
economic problems been so great. Human ingenuity, expressed 
through appropriate science and technology, could do much to free 
our world from squalor and disease and fulfil our basic needs of 
food, warmth and shelter. Yet at the same time there is a growing 
disquiet, even alarm, among wide sectors of the community about 
the future of 'industrial society'. 

THE CONTRADICTIONS 

There are many contradictions which highlight the problems of our 
supposedly technologically advanced society. Four of these contra- 
dictions in particular influenced the events at Lucas Aerospace. 

Firstly, there is the appalling gap which now exists between what 
technology could provide for society, and what it actually does 
provide. We have levels of technological sophistication such that 
we can guide a missile system to another continent with an accuracy 
of a few metres, yet the blind and disabled stagger around our cities 
in very much the same way as they did in medieval times. We have 
vast nuclear power industries, huge conventional power- 
generating systems, complex distribution networks and piped 
natural gas, yet pensioners die of hypothermia because they cannot 
get a simple effective heater. In the winter of 1984, some 1000 died 
of the cold in the London area alone. We have senior automotive 
engineers who sit in front of computerised visual display units 
'working interactively to optimise the configuration' of car bodies 
to make them aerodynamically stable at 120 miles an hour when the 
average speed of traffic through New York is'6.2 miles an hour. It 
was in fact I I mph at the turn of the century when the vehicles were 
horse-drawn. In London at certain times of the day it is about 8.5 
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miles an hour. We have such sophisticated communications sys- 
terns that we can send messages round the world in fractions of a 
second, yet it now takes longer to send a letter from Washington to 
New York than it did in the days of the stage coach. 

We find on the one hand the linear drive forward of complex 
esoteric technology in the interests of the multinational corpora- 
tions, and, on the other hand, the growing deprivation of com- 
munities and the mass of people as a whole. 

The second contradiction is the traffic waste our society makes of 
its most precious asset: the skill, ingenuity, energy, creativity and 
enthusiasm of its ordinary people. We now have in Britain, even 
according to the doctored official figures, some 3.3 million people 
out of work. The real, if unofficial, figure must be close to 4.5 
million if we take into account those who haven't registered, those 
who would work pan time, and the thousands of women who 
would welcome the opportunity of a job if it could be provided on a 
basis of flexible time. 

There are thousands of engineers suffering the degradation of 
unemployment when we urgently need cheap, effective and safe 
transport systems for our cities. There are thousands of electricians 
robbed by society of the right to work when we urgently need 
economic urban heating systems. We have, I believe, 180,ooo 
building workers out of a job when by the government's own 
statistics it is admitted that about 7 million people live in slums in 
this country. In the London area about 20 per cent of the schools 
lack an adequate indoor toilet and the people who could be making 
these are rotting away in the dole queue. 

The third contradiction is the myth that computerisation, auto- 
mation and the use of robotic devices will automatically free human 
beings from soul-destroying, backbreaking tasks and leave them 
free to engage in more creative work. The experience of my 
trade-union colleagues and that of millions of workers in the 
industrial nations is that in most instances the reverse is the case. 

At an individual level, the totality that is a human being is 
ruthlessly tom apart and its component parts set one against the 
other. The individual as producer is required to perform grotesque 
alienated tasks to make throwaway products to exploit the indi- 
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vidual as consumer. We are at a stage where our incorporate science 
and technology, with their concepts of efficiency and optimisation, 
converge with the requirements and value systems of the vast 
multinational corporations. 

Fourthly, there is the growing hostility of society at large to 
science and technology as at present practised. If you go to 
gatherings where there are artists, journalists and writers and you 
admit to being a technologist, they treat you as scum. They really 
seem to believe that you specified that rust should be sprayed on car 
bodies before the paint is applied, that all commodities should be 
enclosed in containers that can't be recycled, and that every 
large-scale plant you design is produced specifically to pollute the 
air and the rivers. There seems to be no understanding of the 
manner in which scientists and technologists are used as mere 
messenger boys of the multinational corporations whose sole con- 
cern is the maximisation of profits. It is therefore not surprising 
that some of our most able and sensitive sixth-formers will not now 
study science and technology because they perceive it to be such a 
dehumanised activity in our society. 

- Propelled by the frantic linear drive forward, of this form of 
science and technology, we witness the exponential change in the 
organic composition of capital and the resultant growth of massive 
structural unemployment. So stark is the situation becoming that 
predictions of 20 million jobless in the EEC countries by 1990 no 
longer seem absurd. 

LUCAS WORKERS RESPOND 

All these four contradictions impacted themselves upon the work 
force in Lucas Aerospace during the 1970s. We were working on 
equipment for Concorde, we had experienced structural unem- 
ployment and we knew, day by day, of the growing hostility of the 
public to science and technology. 

Lucas Aerospace was formed in the late 19603 when parts of 
Lucas Industries took over sections of GEC, AEI and a number of 
other small companies. It was dear that the company would engage 
in a rationalisation programme along the lines already established 
by Arnold Weinstock in GEC. This, it will be recalled, was the 
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time of Harold Wilson's 'white heat of technological change'. The 
taxpayer's money was being used through the Industrial Re- 
organisation Corporation to facilitate this rationalisation pro- 

about one year before the company emb 
programme. We were therefore able 
Committee which would prevent the company setting one site 
against the other in the manner Weinstock had done. This body, 
the Combine Committee (which is still active in 1987), is unique in 
the British trade-union movement in that it links together the 
. highest-level technologists and the semiskilled workers on the shop 
floor. There is therefore a creative cross-fertilisation between the 
analytical power of the scientist and, what is perhaps more impor- 
tant, the direct class sense and understanding of those on the shop 
floor. 

As structural unemployment began to affect us, we looked 
around at the way other groups of workers were attempting to resist 
it. In Lucas we had already been engaged in sit-ins, in preventing 
the transfer of work from one site to another and in a host of other 
industrial tactics which had been developed over the past five 
years, but we realised that the morale of a work force very quickly 
declines if the workers can see that society, for whatever reason, 
does not want the products that they make. We therefore evolved 
the idea of a campaign for the right to work on socially useful 
products. 

It seemed absurd to us that we had all this skill and knowledge 
and facilities at the same time as society urgently needed equip- 
ment and services which we could provide, and yet the market 
economy seemed incapable of linking the two. What happened 
next provides an important lesson for those who wish to analyse 
how society can be changed. 
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prepared a letter which described in 
the work force, its age, its skills, its qualifications and the machine 
tools, equipment and laboratories that were available to us, 
together with the types of scientific staff and the design capabilities 
which they possessed. The letter went to 180 leading authorities, 
institutions, universities, trade unions and other organisations, all 
of which had in the past, one way or another, suggested that there 
was a need for the humanisation of technology and the use of 
technology in a socially responsible way. What happened was a 
revelation to us. All these people who had made great speeches up 
and down the country, and in some cases written books about these 
matters, were smitten into silence by the specificity of our request. 
We had asked them, quite simply, 'What could a work force with 
these facilities be making that would be in the interests of the 
community at large?' and they were silent - with the exception of 
four individuals, Dr David Elliott at the Open University, Profes- 
sor Meredith Thring at Queen Mary College, Richard Fletcher and 
Clive Latimer, both at the North East London Polytechnic. 

We then did what we should have done in the first place. We 
asked our own members what they thought they should be making. 

I have never doubted the ability of ordinary people to cope with 
these problems, but not doubting is one thing, having concrete 
evidence is something quite different. That concrete evidence 
began to pour in to us within three or four weeks. In a short time we 
had I 50 ideas of products which we could make and build with the 
existing machine tools and skills we had in Lucas Aerospace. We 
elicited this information through our shop stewards' committees 
via a questionnaire. 

This questionnaire was very different from those which the 
soap-powder companies produce, where the respondent is treated 
as some kind of passive cretin. In our case, the questionnaire was 
dialectically designed. By that I mean that in filling it in, the 
respondents were caused to think about their skill and ability, the 
environment in which they worked and the facilities available to 
them. We also composed it so that they would think of themselves 
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their dual role in society, that is, both as consumers and as 
producers. We were, therefore, deliberately transcending the 
absurd division which our society imposes upon us, which seems to 

ot necessarily be profitable but would be highly socially useful. 

Before we even started the 
Wolverhampton 
and were horrified to see that the only way the children could 
propel themselves about was by crawling on the floor, so they 
designed a vehicle which subsequently became known as hobcart. 
It was highly successful, and the Spina Bifida Association of 
Australia wanted to order 2000. Lucas would not agree to manufac- 
ture it because, they said, it was incompatible with their product 
range. 

At that time we 
were unable to press for the manufacture of hobcart. However, the 
design and development of this product were significant in another 



sense. Mike Parry Evans, its designer, said that it was one of the 
most enriching experiences of his life when he delivered the 

bcart to a child and saw the pleasure on the child's face. It meant 
ore to him, he said, than all the design activity he had been 
volved in up till then. For the first time in his career he saw the 
rson who was going to benefit from theproduct he had designed, 

was intimately in contact with a social human problem. He 
to make a clay mould of the child's back so that the seat 

support it properly. He was working in a multi-disciplinary 
together with a medical doctor, a physiotherapist and a health 

sitor. This illustrates very graphically that aerospace technolo- 
sts are not only interested in complex esoteric technical prob- 

ems. It can be far more enriching for them if they are allowed to 
ate their technology to really human and social problems 

ENERGY-CONSERVING PRODUCTS 

In the field of alternative energy sources we came up with a very 
imaginative range of proposals. It seemed to us absurd that it takes 
more energy to keep New York cool during the summer than it 
does to heat it during the winter. Systems which could store this 
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energy when it was not required and use it at a time when it was 

this in conjunction with Clive Latimer and his colleagues at the 
North East London Polytechnic, and components for a low-energy 
house were produced. This house was designed so that it could be 
built by its owner. Some of the students working on the com- 
muni,cations design degree course at that polytechnic have written 
an assembly-instruction manual based on directions given by the 
skilled people who designed the low-energy housing. This manual 
would allow people, working side by side with skilled building 
workers, to go through a learning process and at the same time 
produce very ecologically desirable forms of housing. If this 
concept were linked to imaginative government community fund- 
ing, it would be possible, in areas of high unemployment where 
there are acute housing problems, to provide funds for employing 
those in that area to build houses for themselves. 

In order to demonstrate the potential of this in practice, Clive 
Latimer has constructed a low-energy house in Suffolk and lives in 
it. The technical press were invited to view it in 1984 and were 
extremely enthusiastic about its potential. The London Innovation 
Network, one of the Greater London Enterprise Board's tech- 
nology networks, is now developing the project further and a scale 

people. We were unhappy about the present tendency in alterna 
tive technology for products to be provided which are little mo 
than playthings for the middle class in their architect-built houses, 
so we made links via the Open University with the Milton Keynes 
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corporation and in conjunction with the OU we designed and built 
some prototype heat pumps for installation in the corporation's 
houses. These pumps use natural gas and have a coefficient of 
performance (COP) of 2.8 when it is oÂ° outside the buildin 

Obviously, heat pumps have been around for man 
they are usually electrically driven. Given the energy 
transfer from fossil fuel to electrical power and the 
losses in the lines, only a little over 30 per cent of the original 
fossil-fuel value is ultimately available in the house or building as 

approximately every forty miles of stop-start driving and every 100 

miles on flat terrain. Furthermore, it is necessary to carry a 
significant weight of batteries. At a chassis weight of around 1300 
kilos an additional 1000 kilos of batteries would have to be carried. 
Because the batteries need charging at regular intervals, vehicles of 
this kind are unsuitable for random journeys, an 
of roadside charging facilities would be need 

One possibility would be to provide these 
having a large number of vehicles waiting t 
would create considerable difficulties. Interc 
could be made available, but it would clearly be a significant task 
regularly to change 1000 kilos of batteries (about a ton). Moreover, 
storage space for batteries would in the London area cost around 
Â£ to Â£1 per square foot per m u m .  Drivers would have to 
for the additional reserve batteries and for the space to store 

The aerospace workers' approach was quite different. 
pointed out that the average vehicle has an engine twice and maybe 

Drawing up the Corporate Plan at Lucas Aerospace 

three times larger than necessary, simply to give it take-off torque. 
Once the vehicle is moving along, a much smaller engine could 
satisfactorily power it. They also pointed out that the performance 
characteristics of an electric motor are the opposite of those of a 
petrol engine. That is to say, the electric motor has a high starting 
torque whereas a petrol engine has a better torque at high revs. By 
linking these two together, a new unity can be formed. A small 
component combustion engine, running constantly at its optimum 
revs and at its optimum temperature, drives a generator which in 
turn charges a very small stack of batteries. These act merely as a 
temporary energy store and supply power to an electric motor 
which drives the transmission system, or, in a revised version, will 
drive hub motors directly on the whee 

A number of variations on this them 
intercity driving. Once the vehicle has 
don engine could drive the wheels directly through the mechanical 
transmission system, whereas when the vehicle enters the sub- 

stored energy. The system 
the hybrid mode elsewhere 

tion of the gases will be much more complete, thereby reducing the 
emission of toxic fumes by about 80 per cent, since the unburned 
gases are not going out into the atmosphere, and it would improve 
specific fuel consumption by 50 per cent. The initialcalculations on 
this have subsequently been supported by work done in Germany. 



