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The Organisation for Economic Co-operation and Devel-
opment (OECD), was set up under a Convention signed
in Paris on 14th December, 1960, which provides that the
OECD shall promote policies designed :

to achieve the highest sustainable economic growth
and employment and a rising standard of living in
Member countries, while maintaining financial sta-
bility, and thus to contribute to the development of
the world economy ;
to contribute to sound economic expansion in Member
as well as non-member countries in the process of
economic development ;
to contribute to the expansion of world trade on a
multilateral, non-discriminatory basis in accordance
with international obligations.

The Members of OECD are Austria, Belgium, Canada,
Denmark, Finland, France, the Federal Republic of Germany,
Greece, Iceland, Ireland, Italy, Japan, Luxembourg, the
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland,
Turkey, the United Kingdom and the United States.
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Introduction

The regional traOe union seminar on Education and
Training for the Metal Worker of 1980 was organised by 0.E.C.D.,
at the request of the Trade Union Advisory Committee, as part of
its Programme of Activities for Employers and Workers. The
subject chosen was considered as a follow-up to the International
Conferences on Manpower Aspects of Automation and Technical
Change (Zurich, February 1966) and Methods of Adjustment of
Workers to Technical Change at Plant Level (Amsterdam, November,1966).

The seminar, which was attended by trade union represen-
tatives from Belgium, Germany, the Netherlands, Sweden,
Switzerland and the United Kingdom, was held in Paris from
Sth-llth October, 1968. Its purr,- ,rst-- to co/Isidor
what would be the ta; s the in Metal

1980, particularly in two branches, machine tools
and the automobile industry, as a result of the rroduction
processes and management methods which would bt _a ,ae at that
ftme; and secondly, to consider what sort of and
general education would be needed by young peopE-i-z

. w entering
school, to meet the demands of these jobs and o_ sn.A.ety in
1980.

The final report on the seminar, issued ore volume
only, contains a summary of the discussion by Jcseph Moon,
Principal Training Officer, Engineering Industry Tr-aining
Board, United Kingdom, the full text of the reporl-., prepared
for the seminar by the rapporteurs, and the statmments by the
employers* representative Mt. E. Boursier, and tAn T,U.A.C.
representative Mr. Charles Ford. A list of thccei, taking part
in the seminar is also Included.
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SUMMARY OF THE DISCUSSION

by Joseph MOON
Principal Training Officer,
Engineering Industry Training Board,
United Kingdom.

"When planning for a year - sow corn. When planning
for a decade - plant trees. When planning for life -
train and educate men."

Kuan Tsu 3C. B.C.

This conference on education and training for the metal
worker in 1980 can be seen as part of the series to consider
technical change, and the interdependence of technical

innovation and the development of people. An earlier n.E.C.D.
conference stated "the common view is that technic
offers the potentials for a better life, but the bene--cs -aye
to be enjoyed and the costs have to be minimized if the ultimate
gLals are to be realized". One ought to be concerned with
managing the changes so that 'ale optimum benefits for the

individual and society can be obtained. Education and training
clearly have important parts to play in this.

areas:
The conference concentrated its attention on four main

Productinn Processes and Management Methods.

- Future Work Duties and Job Profiles.

- General and Vocational Education.

- New Training Systems and Methods.

which were considered in the context of the automobile and
machine tool industries. These were chosen because of their
central importance to industry. They also appear to show the
diversity of the manufacturing situation. The automobile
industry is based oa mass production techniques Whilst the
machine tool industry is related to other technical developments

and reflects requirements found in all sizes of batch manufacture.

Machine Tool Indus=

The machine tool industry In Europe tends to be centred
In medium and smaller size firms, which provid.4 mainly specialized
equipment. The same situation exists in the Un'.ted tes.
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It seems that this size of firm may remain in the machine tool
industry. Speakers emphasized that it was impossible to obtain
any reliable forecast of trends of output by the simple extra-
polation of economic trends and this view was widely shared by
all present. The most significant organisational and technical
trends lie in the application of numerically controlled machine
tools. These are now being used in the smaller firms, as they
may give greater flexibility to production loading even in
smaller batch manufacture. They are no longer regarded as
equipment suited solely for larger firms.

As data processing gains wider acceptance in companies,
organisational requirements may well have a bigger effect on
manpower requirements than technological innovation. Moves
toward complete integration f manufacturing processes and
control may take eight to ten years to achieve from the poinx of
inception, but it is possible however to develop such systems
In stages. Computer controlled systems are already being
developed now in which every aspect of the manufacturing process
has been studied in great detail and procedures developed to
handle minor variations. These cover requirements from the
initial demand in materials preparation, work loading, tooling
requirements, automatic transfer of materials and pallets,
automatic operation of machine tools, cutter changes, swarf
removal, re-setting of workpieces and the loading and unloading
oi finished work. Such computer controlled systems apply not
only to mass production, but also to batch production (Williams
of the Molins Machine Co. Ltd. of Great Britain, has pointed out.
that the level of capital investment needed to make the enormous
savings in 7unning costs his company made by computer controlled
manufacture, is little more than the investment required for a
manual facility. "In fact when buildings and ancillary
services connected with large numbers of people are taken into
account, the investment for a given level of output will be
lower for Computer SYSTEM 24 than for a conventional plant, even
with double shift operation.")

Such integrated design and manufacturing systems underline
the need to undertake much more careful manpower budgeting and
training within companies, resulting in most cases in a need
to increase the number of technicians and sometimes to a
reduction of craft skills.

'7
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What emerged clearly from overall discussion was that there
will be a training requirement affecting nearly all employees,
which must start from the top and reach down throughout an
organisation when integrated manufacturing systems are to be
introduced.

Professor Simon explained one method currently being
Investigated at Berlin Technical University to measure the
technical, economic and sociological factors Involved in
introducing such systems, and the general approach is described
in his paper. It was hoped to provide more accurate forecas-
ting techniques baserl on these studies.

Delegates were interested in a comparison of manufactu-ing
trends especially within Comecon countries. Professor Simon
pointed out the tendency towards rationalization and standar-
disation of machine tool manufacture within Eastern Europe
due to the type of regime. Concentration within the machine
tool industry was also occurring within the United Kingdom
although this was imposed largely by the industry itself.

Considerable doubts were expressed about the usefulness
or accuracy of quantitative manpower forecasting when membership
of economic groupings and developments concerning a technological
community were uncertain. Professor Simon felt that one could
deal with this in mathematical terms by expressing the limits
within which the model had been developed for varying conditions.
He suggested also that the United States would probably become
much more export minded in future. At the same time, Comecon
countries might attempt to "dump" machine tool surpluses when
the basic needs of the Eastern European market had been met,

In considering national and international trends it
was interesting also for the delegates to note the growing
number of small firms in both the United States and Germany
using numerically controlled machine tools. It was emphasized
that such equipment was not necessarily found only in large
companies, nor was it peculiar to the requirements of larger
companies.

AutorNbile Industry

The automobile industry is of special interest because
of its dependence on mass production techniques related to a
large consumer market. However, it is doubtful if the general

9



distinction drawn in the conference between the automobile Indus-
try or machine tool industry and engineering i really a tenable-.-
one. Batch size of manufacture_is only one consideratIon in the
production process and other factors may prove more important
and have greater effects on change of work pattern for the
future metal worker. One of the more obvious factors is the
introduction of new materials. A plastic gearbox housing for
motor cars has already been successfully produced and used in an
experimental vehicle and it is certain that many components
which today are still manufactured from metal will certainly be
made from synthetic materials in the future.

Major changes are also likely to take place to substitute
the generally wasteful processes of metal cutting in favour of
other processes such as metal forming, powder metallurgy,
plastic deformation of solid raw materials, high energy rate
forming, electron beam machining, electro-mechanical and
electro-chemical machining. The likely result of these process
changes will be a lesser emphasis on menual skills, with a
correspondingly increased emphasis on knowledge and judgement
required by employees.

Coupled with process change, is the potential for
increased accuracy of manufacture. Professor Koenigsberger
maee the interesting observation "it is possible to improve the
accuracy to which the ma,-;hine tool can produce its pieces
without increasing the =ccuracy with which the machine itself
has been manufactured".

The concept of modular machine tools permitting the
assealbly of functional process units into various arrangenents
will clearly call for a different pattern of skill and
knowledge requirements - on the whole fcr multi-skilled
employees.

However, the biggest change which is likely to take place
in the industry, lies in the distinct probability of developing
integrated manufacturing systems. Computers will play a
significant role in these being used both in the design and
planning stages and throughout all the production phases of
quality, process and production control.

Little doubt was felt by conference members about the
importance of such systems gaining wider use. The idea of
integrated manufacturing systems, stressed in this part of the

9
10



conference, laid great emphasis on the organisational changes which
will inevitably come about. Technical changes of this kind will
no longer involve the replacement of a few obsolete machines with
more modern ones, but more frequently the need to modernize the
firm completely. It will tend to place a greater premium on
knowledge at all levels of the organisation. This will also
be accompanied by a transfer of responsibility downwards in the
organisation for tasks or decisions which today may be considered
the prerogative of management. For example, with the high
capital and running costs of such systems an employee must
cloarly know what to do and be given the respor3ibility to
act quickly and make decisions when a machine breaks down.
Overall no doubts remained about the need for planned training
to ensure the effectiveness and economies which such integrated
systems can bring about. Training was necessary at every level
supported by on-going education programmes.

It was suggested that the demands for craftsmen will be
fewer but that their work would have to be of the highest
quality. The need for technical staff would also grow in most
organisations, and this would call for a most careful appraisal
and utilization of the available manpower. It is realized in
some companies that many existing employees have the qualities
and aptitudes for further development if they are given suitable
educational programmes to help in up-dating their skills and
knowledge. This recognition led to the conclusion that it
was necessary to have manpower policies which would positively
aid upward mobility. It was quite clear that modern aids to
learning must be utilized to the full to enable Individuals to
roach their potential. This latter point becomes increasingly
important when we consider the position of the older worker and
the possibility of designizg jobs especially for them.

It was on this point thett worries were expressed by
Mr. Javaux and Mr. Mage. Whilst many younger men had the
opportunity to learn, the situation of men over 40 years of age
needed special consideration. It was not clear, for example,
how one could deal with those employees lacking the intellectual
ability to learn. In spite of the goodwill of some employers,
they doubted also Whether craftsmen wanted to carry out the sort
of menial, repetitive and uninteresting work which became
increasingly available in some companies, even when the pay wits
the same as for their previous more lateresting jobs.

.0
Ats.
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Professor Koenigsberger stressed the need to seek to
develop and upgrade everyone, and suggested that shortage of
manpower was the greater risk in industry in general. It was
necessary to start planning now so that the new skills needed
in future within the labour force could be developed.

A practical difficulty evidenced in the United States
was the unwillingness of some managements to divulge their plans
bee:ause of its possible effects on their competitive position.

M. Casserini pointed out that this could only be dealt with
satisfactorily by the Unions themselves having positive policies
towards these problems.

The discussion on M. Astromts paper centred round the
important question whether society necessarily wanted the sort
of technical change which was taking place, and what role the
Trade Union movement might best play in forming the society of
1980. This was an important question which we should keep
under review.

It was at this point that the question of job satisfaction
occupied a great deal of discussion. Dr. Corlett stated that
we did not know enough about the factors related to such satis-
faction. Consequently we were in a difficulty in setting up
industrial organisations to deal with technological innovation.

Bo Jonsson put a different viewpoint by suggesting that
Trade Unions should help to shape the direction of change and
that the key to the subject lay in using the latent talents of
people much more effectively. Trade Unions should seek to
break the presert monopoly of education and offer greater
educational opportunity to everyone.

Whilst these views were generally endorsed, the method
of bringing about such policy changes was queried. The
Inclusion of education and training opportunities alongside
wage bargaining was rarely considered. Few Trade Unions
appeared to have adequate policies on this point.

Changing Work Duties and Job Profiles

Trends can be seen in A number of countries affected by
the impact of new technology, Which indicate, quite clearly, that
many of the present skills are inadequate for future needs.

Trades and jobs currently found in the metal working industry
will disappear, due to a variety of factors. Amongst these

12



there will be changes in the raw materials and in the methods by
which they are shaped, formed and used. There will be changes
In organisation arising, not only from managerial innovation,but also from the social demands of employees. Peter Vos
omphasized that "even lf we can identify with any accuracy, job
profileJ for the future arising from technical demand, it might
not meet the aspirations of the population. A possible
solution might be to adapt job structures to the availalbelabour force".

One speaker told of how his union, In negotiation with
management, had indicated that certain jobs would no longer be
performed by their members or any employees. This was because
the jobs had been so subdivided and deskillea that the resultingwork gave little satisfaction to the employee. This point was
brought home by a film taken in the factory of a leading carmanufacturer. This showed on the one hand highly mechanized
production in which the "semi-skilled" worker was a link In thechain of a continuous production process. Everyone watchingThe film felt uneasy that such work was necessary, involving,
as it did, a minimum .)f knowledge and the use of the worker
largely for his muscle power and little else. The work also
appeared to be carried out In very noisy conditions in which
any form of social contact with other employees was extremely
difficult. On the other hand one could not fail to be Lmpressed
by the general ingenuity of the manufacturing arrangements, which
were clearly dependent on a large number of technicians and more
ancillary staff concerned with design, maintenance and controlfunctions. Whilst it was suggested that some "semi-skilled"
people woald not object to this type of continuous machine
minding activity, the general view was that insufficient
thought had been given to the problem of how to get rid of
such jobs. It was not enough merely to respond to technological
change by creating such jobs - Trade Union leaders ought to try
to influence trends and to anticipate such developments. Whilst
profitability might be the final criteria, safety and human
aspects of work were areas where Trade Unions needed to be much
more interested and to plan &head. It was equally clear that
those trained for such limited single jobs might be unable to
cope with subsequent change.

Social scientists are beginning to be concerned with theidea of "task alienation" involving the alienation from the
,
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activity itself, as well as the lack of opportunity for some

employees to have a chance .1f determining the factors in the

job in which they are employed. Individuals do not necessarily

accept that jobs should te, or need to be designed in the way

in which they are currently structured. It was pointed out,

however, that jobs are defined primarily as a result of techno-

logical change. One possible method of dealing with this is by

the idea of the broadening of jobs as a deliberate policy - i.e.

job enrichment. Evidence is becoming increasingly available

that if a job is made more meaningful and interesting employees

will respond by doing better and more efficient work. The

question of how to make jobs more meaningful and how to structure

organisation tc achieve this becomes important. It is doubtful

whether we have enough knowledge of social organisation at work

to be able to do this in any very ordered way at present. Some

attempts have been made to design equipment having regard to the

available labour force and its potential for training. It seems

likely that the nearer we get to integrated manufacturing systems

the greater will be the responsibility for decision-making made

upon employees in the organisation. It is, therefore, important

that their jobs ere structured in such a way to ensure that the

responsibilitlea given to them are within their capacities.

Various other approaches were also considered. It would

appear that individuals with a wider range of skills and

knowledge at their command can adapt to changing requirements

nore readily. One way of achieving this is by manpower policies

encouraging upward mobility. Vernon Jirikowic suggested that

"this was necessary in its own right, because of the need for

increasing knowledge in the context of most jobs in industry in

the future". He also suggested that it might be necessary "to

create opportunities to learn by collective efforts". Whilst

Trade Unions have in the main probably concentrated their

bargaining power by seeking general improvements in pay and

conditions of work, they have possibly undervalued the changes

which they could bring about by placing greater emphasis on

continued education and training into adult life. The idea

of negotiating conditions for vocational training and education

is one which is worthy of much deeper investigation. If,

for example, it were a requirement that employees should be

allowed to proceed in education as far as their abilities

allowed them, there is little doubt that the pressure generated

14



for higher technical studies would result in new and improved
entry arrangements to further study in higher technical
institutions and universities. Fritz Hauser placed importance
on providing a broader vocational training as a base from which
to develop skills later on. It did not seem to matter whether
parts of the basic training were immediately utilized at the
individual's workplace. The basic training was much more
concerned with ideas of how items are made, how work is
organised, about safety factors and attitudes to the manufac-
turino procedures. M Casserini reminded those present that
the position of women in employment should also be remembered by
Trade Unions. Whilst seeking improvements for men we needed to
be clear whether we alsr, wanted equality of opportunity for
women in both education and training.

Mr. Cowan also emphasized the need to design jobs
instead of letting production requirements dictate them. He
emphasized that technical and social systems are governed by
different rules but are nevertheless dependent on one another.
Unfortunately many production engineers in industry seem
pre-occupied with the technical problem and fail to understand
the possibility of optimising both the social and technical
requirement.

He suggested that the possibility of setting objectives
for workers might offer another approach to the problem of
employee satisfaction. Such techniques are now reasonably
well known at the management level, but represent a fairly
novel approach for other roles in organisations. Objectives
for workers could possibly Involve agreements on standards
some of which could be expressed numerically and others which
could be expressed qualitatively. Although there appear to
be administrative difficulties in applying such procedures at
shop floor level, early experimental work is encouraging.
Development of this idea of setting and agreeing objectives
for employees seems Important and worth detailed Investigation.
On the whole, organisetions which have developed the concept of
management by objectives and corporate planning have tended to
be successful. If it is possible to transfer and adapt this
concept elsewhere In the organisation, it may represent one of
the most significant techniques to be developed in employment.
Strong doubts were expressed about the methods and administrative
arrangements Which would need to be set up for such an idea to be
brought into use.
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Whilst it is very dA-ubtful whether one can predict job
prattles, it is necessary to have manpower policies which deal
with change. In view of the changes which seem likely to take
place in the next decade, Trade Unions might play a more active
part in ensuring that policies are developed concerning manpower
budgeting, job design and the provision of additional skills
and knowledge for employees. Mr. Leiss objected that too many
of present Trade Union policies were related to repairing defects
in the industrial set up, instead of being planned with long term
alms in mind involving technical, organisational and social
change.

The unifying thread of the conference centred around
general educational needs for the future. Many differing views
were expressed about the organisation and methods employed by
educational institutions. Inevitably, philosophical views
abcut education were put forward by some speakers. In spite
of the different standpoints from which the subject was viewed,
1-anging from the strictly utilitarian to the idealistic, it
seemed totally agreed that narrow specialisation In education was
unacceptable, even for labour market survival. Whilst a narrow
education and training might fit someone for their first job, it
was clear that it could not sustain them for future needs. One
must try to anticipate the sort of society In which peoPle might
live and work in the future and it was evident that this would be
different from today. Therefore to educate and train merely
for today's needs would be to opt out of our responsibilities.
It was clear that the demands of the working environment on
employers would be greater in the future and would call for
greater knowledge, recognition and judgement.

Quite apart from the working environment, the general
social environment in which people would live and of which they
needed to have knowledge, would be much more diverse than today.
This was largely due to improved methods of communication and
travel, Which not only generated but also emphasized the need
to understand different cultures, social organisation, political
systems and values. Developments in international trade and
economies, in political groupings of ccuntries all had increasing
Impact on the society In which we live and of which we neecled
much more understanding. It wou2d lead to greater demands in
the arts of communication and of general improvement in literacy
nd a better understanding of concepts and measurements which can
Went be expressed numericall3115
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Whilst this analysis of the situation seems to be accepted
and has been recognized by others in the past, one of the major
problems is the need for action and changes in policy and pro-
cedures to deal with the situation. The first such change must
be the recognition of the need for an enlarged case of education
at the secondary level which reflects the need for "environmental
education" - that is one which take account of needs of present
and future environments. These environments are not primarily
concerned with the machine tool or automobile industries but
are certainly concerned with a technologically based society.

The biggest changes in policy are probably related to
methods of learning as opposed to those of teaching. They
emphasize the need for education to be pupil-centred not school
or subject-centred. It may indicate a need for more Involvement
of parents In the educalAve process. There is certainly a need
for further professional training of teachers to enable them to
understand the new environments Which are evolving and enable
them to help in the development of their students.

It is clear that substantial changes In the pattern of
industrial training are also taking place in Western Europe.
These are much more radical than just a general tidying up of
the apprenticeship system. The idea of a broader base to
education is complemented by similar trends in industrial
training. The conference considered the changes taking place
by the Introduction of the module system of the Engineering
Industry Training Board of Great Britain and by the German
Three Steps System described by I.G. Meta31. Both systems
involve a breakaway from the traditional concept of apprentice-
ship. They are similar in that both provide a broadly based
training in engineering practices. The German system then
adds a super structure based on a performance grading of trainees.
Georg Benz emphasized that In spite of the changes proposed by
the Step System he saw it only as a partial reform. Changes
were needed jointly in both secondary education and Industrial
training. Whilst their plan still needed approval, he foresaw
that it could be adapted and enlarged for the training of
technicians and, perhaps later, for adult training. He saw also,
that it could have a counterpart In training for commercial work.

