CHAPTER 6: TEACHER EDUCATION STRATEGIES IN THE INTERRELATED
TEACHING OF SCIENCE, MATHEMATICS AND TECHNICAL/
VOCATIONAL CURRICULA

S. Commissiong and B. Carlisle*

Introduction

Educational development, at the present time, is
characterised by two main aims: to enhance the content of educa-
tion by making it more relevant and to improve the teaching/
learning process.

In science, both these aims have given rise to a number
of projects which have attempted to link together the concepts
and principles into a unified or integrated whole. The curricular
materials generally include materials (texts and kits) for
the students and guides for the teachers. Often these are so
closely tied to the particular curriculum that teachers not
directly involved in the project concerned have been only mar-
ginally influenced. It has also been observed that when the trial
phase of the new curriculum (during which intensive training of
teachers takes place) is over, many teachers find it difficult to
sustain the rhythm of implementation for a variety of reasons.
Much lip-service has been paid to the fact that teachers are
agents of change and that central to any development or innova-
tion is the role that they must play in bringing about that
change, but little has been done to develop a theoretical frame-
work in support of this role.

Much teaching in the past emphasised content. Today
the shift away from teaching facts to teaching skills poses a
challenge if not a threat to all who are engaged in the enterprise.

Teaching is essentially a process of developing,
clarifying, enlarging and presenting information, ideas and meanings
to others. Its ultimate aim is that of preparing pupils for life
in the real world. The qualities and skills necessary to do this
effectively is still a matter of considerable controversy.

However, certain characteristics seem to be agreed upon as part
of the reservoir of skills and dispositions that a teacher should
possess. These include:

~ faith in the ability of people to change;

- an ability to see thematic consistencies in diverse
information with skill in organising and communicating
these differences;
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- an ability to conceptualise many sides of a con-
troversial issue;

- an ability to learn from experience;

- empathy;

- well developed cognition;

- personal motivation, enthusiasm and conviction;

- maturity.

Much depends on the teacher's ability to manipulate the classroom
situation, which in turn depends on how much he knows of his
subject areas, how much he understands children's needs in rela-
tion to those of their society, and how flexible he is and open
to change.

In the planning and implementation of any teacher train-
ing programme, consideration must also be given to the needs and
concerns of the student-~-teacher and to the fact that teaching
styles are as diverse as learning styles and that the needs of
the teacher change with time,

Interrelated Teaching

There is no precise definition of interrelated teaching
but the term does imply some form of linking of bodies of
knowledge together in a meaningful way. The real difficulty lies
in locating the organising centres of such an approach.

There are three possible approaches to interrelated
teaching: interdisciplinary, multidisciplinary and transdisciplin-
ary. The first two use the subject or subject matter as focal
points whilst the third uses situations as a basis for organising
se learning. There is virtue in using all three approaches with

he ai1m of giving students a functional knowledge of the inter-

.cas between the different factors and components and the

snnstant evolution of the natural and human environments of which
ey are a part. Organising teaching so that subjects are inter-
svlated is a complex undertaking, the magnitude of which cannot
De overstated. While situations may be used as the organising
wntre of the curriculum thus focusing on the learner, there are
~vanvages in not completely discarding the classification of
Knowledge into disciplines. Disciplines have their own method
and cpistemology, and by the very nature of their specificity
should be treated in such a way so as to preserve their impact on
the systematic training of the mind. There is good reason for
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retaining them at the secondary level though every effort should
be made to de-emphasise the teaching of information as an end in
itself and to interrelate subjects by drawing on the various
methodologies and explanatory theories of the disciplines
concerned.

What do Interrelated Studies Demand in Teacher Training?

Interrelated studies demand intellectual breadth, know-
ledge and insight from both college tutor and the teacher trainee
in training. In any cultural setting interrelated studies in
schools will contrast sharply with the status quo, the expecta-
tions tutors and students have of teaching, and the popular con-
cept of schooling, its goals and outcomes.