The engine would run at constant revs so the resonance frequencies 
of the various components in the system could be different from 
that of the engine and noise levels reduced. With a background 
noise of 65 decibels, the power pack would be inaudible ten metres 
away. A p r o t o m  unit of this kind was built and tested under the 
direction of Professor Thring at Queen 

What is new is the creative manner in which the various elem 
have been put together. The only reason why such a power pack 
had not been designed and developed before, it seems to us, is that 
they would have to last for fifteen years or so, to accord with our 
views of long-life products to conserve energy and materials and to 
justifv the installation cost, and maintenance services would have 
to be developed to repair and maintain them. This is completely 
contrary to the whole ethos of automotive design, which has as its 
basis the notion of a nomepairable throwaway product wi 
terrible waste of energy and materials which that implies 

While the Lucas workers are proposing this kind of 
their colleagues at another large car manufacturery 
design and develop an engine which would be thr 
20,ooo miles or two years, whichever comes first. The idea is that 
the engine would simply be bolted on the input side of the gearbox 
so that it could simply be unbolted and replaced with another at the 
end of its life cycle. The owner would even be denied the pleasure 
of putting water and oil in. It is a criminally irresponsible type of 
technology, yet the whole political and economic infrastructure of 

ome instances 
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rotor control in which the liquid used as the medium for transmit- 
ting the heat is also used to effect the braking, and is heated in the 
process. 

We proposed a range of products which would be useful in Third 
World countries. We feel, incidentally, that we should be very 
humble about suggesting that our kind of technology would be 
appropriate in these countries. Probably one of the most important 
things the Third World countries could learn from us, looking at 
the incredible mess we have made of technology in our society, is 
what not to do. It is also very arrogant to believe that the only form 
of technology is that which we have in the West. I can see no reason 
why there should not be technologies compatible with the cultural 
and social structures of these other countries. 

At the moment, our trade with these countries is essentially 
nekolonialist. We seek to introduce forms of technology which 
will make them dependent on us. When the gin-and-tonic brigade 
go out to sell a power pack, for example, they always seek to sell a 
dedicated power pack for each application; that is, one power pack 
for generating electricity, another power pack for pumping water 
and so on. 

The Lucas workersy approach is quite different. They designed a 
universal power pack which is quite capable of providing a wide 
range of services. It has a basic prime mover which could run on 
many different fuels, including naturally available materials and 
methane gas. 

By using a specially designed, variable speed gearbox it is 
possible greatly to vary the output speed. The unit is capable of 
providing the speed and power necessary to drive a generator 
which could supply electricity at night. When running at one of the 
lower speeds, it could drive a compressor to provide compressed 
air for pneumatic tools. It could drive a hydraulic pump to pro- 
vide power for lifting equipment, and at very low speeds it could 
drive- a water pump and be used for irrigation. The unit could , 

thus be used in a number s for almost twenty-four hours 
a day. 

In considering the g surfaces have been 
made much larger than normal and the components deliberately 
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designed to last for about twenty years with almost no main- 
tenance. The instruction manual would enable the users 
out the maintenance themselves and learn by doing it. 

developing an actuating mechanism whereby a set of pneumatic 
tyres could be brought down into position so that a railway coach 
could run on the roads. In its railway mode, a metal rim still ran on 
a metal track, which in practice resulted in all the shocks going up 
through the superstructure. Inevitably, this meant a large rigid 
superstructure of 

track with the pneumatic tyres running on the rails 
With the guide mechanism retracted, the vehic 

lightweight vehicle which is capable of going up a rail incline of one 

metal rim and the metal track, is capable of going up an incline of 
about one in 80. This means that when a new railway line is being 
laid, for example, in the developing countries, it is necessary 
literally to flatten the mountains and fill up the valleys, or build 
tunnels and viaducts. Typically, this costs Â£ million per track 
mile. With the hybrid vehicle, it is possible to follow the natural 
terrain and lay down new railway lines for Â£20,00 per track mile. 
The vehicle can of course be run on disused tracks to service remote 
ar 

East London Polytechnic and tested out on the East Kent railway 
line with great success. In parts of Britain, there is a growing 
interest in a vehicle of this kind since it could provide the basis for a 
truly integrated transport system with vehicles running through 
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our cities like coaches and then moving straight on t 
network. ' 

KIDNEY MACHINES 

The Lucas workers do not merely design and build new products. 
There are one or two existing products in Lucas Aerospace which 
they would like to see produced at a much greater rate. One of those 
is the home dialysis or kidney machine. In the mid-seventies, the 
company attempted to sell off its kidney-machine division to an 
international company operating from Switzerland. We were able 
to prevent them doing so at that time by both threats of action and 
the involvement of some MPs. When we checked on the require- 
ments for kidney machines in Britain we were horrified to learn 

you are allowed, as a 
decline'. The doctors sit like 
hospitals deciding who will 
distressed he was by this situa 
did not tell the families of 
would be too upsetting for th 

We were disgusted when 

to 'go into decline'. She said she was going to commit suicide at 
some stage so that her grandchildren would not see her going 
through the progressive stages of debility. Ernie Scarbrow, the 
secretary of the Combine Committee, said: 'It is outrageous that 
our members in Lucas Aerospace are being made redundant when 
the state has to find them Â£4 a week to do nothing except suffer the 
degradation of the dole queue. In fact the Â£4 a week amounts to 
about Â£7 a week when the cost of administration is taken into 
account. Our workers should be given this money and allowed to 
produce socially useful products such as the kidney machine. 
Indeed, if the social contract had any meaning and if there were 
such a thing as a social wage, surely this is the kind of thing which it 
should imply, namely having forgone wage increases in order that 
we could expand medical services, we should then have the 



opportunity of producing medical equipment the community re- 
quires.' 

TELECHIRIC DEVICES 

One of the most important political and technological proposals in 
the Corporate Plan is for the design of 'telechiric' (hands at a 
distance) devices. With these systems, the human being would be 
in control, real-time, all the time, and the system would merely 
mimic human activity, but not objectivise it. Thus the producer 
would dominate production, and the skill and ingenuity of the 
worker would be central to the activity and would continue to grow 
and develop. This would link human intelligence with advanced 
technology, and help to reverse the historical tendency to objectify 
human knowledge and thereby confront the worker with an alien 
and opposite force, as described earlier. 

The methods by which the Lucas workers arrived at the concept 
of this product range are in themselves revealing. It was suggested 
to them that it would be highly socially responsible if a means could 
be found of protecting maintenance workers on North Sea oil 
pipelines. These maintenance workers experience a very high 
accident rate because of the depths at which they have to work. 

Since they had been conditioned by traditional design methods, 
they immediately thought of a robotic device which would elimin- 
ate the human being completely. However, as they began to 
consider the programming problems of getting a system which 
would recognise which way a hexagon nut was about (let alone if it 
had a barnacle on it!) and select the correct spanner and apply the 
correct torque, they recognised what a difficult task this would be. 
Yet it is the kind of task that skilled workers can perform even 
'without thinking about it'. They simply have to look at the 
diameter of a nut and bolt, and will know through years of 
experience what torque they can apply to it without wringing it off 
and yet at the same time tightening it sufficiently so that it won't 
become loose again. Without any 'scientific knowledge', such as 
the torsional rigidity of the bolt or the shear strength of its material, 
they will get it right repeatedly. 

That is to say, workers don't express this knowledge in writing 
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or speech. They demonstrate their knowledge and intellige 
what they do. The common sense and tacit knowledge descri 
Chapter 4 would be pivotal for systems of this kind. 

Comparing the levels of intelligence of robotic equipme 
kind with total human information-processing capability, 
seen that the order of things is the machine 103 to I 
human being 10'~ .  This 1o14 brings with it, however, conscio 
ness, will, imagination, ideology, political aspirations; and th 
are precisely the attributes which employers regard as disruptiv 

out. The multinationals and the employers are so arrogant that they 
have constantly put it in" writing in case we might fail to under- 
stand. A decade ago the Engineer had a headline which said, 'People 
are trouble, but machines obey.'2 It is, therefore, no accident that 
systems today are designed aroun 
deliberately suppressed. It is a poli 
relationships at the point of produ 

he Lucas workers feel that there 
should be automated o 

oning was the politics of elevating these design methods to 
universal principles. 

It has been pointed out that t 
more to do with the 
has to do with, increasing prod~ctivity.~ Andrew Ure, in 
Philosophy of Manufactures puts it even more clearly when he say 
that 

the industrialists aim to take any process which requires peculiar 
erity and steadiness of hand, from the cunning workman, 
put it in charge of a mechanism so self-regulating, that a 

d may superintend it. The grand object therefore, of the 
r is, through the union of capital and science, to 
sk of his workpeople to the exercise of vigilance and 

extenty appropriate to a child. 



The extent to which capital and science have succeeded in 
achieving this was dramatically illustrated in the July 1979 issue of 
the American Machinist. It reported that an engineering firm had 
found that the ideal operators for its numerically controlled 
machining centre were mentally handicapped. 

One of the workers held up as ideal for this type of work had the 
intelligence level of a twelve-year-old. The employer pointed out in 
gloating terms, 'He loads every table exactly the way he has been 
taught, watches the Moog operate and then unloads. It's the kind 
of tedious work that some nonhandicapped individual might have 
difficulty in coping with.' 

This would have been laudable had the objective been to provide 
work for the mentally handicapped, but what happens in instal- 
lations of this kind is that some of the most highly skilled, satisfying 
and creative work on the shop floor, such as turning and milling, is 
so deskilled by these new technologies that it is rendered suitable 
for twelve-year-olds. 

This historical process of deskilling4 is an important means 
through which the employer extends his control over his em- 
ployees. But in a wider sense, it destroys the social and cultural 
values which surround the exercise of those skills, and the means 
by which they are acquired. Indeed, we seem to have seriously 
underestimated the educational, cultural and other significance of 
skill and craftsman~hip.~ 

us the significance of raising these issues through the very 
proposals surrounding the telechiric devices. The Lucas 
are indeed developing profound political ideas; so also are 

who, in the wider sense, are proposing human-centred 
systems even in the field of high-level intellectual activity like 
design. 

SOCIAL INNOVATION 

We believe it is arrogant for aerospace technologists to think that 
they should be defining what communities should have. The Lucas 
workers were deeply conscious that if the debate were limited to 
industrial workers of this kind, it would represent a new form of 
elitism. We therefore made strenuous efforts to involve wide 
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the Corporate Plan have released not only the technical cr 
but also the artistic creativity among the employees. 
Marshall has produced beautiful and vivid depictions wi 
camera of pollution, decay of inner cities, neglect of railway 
systems, and nuclear hazards. When I used these as illustrations to 
one of my talks at the Royal College of Art, the people there were 
amazed that an industrial worker could have produced such im- 
pressive work. I suggested that we would all benefit if they came to 
work at Lucas and made way for Dennis Marshall at the RCA. 

