.

In the case of environmental problems facing the world we are
now at a time in history when we no longer have the option of saying
there is no problem. There are problems to solve or else they will
get worse and become irreversible. Since the dropping of the atomic
bomb on Japan in 1945, there has been a rising conscience among scien-
tists all over the world. The Social Responsibility of Scientists is
now an international movement. It is also a phrase that has begun to
appear in school science curricula since the early 1970s.

This unit is concerned with ways of raising this challenge of
social responsibility in science classes. In doing so, it is impor-
tant that the science teacher does not push one line of action or one
solution only. Other teachers, like those in humanities and social
science, are more accustomed to controversial issues in the classroom
and their experience will also be a help to science teachers when they
face this aspect of their environmental teaching.
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UNIT XII : DO I WANT TO GET INVOLVED?

Objectives

(1) to assist students in expressing
facts, opinions and associated
feelings in relation to an
environmental problem and its
proposed solutions

(2) to assist students in identifying
their own feelings towards a
particular environmental problem

Science Process Skills

communicating

Environmental Education Aims

to help students acquire an
awareness of and sensitivity
to the total environment

to help students acquire
social values and strong
feelings of concern for the
environment

to help students acquire the
motivation for actively
participating in environ«
mental improvement and
protection

Pedagogical Techniques

(i) small group discussion

(ii) teacher-directed
discussion

(iii) role-playing

Preservice Teacher Needs

(1) to recognise that both
scientific investigation
and people's feelings are
involved in teaching
environmental problems

(2) that it is acceptable and
necessary for feelings
about a problem to be expressed
if the problem is to be more
fully understood

Resources

a summary of the problem and
an outline of two possible solutions

space in which to act out a public
meeting

Suggested Time

a 2 hour session (with the
possibility of an additional
1 hour session for more
discussion).

SUGGESTED APPROACH

Step 1

A: introducing a new problem

2 few days or so before the commencement of this unit the sci-
ence teacher educator could distribute to the c¢lass a summary of
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an environmental problem, along with the outline of at least two pro-
posals for resolving the problem. Having read the summary, the
pre-service teachers commence the unit in small groups and are asked
to identify significant individuals or groups of people (both scien-
tists and those in the environmental situation) involved in the
problem and its proposed solutions. The science teacher educator
collects the suggestions made by the small groups and produces a com-
prehensive list on the blackboard.

B: using a problem already investigated by the class

The science teacher educator summarises the problem and its pro-
posed solutions, and asks the pre-service teachers to identify signi-
ficant individuals or groups involved with it. These are listed on
the blackboard.

Step 2

Each significant group or individual is then allocated to a small
group of pre-service teachers who are asked to spend about 15 minutes
outlining:

(1) personal characteristics, e.g. age, sex,
qualifications, experience, personality

(2) the main points that define his/her/their position
in relation to the problem and the proposed solutions

(3) possible feelings that such a person either as an
individual or as representative of a group, might
have towards the problem and the proposed solution.

Step 3

Having allocated a number of the pre-service teachers to take
the part of an individual or group representative involved in the
environmental problem role play the following situation: "a public
meeting has been called to assess support for the proposed solutions".
The purpose of the activity is to allow a range of feelings to be
expressed along with relevant facts and opinions.

Step 4

Following the enactment the class is invited to discuss what
happened, how realistic the role-playing was, and to what extent the
feelings expressed were akin to their own.

Step 5 (optional)

Re-enact the situation with different students in the various
roles, expressing different feelings. Discuss it on completion and
compare with the first one.

Step 6

In small groups, pre-service teachers are asked to discuss: "how
do you feel about actually becoming involved and doing something to
reduce the problem?".
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Step 7

Follow up the small group discussion with a class discussion (or
individual written reports) on:

"What is our social responsibility towards resolving
this environmental problem

(a) as scientifically literate members of the community?
(b) as teachers?

(c) as individual persons?"

UNIT XTITI

IDENTIFYING POSSIBLE STRATEGIES FOR SOCIAL ACTION

INTRODUCTION

Many scientists are under the impression that the resolution of
a problem depends on having a scientific solution. When this has been
found through diligent research, then they tend to expect that its
implementation will or ought to follow. 1In practice, such a view of
the workings of a society is naive and ultimately counter-productive.
Scientific research may indeed be necessary as a contribution to the
resolution of many problems in society, particularly environmental
problems. It still, nevertheless, has to become accepted by decision-
makers and those members of the society who are affected by the pro-
blem.

Such acceptance does not come by chance but has to be argued for,
frequently in the face of alternative courses of action, which may or
may not be as effective or desirable technically. In seeking accep-
tance of a technical solution, it is necessary for its supporters to
demonstrate its contribution to social well-being. This can only be
achieved by identifying both those who will benefit by its implemen-
tation and those who have to make the decision.

To reach these beneficiaries and the decision-makers, a number
of methods could be utilised. Such methods or social strageties range
from letter-writing to personal interviews, from street demonstrations
to articles in the local newspaper. Each possible avenue for social
action has advantages and disadvantages and these will depend very
much on the social, political and cultural context of a given country
or state. More importantly some strategies are likely to be more
effective than others. Because such strategies have as their goal
some change in present society, successful experience of their use
produces citizens who no longer feel oppressed or ineffective. Involve-
ment in this sort of social action therefore promotes the development
of a sense of participation in the decision-making processes that
underlie social change.

As environmental aspects of resource use, food production, pollu-
tion, energy consumption and population growth continue to threaten
the ultimate well-being of all people, such informed participation and
experience with social change is more urgently required.

The purpose of this unit is to commence the formulation of possi-
ble strategies for social action.
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UNIT XIII : IDENTIFYING PQSSIBLE STRATEGIES FOR SOCIAL ACTION

Objectives Environmental Education Aims
(1) to assist students in identifying . to help students acquire the
a range of possible social actions motivation for actively

participating in environ-
mental improvement and
protection

(2) to develcp student awareness of
the potential difficulties
associated with social action

. to help students identify

alternative approaches and
make informed decisions
about the environment based
on ecological, political,
economic, social and
aesthetic factors

(3) to help students choose appropriate
forms of social action in relation
to a particular environmental
problem

. to provide students with
opportunities to be actively
involved at all levels in
working towards the resolution
of environmental problems

Science Process Skills Pedagogical Techniques

communicating, inferring and (i) teacher directed
predicting discussion
(ii) small group discussion
(iii) brainstorming
(iv) debate

Preservice Teacher Needs

(1) to feel confident in
identifying a form of social
action

(2) to feel that they can cope
with the selection of
appropriate forms of social
action in their own context

Resources Suggested Time
a list of possible social actions 2 hours - depending on the
activities selected from the

a number of problem cards (perhaps
6 or so) on which there is an
outline of a problem and a
proposed solution

unit

SUGGESTED APPROACH

Step 1

The science teacher educator presents to the pre-service teachers
a summary of the nature of Environmental Education (see Unit IV) and
stresses in particular the significance of social action.
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Step 2

A: structured approach
Give each pre-service teacher
(1) a list of possible social actions

and (2) a card on which an environmental problem and a proposed
solution is outlined.

Their task is to list, for each proposed solution, as many differ-
ent forms of social action that they consider appropriate. These
suggestions can be derived from the social action list but they should
be encouraged to add their own additional ideas. (The process can be
repeated by having the pre-service teachers change cards.) After
a suitable time has elapsed (say 15-20 minutes) the class can be asked
to present their suggestions for each problem card, and an extended
list of different forms of social action can then be constructed.
Where there is disagreement about the suitability of particular social
action for the same problem, the proponents should have to defend
their choice.

B: unstructured approach

Arrange the class into small groups and give each group a card on
which an environmental problem and a proposed solution is outlined.
Their task is to brainstorm and produce a list of as many different
forms of social action as possible that they, as a group, consider
appropriate. After a suitable time has elapsed (say 15-20 minutes)

the groups can be asked to assist in building up a class list of
different forms of social action.

Step 3

Reform small groups and with a different problem card, look at
the extended class list and

(1) choose appropriate forms of social action
and (2) rank them according to
(1) cost
(ii) anticipated effectiveness
(iii) time required for implementation
(iv) personal appeal
(v) suitability for pre-service science teachers

(and/or suitability for primary and secondary
school students)
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Step 4
Exchange problem cards between small groups and repeat Step 3.
Step 5
Groups can then be asked to compare their rank ordering of forms

of social action for the different categories and discuss any differ-
ences that arise.

Step 6
If a particular environmental problem is being pursued by the

class, they could select the forms of social action that they will
undertake for it

OR
The class should discuss the gquestion:
"what is the role of the science teacher in encouraging
and being involved in various forms of social action in
a school situation where an environmental emphasis is
included?"
OR
The class should debate

"that appropriate social action on the part of school
students should be encouraged by the teacher (and/or the

school) in association with their study of environmental
issues."
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UNIT XIV

EVALUATION OF SOCIAL ACTION

INTRODUCTION

In science, all ideas or theories are in the end put to a test
of experiment or the observation of the behaviour of nature. Without
the honesty to apply these tests we would have no reliable science.

In planned social action there is a need, likewise, for some
means of assessing the merits of various proposals and for criteria

which, when the chosen actions occurs,

enables us to appraise its

worth. Only by such an evaluation can we learn to be more effective
as citizens in contributing to the decision-making that is increasingly
needed in relation to environment problems.

This unit explores the types of criteria that may be applied in
different social contexts and the possible outcome of applying them

to actual proposals for social action.

UNIT XIV EVALUATION OF SOCIAL ACTION

Objectives

(1) to help students in selecting
appropriate forms of social
action

(2) to assist students in increasing
their general awareness of the
nature of environmental problems
and the effectiveness of action
being taken to resolve them

Science Process Skills

classifying, communicating

Environmental Education Aims

to provide students with
opportunities to be actively
involved at all levels in
working towards the solution
of environmental problems

Pedagogical Techniques

(i) brainstorm
(ii) small-group discussion

Preservice Teacher Needs

(1) to feel that they can cope
with the selection of
appropriate forms of social
action

(2) to feel that they are
growing in understanding
and competence in matters
pertaining to science and
environmental education

Resources

copies of the list of Criteria
for Environmental Action Selection

Suggested Time

1 hour, and 1 hour later for
discussion.
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SUGGESTED APPROACH

Step 1

The science teacher educator explains to the class that the pur-
pose of this activity is to produce a list of criteria which could be
used in selecting and implementing possible forms of social action.

Step 2

The pre-service teachers are asked to individually "brainstorm'
and list on a piece of paper as many suggestions as possible as to t
criteria that might apply. These are then collected and made into a
class master list.

T
nec

Step 3

The class is then divided into small groups which examine the
master list and

(1) identify those that are similar or are included
under a larger criterion

(2) eliminate those that are redundant or restate the
criterion in another way

Step 4

Allow time for thinking and reconsideration, permitting discus-
sion to continue until the group is satisfied with the list.

Step 5

Once the small groups have refined their list of criteria, they
should be shared and discussed by the entire class. Criteria developed
by the small groups should be cross-checked to make the final class
list as complete as possible.

Step 6 (optional)
The class list could be compared with the following criteria:

Criteria for Environmental Action Selection*

1. Is there sufficient evidence to warrant action on this issue?
2. Are there alternative actions available for use?

3. Is the action chosen the most effective one available?

4. Are there legal consequences of this action?

5. Will there be social consequences of this action?

6. Will there be economic consequences of this action?

* Adapted from Hungerford, H.R. and Peyton, R.B. Teaching Environmental
Education. Portland, Maine, J.W. Walch Publishing Company, 1976.
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7. Do my personal values support this action?

8. Do I understand the procedures necessary to take this action?
9. Do I have the skills needed to take this action?

10. Do I have the courage to take this action?

11 Do I have the time needed to complete this action?

12. Do I have all the other resources needed to make this action
effective?

13. What are the ecological consequences of this action?

Step 7

Allow the class to discuss how the criteria could be applied
in selecting appropriate forms of social action.

Step 8

Encourage the class to carry out one of the selected appropriate
actions in relation to an environmental problem with which they are

concerned.
Ster_ 9 (after completion of the Unit)

If time and circumstances permit, the science teacher educator
may arrange for a discussion on the effect of any social action under-
taken by the students. A discussion might cover such points as:

(i) Does such experience suggest any changes to either
the list of criteria or the way in which it can be
utilised to determine appropriate action.

(ii) Effectiveness of social action is hard to measure.

(iii) It takes time for social change to occur - why?

(iv) The most significant feature of the social action
taken could be the experiences of the students,

and the commitmnet (or otherwise) they make to
environmental education.
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EXEMPLARY CASE STUDY: SOLID WASTE DISPOSAL

INTRODUCTION

The problem of solid waste disposal could arise in the school
classroom situation during work on a general topic such as "Science,
Technology and the Environment", but it is more likely to be mentioned
as an area of application when science teachers cover more specific
topics such as

electromagnetism
mixtures and compounds
biogeochemical cycles
mining and its products

All of these, and others, could initiate an investigation into the
problem of solid waste disposal if the science teacher was willing to
permit it. (The scope and time allowed for this could be increased
if the teacher of another subject, e.g. social studies, health, or
geography, was prepared to join in too.)

How a classroom science teacher may be prepared to develop such
an opportunity to become involved in environmental education can be
illustrated by using this topic as an exemplary problem, and is pre-
sented so as to show how it might develop through the curriculum
stages as outlined in the Units IX-XIV. The example, however, will
cover directions that go beyond, and at greater depth, than most
science teachers may consider appropriate, depending on their goals
and the constraints of the science teaching situation.

Stage 1

Depending on how the problem of solid waste disposal actually
arises in the classroom, it may or may not be necessary to help
students recognise the science involved. If it arises as an applica-
tion of science concepts already being taught, the problem immediately
becomes one to be investigated (Unit X). However, if it is necessary
to show this to be an environmental problem to which science can make
a contribution, it could be dealt with such that it appears like this
(from Unit IX):



Science Areas of Science Problem Science involved Environment Problem Restated as
Item involved Associated in the Problem Category Environmental Problem
with Science
The amount of physics, engine- represents wasted physica: resources can we reduce the

solid waste is
increasing

ering, chemistry

resources

represents in-
creasing danger
from materials
that have harmful
characteristics
such as radio-
activity

(1) use of (electro-)
magnets to sort out
ferrous from non-
ferrous materials.

(2) differentiating
between materials with
different densities.

chemistry:

(3) achieving separa-
tion through dissolv~
ing and sedimentation.

biology:

(4) organic substances
can be broken down by
bacteria and other
decomposerse.

ecology:

(5) in recognising that
recycling, a process
carried out by nature,

can be imitated by people.

amount of resources
being wasted?

%TT 28ed - G¢G/SM/98-0d
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The prime focus of the problem will depend on how the problem
arises. It could be limited to problems of sorting and separation of
metal materials, or more broadly concerned with the application of
science in general to the whole problem.
Stage 2

As suggested in Unit X, the following is a list of the questions
which largely summarises the information which might be considered
relevant to the problem of solid waste disposal:

(1) What is being thrown away?

(2) How can these items be classified?

(3) What is the quantity of each category being thrown away -
say weekly?

(4) What is the best unit to measure the amount being thrown
away - a numerical tally, mass, volume, energy content?

(5) Can the solid waste be easily sorted? How?

(6) What is the original function of the waste material?

(7) 1Is it really necessary?

(8) Can it be re-used for its original function?

(9) Can it be used for a new function?

(10) Do the materials have harmful characteristics? If so, what?

(11) What are the problems caused by the present method of
disposal?

(12) How do other villages, cities, countries deal with the
same problem?

(13) Who is responsible for dealing with the problem?

(14) What are the laws or regulations presently covering this
activity?

(15) Why do people dispose of their solid waste in this way?

(16) How much does it cost to deal with solid waste disposed
this way?

The questions as presented, and as suggested by a group, are in
no particular order. This can be overcome to a reasonable extent, and
a start made on gathering information by the next phase of identifying
the sort of gquestion being asked, and the probable source of the
answer thus:
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Questioé Science Relates to | Likely Sourte of Answer:
or Cause or Literature,| Locality, |Expert
Social Effect?

(1) science cause v

(2) science - v v

(3) science cause v

(4) science - v 4 v’

(5) science effect v v

(6) social cause

(7) social cause {inappropriate)

(8) social effect v

(9) social effect v/ v
(10) science/social| effect v v’
(11) social effect v’ v
(12) social - v v
(13) social - v v~
(14) social cause v
(15) social - v v’

In categorising the questions in this way,
some questions don't fit neatly,

choices made.

it will be found that
nor is there full agreement on the
This does not matter greatly for individual questions

because the process still serves to draw attention to the aspect of
the total problem addressed by different questions,

students to consider where (and how)

the answers.

as well as get

they are going to get some of

As information is acquired about the problem it soon becomes
necessary to summarise the situation as it has become known.
be done in the following stages:

This can
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Social Causes: the original function of the solid
wastes material - the need for it, (6) (7)
why people dispose of it the way

they do. (14)
Science Causes: what is being thrown away? (1) (2) (3) (4)
Science Effect: problems it creates (10)
Social Effects: problems it creates (10)

who has responsibility for dealing

with the problem? (12)
what regulations are there? (13)
what does it presently cost? (15)

Possible Solutions: some methods of dealing with the
problem (5) (8) (9) (11)

Throughout the process of gathering information other questions
will be raised, along with ideas for possible ways of dealing with
the problem. Such information can naturally be incorporated into the
final summary report as considered appropriate. What the structured
summary as presented indicates is that surrounding the contribution of
science to the cause or resolution of any environmental problem is
a social context within which the basis of the problem arises and
through which any change, whether science or social, must occur.

Stage 3

The following are a number of suggestions for dealing with the
problem of soild waste disposal:

(1) change the person/authority responsible for dealing
with the problem.

(2) introduce or change the legislation.

(3) introduce a depoist scheme on items (e.g. bottles, cans)
that can be easily re-used for the same original function.

(4) develop a sorting-of-rubbish process at a dump site
to facilitate re-use of resources.

(5) increase people's awareness of the problem and suggest
some things that they could do, by producing an appropriate
educational media package (e.g. slides + tape, film, display).

(6) promote different garbage collection procedures (e.g. villager/
householder sort out rubbish prior to its collection).

(7) seek the withdrawal from manufacture of certain items
{e.g. aluminium cans) and their associated packaging.



ED-86/WS/55 - page 118

This list does not exhaust the possible ways of dealing with
the problem. Suggestions made by students will relate to the parti-
cular problem and the local situation as well as the area of science
they are presently dealing with.

Detailed consideration of two of the suggested solutions could
produce the following:

(1) Problem: Solid Waste Disposal
Suggested Solution: introduce a deposit scheme on items that can
be easily re-used for the same original
function.

Consequences:

(1) ecological: ..decreases the rate of use of some resources
..change in energy consumption

.initial cost increase in handling the items
with a deposit; probably reflected in higher
price for the product

(2) economic:

.political party supporting the intrcduction/
increase of deposits challenged by another
party not supporting the change

(3) political:

.reduction in litter,
.smaller volume of waste to be disposed

(4) aesthetic:

(5) scientific/
technological: ..machines needed to help handle the collec-
tion, cleaning and recycling of the items

(6) social: . .decreased demand for jobs in mining sector,
more jobs in handling the recycled items,
buyers of product have to pay more (at least
initially)

(7) other: ..media publicity and involvement contributing
to increased social awareness of environmen-
tal problems

(2) Problem: Solid Waste Disposal

Suggested Solution: develop a sorting-of-rubbish process at the
dump site to facilitate re-use of resouces.

Consequences:

(1) ecological: ..decreases the rate of use of some resources
..change in energy consumption

(2) economic: ..cost of dumping rubbish might be increased
(3) political: ..support for the new project

(4) aesthetic: ..reduction in litter
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(5) scientific/
technological: ..development of sorting processes

..design of new sorting machine
..creation of employment opportunity for
scientist/engineer involved in waste

disposal

(6) social: ..replacement of many unskilled workers by

a few qualified technologists, or alterna-
tively:

..increased employment for unskilled labour
to sort rubbish.

(7) other: . .should some type of sorting machine be pur-

chased from overseas there would be:
..change in balance of payments
. .reduced opportunity for local unskilled
employment
..higher costs to product users

Stage 4 Getting Involved

In the following Unit XII it is suggested that the students
role play an open discussion of the problems and some of the suggested

solutions.

Environmental problems of this kind generally include the

following:
(1)
(2)
(3)

(4)

(5)

(6)

individual (or group) demanding change.
individual {or group) favouring one possible solution.

individual (or group) favouring an alternative solu-
tion.

individual (or group) who benefits from the existing
situation to whom change implies effort, increased
costs and/or decreased profits.

group who is most likely to have to pay for any of the
proposed changes.

group responsible for regulating the problem.

For solid waste disposal the following groups would probably be
represented at any public discussion:

industrial representatives (e.g. manufacturers
of bottles, cans)

local council and its engineers
citizens

shop-keepers
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local politicians
garbage collectors
students/action group promoting change

For classroom discussion it would be desirable to include a
"scientist" or "engineer" who had studied the problem and who could
contribute information and ideas on dealing with it practically.

It is not possible to provide particular details as to the
content of such a role-play situation, but the following points would
most likely need to be included at some stage, either during or in
discussion afterwards:

(1) wusers of particular products will probably have to pay
more either directly at the time of purchase, or indirectly
through increased local taxes to reduce or eliminate the
problem.

(2) while action may produce present tangible benefits, the main
advantage of doing something now is to prevent a worse situ-
ation later.

(3) any one person may perceive both advantages and disadvantages
in changing the present situation.

(4) all the facts, costs and benefits of the situation will
never be known but discussion is still warranted to increase
general awareness of the problem.

(5) it is possible to make a decision to do nothing.

(6) scientific information and skills can assist in but not
completely eliminate an environmental problem.

(7) scientific communication skills can be used to detect faulty
reasoning and to distinguish between logical and emotive
argument.

The important feature of the role-play situation is the opportu-
nity for students to express (and/or see expressed) a range of opin-
ions and points of view with which they can identify. Such identifi-
cation then enables students to decide where they stand in relation
to the problem and the extent to which they want to get involved in
resolving it.

Stage 5

The range of possible social actions that could be taken to
assist in resolving the problem depends very much on the local situ-
ation in which it occurs. For solid waste disposal the following
might be considered and found useful, or suggestive or more appropri-
ate forms of action:

..write an article summarising the problem and the action
that is necessary to deal with it, for the school maga-
zine and/or use by the local media.
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..prepare an illustrated display of the problem for use within
the school and/or local community.

..organise a '"collectathon" i.e. a day on which everyone is
encouraged to search the town or countryside and collect
the rubbish, which is then piled up at some central locality
to highlight the problem.

..write to the appropriate authority (local council?) with
suggestions, requesting that they take some action.

..prepare a working demonstration or model of how a collection
of rubbish might be sorted.

. .produce posters and car stickers with a series of suitable
slogans:

"Keep our countryside beautiful"
"waste not, want not: RECYCLE"
"save energy: RECYCLE"
Stage 6
Using this example the science teacher educator may wish, as
a class exercise, to apply the criteria contained in Unit XIX to the

suggestions given. Naturally, the ratings that would be given would
depend very much on each local situation.
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A SOCIAL ACTION CHALLENGE:

AN EDUCATIONAL AND ENVIRONMENTAL JUNCTION

When the pre-service teachers have worked through these six units
they will have acquired some degree of the skills that are involved in
environmental education. One way to evaluate these skills and their
commitment as environmental educators is to challenge them to under-
take the social action of mounting a public display that seeks to
communicate with others in their institution or with the nearby public
in their community. Because of its emphasis on communication, it is
an evaluation of them as teachers. In other words they are to plan
a "meeting" between them and others about an environmental issue.

This is an example of a "junction" {(see page 10).

