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Technology Education in Secondary Schools.

Christopher Norman lee France.

fbotract.

The author outlines his background and refers to
current relevant attitudes.

He considers changes which have influenced the
curriculum for manufactuwring in resilient materials in
schools.

The word ‘technology”™ is currently 1in common use.
Having examined a range of sources for common themes,
the author synthesises a definition and examines some
implications.

He uses the example of the development of the
electronic computer to illustrate the difterence
between science and technology before arguing that ‘new
technology 'y in schools, properly belongs within the
framework of ‘Craft Design & Technology® (CDT).

Using references from industry, education and
elsewhere, he describes the process of designing and
upholds its predominance as a skill to be fostered.
Arising from its cyclic nature are implications for the
assessment of performance.

As labour saving devicesy; windmills and robots are
widely separated by time but both reguire control and
the author seeks to explore this link. The components
of control are also identifiable in the work of pupils
over many years. He contrasts industrial robots with
those of their prophets.

The need for a review of the education service was
established in 1976. The consequent chain of political
initiatives in Britain is described highlighting the
natuwre of politics. He considers a case history when
those who ‘do’ become championed by those who ‘would
have it done’.

Durham Local Education Authority’'s progress in CDT
in-service training is described and the world of
"lower school’ technology is explored by considering
both pupil and updated teacher.

The author describes industrial reality and intimates a
curriculum possibility — the design, by lower school
pupils, of automatic systems.

He <sees the caomputer in the CDT curriculum both as
design toecl and as part of solutions to human needs.
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The Law of the Hammer:

"Many of my assumptions regarding the use pf computers

~

!

are not explicit. One of these assumptions operates in
a manner similar to the "Law of the hammer” which has

been around for many years. The statement of the law is

{roughlvy), "I+ wou give a hamaer to a two—vear old,
suddenly a lot of things will need hammering.” If vou
changs “hamme=r" to “computer”,;, "two-vear old" to

Yeducator” and "hammering" to “"computing®”, you have a
description of the sffect.”’

R.5. Ragsdale. (1)

1. Lewis K. % Tagg ED. (editors? "'Involving Micro's in

Education’ . pMorth Holland. 1982.
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1. IMTRODUCTION.

This thesis was originally intended to be the written
report of a two vear research programme in the area of
Computer wuse in Secondary EBEducation, but the progress
of my research soon began to he require an
understanding of a wider historical context into which

both education and computer use can be fitted.

I have spent twenty years teaching 1n what was once
called secondary and subsegquently known as
comprehensive education, and for all of that time I
have besn responsible for the content of that part of a
school curriculum associated with work done in

wor kshops and drawing offices.

The work both of my pupils and my department colleagues
has never been regarded by the rest of my colleagues
and others, both within and without the profession; as
‘academic’ in the sense that the word might be used to
describe one who never produces tangible; working
products. A situation which I have always found
philopsophically satisfactory after having guickly
recognised that to become an educational icon one must

first attain the status of the academic.

The product of these last two or so years research is

this thesis, and it would be both insensitive and wrong

to try to argue that a thesis on paper is neither
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tangible nor of use ta others. For me however, the
justification for the whole project 1lies in the
production of a curriculum package which embodies to a
most considerable extent the philosophies and practical
girections which emerged from my researches. In this
respect I believe that my attitude to my curriculum
area has not been compromised in that the more usual
alternative; to have produced a lengthy, wordy — indeed
‘academic’ — document, whose only future would be to
collect dust whilst statically loading a bookshelf, has

been resisted.

We are all aware, to a greater or lesser extent, of the
changed products of man’'s ingenuity. Whether through
their intended advertised presence by television, radio
and printed promotional materials, or by the more
informal routes of gossip, observation and the
television documentary, the citizens of this nation
appreciate the difference between current products and

those of the days of their parents and grandparents.

The computer is but one example of that group of
currently available products for which it is difficult
sven to find an old—fashioned version which was
available to our fore—fathers. The automatic washing
machine which incorporates a tumble drying facility is
an example of the other; much 1larger group, which
fulfil a need, long recognised and previously catered

for, but now incorporating a higher degree of perceived
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efficiency.

One of the guestions which sprung to ey mind some time
ago had to do with the products which schoolchildren
were making in their workshops. Did they reflect these
changes to the same degree, and would it be possible to
effect changes without losing sight of the long

established belief in a broad educational experience

for childiren?

I saw the opportunity afforded by Durham University

School of Education to broaden my knowledge of "New
Technology ', to bring up-to-date my awareness of
educational thinking and to develop or create a
relevant educational package which would be of

practical use within school. I wanted the package to
reflect the current state of educational thought and to
embody techniques typical of current technological

devel opment.

fAs I write, in 1987, the Education service in England
and Wales 1is in a state of turmoil. On the one hand,
there have been a number of Educational initiatives
instituted by Her Majesty s Government over a period of
ten vyears, initiatives resulting from it’'s perception
aof the changes "New Technology®™ has made to our
society. The government, however,; is a body which has,
at present, no direct way of influencing the content of

the curriculum of the schools.
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On the other hand, many teachers have become bitter as
they have percel ved a deterioration in their
remunesration and consequent standard of living. This
has resulted in the loss of their co—operation and
directly affected the traditional wavs teachers have
usad their {private) time to learn and update their

cwriculum content.

Regardless of the background of our times, the business
of Education continues and a review of the recent
developments in the particular curriculum area of Craft
Design and Technology puts the subject into
perspective. It also provides the context into which
future developments in technology can be introduced to
pupils, and it gives me the opportunity to work in the
area of the curriculum with which I feel the most
empathy. Such a review will beg the guestions "#What is
Cratt Design and Technology?’', and “Is this the most

appropriate title for this educational domain?’

The most significant fundamental development since the
harnessing of steam to provide controlled power,; has
been the harnessing and control of electrical pulses in
the Fform of cheap microprocessing. it was this
developmenty, and 1in particular its encroachment into
the school currFiculum that provided the stimulus {for
research. ‘What 1s happening in schools? ', and in oy

particular case; ‘What changes has it made to the
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teaching of C.D.T?"

It seemed to me that if teachers are to prepare pupils
for life atter school, they ought to be aware of how
the ‘new technology’ came into being and how it lies
amongst the rest of currently important ‘making’
skills. For 1i4f¥ the cwrriculum content is to be changed
it will have to be appreciated that teachers will still
be the same human beings and the practical problem of
equiping them with a new body of knowledge will be

enar mouss

The consideration of these guestions together with some
limited appreciation of various microprocessor
applications, 1lead me to the area of control and
systems analysis. 6t this time 1 began to form an
opinion that this was an area of experience which could
be developed into a "learning experience’; which would
have to take account of the lack of ‘new’ knowledge
within the existing teacher; and which would capitalise
uporn the versatility and real-worid attitude which
requires that there is always another way of doing

things.

The act of developing such a programme reguired the
consideration of ancother area of technological activity
— design. If designing is the production of product
outlines, then it follows that it is an activity which

will need to be used to reach the required target.
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There can be no planned change without design and its
fundamental importance as a strategy which ig
applicable to any situation requiring a sucessful

conclusion, needs to be recognised.

With some of these thoughts in mind 1 exploded; looking
in all directions at once, attempting to find a thread
which would form the underlying theme of a written
document. It took longer than I esxpected to find the
thread, and when I did; not only did I find it elastic,
it was also looped and knotted. A story—teller’'s
nightmare — but not to be treated as Ffiction and as
such there are parts; particularly concerning the

technology, which cannot realistically be divorced.

This thesis then, although seeming to be a progression,
should rather be seen as a whole. You, the reader, are
expected to take what systems analysts call an Holistic
Approach. Roughly interpreted, you are expected to read

all the pages at the same time!
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1. WHENCE COMETH CRAFT, DESIGN & TECHNOLDGY?.

The word “technology” began to assume a new meaning in

the secondary curriculum in the nineteen—-sixties.

For many years the word had been associated with those
parts of Handicraft syllabusses which sought to explain
the properties and behaviour of tools, machines and
materials. The syllabusses of both the established
General Certificate of Education (GCE) and the more
recent Certificate of Secondary Education (E5E) sought
to develop in pupils - mainly boys — the skills of
duplicating well established methods of manufacture
with an optimum degree of quality. The tools and
methods to be used were those which had been developed
over the centuries and were for the most part centred
upon hand tools. The material to be used in schools was
predominantly timber although schools which considered
themnselves to be at the fore in educational provision
boasted metalwork shops and with justifiable pride and

satisfaction pointed to their (sxpensive) machinery.

In the real world, since the end of the second world
war little change in materials had occwrred to affect
methods of production, and although the quality of
tools continued to improve, their profiles and methods
of use remained the same. There was little innovation
in materials handling machinery and factories were

still very labouw intensive.
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To satisfy the requirements of the GCE svilabusses the
schools saw product design as an appreciation by the
pupil of the evolution of style in the history of
furniture and the manufacture of the implements and
tools they uwused in  the workshops. Innovation on the
part of the pupil as an esducational aim was not
recagnised as being neccessary. here having been
little development in industrial production methads
and, for Britain; the sucecessful end te the war may
well have contributed to a miguided feeling of national
s2lf agrandisement. It seems now that in industry and
commerce there was a belief that all production methods
were known and established, and that what was now

required would be their consolidation and optimisation.

Without a central agency to require and direct change,
it is difficult to imagine how a national recognition,
if indeed there was one, of the needs for the {future
could have been capitalised upon. What is now beyond
any doubt is the then acceptance of a national
understanding. What had Jjust been defeated with the
expenditure of immeasurable grief and sacrifice, had
been the type of political establishment capable of
directing national change. Alterations then, would be
the result of individual,; or local, recognitions and it
would not, therefore, be true to assert that there were
no changes at all that affected production. Since the

end of the war, man—made timber products, for instance,
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were becoming more common. In the schools it was &
different story; for e=ven in the nineteen fifties,
plywoond,; blockboard and chipboard were still not in
common use for those parts of pupils work which were
either visible or load bearing. In contrast, new
synthetic adhesives which wer e water—proof,
non—-staining and allowed more time for adjustment
during assembly than the traditional "animal glue",

were being adopted.

So in the three areas of Handicraft — materials,
adhesives and finishes — changes were taking place if
only slowly. It was becoming apparent that with the
greater availability of materials which exhibited
different preoperties of strength, stability and size,
there would need to be changes made in the way these
materials were handled; assembled and finished. These
techniques once devel oped began to be seen in
mass—produced furniture which could be purchased in
boxed kits and assembled with a screwdriver. The trade
knew the technigue as "ED’ (knock — down), but to the
public the image to be portrayed was promoted as 'DIY”
{do — it - yourself), commercially a more attractive
title. It was Ffor the teachers to find ways of
translating or developing those industrial methods such

that they became suitable for the school workshop.

Misbet{i}), who locked at the establishment of the

Schools Council, records that on 24th October 19264,
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after a period when political misgivings had made its
foundation improbable;, The Schools Council was finally
sat-up. It was a body without the ability to direct
curriculum change on one handg; but free from the Local
Education Authorities on the other. It was given
financg and charged with the responsibilities of
listening to, researching inta, developing and
publicising matters of educational interest. Amongst
its interests was its insistance of reform within the
public examination system and the establishment of
teachers centres. Being, as it was, a body which was
designed to reflect the opinions and aspirations of
serving teachers in the area of educational innovation,
it was well placed to recognise the need for
conmunication between educators and the aspirations of
pupils not well placed to be entered for GCE ordinary

level examinations.

Frofessor John Eggleston in his preface to the Schools
Council ‘s publication ‘Design for Teday ', recognises
the ability of the Council to respond to teacher
initiatives. He referred to its financing a project to
"explore the possibilities of development that might
spring from existing school curricula in woodwork,
metalwork and related activities with particular
reference to the needs of the older age groups in
secondary schools". {2} &nd of the original recognition
of the need he wrote; "The Schools Council decision was

in response to the enthusiastic initiatives of a large
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group of teachers in schools; colleges and universities
who, with heads, advisers and adminicstraters had met
together to {formulate proposals on a number of

occasions at Leicester throughout 19657, (2)

fAs if to mark this period of change, the title
"Technical Studies" became the name by which many
workshop and technical drawing areas were described by

teachers.

In 19467 the Schools Council founded Project Technology
at Loughborough Colleqe of Education under the
directorship of Geoffrey Harrison. Its aim was to
promote a better understanding in boys and girls of all
ability levels of the relevance of Technology to our
society. By 1974 there were produced fifteen handbooks
which the project team saw as being used by teachers
who would sometimes ‘“turn to Project Technology
publications for general guidelines, at other times for
more specitic guidance’'. (3) They also recognised that
since the work was not emanating from the usual source
of curriculum alteration, the syllabusses published by
the public examination board=s,; the backgrounds of the
teachers who were becoming involved was not subject
specific. ‘Sometimes technological activities have
originated in science departments, sometimes in school
wor kshops, but usually they have developed to embrace

-

or touch upon every department of the school. " {(3)
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In the following ten years, pilot studies, reports and
text books were published by the Schools Council.
Initiatives toolk place at school and Local Authority
level and not only concerned with work to be aimed at
pupils aged 11 to 16 years. In 19270, for instance, an
Engineering Science project was funded jointly by the
Council and tLoughborough, now a University of
Technology. A wide range of GCE Advanced level courses
included elements of physical science and this
project 's primary aim was to Produce stimulating and
enjoyable text books by adopting an engineering

approach’ . (4)

Fox and PMarshall at Danum Grammar School for Boys at
Doncaster devel oped a course called ‘Control
Technology ' which was edited by Viles to become another
part of Schools Council Project Technology, this time

aimed at 13, 14 and 15 year olds.

‘Medular Technology®™ courses started development in
Hertfordshire {1970), and Avon (i974) Local Education

Authorities. Influenced by the work of the School

Technology Forum - based at Trent Polytechnic,
Nottingham — a project team started to develop the work
ready for trial in 1977. The books; or modules, were

published in association with the MNational Centre for
Schools Technology which had been established at  Trent
Folytechnic wunder the direction of Geoffrey Shillito.

The modul ar approach was intended tao ‘allow schools to
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start a two-year course based on sither three modules
spread over {fouwr terms followed by a major project, or
2 five—module course spread over four terms followed by
a shorter project -c-cc-. for which public examinations

=

at ‘0" level and CSE are available. " (3)

In 1977 the titles "Craft", "Handicraft" and “"Technical
Studies” when applied to the work done in school
woodwor bk and metalwork shops, was officially
superceded. H.M. Inspectorate wrotey, "This subject area
has developed considerably over the last decade and the
title, Craft, Design and Technology, describes more
adequately than Handicratt the wide spectrum of
activities undertaken in the school workshops and
drawing offices. The principal aim of Handicraft was
the physical and emotional development of boysymainly
through the gradual aquisition of skills. Craft, Design
and Technology extends this to provide a fuller
experience in which cognitive development features more

strongly. Its central aim 1s to give girls and boys

confidence 1n identifying, examining and finally
saolving problems with the use of materials.
Craft,Design and Technology has an important

contribution to make to the education of pupils as part
of their preparation for living and working in a modern

industrial society.  (6)

This reference was the formal recognition of a change

in curriculum cantent and direction which had its roots

FAGE 20



firmly within the education system. It was assisted and
enabled by an agency whose champions had besn embroiled
in political in—-fighting before its birth. An agency
which stood apart +from both the Local Education
Authorities and the Department of Education and

Scisnce; and had no mandatory powers.

I+ the 5chools Council was not empowered to pour salt
ocn the tail of curriculum development, it did at least
demonstrate the usefulness of the dangled carrot before

the lubricated machine.

i. d. MNisbhbet. ‘SBchools Council. U.K. ' Case Studies of

Educational Innovation, OECD 1971,

2. J. Eggleston. ‘Design for Today’'. Schools Council.

-

3. ‘Project Technology Handbook Nol4 Simple Computer

and Control Logic’ Heinemann & Schools Council 1%274.

4, D.7T. Eelly. "Engineering Science Project -

Structures’. Schools Council & Loughborough University

of Technology- Macmillan 1974,

S. R. Page. ‘Schools Council Modular Courses in
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Technology — Teacher 's Master
for Schools Technology, Trent

Boyd. 1981.

6. Curriculum 1i-167,

H.M. Inspectorate. HMS0O. 1977.

Manual ". National Centre

Folvtechnic.

Working
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2. WHAT IS5 THIS WONDERFUL THING TECHNOLOGY?

HoM.I., in their publication 'Curriculum 11-146° wrote a
chapter dedicated to an area of the school curriculum
which they called ‘Technology " {1i}. They informed us
that the word "Technology" was coined by Joseph
Beckmann, a theologian turned mathematician and
scientist - as we shall see; a significant if¥, by the
standards of today, perhaps an unlikely combination of

interests.

According to ‘'Who's Who in Science’; Jdohann Beckmann
was born 4th June 1739, the son of the director of
taxation and custodian of postal services, in Hoya -
Germany. He was educated by his mother and went to the
Gymnasium at Stade at the age of fifteen. In 1759 he
entered the University at Gottingen to study theology
but twned to mathematics and the natural sciences,
public finance and administration, and philosophy. He
also enijoyed languages. He travelled to Sweden and
Denmark inspecting mines,; factories and foundries. He
was appointed extraordinary professor of philosophy in
Gottingen (176&). His work turned more towards applied
botany, agriculture and public economy, and an ordinary
professorship of economic sciences was created for him
in 1770, He held the post until his death in February
of iB11. ‘"He founded the independant science of
agriculture with his texthook Grundsatze der teutschen

Landwirthschatt(1769),; and he stressed that practical
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agriculture needed a scientific {foundation: natural
history, minerology . chemistry, physics, and
mathematics were recognised as necessary auxiliary

sciences of agriculture.  (2)

He recognised the links between his agriculture and
both the production of natural mineral products and
mining technology. ‘Who's Who in Science’ draws the
conclusion that it was but a small step for Beckmann to
become interested in the production of metals and {from
that to the processing of materials in general by
individual trades. 'By 1B&9 he was calling his science
of trades “technology" and in 1777 his Anleitung zur
Technologie appeared, the first advanced textbook in
this field. It is noteworthy for its systematic
approach to the wvarious vocations and for its

descriptions of a number of trades.  (2)

Almost lost in this biographical summary is the comment
that ‘Bechmann was not without precwsors in his
attempts to spread technological knowledge, but he was
the first one to succeed in introducing technology as a

separate subject into the highschool curriculum. ’ {(2)

The interdiscipliniary nature of technology was the
subject of another book later in his life ‘'His attempt
in 1806 (Entwurf der algemeinen Technologie) to compare
the processes that are utilised in the various areas of

technology that are based on the same objectives also
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deserve special attention. Thus, for example, the
various areas of crushing or grinding were examined
with a view toward profiting from the transfer of an
especially efficient procedgure from one field to

another. " (£}

Another reason for Beckmann to be brought to our
attention is that he compiled the first history of
inventions: "Beitrage zur Geschichte der Erfindungen”
{Appendix 1). It is not a complete history but it is
an admirable collection of historical descriptions of

individual inventions’ {(2).

Returning to the 20th century, "Curriculum 11-1467
concludess "It is essential that 1é6-vyear—olds can
understand Technology, and that they are able to
operate various manifestations of it". Beckmann was
identified by HMI because of his use of the word
"technology ', neither his interest 1in inventions nor
his background was mentioned by them to illustrate the
way that thesy had influenced Beckmann in his use of the
word. It is almost as if Beckmann was sesen to have
found an existing,; though perhaps obscure, study which
he felt suited his interests and could be promoted -

perhaps for his own gain.
We have already seen that through the work highlighted
and promoted by the Schools Council, technology for

schools cseems already to be linked to three things:
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understanding, operating and inventing, but if
education is to serve the whole of socciety equally, the
ground rules ought to have been defined by someone and
then understood by those teachers who were to be the
Schonls Councils target. All teachers; for it is not
sufficient only to address those directly involved -
the ones who will be delivering the content - but to
reach others whose attitudes will have to move in
order to create the space needed within which the

deliverers can wWoOrk.

it is one thing to know that something is essential,
but another to deliver it. The difficulties of bringing
about change, compounded by the reality of a lack of
access to the educators’ most important resourcey; the

teacher and his/her awareness.

Ater the recognition of a need {for change the first
step ought to have been the establithment of a common
understanding — a definition. How do H.M.1. define what
they dubbed as being an essential area of the

curriculum?

In their second paragraph they state, ‘Technology has
been defined as ‘the rational application of science to
the bhuman condition’ . (1) {There is no reference to
their source.) Clearly a definition to mean all things
to all men, though with an undertone which helps to

create the archetypical image of a white coated,
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bespectacled expert.

As if appreciating its own shortcomings, the paragraph
then continues by exhorting the reader to weigh each of
the words carefully and to be aware that it is not
simply a concern with ‘science’y but with people,
society, reason, decision making, processes in politics

and in industrvy. {1)

Having proscribed an 'essential’ curriculum area and
then failed to arrive at a working definition of what
it is they would recognise as {fulfilling it, H-M.I.
procedes to recognise that every syllabus ‘can make
some kind of contribution to ouw comprehension of
technology, if,; that is; the syllabuses are appropriate
to the needs of present—-day society.’ I am left with a
feeling that H.M.I. do not really understand the nature
of the task. Put simply, the transliation appears to be,
‘Technology, which we cannot define, is an essential
part of the 11-16 curriculum. If your school is already
doing its job praperly, then technology will be being

taught. "

The implication is clear. I+ the curriculum of the
schoaol is inappropriate; it needs changing. And who
would argque with this? But suwrely, if only the referee
krnows the rules and refuses to tell them to anyone,; how
would anyone know how to start? It is not sufficient to

Say ‘Just kick the ball and 1°11 tell you as you go
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along!’ The {frightening reality seems to be that the
referee should not be surprised if¥ no one wants to play

the game!

H.M. 1. avoid the opportunity of defining "“technology"”
for the assistance of teachers, preferring instead to
assume a universal understanding. Having arrived at
this intellectually cowardly and erroneous decision,
they then state, ".-...it is not proven that technology
is a separate discipline.'" (1) Another pompous statement
creating the illusion of a profoundity and thus not
seeming worthy of research until we recognise that we
do not know what to search for. It does, however; have
another significance for, on reflection; it sounds
like an excuse for not advocating a massive teacher
training initiative! Later we are advised that,
"Responsibility for bringing technology into the
curriculum ought to be shared by any department which
can make a useful contribution in the matter."({(1) At
this point perhaps we should have arrived at the
conclusion that the need +or technology in the
curriculum 1is so urgent, that an "any port in a storm’

attitude has prevailed!

Returning to the analogy of the ball game,; perhaps
there 1is another way of loocking at the problem of

provision.

Suppose the philosopher can humble himself in the eyes
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of his critics and say that there is a generally held
image,; a concensus, a gestalt, of what technology is.
Suppose that he can then convince the listeners that
the important thing is to strive towards it, and that
the defining of it is of peripheral importance. If they
could accept this, then he could blow the whistle and
they would 211 be able to make a start by kicking the
ball in the right direction. When a problem arose
perhaps the plavers could be persuwaded to find a way of
resolving it. The analogy becomes a little tenuous as
the number of plavers is seen to increase, and the
position and direction of the ball might alsoc become
obscured by plavers who come and go as they perceive
their interests being best served to a greater, or

lesser, extent.

5till, with the absence of humility, Curriculum i1-16
whistled into the wind and those players who had read
the book were able to start running about and kicking
the ball in the general direction of no less than eight
sets of goalposts. The esight human attributes which HMI

say "technology"” will affect.

i. Creative.

2. festhetic.

3. Linguistic.
4. HMathematical.
S5. Bcientific.

6. Social.
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7. Political.

8. Spiritual and Ethical.

The similarity of this list te a list of the
departments in Comprehensive schools may either be
contrived or coincidental. In either event it does
appear to give fuwther grounds {for any teacher to
profess a legitimate, if insecuwre, ability to address
the subject and take teo the field, thus compounding the
difficulty in arriving at a commonly accapted

description.

It is in the paragraph titled <Conceptual Knowledge’
that we +ind the sentence, "The very concept of
‘technology’ requires explanation,; and some department
ought to be given this responsibility; it is by no
means clear that this is generally done at present. " (1)
So, with that in mind I have attempted a collection of
definitions, descriptions and relevancies; with the aim

of synthesising a working definition.

Harrison and Rlack remind us that, to the guestion
‘What is Technology? ', came the reply: "Technology is a
disciplined process using resources of materials,
energy and natural phenomena to achieve human
purpaoses. "(3) & useful collection of understandable
words in a sentence which makes obvious sense. This has
much to do with their practical involvement in teacher

training and the work of Project Technology which
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reguired skill, knowledge and intellect. When set
against their individual backgrounds as the developers
of this particular curriculum area perhaps this
accomplishment is less surprising. In contrasty; the
Concise Oxford Dictionary defines the word as: ‘Science
of the industrial artssg ethnological study of
development of arts (4}, not to my wmind a helpful

explanation.

Those most able to see the nature of the beast will be
those who have had first hand experience of dealing
with it. The following 1is a collection from a

representative group.

Keeping definitions short and easily understood may
make them easy to recall. Buckminster Fuller was gquoted
by Rt. Hon. A. Wedgwood Benn, Minister of Technology
19646/70, ‘'Technology simply means getting more out of
less. " (3) However I am left with the feeling that this
brevity was designed with humour, rather than +realism,
in mind. The Open University, {for whose publication
Benn provided the introduction, asserts that
"Technology leads to the making of things which tend to
change the world in which we live ' (3) and "it is
concerned with the problem of creating new things of
value to man. ~{(5) I like definitions to be
authoritative, and the use of ‘leads to’ disappoints
me. Worthy of special mention is the inclusion of the

word ‘new’ . The writer associates it with the artifact
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and not the method or tool.

The Welsh Joint Education Committee consider that,
‘Technology is principally concerned with design and
praoblem solving processes, which draw upon scientific
and technical knowledge together with other resources.
It also invblves management of the environment and
requires that the different cunstéints imposed by
knowledge, FESOUr Ces and the environment are

recognised. ' (6)

The Society of Education Officers states that,
‘Technological capability encompasses analytical skills
and scientific knowl edge but also the design,

manufacture and marketing of goods and services. " (7)

Hicks, staff HMI for C.D.T. maintained that "Technology
is thought of as that body of knowledge and experience
with which man has progressively mastered and enriched

his environment. " (8}

Micholson, C.D.T. Adviser, stated that 'Technology has
been defined as the purposeful use of man’'s knowledge
of natural phenomena, materials and sSources of

gnergy.  (9)
The East pAnglian Examinations Board, 2t al, sought to
provide a complete description. ‘Technology is

concerned with the identification of the needs of man
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and the endeavour to satisfy those needs by the
application ot science and the use of material
resources and ensrgy. It is concerned with solving
problems where there is no right or wrong answer, only
good or bad solutions to a problem. Technological
behaviour requires activities that are creative and
demanding, where the laws and principles of science,
the constraints of socliety and economics are applied to
problems of satisfyving human needs. Technological

behaviow involves appreoaches and technigques such as

systems analysis, problem identification, decision
making, planning, idea communication and solution
evaluation, that involve considerations other than

pure science ar craftt. {10}

H.M. Inspectorate believed that the study of Technology
would provide ‘an understanding of principles relevant
to the application of scientific phenomena to materials

in a design situation. (1)

The Department of Education and BScience describes
Technology as being ‘principally concerned with design
and problem—solving processes leading to the making and
evaluation of artefacts and systems. It draws upon
scientific principles. Technology also involves
management of the environment, and familiarity with the

concepts of materials,; energy and control. " (11)

Examination of all these statements illuminates four
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areas which seem to be of common importance.

There is reference to humanity onm both the social and
personal levels, there is reference to the intangibles
a body of knowledge and the ways it can be used, there
is reference to the tangibleg; the creations of man, and
there is reference to the environment or natural
phenomena. It would seem that all of these areas ought

to be represented in any description of technology.

It would seem therefore that technology is  the
application by mankind of capabilities to available

resources with the aim of producing improvements.

Having arrived at a working definition of the word,

what are the manifestations of its meaning?

The products of man’'s capability are reflections of his
progress. But what is meant when “human progress’ 1is
being discussed? Undoubtably there is an understanding
that change has taken place and there is the
implication that the current situation is better than
the former. From the results of research and the
gvaluation of past practices; we draw conclusions. We
are the recipients of 'news’ ', items which describe what
was not done, or known, yesterday. HMilestones on the
road to the future. FProgress is seen to be a function
of the body of available knowledge,; the sophistication

of available equipment,; the understanding of suitable
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processes and the passage of time. However when further
considersed,; the word ‘progress’ as applied to the human
social condition, is not so sasy to define as it is
when applied to changes in physical position. Social
progress is often a case of one man's meat being
another man’'s poison, and in the western democracies
the recognition of this has given rise to the provision
of mechanisms whereby opposing public perceptions can
be aired in 2 controlled way. Flanning committees
judging the erection of house extensions at the local
council level , the sethod by which the county councils
were to establish the structure plans of the early
1970°'s which were meant to lay out parameters for the
futwe physical and economic characteristics of large
areas of the country and public enquiries typified by
Windscale in 1978 and Sizewell in 1984, are three

examples of the British way.

Clearly there is a place Ffor moral and ethical
judgements in the process of change which technological

movement precipitates.

Public perception of change is a matter of concern to
anyone whose progress and well-being depends upon its
reaction. Whether they represent their own interest or
the interest of others,; the furtherance of the change
is a goal representing a challenge to their reputation
and when seen as such it becomes clear that the greater

the impact of the change; the greater will be the
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challenge and the stronger their motivation for
SUCCESS. They will consider the strength and
disposition of possible opposition and the scale of the
actual reaction will be compared with the scale of the
proposed change and appropriate strategies {or

favourable progress will be developed.

This awareness of ‘real world’ reaction is not solely
the way of the proposer of a new chemical plant but is
also the concern of the designers of the latest

generation of video recorders.

In a technologial society there is also a case for an
appreciation of the mechanisms whereby criticism is
levelled, and an understanding of the limits associated
with different {fields of complaint, eg. the objectors
to a Motorway are locally associated and have an
established forum to work through. The rules of the
forum were not written by the objectors but only with
them in mind, by those whose main interest is in the
control of dissent. Critics of the performance of
domestic artefacts,; on the other hand are likely to be
much more dispersed and would find it much more
difficult to establish a concerted and representatively
strong point of view. Their rules of collective dissent
are far from clear, although as individuals they have

local trading officers to speak to.

It would be naive to assume that those in control of
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innovation would, or could,; represent the collective
spcial concience of the nation and even i+ they did,
the standards of one nation may not be those of its
neighbour. Yet the reality of history shows that even
societies which espouse the ‘social’ ethic as opposed
the the ‘capitalist’ ethic are not without faults in
the way they control their technological innovations.
The explosion of number 4 reactor at Chernobyl in the
USSR in 1984 is evidence of that. But before sagely
knodding of heads signals the commencement of mutual
self-righteousness it is well to recall the poisoning
of Seveso in Northern Italy, the catastrophe of Bhopal
in India, the explosion at Flixborough, Humberside, and

the panic at Harrisburg, USA.

Where Chernobyl should begin to ring new alarms 1s in
the matter of the containment of ethics, for the
shortcomings which were this disaster 's precursor had
their roots in the procedures of the socciety of the
USSR. Not only does political ideclology seem to hold
little sway over the magnification +rom humble
heginnings to awful finality of some of technology’'s
obscure shortcomings, but its effects are now seen to
reject peolitical boundaries. Although there may be room
for argument about the origins of the acid rain said to
be devastating the forests and lakes of Scandinaviag
the indisputable results of Chernobyl put the ‘social 'y
‘political” and ‘ethical’ aspects of the HMI's eight

human attributes into perspective. I+ there no
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realistic possibility or desireability of halting
technological change, and if its control is less than
perfectly applied, it will require a greater
understanding of what is possible before the reality of

‘progress’ is grasped.

There are those who, following the publication of the
Club of Rome’'s report "'The Limits To Growth®™ in 1972
{12}, began to voice continual concern over the ways in
which the resources of the earth were being depleted.
Pressure groups and publications currently mount
campaigns of education and protest in their attempt to
make known their fears over the scant regard the human
race pays to the non—-renswable mineral resowces and
oppressed life forms of the planet. The voices are
aoften reported in terms on the critical side of
neutral, which will be seen with pity 1if they are

proved correct.

What is not in doubt is the fact that natural resources
are the target of technological activity and although
sgme can be be re-cycled, those which give up part, or
all, of their energy content are probably lost unless
their resultant products are made to become of
permanent use. The description will inevitably involve
the manipulation of quantities,; the wunderstanding of
rates of change and the modelling of trends both actual

and projected - the stuff{ of mathematics.
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Throughout their book "Science and Society’; Rose and

Rose (13} pursue the relationship between coience and

technology. They are prepared to acknowledge the
existence of pure sciohnce, the ‘Everest Complex” or
doing scisnce for its own sake, ‘iike collecting

stamps’; but they gquote Sir Eric Ashby, 'Crawling along
the frontiers of knowledge with a hand lens.’ However
they identify two other directives for research policy.
ne is the directive from a government which wants to
target activity for a particular purpose: war, defence,
illness, the environment, and the other is the
perception of a research route from the evaluation of

an application of an earlier result of sSCience.