At national level, the trade-union movement has given very little 
support and encouragement to the Corporate Plan, although ther 
have been some positive developments. The TUC has, for e 
ample, produced a half-hour television 
the Plan and this has appeared on BBC2 
training programme for shop stewards. 
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The Transport and General Workers' Union came out with a 
statement indicating that its shop stewards throughout the country 
should press for corporate plans of this kind. In 1986, the 
T&G WU produced a major policy statement on the conversion 
of the arms industry to socially useful production, as a phased 
reduction in arms expenditure. This is now the official policy of 
that union. 

At an international level, the interest has been enormous. In 
Sweden, for example, they have produced six half-hour radio 
programmes dealing exclusively with the Corporate Plan, and have 
made cassettes which are now being discussed in factories through- 
out Sweden. They have also produced a one-hour television 
programme and a paperback book in Swedish dealing with the 
Corporate Plan. Similar developments are taking place elsewhere. 
In Australia, there have been television and radio programmes, 
including the Scienceshow, dealing with the Lucas Plan ideas. The 
Metalworkers' Union has produced a number of reports on the 
possibility of using resources such as railway workshops for the 
development of new forms of transport. The Australian govem- 
ment has also established a Commission for the Future, 
the speaker at one of the conferences that 

In the past, our society has been very good at t 
but very slow at social innovation. We 
technologically, but our social organisations are virtually the same 
as several hundred years ago. One of the Swedish television 
interviewers said, 'When one looks at Britain in the past, it has 
been great at scientific and technological invention and frequently 
has not really developed or exploited that. The Lucas Workers' 
Corporate Plan shows a great social invention, but it probably is 
also the case that they will not develop or extend that in Britain. If 

technology contained within the Corporate Plan has largely been 
ignored, even though the workers themselves, in their Plan, placed 
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the nature of the labour process 

companies from Vickers, Parsons, Rolls-Royce, Chry 
Dunlop to Thorn EMI. These discussions centred not just aroun 
the political aspects, but gave rise to a profound questioning of the 
nature of the technology itself and the design methodologies used. 

In the course of designing and building prototypes they dis- 

or a craft or a profession 
habit inherited from the 

labour process, thereby ensuring that those who do work also plan 
and manage it. 

Historically, when the great master builders designed, planned, 
managed and built their own structures, there was, of course, a 
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hierarchy, but it was based on a legitimacy of leadership in that 
those who were managing knew what they were talking about and 
were capable of exercising the skills themsel 

The objection expressed above is to that 
that seeks to remove the internal conceptual 
it in the hands of those who represent capital, capital which has 
now become external to the productive process. There are hordes 
of accountants, financial planners, monitors and other nonproduc- 
tive workers who are simply there to act as police people for 
external capital. This is part of that wider process in which finance 
capital increasingly dominates industrial capital, a moribund stage 

industrial workers to acquire these skills rather than to have them 
used against them in a crude set of power relationships. They have 
alsoshown, if only in embryo, that the design methodology used in 
a 'socialist technologyy would have to be radically different from 
that which applies in our current technology. 

At present, in the technologically advanced nations, highly 
qualified designers and technologists spend months drawing, 
stressing and analysing a prototype before telling the workers on 
the shop floor what should be done. These design stages involve 
rarefied, complex mathematical procedures which are necessary 
only because, for commercial reasons, materials have to be ex- 
ploited to the full. Both the materials and the systems of the 
products are designed just to perform a precisely defined function 
for a very short length of time before the product is rendered 
redundant (planned obsolescence). The rarefied mathematical pro- 
cedures are outside the experience of the mass of industrial workers 
and are used as a means of silencing their common sense. 

DRAMATIC EXAMPLE 

There is a tendency for computer specialists to imply that they have 
the solutions to all our problems without necessarily having much 
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real design experience behind them. Dramatic examples of what 
can result from this are already coming from the United States. At 
one aircraft company they engaged a team of four mathematicians, 
all of Ph.D. level, to define, in a programme, a method of drawing 
the afterburner of a large jet engine. This was an extremely 
complex shape, which they attempted to define by using Coons' 
patch surface definitions. They spent some two years dealing with 
this problem and could not find a satisfactory solution. 
When, however, they went to the experimental workshop of the 

aircraft factory, they found that a skilled sheet-metal worker, 
together with a draughtsman, had actually succeeded in drawing 
and making one of these. One of the mathematicians observed, 
'They may have succeeded in making it but they didn't understand 
how they did it.' This seems to me to be a rather remarkable 
concept of reality. It dramatically illustrates the manner in which 
the three-dimensional skill of draughtsmen and skilled workers can 
be thoughtlessly eliminated in this drive to replace people by 
equipment. All their knowledge of the physical world about them, 
acquired through years of making things and seeing them break 

for the products pro 

reverse of the above. Workers on the shop floor had every oppor- 

prototypes were 

Clearly, any talk of industrial democracy with this kind of technol- 
ogy is simply a deception. 

technology is romantic, unrigorous and unscientific. Such a view 
ignores the fact that a desire to meet real social needs is a vitally 



important stimulus to good quality and creative design, and is a 
qualitative element of design 

'cal way as the quantitative e 
r are the Lucas 
ethnology. In a recent 

echnolo~&ts and academics, Howard Rosenbrock, had this to say: 

t engineering is an art rather than a 
I imply a higher, not a lower status. 

thematical analysis enter into en- 
their role will continually 
s elements of experience 
siderations and the most 
. These partly embody 

reduced to exact and mathe- 

computer becoming an automated design manual, leaving only 
minor choices to the design engineer. The automated design 
manual approach, he says, 'seems to me to represent a loss of nerve, 
a loss of belief in human abilities and further unthinking applica- 
tion of the doctrine of the Division of Labour.' The designer is 
reduced to making a series of routine choices 
alternatives, in which case 'his skill as a designer is not us 
decays'.' 

Rosenbrock's interactive graphic systems are d 
book together with their basic mathematical techniques. 

He bas developed graphic displays from which the designer can 
assess stability, speed of response, sensitivity to disturbance and 
other properties of the ~ystem.~ This he and his colleagues did by 
using the inverse Nyquist array. Having demonstrated through his 
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omputer-aided design system that alternative approaches can be 
of this kind, Rosenbrock then raises the much 
whether we are not cutting off options in other 
work in rather the same way as we have done at 

earlier historical stage in the field of manual work. He has 
termed this the Lushai Hills effect. 

Other computer scientists, J. Weizenb ong them, are 
now seriously questioning where their work is taking society, and 
what its impact on human beings and their self image is likely to 

class rol 
Thus 

viewed in the context of the overall questioning of the way science 
and technology are developing under advanced capitalist society. It 
is linked with the wider challenges workers are attempting to make 
against the way technology is being organised: the Green Bans 
Movement in Australia, the attempts by Fiat workers in Italy to 
transcend the narrow economism which characterised trade-union 
activity for so long, and the courageous struggle by the women at 
Algots Nord in Sweden." The Green Bans Movement was started 
by the building labourers in Australia in the seventies. It was an 
attempt to link their industrial strength and strike power to 
community groups and conservationists, in order to prevent de- 
velopers from destroying buildings of architectural, cultural or 
social significance. The bans also applied to areas of land held to be 
important to the local community and regarded as part of a heritage 
which should be protected for future generations. The Fiat 
workers proposed alternative products. The women workers at 
Algots Nord, when faced with the closure of their clothes factory, 
took it over and went out and asked the community, and occupa- 
tional groups like nurses and electricians, what kind of clothes or 
working garments they would like to have, and worked with them 
to design new product ranges. 

All these forces can be linked together in a challenge to the 
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system as a whole, and as a forerunner to a transformation of 
society which will take it away from its present exploitative, 
hierarchical form to a new type of soc 
cybernetics, Norbert Wiener, once said: 

differs from those propunded by many fascist successful 
businessmen and politicians. People of this type prefer an 
organisation where all information emanates from the top and 
where there is no feedback. The subordinates are degraded to 
become effectors of an alleged higher organism. It is easier to set 
in motion a galley or factory in which human beings are used to a 
minor part of their full capacity only, rather than create a world 
in which these human beings may fully develop. Those striving 
for power believe that a mechanised concept of human beings 
constitutes a simple way of realising their aspirations to power. It 

workers themselves never believed that it would be possible to 
establish in Lucas Aerospace alone the right to produce socially 
useful products. Only some of their baton wavers seemed to believe 
that, or those who sought to decry their activities by suggesting 
they were utopian. 

What the Lucas workers did was to embark on an exemplary 
project which would inflame the imagination of others. To do so, 
they realised that it was necessary to demonstrate in a very practical 
and direct way the creative power of 'ordinary peopley. Further, 
their manner of doing it had to confirm for 'ordinary peopley that 
they too had the capacity to change their situation, that they are not 
the objects of history but rather the subjects, capable of building 
their own futures. 

The Lucas workers could see about them the grotesque absurd- 
ities of modem industrial society. They were aware of the growing 
powerlessness and frustration of masses of people as decisions were 
concentrated in the hands of vast multinational corporations whose 
size and activities dwarfed that of nation states. It was a courageous 
attempt to repossess that precious ground of decision-making 
which planners, managers and coordinators were removing from 
them. They highlighted and built on the major contradictions in 
industrial society. 

The audit of their own skills and abilities, and the surveys in 
different factories and workshops analysing and assessing the 
production equipment, product ranges and skills, represented an 
enormous extension of consciousness, since we are all of us con- 
ditioned to view the world from the one lathe we operate or the one 
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desk from which we function. Never are we encouraged or allowed 
to take a panoramic view of our industry and see how that fits into a 
wider pattern of society. 

Prototypes of the products included in the plan were built and 
displayed on a wide scale. Lucas workers then went to the Labour 
government and pointed out that its manifesto had said that it stood 
for 'an irreversible shift of power in the interest of working people'. 
The government, and in particular the Department of Industry, 
was clearly bewildered by the notion that one might think of 
products for their use value rather than their exchange value. In 
addition, most trade-union bureaucracies bitterly resented a rank- 
and-file activism which they perceived as a challenge to their 
leadership. The idea that 
and supportive was beyond 

The whole exercise d 
Lucas workers the nature 
when they proposed the manufacture of heat pumps using natural 
gas in internal combustion engines, the company turned the 
proposal down, saying that it would not be profitable and was 
incompatible with their product range. Burnley workers subse- 
quently revealed that the company had had a report prepared for 
them by American consultants showing that themarket for the heat 
pump would have been some Â£100 million in the private and 
industrial sectors in the EEC countries by the late 1980s. Lucas 
would be willing to forgo a market of that kind to demonstrate that 
it, and it alone, would decide what was made, how it was made, and 
in whose interests it was made. Lucas workers then quickly 
recognised that they were dealing not just with an economic system 
but with a political system concerned with the retention of power. 

When the company moved on to the offensive and victimised 
some of the leading stewards, amid worldwide protest, there was 
inadequate support from union leaderships. The Lucas Plan was 
turned down by the Labour government and rejected by trade 
unions, with the exception of the T & G W U and some peripheral 
support from ASTMS. Lucas workers then felt that the key 
strategic position was to diffuse the ideas as widely as possible 
through the Labour and trade-union movement. They formed a 
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e Union combine committee and produced a number of very 
worthwhile reports. Increasingly they also entered into 
ssions with those who were contesting elections in local 

government. 

HE GREATER LONDON ENTERPRISE BOARD 

r the 1981 election, the Labour Party in London 
o restructuring industry along the lines of the 

Lucas Workers' Plan if it came to power. 
Once elected, Labour sought enthusiastically to meet that com- 

mitment. They set up an Industry and Employment Branch at 
unty Hall, and an early part of its work was to establish the 

ter London Enterprise Board. The GLC provided the board 
some Â£3 million a year and in its first two and a half years of 

operation it established, restructured or assisted 208 companies 
and created directly some 4000 jobs, with many more jobs created 
indirectly. Based on its direct investment in industries, it was able 
to create jobs at some Â£470 per job, whereas if somebody is 
unemployed in Britain and has a couple of dependants, it costs the 
taxpayer Â£700 a year. 

It was onlv to be e x w e d  that a project as innovative as this - 
one for which there were no real precedents - would encounter 

- 

y difficulties. Apart from the problems arising from its innova- 
nature, there was also a conflict between long and short-term 

investment policies. Frequently, the design, research and develop- 
ment of new products requires ten or even fifteen years. However, 
such products then become part of the nation's productive activity, 
and help to create real wealth. There is growing concern, even in 
City circles, that the City is concerned only with those investments 
which will show a quick return in the short term. 