The public display could deal with one or more of the four major
aspects related to the problem-solving approach involved in environ-
mental education. (The number of aspects covered will depend on the
timing and opportunities that can be created in particular situations.)

The four major aspects are:
(1) presentation of the problem

(2) an outline of some of the possible courses of action
and their respective implications

(3) a summary of the social action taken by the pre-service
teachers

(4) an assessment of the effectiveness of such social
action.

In deciding on the form of the junction, it is necessary for the
science teacher educator in conjunction with the class to determine:

(1) the intended audience, e.g. the school population,
the general public, government officials, private
enterprise, or a combination of these.

(2) the venue, i.e. what could be the most suitable
location for such a happening.

(3) the best time for reaching the intended audience.
(4) the best manner of presenting the various aspects.

Probably the simplest form of an extended junction would be one
aimed at the rest of the students in the school or college, mounted in
the main entrance way or in some classroom, on display for say a week,
using a variety of presentation methods including photographs, static
displays, models, and audio-visual techniques, with the pre-service
teachers in attendance at specified times to answer gquestion, present
debates, etc.
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Setting up a Function about Solid Waste Disposal

Solid waste disposal as an environmental problem, easily permits

the holding of an education function at any time throughout the period
during which it was being investigated.

(1)

(2)

—
(v8]
-

(4)

Four possible "functions" to set up could be:

having found out about the problem (Unit X) it would be possible
to present

and "what the investigation has revealed so far"

to appropriate persons in the school and/or local community for
comment .

after work on suggesting possible solutions to the problem, these
could be presented to appropriate scientific, social, economic,
legal and possibly manufacturing experts for comments and sugges-
tions.

following the suggestion and selection of some forms of possible
social action, they can be presented and explained to represen-
tatives of those in the community most likely to be involved for
comments and suggestions.

a presentation of all phases of the investigation, including an
indication of what happened as a result of undertaking certain
social actions, thus highlighting the extent to which society
responds (or fails to respond) to environmental problems like this
one.

Evaluation of the educational function could be done by a combi-

nation of assessments including:

(1) the standard of the various aspects of the display.

(2) the ability shown by the pre-service teachers in
dealing with the visitors' questions.

(3) the comments from visitors themselves.

This latter aspect could be based on a fairly simple question-

naire to be filled in by persons who have observed or participated in
the function. 1In a school this could be organised in classes after
the event or in a public place just before leaving the display.

Typical questions might be:

(1) 1is there anything about the environmental problem
presented to you that you don't understand, or consider
correct?

(2) in resolving the problem did any possible alternatives
not discussed so far occur to you?
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CHAPTER 4

TEACHING STRATEGIES FOR _USE IN ENVIRONMENTAL SCIENCE EDUCATION

Science teaching in the past has tended to be restricted to a
relatively few pedagogical techniques, including teaching (teacher-
centred) exposition, questioning, and laboratory confirmation with
experiments of facts and theory already presented. The development
of a scientifically literate person, as well as one who is actively
concerned about the environment, requires a much greater number of
techniques to be used.

The suggestions in this chapter fall into two categories. In
Part A there are a number of suggestions for use inside the normal
classroom. Part B on the other hand outlines teacher and learning
experiences that are set outside the school and the classroom. Both
sets of suggestions are intended to supplement the present approaches
to teaching science not to negate them. Where they have been tried
in a number of places, pupils' motivation for learning increases, and
there is a greater achievement of an appreciation of science in its
broader sense.

PART A
TECHNIQUES FOR CLASSROOM USE

Some of the techniques suggested take little or no time to incor-
porate into lesson preparation but others do require more effort and
planning. This is justified because of the contribution such approaches
make to the learning of science by both students and teachers. Indeed,
without adopting and adapting some of them for use in science class-
rooms, it is very difficult to have much expectation that any signifi-
cant advances will be achieved in science of new possible outcomes
that are now recognised for science education.

A number of these pedagogical techniques are given in the columns
that follow, together with suggestions for when they can be used and
the advantages and disadvantages that are associated with each tech-
nique. Most of them find a place in one or other of the Units in this
book and hence teachers can gain some familiarity with them.

STRATEGY DEFINED OCCASIONS FOR USE ADVANTAGES /DISADVANTAGES
Buzz Group
This is a group activity involving a It is used after some input has The advantage of this technique
small number cf puplis (2-8) and been made either orally by the lies in involving more stuécnts in
goes for a limited period of time teacher or in some other format, discussing a problem than if the class
e.g. 4-5 minutes, after which feed- e.g. film, and requires the students remains as one larye group. If a buzz
back is given to the largcr group to respond in some specific way as group leader is appointed it fosters
in some way, generally by one requested by the teacher to that leadership and the taking of responsibilit
member of the group. input. To be successful it must be used relativel

frequently at first with pre-arranged
groups otherwise a great deal of timae can
be lost getting organiszed.
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STRATEGY DEFINED

Class Discussion

This activity involves the whole
class focussing its attention

on a question and/or issue with
each student being allowed to
contribute informally, but in an
orderly manner.

Group Discussion

(i) with a teacher:
Involves the whole class,
with the teacher acting as
supervisor or leader.

(i} without a teacher:
Can be the whole class or two
or three large groups.
Students frequently permit
one of their peers to adopt
the role of supervisor.

Brainstorming

Another small group activity involv-
ing perhaps 5-10 students in which
they are arked to give, without
critical analysis, possible
solutions to a problem. A

time limit of say 10-15 minutes

is imposed. All possibilities are
recorded for subsequent use.

Committee Work

Involves the active participation
of groups of 4-8 members who
become collectively responsible
for the carrying out of a task, or
requiring a problem.

Debate

This requires two groups of

students with 3 or 4 members in each
group presenting ideas and arguments
of opposite points of view to the
rest of the class (or assembled
group) . A time limit of perhaps

3 minutes is allowed for each
person with each group taking it

in turns to speak.

Questionnaire

This is the development of an
orderly set of questions to be

asked of a number of people that
seeks information and/or their views
on a particular topic. The answers
recorded can then be analysed to give
an indication to the extent of agree-
ment or disagreement amongst those
questioned on that topic. If a
proper sample of people answer the
questionnaire then the answers can
be extrapolated to be a reflection of
everyone's point of view.

OCCASIONS FOR USE

It is used to allow students to
put their thoughts into spoken
words and can be used by the
teacher to

(1) see if they understand what
has been going on.

{2) express opinions and ideas
without having to formally
write them down.

(3) question the teacher and
each other about the topic.

Its use depends on the ability of
the teacher. Through conscious
direction, it can be used to help,
guide, moderate, and direct student
thinking, as well as challenge
assumptions and facilitate the
exchange of ideas.

Can be used when ideas and
uninhibited communication between
students is being sought. Useful
when controversial issues are being
investigated.

Is used as a formal device to
encourage and stimulate thouqght in
relation to a problem under investi-
gation. Suygestions, no matter
how unusual, from one person can
serve to trigger off ideas and sugg-
estions from another. The time is
not to be used in evaluating
suggestions but in producing them.

Committee work can be used when

8 large number of separate tasks

need to be done, and they can be
apportioned to individual members.
The class could be composed of
several committees each focussing

on either different aspects of the
same problem or on entirely different
problems.

A debate is a useful strategy when
genuinely controversial issues are
being discussed. It permits those
with quite opposite views to express
them and the reasons for holding them.
As such it facilitates the exploration
of values, as well as develop the
notion of individual choice and
responsibility.

A questionnaire is used to gain
information and/or to sample pecple's
opinions in relation to a survey or
project being undertaken. As such
it can help define the extent of a
problem or public feeling towards

a proposed course of action (real

or imaglnary).

ADVANTAGES/DISADVANTAGES

Class digcussion can be useful in dispell
ing any misunderstandings on the part of
students without them having to say so,
through listening to others. It
encourages the development of oral skills
and confidence in public speaking, as
well as the transfer of thoughts into
words and the questioning of assumptions.
Initial difficulty can occur in getting
students started, but in time it can be
an activity that continues for too long.

Ones use of this approach to teaching
enables some students to avoid involveme
Teachers must be conscious of the
desired outcome to be achieed. Can
result in the developing of more positiv
relationships between teacher and studen

Permits a sharing and communication of
ideas between students and requires an
agreed goal and time limit, otherwise
discussion can become largely irrelevant

A useful technique is providing student
input for the ongoing lesson and stimu-
lating others, Difficulty arises in
avoiding premature assessment or judgeme
of any suggestions, and of obtaining
original, useful ideas.

Useful for allowing students to take on
responsibilities over a period of time
(2-5 weeks) and to practice organizing
themselves, and reconciling different
opinions. Activities need to be
monitored so that the work involves
everyone and not just the willing few.

Debates are most useful when genuine
differences in attitude or proposal for
action exists. Properly handled they
permit the development of public speakin
and the orderly presentation of facts an
ideas. However, they require time for
the preparation of the respective points
of view. The topic chosen for debate
must be of vital interest to those that
participate as well as those that lister

It takes time and experience to produce
an orderly set of questions that
comprehensively covers the information
being sought. The construction of a
questionnaire however requires those that
propose it to define early in their work
what it is they are really seeking.
Properly administered, a gquestionnaire
produces excellent data from which
conclusions and support for action can
be drawn.



STRATEGY DEFINED

Media Imitation

This strategy encourages students
(singly or in groups) to produce

their own versions of newspapers,
radio and TV programmes and films.

Reflection

Can be regarded as the opposite to
brainstorming, but likewise directed
towards the production of suggestions
or ideas. Entails giving students
time to sit quietly (if not alone
then undisturbed) and think about a
specific problem that has been posed.

OCCASIONS FOR USE

Imitating the media is an

excellent strateqgy by which

students can get information of
their choice, along with their
views, to a wider group of people
than those in the class. Depend-
ing on the circumstances and the
issues being discussed, the products
of such a strategy can be distributed
throughout the schools, to parents,
the local community or to the whole
region.

Used to encourage the development
of creative ideas in response to a
problem. Reflection time (of a
set period perhaps 10-15 minutes)
-an be provided in the classroom
as well as an undertaking to be
done between class sessions at the
convenience of the student.
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ADVANTAGES/DISADVANTAGES

To be effective, what is produced must be
reasonably comparable in quality to the
existing media, if it is to be circulated
widely. It permits close involvement
and team interaction along with the
development of verbal, written and visual
skills, as well as clarifying attitudes
and values. Requires time, but can be
an effective form of both learning and
social action.

Requires a prepared mind, one that has
had access to a wealth of information

as well as some practical experience.

Cannot be evaluated directly, only by

student reaction and the nature of the
output from the process.

Two other possible teaching strategies are of such potential

value to the science teacher that they are presented more fully,
examples and suggestions,

in the next two units.

with
Both of these are

quite essential to the teaching of science for environmental education,
and hence should be included in the programme of teacher education for

any such science teachers.

simulation games,

The first,

the use of role playing via
is one of the best ways that have been developed to

enable pupils in classrooms to share in something of the reality of

issues in the real world beyond the walls of the school.

The second,

planning for the conduct of field study or an excursion involves
teacher and pupils thinking carefully about all the aspects of moving

their classes out of the classroom,

and school

tion they have chosen to study.

into the reality situa-

A third unit has been included dealing with the development of a

local environment trail.

Such a technique is often used in geography

and social studies, but can be easily adapted for use in a scientific
and/or environmental context.
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Role Playing and Simulation Games

Children of most cultures play games. Through the use of imagi-
nation and fantasy children have been able to undertake a range of
roles in the most unusual situations. This facility for involvement
in novel circumstances by children (and adults) is now being used in
education in exercises under the general headings of ‘role playing'
or 'simulation'. Although developed mainly for teaching in the area
of the social sciences, simulation activities can be used to advantage
by science teachers in promoting scientific literacy, as well as for
environmental education.

In any simulation activity:

(1) participants take on roles which exist in their situation in
the real world, and become involved in discussions and/or
decisions in relation to that situation.

(2) participants experience simulated consequences as a result
of their role-play and associated decisions.

(3) the results of the simulation are reflected upon and discus-
sed, with particular attention being given to the relation-
ship between the reasons for the decisions and their
consequences.

Simulation activities come in three main forms: role-play, games,
and computer simulation. The first of these is described and used in
Unit XII while the use of computer simulation is omitted from this
book because most science teachers still lack access to computers for
use in their classrooms.

Gaming is generally more complex than role-playing because of its
use of more formalised materials and procedures. An immense variety
of games for use by science teachers has been produced, many of which,
with modification, could be used under a range of circumstances. Also,
a number of games have been produced relating to situations in the
environment which, while specific to some societies, have such wide-
spread occurrence that enterprising and creative science teachers can,
without too much effort, modify them to relate to highly relevant
local situations.

There is one important element to note here. Societies and cul-
tures differ very widely about how their members are expected to
participate in decisions about how life goes on. Perhaps the most
subtle but important aspect of developing or using simulation in class-
rooms 1is maintaining contact with what is possible and hence real in
the situations being studied. Just as in Units XII and XIV, great
care must be taken to choose learning experiences of social actions
that are possible and acceptable in your society.

An example of a game is produced in the following unit and is
loosely based on The Conservation Game by David Lewis and T. McB Carson,
suitably modified for possible use in developing countries.
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UNIT XV

THE AIRPORT LOCATION GAME - A SIMULATION

INTRODUCTION

The game aims to illustrate the complexity of considerations
involved in choosing the site for a new airport. This situation is
one that applies in most countries. As such, it demonstrates the
nature of environmental problems and the factors that are involved in
decision-making when issues of conservation, resource use and pollu-
tion are involved.

The students are asked to put themselves in the position of those
who are concerned about the location of a new international airport.
It is the responsibility of the science teacher educator to choose
two or more possible local sites for comparison by participants as to
their respective merits.
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UNIT XV: THE AIRPORT LOCATION GAME -~ A SIMULATION

Objectives

(1) to assist students become aware of
the complexity of environmental
situations

(2) to help students to comprehend
social attitudes

(3) to develop skills of communicating
how various factors relate to
decision-making

Science Process Skills

measuring, matching,
communicating

Environmental Education Aims

to help students acquire an
awareness of and sensitivity
to the total environment

to help students acquire
social values and strong
feelings of concern for the
environment

to help students identify
alternative approaches and
make informed decisions
about the environment that
recognize ecological,
political, economic, social
and aesthetic factors

Pedagogical Techniques

role playing, gaming,
discussion, debating

Preservice Teacher Needs

(1) to gain experience of the
technique of role playing

(2) to gain confidence that games
are enjoyable and provide
useful learning

(3) to recognize the organization
and structure that is needed
in the use of simulation in
the classroom

Resources

1. map of region (1:100000 if
possible) within which airport
is to be sited with markings
to show (i) built up areas,
(ii) agricultural land and
(iii) areas to be conserved
(e.g. national parks, historic
buildings etc.)

2. an acetate transparency of a
possible layout of an airport
(to scale)

3. work sheets with details of
costs and conservation points

4. role play brief plus additional
relevant information and maps

Suggested Time

About 4-6 hours distributed
so that some group prepar-
ation can occur
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SUGGESTED APPROACH

Groups of between 15 and 20 student teachers can operate as a
"Commission", with the science teacher educator acting as chairperson
if required. Roles can be allocated as follows:

A: assessors and accountants

(these are civil engineers and accountants who are responsible
to the Chariman of the "Commission" to check the site chosen
by the public service engineers and the estimate of costs
associated with its development.)

B: public service engineers

(these are planners who select a possible site for the airport,
and design the associated facilities for airport personnel and
travellers, as well as the access roads, and services for elec-
tricity, water and sewage disposal.)

C: local community representatives

(these are representatives of agricultural/farming interests and
townspeople, who are likely to be affected by the choice of site,
and the noise associated with aircraft movements.)

D: conservationists

(these are people concerned to preserve the natural environment,
and historians/archaeologists concerned to preserve local items
of man's heritage.)

The Chairperson describes role-briefs, preferably in advance, so
there may be some preliminary reading.

The group is told that the purpose of the game is to present
differing points of view. The object of the environmental situation
(and hence the game) is, however, to locate an international airport
somewhere on the map, along with (1) a town (or an extension of
existing towns) to cover 30 square kilometres with satisfactory road
links to the airport:; (2) road connections from the airport to the
major town/city shown on the map; and (3) provision for water, elec-
tricity and sewage disposal facilities for the new town and airport.

The site must be chosen to be as economical as possible, and with
the minimum loss of conservation points. Costs are incurred and con-
servation points are lost for any square kilometre that is required
for the airport complex and associated facilities. (An example of
this is given in the worksheets, but can be modified by the science
teacher educator according to local conditions.)

When each student is familiar with his/her briefing document,
the game begins.

Step 1

The public service engineers select a site and present the case
for it to the Chairperson and his/her assessors and accountants.
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They check the site and commence their own preliminary calculations as
to cost of purchasing that site. While the assessors and accountants
are doing that, the local community representatives and conservation-
ists consider the environmental effects, develop and present their
counter-arguments, suggesting if necessary an alternative site. The
monetary costs and the conservation points involved in such alterna-
tives are again checked by the assessors and accountants.

Step 2

Once a possible site is identified and tentatively accepted, the
and services. The Chairperson hears the ordered presentation of their
case and the replies of others to them, while assessors check the cost
sheets and conservation points for accuracy.

Step 3

By a discussion conducted by the Chairperson, an attempt is made
to reach agreement by all on the best site; alternatively, the Chair-
person and his/her assessors and accountants may come to a majority
verdict amongst themselves.

Step 4

If more than one group is playing the game at the same time,
there can be a presentation of each group's chosen site, along with
their assessment, and a comparison then made.

(Costs used in the game can be made realistic by the science
teacher educator assigning appropriate values for his/her own country
and particular location. The assessment of conservation points is
necessarily subjective. This in itself can promote discussion and
the realisation of difficulty in decision-making when two incompatible
scales are involved. However, some groups may choose to build the
airport cheaply while others may see conservation as an important
issue and be prepared to choose an airport location that is consider-
ably more expensive.)

What follows is an example of the sort of worksheets that could
be used in relation to this sort of simulation game. Because of the
variety of circumstances under which this game may be tried, it is
the responsibility of the science teacher educator to review these
suggestions, and produce his/her own worksheets to illustrate the
local situation.
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STUDENT WORKSHEET 1

INTRODUCTION

General Information

The purpose of the Airport Location game is to present differing
points of view about the choices that could be made in choosing the
site for an airport. The object of the game is to locate a new air-
port and its related facilities (which includes a town covering
25 sduare I\.LJ.Ulllt:Lch, rcads, water, clcu.\.x.J.t...LLy and sewage d;opuaql
facilities) with proper consideration of possible impact on agricul-
ture, noise levels and conservation.

1. The use of agricultural land for the Airport can disrupt a whole
way of life, as well as reduce the amount of food produced locally
and for the wider society. This, in turn, would increase the
cost of food that now has to be available from other sources.

2. Noise levels associated with the operation of an international
airport can be such that considerably more land than that
required for runways and terminals has to be purchased and alien-
ated from its existing purposes and a number of possible new
uses such as housing, etc.

3. Conservation items come in two major groups: those associated
with the natural environment and those associated with man's
history. Frequently some of these items are unique in that once
despoiled they are 1rreplaceable, and considerations of this kind

need to be taken into account during decision-making. Such items
are given high conservation value.

You have been allocated a role to play. Relevant data are pro-
vided in a role-brief to support that role. However, as in all
decision-making you are requested to use your own imagination and any
other arguments you can invent using local facts and ideas wherever
possible.

DETAILS OF COSTs, ETC.

(1) Buying land for airport, town, services, etc.

(a) agricultural land - § per square kilometre
{(b) Dbuilt-up area - $ per square kilometre
(c) conservation areas:

(a) natural areas - § per square kilometre

(b) historic buildings, etc. - $ per square kilometre
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(2) Construction of town and airport on 30 square kilometres
initial cost - §

if high-rise buildings involved, cost would be an extra §$
for each square kilometre with this form of construction.

road links to airport from major city - § per kilometre

(3) Provision of electricity
for main line - § per kilometre

for branch line - § per kilometre

(4) Provision of water

construction of pipe-line -3 per kilometre

excess charge for passing

through an existing built-

up area -$ per kilometre
(5) Provision for sewage disposal

construction of pipe-line -3 rer kilometre

excess charge for ‘passing

through existing built-up

area -3 per kilometre
(6) Compensation to farmers within the noise level zone of

45 decibels from airport - $ per square kilometre

for roads passing through -$ per square kilometre

for land crossed by electricity,
water pipes or sewage pipes -3 per kilometre
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TABLE OF CONSERVATION POINTS

Points per square kilomotre

Loss of land for construction of airport
and associated facilities:

(a) agricultural land 2
(b) built-up land 10
(c) conservation areas
(1) natural 1000
(ii) historic buildings, etc. 750

Loss of amenity by noise (i.e. in the 45 decibel or higher case),
pylons, pipes, etc.

(a) agricultural land 2
(b) built-up land 10
(c) conservation areas

(i) natural 20

(ii)  historic buildings 40

TABLE OF COSTS FOR LAND AND CONSERVATION

Type of Area No. of sg.kms. Cost pir Cost* Conservation

km2 Points

(a) agricultural
(b) built-up
(c) conservation
(1) natural

(ii) historic

Sum of land costs and conservation
Construction of town and airport

Total cost
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STUDENT WORKSHEET 2

RCLE-BRIEFS

Assessors and Accountants

Your role is to check the site (or sites) selected by the public
service engineers, both in relation to cost (financial and conserva-
tion) and reasonableness. As you represent engineers, it would be
possible/desirable to disagree with the selection of the actual loca-
tion, and within your responsibility to suggest better alternatives.
This could be argued for on consideration of costs, suitability for
the purpose, and desirability from the point of view of the community
and/or environment.

Public Service Engineers

Your role is to select a suitable site for an airport in the
given region. This is based on consideration of the needs of an air-
port and its associated facilities. Geographical constraints such as
topography, access to power and water, distribution of built-up areas,
agricultural land and land for conservation are all to be considered
along with costs which are expected to be minimised where possible.

Local Community Representatives

Your role is to support or oppose any particular selected site
for an airport. This could be for such reasons as community well-
being, improved or loss of employment, environmental cost, noise pollu-
tion, conservation values, etc. The particular points to be used will
depend on each community and the precise location of the proposed
airport and its facilities.

Conservationists

Your role is to ensure that all conservation areas (natural and
historic) are adequately protected from noise, pollution, and destruc-
tion. It will be necessary to prepare and possibly present arguments
as to why any conservation area should be retained. To make your
presentation more realistic it will be useful to know the location of
various reserves and cultural features, as well as some of the factors
which could adversely affect them.
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PART B
TECHNIQUES FOR USE BEYOND THE CLASSROOM

The conduct of a field trip

Field activities are frequently encouraged in national parks,
which make use of check lists along a nature trail. Such an activity
is a form of environmental learning in that it seeks to sensitise
people to particular features. It is useful as an introduction but
it is only a beginning to the learning that could occur. In seeking
"to provide students with opportunities to be actively involved at
all levels in working towards the resolution of environmental problems"
environmental education does need to make use of well-conducted field
trips that involve learning beyond this introductory level. Accord-
ingly, it is essential that students become active participants in
any undertaking of this kind.

Location and purpose of field trips

Field trips can be conducted effectively in urban and large metro-
politan areas as well as in rural villages and the natural countryside.
Indeed many extremely valuable field trips for science and other sub-
jects, can be conducted in the environments that are near the classroom.
Depending on the purpose of the learning activity, the school or
college grounds, the buildings themselves and the people who make up
the school community can all provide suitable subjects for study in
the sense that a field trip embodies.

Field trips may be planned for a variety of purposes, including:

(1) the collection of information for subseqguent use in
the classroom or laboratory.

(2) the illustration of scientific principles or problems that
have been dealt with in classroom or laboratory.