The British system is more radical than the German,
involving supplements of skill, education and training after
basic training(so called modules) . These enable adaptation to

ie
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technical change and help new manpower need to 1:: met. The
module system allows for different learning -r-ates for individuals
rather than imposing arbitrary time scales f,Jr ach-evemen.- of
standards. It also provides a structure bradging all jot
boundaries by enabling the training of multi ski_led craftsmen.
Such craftsmen are eAabled by this system to add to their skill
and knowledge as the need arises in adult life. Interest was
shown in these new developments. However, particular doubts
wer ,:p. raised about the way in which existing trade structures
would be altered and whether performance standards were best
dealt with centrally. It was recognized that the-e developments
in Germany and Great Britain should be closely watc.ed by other
countries as they represented a marked break from traditional
approaches to craft training.

One objection to the British system (and possibly to the
German) is that some part of the basic training which is
concerned with the transition from school to work might, with
advantage, be better rooted in general education and developed
within educational institutions catering specially for post
school needs. Such an arrangement, with suitable adaptation,
could enable the year before Immediate employment to be much
more meaningful. Its alms need not necessarily be craft
centred but could be cultural and social as well as economic.

Nevertheless, the concept of the module system certainly
meets the central objection to the idea of retraining put
forward by Seymour that:

"The most Important step to achieve by 1980 in the
retraining of industrial workers is the abolition
of the idea of retraining all together. We should
have become so accustomed to training in industry
that we do not think in terns of training and
retraining but training and move training".
Seymour suggested that the emphasis in future wo7-k will

be laid on recognizing essential cues in the work situation. How
one knows when and what to do will become more difficult. What
one has to do, will tend to become easier. Control sk11,-,,
fault diagnosis and skills of communication are likely to be
Increasingly necessary at work. These emphasize that training
needs to be system-based and to use the increasing repertoire of
educational and training technology. The idea of "system" in
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1. The need for manpower policies and budgeting at
plant level. These should be co-ordinated with
other policies such as capital investment so that the
education and training needs of the labour force can
be identified.

2. Manpower policies at plant and national levels should
be designed to bring about upward mobility of employees.
Further education and training will be a necessary
complement to this and will help to prevent the
further widening of the educational and training gap
between generations.

At the same time research is needed in the social sciences as
well as in the physical sciences to discover ways of improving
policies and methods, so that they are kept under constant
review. "Good judgement requires more than correct opinions;
on these topics it also requires that these shall be opinions
on the right subjects".

It may well prove necessary for trade unions in particular
to review their tactics and strategy so that they may influence
the development of policies and plans for education and training
at national and plant levels. It seems that their objectives
have been geared too closely to traditional collective bargaining
demands. They have given insufficient priority to the role of
education and training not recognizing that it may well have a
greater ef:Cect on the improvement of living standards than wage
bargaining. Technological gaps referred to In some 0.E.C.D.
papers are as much to do with education and training as they are
with purely economic considerations.

1980 is not far away. One needs to be reminded that
many children now at school will be working in industry In
twelve years time. Integrated manufacturing systems affecting
adult employees will also then be much more commonplace than

_today. Plans and decisions about education and training
policies need therefore to be developed now, ahead of the time
of actual implementation. A "laissez-faire" attitude or
maintenance of "status quo" on the part of any group in the
community may well result in empioyees getting the sort of
education and work they neither deserve nor need. Time and
resources need to be devoted to planning for change. An active
manpower policy should help to provide tbe.framework for this,
but we need action now because the problemis urgent:
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(a) The share oE the West European industrialised countries
in world output of machine tools in 1966 was 35.3
per cent or a total production value of United States
$2,056 millions on which 261,000 persons were employed.

(b) The corrtvspcnding share of North America was 30.2 pea-
cent of a total production value of United States
$1,755 millions employing only 108,000 persons.

(c) At first sight it appears that the output per employee
is roughly twice as great in North America as in
Western Europe. This startling relationship or 2 : 1
is however misleading, because when calculating unit
dollar prices the official exchange rates between
European currencies and United States dollars are
taken, and these are not always realistic. In actual
tact the relationship is perhaps something like 1.4
to 1 or 1.5 to 1. It is an expression of the tech-
nological gap so frequently mentioned today and one
may discuss whether the degree of productivity in the
United States is already so much higher than in
Western Europe and whether it will be significantly
altered in the next few years.

(d) One proportion which is certainly not constant is the
share of the Comecon countries in the world market,
which in 1966 amounted to about 26 per cent. On the
basis of all the published plans of the Comecon
countries, it seems distinctly doubtful whether this
figure will still be so low in 1980. Under the
influence or the prevailing .7ates or growth, the
world share of the West European machine tool
industries may change considerably. In this connection
it may be pointed out that in Eastern Germany and
Czechoslovakia today roughly as many persons (about
115,000) are employed in the machine tool industries
as in Western Germany (about 112,000). Their output
is mainly taken up by the Soviet Union and changes in
the market situation there necessarily affect the
West European industries.

(e) One interesting characteristic of the world machine
tool industry is its marked international nature;
the various marufacturing countries export to each
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(i)

other an average of 28 per cent of their output.
This may be due to two causes:
The specialisation of individual countries in parti-
cular types of machinery and industrial requirements
(e.g. Switzerland - watch and clock industry:
Sweden - ball-bearing industry).

(ii) The remarkable multiplicity of the demands from alI
branches of the metal working industry in respect of
their most important means of production, I.e.
machine tools, cannot in practice be satirified with
the output of a single country.

We may assume that this international character of themarket will remain unchanged over the next twelve years evenif the distribution of export quotas alters as between
individual countries. It is however to be noted that in the
highly developed industrial countries of the world the numberof those employed in the machine tool industries will never
depend solely upon the national demand, but will be stronglyinfluenced by the world market situation. In other words:

"The national machine tool industry which 11; backed
bv the best inventions and the most flexible production
techniaues. while ensurinx high Quality and industrial
Lisafti,sAptlikl to survive and to avoid a
decline in employment."

The following figures and table should confirm the foregoingremarks and give a clearer insight Into the outlook for thefuture.
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Other conclusions might be drawn from the above statistics,
but they would lead too far *V- this point and can, if required,
be drawn into discussions about optimum size and the kinds oS
co-operation or smaller firms. However, Table 4 reproduces the
statistical data or Table 3 as regards the comparison between
Europe and the United States in graphic form.

Summarizing the elements or the firt Section, we have
the following approximate picture:
1. Today (1966-67) Western Europe still leads the world
production or machine tools with a labour force or 261,000.
Whether this position can be maintained until 1980 seems to
depend chiefly upon three factors:

(a) Increasing production capacity in the United
States.

(b) The growing pressure oE deliveries from East
European countries, and

The practical use made of West European inventiveness
and technical skill in new forms nf organisation
embodying all new technological possibilities.

2. It is not possible to obtain a reliable picture of 1980
by extrapolation from the market records and statistics for
recent years; fresh bases for forecasting must be sought.
3. The subjects of optimum firm size and the organisation
or the division or work between large and small firms merit
serious discussion.

(o)

.-
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possibility of setting one man to control several machines and a
run-on over several shifts, and thus a higher production potential
than machines in the lower range. On the other hand, the latter
aze mostly cheaper and better cdapted economically to long runs
than the N/C machines. A firm's innovation policy can therefore
easily be detected in the changes in composition of the various
group:; over se-s-lral years. Figure 4 shows how such a change may
arnc.k?r.

Here are set out the combined machine fleets of four
progressive German firms in the metal working industry with some
1,200 machine tools (= 100 per cent) and about 2,500 employees,
and the -Urend in the distribution over the last ten years is also
shown. It is striking to note the very high proportion of the
machine group 0 (though it is relatively declining) and the
heritant purchase of N/C machines from 1961-62 onwards.

Figul.e 5 shows the percentage group distribution at the
end of 1967 for these four firms. By referring to the diagriam in
Figure 3 each firm is now able to adjudge its status quo and to
make its own auto-critique.

By and large, there are probably three factors delaying
the rapid progress of innovation:

1. The relatively high investment costs as we move up
the scale, although this argument, all too readily
used, does not always represent the true reason.

2. Somewhere about Stage 4, the compulsion is increasing-
ly felt to change factory organisation in the production
cycle in line with the gr.:,ater inter-machine flow of
data. If it is intended to convert the whole works
to automatic integrated data processing, including
computer-aided design, autoulatic programming and flow
of materials (production control) experience shows
that eight to ten years will be needed. Naturally
enough the tendency is to proceed step by step and in
many instances to content oneself for several years
with a partial solution.

3. Changes in organisation are bound up with personnel
training, which begins with the management and ends
with the machine-operator. It is precisely this
essential but long-drawn out period of training right
up to the top management which probably forms the most
valid excuse for procrastinating with such Ear-reaching
innovations.
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Figure 4
TIME DEPENDENCE OF FREQUENCY DISTRIBUTION

OF THE STAGES OF AUTOMATION
(ACCORDING TO LIST I)

IN FOUR GERMAN FACTORIES
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In this coOtext it may be mentioned that we have justbegun a study about the relation between N/C - machines of
different stages (see Figure 3) and plant organisation. As afirst result an adaptation-curve of plants to N/C - problemsis given in Figure 6. Proceeding from the first 10 stages thescale "a" shows the izIfluence of N/C machines on plant organisationin per cent; in the case or 100 per cent influence it is
supposed that a N/C system or stage 9 will entail a total
change of plants, Including buildings, production controls bycomputers and a wide range of training methods. It has already
been mentioned 1-1-+et eXpel-ience has shown that a total change of
organisation will taXe.from 5 to 10 years. In the scale "la"
a medium duration of 7.5 years is supposed for a change of 100per cent. Thus it seems possible to have a first Jook at the
adaptation-times influenced by innovations with the aid ofN/C - machines and computers under economic conditions. A
detailed publication on this matter entitled "Investitionsentsc-hel-dungen im Rahmen der f$eschaffung neuzeitlicher Fertigungsmittel"
(Investment decisions tor the procurement of modern production
equipment, Hanser Verlag, Munich) is now available.

So far we have spolset. only or the factors which holdback the further development of production techniques and theconversion of undertaKings. However, in the course of Chapter 1we have already referred to the impulses given by events on the
international market votlivh stir Up a perhaps latent readiness forinnovation. There ars three principal considerations which may
encourage management to accelerate measures of modernization
which are overdue:

The lag in Productivity behind the United States
demonstred in Table 1.

2. The maintenance of a competitive position in respect
of production costs and quality.

3. The maintenance or a competitive position in respectof flexibility, response to custn:-erst special
wishes and short delivery times.

This comperisOU or the factors which delay innovation
with those v.hich promd.Ve it, which are or an economic or
organisational and psychological nature, bring Chapter 3 to apoint where it is ready tor discussion.. Summing up we may say:

4 0
41
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LIST 1

Outline of a scale of automated cutting machine tools
according to information and tool store criteria and computer
link-up (verbal description of line C in Figure 3)

Staice: Characteristics:

0 Machine tools with no notable stores, with no automatic
control systems and no internal data processing, but
possibly with numerical position indication to facilitate
measurements.

Machine tools with inflexible slide-path information
stores (produced by an external prof.;essing, e.g.
templates, gauges, patterns, cam-discs etc.) for
analogue control systems, but possibly with automatic
auxiliary functions through logical Link-ups (e.g.
push-buii;on controls).

2 Machine tools with flexible, manually adjustable slide-
path-information stores in internal data processing
(e.g. programme drums, numerical decade switches etc.)
for analogue or numerical control systems, possibly
with automatic auxiliary functions.

3 Machine tools with flexible slide-path information-
stores produced by a simple external data processing
t.e.g. manually adjusted punched tape) for numerical
2-axis positioning controls, with mo automatic
auxiliary functions.

4 Machine tools with flexible information stores as output
of an external data processing (e.g. punched tape) for
all work functions, (co-ol-dinate data, preparatory and
miscellaneous functions) for numerical 2-axis and multi-
axis positioning and straight-cut control systems, but
without tool-magazine and no tool-changer.

5 Machine tools as in 4, but with tool store (e.g. turret,
tool-magazine, etc.) and automatic tool changer.

6 Machine tools with flexible information stores from
external data processing (e.g. punched tapes) for all
work-functions and for numerical 2- and 2 3/2-axis
contouring control, but without tool store and no
automatic tool changer.
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latage: Characteristics: (Conttd)
7 Machine tooXs sis in 6, but for numericial 3-axis and

multi-axis contouring controls, without tool stores.
8 Machine tools as in 6 and 7, but with tool stores and

automatic tool changer.
9 Computer centre for off-line operation (punched or

magnstic tapes) in connection with machine tools of the
stages 1 to 8, as well an computer-aided-design, auto-
matic programming and production control, possibly with
use of remote data transmission.

10 Machine toois as in 4 to 9, but with adaptive control.
11 Machine tools of the stages 4 to 9 with link-up a

process-computer (real time and on-line operation),
without data carriers (e.g. punched or magnetic tapes),
automatic workplace changer, but without adaptive
control.

12 Process computer system with machine tools as in 11,
but with adapta-ftion control on the individual machine
tools, as well as computer-aided desicn, automatic
programming and production control.
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or suitable nlant and equipment (Figure 3). Technological,
operational, economic, organisational and human problems must be
covered and these will now be discussed in greater detail.
1.

produced

Technological. problems
Manufacturing processes
Workpieces of specified shapes and sizes can be
by:

(a)
OD)

(c)

forming or moulding the raw material;
removing surplus material frcm a piece whose overall
dimensions are larger than the required workpiee-.es;
combining (a) and (b), by first forming roughly
shaped pieces and then reducing them to their
accurate shapes and sizes by removing the remaininE
surplus material;

(d) joining pre-produced sub-component parts by welding,
brazing, etc.

ForminA and Moulding
The cutting out or complicated shapes from solid blocks

of raw material by removing large quantities of sr-plus metal,
particularly in the
not only represents
creates prob] ems of

form of chips, during roughing operations,
a waste of material and et-for, but also
swarf removal and disposal. which may become

serious at high metal removal rates. Such use or orthodox
chip removing processes may still be practised in cases of one-off
orders for prototypes, models, special tools, jigs, fixtures or
odd repair jobs(/), but it is more than likely that in the
production or general engineering consumer goods, metal forming
processes will be smployed
the basic overall shapes_
produce the required dimens
manufacture will have
finishing process.

Moulding and
deep drawing of sheet
ly expensive patterns

)

to be

on an ever increasing scale for creating
Only if the forming process cannot
tonal accuracy or surface finish, the
completed by some chip removing

forming processes, such as casting, forging,
metal parts, etc., usually require relativ,-
or dies, the cost of which is justified ora

An exception is the "System 24" manufacturing system (see
paragraph 2.3.2), which differs greatly, however, from
"orthod-...x" methods both in the design of the machinery
,FnupLoyed as well as in the planning, progressing and controlof the operations involved.
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when it can be distributed over large size batches. Moreover in
the orthodox processes, e.g. sand casting or drop forging of
billets, considerable skill is needed in preparing the sand moulds
or in operating the forging machines. The operations involved
are often rather lengthy cuite apart from the fact that some
require 'aeavy and costly machinery.

It is likely, therefore, that prcesses, which can
be applied with lesser operational skills and vanich are aiready
available or in the process of being developed, will be employed
to a growing extent. The required workpiece shapes may then be
produced from powdered or molten metal (e.g. powder -etallurgy,
investment or die casting), or by plaE-ically deforming solid
raw materials (e.g. cold forming or extrusion). High energy-
rate forging methods using stored energy (Dynapak) (Figure 4)(1)
or internal combuflion in --,ylinder-piston units (Petroforge) may
be employed, whilst sheet metal components may be produced by
means of thydroformingt or high energy-rate methods using explosive
charges (Figure 5)(1) or electro-magnetic energy (electro-magnetic
forming) (Figure 6)(2). In most or these processes only one die
(female) is usually needed for the forming or sheet metal parts,
the material being forced into the die when the energy is released.
This means that expensive matching of male and female dies is nct
necessary and that the tooling cost is considerably reduced, thus
making the process economical for relatively small "..)atches. The
high energy-rate forming processes are particularly useful when
applied to those workpiece materials (e.g. nimonics or stainless
steel3), which are d.ifficult ir not imp,,ssibIe to form by meana
or other processes.

Cutting
The processes employed for finishing components either

after preparatory oi-orations or by machining from solid can be
divided into those serving for -two- and those serving for three-
dimensional. oLting. Me simplest method of cutting out two--
dimensional profiles - mostly from plate material - con,iists in
severing the surrounding aorplus materiel from the required
profile by a single slot-cutting ok-..tration, g. by a bandsaw.

(1) From W. Johnson, High Energy Rate Felry .g oE Metals, The
Manchester Asso 4-n or Ensinecy--, _,;2-1963.

;2) From M. E. Merchz_

so 52



H (Tf 3' 1 0 5 g 5, '.b ;I 5. 1g f°4 col ti vi (2,9 9.9 '' ct ' 5 '4 g, c i ; 1 Cr ' ? `z ) ; t

p,

... 0 9 .0 ,-. I . , 0 .J.< t . c ,-, i. C1001Apoc+dOcrOd.Ouvt'Pli
0 I-' I 0' c+ 1 c+ 0 0 04 0 0 h". 0 'P. 12- I.J.. (1' cof 0 g. ij ecl ' 1,1 9 9g

1 0
0 I Emn a, ?) 5 7 cof`Ag'.:9';';'(7,1 5ce0.1,1i5C9° 5 ti .Hu°4 I0 4 0 0 H. '0 J 0 I.-1- tl (11 9 .. e p., la.cl. 9 1:14 PI P. 0 unowv 0 '4 0 0 I4

m 0 0 p o H 1 (f . 0 01 1 0" 4 p 9 m Oo 0 m o' .P.- a I-I 0
1 0

H m e p ( 0 0 0 , P . 9 ) , ( . - Pmga 00 004P 't VI IC0X' tii I-1 0 0 0 1-1 CIti
CM 0 a 9 0 '2.' £ - h 4 0 / cl. a 1-3 o It 9 -, 4 0 cl. , - o 0 m
ail o 4 0 rt.
; g ; Cfq (t; 195 cf ; 1 tg 1.)b 4C11) 5 2' ; 3 a 6h '). 0 pc't ' ' C0 i p. 1.. c+ P, 1/44, Iti ? u, t+ 1 c+0 '0 0 I o o x C a 0 0 ci. Hcota 91-.0 010,1.41-, 001tac+m 0 01.e.c1.40I "CIAO Cmcfm H. 0 m H I Q. o
It c+
I N Cr t) 1-' rO cf !II. 111_0, 09 m g (1). ; g. I? ')3 g a 9 CI ccl 9 5 II Pi t in gegof'D; '.4 t hkro013 011,p I-' 5 4 P. o90i>ool..o9 m IA
loli;rn 9.91-, 0 m0001-154 mo to

'1
V 1-1,1-I0c+ 400I0H0090 it o 1 ci. a P. 0 IA 10 9Dq Pic+ 0 0000010Ict aal0C(+5 olOmulD 11100.0)-1000. 9 (4 Ca 0' ,O. 0 c+ Oq c+ fa ti33 '4 to 2 4) ',i' 8 `:.)4 'il m f.), E. ' V R. tT1 I '11 g .1 i (0) o 51 g ' li ' ° o. rt rg %* 0, 0 0 :z :Het' IA 0 0 P C+

ID (+ Z V 0 r W 1 0 11 0 g H P,
rpiarf Om 001-114 0'00._ t2),0!1;1) 0 I Ms Id Cro 0 u a' 0-ii (81i1 '1100 ''. I- 4 5."01-'0°r:eig.c+ ilgit 4 ga'' (351.1g1c,V" (742,154.P.)J5 (3412,,0040151,dm5 ?J`:P8P+PI2';11)°' (D414gg

ttOV 141I-ftjU05 0("Vri`jc g?%`''',, .3 g lArt,c+(+014901-, I00co a o < o 9 d. co ri- 1:1 ,c o 0 .0 -0 . (4- z 1.s 00 9 t-s 0 14. 9 H 9 1 HI CD C 0 0 / co H. (8 9 Pt P:5* C'ct;Pc4F15 it199;;(T Ff 0 V) lli t'ag ch05% igc0f 0j0"t4?1 HrAct§9F1 063.1042r,'g5.,f4rvr.'SI'211214. (+ 1;1 m a ;j .T
090actm0 Dm o CH£ / 0 0 0 C." cl I cl '4r4 " V I cf g : :+ 0 c+ I% FAF g' ct cr.t .tili t f<

'000'0 cl. 0 0'00'0oil (k0'.'wI 0 MO 0 D'p. 00'00 0 00'10%4 I0I01Ac+01-1c+Cr3:
(.1 1 2r g r. 5 2 gc.f?Jg'!°)(DgctIg(C1+:1:1S1 0 0 0 1:1, 0 0 0 6 0' e- c+ 0c+OCOI c+Od. MOIP000 00c+000 I-.' 0' '0 .I 0 0, 0' 0' H

(b (D3 .15 " C4 m i 9 ; 09 9 (P 5g7,5;.045t1' 0 0 0 H. 0 hOtte-COH90
Om HteD0 OCCIolm cl.Ho y /pm 0t$ te000.00cf0.