GLEB's achievements, limited though they are, have to be seen 
in the hostile context in which GLEB found itself at both a national 
and local level. Certainly, it was seeking to swim against the 
economic tide. It came into existence and is attempting to operate 
at a historical stage when finance capital is dominating industrial 
capital, and when there is a dramatic decline of the British manu- 
facturing base. In the Greater London area, the trend, stimulated 
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and supported by the Thatcher government, has been to transform 
London into the finance centre of 
support for its manufacturing 

To all these difficulties must 
mination to abolish the Create 
significance were the months of uncertainty in 1985 surrounding 
the GLC's future and then its final abolition in March 1986. This 
did much to damage GLEB and its projects. And the decision of 
the government in March 1986 to refuse to release the remaining Â£ 
million which the GLC had provided for GLEB will inevitably 
mean that for the foreseeable future its capacity to act will be 
greatly constrained and the future of many of its projects ore- 

enterprises, its framework for enterprise planning and equal 
opportunities, and the relationship of these to the overall London 
industrial strategy and enterpriseplanning. GLEB's technology 
policy, in particular, has attracted both national and international 
attention and, indeed, emulation. That policy was based on an 
imaginative framework which was agreed with the GLC in early 
1983.~ This framework provided for the establishment of new and 
high-tech companies and it also provided for human-centred 
means of production. Perhaps its most innovative aspect was the 
proposal to set up a range of technology networks throughout 
L o n d ~ n . ~  These would draw on the ideas of the Lucas Workers' 
Plan and also on the experiences of the 
the innovation centres in West Ge 
aspects of science and technology parks 

GLEB'S TECHNOLOGY NETWORKS 

A pivotal aspect of the policy was that of linking two of London's 
great resources - the skill and ingenuity of the people of London 
and the facilities of London's higher educational infrastructure in 
seven polytechnics, three universities and many teaching hosoitals 
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geographically based networks and product-based networks. 
north and east network and a south and east network provi 
facilities and support for the communities in their respective ar 
In January 1987, four of the west London boroughs, together with 
GLEB, put forward a proposal for the establishment of a west 
London network, calling on each of the west London boroughs to 
provide some funding, and on GLEB to provide some of the 
technical expertise required in setting up and running it. 

These geographical networks have proved more difficult to 
establish than the product-based networks. Firstly, what consti- 
tutes a community? Secondly, when meetings of the 'community' 
were called to define the types of products and services they wished 
to have from the networks, these meetings were invariably 
attended by the habitual meeting-goers who tend to turn up at all 
such gatherings, whether they are about the bomb, unemployment 
or whatever, and who tend to say the same things at each meeting. 
To get through to real people proved to be much more difficult. 
Further, many of the 'community activists' came from that tra- 
dition which is obsessed with the contradictions of distribution at 
the expense of a serious analysis of the contradictions of production. 
They often tend to be 'takers' rather than 'makers' and were 
sometimes more concerned about the control of resources than the 
creation of new o 

unable to get a kidney ma ilised because they lac 
the resources to overcome simple disability, are so 
clear, so obvious and so well defined that an organisation professing 
to deal with the requirements of the community cannot easily avoid 
providing these services. A struc 
abled the networks to respond c 
needs. 

The product-based networks in 
lish themselves. They had the co 
Three such networks were established: the New Technology 
Network, the Energy Network and the Transport Network. Each 
network is a combination of people, skills and physical facilities. 
The main physical facility is a workshop located close to a univer- 
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sity or polytechnic but never actually on the campus. A university 
campus can be very alienating for the unemployed, for those whose 
experience of the world is real and experiential, for women's 
groups, ethnic minorities and the disabled. (They are probably also 
somewhat alienating for the students, but they don't have much 
choice at this stage.) So the buildings were located so that 
academics and the community could meet on n e u d  ground and 
the facilities and skills in the polytechnics could be utilised in a 
supportive fashion. In this way, academics who wish to support the 
communities in which they are based have a framework in which 
they can do this without being reduced to industrial fodder for the 
multinational companies. Furthermore, it is possible to provide 
exciting student projects rather than artificially contrived ones 
which frequently are highly demotivating for the students. 

Each technology network is constituted as a company limited by 
guarantee with which GLEB has an annual funding agreement 
against set objectives and projects. The management committee of 
a network will typically involve representatives of local councils, 
trade unions, special interest groups and local academic institu- 
tions. 

Even for high-tech projects, the policy is to provide a practical 
environment based on design by doing. Each of the networks has 
around six or eight technicians, engineers and support staff who 
appreciate the tacit knowledge of ordinary people and can relate to 
it. Each network building typically has four times as much work- 
shop space as office space so that it is action-oriented, since there is 
a real danger that anything relating to local government can quickly 
degenerate into report-writing, and there are those who believe 
that a report constitutes a final product rather than being a guide to 
some real action which will follow. The issue still is to change the 
world and not just analyse it. 

s own contacts and 

The North and East Network has now been transformed into the 
London Innovation Network, and still serves the same geographi- 
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cal area while providing an innovation service for London as a 
whole. One of its most exciting features has been to see disabled 
people working with engineers and technologists on the design of 
new equipment for themselves. Some of the equipment is thera- 
peutic and is related to new programmes of therapy supported by 

products and services. 

suggest more effective ways of providing the heating necessary) to 
proposals for building conversions. Council tenants, short of 
funds, have been put in contact with building societies and banks 
who will provide forward funding so that buildings can be con- 
verted in an energy-conscious fashion and the tenants can then pay 
for this over a two-year period, at the end of which they will have a 
permanent gain as a result of reduced energy costs. Integrating 
dehumidifiers with energy-conscious systems reduces not only the 
heating costs but also the problems associated with condensation. 

At the other end of the spectrum, expert systems are being 
developed, using very advanced computing techniques, in con- 
junction with some of the teaching hospitals. These systems 
provide the technology through which advanced expert knowledge 
can be diffused back into general practice and the community, 
thereby democratising decision-making between the general prac- 
titioner and the medical consultant. The data base is structured in a 
way that provides the medical practitioner and the patient with 
different treat .  

profession downstream is deskilled. The London system means 
that people need not go into large, alienating, factorylike hospitals 
to be treated for each major illness, but 
their local community by their own GP 

In the transport field, new forms of 



been developed. These are ecologically desirable forms of transport 
and will give people exercise more naturally than sitting on absurd 
exercise bicycles in their front room, going nowhere. The power- 
assisted bicycles would enable older people, who have given up 
cycling, to resume, since the power will assist them on inclines. But 
this would require an infrastructure of cycleways in cities, and the 
GLC was embarking on this before its abolition. 

Other products include 'hush kits' to reduce the noise levels 

basis for future legislati 

kind of composite tyre which will retain the desirable characteris- 
tics of a pneumatic tyre, but cannot be p~nctured.~ 

Polytechnics have supported the development of cell- 
irnmobilisation techniques. These make possible the production 
and storage of real ale, and have other applications, possibly in the 
field of yoghurt production. 

hiany of the networks are now beginning to provide new pro- 
ducts as a way of opening up new markets, and they can suggest 
new products to existing GLEB and other London companies 
which will experience difficulties with their product ranges during 
coming years. Desirable products with a future will also become 
available, for example, to black businesses, which too often are 
constrained to ghetto trading, and to cooperatives, so that they are 
not left with the dregs of the market economy. As a result of all 
these activities, a product bank has now been built up containing 
some I 500 products at various stages of development, from the idea 
or concept to prototypes and items in production. 

The product bank is exciting, especially the way it has been 
developed. Special-interest groups concerned about energy con- 
servation have been able to develop product ranges. The disabled 
have shown great creativity not only in thinking up alternative 
products for themselves, but in designing and, in many cases, 
making them. The networks have also caused cultural shifts. 
Frequently, ideas are regarded in our universities and polytechnics 
as important only at the conceptual level, and it is sometimes held 
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to be second-rate or even slightly obscene to be involved in 
production. Both the academics and their students have enjoyed 
access to a socially responsible framework 
scientific and technical ideas through society 

The teaching hospitals frequently develop individual pieces of 
equipment for research or patient-specific treatment. It is often 
possible to elevate these to product ranges to make 
treatment more widely available and at the same time pro 
for those who make the new product 

All the products are geared 
and this, linked with popular 
in which we would have 
without its indifference 
needs of human be 

NEW FORMS 0 

There has, in recent years, been a growing tendency to assume that 
there is only one form of technology - that which we may now think 
of as 'American technology'. This view constitutes a kind of 
Taylorism at the macro level, a 
way'. A richer and more sensitive way to view technology 
to perceive it as a cultural product, and since culture has 
different languages, different music and different literature, w 
should it not produce 
reflect the cultural, histo 
of the society which will use th 
European technology reflecting European 
the rhetoric than the reality) of motivation, 
the individual, concern for 
reality of the European 
predominantly of medium-sized and sm 

To explore the potential of this human-centred appr 
advanced technology and to demonstra 
world, ten partners from three 
together within ESPRIT project 1217. The partners in the Â£3. 
million EEC ESPRIT project are from Denmark, Germany and 
the U K. Extending the Lucas proposals for telechiric devices, it 
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been developed. These are ecologicdly desirable forms of transport 
and will give people exercise more naturally than sitting on absurd 
exercise bicycles in their front room, going nowhere. The power- 
assisted bicycles would enable older people, who have given up 
cycling, to resume, since the power will assist them on inclines. But 
this would require an infrastructure of cycleways in cities, and the 
GLC was embarkmg on this before its abolition. 

Other products include 'hush kits' to reduce the noise levels 
from vehicles in the inner-city areas, and these might provide the 
basis for future legislation. 

Still in the field of transport, one outcome of the work on 
developing the Lucas workers' roadlrail vehicle has been a new 
kind of composite tyre which will retain the desirable characteris- 
ties of a pneumatic tyre, but cannot be p~nctured.~ 

Polytechnics have supported the development of cell- 
immobilisation techniques. These make possible the production 
and storage of real ale, and have other applications, possibly in the 
field of yoghurt production. 

Many of the networks are now beginning to provide new pro- 
ducts as a way of opening up new markets, and they can suggest 
new products to existing GLEB and other London companies 
which will experience difl&culties with their product ranges during 
coming years. Desirable products with a future will also become 
available, for example, to black businesses, which too often are 
constrained to ghetto trading, and to cooperatives, so that they are 
not left with the dregs of the market economy. As a result of all 
these activities, a product bank has now been built up containing 
some I soo products at various stages of development, from the idea 
or concept to prototypes and items in production. 

The product bank is exciting, especially the way it has been 
developed. Special-interest groups concerned about energy con- 
servation have been able to develop product ranges. The disabled 
have shown great creativity not only in thinking up alternative 
products for themselves, but in designing and, in many cases, 
making them. The networks have also caused cultural shifts. 
Frequently, ideas are regarded in our universities and polytechnics 
as important only at the conceptual level, and it is sometimes held 
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scientific and technical ideas through 
The teaching hospitals frequently 

NEW FORMS OF TECHNOLOGY - 
There has, in recent years, been a 
there is only one form of technology - that which we may now 
of as 'American technology'. This view constitutes a kin 
Taylorism at the macro level, a belief in the notion of the 'one 
way'. A richer and more sensitive way to view technology would 
to perceive it as a cultural product, and since culture has prod 
different languages, different music and different literature, 
should it not produce different forms of technology, forms w 
reflect the cultural, historical, economic and ideological aspiratio 
of the society which will use them? Should there not be a form 
European technology reflecting European aspirations (if more 
the rhetoric than the reality) of motivation, self-activi 
the individual, concern for quality etc., and reflec 
reality of the European manufacturing base which 
predominantly of medium-sized and small-scale units 

To explore the potential of this human-centred 
advanced technology and to demonstrate its feasibili 
world, ten partners from three European coun 
together within ESPRIT project 1217. The partners in the Â£3. 
million EEC ESPRIT project are from Denmark, Germany and 
the UK. Extending the Lucas proposals for telechiric devices, it 
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will set up a demonstration centre in London in 1988 and display, 
for the first time ever, a human-centred computer-integrated 
manufacturing (CIM) system. It will shift the ground from theor- 
etical discussions to a practical demonstration of the potential 
the integration of advanced computing systems with human s 
and ingenuity. 