Technology will also have the need for more research.

Science has long been seen as the province of the white
coated ‘expert’; steeped in obscure, probably secret
and certainly inexplainable matters. The BBC Radio Goon
show introduced us to the man from the ‘Ministry of
Certain Things’'; and Michael Flanders and Donald Swann
described a conversation with a Scientist, "H-2 B50-4,
professor!”. To which came the reply, "And the

reciprocal of pi to your dear wife!*(14).

Technology is not a matter +for the experts. It is
practised by the people who should appreciate its
potential and ought to Frecognise its results. FPeople
equipped to this level and having a right to determine

their futures will be able to influence at least two of
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the three ways their nation will develop.

But first they will need to understand that such
invol vement is both important and intellectually
possible, and the first steps to change will have to be
made Iin the schools because the understanding,
knowledge and immediacy does not vet exist in the

homes.
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3. OF THE TECHMOLOGY OF THE COMPUTER.

‘S computing machine is a device for facilitating the
performance of mathematics,; the greater part of which

would be very much better not done’ . F.C.Williams. (1)

There are references in many school text books to the

origins of the computer, indeed it s=seems to be
mandatory - almost a test of the authority of the
writer — to find a new target for its invention. I have

the awful vision of playground discussion groups locked
in earnest debate over the uwuse of Sumerian clay
tablets, the similarity of the #fztec, Russian and
Chinese abacus to the Japanese soroban and the
differences between the digital computer produced by
Blaise Pascal in 1642 and the Analytical Engine of

Charles Babbage in 1833,

Ferhaps they would be separated by a teacher, an under
~ graduate of the Open University, of nervous twitch
and bleary eye whose constant glancing at her wrist
clinging watch reminds wus of Lady #Macheth's damned
spot. Hussey(Z), she might inject,; made the point that
Babbage never managed to produce a working prototype
and that even if he had, the machine would not have
fulfilled the reqgirements for a ‘Computer’ as outlined

by Newman (3).

Feace instantly retuwrns, leaving the pupils to play and

the teacher to return to her worry — whistle.
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Someone told me; a long time ago, that the learning of
names and dates would never be of much practical use.

They were right.

However, what is of relevance to C.D.T. is the process
of development, the designing, of the computer because
it is a new product seemingly without a history. It is
almost as if it appeared from nowhere and reproduced at

an alarming rate. Truly the stuff of science fiction!

He are now accustomed to computers, having seen them in
shop windows, on the television and in schools. We are
treated to views of smart plastic cases, textured and
colouwrsed, and the comforting confidence of both
salespersons and cther computer users who expound their
virtues with an wnending series of acronyms. It is not
easy te appreciate that, as there was a Wight Bi-Plane
to our super—-sonic Concorde, so there was a primitive
and unattractive predecessor to our current personal

computers.

The bi—-plane, wooden with fabric, wire and having the
aspect of a childs cats cradle, is as {far removed from
what we now regard as safe and efficient aviation as a
thilds den in the bushes is from even the humblest of
dwelling houses. Yet the den, not unlike the bi-plane,
it is an attempt by an unsophisticated mind to use

available skills and materials to satisfy a need.
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Technolaogy in play — but consider the child’'s result as

seen by the unthinking-

When the results of this young technologist at play are
judged, lacking as they do guality of finish, are we to
expect the same should the exercise be transferred into
a school situation? If so,;, and unless understanding is
gestablished,; teachers will continually be looking over

their shoulders, waiting for criticism and complaint.

There is no satisftaction in being continually
criticised. Without external appreciation of the
seeming lack of emphasis on crafismanship, the

opportunity for creativity of this sort will be almost

stillborn.

If it could be established that there was a ‘string and
sealing wax’  stage to the development of all products,
the efforts of the young may yvet be seen for what they

are, innovations from within a developing mind.

We have seen early photographs of asroplanes, steam
sngines, looms and agricultural machinery, all in
operation. But it is almost as if it is not in the
manufacturers interest to release evidence of his
primitive efforts and failures. It goes without saying
that only the failures which result in tragedy are ever
publicised and so it is little wonder that there iz no

public appreciation of how early work is “lashed-up’.
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Professor F.C. Williams® account of the development of
the computers at Manchester University is fascinating,
not because it describes the ‘invention of the
computer 'y but because is tells us how it was before
the advent of the smart plasic case and the regimented
ranks of semiconductors soldered uniformly to
geometrically lined boards. It illustrates the ad-hoc
nature of innovation and the well recognised problem of

minimal funding!

Williams left the Telecommunications Research
Establishment (TRE} at Great Malvern and his Radar
research in 192446, to take the Chair of Electrical
Engineering at Manchester University. He recalled his
interest in computers being aroused at TRE,; because as
the war ended,; the Radar experts had ‘endless solutions
and no problems’. He freely admitted to being no
mathematician, but recognised the need for an
electrically operated ‘storage system’ when 1t was
brought to his attention and, by using his past
experience, at the end of 1246 the cathode-ray tube was
made to store and display one binary digit. This method
of storage was rapidly developed to handle more than
one thousand digits,; or luminous dots, which could be
assembled into patterns on the screen of the tube. The
patterns could be manipulated to form alphanumerical
characters, and by the end of 1748 he was able to store
as much as 340 kilodigits within his cathode-ray

system. However it is as well to appreciate that the
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achievement so far was only the ability to store pulses

electronically.

Williams, and his colleague Kilburn, knew nothing about
computing but much about electronic civculits. Nesman
and Twuring, in the mathematics department of the
University, knew much about computing but substantially
nothing about electronics. The co—operation between
these two interests resulted in 1949 in the operation
of a machine which could access 5120 digits immediately
from a two CRT stores and a further 40,960 digits held
on a rotating magnetic drum. The machine utilised three
other CRT s, one for an accumulator where totals were
made and held, one for keeping control and the other
for holding instructions which the machine might want
to modify. This last is now usually called an "index

register .

Williams notes an interesting conflict which arose
between mathematics and electronics - interesting
because it brings into focus the real-world limitations
of "theoretical’ knowledge. He wrote that the machine
worked in a serial way. That is to say that pulses of
electricity representing the make—-up of numbers were
sent one after another. ‘In mathematics the least
significant digit occurs on the right. In serial
machines the least significant digit must be operated
on first in order that carries may be determined. It is

well known in electronics that time flows from left to
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right, so the least significant digit must be on the
left. The solution adopted was to employ a system of

numbers called “"binary backwards” . (1)

Williams observed that the creation satisfied his own
definition of a computer (see paragraph one),; but did
not satistfy that of the Royal Society (RS) discussion
in 1948 which describad computers as having to be

automatic, digital and general purpose.

It is at this point in his paper that we begin to
appreciate another of the practical realities of
development work which, in my mind, reflects something
of the childs den. He recognises that since the 1948
machine required human intervention during the solution
of a problem, it could not be described as automatic,
and he describes why this is so. The reason was that
the magnetic store, the revolving drum, was in a room
on the floor above the electronic store - the CRT's.
Transfers between the two had to be made by setting
switches ‘and then running to the bottom of the stairs
and shouting "We are ready to receive track 17 on tube
1'""°.{1) This =shortcoming was described by Williams as
being "trivial "y, and well it may have been in terms of

the effort required to replace it with something more

akin to automation.

But the fact remains that here was a rather ‘boots and

braces’ stage which had to happen before we could have
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our modern personal micro ' s.

I+ this +fact is of significance to the C.D.T. teacher
aof today, Williams® next admission is at least of esgual
importance. He reports that the machine we have Just
been considering was not the one which had the greatest
impact on computing at Manchester University! Having
spent such time and effort, this product was not the
one which went forward to the next successtul stage.
For those teachers who have practical experience of
this in the workshop, they will recognise their initial
refusal to believe in their own diagnosis. They will
also recognise that there are times when ‘the best of a
bad job  must be made, but that, sadly, there are
others when all the sincere hard work can be recognised
as having not been in quite the right direction, and
the product has to be put to one side — scrapped. This
ie not the stuff of my youthftul craftt room when the
outcome was clearly known in advance, and the
strategies for success were well established. Failure

in those days was the result of a lack of craft skill.

For the sake of completeness - 1if not to fuel
playground ardour — it is as well to record here; that
the machine which +first performed according to the
three parameters laid down by Newman at the RS, did so

in Manchester in the July of 1748.

Now, apart from the reassurance that high technology
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has its roots firmly on the floor {(or perhaps floors),
what else do we learn from Frofessor Williams paper? We
find that the machine was built by ‘deoing’ and that the
‘do—ers’ were not all academics. Indeed it would seem
that the development would have taken longer if this

co—operation had not happened.

It is worth noting that Frofessor M.V. Hilkes,; who was
also working on the design of a Computer at Cambridge
University, said in 1974, "Yarious proposals for
memnor i es of other types had been discussed in
Fhiladelphia and 1 tHeard afterwards of the highly

original work that F.C.Williams was engaged oni these,

however, all seemed to involve a good deal of
specul ative research . (§) From this paper, which
describes the progress of the EDSAC machine at

Cambridge and in particular the development of “high
speed memory’; not only do we recognise that Williams
methods, which included ’‘speculative research’ — what
my grandfather used to call ‘suck it and see’ - were
not without their critics, but also that the Cambridge
machine started to work in May 1949, one year later
than 1its Mancunian relative. Incidentally Wilkes, who
like MWilliams had been engaged in wartime Radar but
whose background was 1in pure and applied mathematics
and radiao physics, notes briefly: "We, along with other
groups, had great trouble in making the mechanical
peripherals meet ouwr reqgquirements {or speed and

reliability. The advances that were made in this
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direction, particularly as regards reliability, have
been felt Ffar outside the computer Ffield (4). An
interesting observation for two Feasons. The
recognition of the need for an understanding of the
nature of mechanisms whilst working on what at first
sight is not recognised as being a mechanical problem,
highlights that aspect of ‘technology’ which
demonstrates the need for further research before it

can proceed.

We have already seen what might be described as the
‘natural development ° of school technology as having
come from both science and C.D.T. teachers who have
not, in every case, been working together. Here is
another possible link, what might be called the

‘gci—tech continuum’.

In his lstter to me concerning the development of

Microelectronics within Durham LLocal Education
Authority, Grimshaw 1i1dentifies ten areas of the
curricuelum where he believes aspects of

microelectronics to be of interesty; and 1 guote him at

lengths

‘a) Electronics as a subject in its own right .

b) Electronics in Control Technology -— an area of
major interest to CDT teachers.

c) Electronics in Computing — computer control is of

interest in many areas of the curiculum.
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d) Electronics in Science — many Physics syllabuses
involve some aspects of Electronics though usually on
an analytical rather than a design and application
level. There is also a lot of potential for using
Electronics in scientific measurements and  data
collection.

) Electronics as a teaching aid {for teachers of
children with special needs.

£} Electronics in Rural Science and Environmental
Studies ~ the scope for sensing and control of
environmental conditions is at least as great as it is
in Science. Weather conditions can be moni tored
{temperature, pressure, humidity, rainfall, light
conditions, wind speed and direction). Soil moisture
content and acidity can all be monitored with relative
ease.

g} Electronics in the Primary School - it can be used
as a new approach to achieving many educational
objectives in the primary school. The "Wirral
Electronics Pack" in particular has been used to
introduce children to preobliem solving situations,
design, numeracy, group work, language and many other
pupil—centred activities.

h) Electronics in HMusic - musical application of
Electronics and Microelectronics are well developed in
industry and offer new approaches to the teaching of
music.

i) Electronics in Physical Education — this is an area

which as yet is relatively untouched by new technology
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and where a lot of scope exists for new teaching
approaches.

ji¥ An awareness of Microelectronics, its impact in
spriety, potential and limitations should be a part of

=

every child’'s education. (3}

The Fenguin dictionary of Electronics statess
"Electonics. That branch of science and technology
which is concerned with the study of the phenomena of
conduction of electricity in a vacuum,; in a gas, and in
semiconductorss and with the application of devices
using those phenomena. (6} It goes on to describe
Micro—electronics asg A branch of electronics
concerned with the design, production and application
of electronic devices of very small dimensions, in
which a high packing density of the component parts is
achieved by eliminating individual containers and
connecting wires. " (&) For the purposes of the
curriculum, perhaps it would be better not to draw a

distinction between the two.

I am a little unsure of Grimshaw's meaning of “subject
in its own right ' (5). There is a world in which
electronic components are designed and made, but I
cannot believe that such a capability can be developed
in children of secondary school age. Nor am I sure that
the eguipment would be affordable. Perhaps what is
meant is the use of electronic components to make

circults. This is surely akin to the toothbrush rack
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and is,; as we have sesn, now a discredited curriculum
Sim. The final possibility is the design and
construction of electronic artefacts. Limiting the
solution of any project to a particular technigque is
not efficient and is certainly not the aim of C.D.T. I
must gquestion both the logic and the cost—effectiveness
of setting—up a curriculum area in opposition to one
whose aims are both recognised and accepted — with the

aim of educational regression.

The distinction between b & € is interesting. It is
possible to control using electronics, and I would not
disagree with his perception of the C.D.T. interest in
this area. However 1 wonder how much of the electronics
of a computer must be mastered before one can use it to
control. This is a thought which will need to be
pondered as more is understood of the use to which

computers are put.

Using electronics for the collection of data and for
making measurements seems to me to require as much
capability in the area of electronic instrumentatiﬁn as
would be required to make a wooden rule before having

to measure length. (Bee also ‘¥ 'h” and "i°)

The same is true of e, but is not of the same relevance
since the presumption is that of a teaching aid for the
benefit of the teacher. 6 parallel might well be drawn

with the need to understand the workings of a red
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ball-point pen before marking books.

The design—based approach to learning, as we have seen
in the development of C.D.T. as a cwrriculum area, 1is
justified. However, just because C.D.T. does not appear
as a title in primary schools, there is no reason not
to use alternative media to attempt the same aims — SO
long as there is a breadth of materials and possible
solutions available. I+ not, we shall merely have
sucrceseded in shifting the problem, that of knocking the

inventiveness ocut of children, to an earlier age.

There is much to be said for making people aware of the
social impact of technology, and it could be argued
that the last people to handle this should be the
technologists. A cynic might well draw the paraliel
with the bio—chemist who succeeds in  justifying bhis
work and obtains a continued grant only to demonstrate

the awesome effect of a genetically engineered virus.

Grimshaw’'s reference to electronics in the area of
control begs an understanding of the nature of control
itself. If control is to be appreciated it has to be
demonstrated, and without first having the electronic
contollers {(for electronic siuations) to hand, it
cannot be done. Building the controllers first would be
electonic toothbrush rack building, and so we have a

‘chicken % egg’ situation.
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The advent of the versatile microcomputer, an

electronic box—of-tricks capable of being carried
about; has esnabled the teaching approach to be
revolutionised by Femoving the philosophically

irreconcileable dichotomy of the attainment of an
innovative end by the use of discredited means. Its
comparative cheapness and ability %to be used for
different activities has enabled it to be justified in

its use in a wide range of school situations.

Computers are used in process control for three main
reasons. fthe Ffirst has to do with the ability of the
computer to store information, and the second is
related to its ability to perform calculations at very
high speeds. It is the third, however, its ability to
act independantly and reliably without constant

supervision, which is its greatest asset.

The combination of these three is what has caused the
revolution in process control, for whatever can be
observed and translated into small impul ses of
electricity can be monitored within the computer and
related to instructions already present. Furthermore,
if small electrical impulses can be translated into
larger scale ogperational activities, the computer is

capable of influencing its environment.

This 1s the classic ‘input - process — output’ (IP0)

situation and when operated by micro—electronics, 1is
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probably the ultimate goal in the artificial use of the

iF8 triad.

There 1is, however, one further and most intriguing use
of the computer for which many can give thanks, for
although it may well be that most computers are used
for automatic control, the computer is capable of
‘simulation’y; and simulation is often cheaper than the

real thing!

Since output can be sent to any device which is
sensitive to pulses, alternative devices can e
substituted for the real thing. Simulation is possible
at any time during the development of the process
strategy, an advantage which can be appreciated more
when the modification of an established process is
required in a complex and potentially haz ardous

environment.

The development and modification of control processes,
when done in conjunction with alternative output
devices, and perhaps wutilising alternative forms of
input is known as ‘modelling’ . Another use of the same
word results in the construction of small (and in some
cases largs} scale prototypes. Their behaviour, as they
are subjected to the rigours of use,; can be related to
that of the target,; providing that enough is known of
the relationships between the two. The computer is

particularly useful here, because these relationships,
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when reduced to mathematical models, are rarely 1l1linear
but complex. The computer is capable of processing at
high speed, and these complex relationships can be
rationalised at speeds which still allow tests to be
conducted in such a way as to represent the speeding—up
of timey thus modelling a year 's use in the space of a

number of weeks,

The story of the development of the electronic computer
is a wonderful example of the meaning of technolegy in
the raw,; warts and all! A computer system is now both
atfordable and, as we shall see, capable of use as a
multi — purpose tool in the development of further

products and systems.

1. Williams F.G. ‘Early Computers at Manchester
University’ . Royal Society. 1975,

2. Hussey M. "Automatic Computing’. Open University
Press. 1972.

3. Newman M.H.A. "4 Discussion on Computing Machines’.
The Royal Society. 1948.

4. Wilkes M. V. ‘Early Computer Developmentsat
Cambridge: The EDSAC’ Inst Elec % Radio Eng. 1975.

5. Grimshaw. K.G. lLetter to the author. Refterence
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TRIST in Durham LEA. 1986. (Appendix 2)

b4, Pelican Dictionary of Electronics. 1%271.
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4. CHILDREN HAVE DESIGNS ONM OUR FUTURE.

The stories of MWilliams at Manchester and Wilkes at
Cambridge are not only that of the development; or as
some would say invention, of the electronic computer
but also a description of the way in which scientific
research sSpanns technolagical opportunities. The
immediate task was not regiured to satisfy the
technological requirement of producing an improvement.
Mever—the—-less the t=am were invol ved in the
manufacture of pieces of novel eguipment which would
enable their research to progress. In this respect, the
satisfaction of their needs by practical means, their

work had a technological aspect.

The contrast between the scientific and technological
activities at Manchester is stark and provides a useful
ppportunity to differentiate between the two. The one
iz open—ended where the result may be intuitively or
intellectually predicted but in the end stands by its
owr honest and indisputable truth, and the other is the
satisfactory operation of a device doing what was seen

to be required.

The success of this second is the result of a
combination of diligence, skill and knowledge, and its
practice is by far the most significant differentiator

between technology and other human endeavours.
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In his Fresidential Address to the Institution of
Mechanical Engineers in 1986, Professor B. Crossland
outlined his desirable objectives 1in education and
training which he believed should be directed at
‘design for profitable manufacture’ {1}. Ofter noting
his concern at the ‘very real and rapid deterioration
in oL secondary education system’ , and the
unaffordable ‘narrowl y-based science/enginsering
students or narrowly—based arts students in the modern
warld {1} which he deplored, he made clear his feelings

on the activity of design.

‘It needs to be recopgnised that the essential objective
of engineering education and training should be design
for profitable manufacture. It is not much use to have
a wonderful design if one cannot make it or when one
has made it it is esither too expensive for the market
place or worse still it has no place in the market
place. Design for profitable manufacture should be just
as much the focal peint of engineers as the human body

ences

bals

is to the medical profession. Engineering SC
should not be considered as freestanding unrelated
subijects as is frequently the case; they need to be
focussed on  the design process. An understanding of
manufacturing processes and systems is an essential
part of design and the integration of design and
manufacture needs to be demonstrated during education
and training. Design is a multi-discipliniary subject

which does not recognise or should not recognise the
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artificial boundaries between, {for instance, mechanical
enginegring and electrical and electronic engineering,
and this is even more true in this day and age. It is
important that this is clearly recognised in  the

educational reguirements of this institution. " (13

He does not give us the benefit of what he understands
the design process to be, but he makes abundantly clear
that there is a great place for designers once they

have been identified.

It is clear +From Frofessor Crosslands speech that
whatever design 1is, it takes place before the piroduct
of man’'s labours is presented for consideration by the
wider public. The purpose of this time is to ensure
that to a recognissd degree, the emargent product will
fulfill its intended purpose. The length of time spent
in this consideration is likely to be variable but it
seems that the skills employed can be selected from a

pool which must be recognisable by some!

Design, observed Hicks ‘...is what that name implies,
the antithesis of accident; and that implies decision

Ean

making . (2}

Like the word ‘technology’'; it seems as if we may be
hard pressed to define what we mean by the word, but
let us examine what Hicks may mean. Consideration of

the antithesis of accident must include reference to
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‘purpose’; and from this perhaps we are to accept that
anything displaying purpose can be considered to be
design. Purpose presupposes the recognition of a goal,
and the process or campaign which leads to this
attainment would be that which we recognise as
‘design’. Can a plant be said to design as it reaches
towards the light? Does a fox exhibit design as it

stalks its prey?

The plant is rooted to its spot, but never—the-less
leans towards the natural light. The fox has the
adyantage of movement. It can pilian a strategy by
locking at its goal from a variety of stances. It is
then necessary for the fox to process its information,
and in the light of what it has learned formulate its
strategy. It is here that the fox displays its ability
to make decisions, an ability which sets it apart {from

the kingdom of the vegetable.

When Walker and Cross asserted that "To the person in
the street the design of a building probably means
it's style — it’'s shape, it's form — together with its
colouwrs, textures and arrangement of windows, etc’ (3},
they may not have been mistaken. Not so the person in
the street! They go on to illustrate further
misconceptions when they cite the constructor of the
building who sees the ‘plan’ {or drawing) as the
design, and the wusers of the building who may well

describe the design 1in terms of the ‘internal
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arrangement of rooms,; corridors, doors and so on. " (3

They accept these four different uses of the word, and

although they link ‘product”’ with arrangement’ and
‘procesc’ with ‘plan’,; they analyse the word no
further.

They do recognise the element of process which design
embodies, when considering the nature of designing’,
and they acknowledge the need {for organised progress,

as evidenced by a sub-heading, ‘'The design strategy’ .

The Secondary Examinations Council describes the
discovery stage as ‘observing a context (4). After the
discovery of area of need; the designer requires to
have a succinct written description againsed which he

can test his progress.

Walker and Cross presume the existence of an identified
context since 'The designer is authorised to begin his
work by some kind of brief. "{(3) This is in contrast to
the stated assessment objective in the GCGE National
Criteria which reads, 4.2 Candidates should be able to
g 3) identify problems which can be solved through
practical /technolegical activitys; "(5). This is clearly
of some significance both to teacher and taught for i1t
assumes the existence of a strategy (and the ability to
use 1it) for which industry either has no use or

entrusts to those who are considered to be invisible.
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Rozse and Rose record the establishment by the Admiralty
in 1214, of a Board of Inventions and Research. ‘its
terms of reference, 2s guoted by ASrthur Marwick, weres:
(i} to concentrate expert scientific enquiry on certain
definite problems, the solution of which is of
importance to the naval services

{(ii) to encourage research in directions in which it is
probable that results of value to the navy may be made
by organised scientific efforts

{iii) to consider schemes of suggestions put forward by

inventors and other members of the general pubiic. " {6)

The meaning of ‘scientific enquiry’ 1s not clarified
and might well have given cause for confusion. Did 1t
mean open—ended research on matters of genuine engquiry
such as weather forecasting, or did it perhaps intend
to attract those who could develop and produce weapons.
Science would not of itself help with the production of
the latter. The second is clearly the province of the
scientist, but the last is certainly not and the
implication that inventing cannot be paid for with a
regular salary is notable in that there must have been
an assumption of irrFegularity, i+ not spontaneity, as
being the act of inventing. Inventing was not seen as a

planned (or for that matter acceptable) occupation.

However, that was a long time ago and history 1is

nothing if man cannot profit by it.
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Much more recently, in 1978, a2 Working Party on design
education at the secondary level was set uwp by the
Education Advisory Committee of the Design Council. It
was made up of a Chairman, Professor David Kieth-Lucas
CBE FfEng FIMechE FRAeS; 10 members, an adviser to the
working party from the Department of Education and
Science, an observer from the Design Council Scottish

Committee and its secretarv.

In his foreward, the chairman makes vreference to the
universality of design as a human activity. He
justifies its inclusion in the secondary curriculum in
these termss ‘sothere can be {few more important
educational experiences for the children than to
grapple with the the sort of problems they will meet as
adults -~ problems of the environment, of man—made
things and how they can be improved,; of the quality of
living - or, in other words, ‘design’ in all its
forms. (7)) It follows From this statement; that an
immersion in design is not to be reserved solely Tor
budding designers, but is for all. Indeed it would seem
to be cruical if useful criticism is to be made in the
future. Criticism when thoughtfully and knowledgeably
levied at design can be a source of inspiration; which
should be reflected as product improvement. Without
this criticism then, there will be two detrimental

effects.
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Firstly there will be less impetus for improvement,
lepading to misplaced confidence and a conseguent lack
of introspection and innovation. This attitude does
nothing to interrupt initiatives for progress to be

developed elsewhoro.

The second effect concerns the attitude a% the
population to the activity of design, for if others are
seen to design better, it is they who will be regardead
as the masters, making logal progress towards
excellence so much more difficult. The decline in sales
of the British motor industry during the 1970's may
have something to do with this; and indeed Kieth-Lucas

takes the matter further.

His report discusses the wider implications for good
design. ‘Education in design can also be justified on
the grounds that good design is crucial to the national
economy. " (7)) This statement ought not to have needed
amplification, but perhaps setting themselves apart
from the history of this nationg; there have been many
who have regarded themselves as not needed in the ranks
of those who take an active part in the productive
aspect of our national economy. Keith - Lucas pointedly
identifies a deplorable truth when he says that there
is a “tradition’ in our country to ‘accord much higher
priority to the pure sciences and mathematics than to

the practical arts. " (7)
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In his use of the term ‘practical arts’ he brings
together all the stages necessary to the production of
the practical solution of human need. It is the use of
the word ‘tradition’ which intimates with tragic
truthfulness the sizre of the problem befors the
country. There is a human system in our land which
perceives the practical arts as something less than the
respectably high plateau on to which our most able must

climb.

The report acknowledges the work done in the teaching
of design, thus recognising the truth which the
Admiralty failed to see in 1214 - that it is both
practical and possible to establish a methodology for
inventing. An understanding of the nature of the method
by which practical improvements are born may well
assist with the planning of future teaching strategies.
However it is possible that there will be a diversity
of strategies since in reality education is

compartmentalised within the school curriculum.

The Department of Education and Science, HMI
Examination Boards and Local Education Authorities
describe Comprehensive schools in terms of Departments
or Faculties. Commonly, al though by no means
exclusively, these divisions are still labelled by
subject names which bear little less than similarity to
the titles of the external examinations they offer.

Where change has taken place we still find that the
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Humanities Department offers History and Geography as
separate areas of study, and that Science Departments
still offer Chemistry, Fhysics and Biology. The
possibilities of change described by HMI, which forsaw
departments described ass ‘Language Development,
Mathematical and Scientific Activities, Creative and
Recreative Studies, Cognitive Activities Examinations
and Ascessnent " {8, are suffering +{rom the illiness
which tends to plague innovations 1in general.
Non=the-less, since problem solving is a human
activity, it is inceonceivable that teachers in each of
our traditionally labelied cwurriculum comparcments
could deny a role +For problem solving within their
brief. Whether or not they all actively pursue ‘Froblem
Solving ' as a delineated aim would be an impossible
question to answWer without the existance of a
nationally agreed and delivered curriculum, but clearly
those who teach in Craft Design and Technology
departments should be. For them at least there needs to
be an understanding of what human activities make up

the activity of design.

Fieth—fLucas identifies the presence of design in three

areas of the curriculum. Art, Craftt Design =&
Technology, and Home Economics are said to have
evidenced change with a ‘agrowing awareness of the

importance of designhing, planmning,; making and testing

in practical activities. ' (7}
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Although "Curriculum 11-16° says of science that it
ought to bhe able to provide the answer to the question,
“"Can he devise, or contribute to the devising of,
experiments which will put to test the explanations he
suggests for the patterns of observations?”(8), (and
even this paper makes no reference to the design of
methods of making those initial observations),; the
subject is not identified as being one which has
exerted pressures for change. This would seem to be a

glaring error on someone’'s part.

Kieth—~Lucas provides us with a synthesis of the design
activities associated with the three identified
sub jects mentioned above. ‘Pesign activities within
these three subject areas vary in form and emphasis,
but they have in common the aim of giving pupils

experience of:

— examining a given preblem or situation in order to
identify and state the opportunities and difficulties
involved:

— undertaking research and compiling data on the
problem or situation and the factors affecting it

— analysing the information gained:

- preparing a brief against which design proposals
can be tested, so as to overcome the difficulties
identified;

- proposing responses to the brief and choosing the

most appropriates

FAGE &9



— developing this response and,; where appropriate,
bringing it to some practical conclusions
— analysing and evaluating the results and

communicating this to others. " (7)

The teaching of design, which is a) that which embodies
all those activities outlined in the previous paragraph
together with b) the appreciation that those activities
are only relevant if they are considered as a whole,
implies a project based approach. What is of vital

=

importance to appreciate is that if the pupils are to
become capable they must be enveloped by the complete
activity. The law of packing {for an airflight) - says
that the mass of the packed case will always be greater
than the sum of the masses of its constituent parts. A
similar rule of politics describes the powser of & mob
being more than the sum of the power of the
individuals. On a more serious note, the teaching of
the design methodology as done by modelling a desired
situation and putting pupils into the predicament of a
technologist after giving them an insight into the
strategy they will be expected to follow, is the

proper , ‘whpole world’ way to fil1l a knowledge gap and

utilise the design approach.

The methodology outlined by Kieth—-Lucas is not guite
the same as that outlined by the Association of

fAdvisers in COraft Design & Technology who saw the work
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of pupils, once a problem had been identified, as
involving four aresas of activity. They described them
as problem solving, evaluation, construction and

communication.

They were seeking to analyse the needs of the pupil for
the assistance of the teacher, and having identified
these areas they sought to analyse the activities which

each encompassed.

0f Problem Solving they described five contributory
skills:

1) Analysis

2) Investigation

3) ldeas

4) Synthesis

S) Selection.

Of Evaluation they described four:s

1) Continuous activity at all stages of designing and
making

2} Problem appraisal and decision making

3} Testing

4) Comparison with the set problem

0f Communication they described four:
1Y Oral
2) Written

Z) Graphic
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4) Modelling
and they highlighted an associated skill:s

Observation.

0Ff Construction they described {ives
1) Materials

2) Tools

32} Machines

4) Processes

3) Satety

The implication that construction itself is a part of
the wholeness of design is clear, or is it? In their
first aspect of evaluation they refsr to ‘designing and
making . It is now not clear whether they see a role

for "making’ as a stand—-alone activity.

The National Criteria zalso draws the same distinction.
For the purpose of public examination; the General
Certificate of Sscondary Education establishes three

courses —

i) C.D.T: Design & Realisation. (D&R)
ii) C.D.T: Design & Communication. (D&C)

iii} C.D.T: Technology. (T}

The titles include the abbreviation CDT to signify that

the content of any syllabus so labelled; will conform

to the National Criteria for CDT.
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The Mational Criteria for CDT includes a ‘common core’

which 1s made up of skills and knowledge, which it

amplifies under sub-headings, and subiject - felated
skills which are less well explained. ‘Whilst the
boundaries’ (of the threse main aspects of worlk) ‘are

freguently indistinct, the three aspects which can be
observed, measured and assessed are identified as the
aguisition of design skills, subject-related skills
{twhich will principally be the making skills and the
application of knowledge about technigues and processes
when using materials:} and knowledge. " (5} The
subject-related skills as bracketed are identical for
both D&R and Ts but for D& it reads
"eseosubiect-related skills (which will principally be
the communication skills, the application of knowledge
related to these skills and those making skills used as

a means of communicationd ". (5)

The skills reguired by the Common Core for each course

are—

1. Design,
2. Making,

3. Communication,

and the word Design is amplified as ‘Identification of
prablems, searching for and ordering of information,

analysis,; specification, synthesis, evaluation
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followsd by -

in the case of D&R - ".°

in the case of T - "/final report.’
and in the case of D&EC - ‘at the drawing board stage of
manufacture. ’
and then continuing - ‘Consideration of constraints,

=

including costs, personal skills resources, tims. " (3)

If making is seen as an activity divorced from design
and evaluation, as seen by the National Criteria oF
from evaluation as seen by ARCDT, then it seems to me
that we are 1in danger of returning to the realms of
huilding to someone else’'s plansy, producing castings
from somsone else’'s mould or vacuum forming using
somzone else’'s former. The inevitable conclusion of
which is mass production. be are back to the toothbrush
rack once more! i+ making is a part of a design
process, evaluation during making would imply re—-makes
or modifications - if not immediately then evidence
would be available for futwre use. In reality it
probably means written or drawn information inciluded in
the projact report for the attention of the
representative of the public examinatiogn board tao whom

it would then be submitted.

Design is clearly to do with planning, and its primary

pbjective is to produce what was not there before. It
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is manifestly i1llogical to exclude making from design
since it would allow the production of a completely
useless solution, thus reducing the preceding efforts

to the level of a farce.