01 r 0
S. 5 3 Cch ,:-- " .;ps 11 '0' 58g F(D4 U " 'Vi (ii DI 5 C4 r)j P 4 440 (D CjI 015 (5) '0 0' cll TOU (7 0 ..) Iti ljti 0 a

H o 8 0' Ps cO 0' I- 1-4 1:1 c+ P. C H 9
0 5 CA m claf J.t' (1(De1134 C.Df 0 g 0 Ht. '4 5. (+

c+000t19010,H N.. gt, CP. 1 0 0' cl. 0 ,--PIA 0 0
OM 0' HICot-1 1A04001A0t1PII20140 P. ce/ 0 P I 0 H m a I 0 P. IA 0 0' 0 0 h I 0 0 - P. 0 0HID tHII &HO Ht+II. PI I 0 0' c+ c+ 0 0 0 I P. (I) 0 (1) * P. a 0' 9
0 m 0 X' m m 0 H 0 m cf '4 C cf P. 0 o Cm P. I-', 0 I-, 0

1011 0 'CI90 0 '001-100'Ht+400000
F. 01 o. t '9 ' g cof c r 4

I H O 0 P. 0 h 00 c+ '0 P. 0 '0 I-, I 0 PI 0H (1) H toD1 C4i 19d: 2 c4 c+ m
0911.0H) ta0 H 040 P.1-114 P.

CA :" 0 0 d. C 0 0 4000H, HO'1 Oct ''s 00'0 Z P) m "i 90 IA 1 0 0' a
CD 0 c+ (4 ItH 0 I c+ CI fil h I 1A I P.tO1 3 H 0

0 ci.
10 oq

0.
,.< d

H
It
o1



of profiled tools which are relatively easily produced, and which
are fed into the workpiece material under the control of the
machine.

In the development of one single point cutting
process, "hot machining", a current passing through the cutting
tool and the workpiect heats the shear zone of the workpiece
material immediately in front of the cutting edge (Figure 9)(1).
This reduces the cutting resistance of just that portion of the
1-orkplece material which is to be cut. As a result "d:Ifficult"
materials are now machinable with higher rates of metal removal
(lower cutting forces), less tool wear (longer tool life) and
better surface finish than would otherwise be possible in the
machining of less "difficult" materials and with negligible
effect on the mechanical properties of the finished workpiece,
provided optimum cutting conditions and current settings are
maii-tained (Figure 10).

Although the roughing out of complex shapes from solid
materials is generally uneconomical, the waste of material in
the form oE chips or swarf may 4.wometimes be more than compensated
by gains of productivity if roughing and finishing oper,_tions
can be combined and executed at high speeds. An example is
the application of high speed plunge grinding with profiled
grinding wheels(2). By incrensing the circumferential speed
of the grinding wheel from 20 m/sec to up to 90 m/sec - which
necessitates of course cropropriate grinding wheels, proper
safety precautions and suitably designed machine tools - the rate
of metal removal during cylindrical plunge grineing can be
raised from

10 mm3/mm Rrinding width 115 mm3/mm,-Lc)sec sec
witnout detriment to the quality o the ground surfaces.
Moreover, with slightly reduced grinding speeds better quality
surfaces can be produced than with conventional speeds.

By yeans of plunge grinding with profiled wheels,
relatively complex shapes can be generated without the 1.1cr- for
continuous control oE the relative positions between cutting
edge and workplece, because the shape and dimensions of the
(1) From G. Barrow, Machining or High Strength Materials atElevted Temperatures using Electric Current Heating, Annalsof k2.I.R.P., Vol. XTV, 1966.
(2) H. Opitz and K. GiIhring, High Speed Gr_Lnding, Annals ofC.I.R.P., Vol. XIV, 19613..
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workpiece are determined by the profile the grinding tool and
the control of the infeed movement. Tnt. awe principle is
employed in the electro-mechanical and eIectro-chemical machining
meL.hods which use either abrasive, corrosive or thermal techni-
ques for the production of shapes which cannot be produced by
grinding.

In the ultrasonic machining process cavities are
produced in accordance with the shape of a rapidly oscillating
tool, an abrasive being fed into the gap between tool and
workpiece (Figure 11)(1). A high degree of accuracy can be
achieved (514.) and the rate of metal removal is the higher the
more brittle the workplace material.

Amongst the electrical machining techniqs used for
producing relatively large size components from electrically
conducting materials, two processes, electro-spark and electro-
chemical machining with three-dimensionally profiled tools are
perhaps the most important.

In electro-spark machinin8 the spark gap between the
suitably shaped tool and the workpiece is kept constant by a
servo-control designed to maintain a predetermined breakdown
voltage across the gap (Figure 12)(1)- Material is removed
by melting and evaporation from both The tool and the workpiece,and it is important to ensure thal: the cutttng conditions are
so arranged that the "tool wear" (metal removal rate from the
tool) is less than the rate of metal removal from the workpiece.The higher the metal removal rate (up to 5,000 mm 3 /m1,1) the
poorer the surface finish, with sometimes detrimenta -L. effects
upon tensile fatigue properties, but surface finishes of 0.3
can be obtained with low meta/ removal rates. The process is
used for the manufacture of moulds and dies from hard steel
materials, worn tools being employed for roughing out the
cavities, and new tools for finishing them to their required
dimensions and surface quality.

Finally, in electro-chemical machining an electric
current passes between the workpiece (anode) and a suitably
shaped tool (cathode) both belng immersed in a coh-inually
replenished electrolyte. As a result metal is removed from the
(1) From H. loc. cit.
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anode (the workpiece) and washed away by the electrolyte (Figure
13)(l). High rates of metal removal (up to 15,000 mth3/min) and
good accuracy and surface finis:_ can be o'-tained and there Is no
tool wear, if cutting conditions are right. This procest; will
perhaps make the -eatest inroad into the domain of today's still
conventional mac.- z operations, as it j_s accurate, require
relatively simple --thine motions, and can produce intricate
shapes without difficulty (once the tool has been made). It
requires, however, correctly designed tools to allow for overcut
(see Figure 13) and careful control of the cutting conditions.

In conclusion, manufacturing processes are now available
which can improve production efficiency and deal with the problems
created by the newly developed and technologically easentiaI
materials. The metal worker of the future will have to be
prepared to plan and carry out their application either as a
replacement of or in parallel with the more orthodox processe,3
which will themselves have been developed towards greater.
efficiency. The term metal worker is used here in its widest
possible sense, because the pure craftsmanship of the plater,
turner: miller or grinding machine operetor of today will be less
needed and will be superseded by the 'r-r_scilnological knowledge
and judgment which are required for deciding when and hcw to
apply the various processes.

The possibility of combining different processes 2or
similar operations may present a further task to the metal
worker or the future, because it will involve a grasp of a
much wider field than that concerning a specific type of
operation. For example, one can well imagine that a complex
three-dimensional profile will be pre-forged or pre-cast, roughed
down to approximate dimen6lons by profile milling and finished
to close tolerances and a hIgh quality surface finish by electro-
chemical machinir:g. The installation, setting and operation of
the machiilery in uestion will require considerable mechanical,
metallurgical, chemical and electrical knowledge. During the
actual cutting operations t1-..e operator will have to obser-.Te
ammeters, pressurc gauges, oscilloscope screens, etc., so that
he can adjust or alter setting& when the conditions require it,
rather than visually watching the interaction between tool and
workpiece, e.g. tne forming of the chip.

(1) From A.E. de Barr, Modern. Metal Removing Techniques, The
Cnsrtered Mechanical En6iAeer, March 1966.
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In other words, the training of the metol worker must also
enable him to judge if and when to step in, in case an operation
does not proceed accordIag to plan. With the much more costly
machinery he needs the ability of correctly choosinC and adjus-
ting the machine settings and carries the responsibi.Lity For
keeping everything in the best possible working
becomea even more important When valuable fully
machines are employed.

Computers_

Although today too use is still made or the

condition. This
automatic

L,pportunities providea by the computer, le trend appears to
change rapidly and it can be safely assumed that in 1980
computers will be widely used for a large variety of applications.
Apart from the opel..ational control of automatic machine tools,
which will be discussed later, the computer will be employed

(a) for aiding the design and planning engineer;
(b) for classifying detail parts, sub-as :whIles and

complete units;
for lraplementing group technology methods in the
production process.

Deslizn and PlanninO(M)

(o)

"The existence of an environment '-/clye to the
effective utilization of the personnel emp , in a design
department is as essential as in any other plsce of work
-Vie material factors involved include the provisiol, of up-to-date
draughting equipment, adequate clerical services and efficient
data retrieval systems. Amongst the latter should be included
a full crzIss-referenced catalogue library, a coded file of
existir!g detail drawangs and a schedule of computer programmes(2)".

The complIter will certainly be widely used tor carrying
out the -:...a1cu1ations for a variety cf design problems, thus
only reducing the time previously required but also making
problems accessible to calculation, which previously could be
tackled only by lengthy trial and error methods. Programmes

not

(1) Computer-aided Design, NEL Report No. 242, Ministry ofTechnology, London, August 1966.
(2) From Organisation of the Design Function. Machine Tool E.D.C.,National Economic Development Office, London, December 1966.
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If all these data are stored on punched cards, the work
of designing and planning can be carried out by the computer,
whAch in fact may directly prepare a control tape for the
machining of a compon,ant that consists of a number of "standar-
dised" and recorded form elements.

In conclusion, the computer w/11 not cancel the need
for competent deE.igners and planners, but it will no doubt
reduce the required number of those who today carry c...4i; only
routine work, once the principles have been established.
work can be left to the machine which draws on its stored
information as originally prepared for general use by high class
designers and planners, and applies and combines the different
items to suit the specific requirements.

Accuracy of Manuiacture

Doubts are often expressed about the value and usefulness
of high accuracy requirements. Accuracy for its own sake is,
or course, to be avoided, but if accuracy can result in increased
economy of production, it is fully justified. Manufacturing
accuracies specified in present-day acceptance tests for so-called
commerwial application of machine tools are of the order of
I.S)n. qualities IT 5-7, and are easily achieved in normal
production. They make possible the production or workpleces in
such a manner that about 80 per cent satisfy the conditions or
interchangeability. For non-selectiv-a interchangeability
machining, accuracies to higher I.S.O. qualities are necessary.
If -!...ne saving in assembly cost is then gre.Iter than the increase
in machining cost, high accuracy is not only economically
justified but essential (Figure 16).

It can be achieved by Luaking full use of the facilities
which are now available for guiding, driving and measuring the
movements of machine tool parts. The order of magnitude or
accuracies obtained by the introduction of optical and electronic
measurement and control devices is such that it would often be
uneconomical to reduce proportionately the corresponding manufac-
turing limits of the machine tool. It is however, possible -
by means oE additional controls - to improve the accuracy to
which the -lachine tool can produce its workpieces, without
increasing the accuracy with which the machine itself has been
manufactured. For example, with electronically controlled
machines, it is possible to xleasure continuously the transverse

Such
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deviations of carriage, table and slide movements from their
required rectilinear path, to transmit the results of these
measurements to the control devices, az,d to correct the control
signals in accordance with computer calculations which ensure
that the resulting relative positions between the tool cutting
edge and the workpiece material are satisfactory.

Whilst, however, such alignment error compensation is
generally possible only on a machine tool on which the movements
of the various carriages and tables are electronically controlled,
inaccuracies of hydrostatic slideways can be corrected directly
by correspondingly varying the oil film thickness so that the
resulting movements of the carriage follow a straight path of
high accuracy. For tills purpose the range of oll-film thickness
variations must be greater than is practicable in usual hydrostatic
bearings. A bearinz pad has, therefore, been developed which can
operate with relatively thick oil films without a loss of stiff-
ness(1). The variation of the oil film thickness is controlled
by means of valves which are operated by photocells as soon as a
deviation of the movement from a reference light beam or laser
beam disturbs the equilibrium of the control circuit (Figure 17)(2).
Such a system has the following advantages:

1. The working accuracy and sensitivity are indvpendent
oE absolute measurements as the valves cease to
operate as soon as the deviation irorn the light beam
becomes zero.

2. Apart from the control valves there are no moving
parts and therefore no wear problems.

3. Investment and maintenance costs are r.elatively
low.

4. Machine tools designed to work with such devices can
be produced in accordance with today's commercial
tolerances. If they are called upon to carry out
work or higher accuracy the electronic control
equipment can be purchased separately and applied
to the machine if and when required.

(1) G.S.K. Wong, Interface Restrictor Hydrostatic Bearing,Proc. Int. Mach. Tool Design and Research Conference,Manchester 1965.
(2) From G.S.K. Wong and F. Koenigsberger, Automatic Correctionof Alignment Errors La Machine Tools, Int. J. Mach. ToolDes. Res., Vol. 6, 1967.
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Economic ETficiencv

In order to be competitive, the manufacturing cost of
the product must be kept low. This depends not only upon the
labour cost, i.e., the productivity per man, but also ..pon the
cost of purchasing and installing the machinery required end upon
its utilization.

Cost of Machine Tools

If the a.zcuracy or a machine tool is obtained by means
or some separate ,ontrol equipment, rather than being built into
the machine structure at considerable cost (see pp. 54 and 56),
machines can be acquired on the basis or the lowest degree of
accuracy that is generally required and upgraded from case to
case by suitable controls without the need for high overall cost
levels or highly skilled operators. Accuracy is, however, only
one factor in the cost or a machine. Versatility may be equally
costly, especially because all available functiLns or a machine
tool are rarely needed in a_11 its applications. A means of
overcoming this problem may be the use of "modular" design
methods. These consist or sub-dividing the machine tool into
relatively simple functional units which can be assembled,
dismantled and re-arranged in different combinations if and when
the need arises, similar to the well known transfer lines(1).

IX each unit (spindle head, bed, carriage, etr.), is
intended for a particular type or machining process, whether it
is used in a more generally utilizable machine or a built-up
special-purpose combination, there can usually be only one
optimum design. This design ought to form the basis for the
standard unit. or course, each complete machine, which can be
built from such standard units, must be so designed as to hav --.! an
optimum range or applicability in the machine shop.

The design of standard units, "modules" must, therefore,
satisfy the following conditions:

1. The alternative designs and combinations must cover
the full range or requirements;

2. the performance must neither be above nor below the
conditions laid down in the specification;

3. the connecting elements (joints, slideways, shaft
centres, clutch or coupling arrangements, etc.),
mustlaa...so designed as to ensure interchangeability.

F. Koenigsberger, Modular Design of Machine Tools, Proc. Int.
Conf. Manufacturing Technology, A.S.T.M.E.1., 1967.

(1)
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The ranges to be covered as far as dimensional, speed
and power capacities are concerned, must be determined by careful
study. Whilst the power range of spindle drives must be wide
enough to cover the needs which may arise in the use oE v certain
type of machine tool, the power range of feed drive units can
usually be much narrower, the ratio between feed power (feed
drive) and cutting power (spindle drive) in most cases being so
small that the wastage incurred in applying a larger feed drive
unit than necessary for a smaller machine is not serious.
Similarly, the differing cuttihg power condtCions determine the
stiffness requirements of structural elements whilst control
units, gear change mechanisms, etc., can be identical for wider
power ranges. The rational selection of structural sizes is
usually dictated by the specified dimensional capacity of a
machine, whilst due allowunce must be made for functional
requirements when determining the range of control devices which
are to be made available.

This would or course involve a complete re-organisation
in the approach to machine tool design and manufacture, so that
instead of specializing on machine tool types, companies would
concentrate on the design and manufacture of, e.g.

(1) Structural units;
(11) units for aligning, locating and driving rotary

elements (spindles) which may carry workpieces
(turning operations) or cutting tools (drilling,
boring, grinding or milling operations);

(111) carriage units and drives with guiding and driving
dlvices for rectilinear movements and for carrying
cttting tools (turning, drilling or shaping) or
workpleces (planning, milling, boring);

(iv) speed change devices for driving (11) Or (ill);
(v) measuring devices;

(vi) devices for manual or automatic control.
The latter two are perhaps the only fields where such

snecialization has been established, but even here co-ordination
with machine tool designers and standardisation between different
companies is still badly needed!

There is no reason against bringing under one standard
specification the spindle drives for turning and milling machines,
provided that their operating conditions are carefully studied
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solution of a problem, first and petty arguments of "who does
what", etc., second, are essential if high production efficiencyis the aim.

In other words many ro-called metal workers of the future
will have tasks which today are considered of managerial character.
The effective use of computers and similar equipment operating
at ultra-high speeds will require the mutual understanding and
full co-operation of all who carry out the function of management,
design and planning as well as machine tool installation, control,
operation, supervision and maintenance. The whole attitude of
the metalworker must be geared towards "'his goal. But he must
be enabled to face these Leaks not only at the beginning but also
during the progress of his career. For this reason the training
facilities for those who are to start their professional life
must be supplemented by means for continuous re-education, so
that the men and wome,n in industry can keep abreast with develop-
ments, the rate of wnich will cez-tainly not be less in 1980 thanit ie today. This is a point which must not be left to chance
but requires carefui. planning and the laying of a sound foundation
at school level.

4. Education and Training

In view of the developments and needs which have been
outlined under item 1 to 3 the training of the "metal worker" -in the widest possible sense - must satisfy the following
quantitative and qualitative requirements:

(a) A relatively small numbee of manually highly skilled
craftsmen, i.e. machine operators and fitters.

(b) A large number of "technicians" who combine technical
skills with the understanding of mechanical, electri-
cal and other engineering fundtmentals and who are
able to copL with tne advanced routine work, Inclu-
ding decision-making, of planners, _)rogrammers and
equipment "supervisors" (rather than "operators").

(c) A considerable number of qualified engineers of
"graduate" standard who are able to carry out
thoroughly creative work in advancing design, planning,
processing and operating methods. These people must
be able either to correlate the results of work
previously done by other's with a view to applying
them to the solution of their own problems or to
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dismiss outside experience and develop new ideas
from first principles. From their ranks should
also emerge the managers who must appreciate the
full range of tasks covered and in addition have the
human qualities which enable them to lead and
co-ordinate the work of all from the point of view
of obtaining optimum efficiency in the production
orgsnisation.

It must be stressed again that such education - at all
levels - must be available not only to the schoolboy, the
apprentice or the student but also to the man working in industry,
throughout his life. "Ability to manage change - whether
keeping up with developments in professions or retooling for
new jobs - requires education to be available when needed.
Access to education governs the pace at which new knowledge is
absorbed, P justments are made to new technologies, and solutions
aro reached to related social, political and economic problems(1)".

Skilled Craftsmen

n view of the wide application of automatic processes,
will be needed only for special tasks when, for
technical or economic ...1sity, automatic equipment

,t be used. This does not mean that their work need be of
inferior Quality, on the contrary they may be needed to make up
for some shortcomings of the more advanced processes. As some
of their work may not be of the planned and programmed nature,
they may not be required to work regular hours but they must be
prepared to act as and when needed. Their training should,
therefore, give them not only the required craftsmanship but also
the readiness to place tLe task entrusted to them above every-
thing else, the trustworthiness, the pride in their craft and the
appreciation of their responsibility.

Technicians

The men who are to prepare, build, install, operate and
servicb the more or less automatic equipment in the factory must
also be able to do a good craftsman's job - ir and when required
but this must be backed by a thorough understanding of the
material in their care. They may only have to start an
automatic machine and then watch the dials from time to time,
but when they must go into action and step in as soon as
(1) Howard A. Matthews, Tomorrow is Now, American Education,June 1967.
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something does not proceed according to plan they must understand
the problem and decide what to do. When, for example, modular
units of machine tools (see pp. 59 and 61) are to be built.up, the
te,chnician must select and connect the best arrangements and
test their satisfactory combination. These men need, therefore,
both technical training and technological tuition, which will
enable them to tackle their tasks from the planning stage through
the programming and preparation to the initiation and execution
of the actual manufacturing operation.

amplified Enxineers

This is the group on which the continual industrial
progress depends, the group which has to develop exlEi:ing and
devise new designs, materials and methods. Their eduoatiOn
must be of the highest academic standard and must also make them
appreciate the practical needs of their professional activities.
Whilst the basic principles underlying today's approach towards
evolving academic syllabuses may still be applicable, the contacts
with industrial realities developed along the lines of academic-
Industrial co-operation before, during and - if necessary -
after the academic training must be considerably extended.

