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In the pre- "ecoflap" period it was already
clear to many people that accelerating popu-
lation increases, accelerating resource deple-
tion and accelerating pollution of earth, air
and water must inevitably lead to a global
crisis. Post "ecoflap" there can be few people
in the developed world who are unaware of
the environmental disasters which have
already occurred and are likely to occur with
increasing frequency but there are still sur-
prisingly few critically constructive attitudes
to environmental problem solving and in fact
there is little appreciation of the range of
areas of study which should be regarded as
environmental. Thus the term "environment"
is commonly understood to refer to the larger
features of the natural and man-made world
whereas we shouId recognise that every
detail of the environment adds to or detracts
from its quality and in order to emphasise
this point with special reference to the role
<?f the designer, Bernard Aylward (1) has
noted that literally - although minimally -
a pencil placed on a table in a room alters
the environment for those within that room.
Once due cognizance of the wide range and
wide scale of environmental problems has
been given it becomes possible to appreciate
the need for co-operation of people with
expertise in science, technology, sociology,
law and design for resolution of existing
environmental problems and prevention of
anticipated environmental crises (2). The
successof such teams would clearly demand
a capacity of the members to communicate
clearly with one another and to appreciate
the problems of making compatible the
approaches of the traditionally trained scien-
tific and non-scientific members of the team.
As a simplification one might describe the
approach of the former as the search for
absolute answers by way of the observation
- hypothesis - experimental test approach
(the hypothetico-deductive approach)
whereas the arts and social science expert
will have been trained to recognise the
rarity of absolutes and will be orientated to-
wards making value judgements which

accommodate shades of grey as well as the 114
scientists black and whites. Since environ-
mental problems - and in fact most real life
problems - are "fuzzy" and open ended the
team would need to develop the capacity to
maximise the constructive suggestions to be
gained from each team member's approach
and to eliminate the potential disadvantage
of each type of approach so that they may
agree upon a balanced approach to a particu-
1ar problem. The satisfactory completion of
the decision-making process is of course,
only the beginning of the resolution of the
environmental problem and one of the major
difficulties about the problem resolution is
that the layman tends to see everything in
black and white and to make rash and sim-
plistic criticisms of decisions which affect his
environment. If the decision making body
ignores the criticism because it is uninformed
a potentially explosive situation develops
because the critic feels that his views have
been ignored. Hence, as Bernard Aylward
observes, with the increasing complexity of
society, the gap between governors and
governed increases also and the communi-
cation link of informed criticism must be
strengthened. Clearly these musings imply
that not only is a special approach required
for the "environmental education" of the
decision makers but also for lay people
in general. In a related context John
Eggleston (3) has noted that a satisfactory
design education for all children is essential
if our increasingly crammed surroundings are
not to be made aesthetically intolerabe for
all because of ill-informed environmental
planning by lay people (e.g. by what they
plant and construct in their gardens).

Some years ago we began to work on the
problem of constructing an honours degree
programme which would provide an appro-
priate training for the scientifically orienta-
ted members of environmental problem
solving teams and which would also equip its
graduates for "the equally important (for the
reason indicated above) role of teaching in
schools. Only if a completely satisfactory



115 and balanced environmental education is
provided in schools can we hope to achieve
the fully informed society which is essential
for a satisfactory equilibrium between man
and his environment to be achieved. Our
planning of the new degree (the first intake
of students was in September 1974) took
into account that the graduates who we
sought to produce must have a broad-based
scientific education which would permit a
balanced, scientifically appropriate resolution
of the environmental problems which he
faced. However we recognised that the pro-
vision of a purely scientific education would
be quite inadequate since the graduate must
recognise that there are severe limitations to
purely scientific solutions. Often, the
optimal scientific solution to a problem is
totally unacceptable because it is economi-
cally absurd or sociologically intolerable.
Hence our students have a training in the
principles of economics and of man's inter-
action with society in addition to the purely
scientific elements of the programme so that
they will have sufficient knowledge to avoid
any tendency to suggest scientific solutions
which are inappropriate to real situations
and so that they can, when necessary,readily
develop a dialogue with the expert econo-
mists and sociologists in the environmental
team. In order to achieve our objectives we
provide the students with asound foundation
of biology, chemistry, physics, mathematics,
statistics, computing and economics upon
which is built a study of the environment
and a consideration of the ways in which
man may control his environmental impact.
The course is taught in such a way as to
stress the inter-relationships between physi-
cal, chemical and biological factors that
make up the environment and to reveal the
importance of economic and "social" factors
in determining man's effect on the environ-
ment.