The CIM system will provide a complete manufacturin 
bility right through the spectrum from computer-aided 
(CAD). This area of work will be undertaken by the Danish 
partners, drawing on systems-design work developed at UMIS T. 
They will use a novel capability in which the designer can really 
sketch and those on the shop floor can converse with the designers 
and express their ideas through sketches, thereby creating a dia- 
logue between the shop floor and the design office to the enhance- 
ment of both areas. 

From the design area, the work will flow through its production 
scheduling and sequencing via a computer-aided production 
(CAP) system which will be developed by the German partners. 
They are exploring exciting possibilities of rendering visible, via 
the computers, the production sequencing, and are considering 
linking this to innovative organisational forms which include 
'islands of production'. The actual machine tools and the produc- 
tion cells will be based on computer-aided manufacturing (CAM) 
systems which will be designed and developed in the United 
Kingdom. The CAM system will build on the skill of craft workers 
and enhance that skill so in fact become production cell 
managers. 

This human-centred c , we hope, dramatically shift 
the paradigms of systems design. The complexity of such systems 
at the design level will be a challenge to the ingenuity of a new 
multidisciplinary design team which will draw, not merely on 
technical and scientific expertise, but also on expertise in the fields 
of social science, psychology and political science. It is also likely to 
have an important impact on industrial relations. The last ten years 
have been characterised by trade unions simply reacting to the 
forms of technology imposed on them by the large corporations. 
The human-centred CIM system could mean that trade unions 

UMAN-CENTRED C 

economical, more 

Creation of the macbine programs, from 'part data' ori 
elsewhere, by using high-level software tools. The 

The human-centred system will be more efficient than conven- 
tional fully automated systems because the operator can use 
skills and experience, with the aid of powerful software tools 
optimise the machining programs and the job sched 
cell. It will be more flexible because any job that the mac 
cope with can be machined in batch sizes of one upwards. 
more robust because there is much less dedicated automation an 
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electromechanical complexity, so that when a failure occurs the cell 
may be instantly reconfigured to allow for greater human interven- 
tion, and the fault will take less time to fix because there are fewer 
dedicated subsystems. It will be more economical becauseit is 
designed to be more efficient, more flexible, have a higher up- 
time, lower running costs, cost less to buy and take less time to 

handler; a prismatic machine will be added in the second phase. 
The CAD system will integrate a drawing board with a CAD work 
station and the CAP system will be designed especially for shop- 
floor operation. 

The CAD section will be handled in Denmark, the CAP in 
Germany and the CAM in Britain, with the Greater London 
Enterprise Board acting as prime contractor. In addition to these 
three areas, the University of Bremen will examine the educational 
requirements for such enhanced systems. 

ROLE OF THE OPERATOR IN 
A HUMAN-CENTRED CIM CELL 

The operator's role includes some or all of the following tasks, 
depending on the cell configurati~n:~ 

Produce and optimise part p d/ 
unload programs with extensive use of simulation tools. 

Use tool-wear data to determine when tool tips should be 
changed. 

Reduce machine set-up times, e.g., schedule similar jobs 
sequentially. 

Optimise machine utilisation, e.g., make sure there is no more 
than one machine awaiting attention at a time. 
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Quickly switch to high-priority jobs. 

Allocate work to machines in the cell. 

Feedback problems with production of the part to the designer. 

Prove-out new part programs and load/unload programs. 

while still keeping the cell 

Manual recovery from problems, e. 

Any nonautomated activity, e.g., tool changing, loading/unload- 
ing awkward parts that the work handler cannot grasp. 

Inspect the parts produced and carry out any consequent correc- 
tions to the machining process 

Devise and carry out de-burring strategies and systems and 
advise on appropriate equipment. 

INTERACTION OF CAD, CAP AND CAM ELEMENTS 

The CAM cell operator has considerable responsibilities above 
those that have been traditionally accepted. 

The management of this change in the balance of power between 
the office and shop floor will be critical to the success of the 
concept. 

CAD design is definitely not a shop-floor operation, but, despite 
the advent of modem technological aids, designers do not have the 
capability for developing competent part programs. 

Communications protocols between CAP, CAD and CAM 
systems and the elements within these systems are largely human- 
independent, and current standards initiatives such as MAP and 
IGES are thus likely to be compatible. 

The following are examples of interactions between the three 
elements: 

CAD to CAM: the part geometry, material and blank geometry 
will be down-loaded, together with questions like 'Is this design 
0 K for machining?' 
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CAM to CAD: request changes to the design to suit the machine 
and operating questions such as 'May I use a different material?' 

CAP to CAM: job schedules with priorities, urgent jobs, warn- 
ings of changes to schedule, estimated-time requests for new 
designs. 

CAM to CAP: real-time information on status of machine and 
accomplishments, estimates of times for new jobs, completion 
estimates for urgent work. 

BENEFITS OF HUMAN-CENTRED SYSTEMS 

The economic benefits will stem mainly from the increased 
efficiency achieved by incorporating the skills and experience of 
the operator into the running of the cell. 

Human-centred systems will provide more stimulating and 
challenging work, resulting in a higher degree of motivation. They 
will require greater intelligence, involvement and commitment 
from the operator. 

The human-centred concept is well suited to European industry, 
where workers have a high degree of skill and now have many 
years' experience with computer control of machines. 

LIST OF CRITERIA 

A prime objective of the three-year ESPRIT project that we have 
embarked on is to establish criteria for the design of human- 
centred systems; this list is only a summary of the present state of 
the art. 

Technology can evolve in a direction that includes the skill and 
initiative of workers, who make it more productive and evolve 
new skills appropriate to the new kinds of technology. 

The shopfloor workers have knowledge of the production 
process and especially deviations from the normal, so detailed 
specifications of the machining processes should be made on the 
shop floor. 

At this stage design will only be undertaken in the office, but the 
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design information received at the shop floor could be returned, 
with suggestions for improvement rela 
office. 

All manufacturing data should 
lated in a high-level form appropriate to the users' interactions 
and not at the machine-level program; appropriate software tools 
must be developed to aid thi 

CAD technology can be adapted to encompass tacit knowledge 
built up from experience and to some extent tied to the use of the 

CAP systems would provide well-structured information about 
the current and expected state of the manufacturing process to 
any employee. 

Real-time monito 
functions to eliminate any time lags in the CAP system. 

The operator's ability to deal with any unforeseen circumstances 
and cure malfunctions should be enhanced by structuring the 
information-processing systems for human operation. 

Defined and compatible linkages are required between the 
technological concepts and the skill and experience of the 
workers. This will be accomplished by off-line training and 
on-line reinforcement. 

A practical exploration of the potential of human-centred manu- 
facturing systems is long overdue. The frantic linear drive forward 
towards a workerless factory may well prove to be a solution 
lacking systems robustness and flexibility and even then applicable 
only to very narrow segments of industry which are in no way 
typical of the mass of European industry. Human-centred CIMs 



Architect or Bee? 

may also provide one important element in a wider strategy to cope 
with structural unemployment and deskilling and begin to address 
trade-union concerns for the quality of working life and the 
humanisation of work.6 

SOCIALLY USEF 

I have referred frequently to the desirability of socially useful 
production as an alternative to growing structural unemployment. 
What then is 'socially useful production? And what criteria would 
we look for in a socially useful product? 

Interestingly enough, the Lucas workers never set out to define 
socially useful production in an academic way, but rather counter- 
posed it as an alternative to forms which they regarded as obviously 
not socially useful, for example, large-scale systems of mass de- 
struction. Wittgenstein once said something to the effect that words 
define themselves by their use, and that has tended to be the case 
with socially useful production. 

Given that the Lucas workers identified 150 products and 
services which they could provide, and subsequently the Technol- 
ogy Networks developed hundreds of socially useful products, we 
can begin to construct a tentative list of those attributes, character- 
istics and criteria which constitute socially useful production. It is 
not suggested that all these will be present in any particular socially 
useful product or production programme, but rather that some of 
these are key elements within it. 

I. The process by which the product is identified and designed is 
itself an important part of the total process. 

2. The means by which it is produced, used and repaired should 
be nonalienating. 

3. The nature of the product should be such as to render it as 
visible and understandable as is possible and compatible with 
its performance requirements. 

4. The product should be designed in such a way as to make it 
repairable. 

5. The process of manufacture, use and repair should be such as 
to conserve energy and materials. 
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6. The manufacturing process, the manner in which the product 
is used and the form of its repair and final disposal should be 
ecologically desirable and sustainable. 

7. Products should be considered for their long-term characteris- 
tics rather than short-term ones. 

8. The nature of the products and their means of production 
should be such as to help and liberate human beings rather 
than constrain, control and physically or mentally damage 

cooperation between people as 
producers and consumers, and between nation states, rather 
than induce primitive competition. 

10. Simple, safe, robust design should be regarded as a virtue 
, rather than complex 'brittle' systems. 

I I. The product and processes should be such that they can be 
controlled by human beings rather than the reverse. 

12. The product and processes should be regarded as important 
more in respect of their use value than their exchange value. 

13. The products should be such as to assist minorities, disadvan- 
taged groups and those materially and otherwise deprived. 

14. Products for the Third World which provide for mutually 
nonexploitative relationships with the developed countries are 
to be advocated. 

I 5. Products and processes should be regarded as part of culture, 
and as such meet the cultural, historical and other require- 
ments of those who will build and use them. 

16. In the manufacture of products, and in their use and repair, 
one should be concerned not merely with production, but with 
the reproduction of knowledge and competence. 

This list is by no means exhaustive, and is being developed day 
by day by the Technology Networks and groups worldwide who 
are now putting the concept of socially useful production into 
practice. The examples above demonstrate the capacity of quite 
ordinary people to question the direction in which technology is 
going, and demonstrate in a practical way some of the alternatives, 
and the processes by which we develop those alternatives. As we set 
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out to do so, there is a danger that our sense of what is necessary will 
be silenced by technocratic, scientific jargon. We should not 
permit this, nor should we be intimidated by the determinism of 
science and technology into believing that the future is already 
fixed. 

LUCAS PLAN SIGNIFICANT 

The Corporate Plan is significant in that it was a very concrete 
proposal put forward by a group of well-organised industrial 
workers who had shown in the past, by the products they had 
designed and built, that they were no daydreamers. It demon- 
strated clearly to a whole host of scientific and technical workers, 
through the medium of their own jobs, what the limits of the 

. . 

system are. Many of them actually used to believe that the only 
reason society didn't have nice, socially useful products was that 
nobody had thought of them. The fact that these products are 
being built and are still being rejected, both by the government and 
the company, demonstrates in very dramatic terms the kind of 
priorities dominant in this society. 

Nine 
SOME SOCIAL AND TECHNOLOGICAL 

PROJECTIONS 

COMMUNITIES 

here is, correctly, much discussion about the need to revitalise 
establish local job-creation schemes. One possi- 
dering is that of community-owned enterprises 

on non-hierarchical lines, closely integrated with local needs for 
equipment and services. However a serious aspect of this 'com- 
munity rejuvenation' is the drift towards what I shall call industrial 
feudalism. Our economy is now dominated by the massive multi- 
national corporations and financial institutions. The role of even 
nation states is quite subordinate to these, since they set the 
economic, and increasingly the political, framework within which 
the governments of the individual nation states are allowed to 
legislate. These vast corporations spearhead the so-called techno- 
logical revolution, and distort its development to meet their needs 
for profit maximisation. The underlying assumption is that of a 
rapacious economic system fired by ever increasing consumption 
and production. Apart from the waste of energy and materials their 
throwaway products bring in their wake (not to mention wide- 
spread pollution), they are becoming increasingly capital-intensive 
rather than labour-intensive. Throughout the technologically ad- 
vanced nations, they are displacing millions of workers and are 
permanently destroying jobs and skills while extending their con- 
trol over the cultural as well as the economic and social lives of the 
mass of the people. 