Design is a cyclic process which contains, or better -
enablesy, a range of activities to be utilissd. It
becomes difficult to describe by anvone who has not had
practical experience in it and therein, I suspect, we
may- find the reasaon-for the-publication, shortly after
the GCSE National Criteria for CDT;, of the booklet
‘Craft, besign and Technology- A buide for

Teachers . (4)

The encompassing of a broad range of activities is
described as a ‘design loop’ (4) It is prescribed as
being a loose framework and a generalised procedeure.
‘Depending upon the approach used by the designery and
in part on the nature of the design exercise itself,
different elements around the loop will assume greater
or lesser importance, and there may well have to be a
grsat deal of jumping about across and around the loop
before it is possible to arrive at a sound
conclusion’. (4) The 1loop has the following 1labels

around its circumference -

ohserving a context
detailing a problem

research
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gxploring possibilities
refining ideas
detailing a solution
planning the making
making

evaluation

detailing a problem

etcetera — around the loop, again and again.

Chordal —arrows link some of the labels. For example
from ‘refining ideas’ towards ‘resesarch’ there i=s one,
and the comment ‘more information may be needed before

refinement is possible’ is added.

‘Making’ is firmly established as a part of the overall
activity, which serves to satisfy me;, but in the light
of the hostility which the introduction of the G&CS5E
arousaed, it must be pointed out that anomalies of this
sort make for an unnecessarily uncomfortable

transition.

Having established the place of ‘making’; we retwn to
the points made about it by AACDT. At +first sight it

might seem unlikely that "making” will need much new

consideration from the teachers unless there are
developed new tools; machines and materials. Any
combination of these would have implications for

processes and from these specific ‘rules’ of safety may

have to be developed. Perhaps safety might be seen by
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some as being a frame of mind, but if the mind is on a
different plane perhaps a rule which automatically
causes the physical detatchment of the person from the

process — & guard — will be reguired.

Furthermore, we have already begun to appreciate the
versatility of the computer and have come to recognise
that as long as anything can be reduced to the level of
an electroniec pulse, it becomes food for electronic
procesgsing. The difterence between ‘on” and “off" +for
instance 1is the piressnce of electricity or not. The
change fraom one state to the other being a single
pulse. If a lump glued to a turning shaft hits a switch
once every revolution, the turns can be counted and i+t
the answer is compared with time, the gspeed of the
shaft can be calculated. The computer, as we shall see,
will have implications for this once well established

and packaged area of teaching-

Design at the school level is possible énd desireable.
There needs +to be an appreciation of the totality of
the exercise and teachers should be confident that the
alternative results created by their pupils will be
seen in the light of the new objectives. The teachers
must be assured that those looking are competent to

judge.
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- WINDMILLS AMD ROBOTS.

The esducational domain krnown as Craft, Design and
Technology is instantly recognisable by its accent upon
the manufacture of products. I¥ therse is any argument
about where it C.D.T., is going or indeed where it has
come from, the making of things in a workshop
environment has always been the end to which pupils
were, and still are, aimed. In the past; as we have
seen; the greatest influence upon school workshop based
products has heen the choice of materials +from which

those products were to be made.

The inherent properties of timber make it unsuitable
for the manufacture of modern machines which require
stiffness and stability of dimension teo maintain the
register of moving parts although early machines were
able to take advantage of the length of the tree for
the spanning of gaps and transfer of movement. The
ability of timber to absorb shock and the ingenuity of
man in developing jointing and ways of connecting it to
other materials, allowed its use in both huge,
predominantly static structures such as cathedral roofs
and Tudor period warships, as well as dynamic
structures such as hand looms and spinning wheels. it
may be said that man’'s progress in the technology of
production was enabled by the tree; since only later,
in a time described as the "'Industrial Revolution’ was

metal - predominantly iron and steel — able to replace
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wonden struts, ties and connecting rods.

fAvailable and amenable, timber responds to human effort
in wayvs which complement, as well as compste with,
those of the othesr material available to man the
constructor, stone. The examples of early machines
indicate mans ability both to harness the power of
wind, water and muscle as well as to work these
traditional ranw materials. However,; majestic though
these early machines, such as windmills and watermills,
wepre — and in their preserved state still are — their
bulk and mass and their reliance wupon nature {for  an
energy inpubt,; made them no match for the increase in
speed and the strength/weight ratio afforded by the
metal and steam driven machines of the industrial

revolution.

Although it is true that we no longer associate the
construction of modern machinery with timber, i1mportant
principles in control are exhibited by these early
unwieldy devices. The windmill9 designed for the
grinding of wheat into flour; was turned into the wind
and would continue to follow the wind even as it
altered its direction. Waterwheels, such as those at
the Abbeydale Industrial Village on the outskirts of
Sheffield, Yorkshire and the Glebe Mill, Birsay in the
Orkney Isles - which still grinds flour for the Dounby
bakery — rely upon a constant flow of water to maintain

the constant speed of the wheel. These are examples of
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two forms of natural energy being harnessed and
controlled by the wuse of two different strategies,

namely closed-loop and open—loop control respectively.

Inn the school woodwork shops; with the accent upon the
aquisition of tool skills, there was little attempt to
consider the concept of control, except in the context
of controlling the topls in order to achieve the
desired — the best - "finish’'. The nearest pupils might
come to aspects of ‘industrial control’ would be their
use of the woodturning lathe. The manufacture of
products which exhibited movement possibly being
canfined to such things as toys and model boats. 1
recall making at school 1n 1962, a toy which was
essentially a little model man made from plywood. It
had separate arms and legs and was suspended from the
top ends of two upright parallel strips of wood by two
parallel and short lengths of twine. Half way down fhe
strips was a short horizontal strut joining the strips
and acting as a common fulcrum. When the lower ends of
the strips were sgueezed towards each other, the
suspension string tightened, and because the hanging
man had held the twine in a half twist; the tightening
pulled the twist ‘out’, and the man did a summersault
resulting in a halfd twist in the opposite direction.
Continual squeezing summersaulted the man backwards and
then forwards! The copportunity to use even this crudeg
but fun, artefact as an introduction to levers,

torsion, tension, compression, bending, momentum and
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the transfer of energy was not capitalised upon, for I
further recall that it was done as a job in ‘Woodwor k
Club’ which took place ocutside school hours.

F

Crattsmanship in the real ’ world outside the school
during the 1930's and early 1960°'s; had 1little to do
with these extra-curricular activities. Indeed the
Central Youth Employment Executive described the

opportunities for woodworking cratftsmen in these

categoriess —

‘a) Carpentrys Jobbing, doing repairs, Civil
Engineering, harbour Jetties, strong platforms Ffor
cranes, fitting racks, shelving, constructing drama

SCenery.

b3 Joinerys Working at the Bench, window and

door making, possibly working in hardwoods.

c) Cabinet Making: High class jointing, hardwoods,

Veneering, Carving, Hand made furnituwe.

dy Fatternmaking: The original shaped object from
which subsequent metal copies were cast. Smooth
surfaces with filier put into any sharp corners. (1)
(This is still a technigue used today. The need to
round internal corners was explained by Griffiths whose
investigations into ‘stress concentrations’ (2) in

castings, lead to a greater understanding of material
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failure and the effects of dynamic leading.?

‘e} Coachbuilding: Making ash and oak frameworks for

Frailway coaches,; lorries and omnibusses.

)} Shipbuildings Building launchways, replacing and

caulking planking, small boat building.

g}? Organ Building: Specialist maker of keys and pipes,

installation and repair.

h} Cooperage: The repair of casks, kegs and vats.
We are told that, ‘Mowadays, new casks are usually

shaped and put together by machine’.

1) Woodcarvings: Ornamental iocinery for churches and

high guality furniture.

iy HWoodturning: Working from a pattern to produce
rounded table legs and the like. ‘Automatic lathes are
now used Ffor mass-production turning, but high-class

work continues to be done by hand.’

k) Other Woodworkers: Those who make packing cases,
moulds for casing artificial stone, textile bobbins and
shuttles, made—to-measure shoe lasts, and cricket

bats. "(1)

Ferhaps coffin makers would also have fitted into this
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last group, had delicacy not precluded its inclusion in

the beoolklet.

It can be seen from the futuwre facing "boys who have
the ambitioen to learn a cratt’ (1), that the choice of
timber as a way to the aguisition of skills in the
school curriculum, effectively precluded study of

movemnent and control.

In the metalweork shops, however, the story is rather
different, for it is possible to medel steam engines,
and through them obtain a "feel’ for motive powsr. Thes
major criticism levelled at such projiects,; which were
not design based, was the length of time it took o
complete the engine, a single artefact. In the time it
takes; a pupil can make two or three separate items
exhibiting a range of different skills and processes.
However , the small engine, successtully working,
exhiibits many of the processes and skills then seen to
be necessary to a boys education. The boiler; made from
copper, had to be rolled or cut from a length of tubs,
the ends were fitted and the Jjoints soldered. The
piston needed to be turned, the cylinder drilled or
perhaps cast and then machined and the +flywheel cast,
turned and perhaps a locking screw thread drilled and
tapped. Whilst there may have been those who argued
that the manufacture and subsequent testing of pressure

vessels in the school workshop might be fraught with

danger; others may well have sesn a unigque opportunity
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for the production of a job which had a ‘character’ all

of its own.

The alternative to engineering was to learn the skills
of the blacksmith, the tinsmith and the beaten
metalworker. The metal equivalent of the carpenter and
joiner because the accent is placed uwupon the quality of
the worbtmanship and not the innovation of its design or

its bensefit from the principles of control.

The point which needs to be emphasised is the missed
opportunity for  the educational accent of school
workshop work to be placed upon the subject and study
of controli. i opportunity “hidden” by the
unguestioning acception of skill aguisition as the
major aim, although it would have been possible for the
same work and facilities to have been used to introduce

an experience in technology.-

In contrast to the education of secondary pupils; the
aim of the ‘real-—world’' was to make progress in product
design. Vaccuum cleaners, electrically driven sewing
machines, washing machines and food mixers all aimed at
the domestic market were marketed as “labour saving'
and the term ‘consumer goods’ became common parlance.
Education, however; could only perceive the need for
machine and tool operators, it could not; oFf at any
rate did not, serve to encourage the generation of new

ideas amongst its pupils.
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Currently, 198B&/7, consumer gQoods — MICFOVAVE OVensS,
personal cassette players, portable sound systems,
video recorders, childiren’'s games and toys — display an
increasing use of electronics and 1t is easier to
relate aspects of control to pupils in terms of their
actual experiences. The most sophisticated machines are
those which are able to "think for themselves . Their
response to the stimulus of their input being improved
by -taking into account a2 description of how the output
is progressing towards the aim. The efficiency of the
machine is improved by a description of its output
being retwned to that part of the machine responsible
for the organisation of the output. For instance the
shower which is too hot has its heat input reduced by
the wuser. A more desireable, and sophisticated,
arrangement would be to have the shower adjust the heat
input to the water independently of the user once the
desired temperature had been specified. This higher
order of control sophistication is described as
‘automation’ when the modifying response is independant
of human intervention once the parameters have been

set.

In order to design such systems, not only must both
the operation of the machine and its objective be
clearly understood, but it is necessary to understand
the relationships between the two. Only when both are

understond can the form of the control information be
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described. A reverse link is used to pass a
quantitative description of the output back to the
input side of the process stage. The form and magnitude
aof the description must be such that it is seen to be
appropriate, compatibis, and an extra input to the
system by the process stage. It might be appropriate to
combine the returned information with that from the
input device. The combined information would then be
directed to the original process stage, which would
never need to "know’ that an extra, pre-process,; stage

had been introducead.

Fibasi and Mills identify three different roles for the
computer in the laboratory or industrial envivronment.
‘Taking {for granted an obvious computing ability, there
are two levels at which the microcomputer can interact
with the outside world. It might take the ‘“passive”
role of a data gathering machine (a data logger},
monitoring a process or experiment: alternatively 1t
may form the active controller in a closed loop control
system. For the second activity to make sense, it must
include an element of data monitoring; 1in order that
the contrel loop is clased and that "intellegent”

decisions are mads. " (3)

ibasi & Mills have accepted that a capability of
process modification in the light of the state of the
output currently exists and then they go further. They

identify a conseqguent need to make sense of the output
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sampling results before determining the best modifying
input which will be returned and injected into the
front of the process stage. For the results to be
manipulated, it will be necessary to store them until a
sufficiently large collection i1s assembled for a
statistically worthwhile conclusion to be drawn. The
number of stored samples will depend upon the method

and accuracy of the anzlysis.

There is what i1is sometimes called a ‘trade - off’
involved here. Since the fundamental reason for this
improvement is to achieve aultomatic progress towards
the optimum output, an increase in the accuracy and
sophistication of the sampling technigue and its
analysis, should result merely in a reduction in the
time to achieve system optimisation. There will be a

judgement made comparing the benefits of the

improvement with the costs of achieving it.

When the time to optimal performance approaches the
infinitesimal, the machine may well be perceived as
having ‘intellegence’ — if intellegence is seen to be
the sum total of doing things correctly in the fastest
possible time. Not, I must agree, a whol esome
definition but one which might go some way to describe

that which a c¢hild is wusing as 1t puts irregular

objects through a set of exclusively different
apertures for the benefit of it’'s doctor and/or
parents. The human perception of a machines
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‘intelligence’ can now be considered if¥ the movements
of the machine and its progress through a task, is
compared with the accuracy, speed and purpose of a
bhuman being accomplishing a similar task. The act of
making a comparison establishing an acceptance that
somehow, and to some extent, a machine has replaced a

human being.

The original concept of a man—made, human—like creature
was the result of a combination of circumstances. Isaac
fsimov reminds wus that in 1791 Luigi Balvani
demonstrated movement 1in the muscles of frougs legs
co—incident with them being in contact with two
different metals. He drew the conclusion that “animail
electricity’ existed in muscle tissue, a theory shortly
to be dispelled by Alessandro Volta. The cell,
demonstrated by Volta, which produced electricity
without muscle tissue; was later to be improved by
Humphrey Davy in 1807 and 1808, and with its help,
Asimov relates, he was able to carry out "all sorts of
chemical reactions that had been impossible to chemists
in the non—electrical age’'.{4) He opined that,
‘Electricity was therefore a word of power..’; and
‘Interest in the relationship of electricity to iife
was intense’ . (4) It was shortly afterwards,; in 1818,
that Mary Shelley had a novel published. Her anti-hero,
a vyoung scientist mnamed Frankenstein,; ‘'a student of
anatomy, who assembled a being and succeeded in

infusing it with life by way of electricity’ . (4)
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fsimov continued to trace the development of man’s
imagination on the theme of created beings, by
describing a play written by a Ezech witer, Earel
Capek in 1921 called 'R:U.R. . He wrote, 'R.U.R. stood
for Rossum’s Universal Robots. Like Frankenstein,
Rossum had discovered the secret of creating artificial
men. JThese were called ‘robots’ From a Czech word
meaning ‘worker;’ and the word entered the English
language and gained a strong hold there.  (4) He draws
the parallel betwesen the fate of Shelley’'s Frankenstein
and Capek’'s population — both destroyed by thelr own
creations. ‘Once again the scientific Faust thas bheen

destroyed by his Mephistophelean creation’. (4)

The rcontribution of Asimov, as a writer of science
fiction, to this thesis may well neesd some
justification at this point. His career in science
fiction writing began in 19239, at the age of nineteen,
with short stories. He was an undergraduate at Columbia
University reading chemistry. After graduation and some
time in the army, "he gained his doctorate in 1949 and
qualified as an instructor in biochemistry at Boston
University School of Medcine where he became Associate
Professor in 1935, doing research in nucleic acid.  (5)
Thus within the single person there is the ability to
concoct interesting narrative whilst maintaining an
aura of probability based upon an understanding of the

past progress of man together with his appreciation of
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likely paths of development as prodded by current

srientific research.

In the book,; he contrasts the early Faustian image of
the robot with his own alternative and states,
‘Consider a robot, then, as simply another artifact.
nnnnnnn As a machine, a robot will surely be designed
for safety, as far as possible. If robots are so
advanced that they can mimic the thought processes of
human beings,; then surely the nature of those thought
processes will be designed by bhuman engineers and
built-in safteguards will be added. The safety may n[not
be perfect (what 1is5?), but it will be as complete as

men can make 1t . {(4)

He was at pains to create a scenario where his robot
tachnology could exist within a logically developed
form of human socisty. He needed a scenario which would
be credible for readers who had thus far only known a
future world where calamity befell those who dabbled

with robotics.

The seriousness with which he took his prophetic prose
is perhaps best illustrated by the following which was
included in a short story written in March 1942 called
‘Runaround’. Coining thes word ‘Robotics', he laid down
the "Three Laws of Robotics ', which are respected by

other writers of science fiction.
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‘1. A robot may not injure a2 human being, ory through
inaction,; allow a human being to come to harm.

2. A robot must obey the orders given it by human
beings except where such orders would conflict with the
First Law.

. A robot must protect its own existence as long as
such protection does not conflict with  the First oF

Sercond Law. " (&)

It is worthwhile considering the state of technology in
1242. Although the watch and clockmakers were capable
of minaturising machinery, the transistor had not vet
been demonstrated; neither had the electronic computer,
there were no asrosol sprays, aeroplanes still had
propelliors, and the world outside EBEurope had yet to be

dragged into the Second World War.

Throughout the books of @Asimov, and others who
contemplate the future as influenced by technology and
science, irobots are described in a variety of forms and
having different purposes. The three laws were written
with the humanoid form in mind — robets ultimately
indistinguishable from the humans but with the ability
to wield great power. Alternatively, in the Star Wars
films, (7} "R2-D2° was not created in human form, and
its purpose was to assist with the mechanisms of the
dav. Indeed their faith in the capabilities of man to
create humaniod robots had been tempered by the reality

of the actual progress in ouw own time. ‘C3-FO', a
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golden human—-form robot, was shown to be awkward,
inflexible and was never put in a position where any
possible super—human strength could be demonstrated.
Its excellence was shown to be in communicating with

the skills of a politician.

Throughout science fiction writing the robot always
sepms to be able to do the following - move; make
decisions, exhibit strength, communicate and act
independently. Fuwthermore, it always seems toc be able
to do one or more of these things better than humans
can. Robots are there to relieve humans of effort and
from dirudgery but not from the higher order

responsibility of philosophising.

So how far has technology progressed in the practical
applications of automatic control theory? The reality
of the robot in the 198B0°'s is described by Griffiths
and Lewis who wrote; ‘The main interest in robot
applications has been in spot welding, arc welding,
injection moulding, surface coating and machine tool
service. These applications are automotive produce

orientated. " (8)
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b TILTING THE WINDMILLS.

We have seen that in schools there are facilities for
making and there is evidence to support the belief that
school children have been effectively involved in
aspects of control. We have also become aware that the
sophistication of domestic and industrial eguipment
commonly reflects a greater utilisation of electronics,
ang there are stories firom the past which, with the
benefit of hindsight, now seem closer to prophesies

rather than fantasiecs.

If there has come a time to consolidate change, what
is needed to influence change and to what extent should
change occur? These were some of many guestions which
the pation were asked to consider in the regional
conferences chaired by the R®t. Hon. Shirley Willims
M.P., then the Secretary of State for Education and
Science. These conferences were collectively known as

"The Great Debate on Education”

In his letter to Chief Education officers of July 1978
fram the Department of Education and Science; 5Stone
refers to the ‘debate on education initiated by the
Prime Minister (Rt. Hon. James Callaghan. M.P.) towards
the end of 197&°.11) Stone asserted that there had been
a ‘recognitien of the importance of improving
school /industry liason’(1) and in particular he refers

to the establishment of a number of ‘Science and
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Technelogy Regional Organisations (SATRO's).

In its guide to 'Schools and Industry’, the Careers
Research and Advisory Centre lists the aims of the
proposed 40 SATRO's as being threefold -
‘1) To encourage innovation in science and technoelogy
education.

2 To improve understanding between schools and
industry.

3) To provide practical help o teachers. " (2)

In 1984 the 'Directory of organisations’ was published
by HMS0O as part of the "Industry Year  initiative. The
aims of S58TRO and its locations were described as, "'To
enhance vyoung people’s understanding of sciance,
engineering, industry and technology through closer
working links between schools and the outside world.
SATRO is a network of locally accountable centres
operating under the auspices of The S5tanding Conference
on Schocls’ Science and Technology. (6C557T) Currently
there are 40 centres serving %27 local education
authorities throughout the United Kingdom; and several

-

more are under development. (3}

All three of the original aims have cost implications
for the education service. There can only be external
innovation from outside schools by the alteration of
public examination syllabusses. This is not the same as

writing new syllabusses because schoeols can choose
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whether or not they wish to introduce them. In fact the
new syllabus approach can actually militate againsed
progress, for 1if it is proposed to introduce an  extra
course school management knows too well that pupils
will be atitracted from a range of other subject areas.
In fact any school subject which seeks to make itseldf
more popular must aim to reduce the number of children
opting for the other subjects, even i1+ it replaces a
current course. In any case it is not clear how the
public examination boards could be_pursuaded by a body
without executive power to make such changes. The
2iternative is to access the teachers dirFectly and this
can bes done, either in the teachers own time — which is
unlikely to be universally popular thus leading to
unco—ordinated progress, or 1in their employers time
which will have cost implications. Az CRAC admits ..
but they all rely on the voluntary help of individuals
and organisations in the region.’ (2) The second aim
relies upon the establishment of contacts within the
school . The senior management,; if they already
understood the value of the initiative would be
actively engaged. I¥ not, they are well placed to pass
it on to teachers who already have a full teaching
comini tment. The provision of practical help by
answering questions, identifying agencies {or the
purchase of materials and the establishment of an
industrial contact directory are three examples of ways
in which SATRO's are better placed to be used as a

teacher originated resource rather than as an external
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director.

Shillito, Deputy Director, MNMational Centre for Schools
Technology {(NCS5T), Trent Polytechnic, writing in Trends
in 1979, guoted from James Callaghan’'s speech given at
a careers convention organissed by the National Union of
Teachers. Speaking of the need for young people to be
attracted into industry Callaghan continued, ‘For its
part,; industry has to turn its mind to ways of
attracting --and keeping this kind of young person. It
must be prepared to offer opportunities for advancement
and enswe that able voung people are properly
motivated and given suwfficient responsibility from the
start. "{(4) Shillito argued that "There have always been
links between some schooles and between some education
authorities, some employers and some itrade unions. Some
of these 1links have a direct impacty; through the
curriculum, on the children themselves. Others remain
as good intentions in the rarefied atmosphere of the
boardroom and the head’'s study. " (4) He was not talking
about careers visits to the local factory or office
block for he continued, ‘Links need to become strongesr,

more widespread and more firmly anchored and effective

within the school curriculum itseld ....-- new forms of
liason should be developed.’ (4) He continued and
described an initiative set up between Ashfield

Comprehensive School, HNEST and industrialists. His
report made two main points. The first referred to the

nead for a higher profile for industry in schools, ‘14
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aspects of engineering and industrial technologies are
included in the curriculum they will assist not only in
stimulating an awareness of technology and motivating
pupils to creative activities,; but alsoc in inspiring
them to make their careers in industry. {4} The second
could well have been the epitaph for the messenger,
‘There is a growing desire on the part of industery to
help in the educational process. Goodwill exists
between all the parties concerned in the relationship
betwesen education and industry- It is, however, the
responsibility of the sducation sector to provide the
basic oFganisation to encourage this cooperation and
goodwill., ...... For cellaboration to happen and bDe
fruitful, specific manpower must be allocateo. Links
will not become widely established on the basis of
goodwill and moral support alone. "(4) The implication
of this is clear — money to pay salaries. The money
would bhave to come from local authority education
budgets. There would be many who would not see the
broader curriculum advantages of this proposal but
would link it with their out dated image of workshop
based cowses. They would identify many other areas of
the curriculum which needed priority support. The
praoposal, on its own wWas at a considerable

diadvantage.

The General Election of 197% had been fought
predaominantly on issues connected with employment. The

Conservative Farty were challenging the Labour
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administration on the nations’ 1ow industrial
productivity, an unfavourable balance of pavyments, and
the rising number of unemploysd. & Conservative poster
displaved on prominent street hoardings showsd a
seemingly unending gueus of unemployed people and was
sub—-titled,; ‘'Labour isn’'t working’.

When the Conservatives were elected to office with a
huge majority, the political Jjudgement that the
reviving of industry would be the salvation of the
British mnation; was taken by the new government as
having been confirmed by the electorate. Folicies
reflecting the ‘monetarism’ strategy of Professor
Feynes were continually referred to, and the linking of
industry and productivity with all political
initiatives was given a high profile. The linking of
education to industry was also to be a part of the

strategy.

The County Careers Officer for County Durham, Dick in
his letter to me of 21.6.77, refers to "the setting up
in 1978 of the Durham Industry Commerce (Education)
Associations (or DICE) . (4) He included a simple
handout which described the history of DICE and a
statement of its major objective. "After the meeting
{(the South West Durham Careers Association Oct 1976),
Messrs. Wooley and Breckill of Black & Decker Litd.,
wrote to suggest that something more positive should be
done to tackle some of the problems faced by Industry

and Education’' (3). Following this, a committee was set
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up which felt that a Fformal association should be
inauvgurated. ‘Education is something evaerybody
experiences and at the moment is the subject of
considerable debate. At the same time the business
world has also expressed concern about a certain lack
of understanding between itself, and the educational
sector. Dice is an attempt to lead to =a better
understanding of each others needs and objects.  (3)
There is not much difference between the aim of DICE
and Aim 2 of SATRO.

A breeze of change then, detected by the stirring of
the odd political ash. For the forest to murmur, as in
Wagners Germany, the connection between industry and
education was about to be identified as the juggernaut
upon which changes could be presented, and subsequently
carried forward. The most dramatic use of the schools -
industry link would be within the power of Govermnment
and although the storm of the forthcoming innovations
had not vyet broken, not too distant signs were
contained in the second paragraph of Stones” letier to
the Chief Education Officers. 'As you will know, the
Government recognises the key importance of
manufacturing industry to the economic developmemt of
the UK and is committed to the regeneration of industry
through the industrial strategy programme which has the
full support of the CBI and TUC. The Secretary of State
believes that as part of their general educative

function schools can contribute to this process by
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providing a broadly based curriculum for pupils of
caompulsory school age so that doors are kept open to
allow a significant proportion of them to slect to
folliow scientific and technological courses in sixth
forms and further and higher education; by increasing
the extent to which the curriculum enables pupils to
understand the workings of industry and the important
role it plays in societys; and providing opportunities
£ or pupils to develop an interest in industrial

careers. (11}

another of the guestions raised by the Great Dehbate
concerned the extent of change, was also addressed in
the letter, as the D.E.S5. exhorted Local Authorities to
set—up liaison bodies which would consider matters of
comnon interest to education and industry. It gave the
following as examples,

‘1. the adequacy of arrangements for work experience
and work observation for pupils in the areag

ii. gpportunities for teachers to gain experience of
industry, and the ways in which such experience can be
assessed and used in educationg

iii. ways in which the understanding of young people
about living and working in an industrial society can
be facilitateds

iv. conversely, ways of securing that industry and
commerce have a more intimate knowledge of the aims,

methods and circumstances of schools:
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Ve ways in which interest in wealth producing
sectors of the economy, and 1in the openings to
employment at all levels in industry through relevant
further education, polytechnic and university cCcourses,
can be stimulateds

Vi ways in which industrialists and trade unionists
can make a positive contribution, both in respect of
careers education and as members of governing bodies
and through informal school/industry mestingss

¥ii. the-analysis of existing local schoollindustry
activities and the encouragement of new initiatives,

with points such as {(i)—{vi) above in mind. "{1)

In his letter to Educational Bodies of OGcoctober 1978,

Baker informs them that the D.E.S is considering the

educational implications for micro—elsctronic
technology- ‘The Government 1is now considering the
implications of a strategy to ensure the most

beneficial exploitation of the new technology. The

aspects under consideration includes:

i. The need to promote a better understanding of the
technical and economic issues involved among those
{both managers and engineers) who will be making or

influencing decisions on the application of technologys

ii. the training and retraining of the existing

work—force to give them a working knowledge of the new

technology and an appreciation of its potential
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applicationg

iii. the longer—term implications of the new

technology for the education services

iv. the wider social aconomic and social
implications, eg for the {futwe structure of the

employment market. " (73

The letter also explains the Departments view that an
adequte response to developments in micro-electronic
technology implies, amonagst other things, ‘giving all
children and vyoung people the essential educational
grounding to enable them to understand and adapt to the
rapid and profound technological changes which may now

be sxpected (7).

Baker also identifies the challenge to society of "new
technology’™ and then goes on to describe the responses
to be directed at those areas of society which will be

most directly affected by it.

In the area of Education; the D.E.S5. was considering -
‘The feasibility of a national programme of schools and
colleges to become fully aware of micro-electronics and
to make the best use of the new opportunities it

offers. " (7

The result of this consideration was a consultative
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document published by D.E.S5. in March 1979. Entitled
‘Microelectronics in Education: A Development Programme
for Schools and Colleges (9, it was described in a
D.E.5. press relegase of March 1979 (8), which makes no
mention of of any other beneficiary from the
Devel opment Frogram than the Local Education
Authority ‘s, schools and colleges. It points to {four
activities Ffrom ‘within the programme’. Summarised,

they conceiii:-—

a. funding to promote familiarity with applications,

b. developing teacher training, funding for
microelectronic courses,

c. assessment of computer assisted learning,

d. assessment of eguipment and funding for new

equipment in particular projects.

The paper itself (9}, is broader in 1its audience, as
can be seen from the following quotation in the first
paragraph. Tee-eand it {Government) , is taking
appropriate action. First, it is launching an
"awareness” campaign aimed at mamagers,; designers and
Technologists at all levels; secondly,; direct support
is being given to help industry exploit the potential
of microelectronics;y thirdly, public procurement will
be used to encourage use of the new technology: and
fourthly, initiatives are being taken in the fields of

industrial training and education’.
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However , having described the links its programme has
with industry, the remainder of the paper concerns
itselt with matters of concern to the education
service, and the scope of the programme describes the
context in which the initiative is to be seen. ‘The
P ogr amne will be concernaed primarily with the
applications of the new technoloay rather than with its
science. It will not cover specialist training in
microelectronics, +For which arrangements are being
studied-separately,;, since neither the schools nor the
majority of FE couwrses need to be concerned with how
microprocesssors are made or the detail of how they
work. The programme will of cowrse help indirectly by
contributing to a foundation of good school science
courses including electronics and rveady access to
computing facilities. ' (8) The cost and lifespan of the
programme was described in the last paragraph. ...the
Government has decided that up to an average of £2.5M
per annum over a period of § vears may be available to
cover a programme in England, Wales and Northern

Ireland. " {(9).

The aims of the bGovernment should now be clear,
providing the statements have all filtered through to
those who ‘need *o know', and it is precisely this
filtering through which may prove to have been a flaw
in the strategy for improving technological capability
within the schools. In wview of the Governments’

perceived need for such an upheaval in the content of

FAGE 106



the educational curriculumg it might have besn prudent
to investigate why technological progress had
stagnated. For i¥f; as 1 believe, the business of
internal seducational communication and the operation of
curriculum development is less than efficient, the new

initiatives would still fail.

In a letter to me from the D.E.S.; 17 July 1979 (10},
the consultative document and its ‘plans for a national
development programme to help schocls and colleges
become aware of the potential of micro—electronics’ (3)
was referred to in the context of wider political
concerns. ‘However, this programme is currently under
review in the light of cuts in public expenditure’ {(10).
The penultimate paragraph of the letter seems to assert
the relatively high importance of the initiative with a
view, perhaps, to engendering a sense of optimism. ‘'The
DES recognises that an appropriate response to the new
technology must necessarily include the provision of
technical courses to train the specialists who will be
neded for industry. However, it is also important to
develop non-technical education to familiarise adults
and children alike with the potential widespread uses
of microprocessors, to help them to adjust to the rapid

changes society can expect to see in the next few

vears ' {105,

In the event, the government established the

‘Micro-electronics Education Programme’™ in November
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1980, with an annual budget of £5.0m and a life

expectancy of six years. Its alims were:s

‘#+ to promote, within the school curriculum, the study
of microelectronics and its effects.
#+ To encowrage the use of the technology as an aid to

teaching and learning. ’

To achieve these aims, MEF works closely with local
education Aduthorities &EGnd stimulates programmes of
teacher training and cuwrriculum development, both

regional and national. " {11}

The major statement of the MEP strategy reads, "The aim
of the programme is to help schools to prepare children
for life in a society in which devices and systems
based on microelectronics are commonpl ace and
pervasive. These technologies are likely to alter the
relationships between one individual and another and
between individuals and their work:; and people will
need to be aware that the speed of change is
accelerating and that their future careers may well
include many retraining stages as they adjust to new

technological developments’. (11)

As the consultative paper (%) anticipated; the project
was administered by the Council for Educational
Technology, a body set up in 1973 as a charitable trust

and funded jointly by DES England & Wales,; Scotland and
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Morthorn  Ireland. The regional oconceph of the FEF

Sstratecgy divideod England Wales and Northern  Irelond
into fouvriteen areas with roughly the sames population,
and arovps of LEAS were expectod to work with thie MEP
T Gid years enced thzy would
f Regian,  supporterd and

guided by MIF, separatoly pgrovides & major Intormation
Servioe, monitors,; supparts  and  guildeg reEiculim
deveslopmeant and  has sstablished an TMSET (in--cervico
treaining Tof reachers! pattern for Noroelectronico
Education. " {12}

The Morth Region was definsed as including Cleveland,
Cumbria, Durham, Datesshead, Newcastle uvpon lyno, North
Tyneside, Morthumberland, South Tyneside, South

Tyneside and Sunderlamd LESA =, Thie Dirsctorate of the

wnole progranme Has based in the grounds of
Newcastle-—upon—Tyne Polvitechnic, acs was ong of the {four

Special Education Centres.