(3) the opportunity to practise process skills using the local
situation.

(4) the first hand observation and study of an environmental
problem.

(5) the application of concepts and the experience of values
by exploring a form of social action in a real situation.

The value of field trips arises from students learning best
through first hand experiences. A well-conducted field trip is good
for motivating students (and teachers) and for involving them in
decision-making and organising an amount of data. For the science
teacher, the community beyond the school provides a wealth of resources
which are based on the application of scientific knowledge and which
can only be talked and read about in the classroom.
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In planning field trips, science teachers who see relationships
between science and other subjects might well enlist the co-operation
and participation of other teachers, as well as that of persons in
the situation being visited.

Planning the field trip

The first step in undertaking a field trip is to carefully define
its purpose. Apart from the general aims associated with the teaching
of science and environmental education it is necessary to identify
the questions for which answers are being sought by the field trip.
As these are defined so too can the relevant processes and skills
that are to be utilised.

Having decided on why and where a field trip is to be conducted
it is necessary for the teacher to include in his/her preparation
a visit to the area or site before the students do. Such an under-
taking is to provide the experience necessary for dealing with the
five aspects of any field trip.

(1) preparation before departure, (2) the outward journey,
(3) activities at the destination, (4) the return journey and
(5) follow-up work arising from the outing.

(1) Preparation before departure

To make the most of a field trip it is essential to have the
students well prepared and involved as much as possible in its plan-
ning. The nature and extent of student involvement depends on the
purpose of the field trip, but could involve: collection/preparation
of maps, study of aerial photographs, construction of questionnaires
or interview questions, obtaining or making any necessary equipment,
and practising the skills of using it, and reading relevant reports.
The following table is a checklist that could be used prior to depar-
ture:
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TABLE 4.1 A CHECK LIST IN PLANNING A FIELD TRIP

1 How is the trip relevant?

2 Questions to be answered by the field trip experience

3 Has permission to visit the site
been given by the 'owner(s)'?

4 Form of transport required

5 Probable costs involved

6 Probable hazards/difficulties

7 Facilities available
(e.g. toilets, water, food)

8 Equipment required

9 Length of trip

10 Number of people going
(adult:student ratio)

In addition to anticipating problems and taking a first aid kit,
it is necessary to check any legal obligations regarding excursions
and to seek school as well as parental permission.

(2) outward and (4; return journeys

Regardless of the length of time involved in moving between the
school and the desired destination this journey can be made into
a meaningful (and enjoyable) learning experience. This can be done by
providing a checklist of things for students to look for, questions
to answer from observations that can be made on the way, the making
of a map of the journey, or the use of frequent short stops to study
particular features along the route.
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(3) Activities at the destination

Basic to all outdoor activities are maps, either official or
drawn by students, on which the location of objects of interest have
been (or are to be) marked.

A list of some possible field activities that might be undertaken
in relation to science and/or environmental education is given in
Table 4.2. This indicates the vast range of learning that is possible
on such a trip, but the particular activities chosen will depend on
the location.

TABLE 4.2

SOME POSSIBLE ACTIVITIES FOR FIELD TRIPS IN RELATION TO

SCIENCE OR ENVIRONMENTAL EDUCATION

Science Activities

Environmental Activities

A Physical/technological

measure climatic factors
study local geological
features

analyse soil, photograph
soil profiles

search for fossils
visit a quarry

measure water salinity

visit industrial sites and observe
their environmental impact

trace waste disposal routes for a
town or village and compare with
a city

study energy production and
distribution in an area

visit a cemetry and identify
population patterns

visit a local market and construct
food distribution maps (and prices)
survey water usage and pollution

trace the course and use of building
materials

work with a community on an environ-
mental problem

compare water samples along
the length of a river
analyse the operation of
factory machinery

observe industrial chemical
processes

list and identify building
materials and their
structural and other
functions

B Biological

map (qualitatively and quant-
itatively) different vege-
tation types

observe birds and plot
distributions

compare fauna/flora in a
national park with those in
adjacent areas

(5) Follow-up

A field study that arises from and is properly integrated with
classroom activities will provide a great deal of information which
will have to be collated, analysed and evaluated. As such it provides
the input for any number of lessons following the trip, all of which
should be directed toc answering the questions posed earlier. The
students can then inform others in the school/community about their
findings, by means of a junction event or by written reports which can
also be used as a form of evaluation by the teacher if this is needed.
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UNIT XVI

PLANNING A FIELD TRIP

INTRODUCTION

Any field trip requires careful planning if it is to lead to
effective learning. Because the normal constraints of the classroom
do not apply, it is even more important than usual that a teacher is
very well prepared before the trip begins. Any materials that are
needed must be clear and easily used by pupils in the field situation.
All formalities of a legal and logistical nature must have been doubly
checked. Thought needs to be given to how communication will occur
during the trip as people tend to become rather spread out. The pupils
will have to be taught previously any skills they will need to use in
the field and many other points will need to be in a plan. This unit
provided practice in making such a plan.

UNIT XVI: PLANNING FOR A FIELD TRIP
Objectives . Environmental Education Aims
(1) to develop students' under- . to help students develop the skills

standing of the nature and
function of field trips

(2) to assist students in learning
how to prepare and plan for
the conduct of a field trip

(3) to enable students to appreciate
the significance of field trips
in environmental education

Science Process Skills

communicating, interpreting,
inferring

necessary for investigating the
total environment and for identi-
fying and solving environmental
problems

to help students acquire the
motivation for actively partici-
pating in environmental improvement
and protection

Pedagogical Technigues Suggested

(i) direct instruction

(ii) class and small group
discussion

(iii) committee work

Preservice Teacher Needs

(1) to feel confident in under-
taking and planning a field
trip

(2) to feel that they understand
an important technique in
promoting environmental
education through their
science teaching

Resources

copies of "The Conduct of Field
Trips"

aerial photographs or maps
copies of "Outdoor Study Code"

Suggested Time

1 hour minimum - up to 2 hours
(excluding travelling time)
depending on the activities
selected for the unit
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SUGGESTED APPROACH

Step 1

Prior to commencement of this unit the science teacher educator
should give the pre-service teachers a copy of "The Conduct of Field
Trips" to read. At the beginning of the first session, they could
then be asked such questions:

Can you suggest any additions or changes to the checklist,

. What are the legal requirements for the conduct of field
trips that involve school pupils?

. What is a desirable and possible adult to student ratio?

. How can it be achieved?

Step 2

Divide the class into small groups {(of about 6-8), give each
a detailed map or aerial photograph, and ask them to produce a list
of the possible purposes for which a field trip could be conducted
at that location.

Step 3

After a number of possible purposes have been identified the
science teacher educator asks each group to select one such purpose
for further work. The group is then asked to propose and record
a number of questions for pupils to answer that could be associated
with the chosen purpose. (If time permits, the possible skills and
processes required to answer the gquestions can also be identified:

see Step 6(A).)

Step 4

When the members of the small group have agreed on a possible
purpose for a field trip to the area and the sorts of questions asso-
ciated with it, they are now asked, individually, to complete as far
as possible the checklist contained in "The Conduct of a Field Trip"
(Items 3 and 10 for example, could be omitted).

Step 5

The pre-service teachers are then asked to compare their answers
to the checklist questions with those of the others in the small groups
who have been working on the same purpose. Any differences can be
discussed.

Step 6
A: (if more than 30 minutes is available)
Each small group is made into a committee having responsibility

for preparing activities and worksheets for use on the field trip.
They are to identify what is required and then use their own ideas to
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produce an outline of activities that could be done, while the pupils
travel to and from the locality of the site and while they are on the
site itself. The ideas generated by the committee can then be shared
with other "committees" in the class which have been responsible for

field trips to other
B: (if less than 30
The pre-service

plary 'Outdoor Study
asked to discuss the

localities in the area, and for other purposes.
minutes is available)
teachers are given a copy of the following exem-

Code Principles'. After reading it they are
reasons underlying the principles and suggest

modifications and additions to the list

or to prepare a specific code from the list of principles for use

with school children in relation to a field trip to

(1)
(2)
(3)

a national park
a factory or industrial site

an historic monument

and how they could be achieved in practice.
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EXEMPLARY OUTDOOR STUDY CODE PRINCIPLES

Field trips by groups of students are always a potential hazard
to the environment being visited. For example national parks or his-
toric monuments are so designated because there is an interest to
preserve these parts of the environment for future generations. This
presents more difficulties to science than to geography, because sci-
entific investigation frequently requires samples to be taken for
further study and analysis. Such difficulties can be considerably
reduced by teachers making students aware of the need for an Outdoor
Study Code. By discussion with them as part of their preparation for
the field trip, the principles of such a code can be used to establish
what is appropriate behaviour for the particular location being visited.

The following list of principles for both teachers and students
can be the basis for the formulation of an Outdoor Study Code.

(1) Because damage can result to plants, animals and soil in some
environments through trampling and noise, field activities are
to be designed so that the smallest area is affected over the
shortest possible time.

(2) Because teachers and students are visitors to a locality when on
a field trip, it is usually necessary to obtain permission for
access to certain places, and to generally follow established
routes within the locality.

(3) Because some field measurements require a degree of interference
with the environment, e.g. digging for soil profiles, collecting
geological and botanical specimens, etc., the least harmful and
most economical methods are to be used.

(4) Because other people may also wish to visit the location (or the
same class to return on another occasion) it is necessary not
to litter or pollute, or to leave fires unattended.

(5) Because the people encountered at the site are at home or at their
work, they have other responsiblities in addition to assisting
school field trips. It is courteous and more productive if
students are well-prepared and organised in asking their basic
quesitons so that an effective but breif contact is all that is
needed to gain the information required.

Local Environment Trails as a Pedagogical Technigue

One of the basic principles of learning is that the more senses
that are involved, the more meaningful will be the learning experi-
ence. Science teachers are fortunate in being able to make use of
many of the senses in the laboratory setting and through classroom
demonstrations. At present, however, only a few of them extend this
principle readily to learning outside the classroom. The local envi-
ronment just beyond the classroom can provide a rich and varied setting
for students and in some ways it is at least as readily available as
a school laboratory. 1In some situations where laboratories are inade-
guate the local environment can be an excellent substitute for these
sensory and hands-on experiences that are so important for learning
science.
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The local environment for school students can vary from being a
relatively isolated small school situated in a rural area some dis-
tance from a village, to a large school in a rapidly growing urban
area. However, despite apparent limitations, all local environments
can be utilised to reinforce science and environmental learning.

One way in which pupils and teachers can get to know their local
environment more intimately is through the development of a local
environment trail. Once established, a local environment trail can
be used over and over again with a number of variations to achieve
different but related outcomes.

What follows is an outline of the local environment trail concept,
and a procedure by which it can be initially established. With experi-
ence, and with the same or different pupils, it can be revised and
modified to draw attention to the inevitable on-going changes that
occur in a local environment.

Characteristics and Purpose of a Local Environment Trail

A local environment trail is a planned route through a number of
different landscapes which can be walked (or perhaps cycled) by any-
one who is interested. It forms the basis for experiencing the local
environment and seeks to influence people's perception of their envi-
ronment by directing their senses to specifically chosen sites and
sights.

The development of a trail will reflect the interests of those
involved in its preparation, and could therefore have an historical,
social or scientific bias.

From the point of view of a science teacher educator seeking to
develop a commitment to environmental education by his/her pre-service
science teachers there are at least four relevant environmental aspects
which can be enhanced using a local environment trail. They are:

(1) awareness of the changes brought about by progress and
development on the natural environment

(ii) recognition of the interrelations between village or urban
living and the natural environment.

(iii) a knowledge of how the changes are brought about and what
alternatives were possible

(iv) a willingness to be involved in the development or conser-
vation of this local area

A local environment trail is more than an introduction to the
present living and working places of the local inhabitants. It is
distinguished from other sorts of trails by serving as a starting point
for considering the changes that have occurred and what factors have
given rise to the present situation. Ideally therefore it includes
a visit to a part of the local area that is still in a relatively
natural state, as well as various parts of the developed village, town
or urban complex. If no relatively natural areas remain in reasonably
close proximity to people's present living environment then photos,
paintings, models, or other illustrations that may exist in a museum,
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or in the school or in the homes of local people can be used instead.
Older people in the local community can also be a valuable recource
for finding out what prior stages of the local environment were like.

In addition to being a route to follow, a local environment trail
needs to be developed so that it includes ideas and information rela-
ting to people and their impact on the natural environment. This can
be done through the preparation of a small booklet or pamphlet which
has a map and relevant information and a set of questions to stimulate
the pupils to these issues. The prepared text of such a booklet should
both guide the trail users and help them to understand what is present-
ly happening to this environment and by whom it is being regulated
(if at all).

Schooling, because of the nature of so much of its learning, can
develop in pupils an attitude of disdain or at least isolation from
and ignorance of their local environment and their own interaction
with it. Such things as their sources of energy, the production of
their food, the availability of resources for local industries and
the handling and disposal of local waste materials are essentials for
any community of people. To many pupils and their teachers the details
of these commodities are submerged under the mass of generalised know-
ledge that school curricula emphasise. The recognition of the inter-
connections between village or urban living and the natural and local
environment can begin to happen in schooling when a properly construc-
ted local environment trail can be used by teachers and their pupils.

In developing an active involvement in matters relating to the
environment a pupil must first of all have a sense of familiarity with
the setting, both physical and social in which he/she is to act. If
this can be coupled with personal experiences of change, or evidence
of possible effects of change, then a good formal preparation for
involvement has been achieved.

The educational value of using a trail for learning is different
from the educational value in developing such a trail. What follows
in Unit XVII are suggestions for developing a trail. This experience
can then be extended by pre-service teachers into either making trails
for their own students or working with senior students to make a trail
for others. These experiences will need to be complemented by enabling
the pre-service teachers to be users (learners) of an already estab-
lished environment trail. Being learners themselves on such a trail
will enable them better to appreciate how their own pupils will react
to this type of outdoor learning experience.
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UNIT XVII

PLANNING A LOCAL ENVIRONMENT TRAIL

INTRODUCTION

As in planning a field trip, the first step in planning a local
environmental trail is to carefully define its purpose. Depending on
the age, experience and interest of the pupils this could be any one
or more of the following:

(1) to arouse interest in the local environment

(ii) to discover the changes brought about by the development
and modern technology on the natural environment

(iii) to discover some of the interrelationships between urban
living and the natural environment

(iv) to encourage a critical evaluation of the impact of the
present lifestyle of people and the environment

(v) to become aware of recent or impending changes
(vi) to prepare for involvement in an environmental problem

Once the purpose of the local environment trail is determined, it
is necessary for its designers to have certain guidelines within which
the task is to be undertaken. These should include (a) the area or
extent of the local environment within which the ultimate users can be
expected to travel, (b) a list of known locations of interest, (c) the
available resources (maps, booklets, old photographs, etc.) that may
be useful, and (d) a list of the sorts of questions that have been
good learning stimuli for other trails (see below).

For this Unit, it is suggested that the science teacher educator
think in terms of resource use and management as the learning purposes
for the trail. Such an approach does not exhaust the possibilities of
this learning technique but serves to introduce it. More importantly,
resource use and management do relate directly to the six environmen-
tal concepts that have been given particular emphasis in this book
(see Appendix 1).

The choice of the particular resources to be studied on the trail
can be made by the science teacher educator, or by the pre-service
science teacher after an initial visit to the local environment.
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UNIT XVII: PLANNING A LOCAL ENVIRONMENT TRAIL
Cbjectives . Environmental Education Aims

to increase student familiarity
with the local environment

to develop students' understand-
ing of the dependence of present
lifestyle on the natural
environment

to prepare students to become
actively involved in
environmental problems

to enable students to appreciate
the contribution of a local
environment trail to
environmental education

(1)
(2)

(3)

(4)

Science Process Skills

observing, measuring, questioning,
classifying, communicating,
interpreting data, inferring,
hypothesising

to help students acquire an awareness
and sensitivity to the total
environment

to help students develop a basic
understanding of the total environ-
ment and the inter-relationship of
man and the environment

to help students develop the skills
necessary for investigating the

total enviromnment and for identifying
and solving environmental problems

to help students acquire social
values and strong feelings of concern
for the enviromment

to help students acquire the
motivation for actively participating
in environmental improvement and
protection

to provide students with opportunit-
ies to be actively involved at all
levels in working towards the
resolution of environmental problems

Pedagogical Technigques Suggested

(i) class discussion, group
discussion

Pre-service Teacher Needs

(1) to feel confident in using the
outdoors for science teaching

to understand the interrelations
between the natural environment
and daily activities

to feel that they understand an
interesting technique in
promoting environmental education
through their science teaching

(2)

(3)

Resources

List of Suggested Questions

Maps of the local area for student
use

Large map of local area for class use

Texts and references for background
information

Printing/copying facilities to make
a trail guide

Suggested Time (does not include time
for field trips)

phase 1 : 1 hour +

phase 2 : 1 hour

up to 2 hours + student
work time

phase 3 :




(a)
(b)
(c)

(@)

(e)
(£)

(g)

(h)
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STUDENT WORKSHEET

SUGGESTED QUESTIONS ABOUT A LOCALITY AND RESOURCE USE

What did this locality look like 10, 100, 1000 years ago?
What was the source of the chosen resource then and now?

(i) How is the chosen resource transported/treated between
its present source and our use of it?

(ii) Where does this happen?

(i) What happens to the resource after we have made use of it?
(ii) Where does this happen?

Where does the energy come from to enable this to happen?

(1) Who is involved in the management of the resource?

(ii) Where do they carry out their administration?

(i) What impacts does this use of the resource have on the
local natural environment?

(ii) Where is this most obvious?

Where are there any examples of using the resource in a way
that does less damage to the environment?
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SUGGESTED APPROACH

Phase 1: Getting Started

Step 1

The science teacher educator explains to the class that the local
environment in which they live was not always like it is now. Over
the years it has been changed in ways that are the result of people's
interaction with what was originally a more natural environment. This
can be illustrated by reference to the past and present practices for
the use and management of a particular chosen resource({s). A prelimi-
nary visit to the area would be a distinct advantage, and a detailed
map is essential.

Step 2

Either the science teacher educator announces the resource(s)
that will be the focal purpose of the trail,

or

the pre-service teachers should choose a resource(s) which they would
like to trace with a local environment trail.

Step 3

Either let the pre-service teachers suggest questions pupils would
be able to answer by visiting various locations, and then compare these
with the set of "Suggested Questions" on the Worksheet,

or

give each member of the class a copy of the Worksheet of "Suqggested
Questions" (as modified by the science teacher educator) for discussion
and clarification.

Step 4

Divide the class into groups of three and arrange for each group
to visit one or more particular places in the local environment (as
marked on the map). At-a convenient time, the small groups are to
explore these parts of the local environment, seeking to answer their
list of questions.

Phase 2: Designing the Trail

Step 5

On their return, each group is to locate on a large class map the
particular locations (and any alternatives) which illustrate well the
answer (s) to their question(s). (Other relevant places discovered on
their visit should also be listed.)

Step 6

Using the map, the class is to devise a relatively simple route
which links the locations in a sensible order. This could be done
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with the class divided into two or three clusters - with each cluster
having to justify its route and the order of places to visit to the
others until consensus 1is reached.

Phase 3: Presenting the Trail

Step 7

When the route is decided, the class (or the clusters in Step 6)
are to prepare a possible pamphlet or leaflet (with map, relevant
information, and guestions) as a learning guide for pupils and other

Step 8

At a convenient time, the class in small groups should follow the
trail using one of the prepared leaflets. On their return, they should
be asked to suggest changes in (i) places to visit, (ii) order in
which to visit places and (iii) the prepared leaflet.

Step 9 (Social action)

Members of the class should attempt (a) to distribute the trail
guide and map to other teachers (and similar people) in the community,
and (b) to persuade them to use the environment trail as part of their
pedagogy.
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CHAPTER 5
EVALUATION OF ENVIRONMENTAL EDUCATION

INTRODUCTION

By now it will be clear that science teachers can, through their
teaching, contribute to environmental education. They do so when they
give appropriate parts of their regular teaching a certain orientation,
the characterisitcs of which were elaborated in Units III, IV and V.

Since these characteristics differ quite basically in a number of
ways from the teaching and learning intentions we associate with most
of the secondary curriculum, it is not surprising that the evaluation
of this type of education will also involve a number of procedures
that differ from those that have been used in say traditional science
education.

Traditionally, the emphasis in evaluation at the secondary level
has been on the achievement by students of certain cognitive objec-
tives. This has often been largely the recall of factual information,
of conceptual definitions and the ability to do comparatively simple
applications of qguantitative relations or rules. 1In a few subjects
of which science is one there has also been some expectation that
certain practical skills of a psychomotor type will be acquired. These
are evaluated either generally by a record of the students' participa-
tion in laboratory exercises or by a practical examination. There has
been little or no emphasis in many secondary science courses on the
acquisition of attitudinal or other affective outcomes of learning.

Since 1970 however, a number of secondary science courses have
begun to emphasise the Science and Society, and other dimensions
discussed in Chapter 2. There are, thus, a number of examples where
learning of this type has been part of the regular examination of the
subject and in this way evaluative information about the teaching is
available. Some of these sorts of evaluation are considered in the
first unit of this chapter because they do form a useful bridge to the
evaluation that is needed for environmental science education.
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UNIT XVITII

ASSESSING SOCIETAL ASPECTS OF SCIENCE LEARNING

INTRODUCTION

It has been one thing to develop a rationale for the dimension
Science and Society as part of the curriculum of school science educa-
tion. It has been quite another thing to find ways to fully include
it in the teaching and learning of the classroom. Some of these have
required science teachers to add to their repertoire of teaching tech-
niques that are more familier to teachers of the social sciences or
of the humanities. A number of these have already been emphasised in
various units of this module and science teachers will be reminded of
them again in the final section of this chapter.

One of the more difficult aspects has been the inclusion of sui-
table questions in the testing or the formal evaluation of students’
learning. Examinations or tests in science education have tradition-
ally included certain sorts of guestions only and in many countries
the so-called objective items involving multiple choice answers have
been very popular and useful. There has also been a not surprising
reluctance to include in written science examinations questions which
might appear on a social studies or geography examination, and which
have no specifically science content.

Nevertheless a number of ways have been devised by enterprising
teachers to test the Science and Society dimension they are including
in their curriculum. Where formal examinations are an important and
regular part of the course of study, it is important to test each
aspect of learning that is important. If this is not done, the learn-
ers soon treat untested aspects as unimportant.

Several of the examination boards conducting national or regional
testing of courses in school science education now regularly include
items of the type being considered.

In this unit some of these items will be used to further the
acquaintance of pre-service science teachers with the dimension and
to provide them with examples against which they can compare their
own experience of the evaluation of students' learning in science:
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UNIT XVIIFASSESSING SOCIETAL ASPECTS OF SCIENCE LEARNING

Objectives

(1) to develop students'
appreciation of the Science
and Society dimension.

(2) to enable students
to see that science and
societal content can
both be tested.

(3) to assist students to
develop their own skill in
item design.

Science Process Skills

analysis, communicating

Environmental Education Aims

to help students identify
alternative approaches
and make informed decisions

to provide students with
opportunities to be
actively involved

Pedagogical Techniques

(i) small group work
(ii) paired argument
(iii) individual task

Preservice Teacher Needs

(1) to become aware of means
of testing Science and
Society learning

(2) to feel more confident
in designing test items

Resources
Worksheet 1 & 2

Recent science
examination papers

Suggested Time

Two hours
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SUGGESTED APPROACH

Step 1

The science teacher educator provides the class with Worksheets
1 and 2. TIts members are then asked to discuss in pairs the questions
on Worksheet 1 in a manner that enables the Item Analysis on Worksheet 2
to be completed.

The science teacher educator may find it helpful to provide an
exemplary analysis such as might be produced for Question 8.