The nature of the change presupposes a number of con-
ditions. These may be summarised as follows:

1. Each teacher trainee has experience of a knowledge
structure which interrelates the various disciplines.
The experiences of childhood are not gathered into a
knowledge system recognisable as disciplines. The
interests of childhood and the knowledge gained do
not recognise the boundaries of disciplines, at
least in the early years. Knowledge is gained from
action. Children's thinking flows easily from a
preoccupation with factual information to flights of
fantasy, moving easily from reality to imagination.
The world is one whole, a seamless fabric explored
through observation, questions and 'experiments'.
Hand and brain work together in an effort to satisfy
curiosity and assure survival. The extent and depth
of the knowledge structure is greatly influenced by
ability, social class and schooling.

Each student has had experience of this interrela-
ted mode of learning in their early years and
developed a knowledge structure shared by siblings
and comrades within a culture. This memory can be
evoked or recognised by observation of children in
school. Individuals therefore do not come as
strangers to interrelated studies. Indeed it can be
argued that these early constructs are the basis for
the more formal work of later schooling.

Many young adults have also developed interests and
expertise within the pursuit of a hobby in which
knowledge is built up in a non-linear way. Such
knowledge also stretches across the boundaries of
many 'discipline' fields. The natural occurrence of
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interrelated studies in the informal learning setting
of clubs, museums, art and science centres for both
children and adults provides a useful model of
observation of interrelated knowledge in action.

For most students interrelated studies demand a
change in "experiences', that is, a change in the
belief structure rather than a change in educational
technique (pedagogy). This second assumption would
seem to contradict the earlier one and present a
paradox. Every student has earlier experiences of
interrelated studies, but these are later challenged.
The expectation of school is expressed in terms of
what is taught and how it is taught. School is a
place where one learns ''subjects', where time is
regulated by succeeding applications of mathematics,
science, social studies, art, etc. and where know-
ledge exists within recognised disciplines. Success
is measured in terms of achievement in examinations
rather than in terms of the intellectual skills
gained or the ability to transfer these skills to
everyday life. The accent is on knowing that rather
than on knowing how., Conversion to another view of
schooling will of necessity be slow and difficult to
achieve, for while an interrelated approach is
accepted in primary and middle school there is

often a resistance to it at the secondary and
tertiary levels.

Science, and its mode of operation is in conflict
with traditional thoughts, and will demand a change
of view at both the personal and professional levels,
The individual develops from having a simple concept
of the world, its physical, chemical and biological
"laws'" to an increasingly complex and "open" view of
nature. While this may be true to some extent in
any culture, western societies in general are more
supportive of the 'open', '"'scientific" viewpoint
even though not all members of the society practice
it. Given this premise it is likely that interrela-
ted studies will present a challenge to an estab-
lished way of thinking and will demand a change of
view of many students.

Through the teaching of interrelated studies it is
believed that students will develop a knowledge
Structure relevant to experience and readily adaptive
and transferable, and a diversity of concepts
developed within the context of 'need to know'

rather than a formal discipline. 1In the days of
pre-formal schooling the culture was learned through
example, observation and practice, and crafts were
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learned by apprenticeship to skilled practitioners.
By this apprenticeship, knowledge, skill and tech-
niques were acquired as needed and established
through continued practice. The awkward and un-
tutored early efforts gradually progressed towards
a natural integration of mind and muscle. The
knowledge structure was thus organised according to
need and practice.

Many parallels between the informal learning environ-
ment of childhood and the more structured apprentice-
ship or adult learning as evidenced in a hobby or
avocation can be established. In a hobby such as,
for example, photography, knowledge is gained in a
non-linear way, the extent and depth of that know-
ledge being sufficient to solve current problems.

The knowledge base is extended when new problems are
met. The skills developed are found to match the
demands of the task. The individual progresses at
his own rate. He controls the rate of his learning
and so maintains a sense of competence. This sense
of control and the pleasure gained sustain the learn-
ing process, ensure attention and perseverance, and
maintain curiosity. Repetition of tasks to the point
of mastery is a characteristic, often accompanied by
overlearning to the stage where understanding is
complete and performance of the skill automatic.

This non-linear progression of learning is quite
unlike the sequence which would be presented in
formal instruction. Knowledge gained by non-linear
progression resembles an incomplete jig-saw puzzle,
with many gaps, but with many places where the
picture can be seen clearly. The jig-saw puzzle
analogy can be expanded into a three-dimension model
which allows for cross-linkages between pieces while
at the same time supporting the idea that there are
areas of knowledge which exist in isolation within
the matrix.