N

The teacher fraining =as cen to be rFeguired  at

1]

different levels of difficulty or sophistication to
meet the different levels of knowledge alvready held by
existing teachers, and it would nesd to be delivered

with an appreciation of the variety of different skills

demonstrated by the gachers. Howesver, Ffouwr Domains
WO S identified which would cover ‘the folliowing

general areass
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1} Electronics and Control Technology.-

2! Computer as an Instrument (Computer Studies; in
control of scientific instruments and 1in art and
musicl -

Z; Computer Based learning (CAL, CHLY.

£y Communication and Information Studies (information

=

retreival ; data bases, word processingl.  {12)

Each general area was assigned a "Mational In—-Service
Traiming Co—ordinator”’ who were- based in Hampshire;-
Dyfed, Hertfordshire and Leicestershire respectively.
The Electronics and Control Technology domain had its
Morthen Region co-ordinator based in Sunderland and in
the same building there was established one of the
Mational Evaluation and Development Centres. (NEDC} The
Sunderland NEDC was developing the range of facilities
and strategies which were to be copied in the other

Regional Information Centres.

By October 1985 MEF had produced 21 "files’'; which were
commonly referred to as ‘Green Files’'. Bound by sprung
plastic and covered with green card bearing the MEF
logo, esach was a book which contained information on
curriculum innovations utilising computers, electraonics
or both. MEFP described the potential of electronics in
CDT in its publications description of 1985. ‘This
madium’ g {microelectronics) ‘enables pupils to engage
in meaningful design activities where real choices have

to be made about what approaches and materials are
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chosen and how they are utiliced. Microeloctronics may

u

e wwed Gy the CDT avproeach  oxactly  as  any other

Foesowrre/medium/ ool and anpropeiately and effoutively

N o [, B AN,
LT OyE A Ood AT

-

N W W) e e - Py " .
DO RO CY0E F ] ol Vi

mateEriale, technigues

ial  purpose of FMEP

fizad  esen Lo provido in-servicn training for teachers,

bath the Saelford and Sunderiasnd centres had developed

support matarials.

Homever ., for o ities ot

[
e

sacheys enoloved by local au
supnorting a ocentre, o- being unwilling to provide
support for attendance at their in-service Ccouwwrses,
there wmss neither reason nor incentive for thee to

implencnt innovations.

it is not inconcievable that many teachers remained

vRaware orv

he worlk bzing done by MEF. I, personally;
know of one and I am thankful to Tom Mead, Director of
Sunderland Microelectronics Eoucation Centre and NEDC
and author of the green file called ‘The Book’ ;s an
encyclpasdia of eselectronics Ffor the CDT teacher, for
his time when he allowed me to interview him in

November 1985,

i. Stone. ER.H. ‘Schools/Industry Links . Letter to
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7. OF CHIEFS, INMDIANS OSND LEMMIMNGS.

January 19B0 saw the publication of the Finneston
report into the future aof the engineering
profession{l), and in the following March, the School
Technology Forum — a forum of teachers’™ associatons
under the aegis of the Standing Conference on Schools’
Science and Technology — held a conference at Trent
Polvtechnic. The conference, called "Chips in Control’
had-two-tasksy ‘.. first, to examine the necessity for
the notential of microelectronics in industrial
engineering applications to be made cisar in  the
schoolsg second, to examine the nature of the
engineesring talents needed in industry if the {full

=3

potential of new technologies is to be realised. "{(Z2)

In his address to the conference prior to the group
discussions on the Finniston report, G.L.Wilde 0.B.E.

Rolls Royce consultant and lately their Chied Engineer
— made reference to the reality of engineering. "I+ you
were to ask a group of people who was responsible for
putting men on the moon; most would answer scientists.
In fact it was sngineers for it camn be said that the
scientific content of the project was the Newtonian

mechanics of the eighteenth century’ . (2) He identified

six areas of engineering -~ givil, mechanical,
electrical , chemical, aeronautical and space - and
explained that each area employed *‘design’

ergineers, "technical * engineers’,; ‘research’ engineers,
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Cireative cxperiences at school.
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‘1. A national commitment to the recognition of the
importance of a comprehensive profile of personal
gqualities needed by engineers at all levels should be
instigated.

2. There 15 no reason to believe that those subjects
which might be thought to kesp open the options for
enginesring subjects are the same subjects which also
influence pupils with latent engineering aptitudes to
make career choices towards engineering.

3. Don "t *re—invent the wheel”. Use the “best
practice" examples of schools already committed to
demonstrate the lines which might be taken to other
schools.

4. The argument for changes in the schools must not be
based on the current, possibly cynical, manpower needs

of industry.  (2)

The identification of an engineers profile stemmed from
the need to develop a true perception of engineers and
their work. The second key issue arose from a closely
argued piece of evidence which the Forum had submitted
to the enquiry. It is of key importance because it can
produce a positive, rather than simply misinformed,

anti-engineering career choice.

Summarised, the argument is as {follows.
School subjects used as selection criteria for Higher
Education aquire high status. Even {for engineering,

creativity subjects are not called for. The more able
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pupils do not chogse low status subjects. In the &6th
form, those eligible for SN0l nNesr ing in Higher

¥

Education are those who study HMatns and Fhvsics. Thoy

wors  eotivated in the 4th  and Sth  year by i
seientiftic objectives of curiosity and the aguisition
af knowledge. Buet science, touoht as & discipling, is

not easily transliated to the improvement of the buman

condition and without creative cHperiences the able

punpils are not inspired to create or o gain wider

[}l

perspectives.

Reference has already been made to the developments i
Technology educaticon. The third key issue acknowledges
these. However 1Iin the precursory argumant which
describes both the progress and its dissemination,
there is to be found this paragraph. "Without the
{doubtful’ advantages of central direction of the
curriculum  enjoyved by some  other countries, the
amelioration of these constraints in this countery can
aonly come about through persussion by esxample’ . (22 in
the 1light of the the current {(1987) discussions o a
Mational Curriculum, it would seem that as a wind of

change, ‘persuasion by example’ blew too slowly!

It is often salutory to look at the statements of
history. Those responsibie for the synthesis of the
fourth KEey Issue can now he seen to have suffered from
collective chamberlainism. The discussions had

indicated an apprehension and doubtfulness on the part
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“The Forum bBEelieves thal these arc unnecessary
woryries o Instead, they identiftied the personal and

social problem solving activities as being the malnstay

It was also in 1980 that the Royal BSociety for  the
sncouragement of Arts, Manufactures and Commerce (RS54}
published in the national press its Education for
Capability HManifesto. In 1985 the RSB8 produced it
again, with minor ammendments and with a list of
signatories. ‘Circulated among leading Ffigures in
industry, the professians and education, it found many
willing to sign and endorse its concept of balance. " (3}

‘There 1is a serious imbalance in Britain today in the

E]

full process which 1is described by the two words
Yeducation® and “training”. The idea of the “educated
person’” is that of a schelarly individual who has been
neither educated nor trained to exercise useful skill:
who ic able to understand but not to act. Young people
in seCondary oF higher education increasingly

specialise,; and to do so too often in ways which mean
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7

that they aro tought to proactise only those skills of
arship and scienrcs. They aquire kEnowledge of

particular subjocts, but are not eguipped e use

knowledge in ways which @ are relevent to the worid
puteido tho oducation systom. This imbalance is harmfol
to individuals, te industry and to gocietv. A

well-balanced oducation showuvid, of course, embrace
analysis and the aguisition of knowlodge. Bul it must
also include the sxercise of coreavive skillis, coae
compotence to undertake and complete tasks and the
ability to cope with sveryday life; and also dpoing 211
these things in co—operation with others.

Thera ¥ists in its own right a cultwe which is
concerned with doing, making and organising ang the
creative arts. this culture smphasises the dayv-to-day
management of affairs, the fornmulation and solution of
problems and ths design, menufactuwre of goods and
SErvices.

Fducators should spend more time preparing people in
this way Jor a life outside the sducation system. The
country would benefit siagnificently in economic ftermns
from what i3 here described as Education for
Capability. " (Z)

The RS5A spring newsletter ‘Education for Capability’,

1984, explained that the manifesto aimed to encourage

and develop four capacities which its authors
maintained were under—emphasised in the education

system. "The great majority of lesarners - whether
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at school students at universities,
polytochnics o cnllegrs, or adults still wenting to
lzarn - are destined for a productive life of practical
aetion.,  They aro going  to do things

make things,

desion things,

things, {for iho @most parkt in
co-aperation with other pogple. They need to improve
thelr competence, by the practice of okillics and the use
of knowledge:; to cope better with their own lives and
the problems that confront them and society: to develop

their croativo abilities: and, =bove all, to

with othor people. 1t

cCo-operate
thess four

capacities that we
want to see sncouwraged and developed through Education
for Capability. (4}
Tha Manifesto complained that vyoung people were not
cguipped to use their school derived knowledge in wavs
which are rvelevant to the world outside the education
svotoem, and the document

is guite Firm in
as

its argument
it sees the country benefitting economically from
cha

3
nge towards capability in education. When compared
with FEey Issuse No 4. of the School Technology Forum,
this is a firmer stance. What 1is

missing is that
recognition, seen by the Forum, of actual developments
angd trends already undertaken.

fs has already been described,

always had

the education system has
within

it the facilities for fostering
competence, creativity, coping and co-operation, and
pupils have followed courses in secondary

schools
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1o

leading to external examinations for many yvears. WHhy
then did the REnval Society of fArts see a nesd o
establish such ‘new’ courses i¥ they were alveady in
Furthernore, if "Teading figures in

industry, tho professions and  education’ 3D WO

prepar=sd to append thelir signatures, could it be that

schools? Ang iF  they were, might this not be vyet

another ervoneous action in the comedy?

Each signatory was associated with the name of an
organisation with which he or she had beeny OF ®Was
currently, associated. The list ended with a note: "The
signatories were asked to support  the manifesto as

individuals and not on behalfd of any particul ar

That being the cass, and assuming that the list is
compliete and has not been edited, its composition might
illuminate the areas of interest and may reflect the
strength of feeling therein. No firm conclusions should
be drawn esxcewt to record that the publication of the

manifesto elicited the resulting pattern of responss.

The signatures were published in associaton with a
brief description of occupation. The following is an

= based wpon broad opccupational categories.

ot

analivs
{Where it was not obvious as to which category the

description belonged, it was regarded as uncertain.)
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{5 a random selection of

(B

In Movembor 1983 I aske
signatories {for their views upon the need for this new
initiative, in the light of the change in esaphasia

-

the foundation of

whtich had occwurred back in 19467 with

Schoolo Comncil Prajoect Technology.

e Rt Rev David Sheppard, Bishop of Liverpool,; pointed
out that ‘..1it is in the nature of things that thinogs
in this world go wrong rather than rignt! ™ {(6) He had

heon Vice Chairman of the Commission which had recently
published the report ‘Faith in the City’'y, and he
continued, ‘Many points in the Report....have besn made
tefore in the cowse of the last ane hundred years and
more: we have to say them again and again in relation
to present—day circumstances becausese people do not
listen or don 't want to listen or fail to give them our
nriority, or genuinely disagree. (6 & realisation
which in itself is not new, for Machiavelli wote in
151%, "There is nothing more difficult to carcy oul,
nor more  doubtful  of sucoeess,; nor omore dangerous to
handle, than to initiate a2 new order of things. For the
reformer has enemies in all who profit by the old
order, and only lukewarm defenders in all those who
would profit by the new order. This lukewarmness arises
partly from the incredulity of mankind who do not truly
helieve in anvthing new wntil they have had actual

wperisnce of it.’

PABE 123



However Sir Henry Chilver, Chairman of British Schools

Technology, took a significantly different view. ‘Buch
profound changes in national and international
circumstances have oaccurred since 1967 that the

presence of current educational initiatives does not of
itseltd imply an inadeguacy in those of an earliser age.
Az recently as June 1974, for example, unemployment

stood at 2.1% of the working poaopulation. ' (7)

“Without gquibbling-over the-mseaningfulness of -comparing—-
the numbers of unemployed with those employed as
opposed to any other description of the state of the
nation; it has to be accepted that profound changes had
indeed occuwrred. The rapid, and extensive rise in the
price of crude oil in the years {following 1975 affected
a significant part of production, the cost of the
energy it used. The first,; second and subseqguent order
effects of this are still with us, and the strategies
adopted to seek a return to a stable, al though
different, national lifestyle include changes in the
way children are prepared for adulthood. Chiiver is
accepting this, but he also believes that what went
before was not wasted; it was just the beginning: to
have success at all there needs to be a beginning, both
Sheppard and Machiavelli have to accept that! J.H.
Horlock, Vice-Chancellor of the Open University, agreed
that the initiative of the Roval Society of Arts was
not a2 new theme and continued “"..but I am sure that you

will agree that any movement towards a third culture in
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thig country {1ilke the German TECHMIC in addition to
artc ond ccicncost is to be welcemod. " (2

The vened gusstion, as we have already seen, 1is hio
cuntant @ That  whrion cwioks next and to thic oubjoeot
FRobert fitken, Director of Educavian far the ity of
Coventry, made a brief referennca. e redterred to come
new initiatives and of them he wrote, ‘Underlying all
of thes= is 2 Tundamental change in the
tmachingslearning process, rather than contont. " {9)

As it to support this view, when responding te the
guestion of providing eguipment which would alliow

ands—on learning anet Jones wr ot "0
b 1 I [, Ja2net Jo ate, Os

stress  is  upon  process,  the way

it

itat

=

iparn, not on the hardwares  that may Faci

f

learning but does not necessarily according to

hands of the teachsr in which it rests. " (10}

Beaumont accepted ithat success following a

developed wherein hands—on lesrning was not

would be recognised and it would be recognised by

ensrgence of pupils competent in  thought and

anxious to make experiments and

responsibility. " {11} He continusd, ‘Such pupils

be promptly regarded as  unemplovable by

industry but enough of them might succeed to

revaolution in our society. In any case,

not, they would be more whole people. "{11)

cause

successful

particul ar
in which students

that

the

Lord
cCourseg

neaded

the

action
accept
would
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than fortunate for those schaoonls who

=ntorod tho Tochrical ,  Yoostiornal  and Erncartional
Initiative (TVELS which was introduced in 128Z, that

7

the Dopar tment f Uenloyeent did mot place a2 similars

<y
1
1
i
}

n

5
W

[ls

f=

]

In

o Cmologvment - wyoho of TVEX
scheme o ®iden and envrioh the corriculum for 14-1iB8
vear oldg has dono much o bring schosls, colleges  and

employeare cluger  togother teo producs more relevant

curricula, and at the same time has enabled schools and

colleges to invest i new cguipment and in—service
tralning for teachers. " {12} Al though the Jfinal

paragraph seems to contain a typing error, Tthere 1o
sufficient evidence to conclude that what he means by a
more relevant  curricula’ is one which is ‘more

responsive to emplovers’ needs’ . (12}

The R8A'=s Recognition Schemes started in 1980¢ with tho

4

recognition  of 1% achomes. In the following year 11

were added, and by 1982 there were another 17. 1983 saw

=

1 more, foullaowed by 17 in 1984, and in 1985 a further
7 were accepted. The projects were wide—ranging, from
the "We Make....' proiect at Forsbrook Infants school,
Stoke-on-Trent to the M. 5c Degree Course in
Enviranmental Resources at Salford University. From the
John Makepicce Scheool of Cratismen in Wond, Parnbam  in
Dorset {to The London Compuiter and Electronic School of

the British Oxygen Group, and from Forest School camps
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to the work of Workshop 6 Limited in Sheffield.

Perhaps the Recognition scheme was born out of the same
philosophy which the Schools Technology Forum saw as

Key Issue 3. However it does not seek to concentrate

0

upon schools.

If it had,; it ought to have recognised the associated
problem of the dissemination of information. Without an
efficient system there will be -ro explosion of  ideas

and no independant recognition of success.

During 1984 the R5A announced that 19846 would be called
"Industry Year'y; and that i1it,; the RS58&, would be

responsible for its promotion.

1. Finneston. et.al. "'Engineering Our Future’'. Report
of the Committes of Inguiry into the Future of the
Engineering Profession. (Finneston Report) H.M.5.0.
January 1780,

2. ‘Chips in Control ". Conference veport. 5School
Technology Forum. Trent Polytechnic. March 1980.

%, 'Education for Capability’. Royal bociety of Arts.
Spring 17984.

4. ‘Education for Capability’. Recognition Scheme.

Royal Society of Aris. 1986.
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3. LC.M.L. France. 16—-11-85. Letter to 33 of the
Fducation for Capsability signatorices. (i3 replies.}
{(App=ndix 2)

&. Rt. Rev.D. Sheppard. Bicshop of Liverpool. lLetter to
the author. 13-12-83. (MAopesndix 2)

7= Sir H. Chilver., Chairman, British Schools

ot

Technology. Letter to the author. 9-12-80 (Bppendix 2
B J.H. Horlock. VYice Chancellor OFen Universiiv.
Lettser to the avthor. £1-11-85.

?. ‘Robert &itken, DRirector of Education, City of

Coventry, Letter to the author. 22-11-85. {(Appendix 2}
iz, Janet Jones, Education Adviser ito Indusitry Year,

Royal Society of Aris. Letter to the author. 16-12-85.
{Appendix 2}

il. Lord Beaumont of Whitlev. Libesral Education
spokesman. The House of Lords. Letter to the aunthor.
21-11-85. (Appendix 2)

1Z2. A.Mclellan. HManpowear Folicy. Department of

Employment. Letter to the auvthor. 23-12-85. {(Appendix

2}
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8. ARE WE AL METT (1)

"The NMNational Centre for School Technology and the
Technology unit, Bedfordshire LEA have recently been
awarded a grant by the Industry 7/ EBEducation Unit,

~

Department of Industry., to enable a programme  of
in—-service education for tearchers to be undertaken for
PEA's il the {$ield of 0 and ‘a Coursas in

Technology . (P?) This letter from Shillito, the newly

appointed Director of British Bchool Technology {(BBT),
was directed to LE& s asking them to signify their
interest in relegasing a science and a CDT teacher {from
each of a group of schools, to attend four, one weesk

training sSessions.

The letter, recieved by Durham’ s Director of Education,
then DAW Sowesll, resulted in a one day conference on
19.10.8%. at Durham New College where K. Grimshaw, then
Deputy Director of EBEducation welcomesd the delegates,
and said, We feel privileged to be one of =2 limited
number of authorities teo be inveolved in this particular
oroject and our commitment is total. (3} He remariked
upon the few number of women who were present and upon
the efforts the authority had already made “to
stimulate the use of microcomputers and
microelectronics in our schools and to increase

understanding and awareness of new technology. (3}

A BET press release explained that, "Four, Forty foot
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trailers ..c.. Ffully equipped ..... are the maior

pieces of hardware ...~ (4}

The trailers were self contained technol ooy
environments. It would be wrong to call them classrooms
or workshops, and laboratory seems to imply experiment
which is not what the teachers do. Each week has
elements of knowledage input which require practical
involvement with, often. unfamiliar eguipment. The work
is designed to be "Froject Driven’; and the amphasis
moves from a wide, tutor controlled experience towards
the last week ' s experience where the solution toc a
tutor set design brief can be approached by any

combination of method and materials available.

BST describe, briefly, the course as -

‘Active learning in School Technology.

Wki. Using problems to lsamn.

Wk2. Problem design and approach investigations.
Bk3. Course design involving control systems.

Wk4. Froject management, Evaluation and Assessment. (35)

Over the first three weeks, the teachers experience
modelling, soldering dedicated electronic circuits,
slectronics systems kits, mechanisms kits, pneumatics,
computer control and role-playing. These are the overt
experiences easily identified because of the hardwars

they use.
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From another peint of view, they have to cope with
wmarking with each—other. Colleagues, but with different
backgrounds, ckills and knowledge. They handle
materials in ways which are novel. They are exposed to
the concept of modeliing both in the physical, and to a
lesser extent, mathematical contexts. There is  the
opportunity to see different approaches and results to
the same real problem even though the resources were
identical. There is tha oppodrtunity to work omn the same-
problem but with different squipment,; ie. pneumatics 7
glectronics / computer, each providing a different
means of arriving at a satisfactory, although
differently operating, sclution. The tutors are

‘experts in Control Technology, Modular Courses in

Technology cc... and the new "&° level in Technology
I $3

When County Durham embarked upon this rfolling
programma, there were 50 Cumprehensive schools,

currently there are 48. In the first group there were 8
schools represented; the second group had 7 schools,

the third 8, and the current fourth group, has 8.

BST also offers & week residential courses for ‘Further
experience in teaching approaches,; curriculum design,
management skills and technological knowledge in
preparaton for INSET management responsibilities within

LEA‘s and Institutions of Higher Education (Previous
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experience in Bchool Technology essentiall . (5} Duwham
has made it possible for two teachers and a2 locturer

from the University School of Education to attend.

BST use computer systems as Black Borx® technology.
That is to say that the compuiter system is used because
the utiliser knows what it will do - there is §$o
reqguirement to understand how it does it. Conseguently
the designer can concentrate on the product rather than

a product already on the market. The same approach 1is

aken to pneumatics as i 18 to any other system the

o
i

teachers experience. There is no requirement for them
to understand how the soldering iron, the power supply,
the oscilloscope, transistor or operational amplifier
work. MHowever, with most equipment the greater the use
the more the user learns about i1t, and this ‘need to
know . or ‘exposure of knowledge gap’ becomes a natural

event, learner driven and meaningful.

The BST / Durham approach may, OF may not be
universally accepted as the best INSET strategy, in any
case only the futwe will be able to judge properly.
Whatever the approach, there must come the time when
the teachers retwn to the classroom to put their newly
aguired skills into practice. There has been little
ditficulty in motivating the pupils in the Durham
initiative becausese each school had to undertake to
offer a public examination group after the INSET

CoOUrse. The initial provision by the LEA of a teaching
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package amounting to approximately £2000 per school,
felped to ‘=sell’ the cowurses to the pupils and paronts
and the teachers were able to provide their pupils with

a scheme of work which would scatict the JFirst four

=4

-

terms o©of the five term course. {(Most of the fifth yvear

would be spent by the pupil designing hisfher own
coplution to a design brisf {for submission to the

pxaminer.}? However take—up of the new option by puplils

in subsequent vears would be atfected,; possibly mainlyg

i

y the experisnces of these upper school pupils; and
schools would no doubt need to look carefully at  their
lowsr school! curriculum se that all pupils would be
prepared to make a more sound judgement when faced with

upper school choice at age 13+

How can a strategy be designed to introduce technology
to lower school pupils so that it challenges both sexes
in an interesting way and is relevant to technology

both in the upper schoel and in later life?

The point about later life is not to be missed. it is
self evident that for those pupils who will wish to
continue with an in—-depth technological experience,
their early work should be relevant. What might easily
be overlooked is the broader educational aim of
providing technological awareness toir all. The
synthesis of theose two is an understanding of what

children find relevant.
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In his papesr published in 1984, Pace (&) considers the
problems the Engineering profession has in recruiting,
and his argument is broad enouwgh to consider attitudes
in general, and not just of those who, one might say,
should be engineers. ‘The declining popularity of
mechanical engineering with suitably qualified school

Teavers is beginning to cause alarm within the

profession. An  Increasing proportion of able young

il

pople  with caresr ambitions in enginecring industry

[

are opting for electrical/electronics couwses. This
treend  io heginning to manifest itselfd as a shortage of
grod mechanical engineering graduates, which could
seriously inhibit the prospects for an economic

resurgence of the UK manufacturing industry. " (H)

He asserts that the media portraval of a decline in
mechanical engineering as an  industry, is a popular
beliet a2nd he contradicts this theory of decline,
whilset accepting the effect the portrayal is haviang. As
a way of combatting this inaccwracy he identifiss the
opportunity which — “is being overlooked to promote in
the schools those distinctive qualities required of
professional mechanical engineers as an essential

ingredient of modern cwriculum development. " (&)

He introduces Craft Design and Technology as a subject
relevant for prospective engineers, as well as being
valuable for the preparation of boys and girls for

their increasingly technological society. He maintains
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that as the demand {for eslectrical engineers has riseng
there has been a parallel; though not on the same
scale, opportunity for mechanical graduates. To service
this need he considers that — "4 simple expedient would
sesm to be to secure the involvement of more girls, but
despite orchestrated campaigns and rising status, the
reluctance of women to become SNQLNEEr s becomes
profound . (&)

He shows that the demand for art-based design courses
at universities is predominantly From Women and
continues to grow. ‘It is helped by the high status of
art as an ‘A" level subject and by the art-based,
designing and making activities of products that appeal
to girls, within the eupanding CDT spectrum. ' (&3 This
last assertion he compares with the popularity of
electronics as a vocational subject in schools. His
conclusion that, "the sxperiences in art-based design
and electronics, which are so vocationally significant,
must be paralleled by mechanical activities if¥ the
school environment is to wield the positive influence
so vital in securing the futwe supply of mechanical
engineers’ (&), is self evident but misses the
opportunity to point out that a lack of both structural
and mechanical capabilty leaves the pupil with little

sense of purpose!

His understanding of the needs of schoolchildren in

respect of design and making is not to be dismissed on
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the basis of this omission, for he more than made up
for 1t when, later in the same paper he wrote, "If we
accepnt design as the intellectual challenge that can
stvimulate the interests of school children towards
mechanical enginesring, then 1t is the capabilities
that support the activity that should be developed
above all. It is not sufficient to impart wunderstanding
as an end in itself, even it that is related to such
wonders as the gas twhine, the Thames Barrier or sven
the atomic bomb. More important is the capability to
apply  fundamental principles to achieve solutions to
practical problems that are a recognisable feature of
the pupil’'s own world. (&) This is highly significant,
for when the context of his paper is stripped away -—
the recruitment problem in mechanical enginesring — the
underlying principle, that children nesd to learn
through experiences which are relevant to themselves,
stands like & status to Ausubel. "I§f I had to reduce
all of educational psychology to just one principle I
would say this: the most important single factor
influencing learning is what the learner already knows.

fAscertain this and teach accordingly.  (8)

There are three important points which need to be
considered before embarking upon the conception of a

new educational programme.

a) There is a commonly held belief that any course of

study seen to bes interesting by pupils,; is likely to
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result in higher motivation and thaet a high motivation

.g:

e
[

is

=

iz a prerequisite to efficient learning.

accepted that something ditferent is necded in the form

a viver upon which now Fatis FEY1ng the

ﬁ;i

would seem

e

sducational cargo can be delivered, i
necossary to look elsswhere for  ideas. What then,

interecsts children outcsido schonl?

W HGiven that there is a futuwre for the school -based

sxparience in technological awareness, how can IMSET

e

el

initiatives like BET and MEF Le used fTo build uvupon the
pool of knowledge alveady aguired by children before

they reach the secondary school?

=) Where will the capability and knowledge base,

imparted during an innovative course, lesad to?

THe first two guestions impinge one upon bthe other. The
third 1 hope to show will benefit from their
consideration thus forming the basis for the next

chapter.

flthough equipped with some degree of experience in the
upper school, without any expectation of pupil
enthusiasm there will be less incentive for the teacher
to bkecoms involved in the aguisition of differerent
personal resowrces for use in developing lower cschool
courses. What, the question poses; interests these

children?
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Fublishers of books maintain  that there has besn a2

eoaurti on in The numher of books which children read

)

==t

pleasure and there are repested calle for o grostor

w
it
I

Tundin tor wuse in schopis. 14 the book

=iy
u
o
o
g
7
o

publichers are to be believed, where else do childran

Timd the world once provided by literature, o mucst it

be accepted that this is a2 redundant neesd?

A o

t weres true that children vo lungor fzel the

et

r
+

Eveon

. - . P
and make-believe,

dn
fu
ot
P
i
s
t

noed o induloge in Sscapism,
is this a state of affairs which should be considered
acceptable? The progress of man—-kind depends upon
inventiveness and innovation. Two words which allow

afdulis

(xd

o behave now as apparently children used to in
the past - before we were told that they had stopped
reading hooks. It would be unwise +to accept without
demuryy, a world wherein those most recepltive of new
ideas and without prejudices were not given the
practical esxperience and opportunity to sxercise a free

imagination.

The children 1 teach tell me that they watch
television, play computer games and listen to pop music
as well as reading comics and magazines.

A group of books which have stimul ated their
imagination are written atter the style of an

‘adventure’; where the use of a dice or the result of a
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3

decigion oan the part of the reader, directs the reader

oy
-
-y

o their next chapter. In this way difforent readers
read difforoent versions of the story. There are many

such  books currently  on bockstands, which base their

f o T4 -y
0. Others e

i

[

sodvenvures in the world of science ficli

o

ased upon  the wowrlds of the little people — slvos,
goblins and magicians — but without much of the gontle
romanticism of fairy tales. As with the space

adventires, there are seriously dangsrous situations to

be encounteared.

an exanination of thes content of childrens television
shows that — apart from Current &ffairs, Drama seriss’,
General Interest and documenitariss — there slways sesmns
to have been Cartoons. Indeed cartoons which were
originally intended for cinema auvdiencesmany vears ago
-~ Donald Duck, The Roadrunner, Bugs Bunny — arce still
being shown on television together wilth modern
ocfferings such a2s Transformers, Masters of the

Universe, Gobots and Mask.

The cartoon allows moral judgements to be explored in a
context of a pseudo-human society where human plavyers
are replaced by animals or fantastic beings whose
welfare can be argued to be less important than that of
the real human. In this way physical and mental sasbuse
are ssen to be removed from reality for the sake of
humour or moralistic judgement — the cartoon is used as

a model which can be tested, and manipulated. From the
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point of wview of the enginecr, thero may well be more

Felevant avbtributes. Many cartoons which are set in tho
realsm of fantasy, that iz they do not seslk to portray

wbat  could be chserved with roal players, make common

raverence Lo an expioration of movomont , speed and the
ztfect of momentum. Althouch tho offects of thesz can
e exsggorated; the resulidt i1s o bring to the

fore—front the effect — the conseguence or oubtput. To

m

fismiss cartoons as of no educational value would be

follv.

Anather stimulus to learning and a source of learning

in itself,; is play. & supsrticial consideration of

childrens play-things 2allows their division into 3
groupss

1) Games.

23 Sit~Down - ‘Monopoly ‘Subbuteo Cards,

‘Fer—-plunk’, ‘Simon’, and

b} Run—fround — Football,; Tiggy, Hide and Seek.

2} Tovs-

a) Fixed - ‘Dinky Toys’ ', "Matchbox® vehicles. Remoie

and radio controlled vehicles and

8) Dis—assembled — Dells furniture and dolls clothing.
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{'Cindy” and Botion  Flan ~ g sexism!) Plastic

avanlano, ship, stc. , kits - Lo be glued and painted.
Flodsl reiliwmay selts.

3) Construction Kitu.

a) Open-esnded. — ‘Lego’, "Meccanc', ‘Fischer Technic .
‘Stokv .

b) Building to Flans. — FModol asropianes capable of

+iight, stesse locomotives, vachits and boasbs,

C.D.7T. is oprimarially concerned with making, and to
this end thosez activities in the second and third
categorios are most relevant. However as Technology is
a Ffunction of human sxperisnce, there have been
developed learning packages based upon the first group
where games of conseqguence allow political, social and

financial judgements to bhe taken.

The play activities associated with the second group
are assoclated with the formulation of parameters or
rules and the design of a play environment. Skills in
controlling, sociability, articulation and construction
are developed and of these perhaps those of
construction and control @ are closest to C.D.T. since
others can also be developed in other areas of the

school curriculum.
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£ is with those activities assoclated with the firg
nart of the third group that C.D.T. has the most
ar thogse of the scocond geart cimply develop

- s

af making and allow Little scope at this

level {or isprovoment and medification.

Gpart Ffrom the the open—ended nature of play, the

materisls ~losely model enginewring materials

n so far

fede

Lo o

as they camn be used to oppose stresses and  Lransmit

movesment. What is not generally  snwosraged is the
modification of the components, and there is art

accepted condition that the constructed artifacts are
not meant to be of a permanent natwe. There are
exceptions to every rule however, and the manufacturers
af Lego, in particular, have produced kits of paris

which are meant teo he built into specific models. They
P b4

differ Jrom the kits listed in the second category
because they are made up from basic components with the
addition of sticky labesls. It is possible, thersefore,

to utili the componesnts as  the user desires. 1wo

)
m

other examples of this marketing technigue are kits
made by Fischer—-Technic. The first was mearketed as the
‘BRC Buggy ' ; and was intendsd to be built up into a
computer rcontrolled vehicle. The second kit is intended
to to be more versatiles in that more than one model can
be constructed, though not 2t the same timeo. The

objective of both is to develop control skills rather

than the design of novel machines. Incidentally, the
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complexity of the ronstruction and the time involved

to complete any moow! is such that, once comploto, the

uildor wonidld he loathe to strip it down!