Question Basic science Types of Is science
facts and societal content
concepts information essential in

required answer, and how

is it ensured?

8 strength cost Yes
durability aesthetic appeal "should include
surface texture ease of working reference to..."
corrosion resist- availability
ant

Step 2

When the analysis of these questions is complete the pre-service
teachers should be asked in their pairs to take it in turns to argue
the two views, that these sorts of items should or should not be inclu-
ded in the assessment of science learning locally. The arguments
for and against should then be collected from the pairs so that the
range of points is evident to the whole class. The list should also
note the sorts of constraints that exist locally against such teaching
and testing of science at school.

Step 3

The science teacher educator should then give the pre-service
science teachers a recent test or examination paper from one or other
of the school science subjects. 1Its items should then be checked to
see how many items test Science and Society learning. For two of the
items that do not include either of these dimensions, each pre-service
teacher should be encouraged to create new questions that use the same
science content but now would also test this dimension of scientific
literacy.
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WORKSHEET 1

Answer THREE questions in this section. These questions are largely

concerned with the applications of chemistry to society and, in your

answers, reference should be made to the chemical principles involved
wherever possible.

This page may be detached. Write your answers on the lined paper
which follows this section.

1

(a)

(b)

(a)

(b)

(a)

(b)

(b)

(a)

(b)

Explain the action of a soapy detergent and how this action
is affected by hardness in water.

Describe the advantages of the use of non-soapy detergents
and explain how some problems associated with the earlier

types have been overcome.
(16 marks)

Explain the structural relationship between cellulose and
simple carbohydrates, and give an account of the manufacture
of a man-made fibre from a cellulosic material.

Discuss the implications of the replacement of cellulose-
derived materials, e.g. paper products, by plastics as

packaging materials.
(16 marks)

Discuss the ways in which rocks which consist essentially of
calcium carbonate and products derived from them are of great
importance to the building industry.

Explain the causes of the erosion of limestone buildings and

indicate how this erosion can be prevented.
(16 marks)

Give an account of the rusting of iron, paying attention to
the factors which affect it, and to the electrochemical
processes which operate.

Explain the chemical principles underlying the techniques used

for the prevention of corrosion of iron structures.
(16 marks)

Discuss the improvements in food production which have been
made through the use of pesticides, herbicides and fertilizers.
Include in your account references to the chemical structures
of some of the substances you mention and to the manufacture
of a fertilizer.

Give an account of the environmental problems caused by the

extensive use of fertilizers.
(16 marks)

(University of London, G.C.E.,
Chemistry in Society, 1980)
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6

10

(a)

(b)

Noises (other than speech and music) play an important part
in our lives, as signals, warnings and sources of information.
On the other hand persistent loud noise is a hazard in the
lives of many people.

Discuss noises that have beneficial uses and describe the
nature of these noises as sounds. Use two examples.

Describe the effect of persistent loud noise on the hearer
and indicate at least one way in which the effect could be
reduced or avoided.

(6 marks)

(Victorian Institute of Secondary
Education H.S.C. Physical Science,
1980)

A typical motor vehicle uses about 8 litres of petrol per

100 km travelled. The overall efficiency of the energy
conversion 1is about 15 per cent, that is, only about 15 per
cent of the energy released by burning the fuel is transferred
to the wheels and used to overcome road and air friction.

Calculate the petrol consumption under similar road conditions
if the overall efficiency were increased to 60 per cent by an
improved vehicule design.

Briefly describe two current approaches to gaining more

efficient use of fuels in transportation.
(5 marks)

(Victorain Institute of Secondary
Education H.S.C. Physical Science,
1979)

Write an essay on the advantages and disadvantages of wood
over other materials used for similar purposes. As least
three (3) advantages and three (3) disadvantages should be
given. Your discussion should include reference to the

prcperties of the materials.
(12 marks)

A recent list of 10 outstanding world achievements in chemical
engineering science included 6 that related to organic
chemicals (or classes of chemicals) - synthetic antibiotics,
plastics, petrochemicals, synthetic fibres, synthetic rubber,
and high octane petrol.

Write brief notes about two (2) different useful organic
chemicals (or classes of chemicals) you have studied, which
clearly indicate (i) how the use relates to the structure and
(ii) how uncontrolled use can lead to "abuse'" or biological
disadvantage.

An industrialist wishes to build a nuclear fuelled power
generating plant. He is strongly opposed by a group who
desire a coal fuelled plant. The proposed sites are
environmentally suitable and cost is not relevant to either
group.
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Bearing in mind the different natures of the fuels and their
waste products, develop at least three arguments the
industrialist might use to support his application to build

the nuclear plant.
(6 marks)

(Victorian Universities and
Schools Examination Board
H.S.C. Physical Science, 1977)

Ten years ago, it was often said that the amount of sulphuric
acid consumed by a nation was a good measure of its social and
technological development. Today we are much more inclined
to simply say that sulphuric acid consumption measures
technological development.

In the space provided write brief notes on the chemical
processes that produce sulphuric acid.

In the space provided indicate two (2) uses of sulphuric acid
that justify why it reflects the technological development of
a country.

In the space provided give at least two (2) reasons why social
and technological development are not now seen as automatically
related.

In the space provided write a brief note about one (1) social
problem arising from the sulphuric acid industry and describe
how you might solve it.

You should spend not more than 25 minutes on this question.

A lake which supplies water to a large urban area had a severe
algal bloom which passed through the filters into the water
supply, causing complaints from consumers. One suggested
cause of this bloom was:

Pesticides, arising from sheep dip residue some miles away,
passed into a feeder stream of the lake. This either killed
or prevented reproduction of certain water fleas. These
had been grazing in the algae in question and their absence
allowed the algae to grow without their normal limitation.

Design an experiment to determine what concentrations of a
given pesticide would kill 50 per cent of the water fleas.
List the main items of apparatus you would need, and state
how they would be used. What other factors might contribute
to the mortality rate of the water fleas in the experiment?
(The water fleas in question grow to about 2 mm in length.)

Outline briefly how you would determine, in the laboratory,
the population density of algae which would support a given
density of water fleas. (The water fleas reproduce every
three weeks or so, producing about 10 offspring.)

With what degree of validity could the conclusions drawn from
these laboratory experiments be applied to the real situation?
(20 marks)

(Associated Examination Board, U.K. G.C.E.,
(Integrated Science, 1974)
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WORKSHEET 2

Item Analysis of Questions from Science Examination

Question

Basic science Types of societal Is science content
facts and information essential in answer
concepts tested required and how is this
ensured?

10

11
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UNIT XIX

EVALUATION OF ENVIRONMENTAL OBJECTIVES IN SCIENCE LEARNING

The strong priority for affective objectives in environmental
teaching poses a major challenge in education evaluations. Tradi-
tional approaches via paper and pencil testing (written examinations)
are much less easily used for these affective objectives. Attitude
measurement is fraught with unresolved problems and is at its best a
high inference measure. Furthermore, the type of environmental educa-
tion this book encourages is quite different to science education with
its rather universal cognitive content. 1Its affective and learning
intentions will be highly specific to the situational and school con-
text in which the education occurs. Much more intimate and direct
"measures" of this learning need to be considered and applied. Even
when these are used as suggested below, there will be other features
of environmental learning that are not meaningfully tested by paper
and pencil instruments. For level of concern and commitment to act,
the science teacher will find that the best form of assessment of his/
her students will come from the direct observation and experience of
their responses in class and in the activities that form a major part
of the pedagogy of environmental education.

Environmental education, if its objectives (see Chapter 1, Unit 3)
are taken seriously, almost reverses the priorities for learning,
because it does emphasise objectives to do with attitudes and values
like concern for the environment and commitment to contribute to its
improvement. It also adds a number of process objectives like the
skills of decision-making, recognising alternatives, participating in social
action, communicating, and problem solving.

William Stapp., former chief of the Unesco-UNEP International
Programme, with a number of his co-workers at the University of Michigan
has developed an approach to evaluating environmental learning using
a profile of measures. *

They have recognised the objectives of environmental awareness
and environmental knowledge as key ingredients in the formation of the
sorts of attitudes that environmental education seeks to generate.
Although these are not all that is involved in an attitude, they are
important and measurable by more or less conventional processes.

As a third component of the profile, they recommend a measure of
the learners' values about the particular environmental problem being
considered in the teaching.

Finally, they use a measure of those process skills referred to
above that have particular importance in the environmental problem.

* W.B. Stapp, Dorothy A. Cox, Paul T. Zeph and Karen S. Zimbelman,
"Evaluation of a Transportation Curriculum Module for High School
Students". School of Natural Resources, The University of Michigan.
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In one particular case of environmental teaching, the four mea-
sures were obtained from a 28-item test instrument that included the
following sorts of questions:

(1) agree-disagree statements.
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(iv) hypothetical actions based on given problemns.

(v) learner reaction to a series of slides depicting
examples of the environmental issue.

In the second unit of this Chapter the pre-service science teacher
will be given practice in developing such an instrument based on some
of these sorts of questions.

In using the learners' responses to the items of such an instru-
ment, there is little point in adding them even within the four broad
headings of Awareness, Understanding, Values and Skills. They are not
scales and information is lost by such aggregation. They do provide
the basis for interesting profiles of the learners that can be useful
feedback to the teacher about those parts of the teaching that have

been effective.
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UNIT XIX : EVALUATING ENVIRONMENTAL LEARNING

Objectives Environmental Education Aims
(1) to develop students'’ . to help students acquire an
awareness of different awareness of and sensibility to
types of assessment the total environment
(2) to develop students' . to help students acquire social
skills in item values and strong feelings of
writing concern for the environment
(3) to provide practice . to help students develop the
in the potential use skills necessary for
of items investigating the total
environment
Science Process Skills Pedagogical Techniques
classifying, communicating committee work, small group
discussion

Preservice Teacher Needs

(1) to feel confident in
assessing affective
objectives

(2) to feel able to design
assessment items

Resources Suggested Time

Exemplary items 2 hours
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SUGGESTED APPROACH

It is probably most productive in this unit if the pre-~service
teachers work in small groups of 2-4 members.

The science teacher educator of each group chooses a brcad envi-
ronmental problem that involves science knowledge from some level of
secondary schooling. (e.g. disposal of litter, see page 122).

Step 1 Measures of Awareness

Each group is to construct four items with the form:

Statement Strongly Disagree Strongly Agree

1 2 3 4 5

The statements should be claims that relate to the chosen problem;
(i) and (ii) are two levels of awareness of the problem; (iii) indi-
cates that the learners' choice of action in relation to it affects
others and (iv) suggests that the learner has some potential to act

in relation to the problem.

Step 2 Measures of Understanding

Each group should now construct four items that set out to measure
the learning of cognitive information re the problem that has occurred
as a result of teaching. The item forms below can be used, although
many of the common forms in science teaching can apply to this aspect

of the learning.

Form 1

Define and explain "concept A" that is important in some part of
the chosen problem.

(a) State
{b) Explain
Form 2

State clearly two problems in this community that relate to the
materials and energy aspects of the chosen problem and indicate
the sorts of solutions that have been suggested for them.

Problems Solutions
a a
Materials
b b
a a
Energy
b b
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Step 3 Measures of Values
For these the form of measure proposed is as follows:

You will be shown a series of slides that have to do with
the chosen problem. List what you like and dislike about
each picture.

Each group is to decide on four scenes related in some way to the
problem and its solutions that could provide suitable slides.

Step 4 Measures of Skills

Each group is to design a response sheet that could be used to
record the learners' abilities to:

1) recognise general problems using the slides prepared for measure 3.

2) define specific problems in the learners' community that are aspects
of the chosen problem.

3) know where to obtain iInformation relevant to the problem.
4) state alternative solutions to several specific problems.
Evaluation of Curriculum Materials

Another type of evaluation has been developed that is important
for science teachers wishing to contribute to environmental education.
Many curriculum materials have appeared that are now claimed by their
developers to have a usefulness in environmental education. Many
commercial publishers and other sources of learning resources recog-
nise important movements iin education such as the environmental one
but they do not always fully appreciate their character. Accordingly,
some so-called environmentally-oriented materials do not measure up to
criteria that are related to the characteristics set out in Units III
and IV.

In Unit III we referred to the IUCN definition of environmental
education. Its stress on the inter-relatedness of humankind, on many
cultures and on the bio-physical surroundings, has been quite fundamen-
tal to what this book means by environmental education. If teachers
wish to teach environmentally, the materials their students see and
hear and read should make explicit this basic point. The next Unit
in this chapter introduces science teachers to the use of an evalua-
tive instrument that can easily be used to check on this feature and
a number of the other characterisitcs of environmental education.
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UNIT XX

ENVIRONMENTAL EVALUATION OF CURRICULUM MATERIALS

INTRODUCTION

As part of a national survey of environmental education, Linke¥*
developed the rating sheet in Figure 5.1.

Title and Source of Curriculum Materials:

Date and Source of Newspaper Report:

INDEX RATING COMMENTS

1 Explicit emphasis 0 1 2 3
on human/environment
interaction

I1 Qualitative
Classification

111 Conservational - (4] +
Approach

v Emotive Intensity o 1 2 a

V Quantitative emphasis

(1) General

{2) Environmental

VI Pictorial emphasis o112 3

(1) General

{2) Environmental

VII Cognitive Processes 0 1 2 3
{1} General
(2) Environmental

VIII Practical Activities ] 1 2 3
{1) General

{2) Environmental

ASSESSMENT BY: ....ccccerrecnrncncnnnnancnnans DATE. .. .c.rcrecnnnnes

Figure 5.1 Rating Sheet for Indices of Environmental Education

* R. Linke (1980), "Environmental Education in Australia: Allen and Unwin.
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Most of the indices are self-explanatory once the first one is
properly understood. This one, the explicit emphasis on the inter-
action between human persons and the environment, 1s related to this
fundamental part of the IUCN definition of environmental education
(see Unit III).

The rating of a text-book or some other form of curriculum mate-
rial is done according to a key.

The index is used, when rating say a text-book, according to the
following key:

0 No explicit reference to the interaction
1 Rare or isolated reference

2 Occasional reference

3 Freduent reference

The second index, Qualitative Classification, refers to the ways
in which this interaction is referred. 1In other words, if the only
examples of interaction with the environment were implied as '"good"
then it would rate + or ++ depending on their number. If on the other
hand, there are examples of negative or harmful interactions then the
rating would be - or --. Both sorts of interactions can be rated
together.

This type of rating is also used with the third index, Conserva-
tional Approach. This records whether or not the interactions that
are emphasised are primarily conservationist in character. If so the
rating is +. A negative rating could arise from either interactions
that consume resources or damage the environment.

Index IV, Emotive Intensity, recognises that if values and commit-
ment are integral intentions of environmental education, then emotive
protrayal of various kinds can be included in resource materials and
can in fact, assist the teachers' efforts to discuss the values that
various groups bring to an issue.

Index V refers to the absence or presence of quantitative data
(measures or statistics) in the material and Index VI rates the con-
tent to which visual material (photos, drawings, diagrams) are present.

Index VI is related to those cognitive aspects that have been
referred to in this module as Concepts and Processes. Index VII pro-
vides an opportunity to record whether the materials explicitly suggest
forms of active learning such as would lead to the acquisition of prac-
tical skills or experience in social action.

For the last four indices there is an opportunity to record whe-
ther the rating is of 'general science content in the materials and/or
of its environmentally-oriented content.

This unit is to provide the pre-service teacher with practice in
the use of this rating scale.
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It should be stressed that there is no
a particular rating. Rather the usefulness
procedure and in this way it also serves to
variety of sorts of materials that could be

absolute score that gives
is as a relative rating

introduce teachers to the
helpful in their teaching.

UNIT XX - ENVIRONMENTAL EVALUATION OF CURRICULUM MATERIALS

Objectives

(1) to reinforce the students'
ability to identify to basic
feature of environmental
situation.

{2) to provide the student with
the ability to recognise
differences in materials.

(3) to develop the students'
sense of how environmental
situations can be presented.

Science Process Skills

classifying, interpreting data,
inferring, measuring

Environmental Education Aims

to help students develop a
basic understanding of the
total environment and the
inter-relationships of man
and the environment.

to help students identify
alternative approaches
and make informed decisions.

Pedagogical Techniques

(i) individual tasks
followed by small group
negotiations and
discussion.

Preservice Teacher Needs

(1) to feel confident about
choice of curriculum

(2) to feel they can recognise
curriculum resources for

materials. environmental education
Resources Suggested Time
1 hour, followed by another
Worksheet ! Y

Curriculum Materials

1 hour after a period for the
rating to be done.




ED-86/WS/55 - page 169

SUGGESTED APPROACH

Step 1 Hand out the Worksheet that contains the rating set of indices.

The science teacher educator should explain each of the indices
and the use of the key, by means of a pair of familiar school science
texts or books, that provide a good contrast on at least some of the
indices.

This will include (i) clarifying the meaning of the descriptions
used on the Worksheet, and (ii) explaining how the "qualitative"
(+, =, 0) and the "guantitative" ratings (0, 1, 2, 3) are made by a
relative rather than absolute process. It is, in a sense, the density
of examples of environmental interaction that is being considered.
For pre-service science teachers the idea of density may be a helpful

analogy.

Step 2

Each pre-service teacher should then be allocated a booklet, an
environmental kit, a text-book, a game, or some other piece of curri-
culum material. Several members of the class should be given the
same material to evaluate They are then instructed to read through
the materials either now they are available) or in the library
before the next session.

.I_'C
(if

Step 3

After the rating is complete, groups should be formed of those
who rated the same material. Their respective ratings should be
and their use. Each group should then be asked to comment briefly to
the class on how useful they felt the materials to be for environmen-
tal science teaching.

Step 4

As a follow-up to the analysis of these formal resources for
school education, the teacher educator should then get the pre-service
teachers to rate accounts from the newspapers of environmental issues
that have occurred recently in their owr society.
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UNIT XX

ENVIRONMENTAL EVALUATION OF CURRICULUM MATERIALS

WORKSHEET

For the example of curriculum materials allocat

: ed to you, complete
the rgtlng sheet below after you have read it through and examine;)the
materials for the content implied by those indices.

Title and Source of Curriculum Materials:

Date and Source of Newspaper Report:

INDEX RATING COMMENTS

1 Explicit emphasis 0 1 2 3
on human/environment
interactien

11 Qualitative
Classification

111 Conservational - 4] +
Approach

IV  Emotive Intensity 0 1 2 3

V  Quantitative emphasis

(1) General

(2) Environmental

VI Pictorial emphasis

(1) General

(2) Environmental

VII Cognitive Processes ] 1 2 3
(1) General

(2) Environmental

VIII Practical Activities [+] 1 2 3

(1) General

(2) Environmental

ASSESSMENT BY: «c.cecsacrosrsoaccrssancnsocoes DATE.c:osscaccscssns
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Evaluation of Teaching for Environmental Education

It would be incomplete to conclude this chapter without some
reference to some means of evaluating the teaching aspects of a science
curriculum that does mean to include an environmental contribution.

Throughout the earlier chapters of this mocule it has been stres-
sed that it is possible for science teachers to contribute on many
occasions during their regular science teaching to the environmental
education of their students. It has also been pointed out that this
contribution is part of, and only part of, the total task of teaching
science. This part is characterised, it has been argued, by some
quite distinctive features and objectives and a number of suggestions
have been made as to how these learning goals might be achieved. For
example, the emphasis in environmental education on communication
requires that learners should have many opportunities to express them-
selves, to try to argue a case, to try to explain and to ask questions
in order to comprehend other viewpoints. Again, the stress on values
and attitude formation means that some use needs to be made in the
pedagogy of the classroom of those techniques that encourage value
clarification, peer group influences, and the identification of moral
dilemmas and issues of controversy. In Chapters 3 and 4 many of these
types of pedagogical practices have been suggested in the units so
that pre-service science teachers will have practiced them prior to
using them in the classroom. Then there are activity-based teaching
situations such as the environmental trail and the field trip where
the pedagogy has moved out of the classroom scene.

It will be useful for all science teachers who have a serious
intent about environmental education to check periodically whether
they are including in their pedagogy these various methods. 1In
Table 5.1 such a check sheet is presented.
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Have I included in my classroom Yes/No How successfully
pedagogy

Brainstorming

role playing

buzz groups

small group discussion

debates

listening to a point of view
explaining or arguing in pairs
practising an interview

letter writing to community
authorities

moral dilemma presentations

committee work

Have I made use of

simulation games

questionning community
environmental experts

media imitation
questionnaire development

community persons affected
by environmental damage

the environmental jssues of
the classroom

the environment just beyond
the school

an environmental trail

a field trip

Table 5.1 Check list for self-evaluation by teachers of the
strategies and techniques for environmental science
teaching



ED-86/WS/55 ~ page 173

CHAPTER 6

IMPLEMENTATION OF ENVIRONMENTAL EDUCATION AT

THE SCHOOL_AND SYSTEM LEVELS

Environmental education as it has been defined in this book does
differ in a number of ways from traditional secondary education.

If the challenge of environmental education is to be met through
the subjects of the secondary curriculum, a number of conditions will
need to be met. Hitherto, in Chapters 2, 3 and 4 of this book there
has been a concentration on the skills and knowledge that a science
teacher will need to implement an environmental emphasis in his/her
science classes. However, there will always be a number of constraints
against such implementation and much of the efforts by individual tea-
chers will be of no avail or could be rendered ineffectual unless
there is a strong support for environmental education from their school
authorities and beyond that from the educational system and the commu-
nity.

In this chapter these constraints and supports beyond the indivi-
dual science teacher and his/her classroom are considered. These will
vary to some extent from country to country and one of the tasks of
persons using the module or trying to implement environmental educa-
tion will be to list the sorts of constraints that are most likely to
apply in their own situation.

The chapter is presented differently from the earlier ones. Pri-
marily it is addressed to persons other than science teachers and in
particular pre-service science teachers. Accordingly, it does not
have the structure of a number of separate units that can be used as
part of a pre-service or in-service training programme.

The target of this chapter is all those persons who shape and
determine the tasks that science teachers have to perform. In the
school situation there are other colleagues and very importantly the
head teacher or principal. The parents of the learners also exercise
considerable influence in many situations either through direct involve-
ment in school management and policy or less directly through expec-
tation and more subtle pressures that condone some types of schooling
and reject others.

In the wider educational system there are both people like Direc-
tors, Inspectors, Science Consultants, and other resource providers.
There are also policies that restrict some practices and encourage or
sustain others. The provision of well stocked laboratories is an
example of something that is usually beyond the school (and certainly
beyond the individual science teacher) to determine. The presence or
absence of such resources clearly influences strongly the sort of
science education that a teacher can provide.

Finally there are still wider community authorities who can
constrain or support the efforts of those who teach in schools. Among
these are civic leaders and experts who can also contribute if they
will to an emphasis like environmental education. Those responsible
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for mass media and religious and cultural patterns are also very
important to any type of education that suggests or involves inter-
action with society as environmental education so clearly does.

The chapter sets out to raise the issues of constraint and support
because they are so important to the success of an innovation like
environmental education. We believe these need to be taken up with
all the sorts of people that are listed above. The opportunities for
doing this vill vary from country to country and from school to school.
For this reason also, the chapter is not given any rigid form that
would make it inappropriate. It will be up to users of the module to
determine how it can be used.

In any use, we believe four phases need to be stressed if success-
ful implementation is to occur. These are Recognition, Identification,
Responsibility and Maintenance. These phases are named according to the
process to be undertaken in them.

Recognition is the process of getting persons in positions of power
to accept that they can influence (positively or negatively) how
science teachers teach in their classrooms. In the case of this module,
they can do much to facilitate or repress an environmental dimension
in science teaching.

Identification is the pair of processes of pin-pointing certain
specific constraints against environmental teaching of science that
presently exist in the educational situation and of proposing means of
reducing or removing these.

Responsibility 1is the determination of who (actual persons) can
alter the constraints and will accept the role of doing so.