Conclusion

In any organisation, however highly developed, there
will always be a need for some workers who are not so highly
skilled either as craftsmen or as technicians. This becomes
particularly apparent when automatic machine tools are introduced
before the handling of materials, the loading of the machines
with raw materials or the transport of half-finished products
from one machine to another are equally mechanized and auto-
matically controlled. When the skilled men of technician
standard must also carry out these less demanding almost menial
tasks, they will feel bored and frustrated.

It can hardly be imagined that at any time this type
of work will be completely eliminated. There are, however, In
any community always those who, by aptitude or inclination, do
not wish to carry heavy responsibility or to do highly skilled
or creative work. These will no doubt have to fill the positions
to which they are suited.

Nevertheless, it is'important to recognize that, as
far as industrial manppwer is concerned there w111 be a change
of emphasis and a shift of qualifications, skills and crafts.
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The industrial army or the 1980's will have more officers
(graduates and technicians) than N.C.O.'s (craftsmen) and
private (labourers) and yet produce more than ever before. This
will result in the technologically planned and economically
needed higher production efficiency or the available manpower and
with it in a higher standard of living.

73



APPENDIX

List oE Illustrations

Figure 1 Metal Removal Rate (from Merchant)
Figure 2 The Manufacturing System (from Merchant)
Figure 3 The Interrelation between various Factors which

affect the Manufacturing System.
Figure 4 The Principle of the "Dynapak Machine (from Johnson)
Figure 5 A Set-up for the explosive Drawing of a hemispherical

Shell (from Johnson)
Figure 6 The Principle oE electro-magnetic Forming (from

Merchant)
Figure 7 The Principle of G-2:1rating a Plasma Jet (from Opitz)
Figure 8 The Pranciple of E:ron-Beam Machining (from Opitz)Figure 9 Circuit Diagram fo t Machining (from Barrow)
Figure 10 The Effects of Eler -cal Power dissipated in the Tool-

Workpiece Contact ,ons upon
(a) Chip-Tool Inte-nace Temperature
(b) Cutting Force
(c) Tool Life (fro

Figure 11 The Principle of UL-Tasonic Machining (from Opitz)
Figure 12 The Principle of Spark Erosion Machining (from Opitz)
Figure 13 The Principle of Electro-Chemical Machining (from De Barr)
Figure 14 Group of "similar" Compor,ants (Dean, Smith and Grace,

Keighley, England)
Figure 15 Tool Set-up for maching the Cc .ponents, Figure 14 (Dean,

Smith and Grace, KeighIey, England)
Figure 16 The Effect of Component Accuracy upon the Cost or

(a) Machining
(b) Assembly
(c) Total Manufacture

Figure 17 Block Diagram of an Automatic Alignment E1-ror Correction
System (from Wong and Koenigsberger)

Figure 18 Programme Preparation from Finished Peret Drawing to
Punched Tape (from V.D.F., Germany)

Figure 19 Processing the various Addresses necessary for the
Punched Tape (from V.D.F., Germany)

Figure 20 Space Requirements for Lathes (from Moll)
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Figure 4
THE PRINCIPLE OF THE DYNAPAK MACHINE OF CONVAIR

( From W. Johnson, loc. cit.)
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Figure 5
A SET-UP FOR THE EXPLOSIVE DRAWING

OF A HEMISPHERICAL SHELL
(From W. Johnson, loc. cit.)
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Figure 6
SCHEMATIC DIAGRAM ILLUSTRATING

THE PRINCIPLE OF THE ELECTROMAGNETIC FORMING PROCESS (EM F)
(Taken from E. Merchant loc. cit)

a) Flat material deformed into the die.
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Figure 7
PRINCIPLE OF GENERATING A PLASMA JET

FROM OP1TZ, AACHEN COLLOQUIUM, 1962
Professc-r F. Koenigsberger, Monches:er
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Figure 8
ELECTRON BEAM MACHINING

FROM OPITZ, AACHEN COLLOQUIUM, 19(2
Professor F. Koenigsberger, Manchester
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TOOL

Figure 11

PRINCIPLE OF ULTRASONIC MACHINING
FROM OPITZ AACHEN COLLOQUIUM - 1962

Professor F. Koenigsberger, Manchester
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(5) ROUGH BORING

(1) ROUGH TURNING

Figure 15

(4) ROUGH AND FINISH RECESS

(2) ROUGH FACING
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INTERNAL, EXTERNAL CHUCK JAWS

(7) THREAMNG TOOL
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90

(10) GROOVING TOOL

(3) FINISH TURN -NO FACE

(6) FINISH BORE

(8) UNDE .CUTTING TOOL

(9) GROOVING TOOL
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Even if you try hard to make one, you can never say for sure that
it is really a conditioned or non-conditioned prognosis that you
have made. You will only know this after a certain time has
elapsed.

The choice of the parameters for the prognosis must
depend to a great extent on intuition, i.e. you will have to pick
the ones you think will have some significance for the prognosis.
Such external factors as economic cycles and crises in the
international monetary system are also left out of consideration,
even though they are most important and might have catastrophic
consequences for the prognosis. It is not possible to be exact
at all in any speculations about these external factors, and
it would therefore be better to give up any attempt to forecast
them.

On the basis of the "historic" development, I have
instead decided to discuss what might happen in the case of
three factors: materials, productsand administraticm, and on
the basis of these factors I shall try -ko guess what the
situation will be like in 1980.

Materials

The development or materials will influence the
structure of the engineering industry. A change from conven-
tional materials to new materials would revolutionize
engineering. At present it is estimated that around 90 per cent
of all construction materials consist of iron and steel(1).

In 1966 the world consumption of iron was 470 million
This figure will rise to nearly 900 million tons in 1980,

are to believe studies that have been made. But although
iron consumption may bc almost doubled, its relative
of total consumption will decrease. New materials, first

tons.
if we
world
share
of all plastics, will successively take its place. The total
consumption of metal raw materials in 1966 was 487 million tons
compared with the consumption of synthetic polymers or 25.5
million tons. In 1980 it is expected that the total
or plastics will be 103 million tons. Dr. Gerritsen
that in 1983 the volume of synthetic materials
as large as that or iron(2). The consumption
increase 560 per cent in the next twelve years
91 per cent for iron.

consumption
expects

consumed will be
or plastics will
as compared with

(1) R. Rouwink, Kunststoffe, Edition 56 (1966), Section 8,
(2) J.C. Gerriteen, Plastica, Edition 14 (1961), No. 1,2,3

915 98
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workers per year(1). It has been e&timated that the total cost
of cutting, excluding materials, is over one billion kronor a
year. A saving of ten per cent would mean, in other words, 100
million Sw. Kronor. The industry is specially interested in
reducing the times for manual operations adjustment and distribu-
tion as it is estimated that the machine
operating only 50
becoming more and
often been called
because they take
cutting processes
number of methods

per cent of the time.
more important. The cuttin
irrational or a necessary evil. This is
too much time and valuable material. Under
(machining) should be understood a large
in a shaping or designing process which entail

and the machine tool are
Full utilization is

processes have

separation or material: turning, milling, drilling, planing,
threading, grinding, etc.

Some 20 years ego it was felt that cutting proc.esses
would diminish er that casting, clipping and plastic shaping
would teke over. Development& have now taken a turn in this
direction and will continue to do so. Many standard products
have been redesigned and now have moulded details, for instance
electric plugs. But at the same time new details are needed,
often in limited numbers. This happened at A.S.E.A. a few
years ago. New designs reduced the machining time for drilling
machines and milling machines, but at the same time a new
production line of operating tools for atomic energy plants
needed machining. It is well known that advanced plastic and
clipping methods require large series to be economic.

One of the materials which seems likely to play a
greater role in the fUture is aluminium (see Table 1). It is
always tempting to shape aluminium constructions by cutting.
Cutting is in fact far from being written oft. The advent of
numerical machines also means that machining will be given
greater prominence(2). For the time being it is therefore
obvious that industry will have to continue with present
cutting processes, first of all in mixed production, no matter
what people think of the method as such. During the last
century, tools made of common carbon steel were used in the
cutting processes. The process was time-consuming. In 1880
a simple detail or the turning operation or an axle made from
non-alloy construction steel took about 215 minutes. The time
taken today for a similar job is 4 minutes(3). The successive
(1) VerkstAderna, 1964, page 5.
(2) VerkstUderne, 1966, page .415.
(3) Industrie, 1965, page 8613,"

A
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stages in this development have been carbon steel, high speed
steel, tipped tools and ceramic cutting. Tools made of carbon
steel have practically disappeared. Ever since the first high-
speed steel tools were introduced, the engineers understood that
the metal carbides with a low fusibility, e.g. tungsten carbide,
were very hard, heat proof and hard wearing, which are three very
desirable qualities in cutting tools.

When high-speed steel began to meet with competition
from sintered hard alloys, many thought its role as a productive
cutting tool was finished. L.at today the situation is different.
Different materials are complementary to each other. Diamonds
are used on cutting tools for precision work, but so far it has
not been possible to produce synthetic diamonds large enough for
use in industrial production. Here it can be expected that the
development 11111 c,ffer new materials which it will pay to use for
tools. Apart from the conventional steels there is a develop-
ment towards more specia?-ized steel alloys. Titanium, nickel and
molybdenium will be used for many more alloys or machine tools.
The ceramic tools containing aluminium-oxide are attracting much
interest. In contrast to conventional cutting tools with a low
carbide content, the ceramic tools have qualities that are
important when shaping cast iron. Apart from machining, powder
metallurgy also will be rapidly developed in the years to come.

We can discern three main lines of development:
1. Larger details will be manufactured.
2. It will be possible to work with a larger content of

alloys.
3. New pressing and shaping amthods will be developed(1).
The tendency towards larger work pieces has been clear

for some time, especially in the American automobile -industry,
where today many workpieces are manufactured by the use of
metallurgy.

New developments in the alloy field are also on the way
in America as well as in Europe. Developments in the area of
stainless material are especially noticeable. An interesting
development which is likely to be adopted increasingly is the
powder metallurgical shaping of heat-proof material for the
construction or details in jet engines and gas turbines.
1:1) Hofsten, Fichmeister, Powder MetalIurav in Sweden, a lectureat the Powder Metallurgy Joint Group Tenth Meeting, 1967.
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robots and give them a feeling of alienation from work(1).
very important to solve this problem.

In the industry today there is a tendency towards a
shorter life-span for products and this calls for shorter
production series and increased flexibility of the machines.
A numerically controlled machine is the most flexible. The
opposite is true oE transfer machines.

All machines installed today must be used for at least
ten years. According to a study made by the Swedish Association
of Metal Working Industries (Sveriges Mekanfbrbund) most managers
of enterprises manufacturing nume-..ically controlled machines
think that numberical control will become even more important(2).
They also think that even conventional types of machines will
have numerical control. More functions will be controlled by
N/C machines. Control by tapes will replace control by cards.
Electronic pulse control will be more common. Fluidic systems
will be more suitable for use in controlling and the electronic
syst.ms will have more integrated circuits.

None of the manufacturers mentions that there will be
a fundamental change of the control principles during the next
five or ten years. The manufacturers believe that 50 per cent
of all new machines during the next ten years will be numerically
controlled.

It is

At the moment 85 per cent of the cost of machines is
privately financed and 15 per cent is financed on the credit
market. The high percentage of private financing does not
necessarily indicate a high volume of investment, but may
rather be a sign of a lack of credit facilities.
Changes in the Industrial Structure

It is obvious that the production units of Swedish
industry are small when compared with those oE the big
industrial countries. It is often thought that this makes the
coul'ry less competitive in the international market. Certain
branches, such as the automobile industry, demand a certain
minimum capacity. There are many examples of big industries
which have much lower costs per unit than small ones. But if
advantages and disadvantages are compared, big companies always
have problems caused by too much formality and bureaucracy.
(1) Inghe Den OfUrdlaa VM1fUrden Tidens förlag, page 133.
(2) Mekanresultatet, No. 67516, Swedish Association of Metal

Working Industries, page 11.
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The biggest Swedish companies seem rather small in
comparison with some of the big international ones(1). But oneought not to pay very much attention to this. When comparing
different structures in most countries one finds that there are
bigger differences between branches in one country than betweenone country and another. Many advantages can be obtained
through co-operation between the small companies; and it is notcertain that big companies have better financial resources thansmall ones.

The motives for rationalization and mergers vary, but
some are more common than others. One aim is to have longer
production series(2), and these will obviously affect the
possibilities of mechanization.

The Machine Tool Industry

The engineering industry is the main industry inSwee-rn and produces a very big part of the total industrialproduction. EVery year the engineering industry invests Margesums in new machines. In 1965, 380 million Sw. crowns were
invested in machine tools, 250 million of which were imported.The Swedish producers' group, the Swedish Machine Tool
Manufacturers' Association, produced machines to a total valueof 270 million Sig. crowns, 140 million or which were exported(3).

There ere 95 member companies in this association
covering 700 empIoyees(3). During the last ten y ars productionhas increased by 97 per cent. Imports and investments haveincreased still more. The former by 190 per cent and the latterby 130 per cent.

Apart from the machines, which are already very
important, other equipment will be substantially improved todeal with worknieces between the different manufacturing
operations. Changing of material is today a very clumsy
operation in automatic machines. Heavy workpieces are managedby special lifting equipment. The operator puts a rope aroundthe Finished work piece, removes It from the machine, lifts itup, moves it aside and lowers it Into a box, removes the rope,moves the lift to the place for the raw material and theprocedure is repeated backwards until the new piece or materialis ready for machining.

(1) Joe S. Bain, International Differences in Industrial StructureEiaht Nations in the 1950's, New Haven, 1966.
(2) Industrifdrbundets tidskrift, 2nd Edition 1967, page 20.(3) Mekanresultat, No. 67516--Sveriges MekanfOrbund, page 12.
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are bought from abroad(l). Part of these come from the E.E.C.
countries and are duty-free in Belgium, e.g. all Bosch components.
After let July, 1968, the competitiveness of the foreign auto-
mobile companies will be further improved inside the E.E.C. for
passenger cars thanks to the tariff reductions of the Kennedy
Round. However, another worry has cropped up and that is the
German railway transport protectionism which is hampering free
continential road transport.

The Swedish car industry is concentrating very much on
finish and trim in order to render it's units competitive. No
less than 10 per cent of the labour force at Volvo is assigned
controlling furc.tions. Great importance is also attached to
painting and surface finish. In an automobile factory, prac-
tically the entire production can be mechanized and most of the
machinery is automated. The production and assembly of car
bodies can be done in automatic press and welding machines and in
automatic body-jigs.

As far as body assembly is concerned, Volvo has come far
in automation. The new 144 model ; to a great extent welded in
semi-automatic jigs. But the putting in and taking out is still
done with the help of manual labour. In comparison with the
Volkswagen works at Wolfsburg there is still much to be done.
There the sections are first welded in semi-automatic jigs and
are later joined and welded in entirely automated body-jigs. The
Volvo management thinks it would not be profitable to increase
automation further ror the time-being. The number of Volvo cars
produced is mu-h smaller than the number of Volkswagens, and
further automation would be too costly.

In the 144 version of the Volvo, some of the joining is
done by gluing instead of spot welding, a method which has been
used for quite a long time in the aeroplane industry. The
difriculty has been to rind a glue which can be used in the
production of large series. Time-consuming hardening procedures
and detailed cleaning of the steel sheets cannot be accepted in
modern automobile production. The development in this area will
be interesting to follow in years to come.

The Swedish automobile industry is, of course, f7ulded
very much by the experience of the Amer!.can automobile industry.
Developments in the field or security are definitely inspired

whatjas happened in the United States. The
(1) Veckans Arrrer, No. 9, 1968, page:20.i:,
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emphasis on various safety aspects has contributed to an
increase in the consumption of plastic materials. The
consumption of urethane plastics has increased thanks to the
use of these for instrument boards, sun visors, arm rests, door
panels, etc.

That automobile producers are using progressively more
plastic materials is clear from this Table (Modern Plastics.
October 1967):

PLASTIC CONSUMPTION, KILOGRAMMES pEn CAR IN
AMERICAN AUTOMOBILES

1950 - 1967 AND A FORECAST FOR 15,86

Year Kilogrammes oer car
1950 2.25
1955 4.5
1960 9.0
1962 11.25
1963 13.5
1965 15.75
1966 18.0
1967 25.65
1968 (estimate) 37.0
1969 40.5
1970 " 43.5
1975 53.0
1980 65.0
1986 80.0

In 1967 the plastic components or an American car
weighed an average of 25 kilogrammes. By 1930 the figure is
expected to have increased to 65 kilogrammes. The 144 model
Volvo contains some 30 kilogrammes compared with 15 kilogrammes
in the Amazon model. Automobile firms foresee a change to
plastics in the first place for trimming such as front grills
and some interior trimmingb. Erik Stromberg of Volvo(1) has
tric.1 to list a number of substitutions that can be expect in the
near future:

Carburettors entirely in amide or aldehyde plastic
Waterpump, complete In amide or aldehyde plastic

(1) PlastvArlden, No. 3, 1968, page 45.
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Battery ca.le made fr-m: propane plastic
Upper part of a gear box ii glass fibre reinforced
polyester
Certain body components, e.g. engtne hood or trunk hood
Gasoline tank in amide or olefine plastic or some
plastic combination
Front grill in A.B.S. plastics

On the other hand Stromberg considers the possibility
of c,,nstructing the entire body in plastic to be rather remote,
because of problems of solidity. Present plastic materials
cannot fill the same functions as steel in the major components.
In addition, plastics also pose a problem as far as surface
covering is concerned. Components other than those quoted by
Stromberg would take so long to perfect that it does not serve
any purpose to speculate on them in this paper. In addition
to the plastic materials we also have the area of elastomeres,
or rubber, where rapid expansion can be expected. Rubber is an
essential material for the automobile industry. Apart from the
tyres, hundredc of small components with the most varied functions
are made from rubber.

There has been much speculation about an electric ca.L. for
city traffic. The advantages of such a car are obvious in view
of the air pollution caused by combustion engines. High sul-
phurdioxide contents and carbonmonoxide contents have contributed
to increased activity in this field.

The Swedish A.S.E.A. has done some renearch In this
field(1). It now makes an electric forklife truck powered with
electric batteries. The combustion engine is most suitable when
a great effect is needed over long periods of timc. Batteries
are suitable for use in a normal traffic and have the following
advantages: low cost, extended life-span, little sound and
vibration, no exhaust fumes, good initial auceleration and good
reliability. There is no loss of power when regulating the
electric effect of the battery. This system is built on
thyristor regulation. At lyw speed the step (resistance) free
thyristor regulation gives good control over the movement of the
vehicle. Handling of fragile or bulky goods is made easier.
Maintenance is limited to simple but important care of the battery
and lubricati-Nn. '-he first prototypes ready for production in
longer series were in operation :.fx mid-1963. Productiorl and sale
(1) A.S.E.A.:8 tidnirm, No. 8, 1966, page 103.
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of fork trucks began in 1964 and in August 1966 some 420 thyristor-
regulated fork trucks had been delivered. The experience of
those using the trucks is favourable.

In order to make the electric automobile more useful
and practical it is necessary to develop a power system other
than the traditional one. A.S.E.A. is carry'ng out compre-
hensive research in its laboratory in order to arrive at an
efficient and cheap fuel cell(1).

The fuel cell is produced on an industrial scale at
A.S.E.A. The greatest difficulty is not to develop single
laboratory cells with high capacity, although this is a vital
task, but to put the cell into industrial production. The fuel
cell project has for some time been the largest development
project of the A.S.E.A. central leboratory. The work has been
&eared towards developing a hydrogen oxygen system for submarines.
The first stage of this work is now nearly completed. The fuel
batteries and cells that have been developed in this project are
now ripe for tests in other areas, e.g. tv.....lcks, earth moving
equipment and city traffic (buses).

However, we shall have to wait for some time before these
products have been sufficiently adapted to specialized needs to
gain an important place on the market. This is elso true of the
aid systems of the fuel batteries. But we shall certainly very
soon see an "electric" car for city traffic, ..knd the traditional
combustion engine will shortly disappear am the only alternative
for shorter distances. On the other hand the conventional
engine can also be expected to be developed along with the
traditional car, especially as a means of comfortable transport
over longer distances. It is too early now to give any dates
for the introduction of the "electric" city car. But a change
of the consumption system of this kind would certainly entail
great structural changes for the automobile industry.

(1) A.S.E.A.:s tidning., No. 12, 1966, p. 171.
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CHANGING WORK DUTIES IN THE MACHINE TOOL
AND AUTOMOBILE INDUSTRIFS

by L.D. COVAN,
General Personnel and Industrial
Relatig,ms Manager,
Perkins Engines Company,
(United Kingdom)

This report attempts to discuss the suLject of Changing
Work Duties and new levels of responsibility for employees in
1980 as seen by a practical manager in industr7 concerned with
general personnel work and training at all levels. The paper
is bound, therefore, to differ in approach from those of
research workers, able to predict or determine trends from
detailed studies in several companies, backed by extensive
reading.