I

The possibility exists  throvgh  the use  of Lhese

materials to censtruce rapidiy, Sstructures an” machines

o
[ &
or
it
=}
2
'}
0}

invention. Although the finished products wil

or  lesss substantial aconerding to the constructional

7

shrategies skills with mant pul ation and T
g

with which the idea cen be twuned into reality is much

less than a workshop would allow.

This igs of considerable cignificance since workshop

r

organisation, safety, precision, incompatibiiity of

materials and the unfamiliarity with tonls, =11
conspire o stifle the spark of an idea. Especially

with the young who sSeem to need results, i+ not guite

vesterday, at least within the half-hour!

L here betwesn the {first and third

fmt s
wt

Therse iz a 1

guestions.

There have always been those who have seen a need for
the work done in schoecls to be directly relevant to the
world of work. Whether they be the parents on beshalf of
their children, the children themselves seeing possible

routes and creating pathways towards chosen careers,
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those who from tisme o time swiace in order  to
criticioco the cduvcotion system for producineo oy 1deen
s oo nnemnl oyabhle sinre they can neither read nor

writo. However, fthore is no doubt that es sooe childeren

nea- tho ond of thoivr school carser S0 they becomne ever

ﬁ
=
i

1
o]
i
|
)
iy
Q
5
]
iy
X
s
i

jUe)
<

5
z
%
r=)
g
iy

mors  conclious  of
they will bo able to cnter highesr education. Hany of
thess are already certain where thelir preferred futurs
zaployment liez, angd are thus s=lf-motivated. It would

he wiss to consider these it a currFicdium is t

g
i
[
=
{ed
]
%!
(44

Kl
1
il
fd
(A
r‘-

The last guestion concerned this reality — the possible
ways in which skills and knowledge developed within a
new toaching package could be transterred toc the world
outside the learning situation, whilst the socond asked

tiatives cpuld be wutilised. It might

jn

how the INSET in
bhe tempiing o look at them as separgte issues  but
since the IMNSET initiatives were politically motivated
to halt the decline in the position of Britain as a
trading nation, such wonld be an inappropriate act. To
be a trading nation whose natural resowroes arge not
wanted, cannot be afforded or are seriously depleted is
to be a nation whose task is to add value to whatever
it can obtain. Yalue, recognised and evaluated by the
potential customer, is what stimulates trade. The act
of adding valug is clearly importants and it must
invaolve people. Hence the connection between employment

and political initiatives.
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a3 Thougn

i ll continues to be

Fiw afdulthood, it nould be more

roaliohic

general preparation
Tt sec thio

egainsed  the baciground of an iomediate

presently sculptuw=d with a fervow not seen since  the
afteraath of thoe rooond worla war.

1. Shaliespeare. 4. ‘& HMidsummer Nights's Dream’, Act
111, 5c 1, Chancellor Fress. 198X,

2. Bhillito. B. "HMational PFrogramma

British School Technology. NCET.

Grimshaw. K. Speech

Durham Mew College. 19BE. {(Appendix

4. Press release. "Technology Takes

19835,
S BT TINSET Courses ¥ o
Curriculum. ™ BST 12846.

&. Pace. 8 'Design and Technology

Potential

Mech. April 1984,

Engrs.

7. Ausubel.D.P., Novak.J.D.,

Fsychologys £ Cognitive Viaw.’

Hinston. 1978.
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2. COMING, READY OR MOT'

The third guestion posed in the previous chapter
regulres an examination of current industrial
techniques which will be of direct relevance to CDT

teachers.

Recalling Kibasi and Mills third role for the computer
in the industrial environment — that of the "active
controlier in a closed loop situation’ {1} - the

computor hac three identities.

i) Computer aided design — CAD ~ utilises the graphical
autput of both the monitor screen and the devices which
are capable of producing images on paper - printers and
plotters. The computer is particularly helpful when it
is able to project a three dimensional model from an
image created in two dimensions. The speed with which
it can alter both shape and colour together with its
ability to perform calculations based upon the sizes
which it has been given alliow work previously done in

different areas to be condensed to a single site.

ii} Computer aided manufacture - CAM — utilises the
data output from the computer to control machinery.
This can be done at different levels — from the control
of a single machine to the control of more than one
machine (but restricted to a specific group) and to the

overall control of a complete production sequence.
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Machinss which are cantrellod 211 inte twen categorios

1=

materials processing and materials hoandlino. Material

]
|

ino nachines, referrred ©o oo Computey Moumerical
Conorol — CRC — tend fo look vory oisiliar to their
hemoen oporated predecessors wheoreos materials handling

&

dovice to replace the human operator  and

i

are requiresd

have a disting

a

ifferen

P
=8

Ty

5111} o recent phenomenon, as with fThe first steam

T i vEs viehicles, they tend to Fresemble  their
oredooessors. Hensreally roferred o as Industrial

iohots, they concist of limbs, Jeoints anc grips which

retlect the human arm.

111} Computer simulation is a mixture of the first two,
where graphicel ovtput is used to represent thes
behaviour of machinery. This i=s particularly us=ful
during the developmznt of physically large or harardous

operations, or the prediction of human responses  ©o

changing situations. It is also wused during the
planning of operational changse to predico costs,

effects and to facilitate decicion making. Simulation
is considered to be very important in the training and
monitoring of staff who work in rapid response
situations — airline pilots,; power station controllers

and defence system operators.

There is a second branch to graphics utilisation where

the interaction of the microprocessor and the visual
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cdisplay wanit (YD), is exploitoed as an ond in itosl

o
4

The product iz generally o senquence of graphic  imanes.

Suchh  images may be used o describe & novel concept
imcapabie of boing conwvesnionvly donrribad in any ather

mediun. The proagroos of 2 dronn o- the isaginory vision

BWhilst the use of cosmputers o simslabe product
performance or to enhance the communicaion of ideas is
& technclogical  activity, it dosc not i Ztoeld allow
muinhk  scope for the production of artifacts. The

simulator is =2ble %o rvely entirely wupon graphics
displaved upon a screen and although the software is
creative, it GoEs nat require the use manual

construction skills,

This is not entirely true of CAD, where it is possible
to desigrn sguipment whose purpose is the production of
two dimensional graphics. It is also possible to desigi
eguipment which will allowm altermative methods {i.e.
without using tho kevboard? by which the user cann iupud

to the computer.

However the greatest scope for the development of

computer—connected equipment is in the +field of CHH,

angd  in particular the development of those machines

which have no precedent.

Consideration of the general principle of divide and
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autpat it i3 ihe process. The organised movement of

pulsss and their monitowing is ths cuusncs.  Bhat o the
pulszs ars made to reprecent is the business of the

input and output devices, and since these ars  the
devices most observables it is possible to forgive
humens who Enow no botter, for their bhelied that the

its potential will
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alliow. The cvestion of novel input and output devices

= thereforz to be encouraged, as is the wider

-

-

franchisc of computer system appreciation. The area of
the creation of inputsoutput devices is  that of
tochnolooy which, like man, cannot be an island - it

will be necescary to appreciaste, at least to the depih

i}
o

of the practical problem being faced, the system a

fny strategy designed by one for the use of another

m
i
i
et
)

neasd to be describzd and the wvery act of
communicating thus becomes the subject of design. Since
the computer is capable of being used as a visual

output able to describe in both written and pictorial
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form as well a controller and simulator; the three
capabilitiss should be ssen as potentially mutually

supportive.

Having established once again the ‘oneness’ of the
system,; it is a small step to its eventual comparison
with the very essence of technology. FMaking, testing,
comnmunicating, evaluating — the problem is the design
of the appropriate interfaces which will allow the
computer system to interact with the human. Thess items
will alsc include squipment which will be designed to
interact physically within a worid oniy cbserved by
humans. Such items will be ‘doing work’' Hor humans,
whilst the humans monitor and evaluate their

performance and reap the benefit of their 1l1abours.

Browne, whilst working for Pye Telecom - Cambridge,
described the advantages of industrial robots. ‘24h
operation is possibley; 2llowing the optimum use of
supensive lathes and presses. Robots can operate in
hostile conditions, having high temperatures, dust or
fumes, which would have to be improved if humans were
to work there.  (2) It is interesting to reflect upon
the events which might have brought about the
introduction of the robot to these environments. Was
the environment newly created with the hazard

ct

i

recognised and the robot included as a dir
cansequence? Perhaps the hazard has either been newly

created or recognised and;, to comply with safety
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legislation, the Fabot introduced as a cheaper

altgrnative to a clean—up operation?

Browne continues, ‘They are constant in their
performance and therefore a uniform gquality 1is
ocbtained. " (2} This is no doubt true in comparison with
the tired, or changed, human operator but it doess hide
a truth. There will always be some wear 1in mechanical
joints, l=ading to inaccuracies of position and
vibration. Vibration results in a non—progyramned
movement profile. These preoblems are but two of the
challenges to be faced and might Seem te be
irreconcileable when, as Prowne points out, "Robots can
aperate with wvery Fine precision and can handle very
heavy lpoads. " {2y It is not clear to what orders of

magnitude he is referring, nor whether he means that

each robot is capable of both feats.

Carberry of Hewleit Fackard describes the method by
which British #Aerospace uses robots to manufacture
substrates (boards with conducting traciks but without
components) and then to produce complete and tested
printed circuit boards. The robots are located in work
areas, commonly called ‘cells"; and in this process

there are three cells which can contain more than one

robot. ‘In cell 1., the substrates are carried by
overhead transporter through a Ferry Nltrasonics
pre—clean process. cassasa Mechanical transport from

the pre—-clean unit through printing and on to the
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pick-and—-placs assembly machine is provided by a
Patterson Viper 3Z000 rpobot. The Dynapert picks
components from the feeder pallets and places them on
tha bare substrates. A second Paterson robot removes
boards from the pick-and—-place machine and deposits
them at the input to cell Z. In this cell, a second
overhead transporter carries the boards through an IV
FProducts multi-stage soldering process, and on to a
Kerry Ultrasonics deflux unit. " (3) The components to be
soldered onto the bhoards are the modern surface mounted
tyos. These have tags which are neot required to fit
through the board, conseqguently the loaded board needs
to be transferred to the soldering station with a
minimum of vibration. However,; such circuit boards are
not likely to have a great mass and the robot can be
built of light materials providing the advantages of
longevity and minimum internal wear.

In the same article Carberry describes another robot
workstation being used by Hewlett Packard in Grenoble.
fAlso for the manufacture of printed circuit boards, but
with the ability to ‘insert odd-sized components atter
they have passed through a Universal insertion machine
which inserts all the regular sized components. ...
The cell operates as follows: a component is selected
from a rack of storage tubes and the PCB is manipulated
into position above a fixed crimping mechanism... .
Once the component is in position it is inserted into
the FCH. using one-way force sensing to check for bent

connectors... “.{3) There are two aspects of this
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operation which require precision, the act of lining-up
the component with the holes in  the board and the
sensing of interference. However, once more the robot

is not reguired to handle 2 massive item.

This roboty, a Scemi,; has a gripper designed by Hewlett
Packard and ‘"has eight degrees of fresdom. .... There
are six robot axes;, which are wused to select and
manipul ate the component, while the other two degrees
of Freedom are introduced to the X-Y positionipg table
for moving the PCE i1tself’ . (3} Comparing this with the
degrees of fresdam associated with that part of the

human body it is designed to replace, there are also

six — namely the waist - limited universal, the
shoulder — limited universal, the elbow - elevation,
the fore-arm — rotational, the wrist - elevation, and

the finger/thumb — grip.

Browne’'s beliet in the ability of a robot to move
massive loads may well be justified by Griffiths and
Lewis, both of the University of Wales Institute of
Science and Technology. They were concerned with the
reasons why the UK cast iron industry had not taken
advantage of this technology.- "The main interest in
robot applications has been in spot welding; injection
moulding surface coating and machine tool service.
These applications are automotive produce orientated.
However, in the foundry industry which 1is a major

component manufacturer to the automotive industry, the

|
i
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use of robots has not been explioted’ . {(4)

They surveyed the distribution of robots within

industry in 1283 and publishad the following categories

of use and approximate numbers:-—

U.K. Robot Applications in 1983. (4)

Spot welding..<zccsacsscnass 330
Injection mouldinGeceoccsasase . 220
frc weldingQeoccesacocononsss 240
Surface coatingu.ccacacass=ss 179

Machine tonl servicingoc-...165

Other..-coucossscasssscsassss 13¢
Assembly.cocconanna amassses - 100
Educationaeccecocacoacscaaasaass 80
Falletising & packing.-c-- aua i)
Press tool servit®.cccaccsoss S0
Die casting.”,'o aaaaaa ccaans -840

Inspection & testingeeces---..40
BrindinNg:ccccs-==cscssascoscaanas 40
Other handling.-:-assoa-= ceoesalD

Investment casting.c-ccccosaaall
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It is interesting to see that there is not a category
which implies the 1lifting or supparting of anything

really massive!

Their aim was to produce a checklist which would aid
the decision of whether or not a robot could cope with
the environment and process., in order to test their
findings they conducted a feasibility study at a
Youndry in South Wales. They considered applications in
the manufacturing and cleaning of moulds; the pouring
of metal into a mould, the removal of the casing from
the mould, festtling — the trimming of the casting and
inspection. 0f the casing process,; the article states —
‘Another possible application is pouwring of liquid iron
into a mould -~ this is rather unique. Although there
are robots on the market capable of carrying the high
load opf the ladle and the liguid iron, the technology
reguired around the robot and the robot itself waould be
prone to metal splash’ . ({(4) It is clear that loads
consisting of solid material, rather than liguid, can

be handled with precision.

It may be that humans would be less than efficient at
carrying drinks if they were deprived of the senses of
sight, sound and feel. Experience shows that when the
brain is unable to carry on with its normal procedeures
through unexpected distraction or the effects of

alcohol ; the human response to its senses is impaired.
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Eriticism of & robot for spilling molten metal would
need to be tempered by a knowledge of its sensors and
an appreciation of its response capabilities. As Browne
puts it, "'The principle disadvantage of a robot is its
lack of intellegence, which denies 1t the extrems
flexibility of the human. The human has a greater
capability to modify ite actions according to
circumstances and to learn from those events than has a
robot; which can deal only with those situations that
the programmer has forseen and been able to

program’ . (3)

Reviewing the fAmerican report by Tech Tran Consultants,
Casey wrote, ‘'The author speaks to American robot users
to find out where improvements in robot design and
technology are needed and discovers that "the greatest
limitation of robots being used today is the lack of an
effective, reasonably priced sensing capability f{for
determining the location or shape of an abject." And
the high cost of sensing systems on the market make
them economically unfeasible for many vyears’'.(3}) The
article also makes a reference to the load carrying
capabilities - ‘Today’'s robots are typically very large
and heavy and can lift weights equal +to only 104 of
their weight - the users questioned call for smaller

robots with greater relative load capacity’ . (3)

As well as improved load carrying capability and

sensing, there are other developments {for which
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industry is waiting. Casey’'s article goes on to

mentionsg

i) improved gripper dexterity
113 easieEr programming

1ii) lighter, smaller robots
iv} improved control systems
v) faster movement

Interestingly, Millar (&6) makes a suggsstion that puts
into perspective one of the characteristics of the
robot as described by Carberry (3). In his paper
‘Robots are here to stay’', he discussed his experiences
of robotics as engineering director at Turner
International Engineesering, Alcester. Turner's were
investigating the further automation of their
production line having already installed Computer
numerical Control (CNC) machines to pierce holes and

slots with plasma, to bend and form, to drill and turn.

The wse of plasma to cut stainless and carbon steels
produces a very clean cut, and when directed by CNC the
profile is accurate. The other CNC processes benefitted
from accuracy to the same degree. However the assembly

of the components had yet to be automated.

Millar dealt with the guestion of accuracy by putting

it into this context. "Many companies work under the
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impression that they are looking for accuracy. In most
casesy I would suggest that they are not. What they are
looking for is repeatability’. He 1is not suggesting
that manufacturing is not a matter of accuracy, he is
pointing out that accuwracy can be cobtained in different
ways. In Turner 's case the accuracy was obtained from
CMC in such a way as to proved accuracy of fFit.
Inaccurate (relatively!) means may then be utilised to
make the joint permanent. With this philosophy
accepted, Turner 's then went on to introduce robotic

welding squipment.

The reality of industrial engineering stands apart from
the capability of the calculator and the superiority of
the science session. I am reminded of a teacher of
wondwork who was able te question his own double
standards with me; his pupil. In the drawing office he
regquired accuracy to within 1/764th of an inch but in
the woodwork shop 1/32nd of an inch was more realistic
and guite acceptable. In practise pupils were lucky to
work within 1/8th of an inch which made Ffor an
interesting, albeit academic, discussion on the

viability of the possible.

In his conclusion, Millar hammers home the reality for
British engineering production. ‘'To stay in business in
the furure, you cannot be complacent and must ensure
that every effort 1is made to develop and progress.

Finally, if vyou Ffeel that from yousr particul ar
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experience robot welding is a gimmick, it is expensive
and unprofitable, and you cannot use it Flexibly Ffor
low volume production,you have simply not enginesred
vaur capital development programme correctly. Forget
the buzz words. It is really guite simple: what is best
for vyour business? How best can you use the equipment
to work for you? fnd remember, 1¥ you do not plan
effectively in all other areas, the robot simply will

not work . (6)

Clegarly the valuse to industry of the manufacturing
robot is considered to be great. 1ts effectiveness in a
variety of situations has been evaluated and, as Millar
describes, the need +for esnvironmental planning is of

paramount importance.

The =sducational context of robotics produces wider
planning considerations. As Miller pointed out, it is
less than appropriate for the robot to be introduced as

an entity devopid of a habitat, but the educational

o

habitat 1= not simply 1ts environment in terms of th
industrial model as described by Millar. It will also
include the need for human interaction. communication,
and the understanding of that part of the essence of
the computer system — its pulse processing capability -

relevant to the creation of a robotic device.

There is a real world, after school, which uses, and

increasingly so, computer controlled machinery. The
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impact of this is not simply a matter for those
employed in industry, it clearly has implications {for
the whole of our society. Education has a
responsibility to equip all children to be capable and

the capability to take an informed ploce in our

demnocracy 1s not to be dismissed at all.

Can a group of very young children cope with a design
situation which reguires their involvement in total

industrial  automation?

In my introduction I made clear my intention to produce
something other than a written document; and the
challengs of this last question was what 1 set myself

and later became known as ‘'The Automatic Factory’ (7)

1. Kibasi & Millis. "Micros in Control’. Personal
Computer World. 1980.

2. Browne. A. ‘Robotzs — the present’. Electronics
Systems News. Institution of Elsctrical Engineers.
Summer 1986

= Carberry. C. ‘Robots ease bottleneck in  FCRB
production’. Froduction Engineer. Intitute ot
Production Enginesrs. March 1986.

4. ©Griffiths. AJ. & Lewis. HJ. "Robots in foundries’.

The FProduction Engineer. Intitute ot Production
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1G. CONCLUSTIOM.

I have looked at the computer botbh through the eyes of
a teacher and a designer,; and found it to be something
af an electronic chameleon. Mot only is it of use as a
range of tools, but it also operates as an end in its
own right and in a range of differing roles. It is
difficult to summarise its applications and it comes as
something of a relief to realise that describing the
computer in tesms of how it has been made to aperate is
net efficient. The apprpoach cught to be to ask, “HWhat

is it that a computer can NOT do7?’

The answer has to do with the way that the machine is
presented with input, and the way that the results of
its processing are then presgnted to the world outside.
It is the design of the peripherals which 1limits its

flexibility.

At present; the common way to communicate with it, is
with an alpha-numeric keyvboard and it responds by using
a visual display unit (YD) . in the days of
Williams{(1), input was with a switch and output was a
single beam cathode ray tube {(CRT). Mothing fundamental
has changed — the keyboard is merely a set of arranged
and labelled switches and the VDU is a CRT with more
than one beam, and chemicals which glow with different

colours.
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The way the computer recognises each key and then
decides upon the position of the character on  the
screen and its colour, is as vital to understand as the
reason for the wheels on a car to stop if no petrol has
bean put into the fuel tank. For many, life under the
bonnet; is not something with which they want to be

distracted.

Whether this sort of attitude is good for & nation
which depends upon economic viability foar its
international reputation is a moot point,; as is whether
there is more to life than using up the =zarth’'s natural
Fresources for whaty in  that context, would be short

term benefits.

The fact remains, however, that to use somesthing
complexy does not always require knowledge of how it
works. This, as 1 referred to in Chapter B, is a black
box attitude, and it becomes possible to describe
happenings by the way in which the black boxes in a
collection are seen to interact. S5uch a collection 1is
known as a ‘System’; and Beishon summarised the concept
in four points which, when taken as a whole;, form a

definition:

‘1) An assembly of parts or components connected
together in an organized way.
2) The particular assembly has been identified by a

human being as of special interest.
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3) In general, the parts are affected by being in the

=

stem and they are changed if they leave it.

<

4) Dur assembhly of parts does something (but remember
that behaviour may be not doing something when the

cutside world changes.) . (2}

As we have cseen, the CDT approach is design based. Its
aim is the solution of real world problems by the
production of artefacts. Such artefacts may be visual
or awal descriptions of a2 process, but the aim is
always to produce improvements to the human condition.
The solution shouwld not to be limited by techniqgue,
knowledge or materials except where there are
fundamental - real world — constraints, and they should
be recognised as such so that their eventual removal

can be striven for.

The implication is that the technologist is faced by an
imppesible task, to be expert in everything. This 1is
not true; the technologist is expert in the successful

assembly of black boxes.

The advantage to the student of the systems approach in
his field of teaching electronics, was described by
Foxcroft. ‘It emphasises the function of some circuit
or other and what it can do rather than how it manages
to do it. It has the advantages that students are more
quickly involved in the design of systems and in what

they might recoagnise as electronics,; and their
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attention is concentrated on that rather than on the
device around which the circuit is built. "(3) This is
not an approach which all teachers would find
acceptable, because, as Foxcroft asserlts later, the
student is not concentrating wpon  what might be
described as the ‘science of the device’ (3). Instead

the devices are considered to be black boxes.

It is this concept of the system and its constituent
sub=—systems {or black-boxes) which causes a dilemma in
the minds of some teachers. It is in their experience
that the role2 of the teacher is that of the expert. The
job of the teacher is to find ways in which their black
box {their subject) can be opened and understood.
However the reality is that when they open the box, it
contains another, and that contains anothery; and so on

— reminiscent of Russian Dolls.

If this were not so, it would be impossible to  justify
the existance of Further Education, et alone
Universities! Indesd each of these would arguese that at
some stage the opening of a doll will reveal something
more akin to a "Tardis’ ', that television space craft
which 1s bigger inside than its external dimensions

actually allow. (4}

To what depth should the taught descend in the
understanding of the sub-system? The systems approach

to electronics deliberately allows the creation of
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circuit boards and components which are sasy to grasp,

and this accwrately mirrors real life.

In his article on Packet Radio, a method by which data
can be {transmitted by radieoc in small, high—speed,
‘packets’;, =ach capable of being repeated up to ten
times wunless an "acknowle=dgement of reciept signal’ is
recieved by the sender which allows it to send the next
package, Kade uses a black box approach to describe
system components. He describes a typical ‘station’,
capable of sending and/or recieving as being composed
of a terminal, a teminal node controller {(TNE) and a
Fradio. When we logk itnto the terminal, we see a
computer and a VYDU. He shows that the THC contains a
"UART , CPU, ROM, NOVRAM, RAM, HDLC controller, Modem %
PTT control ".(53) Inside the radio sub—system we find a
transmitter, a reciever and an antenna. Taking the
radioc receiver as a sub-system we find that, as Price
describes in his design for a radio reciever, there are
eight further sub-systems within its metal case. (&}
Neither the antenna nor the power supply are his

concern.

We noted in chapter 2 that Millar had written - “and
remember, 1if vyou do not plan effectively in all other
areas,; the robet simply will not work. (7)) Here is an
industrial designer advising the taking a whole world
view of a factory, in order for the operation of one

part +to function for the benefit of the factory as a
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whole.

Different learners should be sncouraged see the svystem
they are working upon in terms of a set of sub-systems.
Their appreciation of thez internal complexities will
vary with his/her self-perceived 'need to know’'. The
teacher htias already recognised the sort and depth of
knowledge and technigues that will be to the learners

long term advantaoge.

Returning to the subject of control. It is not
straight—forward because, that which is to be
controlled ususlly exhibits non—-linear change. However,
by declaring the subject of consideration to be a
system, the identified sub-systems can be described,
whereupon models can be constructed, operated,

influenced and their behaviouwr assessed.

City and Builds 230/3;, "Robot Technology and Control’
identifies the following as ‘elements in a robot
control system:s

a} program

b} input device

c) controller

d) interfaces

e) data storage

f) actuators

g) internal feedback transducers

n} external sensors. " (B)
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Each of these slements can be modelled and once their
actions are appreciated by observing their interaction,
choices can be made and tested againsed a2 real world

briect.

Input - process — output — in earlier vyears both the
use of the woodturning lathe and the construction of
model steam engines could have been used in their own
peculiar ways to develop this concept. 50 could the
modelling of wind and watermills, though their
popularity as acceptable products of the traditional
workshop would, it seems to me, have been doubtful.
Within the context of a cross-linked curriculum leading
to transferable skills they would have been seen as

laudable.

The curriculum is reguired to have “Breadth, Balance
and Relevance (F). By its definition, technology - if
it is treated honestly — will be broad. The design of
the curriculum in which the school technology is set
will, or will not, ensure balance but the relevance can
only be assured if the experiences of the pupils can be
seen by them to reflect real life. The computer, with
the ability to utilise its modelling, simulating and
control capabilities can do much to enhance pupils

perceptions.

The ability of the computer to monitior and react with
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great speed makes 1t a unigue system — from which it is

not possible to justify technologists being separated.

fis a preface to his tramnslation of Beckmanns “History

of Inventions and Discoveries’ , Johnoton wrote —

‘Germany, beyond all dispute, has given birth to more
important discoveries and inventions than any other
part of Europe: and gun—powder, printing, and a variety
of useful machines; will remain lasting monuments of
the inventive genius of the Germans. In chemistry and
mechanics they seem however to have made the greatest
figure, and for this a very satisfactory reason may be
assigned. Germany, since the esarliest periods, has been
celebrated Ffor its mines. To facilitate the ilabour of
working there machinery was necessaryy and to extract
the metal Ffrom the ore; and turn it to advantage
required a knowledge of chemical operations. Necessity
is said to be the mother of invention; and it is
natural to suppose that a people will always employ the
efforts of their genius on those objects From which

they are most likely to derive benefit.

In the history of chemical discoveries and mechanical
invention; above all professor Bechmann has enjoyed,
therefore, an advantage which might have been wanting
to a2 writer of any other nation. It will require no
great sagacity to discover, that allusion is here made

to the opportunities he had of consulting many German
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works little or perhaps not known in other parts of
Furope and of searching ancient annals and public
records never before drawn from their obscurity to give
testimony in favouwr of the arts. He indeed seems to
have applied to every source that was likely to enrich
his subject; and the voluntary contribution of learned
friends enabled him to enlarge his work with much
useful information, for which he expresses on several

occasions his grateful acknowldgement. " {(1G;

Technolaogy in schools is the successful application of
whatever systems pupils hnave an appreciation of. To
this end it i1s reguired to have access to a wide range
aof sub-systems, and o engender in the young the
ability to take the “whole world view’'. The design

brief, the euperience,; the knowledge — the capability.

The technologist 1= indeed a jack of all trades -~ and

master of one.
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Appendix 1. ‘Betrage zur Geshichte der Erfindungen’.

dohann Beckmann. {(1820/%91)

The three volumes of this history of inventions contain

the following contents lists:-—

Volume 1.

Italian book keeping.

Bdometer - instrument for measuring roads.
Machine for noting down music.

Refining gold and silver ore by guicksilver.
Dry gilding.

Gold varnish.

Tulips.

Canary—bird.

Argol .

Magnetic cures.

Secret poison.

Bellows.

Coaches.

Water clocks.

Turmalin.

Speaking trumpet.

Ananas or Pine—apple.

Sympathetic ink.

Diving bell.

Coloured glass. Artificial rubies.
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Sealing wax-
Corn—mills.
Vardigrise or Spanish
Saffron.

Alum.

Falconry.

Turt {(fires).
frtichoke.

Saw—-mills.

Stamped paper-
Insurance.

fAdul teration of wine.

Clocks and watches.

areen.
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Volume 2.

Artificial pearls.
Faving of streets.
Collections of natural curiosities.
Chimneys.
Hungarvy—waiter.
Cork.

fApothecaries.
RQuarantine.
Paperhangings.
kKermes — Cochineal.
Writing pens.

Wire drawing.
Buck—-wheat.
Saddles.

Stirrups.

Horse shoes.
Floating of wood.
Lace.

Ul tramarine.
Cobalt. Zaffer. Smalt.
Turkeys.

Butter.
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Volume 3

Green flowers.

Lending houses.

Chemical names of metals.

finc.

Book—censors.

Exclusive privilege for printing

Catalogues.

Apurum fulmians.
Carp.

Camp-mills.

Mirrors.

Glass Cutting.
Etching on glass.
Scap.

Madder-plant.
Jugglers.

Camel .

Artificial ice. Cooling
Hydrometer.

Lighting of streets.
Mightwatch.

Laat skeletons.

Bills of exchange.

liguors.

bhooks.

As translated by William Johnston.
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AFFENMDIX Z. CORRESFONDENCE.
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37, WILLOWTREE AVE.
GILESGATE MOOR,
CITY OF DURHAM.

DH1 1EA.

16-5-86.

Dear Mr Grimshaw,

I am undertaking a research project
into aspects of Control Technology in Education.

I would 1like to be able to assess
where; and to what degree, the Authority has its
teaching resource.

Is it possible for you to {furnish me
with answers to the following guestions?T

-3 What arae the PUrpOSes of the TRIST
microelectronics courses which have been provided this
calender year at Feterlee College?

By Why have these TRIST courses been of different
duration?

c} What was the policy of the Authority with
respect to the advertisement of these cowrsess in its
schools?

d) To teachers in which curriculum/subject areas,
did the authority believe these courses would be of
interestT

e) Has the authority analyssd the
curriculum/subject areas represented by those teachers
accepted onto the courses?

) I+ such amn analysis bhas been done, {or will be
donel),; would the Authority be prepared to furnish me
with its findings?

g} Does the Authority intend to wmonitor, and/or
further the effects of these coursesg and if so, how?

On a more general theme,; may I enquire
how the Auvthority co-ordinates its approcach to the
provision of resources 1in respect of electronics,
micro-electronics, mMicro—processing, word—processing
and stcetera?

Yours sincerely,

C.N.L. France.
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DURNAR COURTY COURCI

The Director of Education,

County Hall,
0. J. W. Sowell, B.A, M.Ed.. Durham,
Director of Education DH15JJ.

Ay reference

KBG/AH Your reterence Tel: Durham 64411 (STD Code 0385) Ext. 5 34 9

27th June 1986

Dear Mr. France,

Thank you for your letter concerning the development of
TRIST in the Authority.

Practical Electronics was advertised in schools on 3rd
December 1985. The advertisement was directed to Heads of
Science via Head Teachers and was sent by the Science Adviser.
Only Science staff attended the course which ran for a total of
17 days at the college. The stated aim of the course was "“to
provide support for teachers.who intend to or are at present
teaching .electronics to the above-fourteen age range".

Retraining for Microelectronics. Teaching was advertised in
schools on 14th January 1986 and was targetted at "lower
secondary school teachers with an interest or involvement in the
teaching of Microelectronics®. = Fourteen teachers attended the
course (that i1s all those who applied). Of these only one was,a
CDT teacher. One teacher of computer studies attended and the
rest were Science (mainly Physics) teachers. The course '
duration was 3 days. The stated aim of the course was to
"introduce the systems approach to teaching Microelectronics and
to assist in the integration of Microelectronics into the school
curxiculum.

With reference to question (d):

There are aspects of microelectronics which are of
interest, either directly or in association with new teaching
approaches, in many areas of the curriculum. Obvious examples
would be:

(a) Electronics - as a subject in its own right.

(b) Electronics in Control Technology - an area of major
interest to CDT teachers.

"(c) Electronics in Computing - computer control is of interest

in many areas of the curriculum.

(d) Electronics in Science - many Physics syllabuses involve
some aspects of Electronics though usually on an analytical
rather than a design and application level. There is also
a lot of potential for using Electronics in scientific
measurements and data collection.

(e) Electronics as a teaching aid for teachers of children with

special needs.

Cont'd ....
This miatter is being dealt withby . t he - Deputy- Director -
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(f) Electronics in Rural Science and Environmental Studies -
the scope for sensing and control of environmental
conditions is at least as great as it is in Science.
Weather conditions can be monitored (temperature, pressure,
humidity, rainfall, light conditions, wind-speed and
direction). Soil moisture content and acidity can all be
monitored with relative ease.