Maintanance 1s the ongoing process that means that positive support
emerges for the innovation rather than merely removal of constraints.
It will be concerned both with maintaining morale in the science tea-
chers for their task and with maintaining an information flow so that
all these persons who now are willing to provide support know how and
when to do so.

Science teachers will have a part to play in each of these pro-
cesses because it will often be them who will have to provide the
information about what environmental education is and what they need
to carry it out.

In the next section an example of a type of environmental educa-
tion is used to amplify the process of Recognition.

Recognising Constraints - an example.

As an example of these constraints, it is helpful to consider the
implications of environmental education being concerned with the envi-
ronmental problems in real situations. One obvious way for the teacher
to ensure the sense of reality is for he/she and his/her class to visit
the sites of environmental situations that are readily accessible to
the school. This could involve a field trip of the type that was
developed in Unit XVI. That unit deals with the planning and imple-
mentation of a field trip but there are other problems associated with
field trips that are not covered in that unit. These vary from society
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to society but in most societies there are substantial constraints
against the easy use of this rather special type of pedagogy. Usually
a number of special conditions need to be met if permission is granted
for a class to have a field trip. Among these is the cost that is
incurred if the field trip involves a journey by bus or train. Who

is to pay and how will this be equitably borne so that some students
are not excluded? Even if no cost is involved there is the cost in
teachers and in time. A teacher may normally teach a class of 20 or
30 or 40 students or even more in some countries. It is quite impos-
sible for one teacher to take those sorts of numbers on a field trip
and maintain its educational value. So several teachers are necessary
on the field trip and this makes the school short of its usual comple-
ment of staff for the remaining classes. Some school systems will
provide temporary replacements, but many others expect the school to
cover any such event with its existing staff.

Again, it would be a rare field trip (except to the school's
grounds) that could be completed in the normal time allocated for a
science lesson in a day's time-table. This means that the students on
a field trip will be unavailable for their other subjects during this
period of time and co-operative adjustments to the time-table will
need to be made. The presence of some of these other teachers on the
field trip would of course be a great advantage if it was possible
because they would then be able to relate its experiences to their
own subject teaching.

Then there are the legal liabilities that may apply to a school
(and/or to teachers) if accidents occur on a field trip. These can be
quite different to those that apply to the classroom situation and may
need special consent from parents, etc. Parents may need special
explanations if they are to understand, appreciate and give consent to
these sorts of learning experiences that fall so far outside their own
experience and expectations of schooling.

Finally, a field trip will not be possible to many environmental
situations without the co-operation of the authorities and members of

the community in those locations. The responsibilities of these
authorities must be recognised by the teachers and their students and
permission sought where necessary. The rights of the ordinary members

of any local community must also be respected and teachers and students
must take care about the attitudes they expose to them and the demands
they may be making.

We have dwelt at some length on this one type of environmental
education, because it has so many obvious aspects that lie beyond the
capacity of a science teacher to provide. If the support to overcome
these constraints is forthcoming from his/her authorities, the wider
school system and the community itself, the science teacher with col-
leagues will no doubt do most of the detailed arrangements. Science
supervisors and science inspectors who appreciate these broader impli-
cations of this very useful technique in the pedagogy of environmental
education have a major task here to ensure that these authorities also
understand these requirements and hence provide the appropriate support.

Many other characteristics of environmental education will also
require school, system and community support for the classroom teacher.
Indeed, it should be noted that the environmental field trip that has
Jjust been discussed is in many ways not so unusual for science teachers.
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Many science teachers, particularly when teaching certain biological
or earth science topics, will have had some experience of conducting
lessons on location outside the classroom and away from the school.

Identification of Constraints

It has already been stated that particular constraints and sup-
ports for environmental education will vary from country to country
and from school to school. Thus it will not be useful to go into too
great a detail about the constraints that we as authors have identi-
fied in our own educational systems.

It has, however, been possible to review a number of programmes
for environmental education from different countries and extract a
list of common broad sources of constraint. Table 6.1 contains this
list. It also has a blank right hand column for the insertion of the
particular form these take in a local situation and other sources that
apply. In this form the Table may be useful in working with groups
about this phase in the implementation of environmental education.

Most constraints are self-explanatory but one does seem worthy of
further comment. This is the "unavailability of the school as an
environment". It is quite remarkable how many teachers are trying to
teach environmentally in schools where the school as a biophysical
environment is ignored. Accordingly we believe there must be very
strong constraints that cause this situation to occur. The staff of
a school may have enthusiastically included energy conservation in
its curriculum but give no attention to the school community's consump-
tion and waste of energy. Most schools have buildings and some sort
of surroundings as environments about which decisions could be made
as part of the students' learning.

School councils or Education Departments may endorse the general
idea of environmental education but not give permission for any of
their authority about the physical environment to be transferred to
teachers and students. It seems that a School Environmental Education
policy is still a rarity in most countries.
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Broad sources of Constraint

Particular forms of Constraint

Inadequate curriculum materials
An avoidance of values

A strong disciplinary orientation
Inflexible scheduling

Teacher education

Lack of community reinforcement
Rigid instructional guidelines
General apathy

Funding

A Back to the Basics emphasis
Traditional forms of Assessment
Too few role models

Inadequate time availability

Lack of administrative support

Confinement of schooling to the

classroom.

environment

Insecurity about out-of-class

teaching

Controversy seen as uncamfortable

No experience of teacher co-operation

Unavailability of the school as an

Table 6.1 A listing of constraints against an environmental

dimension in schooling.
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Suggesting Solutions and Naming Responsibility

One useful format for the decisions that need to be made in the
second process of the Identification phase and in the Responsibility
phase is shown in Table 6.2.

Priorities for Change Proposed Action Personnel Time Scale
(What) (How) (Who) (When)

Table 6.2 A format for lessening constraints.

It is most important that the listing of constraints not be

allowed to overwhelm. In any situation for environmental education,
many constraints will easily emerge if the Identification process is
taken seriously. It should always be remembered that some teachers

and some schools are already achieving much more than others despite
the constraints.

Along with the process of listing constraints a sense of priority
should be developed. A few constraints need to be isolated out as
prime targets for change. They should be ones that can be seen to be
alterable. More difficult-to-change constraints will be different if
the whole pattern of environmental education is more established.
Removel of any constraints, however limited, will assist this estab-
lishment.

Once a few priorities are established for change, it is necessary
to consider the alternative procedures that may bring about changes.
For each, certain personnel will be the target agents of change since
they either have influence or authority. A time scale is also useful
if realistic change is contemplated.

Maintenance of Environmental Education

Lessening constraint is one way to enhance implementation but the
development of positive supports is a much surer way that innovations
will be sustained. One very helpful form of support that will illus-
trate this process of maintenance is the formation of a School Policy
for Environmental Education.

Countries differ in the extent to which people outside the tea-
chers and learners become involved in the affairs of schools. In the
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U.S.A., in general, there are a number of ways parents and citizens
are expected to be involved. In Papua-New Guinea, some village commit-
tees will have had very little formal experience of involvement.

A School Policy for Environmental Education assumes that a whole
school community, not isolated teachers, is the effective group for
making such an educational contribution and that the active partici-
pation of a school's local community is both desirable and possible.
Each community, and each school in its turn, will have to determine
for itself the appropriateness and the level of this participation.

If a Policy is to be effective it will need to be made by those
whom it affects and by those who hold power in the situations of its
operations. They will need to be brought together for purposes of
information, development of commitment, formulation of policy and
decisions about it. 1In other words, many of the steps of environmen-
tal education in Chapter 3 will need to be gone through.

The needs of the environment will have to be put in very direct
and practical terms. This will involve a restatement in local terms
of that concern that was so well encapsulated in the following words
from the U.N. 1972 Declaration on the Human Environment -

We see around us growing evidence of man-made
harm in many regions of the earth: dangerous
levels of pollution in water, air, earth and
living being; major and undesirable disturbances
to the ecological balance of the biosphere;
destruction and depletion of irreplaceable
resources; and gross deficiencies harmful to

the physical, mental and social health of man,
in the man-made environment, particularly in

the living and working environment.

The examples of environmental issues will need to be so chosen
that the way the school could contribute and the benefits to it and
the community are very clear. Likewise, the possibilities for how
environmental education can enhance and improve the school's curri-
culum should be stated in concrete terms. Finally, the general condi-
tions under which the contribution can be made will need to be acknow-
ledged.

If these processes are achieved with the appropriate people, a
School Policy may result. It will be some sort of statement, in lay
terms, of aims and values about the environment, of commitment that
the School will make a contribution through teaching and learning,
and of some of the arrangements that will be made to support this.

The Policy will also need to set up mechanisms for an onygoing
flow of information so that the education remeins dynamic, feeding
into and receiving from the local community. If such mechanisms work
they will lead to good morale among teachers because they will not be
isolated and unrecognised. They will find themselves partners with
others in an enterprise in which they have an essential role but in
which they are not alone. When help is needed they will know where
to turn. When they have a contribution to make to the community of
the school, it will be expected and not experienced as an unexpected
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threat. When the communities see a need for education, they will turn
to the school and call on its (and their) teachers.

Other Characteristics Needing Support

Features of environmental science education that do have obvious
constraints in many countries are (i) the involvement of persons who
are not normally involved in schooling, (ii) the "“action" objective,
(iii) the use of pedagogical methods that are not common in many tra-
ditional science classrooms, and (iv) the interdisciplinary nature of
the environmental situations.

These will not be discussed at length but for each one, in different
ways in different countries, the classroom science teacher will need
help, support and legitimation. At the highest. levels of education
this help. the supports and the legitimation have been approved. The
Tbilisi Conference in 1977, as a culminating point of the first phase
of the Unesco-UNEP International Environmental Education Programme
(IEEP), was a meeting at the Intergovernmental level. It was the
occasion when the authorities of the participating countries acknow-
ledged environmental education and formally pledged support for it.

However, there is a very wide gap and a substantial time lag
before this level of legitimation and pledge of support becomes a
reality for the average practising science teacher in school. It is
not this teacher who can be expected to bridge these gaps. Directors
of Elucation, curriculum authorities, science supervisors, and science
inspectors have special responsibilities to develop policies, pro-
grammes and those material and personal support structures that will
turn these governmental intentions into real help for the people
responsible for individual schools and for the classroom teachers who
ultimately present these to the pupils.

A few comments on these four aspects will, hopefully, serve to
stimulate readers in various countries to provide the details of how
these aspects appear in their own situations.

It has been repeatedly stressed in this module that environmental
education is a response or contribution to something real that exists
outside of schooling and indeed outside formal education as a whole.
If schooling is to make this contribution it will need to draw on the
expertise and experience of persons who know these environmental situa-
tions and problems at first hand. This type of partnership is unusual.
In traditional education the teaching partnership is between teachers
and existing knowledge. Such a partnership is available to teachers
and school systems through their own personal expertise and training
or through books and other curricular resources. In the case of envi-
ronmental situations the teachers' expertise is that of education and
it is other people who have expertise of the situations (knowledge
plus experience). In the case of a local environmental problem, it
is evident that the science teacher's twenty or thrity students (and
their families) will have much more knowledge and experience of the
problems than he or she could possibly be expected to have. Likewise
there will be other experts and other participants in the real situa-
tions who will need to be consulted as we have indicated in a number
of the units in the module. Individual science teachers will need
sanctions and support from their school authorities and from system-
wide science teaching consultants as they seek this co-operation with
the environmental "experts" for their teaching.
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Whatever '"action" outcomes for school environmental education are
appropriate in particular countries, they will rarely have been part
of the traditional pattern of schooling. Some like the "junction"
event that is the subject of pages 136-138 only involve the wider
school community but again this will require permission and support
from the school authorities. Science supervisors and inspectors can
prepare school authorities for such possibilities as they go about
their rounds and feed information to schools about these new sorts of
curricular emphases. These professional educators from outside parti-
cular schools can also be very helpful to teachers by sharing their
experience of the range of social action that is both acceptable and
effective.

Physical science teachers, in most countries, have not yet begun
to use small group discussion as a common teaching approach. A number
of the new biological science curricula do suggest it. As will be
clear from the units in Chapters 3 and 4 particularly, environmental
education in the science class is likely to draw heavily on these forms
of pedagogy. This will mean science classes may become more "noisy"”
and could appear to be less controlled than usual. Once again science
supervisors as they visit schools can help to familiarise school autho-
rities to these sorts of changes in the milieu of the school.

Finally, although we have emphasised that environmental education
should and usually will occur through the teaching of existing subjects,
it is important, as the model of Unit V clearly indicates, that science
teachers do periodically involve other subject teachers so that the
interdisciplinary character is stressed. In many countries science in
school is still taught vary discretely as physics, chemistry and bio-
logy. 1In these cases, the first level of interdisciplinarity will
require co-operation between these science teachers who do not normally
have to inter-relate to carry out their teaching responsibilities. The
sanction and legitimation for this will come very effectively from
science supervisors and inspectors who are themselves enthusiastically
committed to environmental education.

At the time of the Tbilisi Conference a number of countries
reported the establishment of various supports for teachers. Among
these were regular lectures on environmental issues by scientists and
other experts, system-wide field study centres (both urban and rural)
manned by teachers with environmental expertise, teacher consultants
associated with other government departments and authorities (like
forests, energy, wildlife, national development, etc.) who act as infor-
mation liaison persons, some environmental curriculum development pro-
jects, and both pre- and in-service teaching training programmes. Most
of these are not yet well established in most countries, and science
supervisors are again key persons in fostering and developing them.
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APPENDIX 1

SCIENCE CONCEPTS OF PARTICULAR IMPORTANCE IN ENVIRONMENTAL EDUCATION

Introduction

The following six sections introduce a range of
concepts relating to the environment. Each is defined
and accompanied by relevant examples, together with some
suggested student activities: This section makes use
of material found in G. Tyler Miller's "Living in the
Environment", published by Wadsworth Publishing Company,
California, U.S.A. to whom we are indebted. The first
and second editions of this book are strongly recommended
as additional material for readers.

For most pre-service science teachers, the availa-
bility of this information should serve to reinforce
knowledge gained in earlier courses. Introducing concepts
through active learning can reinforce didactic teaching,
so a number of suggested student activities have been
included. These can be used at the discretion of the
science teacher educator as each situation requires.
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A l.1 ENERGY

Energy is a word that is heard almost every day in many parts of

the world. Like most common words it is often used in different ways
to express different meanings.

Since the early 1970s, newspaper and other media have repeatedly
referred to an "energy crisis" or an "energy shortage". Slightly more
technical reports refer to the "amount of energy" consumed per person
and relate these to known "energy reserves'.

"Energy" is said to be a basic resource but there is also much
talk of "alternative energy sources'". A number of campaigns to
"conserve energy" or to lessen the "wastage of energy" have been
launched at the domestic, the company, the community and the national
levels.

In personal life we speak of "having no energy” or "being

energetic". These phrases usually relate to the actions of getting
little done, or of bustling around and getting a lot done (or at least
getting things moving). In social and public life we now associate

energy with movement (petrol, oil and coal as sources of energy used
in transport) and with heating and cooling (burning fuels like wood,
coal, peat, dung, and the use of machines like heaters, coolers, fans,
air-conditioners, etc., that involve electricity).

Throughout human history, people's use of energy has varied and
developed. In many ways the changes in the use of energy by humans
co-incide with the major changes we use to describe civilisation's
progress. Starting with fire which was used for warmth, light, protec-
tion and in preparation of food, human beings found that their own
"energy' could be extended in many ways. Thus, through the use of
machines of many sorts, through running water or wind, through new
fuels besides wood (like peat, coal, o0il, and very recently uranium),
and overwhelmingly through the use of a secondary source, electricity,
the way of life of almost all societies has been transformed very
considerably. Plant and animal husbandry are two major human endea-
vours that lead to secondary sources of energy and hence provide us
with a degree of control over the primary source, sunlight.

Other consequential sources like tides and ocean temperature
gradients, and sunlight itself have been used for many puposes through-
out history. ©Now, there is much more attention being devoted to
harnessing these "energy sources'", as those on which we have relied so
heavily shrink under the ever-increasing demand humanity is putting
on them.

Science has contributed very greatly to our ability to use energy
and to our understanding of what is involved in energy use. As usual
in science, the power it provides to people increases as its descrip-
tions of phenomena become more precise and as more of them can be
linked together through underlying and general ideas or concepts.

Today in science, energy is used as the concept that underlies
the idea of change. When we grow, when a train slows down, when water

evaporates, when leaves change colour, when a coastline erodes, we say
that each of these phenomena will have involved tbre transfer of energy.
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For some of these changes, it has been helpful for scientists to
think of "energy" as some sort of thing that passes or flows from one
region or system to another adjacent or surrounding one. This was a
very popular way to think of energy in the 19th century, but in this
centruy, scientists have found that this view has limitations for a
number of changes. Alternative views have developed in which energy
is an explanation of change and a measure of the extent and direction
of change.

Kinds of change and tyvpes of enerqgy.

Some common kinds of change are used to provide a classification
of energy.

1. When an object moves faster it is in a higher kinetic energy state.

2. When an object is geparated from the surface of the earth, the
object/earth system has a greater gravitational potential energy.
Likewise, when positive and negative charges are separated from
each other the pair have a higher electric field energy or a state
of higher electrical potential energy.

These are the two main forms of energy. A number of other kinds
of change are often described as particular energy types but these are
combinations of the two basic forms, kinetic and potential.

For example, increasing the amplitude of a vibrating pendulum or
an oscillating spring or atom is said to increase its vibrational
energy state (a combination of varying kinetic and potential energy
states).

Or, changing the state of matter, or the chemical composition of
a system alters its internal energy state or its chemical energy.
Raising the temperature of these systems also increases its state of
internal energy. (Again this combines both kinetic and potential
forms.)

Thus, the energy state that an object occupies by virtue of its
position, condition or composition is known as its potential energy.
Coal, o0il. natural gas, wood and other fuels have some of their energy
in the form of potential (or stored) energy. When the fuel is burned,
this chemical potential energy is transferred as heat to the molecules
in the air and to other nearby molecuels that result from the fuel's
burning. These molecules are excited (hence emitting light) and also
increase in temperature (i.e. kinetic energy of motion).

Mechanisms of Energy Transfer

Two basic mechanisms for the transfer of energy exist, aad both
can be used to effect changes. Whenever enercgy transfer occurs by the
exertion of a force over a distance, the mechanism is called WORK or
WORKING.

When energy is transferred from one system to another by a change
in temperature, the mechanism is called HEAT or HEATING. (Heating can
occur by convection, conduction or radiation or combinations of these.)
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In a power plant generating electricity, the chemical potential
energy from fossil fuels (coal, o0il or natural gas) or the nuclear
potential energy from nuclear fuels is transferred as work to spin
a turbine (kinetic energy) and as some heat to raise the temperature
of the surroundings. The turbine then transfers its kinetic energy
as work to produce a separation of electrical charge (electrical poten-
tial energy) and some more heat to the surroundings. When this elec-
trical potential energy transfers to the filament wires in an ordinary
light bulb, some of it is by heating and the temperature of the fila-
ments rises so that they emit light as well as transferring again heat
to the surroundings. 1In all these energy transformations it should be
noted that some energy always ends up as heat, energy that flows into
the surrounding environment in accord with the law of energy degra-
dation (see below).

The Characteristics of Energy Transfer

There are many different ways of bringing about changes. Two
fundamental laws describe the energy transfers that are involved, how-
ever the changes occur.

1. If any system changes to a state of lower energy, other systems
will change to states of higher energy in a way which conserves
the overall energy. That is, however changes occur, the net change
in the energy states of the systems involved is zero. 1In science
this is spoken of as the Law of Conservation of Energy.

2. No matter how a change is designed to occur, some of the energy
will be transferred as heat to unintended parts of the system or
to neighbouring systems. Frictional effects are one of the very
common sources of this unintended heating which raises the tempera-
ture of the wider surroundings. This inevitable inefficiency in
the transfer of energy is known as the Law of Enerqgy Degradation.
Whether it is riding a bicycle, or operating a power generating
plant, or a manufacturing industry, we can calculate an efficiency
for these change processes with the formula

Energy transferred in desired way
Total energy transferred

100

When 100 units of energy contained in coal are converted into
electricity in a power plant, the amount of electrical potential
energy produced in only about 30 units, the remaining 70 units
having been "lost" or degraded as heat in the process. Such a
process is, using the above formula, only 30 per cent efficient.
Efficiency in this case means the energy still available for work
at the end of the process, as a percentage of the energy at the
beginning of the process. However, in the sense of the conserva-
tion law, the original 100 units still exist in the 70 units trans-
ferred as heat and the 30 units still available for work.

In everyday use, "energy conservation'" refers to plans (or various
alterations to existing practice) that aim to lessen energy degradation
(i.e. efficiency is increased). For many human processes of change,
the energy degradation is very large and there is great scope for
improvement of efficiency.
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For example, many houses in all parts of the world are poorly
insulated and badly located as far as sunlight is concerned. In win-
ter, substantial energy transfers in the form of heating from systems
at a higher temperature than the house are rapidly lost from the house
to the larger and colder system outside. In summer, eaves over windows
facing the sun often fail to exclude unwanted heating effects of direct
sunlight.

Various estimates suggest that it should be possible to slow down
our consumption rate of fossil fuels by a factor of as much as two
without major changes in life style if we would only make greater use
of known ways of improving energy transfer.

The Availability of Enerqy for Work

The concentration of matter in a high energy state enhances its
capacity to be transferred as useful work. Thus the chemical poten-
tial energy in a lump of coal or in a litre of petrol, or the gravita-
tional potential energy of mountain water concentrated in a dam, or
the combined kinetic and potential energy in a system at a high temper-
ature can all be transferred in the form of large amounts of useful
work.

The energy of the same amount of coal dispersed in a low-quality
ore, or of a large volume of air at slightly elevated temperatures,
cannot be used to produce much useful work. Concentrated and dispersed
are terms that are used to describe the difference between these
sources of energy.

In the case of the coal-powered electricity generating plant, the
low efficiency of 30 per cent is the cost of transforming one concen-
trated or high quality source of energy, coal, to another type, elec-
trical potential energy. The latter, also a high gquality or concen-
trated source of energy, can be coupled more easily than coal to
various systems for useful purposes.

The transfer of solar energy to produce food is another example
in which the law of enerqy degradation applies to each of a number of

steps. Photosynthesis in plants transfers energy from the sun (via
light) to the plant system, doing the work that is involved in produ-
cing sugar and many other molecules plus low-quality energy. If you

eat plants such as rice, these chemicals, as high-quality sources of
energy, are transformed within your body to other chemicals with lower
internal energy. and in so doing transfer energy which you use to move
your muscles, and to perform other life processes. Again, low-quality
energy as heat is formed maintaining the temperature of our bodies

and warming our surroundings. In each of these energy transfers,

some of the initial high-quality energy is degraded into low-quality
energy through a heating of the environment to slightly higher temper-
atures than it was originally.
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Suggested Student Activities

(1) Study the following diagram (Figure 1) {from Miller: "Living in
the Environment', first edition, p. 224).

Net Efficiency of System in Percent

o)

Energy J ’_/«;‘\
90 Loss
Extraction
of Coal [ i
50
70
60
50
.
40 Fossil Fuel 2
Poov::r Pl:zt =
30 Generation  Transmission Motor
Control . i
Battery  Transmission —
20 etc .
10 -
0
Net Efficiency Net Vehicle
of Electrical Supply Efficiency
FIGURE 1: STAGES IN THE CONVERSION OF COAL INTO ELECTRICAL
AND MECHANICAL WORK IN A CAR
Figure 1: Stages in the conversion of coal into electrical

and mechanical work in a car.