In some ways the preceding paragraph
might appear to be summarisable as a con-
fession that we proposed to re-introduce the
old fashioned general science degree slightly

updated by the addition of a flavouring of
economics and sociology. This was not, of
course, our view since we recognised that to
a large extent the fall from grace of the
(in many ways educationally worthwhile)
general science degree was a consequence of
the fact that little attempt was made to inte-
grate material from the named "parent"
disciplines (biology, chemistry and physics)
into a coherent whole. In our presentation
we have "married" physics and chemistry
into a natural union called physical science
and so the first two years of the course
provide the student with a broad basis of
knowledge of biology, physical science,
mathematics, computing, statistics and eco-
nomics in which coherence and integration
are achieved by constant cross reference to
the overall environmental theme of the
degree.

The course is constructed as a "routed
modular'" programme. In other words the
material is presented in discreet portions
of syllabus material (90 hour modules)
representing defined subject areas but the
modules usually have other modules which
are pre-requisites for them and are them-
selves pre-requisites for later modules. Thus
our modules can only be taken at one par-
ticular point in the course and are not freely
inter-changeable in the way that modules in
several of the very broad degree 'schemes
(e.g. City of London Polytechnic's scheme)
are. Our structure was chosen because the
alternative "flexible" modular system neces-
sitates a considerable overlap of subject
matter between modules and severely limits
the possibilities of integration of material
from separate modules. This would be com-
pletely contrary to our major objective of
achieving coherence and ready cross reference
not only between each of the traditionally
distinct subject areas and the environmental
theme but also between the subject areas in
their own right.

In figure 1 I have indicated the chrono-
logical relationships between modules and
some of the areas of cross reference anrJ



"dependence". As can be seen each of the
three years of the full-time course is divided
into two semesters. In each semesterthere are
four 90 hour modules made up of lectures,
tutorials} practical classes and/or allocated
time. The proportions vary according to the
type of module being taught.

As can be seenfrom figure 1 the "compul-
sory core" of the course has been designed
so that there are a number of developmental
"threads" which cross relate to each other
and to the environmental theme and which
ultimately are drawn together in the third
year Environmental Studies modules of
which I shall provide more details later. The
compulsory core modules also provide the
basic knowledge pre-requisites for a student-
selected group of modules in the final
semester of the course. Each student selects
three optional modules from a list of ten
which are offered. The choices will reflect
the students special interests but must form
a logical grouping which will permit speciali-
sation in either ecology or toxicology or
environmental economics. These student-
selected end points of the degree will ensure
that there is a spread of expertise among the
graduates. The inclusion of toxicology as a
specialist grouping in an Environmental
Science degree has been regarded as novel
but seems a logical recognition of the fact
that pollutants are of concern because they
cause metabolic disorders in plants and/or
animals and, of course, toxicology is a study
of how and why such damage occurs.

In summary, the material in the degree
is brought to an integrated environmental
focus by the third year Environmental
Studies modules (which adopt a systems
analysis approach) and to a more specialised,
student-selected focus, concentrating on
Ecology, Toxicology or Environmental Eco-
nomics. At this point it would be appropriate
to consider in more detail the rationale of
the various modules and of some of the
module progressions. The material in the

first year Biology modules has been selected
to provide a basis for the Primary Ecology

module and for the Metabolism (basic bio-
chemistry) module. Primary Ecology pro-
vides the students with a basic understanding
of the factors involved in the relationships of
organisms with their environments which are
pre-requisite for the Environmental measure-
ment and Diagnosis module. In the latter
module a physicist describes a range of
environmental monitoring devices and ex-
plains their principles of operation and a
mathematician explains the mathematical
basis of good experimental design. This
thread provides the ecological background
for the Environmental Systems Analysis in
the third year Environmental Studies
modules and may also, of course provide
the foundation studies for the specialised
ecology modules in semester 6 and/or an
independent ecology project in semester 5.
In a similar fashion we may recognisethatthe
basic bio-chemistry in the first year Biology
modules is developed in the Semester 3
Metabolism module which in turn provides
an essential foundation for the Microbiology
and Microbial Genetics module. This thread
provides essential background for the
Environmental Systems Analysis and is
also logically developed in the specialist
Toxicology grouping by way of the Animal
Physiology and Plant Developmental Biology
modules.