1. Introduction

In considering Education and Training for the Metal
Worker in 1980 it is natural to approach the problem by considering
the creation of New Work Duties and New Levels of Responsibility
for Employees. It :is recognized today that the most effective
training programmes are based on a detailed analysis of the jobs
to be performed, end techniques to analyse both the skills and
knowledge requirements have been developed successfully over
the last twenty years. Although it must be recognized that many
training schemes have been devised without recourse to such
techniques, it is accepted in the more advanced training circles
that the competent professional trainer - as opposed to enthusia-
stic amateurs - must be skilled in the use or task analysis, skillm
analysis and programmed instruction. Ir not an expert practitio-
ner himself, he must certainly have sufficient knowledge of these
techniques to be able to employ effectively specialists as
required. Failure to make use of techniques or analysis
inevitably leads to unnecessary extension or learning time,
inclusion of material not required to reach job competence,
whilst essential learning is excluded and, not infrequently,
seemingly excellent programmes th't somehow fail to carry over
to production performance. Analytical techniques can on2y be
successful when all features or the job are known and the main



requirements, in terms of sensory, physiaal and mental demands
established. Thuc from an analytical trning puJnt of vicw
it would seem appropriate to discuss Educat.L-r- and Training
requirements of Metal Workers from the base oJ new work duties
and new levels of responsibilities for employees.

Inavitably there will be problems of accuracy associated
with any form of long-term forecasting. We are aware that the
rate of change is increasing and new techniques and ideas ar,
being propagated at a near alarming rate. Yet it is a sobering
thought to appreciate that 1980 is just as far in the future as
1956 is in the past. If we cast cur minds back to the structure
of jobs in our factories in 1956 we find that the similarities
far outweigh the differences. Even allowing for the impact of
new technologies and the greater rate of change In the next
twelve years, it is probable that many existing jobs and work
methods will remain just as they have done, indeed for not just
the last twelve but the last fifty years or more. It is worth
remembering that a technique as old as work study with its
relative ease of application, ease of learning, low capital cost
and proven short-term financial gains to management is today far
from universally applied. How long will it take for managements
that still shun work study to accept, for example, Numerically
Controlled Machine Tools with their high capital cost and - at
least according to some critics - dubious financial savings?

Even so, trends are clearly discernible. The real
question that must be answered is whether we let the trends of
technology determine the jobs that will be done in the future,
or whether we shal/ take a basically new approach and deliberately
design jobs in the future, possibly modifying the technological
side of the enterprise in so doing.

ihe Socio-Technical System

Although the present concept of industry as a Socio-
Technical System seems academic to some people, it is undoubtedly
true that any manufacturing organisation consists of two separate
sub-systems, Aach following its own laws. One is the technical
system with its machinery, cycle times, plant layout, etc., and
the other is the social system concerned with human beings, their
organisation and their behaviour. We are now beginning to
understand that to optimize the system as a whole we must consider
both the social and the technical sub-system and that what is good
for one half of the system is noc necessarily good for the other
half.

j.14?-14? _



Optimising one half to the exclusion of the other will
not lead to success. Thus we have seen the scientific management
movement making great contributions in work study and method
improvement and mass production techniques optimising the tech-
nical sub-system, but bringing with it problems of labour
relations, turnover and quality. We have also seen the rise
and fall f the human relations movement that sprang from the
Hawthorne Experiments and flourished until production -
orientated or results - orientated movements seemed to promise
more. Both made the same mistake; each corcentrated on just
one of the two .1:tab-systems. Neither gave a complete solution.

It would therefore be undesirable to continue in the
future as we have In the past. We must not let discernible
technological trends determine the content of jobs in 1980, but
we must deliberntely design jobs so that they compromise between
the demands of this technical sub-system and between the demands
of motivation, personal responsibility and job satisfaction of
the human side of the enterprise.

Job Design in a Socio-Technical S stem
It is regrettable that relatively little is known of

the criteria for successful job design in a Socio-Technical
System. In an article by Dr. F.E. Emery, of the Tavistock
Institute of Human Relations(1), which describes some of the
pioneering work that has been done in the British Coalmining
industry and the Norwegian iron/steel industry, an interim list
of criteria for the design of jobs is developed under the
fo11owins headings:

(a) Optimum variety of tasks within the job.
(b) A meaningful pattern of task.: that gives to each job

a sewolance of a single overall task.
(c) Optimum length of work cycle.
(d) Some scope for setting standards of quantity and

quality of production and a suitable feedback of
knowledge of iesults.

(e) The inclusion in the job of some of the auxiliary
and preparatory tasks.

(r) The tasks Included in the job should include some
degree of care, skill, knowledge or effort that is
worthy of respect in the community.

(1) In "Manpower and Applied Psychology", Vol. 1, No. 2, TheErgon Press, Cork, Ireland.



(g) The job should make some perceivable contribution
to the utility of the product for the customer.

It is my contention that in the 19801s we shall be
training workers for jobs that take account of these criteria
or others developed from them and that it is not meaningful to
use extrapolation of present technical trends alone to determine
the training and education requirements of the metal worker
in that period.

2. Mechanization of Present Duties and the Creation of
New Work 1;aties.

Machine ORerators

Pre=ent trends indicate clearly that we shall see
extensive use of transfer machines, a marked increase in the use
of numerically controlled machine tools and the widespread use
of new processes. In particular, sintering, metal forming and
electro-chemicaI machining (E.C.M.) can be expected to replace
the current metal cutting processes which are wasteful, because
of the relatively large amounts of good material removed and
converted into scrapped swarf, and dirty, because of the large
amount of dust (particularly with cast iron) generated during
the machining cycle.

The main er±-ect on the operator of these technical
developments will be the elimination of present duties concer_led
with material handling, machine loading and operation of machine
controls. Thus the numbers of operators required will be greatly
reduced and the demands or the technical sub-system on the few
remaining operators will merely be to monitor operations and to
be available for loading and unloading machines when faults occur,
to start up and shut down lines and to carry out miscellaneous,
often menial, duties. Tool setters will be required but they
will use pre-set tooling and operate to pre-determined tool
change patterns.

Such work organisation would fall far short of the
requirements of the human sub-system. No doubt there are
numerous alternatives but one solution that appears satisfactory
to the author is to take advantage of the operatcrs on the line by
using their trained perceptual processes as an integral part of
the maintenance process. Typical duties might be, in addition
to any of the duties now carried out by an operator:
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To monitor control panels and operating heads from
station x to y and to deteict symptoms of abnormal
running or imminent abnormality, taking the appropriate
action.

In the event of a breakdown to diagnose the nature of the
fault and to detenmine whether to send for an electrical
or mechanical specialist.

To carry out pre-determined tool changes.
Thus the operator will combine the duties of setter and

also be responsible for determining the specialist required in
the event of a breakdown. An analysis sheet designed to train
unskilled operatives to make this decision is at.gched as
Appendix 1.

Following the development outlined in section 3.1.
these duties would be expressed in terms of objectives for the
operators.

Assembly Operators

Long runs of sub-assembly or assembly work will tend to
be automated and operators will be confined to short batches of
mixed variety. The main factor holding up the advance of
automated assembly now is the high machining costs involved
because or me tighter tolerancing demanded by autom;:ziic assembly
equipment. New machining processes will produce the required
accuracy at acceptable cost, making automatic assembly economically
viable.

As a
versatile and
are building.
complete unitr

result assembly operators will need to be far more
with a gre*ter understanding of the equipment they

7orthci-more, operators will be employed to build
or major, identifiable parts of large units, again

requiring greater skill levels and greater versatility.
Inspection and Testing will.be largely automated.

Because of the difficulties in rapid re-progre-aming of machines
and the complexity of machines capable of responding to several
situations without re-programming, men will still be used where
a wide variety of components have to be inspected in small batches
or Where the component line varies on a day-to-day or hour-to-hour
basis. It is likely, however, that the majority of the burden of
such inspection will fall on the manufacturing operator, and that
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by 1980 the large inspection departments required today will be
seen as one of the cost penalties incurred by neglect of the
requirements of the social sub-system.

To summarize, there will be considerable changes in
operators' jobs in the 1980's requiring, in effect, fewer
operators of high skill. In particular, machine operators will
have well defined diagnostic and setting duties, whilst assembly
operators will be confined to small batches of complete units.
All operators will be responsible for their own inspection.

Skilled Trades

1. The experl3e of machine tools and their complexity
will require greater attention to the reduction or
elimination of machine down time. The greatest
problem In doing this will be to develop diagnostic
skills. The operator will have an important role
to play here, but we can expect to see greater
empha4s on diagnostic s17111s. There will be more
emphasis, therefore, on mental skills and less on
manual skills in the training of maintenance staff.

2. Machine tools will have greater built-in fault finding
capacities. This will enable much routine maintenance
work and preventive maintenance to be carried out by
manual workers, but the need will remain for a
'Diagnostic Technician'.

3. The need fnr reducing down time will lead to a
reduction of repair work on the larger and more
expensive machine tools. The practice is likely to
become 'don't repair - fit a spare' with the possibi-
lity of replaced items being sent back to the manu-
facturers for repair or be_Llig dealt with in centra-
lized workshops.

4. We can expect a complete amalgamation of the mechanical
and electrical/electronic trades, both at the diagnostic
level and at lower levels of maintenance worker.

5. We shall see a marked decline in the trade of fitting.
This will be because of the improvements that will
come in metal forming techniques, e.g. turning,
milling, grinding are likely to be replaced by metal
forming and sintering processes which will reduce
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performance, but will relate to what can be achieved in a parti-
cular situation under existing conditions at the tixe the
standards are established. They will therefore be subject to
continuous review on the initiative of the individual or the
group, consistent with the broad approval of the immediate
supervisor. They will embrace the whole range of the operator's
activity, not merely the output and quality.

Standards will be of two types:
Measured: Expressed in numerical terms, such as units produced,

plant utilization, percentage rejects.
Judged: Those standards that are not readily measurable but

which must have less objective criteria applied to
them.

Measured standards will be relatively easy to establish
but operators will require continuous feed back information to
enable them to control their performance to meet the standards
they have undertaken to achieve and to review these standards.

Judged standards will be set by asking "What conditions
must be compiled with if the task has been done well?" For
example, in the Job Description (Appendix 2) for an operator of
a Churchill Internal Grinding Machine, the operator is required
to follow a prescribed shut down routine. The associated
standard is: "No start-up difficulties can be traced back to
faulty shut down routine. Machine and machine area meet
supervisor's Good Housekeeping requirements".

The requirements these standards have to fulfil are:
They must have immediat relevance to the tasks which
the operator has to perform.

They must encourage the growth of personal and group
responsibility by ensuring that operators fully under-
stand management's need. They must be progressive and
they must reject artificial restrictions of performance.
They must be simple end straightforward.
They must be capable of adaptation to meet the capacity
of individuals.

They must co-relate with acceptable levels of paym...nt.
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The example in Appendix 2 sets out In realistic terms
the main tasks of an operator, a statement of the conditions that
will elOat when the job is being done well, together with the
informetion available to him to exercise control over his job.

The control information column indicates the sources
of this information and shows who is responsible for making
judgments of the operator's performance.

The comments column indicates the operator's degree of
authority and indicates his relationship with other people In theshop. It could also be used to indicate the operator's ideas
for improvements of performance.

Work Study will no longer be an acceptable technique
for determining output because:

Many more jobs will be limited by machine cycle time,
not by the effort or the man controlling the machine.
The acceptance of Learning Curve Theory will determine
the minimum standard of output on a progressive basis
for repetitive jobs.

An article "Learning Curves", from "Management Today(1)w,gives an outline of Learning Curve Theory. Essentially this
shows that with constant effort an repetitive tasks there is a
e.onstant and predictable improvement in output for at far ahead
as it is significant to project. Thus, in effect, learning neverceases and with constant effort an operator's performance or outputwill naturally and automatically improva.

Under these conditions the normal work study techniquesof direct measurement and rating or the use of pre-determined
motion systems are static controls applied to a dynamic situation
and are less valid than calculations based on predicted reductionin cycle time.

As explained rraviounly in this paper, the use of
Standards of Performance for operators will lead to a
change in the need ror work study. Methods improvement
will be a continuing need, but possibly as an advisory
service to operators who will have primary responsibility
ror optimizing their working methods, but time studies
will only be needed to establish initial minimum output
levels.

(1) "Learning Curves" by P.J.D. Cooke, Management Today,117'November 1967.
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Status of Employees

One can expect normal social pres5ilres to give rise
to demands for "Staff Conditions of Employment" for manual
workers. It will become important, howc:ver, 4.'or management
co take the initiative i moving towards these conditions.
Attainment of these conditions will necessarily mean that
trIployees will have greater responsibility for avoidance oE

unnecessary absence from work when the economic preswires that
are a feature of hourly paid conditions of service no longer

ist.

The need for Management initiative in changing
liditions of employment arises from:

The requirement to attract more school leavers of
higher academic attaioment to jobs on the shop floor,
particularly maintenance jobs. The change in work
duties mean that the manual content of jobs will
be considerably lower, with more time spent on computer
programming, computer operating and in purely diagnostic

Having employees of s4-.aff status will
facilitate absorption of staff work dutles Into
hitherto manual ,Jobs (e.g. programming, computer
nperating).

4. Summary of changes in Work Duties and changes in
Re.sponsib:!/ities

Operators

Reduction in machine loading duties
Reduction in operation of machine controls
Reduction in manual assembly duties
Responsibility for setting of tools

Responsibility for elementary fault diagnosis
Responsibility for own inspection and quality
Responsibility for setting and meeting own standards of
performance.

Inspectors

Less need tor line and patrol inspectors.
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Material Handlers and Storeman
More emphasis on ensuring delivery of components and

materials direct to point of need. The requirements will
certainly be computer controlled and the computer may well
automatically control actual deliveries to the point of need.

Skilled Trades

Reduction in fitting.

Elimination of trades such as pipe fitting and
plumbing.

Marked changes In work dutis arising from the
replacement of turning, milling, grinding, with new
metal forming processes and the increasing use or
numerically controlled machine tools.

Increased emphasis on diagnostic skills.

Improved flexibill'ky with the need for the development
or "Control Engineering Skills" covering mechanical,
pneumatic, hydraulic, electrical and electronic skills.

The addition or programming and computer operating
skills.

Less repair of defective items and increased emphaais on
identification and replacement or defective items.

Work Study Engineers

Marked reduction ;n worx duties associated with time
study.

Change azi method a4 dy with emphasis on advising opera-
tives on how to improve their own work methods.
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APPENDIX 2

PERKINS ENGINES LIMITED
JOB DESCRIPTION REF. NO. X

JOB TITLE:

GRADE:
FACTORY:
SECTION:

INTERNAL GRINDER,
CHURCHILL
H.B.M. MACHINP
004
EASTFIELD
4.99 CON-RODS

I. GENERAL DESCRIPTION

(State maim purpose or job in the

To produce 296 good con-rods
flow of con-rods through his

II. POSITION IN OR(ANISATION

A. DIRECTLY RESPONSIBLE TO:
B. SUBORDINATES DIRECTLY

SUPERVISED:
C. PERSONS WITH WHOM HE HAS

SPECIALIST WORKING
RELATIONSHIPS:

Organisation)

in 8 hours and maintain
area.

GROUP SENIOR
NONE

the

Group Senior, Line Inspec-
tor Materials Handler,
Maintenance personnel,
colleagues with Whom he is
working In his section_,
particularly the Broaching
Machine Operator and the
Fine Boring Machine
Operators.

.

III. SCOPE OF JOB

(Inlicate total re.'_por.sibilitieL; in terms o:C nen,
materials, machines and :plant fcillties)
A. Churchill H.B.M. amternal Grindina Machine: Value
E4,500 approximately

B. Miscellaneous equipment (diamonds, stones, gauges and
components, etc.)

Diamonds
Master Setting Ring
GI-Inding Stones
Con-rod aril Cap

Approximately £30 each
Approximately £5 each
Approxmately 5/- each
Approxtely 9/9 each (a+
point v 'he Con-rods
have be :und on .1.s
machine)
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,

I
n
s
p
e
c
t
i
o
n
 
r
e
p
o
r
t
s
,
 
w
e
e
k
l
y
 
r
e
j
e
c
t

M
e
e
t
s
,
 
s
e
c
t
i
o
n
 
r
e
c
o
r
d
 
b
o
o
k
,
 
d
i
a
m
o
n
d

:
h
a
n
g
e
 
r
e
c
o
r
d
 
c
h
a
r
t
.

V
c
.
t
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
f
r
o
m
:
 
O
p
e
r
a
t
o
r
,

G
r
o
u
p
 
S
e
n
i
o
r
,
 
J
u
n
i
o
r
 
F
o
r
e
m
a
n
,

A
s
s
i
a
t
a
n
t
 
F
a
m
e
m
a
n
,
 
m
a
t
e
l
i
a
l
s
 
h
a
n
d
l
e
r
,

m
a
i
n
t
e
n
a
n
c
e
 
a
n
d
 
t
o
o
l
 
f
i
t
t
i
n
g
 
p
e
r
s
o
n
-

n
e
l
,
 
s
a
f
e
t
y
 
r
e
p
r
e
s
e
n
t
a
t
i
v
e
 
f
o
r
 
s
e
c
t
i
o
n

a
n
d
 
p
e
r
s
o
n
a
l
 
o
b
s
e
r
v
a
t
i
o
n
 
b
y
 
F
o
r
e
m
a
n
.

1
.
 
T
h
e
 
o
p
e
r
a
t
o
r
 
h
a
s
 
f
u
l
l
 
a
u
t
h
o
r
i
t
y
 
a
n
d

r
e
s
p
o
n
s
i
b
i
l
i
t
y
 
t
o
 
o
p
e
r
a
t
o
 
t
i
s

m
a
c
h
i
n
e
 
e
n
d
 
p
r
o
c
e
s
s
 
c
o
n
-
r
o
d
s
 
a
t
 
2
5
6

p
e
r
 
s
h
i
f
t
,
 
3
7
 
e
a
c
h
 
h
o
u
r
 
a
n
d
 
t
o

a
c
c
e
p
t
a
b
l
e
 
q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
.

2
.
 
T
h
e
 
o
p
e
r
a
t
o
r
 
h
a
s
 
f
u
l
l
 
a
u
t
h
o
r
i
t
y

a
n
d

r
e
s
p
o
n
s
i
b
i
l
i
t
y
 
t
o
 
t
a
k
e
 
a
c
t
i
o
n
 
t
o

c
o
n
t
r
o
l
 
h
i
s
 
o
p
e
r
a
t
i
o
n
 
(
o
u
t
l
i
n
e
d
 
I
n

1
 
a
b
o
v
e
)
 
b
y
:

a
.
 
p
e
r
s
o
n
a
l
 
a
c
t
i
v
i
t
y
 
t
o
 
r
e
c
t
i
f
y

f
a
u
l
t
s
 
w
i
t
h
i
n
 
l
i
m
i
t
'
s
 
a
g
r
e
e
:
 
w
i
t
h

G
r
o
u
p
 
S
e
n
i
o
r
 
a
n
d
 
S
U
p
e
 
.
I
s
l
o
n
.

b
.
 
i
n
f
o
r
m
i
n
g
 
G
r
o
u
p
 
S
e
n
i
o
r
 
a
n
d
/
o
r

S
u
p
e
r
v
i
s
i
o
n
 
o
f
 
a
c
t
i
o
n
 
o
t
h
e
r
 
t
h
a
n

h
i
s
 
o
w
n
 
w
h
i
c
h
 
i
s
 
r
e
q
u
i
r
e
d
 
t
o

r
e
c
t
i
f
y
 
f
a
u
l
t
s
.

c
.
 