In addition to this, the ecological crisis is likely to assume even 
greater political significance and it is important that it should not be 
seen as a middle-class preserve. After all, it is always the stream in 
which a worker does his bit of rough fishing that will be polluted, 
seldom if ever will it be the salmon stream in Scotland. It is usually 



the working-class community that will have a mot0 
through it, not the stockbroker belt in Surrey. It 
working-class playground that will have filth belc 
from local factories, hardly ever the middle-class golf course. 
Workers do not stand to gain from the misuse of science and 
technology. They make no profit from the pollution of the rivers, 
the seas and the air. It is in their class interests to resist these things 
and it is vital that they should be involved. 

Public hostility to the naked power of this 'democratic oppres- 
sion' is growing, and ranges from the reluctance of young people to 
work for the hi multinationals, to the more dramatic actions 
against businessmen in West Germany and Italy. These are as 
yet isolated indicators of what may become a very significant 
movement, when large sections of the labour and trade-union 
movement finally realise that we are dealing with structural un- 
employment rather than the cyclical forms we experienced in the 
past. 

THE NEW FEUDALISM 

The vast multinationals are increasingly conscious that ther 
going to be a backlash from society at large due to the way they 
distorting its development. Some of my acquain 
well-placed technocrats in these vast companies, tell 
are about to engage in what they call 'programmes o 
self-interest', and are planning to move into the community 
job-creation field. 

The idea is that the big firms will supply some funds, and sec 
their executives (with all the elitism that implies) to set up sm 
scale community enterprises. In this way they hope to be able 
placate the public, on the one hand, and thereby, on the other, 
left free to get on with the serious business of maximising their 
profits at the commanding heights of the economy. 

Computerisation and automation will mean that smaller num- 
bers will be required to run the large corporations. These will be a 
separate elite from the rest of the community and highly organised 
on the 'business union' basis as in the United States. They will be 
true 'Corporation Men', satisfied economically with company cars, 
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pany houses and company medicare schemes (not insigni- 
cant, with the systematic attempt to break up the National Health 

Service). There will be funds for the schooling of the Corporation 
Man's children, special superannuation schemes and of course 
expense accounts for overseas travel, entertaining and other cor- 
poration 'responsibilities'. 

A large sector of those whoremain unemployed will be left to 
fiddle around with 'community work'. These activities will be 
deliberately chosen because they yield no economic power. It will 
be a son of therapeutic, do-it-yourself social service. The industrial 
feudal lords will sit in the multinational headquarters while the 
peasants scratch out a living in the deprived communities in which 
they reside. In practice, this will mean that they will spend their 
time repairing, cleaning up, modifying and recycling the rubbish 
which the large corporations are imposing on them. While it is 
conceivable that some of these jobs will be craft-based and thus 
provide an outlet for some initiative and self-activism, the signifi- 
cant reality will be that they have no economic power and no 
industrial muscle. So a considerable proportion of the population 
seems destined to have no 'real job' - no paid employment. Caring 
activities, leisure activities, unpaid social work and community 
work are not recognised as real jobs. The social multiplier effects of 
unemployment will be alienation, drug taking, suicides, interper- 
sonal violence and general degradation, all of which are evident in 
abundance in our inner-city areas. 

We will all be assured, of-course, that this kind of work will be 
nonalienating and will enhance ourself-reliance. Both of these are 
highly desirable in themselves, but that will not be the objective of 
the sort of community activity now envisaged and being supported 
by the government. The implications of such a development are far 
more profound than it would at first appear. 

There is growing evidence that in sectors of the government as 
well as in the boardrooms of the massive multinational corpora- 
tions, there is the intention of actively encouraging the growth of 
this dual economy. Some of the corporations have already released 
leading executives to become involved in job-creation schemes. As 
one of them jokingly put it, 'The government can only pay about 
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Â£800 for them to do this work, so we'll make up the other Â£30 
for them. ' 

Their concern seems 
among the unemployed and the critical sec 
the manner in which the corporations and 
displacing large groups of workers on the one 
the manner in which technology is devel 

In the process they are, of course, 
practice are able to circumvent 
gramrnes of industrial 
ments might attempt to 
add, is not particularly evident anywhere in this country under this 
government or indeed the last one. It is not, therefore, too far- 
fetched to suggest that the government and the large employers will 
conspire to force the unemployed and the deprived communities to 
provide their own social services. 

Culturally, the members of these communities may live in a 
world they no longer understand or can cope with. At a political 
level, with such a concentration of economic power and technical 
know-how within the elite, it is unlikely that the present concepts 
of equality and democracy would long survive, and the develop- 
ment of a highly centralised, authoritarian corporate state would 
thereby be facilitated. Further, the small elite in the highly capital- 
ised 'scientific and productivey sector of the economy would be 
involved in the design and development of forms of repressive 
technology which could be used against the remainder without the 
hindrance of any countervailing force in the traditional form of a 
class-conscious, organised working class within the productive 
processes. 

A FOOT IN BOTH CAMPS 

It is against this scenario that the Lucas workers have raised the 
demand that everybody should have the right to a job, and on 
socially usefill work. If there is to be a dual economy with 
high-level and low-level sectors, then the work in the advanced 
sector should be available to, and shared out among, the whole 
labour force. No one who wants to take part should be written off as 
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incompetent or incapable, and an appropriate educational and 
training infrasmicture should be made available to all. Socially 
useful production should raise the level of interest, involvement 
and job satisfaction of workers and help to release the immense 
creativity of the work force which is at present deliberately stifled 
through Taylorism and scientific management. Work sharing 
would entail a dramatic reduction of work hours in the 'productive 
sectory leaving workers time to engage in the alternative 'unecon- 
omic service sectory. 

This is not as far-fetched as it may sound. Probably the majority 
of the population is already engaged in some form of do-it-yourself 
or voluntary activity not carried on for profit, whether it be 
community action, hospital visiting, house repairing or home 
brewing, and there is great scope for cooperative organisation in 
any such activities where group working is desirable. 

All this implies a significant shift in the way in which trade 
unions would function. F i t ly ,  it would require them to attach far 
greater importance to workplace organisation than is now the case. 
The present grudging acceptance of developments like those at 
Lucas Aerospace would have to be replaced by active support. 
Secondly, if we are to have a dual economy, the unions must be 
prepared to function in both sectors, to organise the unemployed 
and the partially employed and to expand the cooperative sector 
where traditionally 100 per cent trade unionism has been readily 
accepted. To succeed in doing this, a dramatic re-examhation of 
trade-union structures will be necessary, and the highly centralised 
authoritarian bureaucratic forms of some of them will have to be 
altered. More importantly, they could provide a bridge through 
both education and collective ba- whereby workers could as 
of right have a foot in both camps if we are going to accept that there 
will be two. In other words, they would be helping to link together 
the dual role of human beings, of producers and 
consumers. 

ON WORKERS' co 
If we look about us in Britain at the moment, we can see there is a 
serious crisis. There is a crisis of structural unemployment, our 
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National Health Service is being dismantled and even the air we 
breathe is being polluted by this system. Yet, in spite of this 
the influence of the Left is significantly small in Britain. 

When you say that to left-wing people, they have a tendency 
all seriousness, to take the view of Brecht who, on one famous 
occasion, said, with brilliant irony, 'The government has decided 
the people are wrong, therefore the people must be disbanded.' 
Some people say if only we had the French working class or if only 
we had the Italian working class we would surge forward. But we 
have the British working class with all its weaknesses and all its 
strengths - and its strengths are many. It is an experienced and 
courageous working class. 

Part of the trouble is that we don't listen to the working class 
nearly enough. When you talk to workers about a socialist society, 
they tend to ask whether there is any country where that sort of 
society exists, and that's a pretty difficult question. I wouldn't like 

I want is the one I see in the Soviet 
respects the contrary of what I 

of leaders? How would the country be 
run?' It is clear from the whole way they question these things that 
they have no intention of replacing one elite with another. They 
don't want tsars, whether they be government tsars, trade-union 
tsars or any other kind. They want a society in which they can really 
participate and use their creativity to the full. 

Now in many ways, that concept is in contradiction with the 
notion of leadership that exists in many parties and factions in the 
United Kingdom. There is the notion going around that leadership 
is declaring yourself to be a vanguard. Having said that, you then 
pursue a son of Jesuitical logic and say that if we are the vanguard it 
necessarily follows that we represent the highest level of conscious- 
ness of the working class. We are also the most dynamic in the 
working class and anybody who disagrees with us must be an 
enemy. This dogma induces political leaders to perceive their role 
as solely that of telling others what to do, since by virtue of being 
part of this elite vanguard, they know by definition precisely how 
ordinary people should behave in all circumstances and at all times. 
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The problem about this is that even if we could find leadership - 
and I certainly don't see it in Britain at the moment - such a 
leadership would deny the working class a most precious experi- 
ence. This is the self-activism and development which raise the 
level of consciousness and competence to that high level which is a 
prerequisite of social advance, that is, a really democratic society. 
Insofar as workers' control is one of the components which would 
do that, it is, in my view, importan 

I mention that particularly because of the significant developments 
in Lucas Aerospace. As a result of trying to draw an image of what 
the future of that company might be like, and an image of the 

society in which it would operate, it has been possible to be 
practically engaged in a whole series of activities. which have 
exposed our members, far more clearly than ever before, to the 
objective role of the government and many of the ministers within 
it. We have seen both the pathetic, slavish grovelling of some 
government ministers to this big multinational company in which 
they work, and the objective role of the trade-union leaders who, 
behind our backs, had secret meetings with the company to 
prepare the carve-up of our jobs. These are the same people who, 
when confronted eight years ago with our request to assist us in 
deciding what products we could be making, and how we should be 
making them, were absolutely silent. Yet they are the people who 
will tell us that they know best and will always lead us. We don't 
like that kind of hierarchy at all, whether it be in the trade-union 
movement or in political parties. 

In the course of that struggleTwe have, as well, been able to 
demonstrate in practice the non-neutrality of science and technol- 
ogy. We have been able to do it in objective circumstances through 
activity, in a way we could never have done just by reading about it, 
or by getting lectures from very profound leaders. 'I know because 
I do,' as one of the Lucas workers said, 'not, I do because I know.' 

Any organisation that provides a framework in which workers 
can be involved in that kind of activity is, in my view, an important 
and significant development towards creating the level of con- 
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When the superstructure has been changed in other countries, 
there has been a tendency to run industry precisely as before. It was 
Lenin who said how important Taylorism could be to the running 
of the Soviet Union. Now you may recall that Taylor said that a 
worker should not make improvements upon the instructions 
given to him, and this reminds me of some political leaders who 
claim that the mass has been subverted when it does not pursue the 
direct party line. 

What we are talking about is a level of consciousness which 
comes through struggle. We maintain that those who become 
separated from the base of the action and go into the superstructure 
very quickly begin to challenge the base. There is a contradiction 
between superstructure and base. In my view, any full-time trade- 
union leader, taken away from the point of production - he can be 
as benevolent and dynamic and energetic and political as he wants - 
that person, over five years or so, will change. I have seen that 
change happen among my colleagues. If we are talking therefore 
about workers' control, we have got to ensure that we develop 
mechanisms where people are continuously exposed to the contra- 
diction at the point of production itself. 

When Jack Mundy suggested that trade-union leaders should 
return to the point of production after three years and work there 
for six years before they have the possibility of becoming a full-time 
official again, he was tom apart both by the Right and the Left in 
Australia. Both these groups saw real workers' control, where there 
was rotation of function and involvement of people at the point 
where the decisions would be made, as a challenge to their power 
structures. It is worth recalling that during the Cultural   evolution 
in China (which, in spite of some horrific excesses, raised profound 
questions of the contradictions between base and superstructure) 
the workers at the Shanghai machine-tool factory said on one 
occasion that in their opinion, the most dynamic members of a 
party or class should never go into the superstructure, but should 
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stay at the base, fermenting and toppling the superstructure if 
necessary. That to me is the dimension of real industrial democracy 
and workers' control. 

COMPROMISE 

It may be that industrial democracy and workers' control, as it is 
spoken about, could represent a compromise with the system 
which oppresses us. There seems to be in some circles the idea that 
if only we could get more and more people into positions of 
authority, we might wake up one morning to find that we have five 
seats on the board against the employers' four seats and we could 
then disband it altogether. 