The Physical science (integrated chemistry
and physics) modules cross refer to the
Biology modules in their provision of a basic
understanding of molecules in general and, in
particular, molecules of organic compounds
which are the basic units of the bio-chemist.
In addition the Physical Science modules
provide an understandi ngof thermodynamics
and of electronics which are crucial to
certain aspects of the degree. There has
been a tendency of chemists and physicists
to teach thermodynamics in quite different
ways so that it is not readi Iy recognised as
the same subject. In our programme the
viewpoints have been necessarily unified and

the law~ have been pre~ented a~ mentilll
foundations of all scientific understanding
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117 rather than as a rather nebulous (to many
biologists) series of concepts. Thus our
students are introduced to the second law
(entropy - disorder - increases in the
universe) with emphasis being placed on the
fact that this law inevitably means that
resolution of an environmental crisis at one
point on the earth must inevitably create
a bigger crisis elsewhere. Thus an environ-
mental eyesore such as a slag-heap may be
removed if a large amount of fuel is used
- exacerbating the fuel resource crisis.
The basic teaching in 'electronics in these
modules lays a foundation for the stu-
dents understanding of the Environmental
Measurement and Diagnosis modu Ie which
was mentioned earlier. Both the latter
module and the Physical Science modules
drawn heavily on the foundation in numeri-
cal methods provided in the Mathematics,
Computing and Statistics module. The
organic chemistry in the Physical Science
modules is logically developed in the
Semester 3 Metabolism module but is more
directly a foundation for the Molecular
Synthesis and Degradation module which
discussesthe principles of synthetic chemistry
and chemical structural analysis with particu-
lar reference to environmentally significant
points such as the chemical reason why the
herbicide 2,4-Dichlorophenoxyacetic acid is
contaminated before purification, with the
teratogen (monster-former) 2,4,5-Trichloro-
phenoxyacetic acid. This "thread" continues
with the Analytical Techniques modules
which will discuss methods of quantitative
analysis of various compounds with particular
emphasis on pollutants. This thread, like the
others, provides an essential background
to the third year Environmental Studies
modules and also, by way of Animal
Physiology and Plant Metabolism and
Developmental Biology for the Toxicology
and Ecology specialist groups.

The final "thread" of the degree begins
with the first year Environmental Studies
module. The topic of this module is an
"ecological history of mankind", it is

intended to demonstrate clearly how the
biological, physical science, mathematical
and economics aspects of the degree pro-
gramme come together in one field of study
viz. an overview of man in an ecological,
chemical, physical, economic and cultural
context. In order to ensure that a balanced
analysis of these factors is presented to t~e
students we use a team teaching approach in
this module with a biologist, a physicist with
special interests in energy resources, a
chemist with special interests in pollution
and an economist/sociologist all being present
in each class.The need for team teaching for
this module was readily recognised but it
was then necessaryto decide on an approach
at the actual lecturer/student interface. One
basic type of approach was the "Morecambe
and Wise" approach in which the lecturers
interrupt each other as and when it seems
necessary and in a completely unscripted
fashion. "Although this approach is being
used successfully by the two lecturers in the
Design of Experiments (Semester 4) module
it clearly was not appropriate at the first
year stage hence the four, year one Environ-
mental Studies Lecturers have chosen a very
carefully scripted relationship. As an example
of the way this team teaching functions I
will cite one group of lectures which begin
with "The origin of the earth and geological
evolution" which will be taught entirely by
the physicist (who has a background in geo-
physics), the next lecture is "The emergence
of organic chemicals and life itself" which
involves a twenty minute introduction by
the chemist talking about the origin of
organic compounds, a five minute discussion
by the physicist of the properties of coacer-
vate droplets and a twenty five minute
presentation by the biologist about the
origin of life itself. This type of approach
continues for the whole of the programme
of this module so that on some occasions
each one of the lecturers will have a whole
lecture period talking on his own, while on
other occasions two, three or even all four
lecturers will make contributions to a single