(g) Electronics in the Primary School = it can be used as a new
approach to achieving many educational objectives in the
primary school. The "Wirral Electronics Pack" in
particular has been used to introduce children to problem
solving situations, design, numeracy, group work, language
and many other pupil=-centred activities.

(h) Electronics in Music - musical applications of Electronics

and Microeléctronics are well developed in industry and
offer new approaches to the teaching of music.

(1) Electronics in Physical Education - this is an area which
as yet is relatively untouched by new technology and where
a lot of scope exists for new teaching approaches. ,

(3) An awareness of Microelectronics, its impact in society,
potential and limitations should be part of every child's
education.

It is obvious that Electronics/Microelectronics, like
Computing, Maths., or Language, does not in general "belong" in
any one subject area. This obviously has implications for
curriculum and staff development. It is important that the
Authority tries to avoid the introduction of Electronics into
schools and colleges to occur on an ad hoc basis. This also
applies to the provison of INSET courses or staff development
programmes.

As far as the TRIST programme is concerned, the Authority
has tried to ensure that courses are widely advertised in
schools by circulating information through head teachers to all
teachers in the school. Some courses are really continuation of
previous INSET and in these cases a more restricted circulation
"has been used. However, we would normally circulate all members
of staff concerning Electronics courses because it is not
believed that Physics or CDT or any other subject area can claim
that their teachers are more suited to the teaching of a subject
which crosses many boundaries.

It is intended that all TRIST courses will be carefully
monitored and this should be the norm for all INSET courses.
The approach adopted to monitoring can be expected to vary from
course to course depending on the prevailing conditions. For
example a different approach may be possible for INSET courses

Cont'd ....
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run at the Microtechnology Centre from that possible for courses
run either in schools or by another authority on our behalf. 1In
general, it would be considered preferable to monitor and
evaluate courses from all relevant viewpoints. We are
interested in trying to evaluate courses in terms of
effectiveness (eventually in the classroom) and value-for-money.
Follow=up to courses is an area which needs to be investigated
1n some depth. BAgain the pattern adopted will need to be varied
according to circumstance but there are financial as well as
educational implications to be taken into consideration. You
are welcome to information about monitoring and evaluation but
in general it is expected that solid opinions in this area will
only emerge over an extended period of time particularly as we
are trying to respond to feedback by modifying approaches as we
proceed.

Yours sincerely,

| {A) o
. /\ b UL e ,

-

/

f

Mr. C. N. L. France,
37 Willowtree Avenhue,
Gilesgate Moor,
Durham.

DH1 1EA.




DURHAM COUNTY COUNCIL P s ol ¢

The Director of Education,
County Hall,
Director of Education Durham DH1 5UJ.

D. J. W, Sowell, B.A., M.Ed

Your reference Tel: Durham 64411 (STD Code 0385) Ext.
21st August, 1979

[38]
~
o

My reterence GRDD/SR

Dear Mr. France,

Thank you for your enquiry of 20th July, 1979, regarding Schools/
Industry links and the response of this Authority to the recent D.E.S.
Circular. 1In Durham County a number of initiatives had already been
taken prior to the issue of the D.E.S. Circular, notably the setting up
of a network of Careers Associations in the County, attended by teachers,
cmployers and Careers Officers. However the regional conferences chaired
by Shirley Williams (styled as the Great Debate), the D.E.S. Green Paper,
and subsequent circulars undoubtédly gave impetus to the work of these
Associations.

Perhaps the most dramatic evidence of the County's interest in
developing schools/industry links was the Betting up in 1978 of the
Durham Industry Commerce Associations (or D.I.C.E.}. I have enclosed
soume background information on D.I.C.E. and its activities. Since the
inaugural meeting in March, 1978 the Association has gone from strength
to strength and now has its own Newsletter. In addition to theé Mathematics
Working Party referred to in the enclosure, D.I.C.E. now has Working
Parties on Schools-~Based Work Experience, English as a Means of Communication,
Common Reference Forms and Audio Visual Aids - all of which are producing
tangible results. D.E.S. and the Schools Council have recently shown an
interest in D.1.C.E.

For further details about the Association's activities I suggest
that you contact Miss J.0. Ritchie, District Careers Officer for Wear
Valley and Teesdale at the following address:-

Careers Officer,
Cradock Villas,

Bishop Auckland,
Co. Durham.

I trust that this information is helpful.

Yours sincerely,

County Cdreers Officer

Mr. C.N.L. France,
94 Moor Crescent,
High CGrange kstate,
Gilesgate Moor,
Durhawm City.

DH1 1DL

Thie mntee, 4 bariom dealt with by
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Department of Education and Science
Elizabeth House York Road London SET 7PH 7

Telegrams Aristides London Telox 23171
Telephone 01-928 9222 ext

M Chrizs Luplui N L Froance Yuur roferency
87 Moor Crescent
Uilespate Moor
LURIIAM CLLY

LY 1DL. Date 0 July 1979.

Qur reference

bear Mr I'rance

Thank you for your letter of 14 May about your rescarch project on the means of
keeping the public informed of important aspects of technical innovation. 1 am .
sorry you have not had an earlier reply.

The Department employSs a number of means of intforming the public of important
technolopical developments, but you will appreciale Lhat our primury concern i
with Lhe cducationa’l implications of such advance:.

Information is distributed via a number of means, for example Preuss relenue:s,
Parliamentary Debates and Questions (published in Hansard), in Ministerial speechoes
(which pgenerally attract Press coverage), through information leaflets published By
Lhe DES, circular letters and administrative mbmoranda (primarily direcled to our

partners in the education service). The Department also handlés a larpge volume of
corregspondence from members of the public, and in this way attempts to provide a
personalised information gervice. The DES also maintains cloge liaison with many

other bodics - in particular other Government Departments and repreccntatives of
the education service.

In your letter you cxpressed your concern, which we share, that witn the prescnt
rapid chauges in society and technology many people may not be aware of the industrial
basis of vur cconowmy. The Department is concerned to help young pcople and adults
alike to develop a better understanding of the crucial role of industry, and has
taken steps to encourage better liaison between education and industry and commerce.
Yor example, a circular letter was issued last year to local education officers to
stress the importance of forging closer links between schools and local firms. A
copy of this letter is enclosed. At the other end of the academic scale, the
Scicnce Research Council is actively promoting schemes which bring industry and
university departments topether to pursue research of mutual interest. Ihere are
also many examples of industrial liaison in Higher and lurther Education.

One of the most important technological developments is the rapid progress being

made in micro-clectronics technology. This is clearly an area which will have
powurful Jocial and economic repercu*sions, and the Department is engygred in urgent
ce. {einculan. letter
oudlining. oun,. atfitudes

been made in work]nw ouL more

qnd a cory is dLLOIdln]Ly cnclo ed. Larller thls yedr a cong ultatlvv document'was

Lssucd deseribing plens for a Eﬁﬁ&ﬂ@%&aﬂﬁﬂﬁgﬂia weot.peozmemng Lo help schools and
collepes become aware of the polential of micro-electronics. L.enclose a copy for

your information.  Howawen...this.programme, is.currently wnder review. in the light
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RLouEn 20 pablic, expandi thre. As soon as any plans have been piven Ministerial

approval, delails will be released o the Press for publication.

The DES recopnises that an appropriale response to the new toechnolopy musl necesnar: iy
Liclude the provision of lechnical courses to train the specialists who will be

necded by industry. However, b i also dmportint to develop non-technical
cducation to familiarise adults and children alike with the potentinl widespread

disess ot microprocessors, Lo help them Lo adjust dothe rapid changes socicly oo

expecl to see o the next Few yeurs.

I hope that thiy is the kind of information whicl you were seeking. Ir L coae vie
ol any turther assistance, please do not hesitate to contucl me.

lours sincerely

M D Goldupink.

-
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37,WILLOWTREE AVE. ,
GILESGATE MOOR,
CITY OF DURHAM.

DHI 1EA.

16-11-85

Dear

I am part of a2 team at the University of
Durham Institute of Education, conducting research into
the applications of computers in seducation.

s a teacher my professional interests
lie in that area of the curriculum known as Craft,
Design and  Technoelogy and I am directing my
invesigations towards the field of Control Engineering
in Secondary and Frimary schools.

The Royal Society of frts, in its
manifesto “"Education for Capability”,; {(fto which you are
a _signatorvyl, recognises that to be well-balanced,
education "must also include the exercise of coreative
skills,;, the competence to undertake and complete tasks
and the ability fo cope with everyday lifesg and aiso
doing al11 these things in co-opsration with others.”
(Fara 2}

This guoctation is a part of 1ts criticism
of current educational practise. The assertion being
that seducation is not catering for such reguirements.
However, curriculum design which encourages the
fostering of thoses gualities was being promulgated in
Colleges in 1967 when 1 was being trained. I am bound
to ask, 1f Collieges of Education were training new
teachers to recognise the need for a new direction in
the assessment of academic success in 1267, why ares yvou
and vouw co-signatories cwrently in the position of
having to move a "new” initiative?

The third paragraph of the manifesto
recognises a culture concerned with “"doing, making and
organising, and the crealiive arts.” The sducation of
this cultwe is ito be catered for. In the light of the
aims of the Society, I interpret this "cultwe®” as the
Sucisty’'s percepition of ow HMation por se. To what
extent then,; are we to see the influences of Industry
and Commerce in the process of Education, and how will
this sxtent be measured?

Those reguirements of education, as
identified in the Manifesto, are not new,; and have been
included in schools cwricula. What has changed, I
woul d suggest, has besn the use to which they are put
by the school leaver. iIs there perhaps a lack of
appreciation of his/her flexibility both by emplovers
and others, possibly  festered by the relatively
*"old—fashioned” environments and resources to which the
school pupil is exposed?

I would hope that perhaps you might also
be prepared to consider the following dilemma. If the
preparation of individuals for the world of industry
and commerce requires skills which can be develop=d in
ways which do not need ths hands—on use of new
technology, would sucess be recognised? If not, it

FAGE 1B
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would seem to imply that education nesds to be newly
raesourced and 1 wonder what aspects of industry and
commercs vou would concsider imperative to bese included
in the hardware resources of schopnls? Furthermore; the
Maniftesto separates "education® and “training”:; clearly
there is good reason for this. I+ industry and commerce
wish to influence the content of curriculum, how clse

can it be donse withouwut appearing to be advocating
"training” or without influencing the content of ths
Public Examination S5yllabuses?

fnd would this second bDe productive in
vigis of the abysmally low regard with which British
iniversities recognise the current relevant 87 levels?
{86 strange dichotomy since they set and superviss the
asszessment of the content!)

t is not my wish to divert YOLir
attentions +from vyour primary interest; but I hope yvou
willi appreciate that 1 cannot hope to conduct

t
i

meaningtful research without the assistance of those who
re currently involved in the "nuts and bolts®; so to
o .

Thank—vou for your time,

Yours sincerely,

FPAGE 184



Bishop of Liverpool _Church House 1 Hamvm”@[@@ﬁ Liverpool L1 3DW
Rt Rev David Sheppard 051 708 9480

13th December 1985

Mr C France

37 Waillowlree Avenue
Gilesgate Moor

City of Durham

DH1 1isA

Lsﬁgﬁh,//%\p fixé&&vﬂsgm.

Thank you for your letter of 16th November. Please accept my apology for
taking a month to reply, but I have been very busy, not least because of
the publication of the Report of the Archbishop of Canterbury's Commission
on Urban Priority Areas, called Faith in the City Might I suggest you
would find this report helpful if you wish to know.my mind on issues you
raise. (I was Vice Chairman of the Commission). Pages 295 to 300 or so
might be specially useful.

Don't you think that it is rather for you, as a researching educalionalist,
than for me, all things considered, to answer your question, 'if Colleges

of Education were training new teachers to recognise the need for a new .
direction in the assessment of academic guccess in 1967, why are you and
your co-signatories currently in the position of having tq move a ‘new'
initiative?' 1t might be a point for me to make as a Bishop, to help you,
that every generation has to come again and again, with God's grace, to the
task of realising God's Kingdom on earth, because it is in the nature of
things that things in this world go wrong rather than right!

Many points in the Report I have invited you to read -~ not least because we
regard what we have to say to be of the utmost urgency - have been made
before in the course of the last one hundred years and more: we have to say
them again and again in relation to present-day circumstances because

people do not listen or don't want to listen or fail to give them our
priority, or genuinely disagree.
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Carlton, Bedfordshire. Telephone 720077 (STD 02

larenceas

ase aslk for .
. extansion
Bse address
't reply 1o
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Mr C N L France BA(Hons)A dip Ed Cert Ed
37 Willowtree Avenue

Gilesgate Moor

City of Durham DHl 1EA

9 December 1985

Dear Mr France
Thank you for your interesting letter df November 16.

Rather than trying to respond to each part of your letter in detail in
writing, | would suggest that you might find it helpful to discuss the issues
raised with colleagues within British School of Technology of which I am
Chairman. ‘

BST is the national organisation most closely involved in the practical
aspects of the points you raise, and I wopld suggest that you contact their
Executive Secretary, Geoff Wainwright, to arrange a discussion with him and
his colleagues. His address is British School Technology, Carlton,
Bedfordshire MK43 7LF. Telephone: Bedford (0234) 720077.

Without wishing to prejudge the discussion you have with BST, I would however
make a number of general comments.

(1) The cultural stereotype of the United Kingdam as being more concerned
with the elegant consumption of wealth than with its creation is an
interesting study.

(2) Such profound changes in national and international circumstances have
occurred since 1967 that the presence of current educational
initiatives does not of itself imply an inadequacy in those of an
earlier age. As recently as June 1974, for example, unemployment
stocd at 2.1% of the working population.

G. Wainwright
Executive Secretary




(3)

Your questions relating to the role of industry and commerce within the
school curriculum, the resourcing of schools for technological studies,
and the degree to which examinations could (or should) reflect
industrial and commercius! consideration are all inter-related. While
industry and commerce are too diverse to speak with a single voice, as,
in many cases, are local education authorities, BST has nevertheless
undertaken a study of LEA requirements and concerns in the broad
curriculum area of your own studies and this may be something else for
you to discuss with them.

I am sure you will find contacts with BST beneficial and I wish you well in
your research.

Hown - Uondosar |

Sir Henry Chilver .
Chairman -



Wallon Hall, Walton,

Milton Keynes,

MK7 6AA.

Telephone: Milton Keynes 653214
Telex: 825061

THE OPEN UNIVERSITY Vice-Chanceflor

J H Horlock oy irs

Our Ref JHH/SW

Your Ref.
21st November, 1985,

Mr. €. N. L. France,

37 Willowtree Avenue,

Gilesgalte Moor,

City of Durham, _

DHL 1EA . . .-

%@M':f%%, .

Thank you for your interesting letter of 16th November. I accept your 2
point that the Royal Society of Arts injtiative may not be a new theme,

but I am sure you will agree that any movement towards a.third culture

in rhis country (like the German TP(HNTF in addition to arts and sciences)
is to be welcomed.

My own opinion is that discussion about the differences between education
and training is somewhat arid, and in my own subject of mechanical
engineering I find it difficult to distinguish between the two. I

myself have less criticism of industry than I do of British Universities
themselves, and the general British establishment. I have much sympathy
with you in your views about recognition of current relevant A levels.

All good wishes in your work at Durham.

Yours sincerely,

JMQdL%L&MMe
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Doyy 7¥%  EDUCATION DEPARTMENT
My 1eteirnce DE Robert Aitken,
Phone estesion 2001 Director aof Education,

New Caouncil Offices, Earl Strec
Enquinies 1o COVENTHY, CV1 bRS

Date 22 November 1985 - Telephune 0203 25555  Telex

Yaour reterence

Mr, C.N.L. France, , .
37 Willowtree Avenue,

Gilesgate Moor,

City of Durham,

DH1 1EA

Dear Mr. France,

You raise pertinent issues in your letter but which

are not capable of simple reply. I suggest you need

to read widely about the many initiatives which are 2
taking place and as a contribution I enclose:-

l. C.E.F.L. )
2., My RSA Lecture

3. Copy of OCEA draft handbook

4, Outward Bound Report

Underlying all of these is a fundamental change
in the teaching/learning process, rather than content.

Yours sincerely,

7 A

Director of Education

GL
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THE ROYAL SOCIETY for the encouragement

OF ARTS Manufactures and Commerce

JUNN ADAM STUELT - ADBRLPI - LONDON WOIN 0L 2 TRE oiegqu 51105

16 Deocember 1985

Mr C N L France

37 Willowtree Avenue
Gilesgate Moor

City of Durham

DH1 1EA ' C

Dear Mr France

Your letter to my secretary, Shelley Wilson and that to Professor Ashworth
have been peanced to me. [ will emdeavour to answer both letters in this

reply.

1 ot
To take some of the commentsg that vou have made in both letters: firset of

all, we have nothing specific on the field of control you are asking for
but do have some information in our Date Benk concermning Craft Design
Technology. This Data Bank 18 not set up as you mighf expect but is
bagsed on the submissions we have received in the past foxr our Recognition
Scheme. A 118t of these 1s enclosed and I imclude short summaries on
those that specifically relate to the CDT erea.

You asked for information on our Commlttee members. The best that I can
do, I think, is to refer you to & previous newgletter where the members

of the Committee are described together with the changes that have recently
taken place. I encloge this editiom for you. It would be impractical to
provide you with more detalil but I can assure you that the Committee has
wide experience of different fislds of education.and, of course, of
industyry.

In your letter to Professor Ashworth, you make frequent referemce to our
manifesto and to what you believe is happenin 1n teacher training and in
< e » v : gt

facilitate that learning but does not neceasarily according to the hands of
the teacher in which it rests., OQOur experience goes widely, as I have
mentioned, across education and industry and draws on practice from

both those fields. This width of experience is represented in ocur
Signatories, our supporters, our newsletters and in our occasional paper
series. I enclose a copy of our publication list in case there are any

PN o - ——— v - TN
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2.
Mr C N L France

16 December 1985

that you would particularly wish to see. It is also represented im the
conferences we rum. Qur participants and our speskers and group leaders
are invariebly drawn from both education and industry. In this way, we
make practical use of the expertise of the different areas. I would say
that feedback suggests that there 1s considerable appreciation of the
opportunity we afford to share experience acrogs the boundaries.

Can I finally draw your attemntion to the mogt recemnt of our newsletters
and to the mention in these of two conferences that may be of interest to
you. First of all, we are holding & seminar for thope working im North
Eastern education authorities. This will take place towards the end of
June and will in fact be based at the Durhem University Business School.
Ve have s very good friend in Professor Alan Gibb and in Cliff Johnson who
are based at thie School. Secondly, cen I mention the Higher Education )
Conference which, in one of 1ts aspects, will draw attention to the problem
of admissions and to the univeroity impact on the academic scene in
secondary schools. You nentioned in your letter to Professor Ashworth the
problem of universities and thelr -recognition of particular A-levela. This
is certainly an aspect which would be discussed at this conference.

]
Thank you for your interest. 1 shall’ be happy to place you on our future
mailing list. s

Yours sincerely

M%M.m%&%

Janet Jones
Education for Capability Fellow
and Education Adviser to Industry Year

Encs
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Thank you for your letter of 16 November 1985 to the Secretary of State, Lord Youm:
which has been passed to me for reply. I am sorry I have not been able to respond
earlier.

[ was pleased to read that the qualities called for by the RSA Manifesto 'Educatio
tor Capability' were already being encouraged in Colleges of Education in 1967.
However I think you will agree that the 'attitudinal’ changes advocated by the
Manifesto can only be achieved gradually, with the full cooperation of Government,
education suthorities, Schools; Colleges, industry and commerce.

Two main areas of this Department's concern are I think relevant to your research.
Firstly, you are no doubt aware that the Technical and Vocational Education Initia-
(1VEL) introduced In 1982 as a pilot scheme to widen and enrich the curriculum for
14~18 year olds has done much to bring schools, colleges and employers closer toge
to produce more relevant curricula, and at the same time has enabled schools and
colleges to invest in new equipment and in-service training for teachers. The
results of TVEI have been encouraging, inciuding work done in Craft, Design and
Technology, and the Government is currently considering how best to apply the less:
leurned more widely.

Secondly, the Review of Vocational Qualifications working group, due to report in
April 1986, is attempting to put forward a more relevant and comprehensible struct
of vocational gqualifications, and one which recognises competence and capability
in the application of knowledge and skill. The intention is that the recommendati
will have the support of employers, examining and validating bodies and others
concerned, thus giving full recognition to an integrated Programme for the certifi
of education, training and work experience.

When one takes into account the various other programmes currently in operation to
encourage relevant curriculum development, including the Manpower Services Commiss
attempts in colleges to make work-related non-advance further education more
responsive to employers' needs, I hope that you will agree that the Department o1
Employment is not holding back in its attempts to foster those qualities outlined

in the RSA's Manifesto. ~
Vous Siceselss,

Manpower Policy




AFPFENMDIX 2. ADDRESS GIVEM RBY K. B.BRIMSHAW.
At the inauguration of the British Schools Technology /
Durham LES Technology Education In—Service scheme.

"It gives me very great pleasuwre to welcome you here
this morning on behslfd of the Education Committes. The
use of electronic squipment to control machinery to a
sophisticated level is on2 which is assuming an
increased significance in Industry and Commerce and it
is an area in which we must in Education accept our
responsibilities for preparing children $for their
future employment and in providing them with an insight
and understanding of these new developments. We have in
this futhority already taken very considerable steps
over the past few years to stimulate the use of
microcompulers and microelectronics in ouwr schools  and
to increase understanding and awareness of Mew
Technology. . - - _
We feel privileged to be one of a limited number of
futhorities to be invelved in this particular project
and our commitiment is total. It especially pleases me
that a wide Fange of speakers from differsnt
backgrounds have accepted an invitation to be present
at teoday’'s meeting in order to start the ball rolling.
It is important that we should develop and strengthen
our links with Industry and Higher Education for the
benetit of our students. The activities of out recently
established 5.8.T-R.0. are already making a
contribution and I know; Mr. Chairman, of your work
with sixth formers and that is something which I  would
like to sse fuirther encouraged in this Authority.

I am; however,; somewhat saddened, looking around the
h211 this morning, to sese so limited representation
from wOomen. I think that there is a3 great danger that
in the developments of computers and microtechnology we
are moving into a male dominated situation. That, I
think, is wvery wrong because it seems that we are
failing to tap the potential and harness the ability
which lies in at least half of ouwr school population.
This means; therefore, that we are losing a great deal.
One of our aims, therefore, must be toc encourage more
girls to take advantage of courses which are offered in
the +Fields of computer studies and microtechnology-
Unfortunately if we do not get this right at the outset
it becomes a self-perpetuating situation which we have
seen developing in other areas of the curriculum. Once
attitudes are established it becomes very difficult to
alter them. it would bes a tremendous pity if we lost so
much.

One of the remarkable and welcome things about the
microelectronic revolution which is now affecting our
schools is the way in which the availability of this
hardware has stimulated interest and enthusism among
vyoung people in a way that no other single development
has occurred in Education over the past thirty vears.
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The imagination of voungsters, many of very modest
abilities, has been stimulated and led them to develop
an expertise and an understanding which sometimes far
swpasses those who are teaching them and therein lies
one of the problems that we are tryving to tackle
through conferences and courses of this kind. There is
an understandable fear among adults, both parents  and
teachers alike, that they are getting left behind in
this very rapidly moving field or that they will be
embarrassed by ignorance when confronted by
knowledgeable voungsters. It is the intention of this
projecty among others;, fto provide a strong cadre of
well informed teachers who will not only provide the
expertise needed For their students but who will also
spearhesad these new developments in  encouraging their
colileaguss over a wide range of curriculum disciplines
to avail themselves of New Technology.

As 1 said e=arlier, the Authority has already committed
itself along this road and we are determined to do what
we can to make sure that our vyoung people 1in this
region, and in particular, in this county, have the
opportunity to avail themselves of the best that is
availiable. I know from past experience that our schools
angd teachers will respond to the challenge and we shall

do what we can to help them achieve that gosal.

Mow that Design/Technelogy at "A° level is acceptable
with mathematics and physics for a Degree course 1in
Engineering the whole range of the curriculum is open.
The Graduate Enginesr needs the support of Technician
Enginsers and Engineering Technicians at all levels. 1
hope, howesver, that new work in this {field will not
maan sSimply being raillreoaded along the familiar, and
for many puplils, barren ‘0° and "'&° level avenue thus
restricting exciting opportunities for too many pupils.
There is a need for teaching skills and for academic
rigour, but perhaps these could be tested differentivy.
There is, 1n my view, a high priority to get the
assessment process right in such a way that pupils of s
very wide ability range are motivated to work in  this
developing and exciting area of the corriculum. This
project along with other interesting initiatives such
as the joint teacher +Jellowship scheme of the
Institution of Mechanical Engineers and Institution of
Electrical Engineers and the developing work of the
relatively new Engineering Council should aim to build
up & very broad approach available to as many young
people as possible. I shall listen with very great
interest to what will be said today and I look forward
to visiting the exhibition. I am sure that we shall
have a good and informative davy.

17-10-8B3.
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AFPENDIX 4. & COLLECTION OF SIBNIFICﬁﬂT YEARS.

1646. French fAcademie des Sciences {founded.

1673. Royal Observatory founded at Greenwich.

1662, British Royal Socisty founded.

1700, bBerlin Academy of Sciences founded.

17489, -French Academie des Sciences employs 20 research
assistants.

1777. Beckmann coins the word "Techinology ' -

178%. French Revolution. Academie des Sciences
degenerates — is transformed aftter the revolution.
1791. Priestleys home, and those of other Birmingham
non—-conformists,; attacked by mob encouraged by
government agent. His laboratory and library burned
out.

17921. The Lunar Society of Birmingham inaugurated.
Members: James Watt, Mattew Boulton, Dr. S5mall, Erasmus
Darwin, Josiah Wedgewood, Richard lLovelly Edgeworth,
Samuel Galton. Expressed support for the French
revolution.

18%0. Babbage. C.,; Frofessor of Mathematics at
Cambridge University, wrote "Reflections on the Decline
of Science in England and Some of its Causes’.

1835. Jaoseph Henry demonstrates the Electro-—-magnetic
relay.

1835. The Geological Snciety inavgurated. It was a

government scientific agency.
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i842. Laboratory of the Government Chemist inaugurated
by the government.

1844. The {first telegraph line, from Baltimore to
Washington, demonstrated.

1851. The Great Exhibition.

1854. Coal derived dyes demonstrated by William
Ferkin.

i8&4. Dam burst, Dale Dyke, Sheffield.

1867. The Paris Exhibition.

1870, Thse Devonshire Cﬁmmissinn get—un to lock into
research facilities. It proposed i) a HMinistry to deal
with Science and Education as a public service, 1ii) A
Science Council to advise the Ministry, 1ii} the
establishment of State Science Laboratories, iv) the
encouragement of increased productivity amongst the
British Gocieties.

1877, Tay bridge disaster.

192067, Parliament votes £150,000 to be added to the
£186,000 profit from the Roval Exhibition., to buy a
site in South Kensington and to build three ‘Royal
Technical Schools’. They were eventually incorporated
as the Imperial College of Science and Technology.
1910. National Fhysical bLaboratory set—up.

1914. Board of Inventions and Research set—up by the
Admiralty. J.J.Thompson and C.Farsons to serve on the
Board.

1916. Department of Scientific and Industrial Research
establ ished.

1?16, The Chemical Defence Experimental Establisment

PAGE 200



at Porton Down.

1217. The Imperial Trust for the Encouragement of
Scientific and Industrial Research to administer a £1M
fund. Industrial and scientific initiatives to be
backéd9 pound for pound.

1217. HNational total of 24 student research grants.
i918B. Explosives factory disaster, Chilwell Motts.
1919. Four Co-ordinating Boards to collate
developments spurred by the First World War. The Radio
Board ﬁéing the most éuccegsful with the development of
Radar .

1220. HNational total of 596 student research grants.
1932, The £1M fund exhausted but the need for
continued assistance reluctantly recognised.

19233, ‘Anyone who looks for a source of power in the
transformation of atoms is talking moonshine’ .-
Rutherford.

i938. HMational total of Bl student research grants.
1939. Self-sustaining nuclsar fission reaction
possibility recognised in Britain, U.S.4. and Germany.
1241 I1.€C. 1. agrees to build a reactor in return for
helping to produce a nuclear bomb.

17242, Asimov. 1. Fostulates three laws of Robotics.
17446, MWilliams. F.C., at Manchester, demonstrates the
electronic storage of one binary digit.

1948. The Royal Society accepts NMewman s description
of a computer as being Automatic, Digital and Genesral
purpose.

1248. Williams. F.C. demonstrates the electronic
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storage of 340K digits.

1948. The demonstation, at Manchester, of a machine
which performs according to Newman’'s definition of a
computer.

i?48. American demonstration of current amplification
by p and n—type semiconductors.

1949, The Manchester computer able to access 5120
digits immediately from a Cathode ray tube store and

/40,260 digits from a back-up magnetic drum.

1249, The EDSAC cu&ﬁuter ét.Cambriéée dlemax;;strated=
1250, Shockley. W. The {first demonstration of a
uni—junction transistor. U.5.64.

1961. The Robbins Committee on Higher Education set
up -

1264. The Schools Council set wup.

i9466. Schools Council commissions a pilot study to

find out how help could be afforded to schools showing

i
=t
=
o
-+
fil
B
i
"

£t in the targetting of technoleogy in their

1947. Schools Council ‘Froject Technology’™ set up.
19468. ‘Technology and the Schools’'- A pilot study
report from the Schools Council.

196%9. Protfessor J.Black. Working paper No.l1, on
interactive video, for NCET.

19469. The University of the fAir. (Open University)
granted Royal Charter.

1270. G.Hubbard appointed Director of the National
Council {for Educational Technology (NCET).

1970, Modular Technology approach started in
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Hertfordshire.

1i97%. Schools Technelogy Forum curriculum and
examinations working party survey publishes "The
Ecsence of School Technology ' . Examines all
examinations which included the word "Technology’  Iin
their title.

127=%. The Council for EBEducational Technology replaces
the MCET. G.Hubbard is the Director. A charitable trust

jointly funded by the Departments of Education and

Science England & Wales, Scotland and Northern Ireland.
1974, Bath & Avon Education Authority start to develop
"Modul ar Technology ' -

1975. Schools Council ‘Control Technology®™ at Danum
Trent Grammar School.

1975. Oxford ordinary level "6Gpplied Science {for
Technology -

19276. Schools Council "HModular Technology' courses
start.

1974. NCST discussion paper on gualities needed by
teachers of Technology-

1974, Durham Industry and Commerce into Education
{DICE) set up-.

19277. MWorking party set up for an Honours Degree in
Design & Technology-

19277. The Industry Froject. Schools Council /
Confederation of British industry / Trades Union
Congress.

1977. ‘Education in Schools’ DES.

177. Circular 14/77 asking for LEA review and report
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on curricul ar arrangements.

1978. ‘School Technology — & position paper . B.S.
NMicholson, Hillingdon ILEA

179. First East Anglian CSE "Technology ' .

1778. lLetter fvrom DES to CEOQ's ref "Schools Industry

1979. Conference at Brunel University ‘CDT as an
gssential part of a2 balanced curriculum’.

i79. Cambridge ordinary level “Technology’.

1979. Firsf 'ETEC' set up in Lugdnn,

197%. ‘tducation for Capability’ campaign launched by
the RGA.

1979. G.5hillito speaks on Technology. (Trends).
1980, ‘Cratt, Design & Technology’ first used as a
title.

1980. The, so called; ‘black and brown’® report
published.

i9B0. Microelectronics Education Programmne (MEFP) set
up -

i980. ‘Mindstorme’ by S. Fappert; published.

1980, ‘'Chips in Control . Conference of the SCS55T held
at MNational Centre {for Schools Technology, Trent
Folytechnic.

1980. EKieth-Lucas report on Design Education.

1980. Sinclair ZXBO ready built personal computer
£99.925. {(Kit - £79.%3) 4K ROM; 1E RAPM.

ig81. CET telesoftware format published.

1281. ‘Foundation Studies in CDT" published by the

fissociation of CDT Advisers.
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1981. Secondary Science Curriculum Review (55CR)} set
up.

1981. COT — &8 review of & Levels’'. Durham LEA report.
1981. ¥K.Baker. Under Becretary of State +or Industiry,
announces 20 ITEC's in London.

1982. BBC Micro launched by fAcorn Computers.

1982. Information Technology yvear.

1982. K. Baker Minister of Information Technology-

1782. Manpower Services Commission (MBEC) invited to

launch Technical Vocational & Eéucational Initiative
{TVEI)

1983. Duwham SATRO established.

1783. MEF allowed to run for two years more.

1983. British Schools Technology (BST) set up.
G.5hillito to be director.

1782Z. Letter from G-5Shillito to D.Sowell, Director of
Durham LEAR.; reference rolling programme of in—service
education {tor teachers of Technology-

1983, Cwriculum 11-14. "Towards a statement of
entitlement; curricular re—appraisal in action’. DES
1983. Une day conterence in Durham with reference to
B5T INSET programme.

i9283. SSCR planning & consultation phase to finish.
Development phase to start.

1983. Durham ITEC started.

1283, i4 TVEI schemes in England & Wales.

1984. Chemical disaster, Bhopal, India.

1984. Schools Curriculum Development Committee

announced.
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1%84. Schools Council scrapped.

i984. Conference on the secondment of teachers to
industry.