Supervised practice in conducting interrelated
studies in schools is a prerequisite to effective

teaching. Knowledge built up in this way is highly

adaptive, has cultural relevance and is readily
available for use or for review. Learning in inter-
related studies has these characteristics, but time
will be required to facilitate the over-learning
necessary to sustain involvement and develop
competence.
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6. Young teachers need support in schools in order to
introduce and maintain interrelated studies. 1In
summary, interrelated teaching demands a change in
attitude and behaviour, both requiring time, and a
support system which extends beyond the training
period. Figure I shows the relationship between
scale of difficulty and time.

Figure I Relative Time and Difficulty in Making Changes
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Training of Teachers for Interrelated Teaching

In considering strategies needed, it will be necessary
to distinguish between pre-service and in-service programmes as
well as between different levels at which teachers will be
teaching. Allowances should also be made for those programmes
which are end-on-courses and for those in which pedagogy is com-
bined with subject content. It is assumed that any programme will
include the professional areas of Philosophy of Education,
Sociology, Educational Psychology.

1. Organisation of the Content:

As a general aim, the teacher required to teach science
rclated to the fields it services should have the kind of
science background that reflects what science really is, a

willingness to be innovative, and certain competencies which
include::
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- a thorough knowledge of at least one of the sciences
and a basic understanding of its interrelationship
with the technical and vocational fields - for the
primary teacher a broad background in the sciences
(integrated science preferably) with skill in rela-
ting it to art and craft and to the rudiments of
other areas in the technical and vocational fields;

- an ability to select and develop or implement curri-
cular materials and strategies leading to desired
behaviours in the learner;

~ an understanding of the cultural values inherent in
scientific activity;

- an appreciation of the role that mathematics plays in
the understanding of reality;

- an appreciation of the value of indigenous cultural
roots;

- competencies in a variety of teaching-learning
strategies and techniques including evaluation aimed
at promoting the development of enquiry skills in the
learner;

- open-mindedness and flexibility in personal style
that accommodates coping with change.

Since student teachers will be entering the course from
a variety of backgrounds and interests, it would be desirable to
structure the content in the form of modules to allow for dif-

ferent entry points and to facilitate alternative routes through
the programme.

A common core of knowledge based on the 'big ideas' or
conceptual schemes of science may serve as the main branch with
off-shoots leading into the technical and vocational fields. For
example fuel, energy, machines, shape and pattern, materials and
structures, nutrition, health, time and space, conservation are

some of the universal topics that may be used as major themes for
interrelated studies.

The materials chosen for curriculum development should
interrelate varying bodies of knowledge, reflect the world of
work and be based on the 'scientific' approach. Students should
learn in ways that they can themselves use when teaching.

There are three levels of curriculum materials:
Level 1: Individual challenges

Level 2: Thematic challenges
Level 3: Integrative challenges
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These levels, which are arranged in hierarchical order,
are aimed at developing creative thinking, one of the attributes
required for interrelated teaching. Creative thinking may be said
to comprise the ability to recognise problems, produce novel .-
ideas, organise ideas and evaluate the results.

Examples of these three levels of curriculum materials
are:

Level 1: Individual challenges

Specific but small-scale challenges such as to design
and use a trap to capture small animals (insects, mice), or to
camouflage an object (e.g. a pebble) so that it wll be difficult
to find.

These challenges incorporate thinking and manipulative
skills. All demand knowledge of the phenomena to be investigated,
require some quantification and engineering-type design, and often
relate to everyday life situations. Each challenge embodies
understanding at both the level of first-hand experience and at a
conceptual level.

Level 2: Thematic challenges

Individual work is replaced by group activity with
problem-solving in a social context. For example, strength of
materials can give rise to many interesting problem-solving
ideas, e.g. to design and construct a bridge 40 cm long to hold
at least 1 kg using only 150 wax paper drinking straws and an un-
limited supply of straight pins.

Level 3: Integrative challenges

This is the most complex array of challenges and is
integrative in the widest sense of bringing together ideas which
are from varying fields of human knowledge, thus providing for
both tutors and students an opportunity to build a network of
themes relevant to local conditions.

One example, shown in Figure II, is Charcoal, an
Interrelated Unit.
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FIGURETI

CHARCOAL - An Interrelated Unit
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2. Strategies of delivery

How is information acquired and presented? A proposed
strategy involves team teaching across subject boundaries as a
method of presenting the teacher trainee with information through
lectures, demonstrations, projects, seminars and workshops. The
student-teachers will, however, play an active role - selecting
topics and materials - rather than the passive role of receiving
information.