I
n
f
o
r
m
i
n
g
 
G
r
o
u
p
 
S
e
n
i
o
r
 
a
n
d
/
o
r

S
u
p
e
r
v
i
s
i
o
n
 
o
f
 
f
a
u
l
t
s
 
a
l
o
n
e
,
 
i
f

o
p
e
r
a
t
o
r
 
d
o
e
s
 
n
o
t
 
k
n
o
w
 
w
h
l
o
h
 
i
s

t
h
e
 
c
o
r
r
e
c
t
 
e
e
r
v
i
c
e
 
n
e
e
d
e
d
 
t
o

b
r
i
n
g
 
a
b
o
u
t
 
a
h
e
 
r
e
m
e
d
y
.

c
l
.
 
d
i
s
c
u
s
s
i
n
g
 
w
i
t
h
 
c
o
l
l
e
a
g
u
e
s
,

G
r
o
u
p
 
S
e
n
i
o
r
 
w
r
i
d
.
S
t
p
e
r
v
I
s
i
o
n
,

m
a
t
t
e
r
s
 
c
o
n
c
e
r
n
i
n
g
 
t
h
e
 
o
p
e
r
a
t
i
o
n

u
n
d
e
r
 
h
i
s
 
o
w
n
 
a
u
t
h
o
r
i
t
y
,
 
o
r
 
t
h
a
t

o
f
 
o
t
h
e
r
s
,
 
w
h
i
c
h
 
c
o
u
l
d
 
l
e
a
d
 
t
o

e
a
s
i
e
r
 
o
p
e
r
a
t
i
o
n
 
o
f
 
t
h
e
 
p
r
o
c
e
s
s

o
r
 
b
e
t
w
e
e
n
 
p
r
e
c
e
s
s
e
s
.

e
,
 
d
i
s
c
u
s
s
i
n
g
,
 
a
s
 
a
b
o
v
e
 
i
n
 
(
d
)
,

b
u
t
 
c
o
n
c
e
r
n
i
n
g
 
t
h
e
 
s
u
p
p
l
y
 
o
f

s
e
r
v
i
c
e
s
 
a
n
d
 
C
o
m
p
a
n
y
,
 
f
a
c
t
o
r
y
,

d
i
v
i
s
i
o
n
a
l
 
a
n
d
 
s
h
o
p
 
g
e
n
e
r
a
l

i
n
f
o
r
m
a
t
i
o
n
 
w
h
i
c
h
 
c
a
n
 
l
e
a
d
 
t
o

b
e
t
t
e
r
 
u
n
d
e
r
s
t
a
n
d
i
n
g
.

.
^
T
A
R
T
w
U
P
 
R
O
U
T
I
N
E
:
 
T
o
 
e
n
s
u
r
e
 
c
o
n
t
r
o
l
e
,

p
o
m
r
,
 
p
r
e
s
s
u
r
e
s
,
 
h
y
d
r
a
u
l
i
c
s
,
 
c
o
o
l
a
n
t
,

e
q
u
i
p
m
e
n
t
,
 
g
a
u
g
e
s
,
 
c
u
t
t
i
n
g
 
t
o
o
l
s
 
a
n
d

m
s
c
h
i
n
e
 
b
e
h
a
v
i
o
u
r
 
a
r
e
 
a
i
l
 
i
n
 
c
o
r
r
e
c
t

w
o
r
k
i
n
g
 
o
r
d
e
r
 
f
o
r
 
p
r
o
d
u
a
l
o
n
 
t
o
 
c
o
m
m
e
n
c
e
.

.
.
.
t
a
i
l
s
 
o
f
 
S
t
a
r
t
-
u
p
 
R
o
u
t
i
n
e
:

1
.

C
h
e
c
k
 
f
l
o
o
r
 
a
r
e
a
 
l
a
 
c
l
e
a
n
 
a
n
d
 
i
n

s
a
f
e
 
w
o
r
k
i
n
g
 
c
o
n
f
l
t
i
o
n
.

i
i
.

C
h
e
c
k
 
a
l
l
 
o
i
l
 
l
e
v
e
l
s
 
a
r
e
 
c
o
r
r
e
c
t

i
n
 
m
a
c
h
i
n
e
,

I
I
I
.

C
h
e
c
k
 
A
I
r
 
p
r
e
s
e
u
r
e
 
I
s
 
c
o
r
r
e
c
t
 
C
u

F
e
 
l
b
s
.

i
v
.

:
h
e
e
k
 
c
o
o
l
a
n
t
 
l
e
W
 
a
n
d
 
c
o
n
d
i
t
i
o
n

i
n
 
t
a
n
k
 
i
s
 
C
o
r
r
e
c
t
.

v
.

C
h
e
c
k
 
c
o
r
r
e
c
t
 
g
a
e
;
e
s
,
 
p
a
r
t
i
c
u
l
a
r
l
y

c
o
r
r
e
c
t
 
m
a
s
t
e
r
 
s
e
t
t
:
n
g
 
r
i
n
g
,
 
a
r
e

i
n
 
u
e
e
,

v
i
.

C
h
e
c
k
 
c
l
a
t
p
s
 
c
l
e
a
n
 
a
n
d
 
I
n
 
c
o
r
r
e
c
t

w
o
r
k
i
n
g
 
o
r
d
e
r
.

v
I
l
.

C
h
e
c
k
 
r
o
d
s
 
a
n
d
 
1

.
.
i
r
e
c
 
c
l
e
e
n

b
e
f
o
r
e
 
l
o
a
d
i
n
g
.

.
.
,
,
i
l
i
.
 
C
h
e
c
k
 
h
y
d
r
a
u
l
l
o
c
 
w
o
r
k
i
n
g
 
c
o
r
r
e
c
t
l
y

a
f
t
e
r
 
m
a
c
h
i
n
e
 
h
a
s
 
s
t
o
o
d
 
I
d
l
e
.

i
x
.

C
h
e
c
k
 
s
a
f
e
t
y
 
g
u
a
r
d
s
 
I
n
 
w
o
r
k
i
n
i

o
r
d
e
r
.

x
.

C
h
e
c
k
 
p
o
s
i
t
i
o
n
 
l
u
l
l
 
c
o
r
r
e
c
t
 
f
u
n
o
t

a
-

I
g
g
 
o
f
 
n
a
c
n
i
n
,
 
z
o
n
t
r
o
l
s
.

x
i
.

C
h
e
c
k
 
e
m
e
r
g
e
h
:
,
 
i
:
4
 
b
u
t
t
o
n
.

x
l
i
.

C
h
e
c
k
 
d
i
a
m
o
n
d
 
a
n
d
 
g
r
i
n
d
i
n
g
 
s
t
o
n
e

s
e
c
u
r
e
 
a
n
d
 
i
r
 
p
o
d
 
c
o
n
d
i
t
i
o
n
,

x
i
i
i
.
 
C
h
e
c
k
 
c
r
o
s
s
-
t
i
l
d
e
 
w
o
r
k
i
n
g
 
c
o
n
-

r
e
c
t
:
,
.
.

x
i
v
.

C
n
e
c
k
 
g
r
i
n
d
i
n
g
 
s
t
o
n
e
 
b
e
i
n
g
 
c
a
r
-

r
e
c
t
l
y
 
d
r
e
s
s
e
d
.

x
v
.

C
h
e
c
k
 
g
r
i
n
d
i
n
g
 
s
t
o
n
e
 
s
p
a
r
k
i
n
g

c
o
r
r
e
o
t
l
y
,
 
e
t
c
.

1
.
t
.

F
O
C
E
S
S
I
N
I
:
 
T
a
 
p
r
o
d
u
c
e
 
2
9
6
 
o
o
n
-
r
o
d
s
,
 
o
f

2
5
6
 
c
o
n
-
r
o
d
s
 
o
f
 
a
c
c
e
p
t
a
b
l
e

q
u
a
l
i
t
y
 
a
r
e
 
p
r
o
d
u
c
e
d
 
i
n

8
 
h
o
u
r
s
 
a
t
 
t
h
e
 
f
l
o
w
 
r
a
t
e
 
o
f

3
7
 
e
a
c
h
 
h
o
u
r
.

S
c
r
a
p
 
%
,
 
d
u
e

t
o
 
h
i
s
 
o
w
n
 
p
r
o
c
e
s
s
i
n
g
 
f
a
u
l
t
s

e
d
o
e
s
 
n
o
t
 
e
x
c
e
e
d
 
0
.
4
%
 
(
o
r
 
o

r
o
d
s
 
p
e
r
 
5
 
s
h
i
f
t
s
)
.
 
S
t
o
n
e

c
h
a
n
g
i
n
g
 
t
i
m
e
 
d
o
e
s
 
n
o
t
 
e
x
.

c
e
e
d
 
6
 
m
i
n
s
.
 
(
3
 
m
i
n
s
 
f
o
r

s
t
o
n
e
,
 
3
 
m
i
n
s
 
f
o
r
 
r
e
s
u
m
p
t
i
o
n

o
f
 
g
n
o
d
 
c
r
o
d
u
c
t
i
o
n
)
.

S
t
o
n
e
 
u
s
a
g
e
 
d
o
e
s
.
n
o
t
 
e
x
c
e
e
d

3
 
p
e
r
 
d
a
y
 
o
n
 
a
v
e
r
a
g
e
.

P
r
o
d
u
c
t
i
o
n
 
o
u
t
p
u
t
 
r
e
c
o
r
d
s
 
(
d
a
i
l
y
 
a
n
d

w
e
e
k
l
y
)
 
m
a
n
-
h
o
u
r
s
 
u
t
i
l
l
a
s
t
.
o
n
 
r
e
c
o
r
d
s
,

i
n
s
p
e
c
t
i
o
n
 
r
e
j
e
c
t
 
s
h
e
e
t
s
.

V
e
r
b
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
f
r
o
m
 
O
p
e
r
a
t
o
r
,
 
G
r
o
u
p

S
e
n
i
o
r
,
 
S
u
p
e
r
v
i
s
i
o
n
,
 
m
a
i
n
t
e
n
a
n
c
e
 
a
n
d

t
o
o
l
 
f
i
t
t
i
n
g
 
p
e
r
s
o
n
n
e
l
,
 
m
a
t
e
r
i
a
l

h
a
n
d
l
e
r
 
a
n
d
 
p
e
r
s
o
n
n
e
l
 
o
b
e
e
r
v
a
t
i
o
n
 
b
y

f
o
r
e
m
a
n
.

a
o
c
e
p
t
a
t
 
I
I

.
.
.
i
a
l
i
t
y
 
i
n
 
8
 
h
o
u
r
s
,
 
1
.
e
,
 
t
o

m
a
i
n
t
a
i
n
 
a
 
:
l
o
w
 
o
f
 
7
'
 
l
o
n
.
r
o
d
s
 
p
e
r
 
h
o
u
r

t
h
r
o
o
g
h
 
t
h
e
 
s
h
i
f
t
.

D
e
t
a
i
l
s
 
o
f
 
P
r
o
c
e
s
o
i
n
g
 
R
o
u
t
i
n
e
:

I
.

T
o
 
m
a
i
n
t
a
i
n
 
t
h
e
 
c
o
r
r
e
c
t
 
w
o
r
k
t
n
g
 
o
r
d
o
r

o
f
 
t
h
e
 
c
o
n
t
r
o
l
s
,
 
p
o
w
e
r
,
 
p
r
e
s
s
u
r
e
s
,

h
y
d
r
a
u
l
i
c
s
,
 
c
o
o
:
a
n
t
,
 
e
q
u
i
p
m
e
n
t
,

g
s
u
g
e
s
,
 
c
u
I
t
I
n
g
 
t
o
o
l
s
 
a
n
d
 
o
v
e
r
a
l
l

m
a
c
h
i
n
e
 
b
e
h
a
v
i
o
,
,
r
,

1
1
.

T
o
 
t
a
k
e
 
t
h
e
 
n
e
c
e
s
i
a
r
;
 
,
,
,
t
i
m
 
i
o

r
e
c
t
i
f
y
 
o
r
 
g
e
t
 
r
e
c
t
i
f
i
e
c
 
a
n
y
 
f
u
i
l
u
r
e

i
n
 
(
1
)
 
a
b
o
v
e
.



:
T
a
l

"
4
R
I
F
T
I
O
N
 
O
P
 
T
A
S
K

1
.
b
.

S
T
A
N
D
A
R
D
 
O
F
 
F
E
R
F
O
R
I
U
M
C
E

C
O
N
T
R
O
L
 
I
N
F
O
R
M
A
T
I
O
N

C
O
M
M
E
N
T
S
 
O
N
 
A
U
T
H
O
R
I
T
Y

A
N
D
 
R
E
S
P
O
N
S
I
B
I
L
I
T
Y
,
 
E
T
C
.

P
e
e
l
E
S
S
I
K
 
(
c
o
n
t
i
n
u
e
d
)

1
1
1
.
 
T
o
 
m
a
i
n
t
a
i
n
 
t
h
e
 
,
e
l
e
i
r
e
m
e
n
t
s
 
o
f

'
g
e
e
d
 
h
o
u
s
e
k
e
e
p
i
n
g

e
e
 
e
l
s
 
m
a
c
h
i
n
e

a
n
d
 
m
a
c
h
i
n
e
 
a
r
e
a
.

i
v
.

7
7
,
 
t
a
k
e
 
t
h
e
 
n
e
c
e
s
s
a
r
y
 
a
c
t
i
o
n
 
t
o

.
'
.
1
f
y
 
o
r
 
g
e
t
 
n
o
t
i
f
i
e
d
 
c
o
m
p
o
n
e
n
t

.
e
n
d
i
t
i
e
n
,
 
&
r
i
s
i
n
g
 
f
r
o
m
 
p
r
e
v
i
o
u
s

o
p
e
r
a
t
i
c
n
e
,
 
w
h
i
c
h
 
w
i
l
l
 
a
f
f
e
c
t
 
t
h
e

q
u
a
l
i
t
y
 
o
r
 
r
a
t
e
 
o
f
 
f
l
o
w
 
o
f
 
t
h
e

c
o
m
p
o
n
e
n
t
s
.

v
.

T
o
 
e
n
s
u
r
e
 
t
h
e
 
c
l
e
a
n
l
i
n
e
s
s
,
 
c
o
r
r
e
c
t

l
o
c
a
t
i
o
n
 
f
o
r
 
g
r
i
n
d
i
n
g
,
 
g
r
i
n
d
i
n
g

f
i
n
i
e
.
.
 
a
n
d
 
r
e
q
u
i
r
e
d
 
q
u
a
l
i
t
y

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
.
)
r
 
t
h
e
 
c
o
m
p
o
n
e
n
,
s
.

.
1
.

T
o
 
*
.
e
.
i
l
l
s
e
 
t
h
e
 
a
v
a
i
l
a
b
l
e
 
t
i
m
e

e
f
f
i
c
i
e
n
t
l
e
 
t
o
 
m
a
i
n
t
a
i
n
 
t
h
e
 
r
e
q
u
i
r
e
d

p
r
o
d
u
c
t
i
o
n
 
a
n
d
 
f
l
o
w
 
o
f
 
t
h
e
 
,
_
1
m
p
o
n
e
n
t
s
.

C
o
o
l
a
n
t
 
u
s
a
g
e
 
d
o
e
s
 
n
o
t
 
e
x
c
e
e
d

1
/
2
 
g
a
l
l
o
n
 
o
n
 
a
v
e
r
a
g
e
 
p
e
r

c
l
a
y
.

D
i
a
m
c
n
d
 
u
s
a
g
e
 
d
o
e
s
 
n
e
t
 
e
x
c
e
e
d

1
 
p
e
r
 
m
o
n
t
h
 
o
n
 
a
v
e
r
a
g
e
.

B
r
e
a
k
d
o
w
n
 
t
i
m
e
 
d
o
e
s
 
n
o
t
 
e
x
.

c
e
e
d
 
2
 
1
,
2
 
h
o
R
r
s
 
p
e
r
 
m
o
n
t
h

P
 
a
v
e
r
a
g
e
.

G
r
o
u
p
 
S
e
n
i
o
r
'
s
 
a
t
t
e
n
t
i
o
n

t
i
m
e
 
d
e
e
s
 
n
o
:
 
h
a
v
e
 
t
o
 
e
x
c
e
e
d

1
/
2
 
h
o
u
r
 
p
e
r
 
d
a
y
.

V
e
r
b
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
n
e
m
 
G
r
o
u
p
 
S
e
n
i
o
r
.

I.
e.

C
L
O
S
E
.
D
O
W
N
 
R
C
U
T
I
N
E
:
 
T
o
 
t
a
k
e
 
t
h
e
 
r
e
q
u
i
r
e
d

a
c
t
i
o
n
 
t
o
 
e
n
s
u
r
e
 
i
h
a
t
 
t
h
e
 
s
t
a
r
t
.
u
p
 
r
o
u
t
i
n
e

w
i
l
l
 
b
e
 
s
m
o
o
t
h
 
a
n
d
 
r
e
q
u
i
r
e
s
 
t
h
e
 
m
i
n
i
m
u
m

a
m
o
u
n
t
 
o
f
 
w
o
r
k
 
a
n
d
 
t
i
m
e
.

D
e
t
a
i
l
s
 
o
f
 
c
l
o
s
e
.
d
o
w
n
 
r
o
e
:
i
r
e
:

i
.

T
O
 
c
l
o
s
e
 
d
o
w
n
 
t
h
e
 
m
i
c
e
i
n
e
 
c
c
n
t
r
o
l
s
 
i
n

t
h
e
 
c
o
r
r
e
c
t
 
n
o
q
u
e
n
e
c
 
a
n
d
 
t
o
 
t
u
r
n
 
o
f
f

e
a
i
n
s
 
p
o
w
e
r
 
L
a
 
m
a
c
h
i
n
e
.

1
'
,

l
e
,
 
c
l
e
a
n
,
 
c
h
e
c
k
 
a
n
d
 
s
t
o
r
e
 
e
q
u
i
p
m
e
n
t

t
i
d
i
l
y
 
a
n
d
 
s
a
f
e
l
y
 
I
n
 
c
o
r
r
e
c
t
 
p
l
a
c
e
.

1
1
1
.
 
T
o
 
l
e
a
v
e
 
m
a
c
h
i
n
e
 
i
n
 
s
t
a
t
e
 
o
f
 
c
l
e
a
n
,

c
o
r
r
e
c
t
 
a
o
r
k
l
u
g
 
o
r
d
e
r
.

i
v
.

T
o
 
l
e
a
v
e
 
m
a
c
h
i
n
e
 
a
r
e
a
 
i
n
 
c
l
e
a
n
,
 
s
a
l
e

w
e
l
c
I
n
g
 
c
o
n
d
i
t
i
o
n
.

v
.

T
o
 
l
e
a
v
e
 
c
e
m
p
o
n
e
n
t
e
 
I
n
 
c
e
r
r
e
c
t
l
y

s
t
a
c
k
e
d
 
p
o
s
i
t
i
o
n
s
.

N
o
 
s
t
a
r
t
-
u
p
 
d
i
f
f
i
c
u
l
t
i
e
s
 
c
a
n

t
e
 
t
r
a
c
e
d
 
b
a
c
k
 
a
n
d
 
d
u
e
 
t
o

f
a
u
l
t
y
 
c
l
o
s
e
 
d
o
w
n
 
r
o
u
t
i
n
e
.

M
a
c
h
i
n
e
 
e
n
d
 
m
a
c
h
i
n
e
 
a
r
e
a
 
m
e
e
t

S
e
p
e
r
v
l
s
i
o
n
'
s
 
g
o
o
d
 
h
o
u
s
e
.

k
e
e
p
i
n
g
 
r
e
q
u
i
r
e
m
e
n
t
s
.

P
e
r
s
o
n
a
l
 
c
h
e
c
k
s
 
b
y
 
G
r
o
u
p
 
S
e
n
i
o
r
 
a
n
d

S
u
p
e
r
v
i
s
i
o
n
.

I
n
v
e
s
t
i
g
a
t
i
o
n
 
o
f
 
s
t
a
r
t
.

u
p
 
f
a
u
l
t
s
 
b
y
 
G
r
o
u
p
 
S
e
n
i
o
r
,
 
J
u
n
i
o
r

S
u
p
e
r
v
i
s
o
r
.

C
a
u
s
e
s
 
o
f
 
f
a
u
l
t
s
 
r
e
p
o
r
t
e
d

b
y
 
m
a
i
n
t
e
n
a
n
c
e
 
a
n
d
 
t
o
o
l
 
f
i
t
t
i
n
g

p
e
r
s
o
n
n
e
l
.

P
e
r
s
o
n
a
l
 
i
n
s
p
e
c
t
i
o
n
 
o
f

l
e
g
a
t
i
o
n
 
b
y
 
F
o
r
e
m
a
n
 
a
t
 
c
l
o
s
e
 
d
o
w
n
 
o
f

s
h
i
f
t
.

2
.

C
g
e
L
I
T
Y
 
C
O
N
T
R
O
L
:
 
T
o
 
e
n
s
u
r
e
 
r
e
q
u
i
r
e
d

q
e
e
l
i
t
y
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
,
 
o
f
 
c
o
m
p
o
n
e
n
t
s

p
r
o
c
e
s
s
e
d
 
b
y
 
h
i
m
,
 
e
r
e
 
b
e
i
n
g
 
f
u
l
f
i
l

1
.