1284. 48 more TVEI schemes start.

1984. Certificate in Fre-Vocational EBEducation
discussion document. City & Builds.

1284. Electronics and Control Technology Domain
Information File published by MEF.

1985. Curvriculum from 5 to 16°. HMI

19&5: MEF fi%isheé=

19285. Women into Science and Engineering {WISE) bus
project.

1985. 12 more TVEI schemes start.

1985. £4.5M for Higher Education to increase the
number of under—graduates in sngineering and
technology.-

1986, Industry Year.

i7846. BSpace disaster, US Challenger.

1984, Muclear disaster, Chernobyl, USSR.

19B46. K. Baker, Minister {for Education % Science,
announces TVEI extension.

198&6. S55CR development phase to end. Dissemination,
implementation and aftercare to run until 198B%.
1286. G. Hubbard retires as director of CET.
1987. The last GCE '0° and CS5E examinations sat.

1987. BBC/Acorn Archimedes launched.
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AFPEMDIX 5. THE AUTOMATIC FACTORY.

Fleass Mote.

This is a curriculum package which was conceived during
my tresearch for this thesis. It was written and
developed with the aid of second vear pupils at Belmont
Comprehensive School in County Durham,; who took an
active part 1n its trizlling.

The documentation Ffor pupil use was written with them
in mind — boys and girls in mixed ability groups. The
documentation for teachers use was originally much
shorter,; being written for the benefit of my colleagues
in the department who were interested in this

curriculum development.

fis a result of a reguest from Sunderland Polytechnic

Education Faculty, I prepared a formal version of the

project which hazs formed =2 part of an MSC funded

initiative.

This appendix is a copy of that version.
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THE &UUTOMOTIC FACTORY

C-N.L. FRANCE BA(Hons), A.Dip.Ed., Cert.Ed.

Sunderland Polytechnic.

Manpower Services Commission.

JULY

NINETEEN HUNDRED AND EIGHTY SEVEM.
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THE AUTOMATIC FACTORY — THE REAL, WORLD IN_MODEL SIZE.

- ¥

TEACHERS NOTES.

===e-th2 imppssible we do in seven weeks.

You are going to put a class of children into a Designg
Make and Test situation.

The Design Brief establishes a Knowledge Gap-
The necessary Research is undertaken.

The Results are considered.

Inventivengss is reguired.

f Product is manufactured.

Evaluation is insvitable.

Co-operation is evident.
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THE AUTOMATIC FACTORY — THE REAL WORLD IM MODEL. SIZE.

This is a one hour per week, seven week package to

introduce 12 yesar-old pupils to "Technolagy®.

1t has been assumed that the class will be of mixed
ability and that teachers will recognise this when they

divide the class into smaller groups.

The package is intended to be used "Hands—on’® by the
pupils, and assumes that the teacher will act as
advisor and organiser, rather than as a knowledge base.

The role of the teacher is not seen as "'The Expert’.

It would be unreasonables to assume that a group size
greater than 18 will not have a detrimental effect upon

the efficiency of the packaqe.

The package assumes that the teacher can provide three

physically remote areas within the classrooms
THE COMFUTER CONMTROL AREA.

THE TECHNICAL LEGO AREA.

THE FPROCESS RESEARCH AREA.
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THE AUTOMATIC FACTORY — THE REAL WORLD IM #MODEL SIZE.

o HYPOTHESIS.

Technology is already seen to be a broad area of
experience. It is manitestly difficult to define, but
can non—the-less be sesn to encapsulate strategies and
processes which are used in the pursuance of assistancs
to man- It should be poeossible to design a learning

environment which can model a real life activity.

Sppropriate technologies.

A=z in all systems, technolegy can be described in terms
of its constituent parts. However technology does not
alwavs use these parts to the best advantaege. Rather it
utilises those featurss from the spectrum which are
considered appropriate. "Appropriateness” has to be
seen in the light of the real world. For those of us in
education, we Ffind opurselves now as in the past,
subject to a world where the needs of pupils are seen
to be changing and widening. Perhaps our situation 1is
more complex because there seem to be so many "New
Technologies"” and not only are we unable to master them
all, we are often unable to call upon appropriate
classroom eguipment.

This is surely a reflection of a human condition and as
such 1is not only confined to education. Real-world

considerations are the very stuff of which ‘design’ is
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THE AUTOMATIC FACTORY — THE REAL WORLD IMN MDDEL SIZE.

made, and taking as my maxim the words of a thoughtful
if sometimes obscure colleague, "I+ you do nothing,
nothing gets done”, I decided to look at what was
already available, cost what extra couwld be afforded

and produce what was appropriate.

The Technological sxperience into which it is proposed
to put pupils, can be seen to incorporate the {following

areass

a) Control

B) Bitructures

c} Manipulation of Mechanisms
d) Management

) Design

) Communication

g) Systems

N} Industrial Fabrication

The practical learning experience may well show other

areas which can then be developed according to the

interests, expertise and equipment available.

2. EEUIFMENT NECESS5ARY.

Experience has shown that the provision of adequate
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THE SUTOMATIC FACTORY — THE REAL WORLD INM MODEL SIZE.

resources is vital to the smooth running of this
project. The following eare absolutely necessary and
must be available at the bsginning of each of the seven

SESSIONS.

BEC Computer.

40 Track disc drive.

Monitor /VDUSTY,

i User Port Interface board for Output control.

The Disc with the Software. FROG1/5.

Fupils in small groups are capable of assembling the

Computer system from scratch without any help.

Lego Kit Mo. 1032,

fAssuming a class of eighteen pupils,; during the first
thres weeks there should be available three kits, with
tLege Workcards. In the last four weeks 1t will be
necessary for the pupils to have access to another Lego

Motor.

Fower Supplies. 4.5 volt {for lLego, 2 volt for the
Input/Qutput and the Relay boards.

Scissors

Slue

Drawing Fins

A display board.

FAGE 213



THE AUTOMATIC FACTORY — THE RENL WORLD IM MODEL SIZE.

Stationarvys:-—

6 copies each: a) The Computer fOctivity booklet.
b} The Leao Activity booklet.

c)} The Research Activity booklet.

i8 copies: d}The Last Four Weeks booklet.

FPhoto copies of the Computer System map, sutficient for
‘one sach .

2 Foolscap wallets for the "Research and Data Banks".
A4 paper for writing.

A4 paper for sketching.

Display paper.

Assorted coloured pens and pencils for graphics.

Ressarch base for Process Machinerys—

Assorted reference books: woodwork, metalwork, textiles
etc.

A collection of old text books with pictures of people
doing Jobs, using machines or tools, in the past as
well as the present.

The pupils must have access to sources of information

on PROCESS, MATERIALS and MACHINES in thelr widest
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THE AUTOMATIC FACTORY — THE REAL WORLD IN MODEL SIZE.

SENSe.

Dictionary
Fhotaographs

Video?

Slides?

Catalogues

Holiday Brochures
NMewspapers
Industrial Liason?

FPersonal contributions by the pupils?

It is important that the pupils be encouraged to
assemble their own collection of information and for
this reason they must be allowed to cut out, make
posters angd record ideas. A plentiful supply of

expendable materials must be provided.

3. TEACHINMG STROATEGIES.

The avaluation session in week 7 can be ruined it the

Contract time is over—+vun.

WEEES 1.2 % 5.

The teacher should have read the three Activity
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THE AUTOMATIC FACTORY — THE REAL WORLD IM MDDEL SIZE.

booklets.

Heek 1.

It defeats the object of fostering inventiveness and
personal responsibility to give too many instructions.
The class will need to be divided into the threes areas,

the control area, the Lego area and the research area.

Fupils should be given their Activity Booklets and be:-
a) made aware of the Design Brief which 1is inciuded
with all Pupil Activity Booklets,

b) made aware that words printed in capital letters are
most significant and that pupils will be responsible
for recording their meanings,

c) told how to use their Research and Data Banks for
the storage of each groups work,

d) =z2llowsd to start work, by reading the activity

booklets, without further delay.

Weeks 1.2 & 3.

From now on until the end of the lesson the role of the
teacher will not vary much during these first three

weeks.

The COMPUTER group will need to be watched to make sure
that they do exactly what the activity booklet requires
them to do.

The teacher should expect to be asked for a) a system

map b)) an interface beoard d} a research disc and
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THE AUTOMATIC FACTORY — THE REAL WORID IN MODEL SIZE.

finally =2} a little house board.

These requests should be treated as {lags which =ignal
to the teacher the rate of progress of the group. it
the order of these reguests is changed, the group will
have skipped something.

Be prepared to listen to an interesting discussion on
what to call the other tweoe OUTFUT devices!

Check the connection of the interface board shortly
after being asked for it.

Do natro{fer to give pupils eguipment unless they ask
for it. It is; howesver,; sensible to offer advice if the

‘“flow’ is being lost.

The LEGD people will need to be encouraged to make
notes and pictures of their own. It might seem sensible
for the groups to agree to meke different models.
Models which are driven by motor oF are modified to do
s0, would be more appropriate.

Experience has shown that in a2 1 hour lesson, it is
usual for one pair of pupils to makég test and document

only one model.

The RESEARCH group will probably net share the workload
amongst its members without intervention from the
teacher.

A notice bpoard divided into three areas serves several
purposes for this group. It allows work to dry
undisturbed, it demonstrates to the rest what has

already been covered and gives experience in assembling
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THE AUTOMATIC FACTORY — THE REAL WORLD INM MODEL SIZE.

a display. This last is a skill to be developed in the

final four weeseks.

The teacher should bear in mind that during the last
four wesks, all work stored in the Research and Data
Banks will be made available for a2 public display to he

a

]

sembled by members of this class. The pupils nesd not
be told in case it encourages them to change their
attitude to their current task from one of ‘doing

research’ to "making quality products’.

at the encd of the lesson unfinished paperwork can be
taken home for home work, and the display left until
their next session or stored in the Bank.

Fupils should also be made aware of their next
activity-

Homework topics are included at the end of each of the

fActivity booklets used in the first three weeks.

beek 3.

By the end of this session the class must be made aware
of the need tp identify a simple product which their
model factory will ‘make’. Week 4 allows for class

discussion and a corporate decision.

WEEES 4.,5.6 % 7.

Read the ‘Last Four Weeks® booklet before Week 4.
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THE SUTOMATIC FACTORY — THE REAL WORLD IW MODEYL SIZE.

The information in the beoklet has not been split  into
descretely separate ‘weeks’ or ‘Engineers’ booklsts so
that all pupils have access to the total work load of
the group as a whole. (It also reduces the teachers

storage problems. }

The teacher should have given some thought to the
demonstration and display facilities which will be
needed 1in week 7. Are there wall surfaces available?
Should the display be public? Is there sufficient
security for a long term display?bhat power points are
availzable? Is there a large enough tabkle or similar

~
-

surfaces”

This second part of the course aims to provide each
pupil with the opportunity to be creative. The three
areas of experience are still aveilable and pupils can
be allowed a limited degree of choice in respect of the
mataerials and technigques they prefer to work with by
being involved in the composition of the ‘Enginsers’

groups. This is seen as a further dimension to the

project, allowing a Fform of overlaid management
structure to be used by pupils recognising the
opportunity.

The management structure is formed by splitting the
class into the three new groups, which, {for the
remainder of the project they will associate with the

computer; L=go building and the preoduction of graphics.
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Each group will then delegate two of its members to
cope with inter—group communications and the display.
This tiason group is to be responsible for  the
following things:

a} representing the views and needs of the group that
they ‘belong’ to,

by takinmg questions from one group to another and
returning with the answers,

c) helping out with other groups when the workload

becomes unbal anced.

The management structure also helps to alleviate the
very real problem of classroom disorganisation
resulting from guantities of bodies wandering around
the room duplicating the search for answers!

The teacher continues to assume the role of adviser and
provider, although now it is necessary to overview the
managament structure. The pupils will adapt to the
structure providing thore ic oo altornative! The
teacher can foster 1ts use by ‘playing the game’ and
only discussing information with the target group.
Dther users of the information will then only be able
to access it from within the structure.

It is also possible to maintain the impetus necessary
to keep to the timetable by utilising the structure and

choosing the persons to advise with care.

Week 4.

The class must first mest as a single entity to define
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the agreed ‘product ‘. Although this is not absolutely
vital, the sstablishment of a product, described by the
pupiis and perhaps sketched on the board by the
teacher,; will focus the @mind when the next step is

taken.

The Brief asks for four machines, one of which has to
handle materials. The remaining three ought to be for
cutting, fitting and finishing. However this may not
seem appropriate to the pupils and anyway, if there arce
sufficient interfaces and Lego sets, it is possible to
control a maximum of eight items with the gsoftware

provided.

wWhen the production outline has been agreed and
understood by all,;, the pupils assume their Engineer
status and sufficient guantities of the "Final Four
Weeks" booklet can be distributed.

Tho sponer that thes pupils can be allowsed toc consider
their new responsibilities and consult their booklets,
the more time the teacher will have to deal with the

requests from them for materials and equipment.

The Liason group needs to be identified and their
responsibility for handling inter—group guestions
understood by all.

The resource base should contain the same materials and
equipment as were available in the first three weeks,

with the addition of the three Research and Data Bank
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files assembled by the pupil groups in the first three

weeks.

The Control Engineers will nesed powered Relay Switches

for use with PROGS.

Wesk 5,
The FProduction Enginesers must plan, and publicise; the

Digplay layout before the end of the lesson.

beeks 5 & 6.

When considering what to write here, 1 was reminded of
the reply given to the man who asked the way from
Manchester to Durham. After somz2 thought he was told,
"If it was me, I wouldn't start fom Manchester.”

Fram the point of view of the teacher,; these two weeks
ought to have been provided at the beginning when all
the preparation had to be done because if the project
is going woll the teacher will he fezling relatively
unwanted and with littleto contribute it is time to
take the opportunity to stand back and reflect upon the
aims of the work, the attitudes of the pupils and the
effectiveness of the course. All vital if the course is
to be repeated.

fAipart Ffrom that, remedial work can be done with
individuals and there will be the ever present need for

the resource situation to be monitored.

Display material should be made to ‘finished quality’
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and will need to be stored. Lego models may nesd to be
taken apart if¥{ the school is using the Project with

more than one class of pupils.

I+ might be worthwhile to invite an ‘outsider’ to the
demonstration in week 7. The teachers decision on this
matter will no doubt be influenced by the progress the

class is making!

Heek 6.
The pupils will need to be reminded of their Contract
Time which eoexpires half an hour before the end of the

next session.

Heek 7.

The construction of the display will depend wupon the
facilities available but there will be a finite time
neaded {for the job. An early meeting of the Production
Engineers is required to make this assessment. The
class will need to be given the cut—off time will alliow
the display to be erected and tested before the
Contract time.

This +irst hald of the lesson is usually hectic. Ths
responsibilies for actions and inactions are discovered

and often firmly levelled at those pupils who have

defaulted.

The evaluation session can be ruined if the Contract

time is allowed to over—run.

FAGE
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Pupils do appreciate the sense of occasion and aven
though visitors cannot be expected to fully appreciate
the work done, the automatic operation of the project

will capture their attention.

FAGBE 22



THE &SUUTOMMAST I EFE&S:OCTORY o

TiHHe FIRST THRERE WEEMKS o

THE COMPLITER &HOCT IVYITY o

aSPPEC TS OF COMPIITER CORT RO o

AP UT o o & 0 «c [P OCESSc o « « - iAot

You are geoing to need to +find out about computer

contiol.
You may have used a Computer to play games, but

Industry takes Computer Systems a2 lot more seriously!
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IMDUSTRIAL DESIBM IN MIMIATURE.
THE DESIGN BRIEF.

Your class is going to lesarn how to become an
Industrial Design Team. Its task is teo design, make and
display an Automatic Factory. The factory should have
three process machines and ons machine which moves the
materials from one process machine to another.

The finished factory will only be a model; =so
gven though all your little machines will work, we just
have to pretend that the product is being made!

CONTRACT TIME:

7 weeks. The Demonstration is to take place 30
minutes before the end of the seventh lesson. It is
po=sible that visitors will arrive at that time to

assess your product. They must not be kept waiting.

MATERIALS AVAILABLE:

f1 BBLC Computer System with intertaces.
Technical Lego Construction Kits.
Digpliay materials.

Resaurce base.

NOTE:

Every member of the class can be thinking of what
the factory might make, but a final decision does not
have to be made until the end of week 3. By this time
all the members of the class will have learnsd about
thres things.

i. Manufacturing Machinervy.

You will have collected information on many
different types of machines and the johs they can do in
industry.

2. The use of Model Kits.

: You will have learned to use TECHNICAL LEGO to

make models of things which work.
3. Computer Control.

You will have used a computer to turn
electrical things on and off.

Bz sure to keep looking for help in the lesson

booklet and if you are in doubt about anything, talk it
out in your team before asking vour teacher.

FAGE 22
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FUPIL LESS0OM NBTES.

COMPUTER CONTROL .

¥You have read through the DESIGH BRIEF and vou
know that you are going to have to find out how a
COMPUTER SYSTEM can help vyou.

In this RESOURCE FILE you will +Find information
that vyou will need, but vou will have to maks yvour own
collection of information in vyour DATA and RESEARCH
BANK. Make sure that vour teacher has explained what

thi

is

n

; and that vou have materials handy.

bhen yvou come to 2 word in capital ietters, vou
must write down its meaning.

Whenever vyou reach a row of stars in these notes,
it means that you have just read about something which
needs to be doneand now is the time to do it.

4t this time, Ffor example; you have to make sure
that vow teacher has explained the use of the bank.

When your team is sure that all the members are

ready, yvou can all read on.

FEHFHHFFULEEEE RS E SRR SN AR e R

Mow ask for a copy of the COMFPUTER SYSTEM MAFP each.

3 R A I A S R S A R I L S R R I S I I

A SYSTEM is a collection of things which do

something. Some parts are for INFUTting, some are for

PABGE 227



THE AUTOMATIC FACTORY — THE REAL WORLD IM HMODEL S17E.

QUTFUTting and others are for PROCESSing. On the SYSTEHM
MAF vou will ses the parts of the COMPUTER SYSTEM drawn
as boxes, which should be linked togsther with arrows.

When Engineers want to explain things to each
other, they often draw boxes and join them together
like this. I+ they don't say how the thing in the box
works, then the box is known as a BLACK  BOX. (it has
nothing to do with coloer.) FPerhaps you have heard
about "Black Boxes’' on the television news? Find out
about them, possibly Ffrom vyour parents, as soon as
possible.

On vour copy of the map the lines which join the
boxes should be arrows When you have worked out what
the arrows are trying to tell you, you will be able to
add the arrow heads. You will also be able to label
gach box as an input, process or oulput devise.

Do this now.

33 3E SIS 4R I S E 30 3R S S 4T AR SRR SE H AT R S IR ISR B 3 IR I R SR S SR T RS

I+ the computer system is switched ON, switch it

OFF now.

346 3F 3 330 338 3 30 3 30 4E 3 R R 3 3R 30 3 30 3R 3R 3E 4 30 4R 3R 3 3R 0 35 3R 4R R 3R 3R 3R 3 3E IR 3 3R IR 4R I RIE

Listen carefully,; and watch the KEYBOARD, when the
computer system i1is next switched ON. You should be
aware of two other OUTFUT devices. Decide what to call

them and print their names inside the two empty boxes
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on the map-

One of vour team should switch the system ON at
the wall socket. whilst the rest of the team cbserves
the system. If you cannot agres about these two other

OuTPUT=,; then switch the svstem OFF and try again.

You MUST find thess outputs befors you pass the

next row of stars!

FHE LTI N S L R R R R R IR SR S S B R R

SWITCH THE COMPUTER SYSTEM OFF AT THE WALL SOCKET NOW!

33 AR IR ST S S I e I R R R R R R S S R R R B R RIS R SR

It is now time to add anocther item to the COMFPUTER
SYSTEM. 1t is called an INTERFACE BUARD, and its job is
to allow the computer to be connected to lots mors
guUTFUT and IMFUT thingcs.

When you gt it, vyou will find that it has éﬁa
RIBEON CABLES. One has to be plugged into a FRINTER
PORT, and the other goes into a USER FORT. These ports
{come people call them Sockets), which ars underneath
the KEYBDARD, are fixed ontoc the edge of the
MICROFROCESS50R BOARD.

Since the INTERFACE BOARD will be using the
PRINTER PORT, it will not be possible to have the
FRIMTER connected today. If the printer ribbon cable is

already plugged in, someone will have to remove it.

PAGE 22



THE AUTOMATIC FACTORY — THE REAL HWORLD INM MODEL SI17ZE.

Whern vou reach the next row of stars; ask for the
INTERFALCE BOARD and carsfully connect it.
Find a place on vyour system map. and add the

input/output interface board.

35383 3F SRR R AT 33 4 B R R AR 3RS 3R 3 4R IR S R RS R R R R R IR S S B3RS

Your teacher will be interested to check vyour
assembly before switching ON a2t the wall socket for
vou. You will also be given the RESEARCH DISC, on which

todays FROGRAMsS have been 57T0RED.

I R R AR I B R A SR T R I IR I R e I H A I I R I R IR

Someone will need to type LOAD"PROGL", press the
RETURN key, then type the word RUN and then press the
RETURM key again.

The team should work out why you have to press the
RETURN key before the computer system does what was
typed.

Make a note of your decision.

The computer will now give you help, but don’'t

forget to keep putting information in the BANK!

HOMEWORE .

1} Add colouwr to your systems map.

2} Make a collection of pictures and notes about a
computer different from the one you used in class.

3} Make a mini display from your collection, show

FOGE 2350
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it to your parents and ask for their signature.

Hamnd this in a2t the beginning of the next lesson.
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THE &UUITOMG&GTIC FACTOORY o

THE FIRST THREE WEEKS

THE RESEARCH ®COCT IS KX TY o

GEePPECTS OF MekKING XY MSCH X NE o

cuttimg. - assembl imMmge-= - MNnarndl 4 mg

The Design Brief does not tell you what product the
factory will be making. You need to know about lots of

Process Machines!

PAGE 232



THE AUTOMATIC FACTORY — THE REAL. WORLD IM MODEL SIZE,

IMDUSTRIAL DESIGN IN MINIATURE.
THE DESIGH BRIEF.

Your class is going to learn how to becoms an
Industrial Design Team. Its task is to design, make and
display an Automatic Factory. The factory should have
three process machines and one machine which moves the
materials from ons process machine to another.

The finished factory will only bes a model; so
even though 211 vour little machines will work, we just
have to pretend that the product is being made!

COMTRACT TIiME:

7 weeks. The Demonstration is to taeke place 30
minutes before the end of the seventh lesson. It is
possiblie that visitors will arrive at that time to
assess your product. They must not be kept waiting.

MATERIALS AVAILABLE:
& BRLC Comouter Svstem with interfaces.
Technical Lego Construction Kits.
Display materials.
Resource base.

NOTE:

Every member of the class can be thinking of what
the factory might make, but a final decision does not
have to be made until the end of week 3. By this time
all the members of the class will have learned about
three things.

1. Manufacturing Machinery.

You will have collected information on many
different types of machines and the jobs they can do in
industry.

2. The use of Model EKits.
You will have learned to use TECHNICAL LEGD to
make models of things which work.
Z. Computer Control.

You will have used a computer to tuwrn
glectrical things on and off.

Be sure to keep looking for help in the lesson

booklet and if vou are in doubt about anvthing., talk it
out in your team before asking vyour teacher.
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PUPIL LESSON NOTES.

MACHIMINMG.

Read right through this booklet before doing

anything else.

You have read through the DESIGN BRIEF and vyou
know that you are going to have to find out about the
way things are made, or PRODUCED, in modern factories.

This RESQOURCE FILE gives vou some peinters to the
task of RESEARCHING the subjsct of HMATERIALS HARNDLING
machinery. You will have to make a collection of notes
for yvour DATA and RESEARCH BANK. Make sure that vyour
teacher has explained what this is, and that you have
the materials handy.

Whenever vou reach a row of stars in these notes,
it means that yvou have just read about something which
needs to be done. Now is the time to do it and not
before. At this time; for example, you have toc make
sure that vour teacher has explained.

When your team is sure that all the members are
ready, vyou can all read on.

When vyou come to a word in capital letters, you

must write down its meaning.

TSRS SR SRR SRR 4 H 4R AR 2 3R 3R 3 3 3R SR T 3R 3 SR R H R S R S R S A I S

Mo one has vet decided what the Factory 1is going

to pretend to make, but when a PRODUCT has been decided
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upon, this is what must happsn.

i) Decisions will have to be made about what
MATERIAL the product could be made {from.

2} When the material has been chosen, decisions
about how it is going to be worked intoc its final shape
will have to be taken.

E) When this has been done, somsohe will need to
know which machines would do the job or jobs.

So there are three thinogs to be done., and vyour

groupg will spend this lesson finding information about

One of vyour team should collect all the research

RESOURCE materials and equipment from the teacher now.

F3E IR R S I S R R S S S I D I A S S S R SR SR RS

You have to make a collection of pictures and notes.

You should use writing, cut-—-outs, drawings and colours.

These are your three areas. Divide them between the

menbers of your team, and find evideance to answer the

guestions in this boocklet.

17 MATERIALS.

a) What are MATERIALS?Y

FAGE
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b} How many dif{ferent materials can you find that are

used to make products?

C} How do the materials behave? (#hat are their main

FROPERTIESY)

d) khat slse have you found out?

2} PROCESSES.

al What are FROCESSBES?

b} How many different processes can you find?

T}

c) fAre some processes_always linked with others?

d} Are there any processes which_always have to be used

when making a product?

s} I¥ vou look at your list of processesy, you should

find that they fall into groups. Can you name the

groups’?

+3 What else have you found out?

3y MACHIMES.
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a) What is a MACHINET

by} Find as many examples of machines as you can.

Draw

up a table and fFill it with the answers to the

folliowing guestions {for each machine.

i. What POWERS it?

ii. Is it FREE-BTAMDING or HAND-HELD?
iii. Is it AUTOWMATIC?

iv. How is it CONTROLLED?Y

W What does it do?

vi. What material is it DESIGNED to FROCESS?

Cc} What else have you found out?

HOMEWUORK .

1} Find someone who works with any kind

machinery, tell them about vour lesson and find

ot

out

from them what their machine does and how they operate

it.

2} With writing and sketching, describe for vour

teacher what vou have found out.

3} fAsk your parents to read and sign it

Hand this in at the beginning of the next lesson.
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THE, FIRST THREREE WEEKS .

THE LLEGSCO SCT INVITTY

ASFECTS OF MACHINERY GOND DRIVES ..

Al Ve o o 0 0 0 0 o [DEOWEF c o0 0 0 o 0o =5 o @&E&&Fr i 0y

You are going to {find out about Technical Lego.
You may be used to playing with it; but now you have to

use it as Process Designers would!
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INDUSTRIAL DESIGN IN MINIATURE.
THE DESIGM BRIEF.

Youw class is going to learn how to become an
Industrial Design Team. Its task is to design, make and
display an Automatic Factory. The factory should have
three process machines and one machine which moves the
materials from one process machine to another.

The finished factory will only be a model, so
even though all yvour little machines will work, we just
have to pretend that the product is being made!

CONTRACT TIME:

7 weeks. The Demconstration is to taks place 30
minutes before the znd of the seventh lesson. It is
possible  that visitors will asrrive at that time to
assess your product. They musit not be kept waiting.

MOTERIALS &VYATL AR E:
A BBC Computer System with interfaces.
Technical Lego Construction Kits.
Display materials.
Respurce base.

NOTE:

Every member of the class can be thinking of what
the factory might make, but a final decision doess not
have to be made until the end of week Z. By this time
all the members of the class will have learned about
three things.

1. Manufacturing Machinerv.

You will have collected information on @many
different types of machines and the jobs they can do in
industry.

2. The use of Model Kits.

You will have learnsd to use TECHNICAL LEGO to
make models of things which work.
F. LComputer Control.

You will have used a computer to turn
electrical things on and off.

Be sure to keep loocking for help in the lesson
booklet and if vou are in doubt about anything, talk it
out in your team before asking your teacher.
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PUFPIL LESSON MOTES.

PIOBELL ING.

Fead right through this booklet before doing

anything =slse.

You have read through the DESIGMN BRIEF and vou
know that vyou are going to have to find a way of
building machines.

This RESOURCE FILE tells vou how to go about
preparing for the ijob of MODELLING MACHINERY.

As vou will see, you will have to make a
coliection of notes for your DATA and RESEARCH BANK.
Fiake sure that vyvour teacher has explained what this isg
and that you have the materials handy-

Whensver vou reach a row of stars in these notes,
it means that you have just read about something which
nesds Yo bDe done. Mow is the time to do it and not
before. At this time, for example, you have to make
sure that vour teacher has sxplained.

When vyvour fteam is sure that all the members are
ready, you can all read on. When vou come to 2 word

in capital letters,; you must write down its meaning.

2535 3 5F 304 330 330 35 4R35 1 3R 3 3E H 3F 30 30 A 3 40 30 40 30 40 30 3R 3E 30 4R SE T 3 3R SR 4R R R I S R S 3T

In order to make a Factory, yvou nesd to be able to

canstruct MODEL machinery. {(This is because it would
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take too much time and money for you to build the real
things!)

In the Lego ¥it vou will find a file of things to
make, and it will show vou how to put the parts
together. Some of the things could bDe described as

models of real machines. You could alsoc MDDIFY the Lego

designs to make models of other machines.

Two things have to be done; and both are very
important.

1} No one has decided vyet what sort of Factory the
class is going to make, or what FRODUCT the factory
will pretend to make, so no one knows yet what machines
are going to be needed.

It would seem sensible to make as many different
machines as passible in this lesson. It might also be a
aood idea to find out what other people have made, and
make something different.

2} The second thing to do is to keep a record of
what you are doing. If no one does; then when it comes
to deciding__what machines can be modelled for the
factory, we won 't have any evidence of how difficult
they are to make, or how much time they take to build,
or how well they work, or what they look iike.

Each machine you make must have a shart FRODUCT
REFORT which goes into the BAMK. The report needs to
have NOTES and SKETCHES which describe the HMAKING and
TESTIME of the model,; together with COMMEMTS on whether

it is any good, or not, and why.
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Make sure that vyou leave 10 minutes for packing

and checking, at the end of the lesson.

The bits in the kKits are fiddly and small. it 1

u

easy to drop them on the Jfloor. 68t the end of th

m

lesson all fthe models have to be taken apart and the
kit must be checked. This is done by comparing the kit

with the plan on Lego file card Mo.1. If any bits are

not in their corrFect place THEY MUST BE FOUND.

I+ vou nesd a2 power supply to make the eslectric
motor work, you should ask youwr teacher. Lego motors
need 4.5 volts. They should not b= given more than
this, so check the Fower Supply befote vyou switch it

Ofi =

HOMEWORE.

1) Using materials which are normally thrown aways
card, plastic, paper etc., make a simple model of a
machine. It should have a moving part.

2 Show it to vour parents, ask them if they like

it and ask them to sign i1t somewhere.

Hand this in at the beginning of the next lesson.
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THE &SUTOMETIE FAOACTORY o

IrHE LasST FOUUR  WEEKS

THE DESIGN &SCIT IS I TY o

THE ENGCSINEERING STAOaGE -

TdeEaS o &0 0 o o MEKMKE- =« « « o TeEest

snsascand now for the factory!

And oanly {four weeks left to do it in!

PAGE 243



THE AUTOMATIC FACTORY — THE REAL WORLD IN MODEL SIZE.

INDUSTRIAL DESIGN IM MIMIATURE.
THE DESIGM BRIEF.

Your class is going to learn how to become an
Industrial Design Team. Its task is to design, make and
display an fAutomatic Factory. The factory should have
threg process machines and one machine which moves the
materials from one process machine to another.

The finished factory will only be a model; so
gven though all vour little machines will work, we just
have toc pretend that the product is being made!

CONTRACT TIME:

7 weesks. The Demonstration is to take place 30
minutes before the end of the seventh lesson. It is
possible that visitors will arrFive at. kthat time to
assess youwr produact. They must not be kept waiting.

FMATERIALS AVAILABLE:
A BEL Computer System with interfaces.
Technical bLego Construction Wits.
Display materials.
Resource base.

NOTES

Every member of the class can be thinking of what
the factory might make, but a final decision doess not
have to be made until the end of week 3. By this time
all the members of the class will have learned about
three things.
1. Manufacturing Machinery.

You will have collected information on many
different tvypes of machines and the jobs they can do in
industry.

2. The use of Model Hits.
You will have learned to use TECHNICDAL LEBO to
make models of things which work.
3. Computer Control.

¥You will have used a computer to turn
electrical things on and off.

Be sure to keep looking for help in the lesson

booklet and if vou are in doubt about anything, talk it
out in your team before asking your teacher.
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PUFIL LEGDON HNOTES.

THE LAST FOUR YWEEKS.

This is week 4. You have four weeks, including

this one,; to finish the Project and win the contract.

The time—-table iz as follows:-—

FROJECT WEEK 4. "MANMOGGEMENT STRUCTURE WEEK.™

& Froduct has to be decided upon, and the
material {(s) from which it is to be made need to be
stated.

The maximum number of Frocesses has to be agreed,
and sach has to be described so that it can be
modelled.