I don't believe for one moment that any rulin ht 
or the left, acquiesces in its own destruction. I take the view that 
there is a need ultimately for a party and for an organisation of the 
working class which can face up to that power. Although that 
would require a level of consciousness among the working class 
which we don't have in Britain at the moment, our experience in 
Lucas Aerospace is that we are developing the levels of conscious- 
ness which will make that sort of thing possible. 

I think, therefore, that insofar as workers' control can begin to 
move towards a dual power situation in industry, where the 
workers begin to flex their own muscles and be conscious of their 
own great intellects, it is of some importance. These are the people 
who design and build everything we see about us and without 
whom we could not survive. After all, you can't live in a pound 
note, you can't eat a pound note, neither can you drive around in 
one. All that we see about us comes as a result of the power, the 
ingenuity and the creativity of working people. If through workers' 
control they have the opportunity of sensing that power, of using it 
in practice and thereby understanding how parasitic and how 
irrelevant are those who control society, then workers' control will 
have been important. Insofar as it represents one challenge to the 
naked power of the multinationals in this country, it is, I believe, of 
great significance. 
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NUCLEAR POWER - THE POLITICAL DANGERS 

It is not my intention to attempt to deal with the issues of nuclear 
hazards or the wider ecological issues. I will confine myself to what 
I regard as the enormous political consequences of this type of 
technology. These political issues can and should represent a major 
rallying point for the trade-union movement. Nuclear technology 
will be an avenue to attack basic democratic and trade-union rights, 
which our movement has established after generations of struggle 
and sacrifice. 

For 300 years, our predecessors fought against the employers, 
governments and the law to establish the right to strike. Only a 
slave cannot strike! Nuclear technology will prove to be one of the 
most effective strikebreakers in history. It will be recalled that 
when previous governments, both Conservative and Labour, 
sought to deny some of these rights through industrial-relations 
policy, there was an upsurge against it. With this type of technol- 
ogy, the same sort of thing will be done by more surreptitious 
means. We will therefore be able to find a community of interest 
between those concerned about the ecological impacts and hazards 
of nuclear power, and those concerned about its impact on demo- 
cratic rights. So far, progressive forces have failed to make these 
links, and one witnesses on all sides narrow, single-issue activity, 
lacking a cohesive organisational and political framework. 

These concerns and the manner of addressing them do not fall 
into conventional left or right political pigeonholes. We find 
Margaret Thatcher's approval of the French socialist government's 
nuclear programme, and the adherence of the Soviet Union to its 
nuclear policies in spite of the Chernobyl accident. This compares 
strangely with the situation in the United States, where the build- 
ing of nuclear reactors stopped after the Three Mile Island events. 
All these countries of course continue to develop nuclear power for 
their military programmes. 

The nature of this technology will shape the society in which we 
live, and even if we could succeed in so redesigning the nature of 
that industry as to render it 'safe' in an environmental sense, it is 
unlikely that we will be able to render it 'safe' from a democracy 
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point of view. Tony Bern, an advocate of industrial democracy, 
was the minister for energy and felt compelled to use troops to end a 
dispute in the nuclear industry on the grounds that the strike 
constituted a major public hazard. It is now significant that arising 
from the public concern about nuclear power which has been 
heightened dramatically by the Chemobyl accident, Tony Bern 
and some other Labour leaders have been honest enough to alter 
their position on the nuclear-power issue and have now pressed for 
a searching and public debate on the phasing out of nuclear power 
plants in Britain. 

Once it has been established through the nuclear industry that it 
is industrial policy to prevent strikes in circumstances of this kind, 
the argument could then extend to many 1CI plants, or indeed to - almost any large plant, as we know from the recent events in the 
north of Italy. This kind of industry could do to us what anti-trade- 
union legislation has failed to do to us in the past, that is, deny us a 
most basic right - the right to strike. 

BRITISH BER UFSVERBOT 
Trade unions have always tried to prevent 
workers because of their political views. 
it will be said that to guard against terrorists, the government must 
increasingly insist on knowing the political affiliations, the intimate 
personal habits and even the bank balances of those who work in 
those industries. It will be a massive intrusion into the personal 
privacies of those who are expected to do this work, and workers 
will be denied the right to work in such industries on the basis of 
the political views that they hold. We will no longer be able to sneer 
at West Germany, with its repressive legislation. We will have our 
own, much more subtle, English forms of Berufsverbot. 

Even the communities which live around the stations will be sub- 
jected to scrutiny, in case they might harbour potential terrorists. 

For those who work in the industry, there can be no industrial 
democracy. Since the industry and its operation represent enor- 
mous industrial hazards, all actions of the workers in it are 
determined well in advance. All command systems emanate cen- 
trally, and must be obeyed at all levels. It is run on almost military 
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lines. Even the clothing that the workers wear is specified in many 
of the areas. 

One of the latest arguments is to say that we must have this 
technology because it will create new jobs for us. We suddenly find 
lots of strange allies of the working class; those convened overnight 
to concern about our right to work. We heard little from these 
people when Arnold Weinstock was destroying 60,000 jobs in 
GEC. We heard little from them when companies like Leyland 
were destroying thousands of jobs as well. In particular, we in 
Lucas Aerospace heard nothing from them when our company 
brutally reduced its work force from 18,000 to 12,000. If for a 
moment we accept that these people are genuinely concerned about 
jobs for the whole population, we would have to say immediately 
that their proposal that we need nuclear power to do this will 
represent the most expensive job-creation scheme in history. 
Probably in more senses than 

If we regard this expen s or potential 
loss of life, but simply in mic terms, it will cost 
something like Â£600,00 to create one permanent job at Sellafield. 
Yet one could create jobs in energy conservation, say in the East 
End of London, insulating houses at approximately Â£400 per job. 

LEARN TO USE THE ENERGY WE HAVE! 

I wish to state, as a trade unionist and a technologist, that I am not 
opposed to technological change. I am certainly not like some 
romantics who seem to believe that before the Industrial Revolu- 
tion, the populace spent its time dancing round maypoles in 
unspoiled meadows. I am deeply conscious of the enormous 
contribution science and technology have made towards eliminat- 
ing squalor, disease and filth. What I am totally opposed to is the 
irresponsible use of technology, and I regard it as irresponsible to 
introduce a form of technology such as nuclear power, until we 
have examined very carefully what real alternatives exist - until we 
have put as much research money into alternative forms as we 
presently put into nuclear power. Further, we must test and assess 
the long-term implications of some of the nuclear technologies at 
present being proposed. 
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Nuclear power, as we now know it, will not create the type of 
jobs we should be demanding in the trade-union movement. They 
will be hazardous jobs, hazardous for the workers and for the 
community. There will be enormous political implications in the 
social infrastructure which will be set up around these industri 
will destroy our right to strike. 

Those who work at the rank-and-file level in the 
movement have an enormous task to get these issues raised in that 
movement, and gradually to get opposition built up to it. 

ORDINARY PEOPLE 

I am frequently if I believe that ordinary people are really 
able to cope with the complexities of advanced technology and 
modern industrial society. 

I have never met an ordinary person. All the people I meet are 
extraordinary. They are fitters, turners, housewive 
line pilots, doctors, draughtsmen, designers, teachers. 
bring vast bands of intelligence, experience and kno 
daily tasks that they perform. 

Lucas Aerospace has ordinary maintenance fitters who 
London airport if a generator system is causing a problem 
whole aircraft might perhaps be grounded because of it. 0 
these fitters can listen to the generator, make a series 
simple tests - some of the older fitters will touch it in the way a 
doctor will touch a patient - and, if it is running, will be able to tell 
you from the vibrations whether a bearing is worn and which one. 

The fitters will subsequently make decisions about the reliability 
of that piece of equipment, and on that decision, the lives of 400 
people may directly depend. The decision may be far more pro- 
found in many ways than that which a medical practitioner might 
make, yet if you asked those 'ordinary people' to describe how they 
reached that decision, they could not do so in the usually accepted 
academic sense. That is to say, they would not be capable of 
drawing a decision-making tree leading to their final conclusion. 
Yet that conclusion will be right, because they have spent a lifetime 
accumulating the skill and knowledge and ability which helps them 
to arrive at it. 
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When a great politician goes on a world tour, he or she will be 
dependent, among other things, on the skill and ability of the 
people who have maintained the aircraft, those who designed and 
built it, the pilots who fly it and the traffic controllers who regulate 
its flight paths. However, all these will be completely unheard-of, 
ordinary people. 

Likewise, when we travel on a high-speed train, we are depen- 
dent on the skill and ability of those who have maintained and built 
it, the people who maintain the tracks and the people who operate 
the signalling systems. 

In everything we do, whether we are in hospital, travelling along 
a motorway or in the underground, we depend on the skill, ability, 
understanding and intelligence of so-called ordinary people. Every 
building we see about us has been constructed by people like that. 
Every car that runs along the roads has been built by them. Yet, in 
spite of all the knowledge these people demonstrate in practice, 
they are effectively excluded from the major decisions which affect 
the way their lives are run and the industries in which they work are 
organised. They are induced to believe that they are incapable of 
making the major decisions about the way society should develop. 

This in spite of the fact that everything we see about us has been 
designed and built by those people. They are deliberately con- 
ditioned to feel no association between the technology, or the 
products they have produced, and their own intelligence. 

STIC ABILITY? 

g, they do not scratch their 
name on it as an artist or a sculptor might do. They do not associate 
themselves with the building, yet it has been produced by them. 
The whole educational and political system works to reinforce 
these assumptions. We have more regard for those who write and 
talk about things than those who actually do them. We confuse 
linguistic ability with intelligence. 

Workers express their intelligence by the things they make and 
do, and the manner in which they organise themselves in pro- 
ducing these things. They have developed and utilised very high- 
level and complex communication systems among themselves. 
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When, for example, they are erecting a power station and are l i d 8  
up a turbine and generator set, the workers will go through highly 
complex decision-maw routines, and communicate these de- 
cisions to each other with crisp, simple sentences. An instruction 
manual on how this is done could be a vast technical work. If YOU 

hear two 'intellectual workers' talking about these procedures, 
they frequently have to go into great detail and describe these 
matters in a language of great complexity. 

It seems to me, therefore, that if we are effectively to question 
the way science and technology are developing, and do it in such a 
manner that we involve masses of people in the process, avoiding 
the dangers of elitism (which are as dangerous from the Left as 
from the Right), we shall have to organise our iffairs so as to release 

. the tacit knowledge of these workers. 
Further, we shall have to organise our decision-making routines 

intelligence and experience of these 
silence by academic rambling 
deliberately confusing overcomplexi 

tions are of profound and 
issue of democracy itself. If we hold it to be desirable that our 

structures which cater for this. 

your words be so direct and clear and simple that the ideas they 
represent flow through ordinary people's consciousness as natural- 
ly and as easily as the wind and the rain flow through the woods.' 
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COULD WE USE SCIENCE DIFFERENTLY? 

I have suggested earlier that science and technology are not neutral, 
but reflect the economic base which gave rise to them. If this is 
correct, then the usdabuse model will be inadequate to explain the 
contradictions we see in technologically advanced society. We shall 
have to probe deeper. 

Technological change has certainly been used, not merely to 
increase productivity, but to extend control over those who work 
within those processes. Further, D. I?. Noble has brilliantly 
demonstrated that engineers, in the application of science and 
technology, have been serving and advancing the cause of corpor- 
ate capitalism. 

I have questioned whether the means of production so developed 
would be appropriate in a society where human beings could 
develop their potential to the full, even when the ownership of the 
means of production is 'in the hands of the people'. 

Science as practised in the technologically 'advanced' nations, 
and I would include here the so-called socialist countries, shares 
with Taylorism the methodological assumptions of predictability, 
repeatability and quantifiability . 