D
e
t
a
i
l
s
 
o
f
 
e
e
a
l
i
t
y
 
C
e
n
t
r
o
l
:

T
o
 
c
h
e
c
e
 
t
h
a
t
 
t
h
e
 
b
e
v
i
n
g
 
g
r
o
o
v
e
 
h
a
s

b
e
e
n
 
m
a
c
h
i
n
e
d
 
i
n
 
e
a
c
h
 
r
o
d
 
b
e
f
o
r
e

b
e
i
n
g
 
g
r
o
u
n
d
 
a
e
d
 
t
a
k
e
 
r
e
q
u
i
r
e
d

a
c
t
i
o
n
 
i
r
 
f
o
e
t
i
d
 
a
h
f
,
q
t
t
.

1
1
.

T
o
 
c
h
e
e
k
 
f
o
r
 
r
u
s
t
y
 
e
r
 
s
t
a
L
l
e
d
 
r
o
d
s
 
a
n
d

t
a
k
e
 
r
e
q
e
t
r
e
d
 
a
c
t
i
o
n
.

l
i
e
.
 
T
b
 
e
h
e
r
e
e
 
a
n
y
 
m
i
s
p
l
a
c
e
m
e
n
t
 
b
e
t
w
e
e
n
 
r
o
d

a
n
d
 
c
a
p
 
a
f
t
e
r
 
b
o
l
t
i
n
g
 
e
p
 
a
n
t
i

e
k
e

r
e
q
e
l
e
A
 
a
c
t
i
o
n
 
i
f
 
f
,
/
,
,
z
4
 
(
M
u
l
n
e
a
d

o
p
e
r
a
t
i
o
n
)
.

i
v
.

T
o
 
c
h
e
c
A
 
d
e
 
r
a
c
e
s
 
o
r
 
r
o
d
 
a
r
e
 
t
r
e
e

f
r
o
m
 
'
u
r
e
a
 
,
.
n
d
 
t
a
k
e
 
r
t
q
u
i
r
e
d
 
a
i
t
i
c
n
 
i
f

f
o
u
n
d
.

v
.

T
o
 
c
h
e
c
k
 
c
e
.
r
t
e
t
 
g
a
u
g
e
s
 
a
n
d
 
m
a
s
t
e
r

r
i
n
g
 
i
s
 
I
n
 
e
s
e
 
a
n
d
 
f
u
n
c
t
i
o
n
i
n
g
 
C
o
r
-

r
e
c
t
l
y
.

v
i
.

T
o
 
c
h
e
e
k
 
l
o
a
d
i
n
g
 
e
n
d
 
c
l
a
m
p
i
n
g
 
i
s
 
c
o
r
-

r
e
c
t
 
p
r
i
o
r
 
t
c
 
e
r
i
n
d
i
n
g
 
(
c
l
e
a
n
l
i
n
e
e
s
,

c
m
a
l
l
-
e
n
d
 
b
u
e
e
,
 
6
0
 
I
h
s
,
 
c
l
a
m
p

p
r
e
s
s
u
r
e
,

v
1
1
.
 
T
o
 
c
h
e
e
k
 
e
e
 
e
e
t
i
o
n
 
o
f
 
m
a
c
h
i
n
e
,
 
d
i
a
m
o
n
d

a
n
d
 
s
t
o
n
e
 
a
!

e
e
l
f
i
l
l
i
n
g
 
a
n
d
 
m
a
i
n
t
a
i
n
.

i
n
g
 
r
e
q
u
i
r
e
d
 
.
e
n
c
t
i
o
n
s
 
c
o
r
r
e
c
t
l
y
 
a
n
d

t
o
 
t
a
e
e
 
r
e
q
u
i
r
e
d
 
a
c
t
i
o
n
 
i
f
 
t
h
e
y
 
a
r
e

n
o
t
.

"
e
t
r
e
?
 
4
 
d
u
e
 
t
o
 
g
r
i
n
d
i
n
g

p
r
e
c
e
s
s
 
d
o
e
s
 
n
o
t
 
e
x
c
e
e
d
 
0
.
4
.

C
o
n
-
r
o
d
s
,
 
s
c
r
a
p
p
e
d
 
f
o
r
 
o
t
h
e
r

r
e
a
s
o
n
s
 
h
a
v
e
 
n
o
t
 
b
e
e
n
 
p
r
o
.

c
e
e
e
e
e
.

C
e
e
-
r
e
d
 
f
a
u
l
t
s
,
 
a
r
i
s
i
n
g
 
f
e
o
m

p
r
c
e
l
e
e
s
 
o
p
e
r
a
t
i
o
n
s
,
 
a
r
e

p
r
c
p
e
r
l
y
 
c
o
m
m
u
n
i
c
a
t
e
d
 
f
o
r

r
e
c
t
i
f
i
c
a
t
i
o
n
.

S
U
 
A
B
O
V
E

'
i
e
r
b
a
l
 
1
1
1
1
e
r
:
c
a
t
i
o
n
 
f
r
o
m
 
o
p
e
r
a
t
o
r
,

G
r
o
u
p
 
S
e
n
i
o
r
 
a
n
d
 
I
n
s
p
e
c
t
i
o
n
.

V
e
r
b
a
l

i
n
f
o
r
m
a
t
i
o
n
 
f
r
o
m
 
o
t
h
e
r

p
e
r
a
t
o
r
s
.

W
r
i
t
t
e
n
 
r
e
c
o
r
d
s
 
t
e
e
m
 
I
n
s
p
e
c
t
i
o
n
;
 
d
a
i
l
y

a
n
d
 
w
e
e
k
i
y
 
r
e
j
e
c
t
 
r
e
p
o
r
t
s
,
 
r
e
c
l
a
i
m

w
o
r
k
 
r
e
c
o
r
d
s
.

V
e
r
b
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n

m
a
c
h
i
n
e
,
 
e
q
u
i
p
m
e
n
t
,
 
:
t
e
n
'
,
 
a
n
d

d
i
a
m
o
n
d
s
 
f
r
o
m
 
e
i
t
h
e
l
 
e
e
i
r
e
e
n
a
n
c
e
,

t
o
o
l
 
f
i
t
t
i
n
g
,
 
o
p
e
r
a
e
,
-
,

o
d
o
r

S
u
p
e
r
v
i
s
o
r
 
a
n
d
/
o
r
 
G
r
o
u
p
 
S
e
n
i
o
r
.

W
r
i
t
t
e
n
 
r
e
c
o
r
d
s
 
o
n
 
m
a
c
h
i
n
e
 
a
n
d
 
e
q
u
i
p
-

m
e
n
t
 
f
r
o
m
 
m
a
i
n
t
e
n
a
n
c
e
,
 
t
o
o
l
 
f
i
t
t
i
n
g
,

s
e
c
t
i
o
n
 
m
a
i
n
t
e
n
a
n
c
e
 
b
o
o
k
,
 
d
a
i
l
y
 
r
e
p
o
r
t

s
h
e
e
t
.

F
u
l
l
 
a
u
t
h
o
r
i
t
y
 
a
n
d
 
r
e
s
p
o
n
s
i
b
i
l
i
t
y
 
t
o

c
o
n
t
r
o
l
 
t
h
e
 
q
u
a
l
i
t
y
 
o
f
 
c
o
n
-
r
o
d
s
 
a
t

h
i
s
 
p
a
r
t
 
i
n
 
t
h
e
 
p
r
o
c
e
s
s
,
 
i
n
c
l
 
:
l
n
g
 
t
h
e

c
h
e
c
k
 
o
n
 
h
i
s
 
g
a
u
g
e
s
.

A
u
t
h
o
r
i
t
y
 
a
n
d
 
r
e
s
p
o
n
s
i
b
i
l
i
t
y
 
t
o
 
s
u
b
m
i
t

h
i
s
 
q
u
a
l
i
t
y
 
r
e
s
u
l
t
s
 
t
o
 
I
n
s
p
e
c
t
i
o
n
 
f
o
r

c
h
e
c
k
i
n
g
.

R
e
s
p
o
n
s
i
b
i
l
i
t
y
 
a
n
d
 
a
u
t
h
o
r
i
t
y
 
t
o
 
t
a
k
e

n
e
c
e
s
s
a
r
y
 
s
a
l
o
n
 
t
o
 
o
b
t
a
i
n
 
a
d
j
u
s
t
m
e
n
t
s

e
n
 
t
h
e
 
p
r
o
c
e
s
s
 
t
o
 
p
r
e
s
e
r
v
e
 
o
r
 
a
t
t
a
l
n

q
u
a
l
i
t
y
 
s
t
a
n
d
a
r
d
s
.

R
e
s
p
o
n
s
i
b
i
l
i
t
y
 
a
n
d
 
a
u
t
h
o
r
i
t
y
 
t
o
 
r
e
f
u
s
e

t
o
 
p
r
o
c
e
s
s
 
a
l
r
e
a
d
y
 
s
c
r
a
p
 
c
o
m
p
o
n
e
n
t
s
 
o
r

c
o
m
p
o
n
e
n
t
s
 
t
h
a
t
 
w
o
u
l
d
 
b
e
c
c
e
s
 
s
c
r
a
p
 
I
f

h
e
 
p
r
o
c
e
s
s
e
d
 
t
h
e
m
 
w
i
t
h
o
u
t
 
p
r
i
o
r
 
r
e
c
l
a
i
m

w
o
r
k
 
b
e
i
n
g
 
c
a
r
r
i
e
d
 
o
u
t
 
r

:
h
e
m
.



rm
i

N
o
.

D
E
S
C
R
I
P
T
I
O
N
 
O
F
 
T
A
S
K

S
T
A
N
D
A
R
D
 
O
F
 
P
E
R
F
O
R
M
A
N
C
E

C
O
N
T
R
O
L
 
I
N
F
O
R
M
A
T
I
O
N

C
O
M
M
E
N
T
S
 
O
N
 
A
U
T
H
O
R
I
T
Y

A
N
D
 
R
E
S
P
O
N
S
I
B
I
L
I
T
Y
,
 
E
T
C
.

2 3

Q
U
A
L
I
T
Y
 
C
N
T
R
O
L
 
(
c
o
n
t
i
n
u
e
d
)

v
i
l
l
.
 
T

c
h
e
c
k
 
t
n
a
t
 
l
a
r
g
e
 
e
n
d
 
b
o
r
e
 
l
s

c
l
e
a
n
i
n
g
 
u
p
 
a
n
d
 
t
a
k
e
 
r
e
q
u
i
r
e
d
 
a
c
t
i
o
n
,

i
f
 
f
o
u
n
d
 
e
o
t
,
 
t
o
 
g
e
t
 
b
t
o
a
c
h
i
n
g
 
o
p
e
r
a
-

t
i
o
n
 
m
o
d
i
f
i
e
d
.

i
x
.

T
o
 
c
a
r
r
y
 
o
u
t
 
1
0
0
%
 
c
h
z
,
k
 
w
i
t
h
 
a
l
l

g
a
u
g
e
s
 
o
n
 
f
i
r
s
t
 
d
o
z
e
n
 
c
e
7
o
n
e
n
t
s
 
p
r
o
-

d
u
c
e
d
 
a
t
 
c
o
m
m
e
n
c
e
m
e
n
t
 
o
f
 
w
o
r
k
 
a
f
t
e
r

m
a
c
h
i
n
e
 
h
a
s
 
s
t
o
o
d
 
I
d
l
e
 
f
o
r
 
:
1
,

o
f
 
c
h
a
n
g
e
 
o
f
 
s
t
o
n
e
 
o
r
 
d
i
a
m
o
n
d
.

A
.

1
0
0
4
 
m
e
r
c
e
r
 
c
l
o
c
k
 
g
a
u
g
e
 
c
h
e
c
k
 
o
n

g
r
o
u
n
d
 
l
a
r
g
e
 
e
n
d
 
b
o
r
e
 
o
f
 
a
l
l
 
c
o
m
p
a
-

n
e
n
t
a
 
p
r
o
c
e
s
s
e
d
 
-
 
f
o
r
 
m
e
i
n
t
e
n
a
n
c
e
 
o
f

r
e
q
u
i
r
e
d
 
l
i
m
i
t
s
.

x
t
.

C
o
n
s
t
a
n
t
 
v
i
s
u
a
l
 
c
h
e
c
k
 
o
n
 
g
r
i
n
d
i
n
g

p
a
t
t
e
r
n
 
o
f
 
r
o
d
 
b
o
r
e
s
 
p
l
u
s
 
o
t
h
e
r

r
e
q
u
i
r
e
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
t
h
a
t
 
v
e

c
h
e
c
k
e
d
 
v
i
s
u
a
l
l
y
.

x
i
i
.

K
e
e
p
 
c
h
e
c
k
 
o
n
 
c
o
o
l
a
n
t
 
c
o
n
d
i
t
i
o
n
 
e
n
d

p
r
e
s
e
n
c
e
 
o
f
 
o
i
l
.
 
e
t
c
.

x
l
i
i
.
 
S
u
b
m
i
t
 
r
o
d
s
 
t
o
 
i
n
s
p
e
c
t
i
o
n
 
f
o
r
 
o
l

r
o
u
n
d
 
q
u
a
i
i
t
y
 
c
h
e
c
k
s
 
i
n
c
l
u
d
i
n
g
:

M
i
c
r
o
-
f
i
n
i
s
h
 
(
p
a
r
t
i
c
u
l
a
r
l
y
 
w
h
e
n

s
t
a
r
t
i
n
g
 
t
o
 
u
s
e
 
a
 
n
e
w
 
s
t
o
n
e
)
,
 
b
o
r
e

c
h
a
t
t
e
r
,
 
c
h
e
c
k
i
n
g
 
s
m
a
l
l
 
a
n
d
 
l
a
r
g
e

e
n
d
 
b
o
r
e
 
c
e
n
t
r
e
s
,
 
b
o
r
e
 
g
r
o
u
n
d
 
s
q
u
a
r
e

t
o
 
s
i
d
e
 
f
a
c
e
s
,
 
e
t
c
.

C
O
M
M
U
N
I
C
A
T
I
O
N
S
:
 
T
o
 
e
n
s
u
r
e
 
s
p
e
e
d
y
 
c
o
m
m
u
n
i
c
a
-

t
i
o
n
 
o
f
 
c
o
r
r
e
c
t
 
i
n
f
o
r
n
a
t
i
o
n
 
t
o
 
p
e
r
s
o
n
s

r
e
a
p
k
w
y
s
i
b
l
e
 
f
o
e
:
 
c
a
r
r
y
i
n
g
 
o
u
t
 
a
n
y
 
a
c
t
i
o
n

r
e
q
u
i
r
e
d
 
t
o
 
m
a
i
n
t
a
i
n
 
t
h
e
 
c
o
r
r
e
c
t
 
b
e
h
a
v
i
o
u
r

o
f
 
t
h
e
 
m
a
c
h
i
n
e
,
 
c
u
t
t
i
n
g
 
t
o
o
l
s
,
 
p
o
w
e
r
,

p
r
e
s
s
u
r
e
s
,
 
h
y
d
r
a
u
l
i
c
s
,
 
d
i
e
:
t
o
n
d
o
,
 
s
t
o
n
e
s
,

c
o
o
l
a
n
t
,
 
e
t
c
.
,
 
a
n
d
 
O
l
e
 
m
a
l
n
t
a
n
a
n
c
e
 
o
f
 
p
r
o
-

d
u
c
t
i
o
n
 
f
l
o
w
 
a
n
d
 
a
t
t
a
i
n
m
e
n
t
 
o
f
 
c
o
m
p
o
n
e
n
t

q
u
a
l
i
t
y
.

D
e
t
a
i
l
s
 
o
f
 
c
o
m
m
u
n
i
c
a
t
i
o
n
s
:
 
T
h
e
s
e
 
w
i
l
l

i
n
v
o
l
v
e
:

t
.

A
d
v
i
c
e
 
t
o
 
O
r
o
u
p
 
S
e
n
i
o
r
 
w
h
e
n
 
o
n
 
h
i
s

t
o
u
r
,
 
o
f
 
a
c
t
i
o
n
 
c
a
r
r
i
e
d
 
o
u
t
 
b
y
 
t
h
e

o
p
e
r
a
t
o
r
 
o
r
 
d
i
f
f
i
c
u
l
t
i
e
s
 
h
e
 
i
s
 
e
x
-

p
e
r
i
e
n
c
i
n
g
 
w
h
i
c
h
 
m
i
g
h
t
 
n
e
e
d
 
f
u
r
t
h
e
r

f
o
l
l
o
w
w
u
p
 
a
n
d
 
c
h
e
c
k
i
n
g
 
b
y
 
t
h
e
 
o
p
e
r
a
t
o
r
,

G
r
o
u
p
 
S
e
n
i
o
r
,
 
S
u
p
e
r
v
i
s
i
o
n
 
a
n
d
/
o
r
 
o
t
h
e
r

s
e
r
v
i
c
e
s
.

i
i
.

I
m
m
e
d
i
a
t
e
 
r
e
p
o
r
t
i
n
g
 
t
o
 
G
r
o
u
p
 
S
e
n
i
o
r
 
o
n

a
n
y
 
a
c
t
i
o
n
 
r
e
q
u
l
r
e
d
 
t
o
 
b
e
 
u
n
d
e
r
t
a
k
e
n

(
i
n
v
o
l
v
i
n
g
 
a
n
y
 
o
f
 
t
h
e
 
a
c
t
i
v
i
t
i
e
s
 
o
u
t
-

l
i
n
e
d
 
i
n
 
T
a
n
k
 
I
t
e
m
 
I
 
a
,
 
b
 
o
r
 
c
 
a
b
o
v
e
)

b
y
 
o
t
h
e
r
 
p
e
r
s
o
n
a
 
t
h
a
n
 
t
h
e
 
o
p
e
r
a
t
o
r
.

i
i
i
.
 
A
d
v
i
c
e
 
t
o
 
o
t
h
e
r
 
o
p
e
r
a
t
o
r
s
,
 
p
a
r
t
i
c
u
l
a
r
-

l
y
 
o
n
 
s
u
b
s
e
q
u
e
n
t
 
o
p
e
r
a
t
i
o
n
s
,
 
o
n
 
c
o
m
p
o
-

n
e
n
t
 
c
h
a
r
a
o
t
e
r
i
s
t
.
c
e
 
w
h
i
c
h
,
 
a
l
t
h
o
u
g
h

p
a
s
s
a
b
l
e
 
w
i
t
h
i
n
 
h
i
s
 
q
u
a
l
i
t
y
 
l
i
m
i
t
a
,

c
a
n
 
h
a
v
e
 
a
 
e
i
g
n
i
f
l
A
t
n
t
 
e
f
f
e
c
t
 
o
n
 
s
u
b
-

s
e
q
u
e
n
t
 
o
p
e
r
a
t
i
o
n
s
.

i
v
.

C
o
m
m
u
n
i
o
a
t
i
n
g
 
t
o
 
s
u
p
e
r
v
i
s
i
o
n
 
o
n

p
e
r
s
o
n
a
l
 
m
a
t
t
e
r
s
 
a
n
d
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s

w
h
i
c
h
 
c
o
u
l
d
 
o
r
 
w
i
l
l
 
a
f
f
e
c
t
 
o
r
 
a
r
e

r
f
e
c
t
i
n
g
 
t
h
e
 
o
p
e
r
a
t
o
r
'
e
 
w
o
r
k
 
i
n
 
t
h
e

a
c
t
i
o
n
,
 
i
.
e
.
 
h
e
a
l
t
h
,
 
u
n
s
a
f
e
 
c
o
n
d
i
-

t
i
o
n
s
,
 
d
o
m
e
s
t
i
c
 
p
r
o
b
l
e
m
s
,
 
e
t
c
.

S
c
r
a
p
 
d
u
e
 
t
o
 
d
i
r
t
y
 
c
l
a
m
p
s
,

p
o
o
r
 
c
l
a
m
p
i
n
g
,
 
d
i
r
t
y
 
c
o
o
l
a
n
t
,

e
t
c
.
,
 
d
o
e
a
 
n
o
t
 
e
x
c
e
e
d
 
0
.
4
%
 
o
r

6
 
,
o
n
-
r
o
d
s
 
p
e
r
 
5
 
s
h
i
f
t
s
 
p
r
o
-

d
u
c
t
i
o
n
.

A
s
 
A
D
D
Y
R

I
n
s
p
e
c
t
i
o
n
 
i
s
 
u
s
e
d
 
f
r
e
q
u
e
n
,
l
y
,

o
n
 
a
v
e
r
a
g
e
 
5
 
t
i
m
e
s
 
p
e
r
 
d
a
y
 
t
o

a
v
o
i
d
 
p
r
o
d
u
c
t
i
c
n
 
o
f
 
f
a
u
l
t
y

6
,
n
-
r
o
d
e
.