Using the information in the diagram answer the following questions:

(a)
(b)

(c)

calculate the efficiency of each process separately

calculate (i)
(ii)

(iii)

why are developed countries presently seeking to develop electri-

the efficiency of the electricity supply process

the efficiency of the vehicle itself

the efficiency of the total process in running

an electrical vehicle.

cal cars in preference to petrol ones?
efficiency of the process of producing and consuming petrol is

16 per cent.)

(Assume that the overall
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(d) Describe the energy transfers involved in the flow of water over
a dam. How could some of the energy transferred be used to

generate electricity?

(e) If possible obtain energy conversion figures for a hydro-electric
power station and compare with the situation in Figure 1.

(£) List six different types of energy states that you have used
today and classify each as kinetic and/or potential energy.

(g) The following are a number of ways of stating the two laws of
energy.

First law of energy or thermodynamics (law of conservation of energy):

In any ordinary physical or chemical change, energy is neither
created nor destroyed but merely transferred and changed in form.

or

You can't get something for nothing in terms of energy quantity,
you can only break even.

or
There is no such thing as a free lunch.

Second law of energy or thermodynamics (law of energy degradation):

In all transfers of energy by means of work, some of the energy
is always degraded to a more dispersed state, usually by heating
the surroundings or environment.

or
You can't break even in terms of energy quality.

or
Energy can never be recycled.

or

Any system and its surroundings (environment) as a whole spontan-
eously tend toward increasing randomness, disorder, (or entropy).

or
If you think things are mixed up now, just wait.
Take any one of these statements and describe (orally or in
writing) how you would communicate it (i) to secondary school students

or (ii) to members of the general public, so that they understood its
importance and its relevance to everyday life.
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(h) Figure 2 is a diagram representing the transfer of energy
in the U.S.A. during 1973.

Petrochemicals
Hydropower (plastics, drugs,
4% fibers)
6%

8
Nuclear 7.5. Economy

| |
IN

. and Useful Work
ower Lifestyles 41%
1%
) ! ‘ Wasted Energy
Fosszng*Fuels (degraded)

53%

Figure 2: Transfer of energy in the U.S.A. (1973) from three
different sources.

Construct a similar transfer chart for your country and compare
the two. (If the data are not available do you think it should be,
and why?)

UNITS OF ENERGY

The internationally recommended (SI) unit for enerqgy is the
joule (J). Since heat and work are interactions involving energy, the
joule is also the unit for measuring these. There are, however, many
other units in common use to measure energy in its various aspects.
Since environmental issues will often be expressed in terms that are
locally familiar, it is important that teachers and their students
have facility in the inter-conversion of these units. Table 3 lists
some of these other units for energy and their numerical value rela-
tive to one joule. The units for power (the rate of doing work) are
also listed.
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S.I. Unit Other Units

6

Energy Joule (J) Kilowatt hour (KWH) = 3.6 x 10 J

(heat) British Thermal Unit (Btu) = 10553
Kilo calorie (Kcal) = 4187J
Calorie (cal) = 4.187J

Calorie (Cal in food) = 4187J

erg = 1073

{work)

electron volt = 1.602 x 10-19J

therm = 105.5 x 106J
kilogram force metre (kgfm) = 9.807J
foot pound force (ft 1bf) = 1.356J

el e o T T = N S T e P P W

Power wWatt (W) foot pound force per second

(ft 1bf/sec) = 1.356W

[

horse power (hp) = 745.7W

1 kilogram force metre per second
(kgf m/sec) = 9.807W

Table 3: Units for Energy and Power.
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A l.2 ECOSYSTEM

What is an ecosystem?

A careful study of living things reveal that they are not scat-
tered haphazardly over the earth's surface but occur in groups. A
group of individual organisms, (e.g. monkeys, butterflies, palm trees)
of the same kind (i.e. of the same species) is called a population.
Depending on the size of the area being studied, a population may be
all the rhesus monkeys on earth, or all of the rhesus monkeys in the
area surrounding a village.

In any locality there are many different organisms, making up
many different populations. The organisms can be plants as well as
animals. All the populaticns of the plants and animals that live in
a particular area make up what is called a community. In a community,
the plants and animals interact with one another, as for example when
an insect eats the leaf of a tree, or when a bird shelters inside a
hole in a tree trunk. Members of a community living in the same local-
ity therefore depend on each other for food and shelter.

Around the community is a physical environment made up of sun,
air, water, soil, wind, etc. All members of the community not only
react with each other, but with the physical environment as well, as
for example, when spiders make use of the wind to start their webs,
or when plants capture the sun's energy to make food (photosynthesis).
It is the community of living things interacitng with each other and
the physical environment which is called an ecosystem. The size of
any ecosystem is arbitrary, ranging from a drop of pond water to the
ocean, and in practice depends on the purpose for studying an eco-
system.

All the ecosystems on earth collectively make up the biosphere,
which therefore includes all forms of life and all the interactions
between living things and their physical environment which bind them
together.

Energy Flow in Ecosystems

Survival of all living things depends on the circulation of
energy. Human beings along with other animals get their energy from
other animals or plants. Basically all animals depend on plants as
a source of energy. Plants however (with few exceptions) get their
enerqgy from the sun. The flow of energy through an ecosystem forms
an energy or food chain.

Starting with the sun's energy the first link or trophic level
are all the green plants (and some bacteria) that can photosynthesise
or "lock" in the energy into chemical compounds. Because they can
make energy-rich compounds, or food, such organisms are called pro-
ducers. They in turn are eaten by plant-eaters or herbivores such as
insects, snails, cattle, etc., which make up the second link in the
food chain. The third link is composed of animals which eat herbi-
vores, the carnivores. They in turn could be food for other carni-
vores as occurs when hawks eat snakes, or where man eats crocodile
meat. Eventually all plants and animals die, and their bodies are
then broken down and consumed by decomposers. These include milli-
pedes, earthworms and flies as well as micro-organisms such as fungi
and bacteria.
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From the second law of Thermodynamics, it can be accepted that
no transfer of energy along the food chain, from one link to the next,
is 100 per cent efficient. 1In general, it has been found that only
about 10 per cent of the chemical energy available at one link in the
food chain is transferred and made available to the next link. It is
because approximately 90 per cent of the chemical energy is lost as
heat, at each link in the food chain, that all life depends on the
continual injection of energy from the sun. Energy, once degraded
and lost as heat cannot be reused, and must be replaced.

The survival of an ecosystem depends on a continual energy flow
through it.

Nutrient Cycling in Ecosystems

All life on earth depends on six essential chemicals - carbon,
oxygen, hydrogen, nitrogen, phosphorus and sulphur. Together these
six elements make up more than 95 per cent of the matter of all living
organisms. Other elements such as iron, maganese, copper and iodine
are also requireda but in much smaller quantities.

In ordinary physical and chemical changes (not involving nuclear
reactions for example) it has been found that matter, like energy., is
neither created not destroyed, but merely, changed from one form to
another. This means that the amount of the elements that go to making
up life is in fixed supply. How then are they made available for
living organisms?

Unlike energy which flows in ecosystems, matter 1is continuously
cycled through the food chains, and therby made available for succeed-
ing generations of life. These cyclical movements of matter are
called biogeochemical cycles and help to bind the ecosystems together.

Vast quantities of the six major elements are not found in plants
and animals at one time, but rather remain in large reserves or reser-
voirs. For carbon, oxygen and nitrogen this is in the atmosphere
whereas phosphorus, sulphur, calcium and others have large reservoirs
of material in rocks.

In biogeochemical cycles, the rate at which it occurs is signi-
ficant in determining the availibility of matter to be incorporated
into the food chains. One of the most basic cycles is that of carbon,
while phosphorus is interesting in that its continuing availability
has been considered limiting.

(i) carbon cycle.

Carbon is a significant element in that is makes up nearly 50 per
cent of living things. Carbon in the form of carbon dioxide aas an
average concentration of about 320 parts per million in the atmosphere
(remembering that the concentration of carbon dioxide can vary daily,
seasonally and in relation to local factors).

Carbon is taken in from the air as carbon dioxide mainly by
producers which are photosynthesising. The overall process can be
summarised:

carbon dioxide + water + solar energy — sugars (e.g. glucose) + oxygen
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Many of the glucose and other organic molecules so formed are
soon broken down by the respiration process in cells to release energy
for cellular activities. This happens in plants as well as in the
animals that consume them. In essence, the respiration process is
the reverse of the photosynthesis process:

Sugar (e.g. glucose) + oxygen —» carbon dioxide + water + energy

While the carbon in carbon dioxide is returned to the atmosphere
in this way by the respiretion of the producers and consumers, by far
the greatest amount of return is accomplished by the respiration acti-
vity of the decomposers in their breaking down of the waste materials
and the dead remains of organisms from all trophic levels.

Not all organic matter is quickly decomposed, and that which
becomes deposited in sediments in time becomes transformed over mil-
lions of years into peat, coal, o0il and natural gas. These hydro-
carbons when discovered, released and burnt by people causes the
carbon {(mainly as carbon dioxide, but also as carbon monoxide and
other substances) to return to the atmosphere again.

Carbon is also a significant feature of aquatic systems. Carbon
dioxide can diffuse between air and water, the direction being deter-
mined by the relative concentration. It also enters the water as a
result of rain, with a litre of rain containing 0.3 cc of carbon
dioxide. The reactions in water that follow are reversible depending
on the concentration of the various components. As a result of this
phenomenon the sea and associated waters is acting as a buffer for
the large quantities of carbon dioxide that has been produced in
recent years with the burning of fossil fuels. 1Instead of COj
level being as high as would be expected if all the CO; remained in
the air, it is significantly lower, presumably because in response to
the higher concentration in air, more is being dissolved in the water.

This is an example of how the structure and functioning of the
biosphere masks some of the impact of more people and modern techno-
logy. A significant increase in the amount of carbon dioxide in the
air could result in changes to the climate, with subsequent effects
on food production, for example. Just because it has not happened
yet does not mean we can continue to pump more carbon dioxide into
the air and rely on other processes to control the effects.

What has been described is the merest outline of the carbon cycle.
In practice there are a large number of pathways by which carbon is
utilised, and an even greater number of pathways by which it is returned
to the atmosphere. All of these pathways make up self-regulating
mechanisms producing a relatively homoeostatic system.

(ii) phosphorus cycle

Phosphorus is important for living organisms because it is a
component of genetic material (in the molecules of DNA and RNA) in all

membranes, bones and teeth. Plants obtain inorganic phosphate from
the soil, which is then transferred as organic phosphate to consumers
and decomposers. This part of the cycle is rapid compared with the

movement of phosphorus from the land to the sea and back to the land.
The phosphate through decay and decomposition finds 1its way back to
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the so0il, rivers and lakes and from there to the oceans. Most of

the phosphate then forms insoluble deposits, which only become avail-
able with geological changes that produce an uplifting of these
sediments.

An important pathway of phosphorus back from the sea to the
land occurs with fish-eating birds. 1In regions like the coast of
South America there are upwellings of ocean currents which bring
nutrient-laden sediments within the reach of surface-dwelling plant
life which provide abundant food for fish and other animal life.
These thrive under the nutrient-rich conditions and in turn support
fish-eating bird populations of cormorants, gannets, and pelicans.
Their deposits, called guano, on islands or the adjacent coasts are
important sources of phosphate. That phosphate which reaches deep
ocean areas, however, is effectively "lost" as a resource (until such
time as demand and new technology should change the situation).

At the present time, with the high use of phosphate fertilizer,
the amount lost through erosion to the seas is large compared with
the amount mined and returned to the land. This part of the cycle is
being accelerated by the clearing of forests and other land-use changes.
Although the world will not "run out"” of reasonably available phos-
phorus for a long time, this serves as an example of people's activi-
ties working against the natural cycle.

Ecological Succession

The ecosystems of today have evolved along with the plants, and
animals that are a part of them. In order to survive every species
must be successful at obtaining the necessary energy and materials.
Each species in turn serves as an energy and material source directly
or individually for other organisms.

This has led through evolutionary time to a whole series of
predator-prey interactions and feedback adjustments. As prey numbers
increase, the numbers of predators will also increase. If prey num-
bers decline, the numbers of predators will decline and the prey popu-
lation will begin to recover and build up in numbers again.

It can be inferred from the decreasing availability of energy
along the food chain that this is a significant limiting resource.
Other resources can also limit the numbers of organisms, e.g. moisture,
temperature, suitable place in which to live, etc. As one or another
limit is approached competition increases and the less efficient orga-
nisms will die. This forms the basis of evolutionary change for both
organisms and ecosystems.

In addition to being modified through evolutionary changes, eco-
systems are continually undergoing changes of another kind with the
replacement of one community of organisms by another community. This
is called ecological succession.

Ecologists recognise two types of ecological succession - primary
and secondary. Primary succession occurs in a location where no living
community is presently existing. This occurs for example in areas
after volcanic eruptions, as occurred following the explosion on
Krakatoa Island in 1883, or on newly formed sand dunes. Secondary
succession 1s more common and occurs when an ecosystem is removed or
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partially destroyed, as occurs when forests are cleared to make way
for village settlement, or an area is burnt by fire. 1In both primary
and secondary succession there is a relatively orderly sequence of
stages of development resulting in an ecosystem that is more stable
than those preceding it.

In the tropics, the sequence of succession can be rapid because
of the rich abundance of life available for change. On Krakatoa, the
cave rock was first colonised by a spider wafted in on the wind. Air-
borne algae soon spread over the rock providing a base on which spores
of mosses and ferns as well as seeds of a few flowering plants could
germinate. As the volcanic material was broken down, and organic
matter added by the early colonizers less hardy plants were able to
become established. Orchids were soon able to find a suitable habitat.
In time, seeds of forest trees, e.g. Barringtonia and Casuarina, along
with coconuts arrived by sea and began to get established. These were
able to support a range of birds and insects, which in turn carried
seeds of figs and other plants. Within 50 years a forest was growing
strongly and thousands of organisms had settled.

The major changes of succession at a place like Krakatoa were:

Cave-rock —» algae, lichens, mosses —» ferns, flowers & plants —» sugar
cane, small trees — coconut trees, tropical forest trees.

Each stage, in turn, was able to support a greater array of other
organisms as a result of the changes.

Succession occurs because organisms, by their very presence,
change local conditions. As a result of these changes, e.g. increased
organic matter, greater moisture, lower temperature, etc., other orga-
nisms can get established. The earlier ones must either adapt to the
new conditions they helped create or die out.

Stages in succession can sometimes be seen along the coasts, as
an observer moves inland from the sea's edge, and again when the tall
vegetation is cleared by fire or hurricane winds, and also plants
invade the relatively open space prior to the re-establishment of the
dominant trees. It is on the ability of nature to recover from such
changes that much of the well-being of mankind depends.
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By visiting a beach, a recently cleared area or a burnt area,
try and identify stages in the ecological succession for that

On a field trip construct a food web for a small natural area.
Compare it with a food web constructed around a village.

Some foresters maintain that mature trees, which are not harvested,
but left to age, eventually die and rot where they grow, are wasted
resources., Evaluate this idea in relation to the flow of nutrients
and the structure of ecosystems.

Should we preserve all species somewhere in their natural habitat?
Does this include the tiger, crocodile, snake and other potentially
dangerous species? How much land should be reserved for them?

Find out if there are any native reserves or national parks in your
area. Are the ecosystems within continuing unchanged, or is the
impact of tourism altering them? Should this continue? Can it be
prevented? What social and economic pressures sustain it?

Take your favourite tree, or animal, and construct a foodweb with it
at the centre, Make a poster displaying what you have found out about

Establish your own agquarium., What does it have to contain in addition

Take photographs or drawings of the beaks of a number of birds.
Bxplain how each beak is an adaptation that enables the bird to be

Examine the seeds of a variety of plants and work out how they
become dispersed. How does this help the functioning of a natural

Suggested Student Activities
(1)
area.
(2)
(3)
(4)
(5)
(6)
its place in the ecosystem.
(1)
to water and fish?
(8)
part of an ecosystem,
(9)
ecosystem?
(10)

Consider the total oxygen requirement of a community. To balance

the oxygen-carbon dioxide cycle during an average year (in the
temperate zone) a leafy park the size of approximately 2,700 hectares
is needed for 15,000 city-dwellers, How much area is devoted to
parks in the city nearest you?
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A 1.3 RESOURCES

The term 'resources' has been used with a variety of meanings by
different people. There is therefore no widely acceptable definition
as yet. In practice, however, something becomes a resource to satisfy
people's wants. These can be both biological (e.g. food, water, shel-
ter) and cultural (e.g. culturally prized items like shells, cattle,
cars, or a house in the right locality).

Basic biological needs are relatively easily satisfied, e.g. water
to satisfy thirst, but in time, and given the opportunity many people
would prefer tea, coffee, wine, cider or something else other than
just water. On the other hand people's cultural wants are highly
varied, but in general they can all be related to the available tech-
nology as well as personal aspirations. With developing technology
and many rapid changes in personal whims and choices, what is desired,
i.e. what is considered to be a resource, also changes. For example,

a thatched roof may be adequate protection from the climate, but a
person's preference for a corrugated iron roof changes the desired
resource from palm leaves to metal. Such a change is even more desired
if is it thought that the possession of a such a 'modern' roof was
socially desired or a mark of status.

Resources are therefore created both by technology and people's
organisational ability to achieve any desired goal. Accordingly, a
useful definition of a resource is that it is an attribute of the bio-
physical environment assessed by people to be of value in satisfying
their needs or wants. It need not be just a physical object. For
example, many people in the developed countries are coming to regard
the peace and quietness of a location, away from industry and the noise
of machines and aircraft, as a most desirable resource, worth protec-
ting.

Classifying Resources

Resources have been classified in a number of ways. For example,
one can divide them into two groups:; those which are transportable
(fuels, water, etc.) and those which are not (e.g. wildlife, forests).
Another widely used classification scheme is that of renewable and non-
renewable. Renewable resources can theoretically last forever. How-
ever such a class contains resources as different as fish and solar
energy: the former may be a renewable resource depending on man's
management of it, whereas it is difficult to imagine man effectively
interfering with solar energy, tides and the wind. Consequently
resources can be divided into three classes:

(1) inexhaustible resources; those whose availability is
endless (in relation to human time spans) though they
may be affected by man's action in some instances.

e.g. solar energy, tidal energy, wind (i.e. their
supply is independent of man's actiocns) air, water
(the quality of which can be affected by man's actions.

(ii) renewable resources: those which can be renewed and
replenished by natural processes but which can be
depleted, sustained or increased by man's management
of them. e.g. soil, forests, fish, wildlife.
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(iii) irreplaceable resources: those which can be totally
used up or at least depleted to such an extent that
further recovery is too expensive (e.g. coal, oil
natural gas, nuclear fuels). Some of course may
be capable of re-use (e.g. most metals, some build-
ing materials).

The Supply of Material Resources

The material resources of a society include a considerable assort-
ment of everything under the sun, ranging from precious metals to build-
ing materials such as sand and gravel, along with fuels and commodities
like salt. Depending on the value placed on a particular material, to
fulfil a biological or cultural demand, it may be obtained locally,

e.g. sand and gravel, or it may be obtained only through world trade,
e.g. aluminium, chromium and tin.

Many developing societies are unable to afford many material
resources and are therefore dependent on what they can obtain from with-
in their own nation or state. On the other hand, no developed society
is self-sufficient in all the mineral resources of which it makes use.
A few are like Australia which only has to purchase some resources,
most are like the U.S.A., which enjoy a large amount (see table), while
a number like Japan and Holland are dependent on outside sources for
virtually all of their requirements.

The possession of a desirable material resource by a developing
country does not automatically confer a high level of income from
world trade in it. The income is dependent on the price other coun-
tries are prepared to pay for it, and the cost of transporting it to
where it is wanted. An increase in the price charged for it could
well result in the purchasing countries seeking an altenative source,
or even a substitue resource for it. Thus the U.S.A. imports consider-
able quantities of certain key minerals, even though it has enough
known reserves to meet demand for several decades, because they are
cheaper (see table).

Are We Running Out?

The future availability of resources is an important question.
Which resources are scarce and which are abundant? For the inexhaus-
tible resources there is no significant problem concerning their avail-
ability, only the question of how they can best be harnessed for peo-
ple's use. Those which are renewable can provide a sustainable yield
provided managemeng of them is done carefully. This is very much a
social or environmental problem rather than a scientific one.

It is the ongoing availability of the irreplaceable resources
that is of most concern when it is suggested that mankind could be
running out of resources. A number of predictions made over the
decade or so would want to infer that either in 15 years or so, or at
least by the end of the century many resources will have been exhaust-
ed. Such statements are frequently based on a misunderstanding of
what is meant by reserves.

The term reserves refers to resources whose location is actually
known (i.e. proven reserves) having been determined by various tech-
nological means, as well as reserves the existence of which have been



Projected world reserves of selected metals.

Exponential u.s. Percentage of
Index Consumption Requirements imported
Calculated as by the U.S5. of
Static Exponential Using § Percentage Selected
Index Index Times Known of World Key Minerals
Resource (Years)* (Years)+ Reserves++(Years) Total

Aluminium 100 31 55 b2 85
Chromium 420 95 154 19 100
Cobalt 110 60 148 32 -—--
Copper 36 21 48 33 39
Gold 11 9 29 26 ---
Iron 240 93 173 28 3¢
Lead 26 21 64 25 57
Manganese 97 L6 94 14 95
Mercury 13 13 L] 24 ---
Molybdenum 79 34 65 4o ---
Nickel 150 53 96 38 %0
Platinum 130 47 85 3 -=-
Silver 16 13 42 26 -
Tin 17 15 61 24 100
Tungsten bo 28 72 22 40
Zinc 23 18 50 26 59

NOTES: *Static Index refers to the number of years reserves will last to B0 percent depletion with consumption
growing at current rates.

+Exponential Index refers to the number of years reserves will last to 80 percent depleticn with consump-
tion increasing at 2.5 percent per annum.

++Exponential Index refers to the number of years a fivefold increase in known reserves will last to 80
percent depletion with consumption increasing at 2.5 percent per annum.

SOURCE: U.S. Bureau of Mines, 1970
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reasonably inferred on the basis of geological or cther suitable
evidence (i.e. probable reserves). However, the availibility of such
reserves is dependent on two significant factors: the available tech-
nology to get the resource, and the cost of doing so. As the problems
of gaining access to the fossil fuels and various other materials are
overcome, so then the amount of proven and probable reserves increases.
In the same way, should there be a technological or other development
which decreases the cost of gaining access so the amount that can be
obtained increases. This is because no one is prepared to spend more
getting some resource than he or she is going to be pald for it. The

situation is illustrated in the accompanyin

f'h

Difficult, costly

TOTAL AMOUNT
OF
RESOURCE

Proved Probable

PPy Daocamruias

ﬂU)C[VC) REDSCITVED

Easy, cheap

Known . Unknown
Increasing uncertainty

Some resources for example gold in sea water, are present in huge
guantities but the concentration is so low, i.e. it is a low grade
source, that at present no one is prepared to spend the time and effort
required to extract it. Resources therefore strictly do not run out,
i.e. the law of conservation of matter holds, rather they become dis-
persed, diluted or so inaccessible that they are not recoverable, at
the present time. Such a situation adds a degree of uncertainty to
predicting the availability of any such resource. This is being over-
come to some extent by including along with estimates of reserves,

the situation if five times the known reserves became available (see
table).




ED-86/WS/55 — page 202

The present situation in regard to many material resources is
that the developed countries have found numerous ways of converting
comparatively high concentrations of substances into a fairly diffused
state. It has been with the growing recognition of this state of
affairs that more effort has recently been made in developing ways of
reusing and recycling such substances. As the author Arthur C. Clarke
has remarked: '"solid wastes are only raw materials we're too stupid
to use". This then is one of the challenges facing science and techno-
logy in the rest of this century, to devise better ways of handling
some of our resources.

Suggested Student Activities

(1) Make a list of the resources you have usel in the last hour
( or day). Which are you prepared to do without?