For team-teaching to be successful, a knowledge of group
dynamics which allows the easy flow of communication between
members is essential. Techniques of delivery include team and
peer group teaching, micro-teaching, the use of video-taping,
cassette tape recording and other self-teaching devices.

The ability to read and communicate information is part
of the cognitive behaviour of a scientist. Uniformity in the use
of symbols across the disciplines is advised since it will have
the advantage of aiding interrelated teaching by reducing con-
fusion. Teachers should have an introductory course in the
teaching of reading with particular reference to science and
interrelated subject areas. If part of the education course is
to tcach individuals to plan and to write curriculum materials
for different age groups and abilities then this skill is
mandatory.

Training also in the various modes of communication
should be incorporated into the strategy. Tutors themselves
should demonstrate the potential of the various methods in the
teaching-learning situation.

3. Strategies of evaluation

Feedback mechanisms designed primarily for diagnostic
rather than achievement purposes would seem to be appropriate
for the task of evaluation. Teachers need to develop confidence
in their own ability to teach in the new way and to evaluate
themselves. They should be willing to make mistakes and be free
to experiment with a variety of approaches in the classroom. Far
too often the student-teacher perceives the practice teaching as
@+ test situation the purpose of which is the awarding of a grade.
The emotional stress involved needs to be reduced if the teacher
is to be innovative and acquire self-confidence.

Continuous assessment through written papers, laboratory
work, project work including designing curricular units, making
equipment from local materials, micro-teaching and peer group
asscssment are desirable. A credit system using profile ratings
is recommended since these have the advantage of highlighting
each facet of the multidimensional strengths which the new
approach demands.
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4. Implementation

Teaching in an interrelated manner will require a
reappraisal and restructuring of the educational system. At the
secondary level it will mean a radical change in which early
specialisation in the disciplines is postponed until the age of
16+ years.

Teachers play a central role in curriculum change. Not
only will the proposed change affect pre- and in-service training
programmes but a massive retraining of teachers will be necessary
if the idea is to survive. Implementation is envisaged in stages
or phases as interrelated teaching evolves (see Figure III).
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Without practice and support little can be achieved
in the long-term. Guided experience in college at student level
and guided experience in schools will be required. Working in
college will provide a base in content, a pedagogic model and
some sense of security and competence. However, college level
work, important though it is, will not be sufficient to bridge
the transition into schools. Students need to work with children
in classrooms so they can see the mechanisms of classroom manage-
ment, and experience a working model that will provide an examplar
for further work. The traditional approach whereby one college
student is limited to one classroom might not be the best method
here; two or more students working together tend to provide a
common experience for co-operation, discussion and debate.

It is likely that early experiences in the classroom
will be based on work already carried out at college. For many
students, the replication of such work will mark the maximum
that can be done in schools. However, for the more able students
the conception, and development, of 'new' interrelated studies
for implementation would seem to be a legitimate goal. Like the
agriculturalists we should help people 'grow food' rather than
provide 'food'. These proposals suggest that the methodologies
at college and school should be similar but should acknowledge

the age difference and level of development of the student-
teacher.

5. Implications

It is expected that interrelated teaching may well
disrupt the educational system. However, the simultaneous train-
ing of teacher educator and student-teacher together with the
cross—-fertilisation provided by ®eam work across Departments
should act as stimulants rather than deterrents. Secondary
school time-tables will need reorganisation.

Since examinations have a powerful influence on teaching
methods it may be possible to capitalise on their influence by
modifying them to include a school-based assessment component in

the form of projects. Some Examination Boards are already using
this mode of assessment.

There will be need for closer links between the tutors
of technical and vocational subjects and science and mathematics.
At Lhe moment, there is a tendency to view the technical-vocational
subjects as inferior to science and mathematics. The areas of
study should be seen as complementary. If tutors themselves make
a conscious effort to work together as a team it is highly probable
that the artificial barriers will begin to break down.

The science teachers' education programme should be
extended to include a basic technician's course as well as skills
in laboratory management with the accent on the use of indigenous
materials and the making of low-cost equipment.
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