lecture period. This team approach emphasi-
ses to the student the point that the tradi-
tional single subject honours qualification of
the teaching staff does not provide enough
breadth of background for anyone of them
to take sole responsibility for the course
(although one of our graduates could do so)
and also provides the lecturers with the
opportunity of re-training themselves to
appreciate the other disciplines. This latter
point is particularly important for the tutor-
ial sessions in which each member of staff
has separate discussion with a quarter of the
class. Although for a first year course it
would have been possible for one lecturer to
"get by" after some preparation on the
aspects of the module which are outside his
specialist area it is inevitable that ultimately
the students wou Id become aware of the fact
that he was trying to present a physicist's,
chemist's or economist's viewpoint and the
result might well be the failure of the module
to emphasise the point that each student
must learn to think from a broad based view-
point in a way which traditional single sub-
ject honours graduates can rarely do. The
first year Environmental Studies module, in
addition to fulfilling the key function of
drawing together the "threads" of the first
year course also lays the basis for the second
year studies in Environmental Economics
and the History of Human Society in Britain,
this thread leads, of course, to the third year
Environmental Studies modules and also, if
the students so choose, to the Environmental
Economics specialist group and/or an appro-
priate independent student project.

It will be clear from all that has been said
that, in many senses, the keystone of the
whole degree is the third year Environmental
Studies modules. These modules provide 180
hours of teaching time which will be devoted
to a demonstration of the unifying capacity
of a systems analysis approach to environ-
mental problems. Broadly speaking any
orderly analytical study designed to help a
decision maker identify a preferred course of

can be called a systems analysis. It has
become a routine matter to develop quanti-
tative models to aid decision making about
"small" problems such as routing of trans-
port, weapons systems optimisation and so
on but it was generally thought that the
principles of these "simple analyses" could
not carryover into the fields of strategy and
policy plann ing and that these areas were
"arts" arrived at through experience and
"gut" feeling. Since the early 1960's however
there has been substantial progress in this
area and we have seen a marked increase in
the extent to which analyses of policy and
strategy have influenced decision makers on
the broadest issues. However, there are still
areas where computational techniques can
only help with sub-divisions of the problem
under i,:vestigation, e.g. whether the needs of
intercity transportation are better served by
improved high speed rail transport, higher
performance motorways or inter-city air-
ways, leads to problems which involve far
more than the efficient allocation of re-
sources amongst alternative uses. These
problems are not soluble in the same sense
as efficiency problems in which one can
optimise some objective function but rather
that the objectives or goals of the action
must be identified first and to achieve these
goals some very objective judgements must
be made. Clearly then we must indicate why
the systems approach is a "better" or more
useful means of assembling evidence for
decision making about Environmental issues
than the more traditional methods. The
special virtue of the systems approach is that
it permits the judgement and intuition of
the experts in relevant fields to be combined
systematically and efficiently. The essence
of the approach is to construct and operate
within a "model", an abstraction of the real
situation. Such a model which may vary in
form from a computer simulation to a
purely verbal "scenario" introduces a precise
structu re and term ino logy th at serves pri-
mari Iy as an effective means of communi-
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119 to exercise their judgement and intuition in
a concrete context and in proper relation-
ship to others. Further, through feedback
from the model (the resu Its of computation
or the critique) the experts have a chance to
revise early judgements and hopefu Ily arrive
at a clearer understanding of the problem
and its context.

The process of analysis will include:-

1. The objective (or objectives)

2. The alternatives
3. The "costs"

4. Models

5. Criteria by which to rank the alternatives

The iterative process involved is represen-
ted diagramatically in figure 2. Once the
most promising alternatives have been deter-
mined these can, in turn be introduced into
the model and once the pro's and con's have
been weighed a ranked series of alternatives
is produced. The sceptic would say that this
process has been used by decision makers
throughout time but the essential novelty is
that until recently this sort of analysis has
not been used to treat an entire complex
problem systematically with an emphasis on
explicitness, on quantification and on the
recognition, of uncertainty. Also novel are
the schemes or models used to explore the
consequences of various choices which are
now possible with the almost universal appli-
cation of computers. Poor studies are still
possible if the objectives or criteria have been
incorrectly identified and the characteristics
of good analyses are:-

1. Intersubjectivity ..... Results obtained
by processes which can be duplicated by
others to obtain the same results.

2. Explicitness ..... Use of calculations,
assumptions, data and judgements that
are subject to checking, criticism and
disagreement.

3. Objectivity ..... Conclusions do not
depend on personalities, reputations or
vested interests and where possible these

conclusions should be in quantitative
terms.