(2) Visit a rubbish dump and identify the '"ruw materials we've too
stupid to use'". After your visit, debate whether you agree with
Clarke's statement or not. What uses do you suggest for the
"wastes". Why is this not being done already?

(3) Get a list of the materials imported into your country, and
identify their uses, Will you ever run out of them? What
happens then?

(4) Can you identify something which is not presently regarded as
a resource but might be sometime in the future?

(5) Should such resources as those found at the bottom of the sea,
belong to everybody, nobody or only those with the technology
to retrieve them?
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A 1.4 Food Production: Traditional versus Modern Agricultural

Food production demonstrates, more clearly than other activities,
people's dependence on the natural environment. Although "artificial"
foods have been synthesised for use by astronauts, the vast majority
of the world's population depends on the food produced by farmers and
fruit growers for its continued existence.

One of the most significant features of world history over the
past 100 years has been the increased food production achieved in the
so-called "developed" countries. Attempts have been made in recent
yvears through the green revolution to increase production in other
countries too. However, there are now doubts which suggest that mod-
ern methods of food production cannot be sustained indefinitely. This
can be better understood by comparing traditional forms of agriculture
with modern methods.

Traditional or subsistence agriculture is characterised by a low
energy input, with power and labour coming from people and their domes-
ticated animals, a low fertilizer input, and a wide range of crop vari-
eties giving relatively low yields. For example, the Tsembaga, a
New Guina group, grow garden crops in a section of tropical rain for-
est. With a population density of 25 persons per square kilometre (or
a food productivity density of 38 per square kilometre when only arable
land is considered), they cultivate up to thirty-six species of edible
plants, and are able to obtain an energy yeild of about 16 for each
unit of energy (work) they do. This is achieved without the aid of
artificial fertilisers and pesticides.

Modern agriculture in a place like Australia for example employs
very few people (about 5 per cent of the total population), requires
considerable input of energy in the form of fossil fuels to power farm
machines, transportation, factories and the means of distribution,
raises a very numerous range of crops, and uses considerable quanti-
ties of artificial fertilizers and pesticides. Recent calculations
indicate that for each unit of food energy that gets to the table to
be eaten, at least five units of fossil fuel energy have had to be
used.

On the energy question alone, to feed the entire world using the
same modern agriculture practices, would require all the world's oil
reserves, and these would be totally consumed within 20 years.

Modern industrigl agriculture does not yet use solar energy any
more efficiently tha} unindustrialised agriculture. Instead, it mere-
ly supplements the solar energy with considerable inputs of fossil
fuel energy to increase the total yield. Such high yields are required
to feed the many non-farmers as well as be available for export. How-
ever, as the cost of fossil fuels rises, so too will the price of such
food being exported, making it less available in developing countries
where it is most needed.

Energy consumption is not the only problem. Modern agriculture
has brought problems of environmental pollution, resource depletion
and greater degrees of social-dependence as well.

One of the more obvious forms of environmental pollution has been
that of eutrophication. In some places, initially high inputs of
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nitrogenous fertiliser, required to increase crop yields, had lead to
some of it ending up in bodies of water and stimulating the growth of
aquatic plants. This in turn has led to a change in the ecology of
the lake or dam holding that water, creating biological problems there-
in and affecting fish yields and the normal functioning of the eco-
system. This problem can, in time, be overcome by changes in fertili-
ser practice, but other problems are not so easily solved.

The practice of irrigation in many places, including India and
Australia, has led to salinity problems which in turn require changes
in investment, and therefore in social arrangements and political
goals as well. An environmental problem can gquickly become a social
and political one, all of which require time and effort.

The most significant resource depletion problem is of course
fossil fuels. Although production methods like those used by the
Tsembaga are very efficient, they do not produce a significant sur-
plus. 1In developed countries the agricultural component is efficient
and produces more food calories than it consumes. Most energy in the
process of food growing, processing, distribution and consumption is
in fact used in getting the food from the farmer to the consumer.

For example, to drive a car to the store and back uses half as much
energy as required to produce a loaf of bread, and twice as much
energy as required to grow the wheat. More than half the total amount
of energy used to produce a meal is consumed using a refrigerator to
store it, and a stove to cook it. Thus, countries which look to such
sophisticated developments in the near future need to look also at
their source of energy for such appliances.

To maintain the present industrialised food production system
requires a high degree of social co-ordination. Strikes, stoppages,
and communication breakdowns, whether created by sickness, union deci-
sions or local wars anywhere in the world can threaten supplies of
oil, fertiliser, machinery, spare parts and shipping movements, each
of which in turn can adversely affect food production. Such interde-
pendence can be easily strained.

INCREASING FOOD PRODUCTION AND THE ENVIRONMENTAL EFFECTS

A number of developing countries have sought to produce their own
food surplus by introducing higher-yeilding varieties of crops such as
wheat and rice. Countries such as India, Pakistan, the Philippines
and Thailand initially recorded dramatic increases in crop yields.

More recent events, however, have drawn attention to the energy, ferti-
liser and water resources needed to sustain such yields, as well as

the changes in social structures, including storage and handling faci-
lities and more roads and quicker means of transport required to take
advantage of it.

In addition to the so-called green revolution, an increase in
food production has been attempted through increasing the yields on
present farms, increasing the amount of land under cultivation, catch-
ing more fish and other marine foodstuffs from the sea, eating more
vegetables at the expense of animal products and devising new foods.
While it is scientifically and technologically possible to do all this,
consideration must be given to the environmental effects of doing so.
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According to Miller (page 177) the major environmental effects
of food production are as follows:

"In developing nations the major environmental problems are loss
of forests, overgrazing, loss of soil fertility in tropical
areas, solil erosion, salinization and waterlogging of irrigated
soil, loss of wildlife habitats, waterborne diseases, and
desertification. In the developed nations the major problems
are soll erosion, loss of wildlife habitats, salinization and
waterlogging of soil, overfishing, and water pollution from
runoff of fertilizer, animal wastes, and pesticides. Water
pollution from the runoff of fertilizers and pesticides could
become a serious problem in developing nations by 2000 as they
increase their use of these chemicals."”

In dealing with these problems, it is obivous that there is no
single solution to the problem of food production. Ultimately, the
provision of sufficient food to feed the world must consist of a
range of efforts to reduce population growth, grow more fcod with less
irreplaceable energy resources, reduce food wastage, and the preven-
tion of cropland being taken over and put to other uses e.g. ubanisa-
tion.

FOOD AND NUTRITION

The value of food is not only in the provision of energy but also
in the nutrients it makes available for body growth, maintenance and
repair. Food production must therefore provide sufficient energy as
well as the correct quality of nutritional balance if it is to be
regarded as adequate.

Knowledge of basic nutrition is important, both to appreciate the
requirements of food production and to maintain one's health through
adequate nourishment. Some fifty or so elements and compounds are
considered to be essential for life and health in people. These nutri-
ents fall into five categories: carbohydrates, fats, proteins, vitamins
and minerals, which together with water make up the six food groups.

Fortunately, each nutrient can be found in a wide variety of
foods. This means that although the nutritional requirements for human
beings are basically the same throughout the world, traditional diets
of various peoples can differ tremendously and still be satisfactory.
Tha Masai tribe of East Africa, for example, have a diet consisting
of blood from cattle, sheep or goat's meat, milk, fruit and vegetables,
whereas a Pacific Islander has a diet of fish, coconuts, taro, sweet
potato, tropical fruit and occasionally pork.

A balanced diet consists of an adequate supply of foods which
contain the range of nutrients essential for life and health. This is
because each nutrient performs some particular function or functions,
e.g. providing energy, repairing old or worn body tissue, or maintain-
ing the basic physiclogical processes. The functioning and availabi-
lity of the range of essential nutrients can be appreciated by consi-
dering each of the six categories of food.
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(1) Carbohvdrates

These are the body's main source of energy i.e. they provide the
fuel that enables the physiological processes of the body to operate.
Chemically, carbohydrates are compounds consisting of carbon, oxygen
and hydrogen. The major sources of carbohydrates ipn most diets are
plant roots, cereal grains, and sweet foods.

Fruits store their carbohydrates in the form of sugar, whereas
vetegables store excess carbohydrates in their roots or tubers as
starch. Root crops, such as potatoes, sweet potatoes, taro and beets
are an excellent source of carbohydrates. Regrettably, in some parts
of the world, people eat too much carbohydrate, and as as a result
soon feel satisfied such that other important nutrients are not eaten.
This can result in poor health and nutrient-deficient diseases.

The digestive system converts carbohydrates into simple sugar
molecules such as glucose, fructose, and galactose. Because these
compounds are the source of energy for the body, many people mistak-
enly purchase foods containing "sugar" believing that it is a desirable
food. 1In fact, such sugar is a complex compound, sucrose, and there
is no dietary need for this substance, and growing evidence that it
may be harmful. The intake of lollies, cakes, fruit bars and soft
drinks as a source of energy from sucrose is unwarranted. A balanced
nutritious diet makes such items unnecessary.

(2) Fats

Fats are like carbohydrates in that thev consist of carbon, oxy-
gen and hydrogen (as well as a few other elements). They also supply
energy to the body, but a fat molecule can supply more energy than a
carbohydrate molecule. This is one reason why the body stores excess
energy in the form of fat. Some of the fatty acids are regarded as
essential, their absence causing failure of growth and reproduction,
skin problems and poor digestion.

Most of the fats in a diet come from meat and milk or milk pro-
ducts. Liquid fats, or oils, come from a number of plants including
soy beans, nuts and safflower. Fat serves as a form of insulation,
conserving body heat, and is packed around the kidneys and other body
organs to protect them against injury. The eyes too are lined with
fat to prevent damage to them. People who are starving have hollow
eyes as a result of the disappearance of this lining of fat.

(3) Proteins

Proteins are composed of amino acids, which are made up of a
carboxyl or acid group (COOH) and an amino or basic group (NHj). The
significant element in proteins is nitrogen, although they also contain
very small quantities of sulphur and phosphorus.

There are some twenty amino acids which are commonly found in
proteins, and the body cells use them as building blocks to construct
many complex substances that make up the human body. Many of the
amino acids required by people can be synthesised from the food taken
in. However, people, particularly as children, require some nine or
ten amino acids to be included in their diet because they cannot be
systhesised. These are called the essential amino acids.
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The acquisition of the essential amino acids is relatively easy
when animal protein is included in the diet because of the chemical
similarity between people and animals. Examples of animal protein
include meat, fish, poultry, eggs, milk and cheese. The essential
amino acids can also be obtained by eating cereals, fruits and vete-
tables. However, the proportions of the essential amino acids in
plant protein differ considerably from that required by the body. It
is necessary therefore, for people on a vegetarian diet to consume a
variety of foods and in relatively large amounts so as to acquire
enough of the essential amino acids.

Amino acids, unlike carbohydrates and fats cannot be stored in
the body for future use. Proteins that cannot be used by the body
are excreted, so it is necessary to have a daily intake of protein to
maintain good health. 1In fact, more than 20 per cent of the body con-
sists of protein in the form of red blood cells, enzymes, muscle,
nerve fibres, eyeballs, skin and other tissues. Insufficient protein
intake threatens the survival of the human body.

(4) Minerals

Although minerals only account for about 5 per cent of total
body weight, they are vital for normal growth and development, as well
as for the regulation of the body's physiological processes. A number
of minerals have been found to be essential in human nutrition. These
include calcium, phosphorus, iron, sodium, zinc, copper, potassium,
sulphur, manganese, magnesium, cobalt, icdine, fluorine and chlorine.
Ongoing research might well add to the list.

The common sources and functions of five examples of minerals is
given in the following table:

Mineral Sources Functions |peficiency Problems
Calcium Leafy green veget- |Essential for blood |Rickets, stunted growth,
ables, milk, cheese |[clotting, nerve weak bones, poor teeth,
functioning, strong|nerve irritability such
bones and teeth as cramp & twitching
lron Shellfish, liver, Required to make lron deficiency
meat, eggs, chicken, |haemoglobin, and anaemia
peas (legumes) enzymes used in
dried fruits cell respiration
lodine Shellfish, sea Essential in func- JGoitre,.rEdUCEd
foods tioning of thyroid {metabolism
gland
Phosphorus | Whole grain cereals |Essential for cell JRickets, weak bones,
(wheat, rice), functioning, bones, |poor teeth, stunted
liver, meat, beans, |teeth, and making growth, weakness, lack
milk, soy beans enzymes of weight
Copper Shellfish, liver, Essential for Anaemia
chicken, legumes, haemoglobin, and
meat, potatoes the metabolism of

fat.
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(5)

Vitamins

Vitamins are organic compounds that
They are essential for
They function as catalysts
processes associated with carbohydrates,

tities in foods.
of the body.

cannot synthesise most vitamins,
BEach has a different function, and for the body to work effectively all

must be available.

are found in very small quan-
the maintenance and growth
with enzymes in the chemical
fats and proteins. The body
so they must be obtained from food.

A normal individual who eats a variety of cooked and raw foods

mins.
diseases.

For example,

The absence of vitamins produces a range of so-called deficiency
a disease called scurby,

which affects the

blood system is cured by eating citrus fruits rich in vitamin C.
A painful nerve disease,
min B) and is overcome by eating more fresh meat and vegetables.

beri-beri,

results from the absence of vita-

From a nutritional point of view, the most important vitamins are

vitamins A, C, D,

riboflavin and niacin.

in the following table:

and three of the B-complex vitamins - thiamine,
Their common sources and functions are given

c '] 19 [ 3
Viceats By oo (B, 2 or () Baots (ertonon (asoardio sata)
(thiamine ) (ribvoflaria) (prridoxiss) salasia)
PRINCLPAL Mlx, sggs, wutter, Liver, organ meaza, | Fieb, vegetadles, | Liver, beef, Citrus fruita, Sualight, butter, Eggs, liver,
aooRcEs 5, Feast, 1 p FEaa o edgs, mili, fias leafy
Liver, vhole Liver oils vagetabla
moat vegetadies, malas tosatoss
legumes, yeaat,
whels grains
Rasential for Neoessary for Besential for Sot imawe Beaestial for
TUNGTIONS | Creates hsaithy Secessary for Basestial for sell | Beseatial for Reseatial for prosucties of Realthy teats, metabolise of slosd slottiag
o far | sermal serve not aa, pro- setadolisa, aaiso soid red hlooa cslls guas, bones caloius and phos-
tooth strusture fuastion asd carbe- wotes gessral zormal skis sotadolism and | growth, amd Blood vessels, phorus, sormal
STOWtR, and wight Agerate setabolisa, healtd; goed growth funotioaing of aerve fumotion- sssential for oele boss aad tooth
viaien premotea growth oells log luler setaboliss aavelopmeat
RESOLT OF Dry skis, poor teets | Loas of sppetite, Semsitivity to Pellagre, skin ire Skia lesicas, Perniolous Bourvy, poor teeth, Rickats, badly Abmormal fat diow Blood
DEFICIENCY | aad guas, slow alov growth, ia- light, assmis, ritatios, resa, serve iaflam- apemia, retarded | veak Doass, forasd tooth deposits ia clottiag,
Srowth, Right Wlisd- | proper digeatioa af iaflamed Lipa isflasmatios of satioa, amemia | growtn, aisorders | Mleeding gums, and boas struo- auscles proree
nesa, ol tears sar ates, poor veskness toagus, digestive of nervous system | sany Wruisiag ture, eoft homes
ia eres nerve fusstioa, dlaturbanoes,
Seriberi (exhustica, ddasThes, mervaus
paralyets, hoart diaturbances
dlasase)
(6) Water
AT

Although not a nutrient itself,
Some 62 per cent of the human body is composed of it,

water is essential for life.
and it is

important in allowing the physiological processes of the body to work.

The water in the body is the medium for all the chemical reactions
It enables the digestive system to break down the

which take place.

foods that are eaten into smaller molecules,

and then makes it possible
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for the cells of the body to construct the necessary tissues from them.
Water is also involved in the conduction of nerve impulses, the main-
tenance of a stable temperature, the flow of blood and the excretion
of waste products.

Although fruits and vegetables contain water, it is generally
necessary to drink more to maintain a healthy body.

A 1.5 Pollution

What is Pollution?

According to the laws of conservation of matter and of energy,
neither matter nor energy can be destroyed, only changed from one form
to another. From this, it follows that anything, including heat, must
go somewhere. It is inevitable therefore that people will pollute,
just because they exist. The problem is not so much one of eliminating
pollution, but controlling it.

But what is pollution? Defined simply, it is the unfavourable
alteration of people's environment as a result of human actions. Such
a definition however is of limited usefulness. For example, it does
not make clear what is an unfavourable alteration to the environment.
Any man-made alteration probably has unfavourable effects according to
some people, and favourable effects in the opinion of others, parti-
cularly if they benefit from the activity that causes the pollution.
What is pollution is therefore a subjective assessment, even when
information has been scientifically obtained.

There are two basic types of pollution produced by human activi-
ties. The first of these occurs when what is produced or released is
not found naturally in the environment. This occurs with the produc-
tion and use of synthetic pesticides, polychlorinated biphenyls (PCB's),
herbicides, nerve gases, etc. The other type of pollution occurs when
substances are produced in such quantities or released in such loca-
tions as to be disruptive to the functioning of the natural environ-
ment. This occurs with the production of fertilisers, disrupting
natural cycles for example, or the spillage of oil in the marine
environment.

In most instances of pollution, technology will be necessary to
reduce the problems produced, but such an approach to pollution con-
trol is only short-term. The long-term solution to pollution problems
will involve changes to new sources of energy, new social, economic
and political arrangements, as well as population control.

To understand some of the possible effects of various forms of
pollutants it is necessary to understand the following characteris-
tics of natural environmental systems.

(1) Threshold Levels

Living organisms function with a certain range of conditions.
Once these conditions have been exceeded in some way then their only
response is to cease to function. However, prior to reaching that
critical or thresheold level, they are able to respond in other ways,
e.g. move away from the polluting agent, hibernate or aestivate, or
adapt by changing their feeding habits, etc.
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In the case of pollutants, some have a threshold level which,
once exceeded, produces harmful effects. These include such pollu-
tants as organic wastes, phosphates, nitrates and excess soil addi-
tives, all of which can initially, in low concentrations, stimulate
plant and animal growth, but in excess quantities adversely effect
the organisms and the ecosystems of which they are members.

However, some pollutants don't have (or at least don't appear to
have) a threshold level, being lethal in extremely low concentrations.
Such pollutants include the heavy metals, such as mercury and cadmium
(and possibly others), as well as some forms of radiation. The very
toxicity of such substances makes it difficult to actually measure a
low enough value beneath which they are safe. This aspect is signifi-
cant, for example in disucssions about exposure to low radiation
levels.

Because living organisms vary with quite different life-cycles,
it is possible for the threshold level to be different too. Thus
some organisms are more tolerant of some pollutants than others, while
those that are sensitive can serve as indicators to the presence of
pollutants as occurs with lichens, many of which respond adversely
to air pollution.

(2) Synergy

A frequently overlooked aspect of pollution is the effect of two
or more pollutants occurring simultaneously. Smog for example, is
an atmospheric condition produced by the interaction of oxidants, and
hydrocarbons coming out of the exhaust of cars. Smog pollution is
more damaging than the effects of its separate constituents. This is
an example of synergy.

Science has progressed through the careful use of controlled
experiments where the operation of one factor is compared with a
'‘control' in which all other factors are the same. To assess the envi-
ronmental impact of new developmental proposals it is necessary to con-
sider the effect of two or more factors (or pollutants) operating at
once. For example, when heat is discharged into a body of water, the
rise in temperature could be advantageous to most organisms. However,
if a pesticide is present in the water too, there is an increased
sensitivity to it, i.e. a lower threshold level for it under the new
conditions.

Of course, it is possible that the effect of two (or more) pollu-
tants to some extent nullify each other as happens when water-soluble
cyanides occur in water containing acid as well. The total effect of
cyanide is reduced by the acidic reactions which produce hydrogen
cyanide gas that is lost to the air. Either way, the phenomenon of
synergy is an important aspect of the possible effects of pollutants
on living things and ecosystems.

(3) Persistence and Biological Magnification

A significant attribute of a pollutant is its persistence or
degradability. In the case of pesticides e.g. DDT, a desirable pro-
perty is its high degree of persistence, such that mosquitoes and other
pests would be more likely to come into contact with it. However,
persistent pollutants by their very nature are also more likely to
come into contact with human beings with potentially disastrous
results.
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Those peollutants which are easily broken down by natural mecha-
nisms pose less of a threat than those which are nonbiodegradable.
The only form of control possible with such pollutants is their remo-
val by particular control measures or the prevention of their entry
into the natural environment in the first place. Naturally, such
requirements are expensive and have to be weighed against any of their
their advantages.

In nature, it has been shown that a number of chemicals which
have a high degree of persistence can actually be concentrated, or
magnified, as they move up a food chain. The most quoted example is
that of DDT which can occur in very low concentrates in water. If
taken in by zooplankton it can be concentrated some 10,000 times, and
again in small fish and large fish, until the concentration in fish-
eating birds is a million or more times greater than it was in water.
This biological magnification can result in the poisoning of non-
intended or non-target wildlife causing disruption to the whole food
web in the ecosystem. This phenomenon has resulted in the spread of
certain chemicals throughout the whole biosphere, as is shown by the
occurrence of DDT in the tissues of penguins.

Commencing Pollution Control

The long-term control of pollution is more of a social, economic
and political problem than a scientific one. However, two basic steps
need to be taken initially if pollution control is to be effective.
The first of these is monitoring. 1If pollution is to be controlled it
first has to be detected. For this, scientists are presently hard at
work devising newer and better ways of detecting various substances
at ever lower concentrations. 1In this search they have turned to the
microscopic examination of such tissues as hair, nail clippings and
egg shells, as well as finding out which organisms are more sensitive
than others, e.g. lichens in relation to air pollution, and various
insect nymphs in relation to water pollution. This aspect of scien-
tific research is both interesting and of world-wide importance.

The second step required in pollution control is the setting of
standards. For this many measurements have to be taken, and compared
with results from other tests in order to establish adequate guides.
These can then serve as the basis for legislation which can permit or
forbid a degree of pollution which is thought can be tolerated by the
natural ecosystem without undue disruption. Such an approach acknow-
ledges that people pollute, but starts to set the limits within which
we can live. The process by which standards are set is not a purely
scientific one, but is nevertheless one in which scientists with their
experience and expertise must be involved.

Suggested Student Activities

(1) Visit a creek, river, or some location where effluent is being
discharged. Can you identify any effects resulting from it?

(2) How much air do you personally require during a 24-hour period?
How much of this can you afford to be polluted with:

(i) additional oxygen

(ii) additional carbon-dioxide
(1i1) lead

(iv) asbestos

(3) Can we evolve lungs that will be resistant to air pollution?
Why or why not?

(4) What is meant by synergy? Can you find examples in your local
environment?

(5) Can we anticipate environmental problems brought about by technology?
If not, how can we best proceed with the introduction of new
technologies?
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A 1.6 Human Population

Growth and Control of Human Population

In recent years, alarm has been expressed concerning the possible
impact of the continued growth of human populations on the environment.
Such concern has arisen recently because it has only been in the last
few decades that world population growth has risen dramatically. Half-
way through the nineteenth century, the world populaticn has been
estimated to have been one billion people. It took all of three mil-
lion years or so of previous human history to reach that number, where-
as, by 1930, only eighty years later, it had doubled to reach two
billion. If that was not enough, during 1976 the world population had
grown to four billion, with estimates of eight billion occurring soon
after the year 2000.