If one accepts these to be tenets of the scientific method, it then 
follows that to be scientific implies eliminating human judgement, 
the subjective and uncertainty; yet skill, in the intellectual and also 
in the manual sense, can be closely related to the ability to handle 
uncertainty. Skilled work, we may say, is work of risk and 
uncertainty, whereas unskilled work is work of certainty. The 
contrast between a skilled turner using a universal lathe and an 
unskilled worker on a numerically controlled machine will illus- 
trate the point, as will the contrast between a conventional designer 
and one using a designmanual type of computer-aided design 
system. Further, the exercise of skill is an important learning and 
developing process. If we regard it as desirable to enhance human 
skill and ability, we have to design systems which are responsive to 
human judgements, and which respond to the persons using them 
rather than acting upon them. The telechiric devices described 
earlier begin to address this problem. Other ideas are beii 
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explored which in embryo start to point the way to a human- 
enhancing, liberatory form of technology. Two examples only will 

ing is one of the most highly skilled jobs of all. The historical 
tendency, certainly since the war, has been to deskill this function 
by using numerically controlled machines. This is done by part- 
programming, a process by which the desired numerically con- 
trolled tool motions, are convened to finished tapes. Conventional 

+ (symbolic) part-programming languages require that a part- 
programmer, having decided how a part is to be machined, 
describes the desired tool motions by a series of symbolic com- 
mands. These commands are used to define geometric entities, that 
is, points, lines and surfaces which may be given symbolic names. 

In practie, the part-programming languages require the oper- 
ator to synthesise the desired tool motion from a restricted available 
vocabulary of symbolic commands. However, all this is doing is 
attempting to build into the machine the intelligence that would 
have been exercised by a skilled worker in going through 
process. 

It is possible, by using computerised equipment in a symbiotic 
way, to link it to the skills of a human being and define the tool 
motions without symbolic description. Such a method is called 
analogic part-programming.2 In this type of part-programming, 
tool-motion information is conveyed in analog form by turning a 
crank or moving a joystick, or some other handleye coordination 
task, using readout with precision adequate for the machining 
process. Using a dynamic visual display of the entire working area 
of the machine tool including the workpiece, the fixturing, the 
cutting tool and its position, the skilled craftsman can directly 
input the desired tool motions to 'machine' the workpiece in the 
display. 

Such a system, which may be described as part-programming by 
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doing, would represent a sharp contrast to the main historical 
tendency towards symbolic part-programming. It would require 
no knowledge of conventional pan-programming languages, be- 
cause the necessity to describe symbolically the desired tool mo- 
tions would be eliminated. This is achieved by providing a system 
whereby the information regarding a cut is conveyed in a manner 
closely resembling the conceptual process of the skilled machinist. 
Thus it would be necessary to maintain and enhance the skill and 
ability of a range of craft workers who would work in parallel with 

has been carried out in this field? yet, in 
spite of its obvious advantages, it has not been received with any 
enthusiasm by large corporations, or indeed funding bodies. This 
would appear to be an entirely political judgement rather than a 

underlying assumptions of the 
computer-aided design systems. He charges that the present tech- 
niques fail to exploit the opportunity which interactive computing 
can offer. The computer and the human mind have quite different 
but complementary abilities. The computer excels in analysis and 
numerical computation. The human mind excels in pattern recog- 
nition, the assessment of complicated situations and the intuitive 
leap to new solutions. If these different abilities can be combined, 
they amount to something much more powerful and effective than 
anything we have had before. 

Rosenbrock objects to the automated manual type of system, 
since it represents, as he says, 'a loss of nerve, a loss of belief in 
human abilities, and a further unthinking application of the doc- 
trine of the "Division of Labo~r".'~ 

As in the case of turning, described above, Rosenbrock sees two 
paths open in design. The first is to accept the skill and knowledge 
of the designer, and to attempt to give designers improved tech- 
niques and improved facilities for exercising their knowledge and 
skill. Such a system would demand a truly interactive use of 
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computers in a way that allows the very different capabilities of the 
computer and the human mind to be used to the 

The alternative to this, he suggests, is 'to sub 
the design process, incorporating the knowled 
designers so that it is reduced to a sequence of simple choices'.' 
This, he points out, would lead to a deskilling, so that the j 
be done by a person with less training and less experience 

Rosenbrock has demonstrated the first human 
alternative by developing a CAD system with graphic output to 
develop displays from which the designer can assess stability, 
speed of response, sensitivity to disturbance and other properties 
of the system. (See Figure 17.) 

If, having looked at the displays, the u ith the 

Fig. 17. Graphic display of mathematical functions. 



Architect or Bee? 

performance of the system, the displays will suggest how it may be 
improved. In this respect the displays carry on the long tradition of 
early pencil and paper methods, but of course they bring with them 
much greater computing power. Thus, as with the lathe and the 
skilled turner, so also with the V D U and the designer: possibilities 
exist of a symbiotic relationship between the worker and the 
equipment. In both cases, tacit knowledge and experience are 
accepted as valid and are enhanced and developed. 

In Rosenbrock's case, it was necessary to examine the under- 
lying mathematical techniques involved in control-systems 
de~ign.~ The outcome of his work does demonstrate in embryo that 
there are other alternatives if we are prepared to explore them 
before we close off options - the 'Lushai Hills effect'.' 

HUMAN-ENHANCING 

These examples have been cited to demonstrate that it is possible so 
to design systems as to enhance human beings rather than to 
diminish them and subordinate them to the machine. It is my view 
that the development of systems of this kind, however desirable 
they may be, will be fiercely opposed and vigorously suppressed 
since they challenge power structures in society. Those who have 
power in society, epitomised by the vast multinational corpor- 
ations, are concerned with extending their power and gaming 
control over human beings rather than with liberating them. 

It is not suggested here that engineers who design conventional 
systems are hideous fascists who deliberately engage in this design 
in order to subordinate others to the control of the machine and the 
organisations that own the machine. What I am suggesting, how- 
ever, is that they are dangerously mistaken in regarding their work 
as being neutral. Such a naive view was ruthlessly exploited in the 
Third Reich as Albert Speer pointed out in his book Inside the Third 
Reich: 'Basically, I exploited the phenomenon of the technician's 
often blind devotion to his task. Because of what appeared to be the 
moral neutrality of technology, these people were without any 
scruples about their activities.' 

Science and technology are not neutral, and we must at all times 
expose their underlying assumptions. We can, at the same time, 
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begin to indicate how science and technology might be applied in 
the interests of the people as a whole, rather than to maximise 
profits for the few. 

But it is not only the scientist and entrepreneur who must be 
more responsible. One of the saddest things for me has been the 
inability of the trade-union movement to foresee the impact that 
new technology would have on the unions as institutions, and 
particularly on their members. Even more distressing was the 
unwillingness even to discuss the issues in any meaningful way; 
and finally, when the Lucas workers sought to do something, it was 
deplorable to witness the manner in which the trade-union 
bureaucracy (with a few honourable exceptions) converged to 
undermine what they perceived to be an 'oppositional movement'. 
Furthermore, they lost a unique opportunity to show that the 
trade-union movement could modify and transform itself, in the 
terms of Wainwright and Elliott, into 'a new trade unionism in the 
making' .8 

The opportunity was there to demonstrate that they were con- 
cerned about environmental issues, that they were concerned 
about the communities in which their members worked, and not 
just their members, and that in dealing with some of their own 
problems of growing structural unemployment they could use their 
skills and talents to support less fortunate sectors of the commun- 
ity. They lost a tactical advantage which allowed Thatcher subse- 
quently to portray the unions as entirely selfish, inward-looking 
organisations lacking in compassion and concern. 

However, even at the level of narrow self-interest, they failed to 
grasp the opportunity to organise their affairs and mobilise their 
strength to be one step ahead of the multinationals in defining the 
types of human-centred technologies that they required, rather 
than slavishly reacting to steps the employers had already taken. 
The basis existed in the Lucas Workers' Plan for avoiding, or at 
least preparing for, a Wapping-like situation. That possibility still 
exists for many engineering workers and those in a range of 
white-collar and administrative areas, but time is not on their side. 

Trade unionists, socialists, liberals and humanitarians are now 
beginning to pay the price for ignoring technological development. 
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Some have been obsessed with the contradictions of distribution to 
the exclusion of an ongoing concern about the contradictions of 
production. Others are not interested in 'industry' except in a 
voyeurist fashion and many seem to believe that the world can be 
composed entirely of well-meaning sociologists. 

A deep analysis of the form and nature of technology is required, 
together with a recognition that whether we like it or not it does at 
this stage constitute a leading edge in society in rather the same way 
religion did at earlier stages. 

There is evidence that the Lucas Workers' Plan has contributed 
- at least to a meaningful discussion - on some of these issues, and 
in trade-union terms, it does represent quite a shift forward. The 
International Metalworkers' Federation, which represents over 
150 unions in some seventy counmes, has produced a report in 
seven languages which it is distributing free of charge in order that 
these discussions may take place among its mernbershi~.~ 

There is no doubt that at the political level, the developments in 
the GLC in setting up the Greater London Enterprise Board were a 
further expression of the ideas formulated at Lucas. The Lucas 
Workers' term 'socially useful production' is now in the life stream 
of large sections of the political movement.1Â The technology 
networks, for all their unevenness and considerable difficulties, 
represent an important step forward for that concern in the Lucas 
Plan, the democratisation of science and technology, and the 
involvement of large sections of the community in defining the 
types of products and services they require.ll Although these 
activities were to take place at a local and even individual factory 
level, they were to be part of a wider scheme as set out in the 
London Industrial Strategy,'* and based on the skills of the people 
of London as set out in the Labour Plan.13 

These were but the job-creation and socially useful production 
aspects of the plan permeating the political body. In parallel, there 
was a paradigmatic shift in our concept of how systems might be 
designed in a human-centred way. An outgrowth of the earlier 
Rosenbrock work described above was the two-year programme to 
design and develop a human-centred lathe in which the qualitative, 
subjective elements would be handled by the operator and the 
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quantitative elements by the machine. Such a control system and 
its interface were developed at UMI ST.14 

This in turn laid part of the basis for the GLEB-sponsored 
SPRIT project to design and build the world's first human- 

tred computer-integrated manufacturing sy~tem.'~ Discussion 
th colleagues in other countries since the late 1970s has gradually 

built up a network of engineers, scientists, philosophers, research- 
ers and social scientists who are now working on these ideas from 
a theoretical level through to very practical projects. Some of them, 
like Peter Brodner, are discussing how we might conceptualise the 
factory of the future - an anthropomorphic factory - described in 
his vitally important book which I hope will soon be available in the 
English language.16 Given the deluge of quasi-expert systems, 
arrifirial-intelligence software tools and frameworks for fifth- 
generation systems, it is important to have a forum where these 
matters can be discussed at both a theoretical and practical level, 
and Rajit Gill and others (including the author) have founded the 
journal A I and Society - Human Centred Systems Journal. l7 Like- 
wise, international bodies dealing with computerisation are setting 
up social effects committees to analyse the multiplier effects of 
technology, and the International Federation of Automatic Control 
is a good example of this. 

These all constitute important developments which I hope will 
converge adequately to produce visible and meaningful altema- 
tives before an infrastructure of machine-based systems, with its 
attendant reconditioning through 'training', permanently closes 
off options for human-centred technology in rather the same way as 
a similar option in respect of skilled manual work was closed off 
around the fifteenth and sixteenth centuries. 

The rate of technological change suggests to me that we have a 
mere fifteen or twenty years in which to do so, otherwise we will 
find, as an artificial-intelligence expert put it recently on British 
television, that humans will have found their natural place in the 
evolutionary hierarchy. Namely animals at the bottom, human 
beings in the middle and thinking machines at the top! 

The future is not 'out there' in the sense that a coastline is out 
there before somebody goes to discover it. The future doesn't have 
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predetermined shapes and forms and contours. The future has 
to be built by people like you and me and we do have real choices 
hope the ideas contained in this book will have highlighted at 1 
some of them. 

The choices are essentially political and ideological rather th 
technological. As we design technological systems, we are in 
designing sets of social relationships, and as we question th 
social relationships and attempt to design systems differently, 
are then beginning to challenge, in a fundamental way, power 
structures in society. 

The alternatives are stark. Either we will have a future in w 
human beings are reduced to a sort of beelike behaviour, reac 
to the systems and equipment specified for them, or we will have a 
future in which masses of people, conscious of their skills and 
abilities in both a political and technical sense, decide that they are 
going to be the architects of a new form of technological develop- 
ment which will enhance human creativity and mean more freedom 
of choice and expression rather than less. The truth is, we shall 
have to make the profound political decision as to whether we 
intend to act as architects or behave like bees. 
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