The teaching in these modules will involve a
team of five lecturers (a mathematician
specialising in systems analysis, an ecologist,
a physicist with interests in energy resources,
a chemist with interests in pollution and an
economist/sociologist). There will be a seri€s
of lectures describing the philosophy of
and scenario for using a systems approach
followed by analysis of a series of very
simple systems. After this initial work the
group will be launched on a major case study
in which the importance of all aspects of the
course to the environmental theme will be
emphasi·sed. A sample case study proposal
prepared by Mr T.F. Jones and the module
team follows:-

Theme Air Pollution in Cities

"Any atmospheric disturbance
resulting from human activity
which has a modifying effect
on the role which air plays as
an abiotic element of natural
ecosystems"

1. Formulate Goals The control of pollution

2. The Alternatives No control of pollution:
e.g. Natural recovery of
ecosystems as changing
technologies change
type of pollution.

3. The 'Costs' Damage to People
Insects and Animals
Plants; Property;
Climate, etc.

Assignment 1
Investigate a
particular area
of damage.

4. The Models
Sources of Pollution

Energy Conservation
Power Generation, transport,
heating, etc.



Industrial
Smoke and effluent.
Heavy metals - Hg. Pb. Cd. etc.
Radioactivity, etc.

Airborne
From external sources.

Construction
Urban development
demolition, etc.

Chemical
Insecticides, etc.

Assignment 2
Investigate a
particular aspect
of pollution source
in depth, e.g.
Traffic emissions.
See Fox, M. on
Leicester City
Traffic.

Build models for analysis and decision.

Examples

Smog Smog and particulate matter
Smog and Toxic elements
Climatic effects -

Atmospheric circula-
tion, Inversions, etc.

Radiation Effects, e.g.
Correlation of mortal·
ity with fall-out of
Strontium 90 using soil
measurements.

Simulation models of air move-
ments containing pollutants and
particulates and predicting ulti-
mate deposition of pollutants

Damage tG Charting airborne pollutants
Ecosystems from specific industrial com-

plexes e.g. steelworks and
surrounding damage to
agriculture and forrestry.
Los Angeles and San Bernadino

Forests
Accidental Explosion, leakage, etc.
Discharge Problems of Nuclear Power

stations
Radio-active wastes, waste
gases, etc.

Noise and Third London Airport studies

These studies would involve scientific, eco-
nomic and mathematical analysis and would
also be a basis for assignment 3.

These Assignment studies would lead into
an investigation of the synergistic effects of
pollution:-

"Are the combined effects of several
pollutants multiplied rather than added".

5. Control Policies and Technologies
Pricing Systems

Evaluation and allocation of
currently unpriced costs and
benefits, e.g. emission reduction
awards; taxes; compensation
requ irements.

New Legislation
Clean Air Acts
American Car Emission Control
Laws
Factory Acts, etc.

Re-design to control Pollution
Smoke Filters
Re-cycling of waste, e.g.
Biodecomposable plastics, etc.

Re-design of Cities
Location of industries, living and
recreational areas, etc.
Air conditioning, district
heating, etc.
New modes of living (see
Compact City)
Reduction of energy requirements

Re-Education

6. Feedback into
Further Assignments

model

7. Summary
and discussion
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This degree programme should produce
graduates with high standards of numeracy
and literacy, with well developed capacities
of communication and perhaps most impor-
tantly, with great flexibility of mind. This
latter is likely to be a crucially important
attitude for new graduates entering posts
which will almost certainly alter substantially
in the next ten to fifteen years. A proportion
of the graduates of this course are likely to
occupy posts which do not exist at the present
time. The broad basis of their training will
provide them with a flexibility not available
to graduates of the traditional single subject
honours degree programmes. To illustrate
this last point we might note that many
graduates of single subject honours degrees
in biology do not have strong backgrounds

Molecular
Synthesis

and
De adation

in chemistry, physics and mathematics but
we tend to find that biological researchmakes
increasingly great. demands on knowledge
from these areas. The carefu Ily integrated
training which our students receive in all of
these disciplines will make them particularly
well equipped for employment on "inter-
face" problems even though they may be
non-environmental in nature.

In summary we feel that graduates from
this programme will be ideally equipped to
provide economically sound scientific exper-
tise for an environmental team and also that
their training will make them better able to
handle many non-environmental problems
than are graduates of traditional single
subject honours degrees.

Environmental
Mea~urement

and
Diagnosis

Microbiology
and

Microbial
Genetics

History of
Human

Society
in Britain



design
alternatives

re-examine
objectives

question
assumptions
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