Such growth indicates not only that the number of people is
increasing but also that the rate of increase in the number of people
is also increasing. The basic problem is: Can the natural envi-
ronment support such large numbers of people with adequate food, clean
water and shelter? 1In a developed country like the U.S.A., every
person in a lifetime uses approximately 45,000 kilograms of food, and
nearly 100,000 cubic metres of water. Such high figures relate to a
very wasteful life-style, but many other people in the world would
like to have the same standard of living! If everyone, by some mira-
cle, was to achieve such a standard, there would obviously not be
enough resources without irreparable damage to the environment. More
than that, with continuing rapid population growth, it would be impos-
sible to provide adequately for the world's new-comers.

The rapid growth of human population can only be temporary. In
time, it must cease to grow, either because the natural environment
has been so altered that it can no longer support the larger popula-
tion, with increased famines and outbreaks of disease, or because peo-
ple themselves have become sufficiently aware of the problem to favour
social measures which strictly limit further increases.

The relevant environmental question is therefore not whether the
human population will or will not stop increasing but what physical
and social conditions of life will prevail, when it does? To answer
such a guegstion it is necessary to first discuss the major factors
relating to changes in the size of the human population.

Birth Rate and Death Rate

The change in a population is determined by the difference in
birth rate and death rate. When the birth rate exceeds the death rate,
there is an increase; when the death rate exceeds the birth rate there
is a decrease in the size of the population. The birth rate or death
rate is the number of births and deaths per 1,000 people in the popu-
lation.

i.e., birth rate _ No. Births fqr one vyear x 1,000
population
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The change in population is frequently expressed on a percentage.
If this is positive there is growth, if negative there is a decline,
and it can be obtained by:

percentage annual population birth rate - death rate
change rate 10

For example, if a country has a population of 259 million, and
during that year, there were approximately 7 million births and 2 mil-
lion deaths:

7 million

birth rate = 359 million X 1000 = 27
2 milli
death rate = 339 2illigg X 1000 = 8
. 27 - 8 .
% population change rate = ~ 10 = + 1.9 + %
i.e., an annual growth rate of 1.9%

Change in population depends not on whether the birth rate and
death rate is high or low, but on the difference between them. There
is therefore no significant population change 1f, with a high birth
rate, these is a correspondingly high death rate. On the other hand
there is still growth if there is a low birth rate, and an even lower
death rate.

Fertility Rate

In addition to birth rate and death rate, another important fac-
tor associated with population change is fertility rate. This 1is a
measure of the number of live births that occur per woman. In consi-
dering population change, it is more useful to know the number of
births per 1000 women per year than the number of births for any par-
ticular woman. Of course young girls and very old women are unable
to have children, so the fertility rate only applies to women in the
reproductive age group. This is generally taken to be women between
the ages of 15 and 45 years. The feritlity rate in developed coun-
tries is of the order of 60-80, whereas in most developing countries
it is much higher, up to 150 or more.

For predicting future population changes, use is made of the
total fertility rate, which is the average number of children a woman
will have during her reproductive period. 1In recent years many deve-
loped countries have experienced a drop in total fertility rate from
about 4 children per woman to less than 2, although in places like
Australia, there are signs that this has increased slightly recently.
For the world, it has been reported that the total fertility rate in
recent years has been nearly 5 children per woman. If the world is
to reach the situation where population growth is zero, then the total
fertility rate would need to average about 2.5. The longer it takes
to reach that figure, the larger will be the world's total population,
and the greater the demand for basic resources.
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Marriage Age

Another significant factor influencing population change is the
age at which women marry. It has been observed that the woman who
marries at a younger age tends to have more children than those who
marry later in life. 1In some societies, for example, China, in recent
years, social pressure has been used to encourage later marriages in
the expectation that the fertility rate can be expected to decrease.

Age Structure

The future growth or decline of any population is related to the
age distribution or age structure of that population. It is measured
by the number or better the percentage of persons at each age level
in that population. Of special significance is the number, or per-
centage of women of child-bearing age.

Compare two populations with different age structures:

% Male % Female

15 - 45

s/ \

population 1 population 2

Population 1 has a high percentage of women of child-bearing age,
producing a large number of children. 1In time these will become of
child-bearing age, and because of their large number, even with a drop
in the fertility rate, the population will continue to grow. Popula-
tion 2 on the other hand, has a high percentage of women of child-
bearing age, but they are producing a reduced number of children. 1In
time, with a continuing low fertility rate, the population will decline.

Recent statistics indicate that more than one third of the people
of the world are under the age of 15 years. These people, already
present, are now becoming the parents of the next generation, but even
if they have a lower fertility rate than their parents, there will be
continued growth of the human population.

Population Change and Overcrowding

The few factors, birth rate and death rate, fertility rate, mar-
riage age and age structure, all relate to population change. For
the most part, and particularly in recent years, all those factors
have given rise to a dramatic population increase. Symptomatic of that
increase has been the overcrowding of cities. This is one possible
consequence of population growth, but is just as much a product of
social policy and technological change.
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Dramatic scenes of densely populated cities have caused some
people to conclude that the world is overpopulated. On the other
hand, some church leaders and politicians in sparsely populated coun-
tries like Australia and Canada deride any idea that population growth
needs to be controlled because of the apparent availability of abundant
living space. Overcrowding, and its opposite vaste open spaces, relate
not so much to population change as population distribution and density.

Population distribution is an indication of the extent to which
people are scattered over a region or country. Some parts of a coun-
try for example, may be uninhabited because of climate conditions,
e.g. deserts or high mountains, thereby restricitng the population to
other areas. This can be important when considering the well-being of
a country, because two countries of approximately the same size and
population may vary in that one has more limited distribution of peo-
ple than the other, giving rise to quite different living conditions.
Such a situation is more easily understood by reference to population
density.

Population density refers to the number of people per unit area,
and is generally obtained by dividing the total population by the area
it inhabits. The relationship between density and distribution is
that the distribution is an indication as to how widely the popula-
tion is spread.

Population density figures can still be misleading, particularly
if they are calculated for large areas or regions. For example, tak-
ing total world population and dividing it by the total land surface
area would give a figure of approximately 30 persons per square kilo-
metre. This would appear to support a conclusion that the earth does
not have a population growth crisis. Alternatively, if everyone on
earth was alloted 1000 sg. cms. to stand on, the required area would
be a very small island. Reference to overcrowding (or to open spaces)
is no indication of population growth.

In considering population density, there is no sense in regarding
the natural terrain, which includes deserts, forests, swamps, mountains,
and fertile plains as being of equal value or productivity in support-
ing people. Consider for example, the population densities of three
countries:

Population Density
in persons per sq. km. from Miller

Page 115
China 89
India 190
Netherlands 340

From this it can be seen that the Netherlands has the highest popula-
tion density, whereas it is India which is generally considered to be
overpopulated. China, on the other hand, has the world's largest
population, but is significantly lower in population density than the
other two countries. These figures arise because the Netherlands is
widely inhabited whereas much of India and China is sparsely populated.

A more useful measure of population density is the total popula-
tion divided by the amount of food-producing land. Such a measure of
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population density related to food productivity can also be misleading,
but is perhaps more informative than a density measure based on the
amount of space per person.

Contreolling Population Growth

While social changes can be introduced that reduce any problems
of overcrowding, these need not bring about a control of population
growth unless the few factors, birth rate and death rate, fertility
rate, marriage age and age structure are altered in the proper way.

Conditions for population control i.e. zero population growth,
would exist when:

(1) Dbirth rate = death rate
or (2) fertility rate = 2.5
or (3) marriage age is high

or (4) age structure is such that the age groups are all about
the same size.

A number of measures have been suggested for achieving this, including
increased taxes on couples having three children or more, compulsory
sterilisation after the second or third child, the introduction of
licenses to reproduce and compulsory abortions. Such direct measures,
although they undoubtedly would be effective, are unacceptable to most
people, who prefer less direct methods, e.g. the provision of social
services for the aged so that they need not depend on their children
for support in their later years. However, in the absence of some
form of concerted action to control population growth, it can only be
expected that the western form of life style will not ever be possible
for growing numbers of people, and that the availibility of basic
resources in the way of food, water and shelter, let alone education
and health services will be insufficient to go around.

Suggested Student Activities

(1) How would you define "over-—population'?

(2) It has been said that one Swiss person consumes as much as 40
Somali people. How do you think this estimate was made? Compare
your life-style with that of 3 other countries,

(3) What restrictions occur as the population and population density
of an area increases. What advantages do you gain?

(4) Calculate the level rate, and annual population change rate
for your area or country.

(5) Draw up an age-structure diagram for your locality. Compare it with

your country, as well as neighbouring countries., Is there any
need for concern now, or in the future?

(6) Visit any of the following if possible:

(1) population control clinic

(ii) family planning sessions

(iii) child welfare centre

(iv) mothers and babies welfare centre

What were your impressions?



(b)

(c)

(e)
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APPENDIX 2

DEFINITIONS AND AIMS FOR ENVIRONMENTAL EDUCATION

Environmental education is a way of implementing the goals of
environmental protection. Environmental education is not a
separate branch of science or subject of study. It should be
carried out according to the principle of life-long integral
education. (Proposed by the Seminar on Environmental Education,
organized by the Finnish National Commission for Unesco at Jammi,
1974.)

Environmental education involves teaching about value judgements
and the ability to think clearly about complex problems - about
the environment - which are as political, economical, and philo-
sophical as they are technical. (Proceedings of the Organization
of American States Conference on Education and the Environment

in the Americas, 1971.)

Constructive attitudes toward the environment, in both the
philosophical and programmatical senses, have not yet become an
ingredient in everybody's thinking and acting. This remains the
basic objective of environmental education. (Final Report: Inter-
governmental Conference of Experts on the Scientific Basis for the
Rational Use and Conservation of the Resources of the Biosphere,
1968.)

The educational process dealing with man's relationship with his
natural and man-made surroundings, and including the relation of
population, pollution, resources allocation and depletion, conser-
vation, transportation, technology, and urban and rural planning

to the total human environment. (In United States Public Law 91-516,

The Environmental Education Act.)

In order to enable people to enjoy good health and a high quality
of life, it is vital to prevent harmful effects to human health

or damage to the environment caused by pollution of air, water and
soil, noise, vibration, noxious smells, etc., caused by firms and
individuals. The environment includes animals and plants and their
ecological systems which are closely bound to the livelihood of
people. (National Anti-Pollution Law, Japan, 1969.)

Environmental education and the exercise of citizenship go hand in
hand; the opening up of opportunities for public participation in
decision-making is the most important of all means to environmental
education, which should aim at developing a critical, moral and
aesthetic awareness of our surroundings. (quoted in "The Genesis
of Environmental Education" by K. Wheeler in "Insights in*o Environ-
mental Education” edited by G.C. Martin and K. Wheeler, Oliver and
Boyd, 1975.)
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(g)

(h)

The aim of environmental education is to develop a world popula-
tion that is aware of, and concerned about the environment and

its associated problems, and which has the knowledge, skills,
attitudes, motivations and commitment to work individually and
cellectively toward solutions of current problems and prevention
of new ones. (as stated in P.J. Fensham "A Report on the Belgrade
Conference on Environmental Education (Canberra, 1976) p. 25.)

A basic aim of environmental education is to succeed in making
individuals and communities understand the complex nature of the
natural and the built environments resulting from the interaction
of their biological, physical, social, economic, and cultural
aspects, and acquire the knowledge, values, attitudes, and prac-
tical skills to participate in a responsible and effective way in
anticipating and solving environmental problems, and the manage-
ment of the guality of the environment.

A further bacic aim of environmental education is clearly to

show the economic, political and ecological interdependence of
the modern world, in which decisions and actions by the different
countries can have international repercussions. Environment
should, 1n this regard, help to develop a sense of responsibility
and solidarity among countries and regions as the foundation for
a new international order which will guarantee the conservation
and improvement of the environment. (Final Report of the Tbilisi
Intergovernmental Conference on Environmental Education, 1977.)

Environmental education is no more and no less than 'citizenship
education', the development of personal commitment and social
responsibility combined with a systems-centred holistic view of
man in relation to nature, tied to a fundamental faith in the
institutions of man and his abilities. Citizenship also means
political obligation: a readiness to participate in the shaping
of the community; an ability to assess, to assimilate, and where
necessary challenge public policy; and a willingness to serve in

the interests of others. (O'Riordan, T. Environmentalism, Pion Ltd.,

London, 1976, pp. 314-15.)
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APPENDIX 3

DECLARATION OF THE TBILISI INTERGOVERNMENTAL CONFERENCE
ON ENVIRONMENTAL EDUCATION

The Intergovernmental Conference on Environmental Education, organizedby Unescoin co-operation
with UNEP, convened in the City of Tbilisi reflecting the harmony and consensus achieved there, solemnly

adopts the following Declaration.

In the last few decades, man has, through his power to transform his environment, wrought accel-
erated changes in the balance of nature. The result is frequent exposure of living species to dangers
which may prove irreversible.

The Declaration of the United Nations Conference on Human Environment organized in Stockholm in
1972 proclaimed: ''to defend and improve the environment for present and future generations has become
an imperative goal for mankind”. This undertaking urgently calls for new strategies, incorporated into
development, which particularly in the developing countries is a prerequisite for any such improvement.
Solidarity and equity in the relations between nations should constitute the basis of a new international
order, and bring together, as soon as possible, all available resources. Education utilizing the findings
of science and technology should play a leading role in creating an awareness and a better understanding
of environmental problems. It must foster positive patterns of conduct towards the environment and the
nations' use of their resources.

Environmental education should be provided for all ages, at all levels and in both formal and non-
formal education. The mass media have a great responsibility to make their immense resources avail-
able for this educational mission. Environmental specialists as wellas those whose actions and decisions
can have a marked effect on the environment, should be provided in the course of their training with the
necessary knowledge and skills and be given a full sense of their responsibilities in this respect.

Environmental education, properly understood, should constitute a comprehensive lifelong education,
one responsive to changes in a rapidly changing world. It should prepare the individual for life through
an understanding of the major problems of the contemporary world, and the provision of skills and attri-
butes needed to play a productive role towards improving life and protecting the environment with due re-
gard given to ethical values. By adopting a holistic approach, rooted in a broad interdisciplinarybase, it
recreates an overall perspective which acknowledges the fact that natural environment and man-made
environment are profoundly interdependent. It helps reveal the enduring continuity which links the acts
of today to the consequences for tomorrow. It demonstrates the interdependencies among national com-
munities and the need for solidarity among all mankind.

Environmental education must look outward to the community. It should involve the individual in an
active problem-solving process within the context of specific realities, and it should encourage initiative,
a sense of responsibility and commitment to build a better tomorrow. By its very nature, environmental
education can make a powerful contribution to the renovation of the educational process.

In order to achieve these goals, environmental education requires a number of specific actions to
fill the gaps that, despite outstanding endeavours, continue to exist in our present education systems.

Accordingly, the Tbilisl Conference:

Appeals to Member States to include in thelr educational policies measures designed to introduce
environmental concerns, activities and contents into their education systems, on the basis of the
above objectives and characteristics;

Invites educational authorities to promote and intensify thinking, research and innovation in regard
to environmental education;

Urges Member States to collaborate in this field, in particular by exchanging experiences, research
findings, documentation and materials and by making their training facilities widely available to
teachers and specialists from other countries; and

Appeals, lastly, to the international community to give generously of its aid in order to strengthen
this collaboration in a field which symbolizes the need for solidarity of all peoples and may be re-
garded as particularly conducive to the promotion of international understanding and to the cause of

peace,



ED-86/WS/55 - page 220

GOALS, OBJECTIVES AND GUIDING PRINCIPLES OF ENVIRONMENTAL EDUCATION IN ACCORDANCE
WITHE BRECOMMENDATION NO. 2 OF THE TBILISI CONFERENCE

1. The goals of environmental education are:

(a) to foster ~lear awareness of, and concern about, economic, social, political and ecological
interdependence in urban and rural aress;

{b) to provide every person with opportunities to acquirs the knowledge, values, attitudes, com-
mitment and skills needed to protect and improve the environment;

(c) to create new patterns of behaviour of individuals, groups and society as & whole towards the
environment;

2. The categories of environmental education objectives:

Awareness: to help social groups and Individuals acquireanawareness of and sensitivity to the total
environment and its sllied problems.

Knowledge: to help social groups and individuals gain a variety of experience in, and acquire a basic
understanding of, the environment and its associate problems.

Attitudes: to help social groups and individuals acquire a set of values and feelings of concern for
the environment, and the motivation for actively participating in environmental improvement and
protection.

Skills: to help soctal groups and individuals acquire the skills for identifying and solving environ-
mental problems,

Participation: to provide social groups and individuals with an opportunity to be actively involved at
all levels in working toward resolution of environmental problems.

3. Somé guiding principles for environmental education:
Envirommental education should:

- consider the environment in its totality - natural and built, technological and social (economic,
political, technological, cultural-historical, moral, aesthetic);

- be & continuous lifelong process, beginning at the pre-school level and continuing through all
formal and non-formal stages;

- be interdisciplinary in {ts approach, drawing on the specific content of each discipline in making
possible a holistic and balanced perspective;

- examine major environmental issues from local, national, regional and internationa! points of
view so that students receive insights into environmental conditions in other geographical areas;

- focus on current and potential environmental situations, while taking into account the historical
perspective;

- promote the value and necessity of local, national and international co-operation in the preven-
tion and solution of environmental problems;

- explicitly consider environmental aspects in plans for development and growth;

- enable learners to have a role in planning their learning experiences and provide an opportunity
for making decistons and accepting their consequences;

- relate environmental sensitivity, knowledge. problem-solving skills and values clarification to
every age, but with special emphasis on environmental sensitivity to the learner's own com-
munity {in early years;

- help learners discover the symptoms and real causes of environmental problems;

- emphasize the complexity of environmental problems and thus the need to develop critical think-
ing and problem-solving skills;

- utilize diverse learning environments and & broad array of educational approaches to teaching/
learning about and from the environment with due stress on practical activities and first-hand
experience.



ED~86/WS/55 - page 221

Bibliography

Chapter 1:

Evans, J. and Boyden, T. (eds) 1970, "Education and the Environmental
Crisis", Australian Academy of Science, Canberra, Chapter 1.

Greenall, A. 1980, "Environmental Education for Schools : or How to
Catch Environmental Education", Curriculum Development Centre,
Canberra.

Allen, R. 1980. "How to Save the World", Kogan Pags - IUCN/UNEP/WWF
London.

Mesarovic, M. and Pestel, E. 1975, "Mankind at the Turning Point",
Hutchinson, London.

"Environmental Education in the Light of the Tbilisi Conference"
1980, UNESCO, Paris.

Chapter 2:

1973: "The New Source Book for Science Teaching', UNESCO, Paris.

Thomas F. and Kondo, A. 1978, '"Towards Scientific Literacy",
International Institute for Adult Literacy Methods, Tehran, Iran.

1976, "Science in Basic Functional Education: Links with Real-Life
Situations", Asian Centre of Educational Innovation for
Development, APEID, UNESCO, Bangkok.

Baker, J. and Allen, G. 1968, "Hypothesis, Prediction and Implica-
tion in Biology", Addison-Wesley, USA.



ED~-86/WS/55 — page 222

Chapter 3:

Ball, Colin and Mog, 1973, "Education for a Change: Community
Action and the School", Penguin Education, England.

Curriculum Development Centre, 1981, "Environmental Education: A
Sourcebook for Secondary Education', CDC, Canberra.

Banks, J. and Clegg, A., 1977, "Teaching Strategies for the Social
Studies: Inquiry, Valuing and Decision-making'", Addison-Wesley,
Massachusetts, USA.

Chapter 4 :

Wheeler, K. and Waites, B. (eds) 1976, "Environmental Geography".,
Hart-Davis Educational, England.

Taylor, J. and Walford, R. 1972, "Simulation in the Classroom",
Penguin Education, England.

Hounshell, P. and Trollinger, I. 1977, "Games for the Science
Classroom : an Annotated Bibliography", National Science
Teachers Association, Washington, D.C.

Schools Council Project 1974, "Project Environment : Education fur the
Environment", Longman, London.

Schools Council Project 1975, "Project Environment : Ethics and En-
vironment", Longman, London.

Schools Council Project 1975, "Project Environment : Ethics and
Environment', Longman, London.

National Science Teachers Association, 1977, "Environmental Education
in the Elemnetary School", Washington, D.C.

Stapp, W. and Cox, D. 1974, "Environmental Education Activities
Manual", Stapp and Cox, Michigan, USA.



ED-86/WS/55 — page 223
Chapter 5:

Stapp, W. and Cox, D. 1974, "Environmental Education Activities
Manual", Stapp and Cox, Michigan, USA.

Linke, R.D., 1979, "Environmental Education in Australia", Allen and
Unwin, Sydney.

Stenhouse, L. 1975 "An Introduction to Curricular Research and De-
velopment", Heineman, London.

Chapter 6:

Evans, J. and Boyden, T. (eds) 1970, "Education and the Environmental
Crisis", Australian Academy of Science, Canberra, Chapter 2.

Greenall, A. 1980, "Environmental Education in Australia : Phenomenon

of the Seventies - A Case Study in National Curriculum Develop-
ment". Curriculum Development Centre, Canberra.

Hungerford, H. and Peyton, R. 1980, "Strategies for Developming
an Environmental Education Curriculum", UNESCO, Paris.

Wilke, R., Peyton, R. and Hungerford, H. 1980, "Strategies for the
Training of Teachers in Environmental Education', UNESCO, Paris.



ED-86/WS/55 ~ page 224
General Texts:

Greenall, A. 1978, "Environmental Education Teachers Handbook",
Longman, Cheshire, Melbourne.

Terry, M. 1971, "Teaching for Survival", Ballantine, New York.

McInnis, N. and Albrecht, D. (eds) 1975, "What makes Education
Environmental?'", Data Courier and Environmental Educators
Inc., USA.

Swan, J. and Stapp, W. (eds) 1974, "Environmental Education:
Strategies Toward a More Livable Future", Halsted Press -
John Wiley, New York

Troost, C. and Altmann, H. 1972, "Environmental Education:
A Sourcebook", John Wiley, New York.

Bakshi, T. and Naveh, Z. 1980, "Environmental Education: Principles,
Methods and Applications'", Plenum Press, New York.

1977, "Trade in Environmental Education", UNESCO, Paris.



DOCUMENTS IN THE ENVIRONMENTAL EDUCAT!ON SERIES

No.

1 Trends in Environmental Education
since the Tbilisi Conference

2 Guide on Gaming and Simulation
for Environmental Education

3 Module éducatif sur la conservation
etla gestion des ressources naturelles

4 Educational Module on Environmental
Problemsin Cities

5 Environmental Education Module for
Pre-Service Training of Teachers
and Supervisors for Primary Schools

6 Environmental Education Module
for In-Service Training of Teachers
and Supervisors for Primary Schools

7 Environmental Education Module for
Pre-Service Training of Science Teachers
and Supervisors for Secondary Schools

8 Environmental Education Module for
In-Service Training of Science Teachers
and Supervisors for Secondary Schools

9 Environmental Education Module for
Pre-Service Training of Social Science Teachers
and Supervisors for Secondary Schoois

10 Environmental Education Module for
In-Service Training of Social Science Teachers
and Supervisors for Secondary Schools

Year

1983

1983

1983

1983

1983

1985

1983

1983

1985

1985

No.

11 L'énergie : theme intégrateur en éducation
relative a I'environnement

12 Guide on Environmental Education
Evaluation at School

13 Guide on Environmental Education
Values Teaching

14 Interdisciplinary Approaches
in Environmental Education

15 A Problem-Solving Approach
to Environmental Education

16 Environmental Education Module
on Desertification

17 A Comparative Survey of the
Incorporation of Environmental Education
into School Curricula

18 The Balance of ‘Lifekind’: An Introduction
to the Human Environment

19 Analysis of Results of Environmental
Education Pilot Projects

20 Environmental Education: Principles
of Teaching and Learning

21 Environmental Education Module on
Health, Nutrition and the Environment

Year

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985



	Contents