When the product and the processes have been
decided upon, the class has to be divided into another
three groups. This is because there are three major
tasks which need to be done.

There is ancother task,; communications, which will
need +two people +from each engineers group. They will

form the Liason Group.

i) The HMechanical Enginegrs.

a) To be responsible for the Design, Construction,
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EVALUATION and COMMISSIONING of all Process machinervy.
e )] To produce Product Report=s and OFERATINMG
INSTRUCTIONS {for esach one.
£} Two members, o be named, to liaise with the

Control and Production Enginsers.

2} The Control Enginesers.

a) Te be responsible for the SEGUENCIMNG and TIMING
of the factorv.

th the FProduction Engineers and

b To liaise w
input the timing and sequence DATA into the Control
Frogram.

£} Ta test its pperation, and to produce a CONTROL
FLOWCHART.

d4) Two members, to be named, to liaise with the

Mechanical and FProduction Enginesrs.

3} The Production Enginesrs.

a) To be responsible for the PROCESS SERUENCE and
TIMING DATA and to discuss this with the Control
Engineers. by To produce all manner of descriptive
materials which are to do with the Factory.

c) To design and assemble a display of the work
neccessary to design the Factory.

d4) Two members, to be named, to liaise with the



THE SUTOMATIC FACTORY — THE REAL WORLD TM RODEL S5IZE.

Control and Mechanical Engineers.

For the rest gf the lessong—

The Mechanical Engineers should research the
reguired machinery.

Hai+¥ of the Control Engineers and half of the
Production Engineers should get together to sort out
the SBERUENCE in which the machines work and their
TIMING.

The remainder of the Control Engineers should look
at the Control Program (PROG4Y on the computer system.

The remainder of the Froduction £Engineers should
start REVIEWING all the information collected by the

ciass in the Research and Data Banks.

FPROJECT WEEEK 5. "DEVELOPMENT WEEK 1.7

All groups to experiment in their area, working

towards their aims as set out above in Heek 4.

A drawing of the DISPLAY LAYOUT PFPLAMN has to be
posted on a wall board,; by the Froduction Engineers,

before the end of the 1essun='

NMote: ALL LEGO MODELS ARE TO BE TAKEM APART BEFORE

THE ENMD OF THE LESSONM AMD THE KITS CHECKED.

FAGE 747
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Graphics work done by the Froduction Engineers can

be permanently manufactured.

FROJECT WEEK &. "DEVELOPHMENT WEEK 2.7

This iz another opportunity te build test and
illustrate. All class members must have lpoked at, and

understood,; the display lavout plan.

NMote: ALL LEGO MODELS ARE TO BE TAKEN AFAGRT BEFORE

THE EMD OF THE LESSON a&ND THE KITH5 CHELCEED.

Graphics work done by the Production Engineers can

be psrmanently manutactured.

PROJECT MWEEK 7. "GETTIMG IT ALl TOGETHER MWEEK."™

This is the last session allowed.

The Production Engineers must mest for 10 min. at
the start of the lesson, and agreese the time when
building has to stop and the working Display starts to

be assembled. They must inform the class.

The Display 1is to be ready for demonstration at

Contract Time.

FAGE 248
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HE IR IR R TR I S S B AT R R R SR S A R4 3R R 3R R IR R R SR R SR IR 3 SR IR ISR

CONTRACTTIMECONTRACT T IMECONTRACT T IMECONTRACTT IMECONTRAC
TTIMECONTRACTTIMECONTRACTT IMECONTRACTTIMECOMNTRACTYTIMECD
NTRACTTIMECONTRACTT INECOMTRACT TIMECONTRACT T IMECONTRACTT
IMECOMTRACTTIMECOMNTRACTT IMECOMTRACTTIMECONTRACT T IMECONT
RESCT T IMECONTRACT T IMECONTRACT T IMECONTRACT T IMECONTRACT T IM

ECOMTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACT T IMECONTHA

Hal+ an hour before the end of the lesson,
there is to be a working model factory surrounded by a

display of explanations and graphics.

CONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTT IMECONTRAD
TTIMECOMTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECO
NTRACTT IMECONTRACTTIMECOMTRACTTIMECONTRACTTIMECONTRACTT
IMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONT
RACTTIMECOMTRACT T IMECONTRACTT IMECONTRACTTIMECONTRACTTIM
ECONTRACTT IMECONTRACTT IMECONTRACTTIMECONTRACTTIMECONTRA

15 3 F 3 3 SR 4 4R 3R B 3R 201 3R 3 3R AR 30 3F TR0 3R 30 R 3R 3E 3R 3R 3 3 36 3R 4R 1 3R 33 SR IR 3R IR SR R R B
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I+ any Tetﬁﬁclmgists wish to photograph the
finished display, this will be the time. Remember that
vou are sntirely responsible for your camera, and that

flash will give you better pictures.

FABE 2540
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THEeE &SUITOME T IC eI OFRY o

COMPILITER FROSGRSMS &

"Anything that camn go wrong, will ... and does."”

(Murphy.)

The Software presented with this Project has besn
written and run on a standard BBC microcomputer with 40
track disc drive.

The programs are wiritten in BASIC and are not supposed
to represent the ‘State 0Ff The &Ft’ when it comes to
programming. There are no fancy bits: no machine code
or obscure #FX commands. (More like my mothers meat &
potatoe pie rather than the cordon bleu at the Savoy.)
They are not intended te form part of the pupils
education; as with the rest of the package they exist
as an example of Black-Box technology.

1{f the pupils report that the program no longer does
what it ‘did before’ or has ‘stopped’ or some other
catastrophe has become manifest, don’'t bother with an
inguest — press <ESCAPE> and RUN the program again.

PABE 251



LIST
10
20
0
&0
50
&HO
70
18]
F0

100
iio
120
130
140
150
150
170

180

190

200

210

220

230

240
230
260
270
280
290
00
310
IZ0
330
340
350
260
370

REM PROGL

REM THE AUTOMATIC FACTORY.

HEM C.ih.L. FRANCE. DHI 1BEA. 19Y87.

REM OQUTFUTS B0 HIGH OME AT & Tire

PTRFES1-0

MODES

VDUL9, O, 450503 O3

FRINTTARB (12, ) "CONTROL. FROG 1™

PRINTTAB(Z,S) "VYou will eacn need a FLAN of the "
FRIMTTAB{4,7) " INTERFACE BOARD. #When vou have RUNY
FRINTTAB(4,9) *this program a few times, you”
PRIMTTAE(S,11) "should be able to add tn the”
FPRINTTAB (4. 13)"PLAN so that it describes”
FRINTTAR{4,15) "what the program does.”
PRINTTAEB (4, 20) "Sketch vour plans now."”
PRINTTAR(E,22) "Precs the <{SPACE ROAR: tn continue.”
L=GET

Ls -

FRINTTAB (4, 4) "CONTROL NUMBERG. ®

wait = 2000

FRIMTT T

fh = 1

PRFELLI=A

FRINT &

FOR x = 1 TO wait:MEXT

FoR 8 —0 T0 &
8 o= 27{B+i)
FRINTA
PRFES1=A
FOR x = 1 7O wailt
WEXT
MEXT
FRINTTAB(4, 18) "wWhat might the numbers be for?”
PRINTTAR(4,22) "Press the <SFACE BAR> to repeat.”
FRIMTTRE(4,23) "ESCAPE and load FROLBZ to continues.”
G=LET
EOTO180



10 REF FROGZ

20 REM THE AUTOMATIC FACTORY.

30 REM C.n.L. FRANCE. DOHL 1EA. 1987.

40 REM INPUY NUMBER, LED LIGHTS UP.

S0 MODES

SH VDUI9,0,42030: 0y

70 PERFEAL=0

S0 DIM listi (20}

PO CLS

100 z4=6

110 PRINTTAB(1IZ, 3 "CONTROL PROG 2.7

120 PRIMTTARB(4,.46)"This is the first part.”®

130 PRINTTAR{E,7) "Type in one of the CONTROL numbers®
120 PRINTTAER(4,.11)"vou were given by PROGI.®

150 PRINTTAB{(4,13)"and keep vyour eye on the LED si™
160 IMNPUTTAR(A Z21INY

170 FROCtest

i80 IF fiag=0 GOTO140

190 RS I=NY

200 zi==z%i-1

210 IF 2%4=0 PROCRext

220 CLE

230 PRINTTAB(4,3} "(You have "3iz%43:" goes left.)"
240G PRINTTARB4,.9) "You fyped in "iME
250 PRINTTAE(4.11) “An LED has 1:it up.”

260 PRINTTARILA, 13 "Type in another number.”

270 BOTO 160

280 DEFPROCHhext

290 CLS

IO PRFELI=O

ZiD PRINTTAB(4,3) "Now for & bit of fun.”
F20 PRINTTAB(4,.7)"In a moment, I want someons”
F30 PRINTTAERB(4,.9)"to type in 2 list of numbers.”
40 PRIMTTAB(4,11)"Use the numbers you were given'
50 PRINTTAB(4,13) "by PROGl. The numbers which yvou”
I60 PRINTTAB(4, 15) "choose, and the order they are”
I70 PRINTTAB(4,17)"given to me, 1 leave up to you.”
Z80 PRIMTTABI4,19)Y 1. need THENTY numbers!”

390 PRINTTAR(4,22) "Press <5PACE BAR» to continue.”
400 =6ET

41¢ CLS

420 FOR in¥%=1 TO 20

TO PRINTTAB(4,15)"Give me a number. "jinds: INPUT") YNZ
440 CLS

450 PROCtest

460 IF flag=0 GOTO430

470 listi{ini)=NZ

480 NEXT

490 CLS

500 PRINTTAB(4.5) "Now watch the LED s."

510 ?RFE&1=0

520 FOR wait#Z=1 TO 10000:NEXT

530 FOR out#=1 T0O in%-1

D40 PRFELiI=listi{out®)

550 FOR wait¥=1 TO 8000:NEXT

9560 NEXT outiL

570 7PRFE&LI=0

580 PRINTTAR(A,S) Al though somsone typed in the®
520 PRINTTAR{4. &) "numbers, the computer did many”



G2
&L0
a20
&30
&40
G50
aa0
H70
HBO
670
700
710
720
70

FRINTTAB(4, 7)Y "very dif{esrent things.”™
PRINTTAS{(4,. 8" Talk about this and then you can”
FRINTTAR(E,9) "write down whalt they were.”
PRINTYAR (4, 14) "some Flash Patierns before vou™
PRIMTTAR(4, 1) "Finish with this program?”
FRINTTAB{(4,14) " {keep a note of vow best one.j”
PRINTTAR{4,17)"To do this, all yvou oo is Jjust®
FRINTTAR(4, 1B) "press the <SPACE BAR>. "
PRINTTAB{4, 22) "ESCAFE and load FPROGE to continue.”
B=6bET

LS

FRINTTAR(4,8) "PLEASE CHANGE THE ORDER.Y

GOTO0240

7A4ODEFPFROCLesT

750
7O
770
780
790
800G
Bi0O
list
820
830

RESTORE

$+leg=G

TR testZ=1 74 @&

READ data

IF Ni=data flag=1

MEXT testi

IF flap=0 CLS:FRINTTAR(B, 7N "?":FRINTTAB(4,9) ook at
of numhers again. "

ENMDPROC

DATA 1.2.8,0,16,32,04,120



LIST

10 REM PROGS

20 REM THE AUTOMATIC FACTORY.

I0 REM CoM.L. FRANCE. DH1 1it4. 1987.

£0 REM 7O ali0W THE HGUSE GAFE

SO FORES

60 PRFESHLI=0

7O VDLIIY, 0, 450503 Gg

80 PRINTTAB(IZ,3) "CONTROL FPROG 3¢

F0 DIM 1ioetZ 20)

100 PRINTTAB(LZ,5) "Youu will now nead o connaect”

110 PRINTYAR(4,6)"the littie House Board to the”

120 PRINTTAB (4, 7)) "INTERFACE BOARD. "

120 PRINTTAB(4,.9)"To do this vou need to connect the®
140 PRINTTAB(4,10) "hblack WIRE/PLUL fo the biack Ovolt®
150 PRINTTAR{(4.11)Ysocket on the INTERFACE BOARD. "
160 FRINTTAB{4,123"Then the other pluags go to®

170 PRINTTAEB (4, 13} "the green sockets.”

180 PRINTTAR(A, 1?3 "Connect them up now. ™

120 PRINTTAR(4, 23 "Press <SPACE BAR> atier connecting.”
200 H=6ET
210 CLS
220 FRINTTAR(4,S) “The puwrpose of the IMTERFACE BOARD®
2E0 PRINTTAB(4.46)"is to connect the Computer System ©
240 PRINTTAB(4,7)"to the outside world. It becomes a”
50 PRINTTAEB(4.8)"clever set of light switches.”
260 FRINTTAR(E, 10 "Your first djob will be to find"
270 PRINTTAR(4,11)"the Control Number for sach lamp.™
280 FRINTTAR(4,13)"You will have to design a chart®
290 FPRINTTABE(4, 14} "to show the Control number for ¢

OO0 PRINTTAB(4, 15) "each lamp. The chart has to be ©
Xi0 PRINTTAB(4,16)"Ffilled in, and put in the BANK."
I20 PRINTTAR(4,2Z) "Press <BFACE BAR> to find numbers.”
E30 G=6ET

Z40 CLS

350 FRIMTTAR(4,3)"There are 5§ lights. vou must find”
360 PRINITAB (4,46} "the B control numbers.”

I70 INPUTTABR(4,15) "Input a Control numbers “NZ%

=00 CLG ,
390 IF NZ=0 (070440
400 PRIMTTAB(4,.23)"Fress < O » when you have finished.”
410 FROCtest

420 PRFELH1=NL

4F0 (OTO 370

{40 CLS: ?RFESL=0

450 PRINTTAB(4.5) "Mow I want you to work out an old®
4460 PRINTTAR(4,4) "persons Jjouwrney, as they finish”

470 FRINTTAE(4,7)"watching the t.v., and go to bed.”
480 PRINTTAB(4,9)"I want to turn their lights ON/OFF!Y
490 FRINTTAB(4,11)Y"Remember; a O twrns all lights GFFY
500 inZ=0

910 REFEAT

520 INFUTTAR{(4,.13)"Give me a number. “NZ

530 out=0

540 CLS

550 IF N%4=99% out=1 :G0TO&10

540 in%4=in4dti

370 REM PROCtest

580 PRINTTAB(4,231"Input %9 to test vour idea."”

590 REM IF Flag=0 in#%Z=in%4-1:60T0530



GO0
&1O
20
AF0
HA0
630
LHAED
4670
&LB0
HTFT
700
Ti0
F20
7EG
7480
730
7a0
F70
780

70

[0
210
80
B0
840
850
8460
870
880

listZ{inZl=NL

UNMTIL out

FRIMTTAB(4,5! "Now watch the House lights.”
FRFEAI=0

FOR wait?4=1i TO 10G00:REXT

FOR onZ=1 TO in4-1

PRFESGI=11stY (on%)

FOR waiti=)Y TO BOO0OzsNEXT

REXToN%

TREFESL=0

FRINTTAB{(4,5) 0. kK. Perhaps that was good, buit”
PRINTTAE{4 . 4)%is that really what people do?”
FRINTTAR{4,7} "I+ vou add the Control numbers, yow®
PRINTTAR(4.8) "should find that more than ons light®
FRINTTAR{4,9) "uoes ON at once. Wouwld this nelp?®
PRINTTAB{£,11)"You can try again.”
PRIMTTAB(4,20) "Work on a CONTROL LIST wntil®
FRINTTAR (4,21 "the end of the ilssson.”
PRINTTAR{(4,23) "Press <5FACE BAR?> to repesat.”
G=GET

HOTO440

DEFPROCLest

RESTURE

flag=0

FOR test¥=0 70 4

READ data

IF Ni=data flag=1

NEXT testZ

IF flag=0 CLS:PRINMTTAB(B,7)NL;"? " :eFPRINTTAR(4,9) "Look

Control numbers again."

8920
200

ENDPROC
DATA 0,1,2.4,8,16,32,64,128

at

you



LIST

10 RieEM FROLGS

20 REM THE AUVOMATIC FACTORY.

30 REM C.M.L.France. DH1 1EA. 198B7.

40 REM TGO CONTROL THE FACTORY.

S0 MODES&

b FEFEH1=0

7O YDULT, 0,44 030503

80 CLS

D0 PRINTTAB(LZ, 3) "CONTROL PROGG 47

100 FRIMTTAB{4Z,S3) "You will need o connect the”

110 PRINTTAB(4, 7)) "INTERFACE BOARD. When vou have done’
120 PRINYTTAB{(4,%)"s0 vou will be ablie to see”

130 PRINTTAB(4,153Ythe L.E.D."5s light up."

140 PRINTTARIA,13)"This lets vou test your planning.”
150 PRINTTAR(L, 15 "Connect the Spard wo the FPorits now.®
160 FPROCgoon

170 PRINTTAB{4,4) "CONTROL LIMES.™

I80 PRINTTAB(L,4) "You should remember, from the House”
120 PRINTTAB{(4,7) "task, that it is possible to switch™
200 PRINTTAB(4,.8)"0n and OFfFf a number of different”
210 FRINTTAB{4,9) "things. You must not pilan to”
270 PRINTVAR(4, 10) "control more than this number of®
Z30 PRINTTAR{4, 11) "machines.”
240 PRINMTTAB(4,12)"after naminag it each machine has®
290 FRINTTAR(4,15) "0 be given =2 CUNTROL RNUMBER.™
260 PRINTTAR(4,15) "1 shall need to be told thig®
270 PRINTTAB(&,146) "Number Fullowed by the tim=2 in’
280 PRINTTAB(4,17) "SECONDS that vou want the machine®
290 FRINTTAR(4,18) "¢o RUN Ffor. ™
I00 PRINTTAB(4,20) "Make a note of what I need, now."
310G PROCgoon
I20 PRINTTARB(4,.4) "FLANNING THE CONTROL DOTA. ™
330 PRINTTAB(4,7)"You might find it useful to make"
40 PRINTTAB{(4,BY"out a list of the order. or”®
IS5 PRINTTAB(4,9) "SEQUENCE,; in which the machines”
Z60 PRIMTTAB(4,10) "RUN.®
Z70 PRINTTARB(4,11) "Beside each vou could dot down”
IBO FRINTTARB{4,12) "the proposed RUMning time.”
IP0 PRINTTAEB(4,14)"DON°T FORGET THE TIMES WHEN ¢
400 FRINTTAB(4,15) "NO MACHINES ARE RUNNING 467 ALL!Y
410 PRINTTAB({(4,17)"When vou have finished, count®
420 FPRINTTAR(4,18) "the number of steps in your iist.”
470 PRINTTAB (4, 20) "Afterwards, press the Space Bar."
440 PROCgoon
450 PRINTTAB(4,5) "DATA INPUT PROCEDURE.™
4460 PRINTTAB(4,7) "How many steps in the Seguesnce?”
470 INPUTTAB{(4,?)stepsi
480 PROCwait
490 FRINTTAR(4, 117 " Thank-you”®
S00 PROCwait
510 IF steps%{2 FPRINTTAB{(4,13)"Don"t be sillv!":PROCwait:CLS:B0

TO450

520 DivMdata(2,stepsi)
530 PRINTTAB{(4,13) "How many machines are to be used?”
540 INFUTTAEB(4, 15)number?
350 PROCwait
S60 PRINTTAB{(4,17) " Thank-you. "
570 FPROCwait
580 IF number%>B OR numberZ<1FRINTTAR(4,.191*1 am not able to h:



role ":numberiz:FPROCwait:CLS: OVO450

G920
&HOO
&H10
G20
L0
Hed
HT0
LA
&70
&80
&0
FO0
FiO
720
730
74O
750
760
770
780
790
800
Bio
820
830
ROCwal
840
850
860
870
880
890
Q00
FLG
QEC
QIR0
QL0
950
P60
Q70
280G
PO
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
115G
1160

FPRINTTAB(4,191") condirm that 1 can hanole "inumberis®.

Dificontnum (number i}

FROCwai t

FROCwa1t

CLS

FRINTTAE14, o) "PlLiEasE MUTEs -7
PRINTTAB{4, 73 "You should uss CONTROL NUMBERS:-"
FRINT

RESTORE

FOR cn’d=1 TO number%

READ XAXX

contnumicnZi=4X5%

FRINT conctnumicn#?

MEXTcn%

FRINTTAE(4Y "to switch the machines OWN, "

PRIMNT

FRINTTAB{(4) "and remember, U7 stops the jeob!®
FROCgoon

PRINTTAR{L,5) "INMPFLUT DaTA "

FRINT

FDOR row4d=1 TN stepsi%

PRIMTTAB (4 "S5tepn Mo "srowid

INFUTTAB(4) "CONTROL RNUMBER is — Yoatall fiow4hl
FROCcheck

IF flag%Z=0 PRINTTAB(GY"NOT & VALID COMTROL NUFBER. "1 PRI

t = 6070800

INPUTTRB(AY "TIME in SECUONDS is — “data{Z.rowi;i
PRINT

NMEXT rowZ

PROCwait

FRINT:PRIMT:=PRINT:

FPRINTTAB(4) "That concludes your Seguence Data.”
FROCwait
PROCDispl ay
INFUTTAR(4)"1s alt
IF choices="Y"FROC
FROCwait
PRINTTAR(4)Y "] shall now RiN vour secuence.”
PRINTTAB{4} "Check it against vour notes,”
PRINTTAEB(4)Y "I it is still not exact vou will®

eration necessarv? ¥Y/N “choics$
alter: GOTOROO

PRINTTAB{4} "be able %to alter it when I fimish.”
FrROCgoon

cLs

FRINTTAB{(4,4)"Here I goi®”°

FOR output?=1 70 stepsi%

PaFEGL=data{l,,outputi)

time=TIME

REFEAT:UNTIL TIME=time+ (data{(Z.output?) xiod)
MNEXT output®%

PRINT

INFUTTAEB(S) "There! Was that O0.¥.7 Y/N “choices
IF choice$="N" CLS:FROCdisplay:PROCal ter:0T09060
CLS

FRINTTAB (4, 4) "RECORD THE DATA!Y

FRINTTAB(4,6) "Make sure that you have a copy”
PRINTTARB(4,7) "of the final Sequence Data.”
PROCgoon

FROCdisplay

PROCwait

15

Tz

FI



1170 PRINYT?

11380 PRINTTAER{S) "You have now finished.”
1190 END

1200 DEFPROCisplay

i210 COLS

12720 PRINTTAR (L, 48) "INFUT BOTA®

1250 PRINTTAB{4, 61 "BTEF. CONTROL nNu. Titie. ™
1240 FOR listi= 1 170 steps?
1250 PRINMT ® Teligk¥g” “edatai{l listAig”

tedatal{F, listi)

1260 NEXT list#

1270 ENDPROC

1280

1290 DEFPROCAL ter

1300 INFUTTAR(4) "Which step number nesds alteration? rowi
1310 PROCwalt

1320 PRINTTAB(4)Y "STEF WNo. "srowZ

1330 PRIEINT® CONTROL NUMBER = ":data{l,rowi)

1340 PRINTS TIME = ":datalZ,rowil

1350 PRINT:PRIMT: .

13460 INFUTTAB{4) “lhat should the CONTROL No. be? “datal{i,row#)
1370 PROCcheck

i380 INPUTTAB (&) "What shouid tne TIME be? “datalZ, rowl)
1390 ENDPROC
140606

1410 veFPRUCCheck

1420 {1lagi=0

1430 FOR check%Z=1 70 numberZ%

1440 IF data(l,rowil=contnumi{checkiZ) THEN +
14530 IF data(l.rowii=0 THEWM f1lagi=1
1460 NEXT checkZ

147¢ ENDPROC

14840

1490 DEFPROCgoon

1500 PRINTTAR(4,23) "Fress the <SPALCE BAR> to continue.”
1910 G=GET

1520 CLS

5306 ENDPROC

1540

1550 DEFPROCwWait

1560 FOR wait=1TGZ000

1370 NEXTwait

1580 ENDFROC

1390

1600 DATA 1,2,4,B,16,32, 464,120

-
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LIST
10
20
30
£0)
50
&0
70
80
9

100
iio
120
i30
140
in0
140
170
igo
150
200
210
ZZG

P

230
240
250
260

R
P )

280
290
IGO0
Z10
F20
330
380
IS0
E2H0
370
=89
90
430
410
470
430
440
150
460
{470
480
4390
00
510
920
70460
o930
40
S50
SH0
70
80

REM PROGS

REM THE AUTOMATIC FACTORY.

REM C.nN.L.France. DHY 1EA. 1987.

REM To Run the ractory.

HTV2RES

MODES

THRFES&I=0

VLY, 0, 4: Gy 0303

CLS

PRINTTARB (12, 3 "COMTROL FROGS™

PRINTTAB{4,.5) "Use this to run the Factory.”®
FRINTTQH{4, 7Y "VYou will necd to connsct the”
PRINTTAB {4, 9y " INTERFACE BOARLD. When vou have done”
FRIMYTAR{Z,11) "s0 vou will be abls to see”
FRIMTTAB(4L,13)%the L.E. .5 light up.”
PRINTTAE (4, 15) "Connact the Board to the Forts now. ”
FROCgocn

PRINTTAR(L, 45 "COMTROL RELAYS. "™

PRINTTAR{S, &) "You know how many things need to be”
PRINTTAB{4,7) "controilisd. You will need to uss the”
PRINTTAB (4, 8) "came number ot RELAY SWITCHES. ™
FPRINTTAR{4,?) "Connect the inputs on the COMTROL®
PRIRTTAR(A, 10) "RELAYE BOY vo the output posts on®
FRIMTTAR(L,11)"the Interface board.”
PRINTTAB (4, i2) "Now conneci the Black Intertace post”
FRINTTARB{4,13) "to the Black Control Helay Box post.”
RiplvTRB{4,15)" ¢

PRINTTAB(4,146)" &

PRINTTAE{(4, 172" ©

PRINTTAB(E 16" *©

PRIMTTAE{(4, 200" ¢

FROCgoon

PRINTTAB(4,4) "RELAY SWITCHIND THINGS. ™

PRINTTAE (4,7} "Each Relay Switch has a pair of 4mm”
FRINTTAB(4,8) "sockets. Find them now.®
FRINTTAB{(£,.9)"You will need as many pnwer packs®
FRINTTAE(E, 1) "as there are LELD motors.”
PRINTTAR(4,11)"Youw teacher will show you how to”
PRINTTAB (4, 12) "connect a power pack and motor ™
PRINMTTAB{4, 13} "to the Relay Switch sockets.™

FPRINTTAE{4, 131 "You can connect the others!”™
PRINTTAR{(4,17)"(Then ask for it to be checked.}"
FRINTTAES 180 ¢

PRINTTAR{4,20) "dfterwards, press the Space Bar.®
PROCgoon

FRINTTAB (4,5 "DATA INPUT PROCEDURE. "
FRINTTAB{(4,7) "How many steps in the Seguence?”
INFUTTAR (4, 9)stepsi

PROCwait

FRINTTARE (4, 11) "Thank—vou”

FPROCwait

IF stepsZ4i2 FRINTTAB{4,13)"Don "t be silly!"sFROCwait:CLS:60

FRINTTAB{4, 13} "How many things are controlled?"
INFUTTAEBE (4, 15) numberZ

FROCwait

PRINTTAE{(4,17) " Thank—-you. "

FROCwait

IF numberirstepsy FRINTTAB(4,19)%You have more THINGS than



SYTERS!' " PROCwaI T PROCWA1 Tt CLS: GOTO460

590 IF number#% 8 OR number < iFRINTTAB (4,191 am nokt able to ha
ndie "inumberZiPROCwait:CLS:bOTO460

H00 PRIMTTAR(4,19) 71 contirm that I can handie “3numberi;”.”

£10 DBifdata{Z, stepsid)

&2 Divlcontnum inumber i)

&350 FROCwalt

A40 PROCwait

650 CLS

Ha0 FRINTTAB (4, 5) "FPleaSEe wbTes~"

AH70 PRINTTAB(4,73"1 now need the CORNTROL DATA which®

480 FRINTTAR(4,8!: "you designed wiith FrROGE. Y

4730 RESTORE

FO0 FGR ond=1 TD numberi

710 READ XXXX

720 contnum{cnZ)=}{X}{X

730 NEXTcnZ4

744G FRrROCgoon

Y00 PRINTTAB (4,5 "INPUT DATA. T

FhO PRINMT

F70 FOR rowi=1 TU stepsi

780 PRINTTAB(4})"Step Mo “ijrow%

70 INPUTTAR (43 PCONTROL NUMBER ic — “doatail;rowii

800 FROCcheck

810 IF fiag#%=0 PRINTTAR{(4) "NOT A VALID CONTROL NUMBER. ":PRINMT:F
ROCwait:H070780

820 INFUTTAB(4)YYTIME in SECUONDS is — “datal(l,rowl)

g930 PFRINT

840 NEXT rowl

850 FROCwait

860 PRINT:PRINT::PRINT:

870 PRINTTAR(4) "That concludes your Seguence bData.”

880 PROCwalt

890 PROCdisplay

Q00 FPROCtime

10 INPUTTAB{(4) "*1Is alteration necessary? ¥/7M “choices

920 IF cholice$="V"PROCal ter:G0TOE8B0

930 PRUOCwait

P40 FPRINT

50 PRINTTAB(4)*1 shall now RUN vour sequence.”

Q460 PRINTTAB(4) "Check 1t against yvouwr notes.”

P70 PRINTTAB(4}"If it is still not exact you will”®

R0 PRINTTAB{(4) "be able to alter it when I finish.”

790 FROCgoon

1000 FRINTTAB(4,4) "Health % Satety At Work Act.”

1010 PRINTTAEB(4,56) "Machinery is dangerous.”

1020 FRINTTAB(4.7)"Will vour machines be sate when”

1030 PRINTTAB(4,8) "you press the Space Bar and IV

1040 FRINTTAB(4,9) "start the Control Seguence?"

1050 PRINTTAB(4,12) "Make a safety check NOW!"®

1060 FPROCgoon

1070 CLS

1080 PRINTTAB{(4,.4)"Here I go!"™”°

1090 FOR output¥%=1 TO steps?%

1100 ?aFE&iI=data(l,outputi;

1110 time=TIME

1120 REFEAT:UNTIL TIME=time+ (data(Z,outputil}X100)

1130 NEXT output?%

1140 FPRINT

1150 INPUTTAR{4) "There! Was that 0O.K.7 Y/N "choices



11460 IF choices="iN" CLS:FROCHisplay:PROCa1 ter: bOTOB8B0
1170 LS

1180 FRINTTAB{4,4) "RECORD THE DATA'M

1190 PRINTTAB(4,6) "Make sure that vou have s copy”®
1200 PRINTTAB(4,7Y"0f the final Seqguence Data.”

1210 PROCgoON

1220 PRGCdisplay

1230 PROCwalt

1240 PRINT®?

12530 FPRINTTAB(4) “You have now finished.”

1260 PRINTTAB(4,23) "Press {BPACE BAR> & repeat cycle.”
1270 G=GET

1280 oOTO 1670

1290 EnD

1300 DEFPROCdHiIsplay

1710 CLs

1320 PRINTTOROL, 4) "INFUT DATA"

1330 PRINTTAB (4,63 "5TER. CONTROL No. TIME. "
1340 FOR list¥i= L 10O stepsh
1350 PRINT 7 "rliwsibhe™ “sdatai{l.iiscidig”

"sdata(2,1ist¥)
13260 NEXT list?%
170 ENDPROC
1380
1390 DEFFROCaiter
1400 INFUTTAB(4) “Which step number needs alteration? rowz
1410 PROCwait
1420 PRINTTAB{4LY Y"STEF duo. “zruwih
1430 PRINT® CONTROL NUMBER Yedatall,rowdll
1440 PRINT® TiME "sdata(Z.rowil}
1450 PRINT:PRINT:
1440 INFUTTAR(4) "What should the CONTROL No. be? “datali,rowi)
1470 PROCcheck
1480 INFUTTAB(4) "What should the TIME be? tdatai{l,row#is
1490 ENDPROC
1500
1510 DEFPROCcheck
19520 flag%t=0
1530 FOR check’%=1 TO numberi
1540 IF datall,rowidl=contnum{check?Z) THEN +lagZ=1
1350 IF data(l,rowid)=0 THEN flag¥4=1
13560 NEXT check?#%
1570 ENDPROC
1580
1590 DEFPROCgoon
1600 PRINTTAR(4,23) "Press the <SFACE BAR>» to continue.”
1610 G=GET
1620 CiLS
14630 ENDPROC
1640
1450 DEFPROCwait
14660 FOR wait=1T0Z000
1470 NEXTwait
14680 ENDFROC
1490
1700 DEFPROCtime
1710 time’=0
1720 FOR add¥=1 TO stepsit
1730 timei=timeitdata (2, add?)
1740 NEXT add%

i



S0 PRINT
A0 FPRINTTAB{&) "Total TIME +ovr 1 CYCLE
1770 ENDPRGC

1790 0ATA 1,2, 4,8,16,32,64,128

18Ga5T0OFR

iB1O IF +lag¥i=
ROCwalt:GOTG780

-

O PFRINTTAB (4 “NOT & VALID