M
e
 
C
o
m
m
u
n
i
c
a
t
i
o
n
s
 
a
r
e
 
c
l
e
a
r
,

f
a
c
t
u
a
l
 
a
n
d
 
c
o
r
r
e
c
t
,
 
t
h
u
s

a
v
o
i
d
i
n
g
 
d
i
a
g
n
o
s
t
i
c
 
i
n
v
e
s
t
i
g
a
-

t
i
o
n
 
t
i
m
e
,
 
A
S
 
f
a
r
 
a
s
 
p
o
s
s
i
b
l
e
,

o
f
 
s
u
p
r
v
i
s
i
o
n
,
 
e
t
o
.

T
h
i
s

w
o
u
l
d
 
I
m
p
l
y
 
t
h
a
t
 
t
h
e
 
o
p
e
r
a
t
o
r

i
s
 
r
i
g
h
t
 
u
n
 
h
i
s
 
f
a
c
t
s
 
9
 
t
i
m
e
s

o
u
t
 
o
f
 
1
0
.

O
p
e
r
a
t
o
r
s
 
o
n
 
s
t
o
s
e
q
u
e
n
t
 
o
p
e
r
a
-

t
i
o
n
s
 
e
n
a
b
l
e
'
 
t
o
 
a
d
j
u
a
t
 
t
h
e
i
r

c
w
n
 
a
n
d
 
a
v
o
i
d
 
s
c
r
a
p
 
p
r
o
d
u
c
t
i
o
n

d
u
e
 
t
o
 
t
h
e
 
g
:
i
n
d
i
n
g
 
p
r
o
c
e
s
s
,

(
e
.
g
.
 
b
o
t
t
o
m
 
l
i
m
i
t
 
p
r
o
d
u
o
t
i
o
n
)
.

a
p
 
f
o
r
 
t
h
i
s
 
r
e
a
s
o
n
 
i
s
 
N
I
L
.

S
u
p
r
v
i
s
i
o
n
 
a
r
e
 
a
w
a
r
e
 
o
f
 
t
h
e

o
p
e
r
A
t
o
r
'
s
 
p
e
r
s
o
n
a
l
 
m
a
t
t
e
r
s
 
a
n
d

w
o
r
i
u
n
g
 
c
o
n
d
i
t
i
o
n
s
 
i
n
 
a
d
e
q
u
a
t
e

t
i
m
,
 
t
o
 
c
a
t
e
r
 
f
o
r
 
t
h
e
s
e
 
p
r
o
p
e
r
-

l
y
 
a
n
d
 
s
m
o
o
t
h
l
y
 
i
n
 
t
h
e
 
d
i
e
.

c
h
a
r
g
e
 
o
f
 
t
h
e
i
r
 
o
w
n
 
t
a
s
k
s
,

V
e
r
b
a
l
 
r
e
p
o
r
t
s
 
f
r
o
m
 
G
r
o
u
p
 
S
e
n
i
o
r
,

J
u
n
i
o
r
,
 
S
u
p
e
r
v
l
s
o
r
,
 
A
s
s
i
s
t
a
n
t
 
F
o
r
e
-

m
a
n
,
 
i
n
s
p
e
c
t
i
o
n
,
 
M
a
i
n
t
e
n
a
n
c
e
 
a
n
d
 
t
o
o
l

f
i
t
t
i
n
g
 
p
e
r
s
o
n
n
e
l
.

C
o
m
m
e
n
t
s
 
f
r
o
m

o
t
h
e
r
 
o
p
e
r
a
t
o
r
s
.

P
e
r
s
o
n
a
l
 
e
x
p
e
r
i
e
n
c
e

b
y
 
F
o
r
e
m
a
n
.

P
u
l
l
 
a
u
t
h
o
r
i
t
y
 
a
n
d
 
r
e
s
p
o
n
s
i
b
i
l
i
t
y
 
t
o

c
o
m
m
u
n
i
c
a
t
e
,
 
o
n
 
a
l
l
 
m
a
t
t
e
r
s
 
o
u
t
l
i
n
e
d
 
i
n

t
h
i
s
 
t
a
s
k
,
 
t
o
 
t
h
e
 
p
e
r
a
o
n
s
 
c
o
n
c
e
r
n
e
d
,

v
i
a
 
h
i
s
 
G
r
o
u
p
 
S
e
n
i
o
r
 
o
r
 
J
u
n
i
o
r
 
S
u
p
e
r
.

v
i
s
o
r
.



S
T
E
N
 
N
o
.

M
S
C
R
I
P
T
I
O
N
 
O
F
 
T
A
S
K

S
T
A
N
D
A
R
D
 
O
P
 
P
E
R
F
O
R
M
A
N
C
E

C
O
N
T
R
O
L
 
I
N
F
O
R
M
A
T
I
O
N

C
O
M
M
E
N
T
S
 
O
N
 
(
S
T
R
O
R
I
T
Y

A
N
D
 
e
l
:
P
O
u
S
T
,
I
L
I
T
Y
,
 
E
T
C
.

S
A
F
E
T
Y
 
O
F
 
O
P
E
R
A
T
I
O
N
S
;
 
T
o
 
c
a
r
r
y
 
o
u
t
.
t
h
e

t
a
s
k
s

A
c
c
i
d
e
n
t
s
 
a
n
d
 
'
n
e
a
r
 
m
i
s
s
e
s
'
 
d
u
e

t
o
 
o
p
e
r
a
t
o
r
'
s
 
m
e
t
h
o
d
 
o
f
 
w
o
r
k
i
n
g

s
t
a
t
e
 
o
f

.
:
 
a
r
e
a
,
 
s
t
a
c
k
i
n
g

r
f
 
c
o
m
p
o
n
e
n
t
s
 
a
n
d
 
b
e
h
a
v
i
o
u
r
 
o
f

m
a
c
h
i
n
e
,
 
a
r
e
 
o
f
 
t
h
e
 
o
r
d
e
r
 
o
f

c
h
a
n
c
e
 
o
f
 
o
n
e
 
i
n
 
4
0
0
 
(
i
n
 
t
e
r
m
s

o
f
 
s
h
i
f
t
s
 
w
o
r
k
e
d
)
.

W
r
i
t
t
e
n
 
a
c
c
i
d
e
n
t
 
r
e
c
o
r
d
s
.

V
e
r
b
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
f
r
o
m
 
S
a
f
e
t
y

R
e
p
r
e
s
e
n
t
a
t
i
v
e
,
 
G
r
o
u
p
 
S
e
n
i
o
r
,

S
u
p
e
r
v
i
s
i
o
-
 
a
n
d
 
p
e
r
s
o
n
a
l

o
b
s
e
r
v
a
t

o
f
 
F
o
r
e
m
a
n
,

W
r
i
t
t
e
n
 
o
r
 
v
e
r
b
a
l
 
m
a
i
n
t
e
n
a
n
c
e

r
e
p
o
r
t
s
.

F
u
l
l
 
a
u
t
h
o
r
i
t
,
 
a
n
d
 
r
e
s
p
o
n
s
i
b
i
l
i
t
y
t
o

i
n
f
o
r
m
 
t
n
:
 
:
T
t
p
o
n
s
i
b
l
e
 
p
e
r
s
o
n
n
e
l

o
f

u
n
s
a
f
e
 
t
J
n
a
i
t
i
o
n
s
 
a
n
d
 
p
r
a
c
t
i
c
e
s

t
h
a
t

h
e
 
n
o
t
i
c
e
s
,
 
e
i
t
h
e
r
 
i
n
 
r
e
l
a
t
i
o
n
 
t
o

h
i
s
 
o
w
n
 
p
a
r
t
 
o
f
 
t
h
e
 
p
r
o
c
e
s
s

o
r
 
e
l
s
e
-

w
h
e
r
e
 
W
h
e
r
e
 
h
e
 
m
a
y
 
c
o
m
e
 
a
c
r
o
s
s
 
t
h
e
m

I
n
 
t
h
e
 
c
o
u
r
s
e
 
o
f
 
h
i
e
 
p
r
o
p
e
r
e
m
p
l
o
y
.

s
e
n
t
.

A
u
t
h
o
r
i
t
y
 
t
o
 
r
e
f
u
s
e
 
t
o
 
u
h
d
e
r
t
a
k
e

a
c
t
i
o
n
 
W
h
e
r
e
 
h
e
 
i
s
 
c
o
n
v
i
n
c
e
d
 
t
h
a
t

t
h
i
s
 
a
c
t
i
o
n
 
i
s
 
d
a
n
g
e
r
o
u
s
 
a
n
d

u
n
s
a
f
e
,

o
r
 
W
h
e
r
e
 
h
e
 
f
e
e
l
s
 
h
e
 
i
s
 
n
o
t
 
c
o
n
-

P
e
t
e
n
t
 
t
o
 
d
o
 
s
o
.

(
o
u
t
l
i
n
e
d
 
I
n
 
I
 
a
,
 
1
1

2
 
a
n
d
 
3
 
a
b
o
v
e
,
 
i
n
 
a
 
m
a
n
n
e
r

w
h
i
c
h
 
w
i
l
l
 
e
n
s
v
 
a
 
t
!

s
a
f
e
t
y
 
o
f
 
o
t
h
e
r
s
 
a
n
d
 
h
i
s

p
e
r
s
o
n
a
l
 
s
a
f
e
t
y
.

D
e
t
a
i
l
s
 
o
f
 
t
h
e
 
s
a
f
e
t
'
,
 
,
f
 
a
p
e
r
a
t
i
o
n
e
t

1
.

T
o
 
e
n
s
u
r
e
 
t
h
e
 
p
r
o
p
e
r
 
a
n
d
 
c
o
n
t
i
n
u
o
u
s
u
s
e
 
o
f

g
u
a
r
d
s
,

1
1
.

T
o
 
a
d
o
p
t
 
a
 
c
l
e
a
n
,
 
t
i
d
y
 
a
n
d
 
m
e
t
h
o
d
i
c
a
l

m
e
t
h
o
d
 
o
f
 
w
o
r
k
i
n
g
 
i
n
 
r
e
l
a
t
i
o
n
 
t
o
 
h
i
s

m
a
c
h
i
n
e
,
 
m
a
c
h
i
n
e
 
a
r
e
a
s
,
 
c
o
m
p
o
n
e
n
t

s
t
a
c
k
i
n
g
,

u
s
e
 
a
n
d
 
p
l
a
c
i
n
g
 
c
f
 
e
q
u
i
p
m
e
n
t
 
w
h
i
c
h
 
d
e
-

m
o
n
s
c
r
a
t
e
s
 
h
i
s
 
c
o
n
s
c
i
o
u
s
n
e
s
s
 
o
f
 
t
h
e
s
a
f
e
t
y

o
f
 
o
t
h
e
r
s
 
a
n
d
 
h
i
m
s
e
l
f
.

i
n
.
 
T
b
 
r
e
v
i
e
w
 
a
s
 
n
e
c
e
s
s
a
r
y
,
 
b
u
t

n
o
.
 
l
e
s
s
 
t
h
a
n

o
n
c
e
 
p
e
r
 
m
o
n
t
h
,
 
h
i
e
 
w
o
r
k
i
n
g
 
c
o
n
d
i
t
i
o
n
s

n
o
d

m
e
t
h
o
d
 
o
f
 
w
o
t
*

:
w
i
t
h
 
t
h
e
 
s
a
f
e
t
y
 
r
e
-

p
r
e
s
e
l
t
a
t
i
v
e
 
o
f
 
t
n
e
 
s
e
c
t
i
o
n
 
a
n
d
s
u
p
e
r
-

v
i
s
i
o
n
 
t
o
 
e
n
s
.
:
e
 
t
h
e
 
I
l
i
n
t
e
n
a
n
c
e
 
o
f
 
s
a
f
e

m
a
i
m
 
e
.
.
.
.
,
 
t
h
e
 
i
m
p
:
 
)
v
e
m
e
n
t
 
o
f
 
t
h
e
m
.

C
O
-
O
F
T
T
u
i
l
.
.
D
N
 
l
i
t

O
T
H
E
R
S
,

T
h
e
 
c
o
-
o
p
e
r
a
t
i
o
n
 
t
o

R
e
q
u
i
r
e
d
 
a
m
o
u
n
t
 
a
n
d
 
f
l
o
w
 
o
f

p
r
o
d
u
c
t
i
o
n
 
I
s
 
m
a
i
n
t
a
i
n
e
d
.

R
e
q
u
i
r
e
a
 
&
m
o
u
n
t
 
a
n
d
 
f
l
o
w
 
o
f
p
r
o
-

d
u
c
t
i
o
n
 
o
r
 
s
u
b
s
e
q
u
e
n
t
 
o
p
e
r
a
t
i
o
n
s

i
s
 
n
o
t
 
r
e
d
u
c
e
d
 
b
y
 
c
a
u
s
e
s
 
a
r
i
s
i
n
g

f
r
o
m
 
t
h
e
 
g
r
i
n
d
i
n
g
 
p
r
o
c
e
s
s
.

B
r
e
a
k
d
o
w
n
 
t
i
m
e
 
i
n
v
o
l
v
i
n
g
 
f
a
i
l
u
r
e

c
:
 
h
i
s
 
m
a
c
h
i
n
e
 
o
r
 
e
q
u
i
p
m
e
n
t
 
d
o
e
s

n
:
t
 
e
x
c
e
e
d
 
2
 
1
/
2
 
h
o
u
r
s
 
a
v
e
r
a
g
e

p
e
:
 
m
o
n
t
h
.

S
u
p
e
r
v
i
s
o
r
y
 
t
a
s
k
s
 
o
f

p
l
a
n
n
i
n
g
 
a
n
d
 
o
u
t
p
u
t
 
a
r
e
 
n
o
t
u
p
-

s
e
t
 
o
r
 
s
t
r
a
i
n
e
d
 
b
y
 
o
p
e
r
a
t
o
r
'
s

a
c
t
i
o
n
s
.

M
a
x
i
m
u
m
 
u
n
i
t
/
c
o
s
t
 
l
e
v
e
l
s
 
n
o
t

e
x
-

c
e
e
d
e
d
 
b
y
 
a
c
t
i
c
n
s
 
t
r
a
c
e
a
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PERSONAL CONTRIBUTIOIN

(Besides the important personal contributions that the operator
is already making, particularly under Item 3, 4 and 5 as
described in the Overall Task, i.e. Communications, Safety of
Operations and Cooperating with others; are there any further
activities or improvements in these areas or others, which the
operator can suggest can be contributed by himr;elf or others to
improve either his own overall task, the tasks of colleagues or
th .7. operation of the Section?)

11m

ACTIVITY HOW kOES IT HELP? CONTRILUTED BY
HIMSELF OR WHO?

Signed by'

Signed by'

(Job holder)

(Foreman)

This job description MUST be revieweA by the job holder and his
manager at ion MORE THAN 6 months interval or When a new job
holder ..curs. For the same job holder the next agreed date for
a review, unless required earlier by either p;'rty, is:
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CHANGING WORK DUTIES IN THE MACHINE TOOL
AND AUTOMOBILE INDUSTRIES

by Fritz HAUSER
I.G. Metall,
(German Metal Workers/
Union)

On the basis of economic and technolog'cal developments
during the last ten years in the automobile industry, it is only
possit'.. to determine some likely trends in industrial employees/
job duties up to 1980.

The assumpti'm is that this branch of industry will
expand still further and will thus be compelled to increase its
efforts in the invest:rent field as well as in the resulting
man/machine system.

Another consideration is the extent to which standardiza-
tion and unification of certain construction materials and groups
will influence the trend towards further mechanization which in
turn will result in changes in the tasks of production and
maintenance personnel. In order to base our report on as solid
a foundation as possible, we shall examine changes in the
following production sectors:

1. Machine-governed production activities.
2. Observation of mechanized units within the production

process.
3. Assembly line and single production tasks.
4. Transpor activities.
5. Inspection activities.
6. Tool and appliance production activities.
7. Plant servicing and maintenance activities.
8. Activities connected with testing and developing

improved production processes.

It is only by detailed study of these eir-ht points that we shall
find examples of new or altered job duties which will give us a
picture of changing trends making way for new act!...vities.

1. Machine- overned production activities

The economic utilization of highly mechanized installations
such as transfer macl-dnes or multi-purpose machines requires a
further sub-division of hitherto complex job duties in the car
industry. Thus the job duties of a machine operator are being
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changed into observing and occasionally adjusting pre-set
machines and tools. In addition, there will be an occasional
exchange of pre-set equipment. The setting up of machines,
tools and r.ppliances becoms increasingly the task of special
setters.

The process of setting and minor programme modification
demands a wealth of new knowledge in automatic control, hydrau-
lics, pneumatics and the combination of electronically monitored
production machinery and transport Installations. Machining
or forming requires a knowledge of working new or improved
materials. The processing of plastics and sheet metal laminates
for car bodies or the manufacture and thermoplastic moulding of
nylon gear wheels are examples of this.

Setting up an -egulating electrostatic spray processes
or painting of car body c. uonents by dipping, taking into
account the maximum economic and technical potential of the
installations, will create additional taskr for the machine
setter.

The adoption of ceramic cuttlag devices and the forming
and compressing of surfaces on shafts and gear wheels on
programmed machine tools results inevitably In new job duties for
which no comparable equivalents exist, which might often easily
be co-ordinated between machine setters and operators.

2. Observation of mechanized units within the pr2dmEtion
process

The use of complex processing and assembly units
requiring dliferent numbers of operations demands, apart from the
control functions, the necessary observation functions. Monito-
ring and warning devices are necessary for the entire Installation,
i.e. for sequences of welding or car body press operations as well
as transfer machines. In such cases, in addition to specific
knowledge of the plant, decisive action is needed for coping with
minor lonal incidents. InY-iative and ability to co-operate
will ,,-quired from both the team and their supervisors. We
are dealing here with individual stages of the working process,
demanding quick mental reaction, decision-making and constant
alertness to deal and act whenever necessary (occasiona3 help
with repair tasks expected).
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3. Assembly line and single production tasks
The trend towards job simplification in assembly

activities will in the next few years be accentuated by the
oriented application of 0. and M. This will tend to lead inparticular to improved jig and tool design and routing of
components to arrive in the right spot at the right time.

Simultaneous job duties will be introduced predominantlyat single work staions. Wherever possible, the assemLly
functions will be fully or partly mechanized. Transport and
inspection functions will either become completely obsolete% or
be delegated to other departments.

Single job functions will be taught in special trainingrooms by highly qualified personnel and will require thoroughknowledge of the practical and theoretical process as well as
some teaching ability.

4. Transnort activities

The movement of parts being a determining cost factorin car production, such movement will, wherever possible, be
fully or partly mechanized. Some of the job duties will hereconsist in servicing transport units, conveyore and automatic
warehousing installations, and wherever economic reasons preclude
mechanization of transport, parts will be moved using ancillary
transport equipment. Servicing such eouipment (such as magnetic
lifters, pneumatic vacuum lifters, etc.) requires persons capableof handling it. To a minor degree some transport functions arestil3 delegated to operators.
Summary: Production Area

On the changing characteristics of job requirementn and
plant organisation during the next twelve years will depend the
following typical activities in the automobile industry. Theymay prevail either singly or collectively.

(a) Supply and feeding of raw materials and parts
to machinery.

(b) Single operations on single-purrose machines or
assembly work.

(c) Observation activities (machine minding and
work flow).

12
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(d) Monitoring activities on machine tool lines
or transfer units.

(e) Setting and adjusting activities on ning1e machines
or transfer units.

(f) Minor programming functions on single machines
or machine lines.

(g) Inspection activities (quality, quantity, etc.)

When investigating the above activities according to
qualification and with a view to the future, the following
results are obtained for groups (a), (b) and (c).

The exercise of these activities requires less
vocational training and specialization either on the manual
or mental level because of the trend towards job simplification

and method study.

Demands on the senses and, occasionally, on resisting
monotony seem to gravitate away from existing patterns.
Categories (d) to (f) will require a larger amount of know-how,
particularly (e) and (f), as they have not had particularly
detailed training up to now. Skill requirements for group (d)
will vary according to the need for changes in the plant and in

job duties and the form monitoring is liable to take. Group
(g) will by and large call for lower requirements due to the
introduction of foolproof control equipment, while a small segment
of control functions will require considerably more extensive
knowledge, mental agility, ability to react and responsibility.

5. Inspection activities

Inspection of materials and quality and size control are
largely absorbed by co-operatiNe efforts between inspectors and
setters either in a reporting or an adjustina capacity. Manual

inspection tasks are carried out by incorporating or servicing
electronic, photo-electric and pneumatic control services. This

is done either rutomatically or based on the readings of signals
requiring a "Yeb./No decision".

Perfecting existing mathematic/statistical procedures
for production control will demand, apart from the manipulation
of inspection equipment, increased technical know-how.
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6. Tool and jib reduction activities

With the introduction of complicated machine tools,
assembly and transport machines, job duties will tend to grow
depending on the extra work required to run these machines.
Apart from conventional job duties it will be necessary to
handle the most modern optical precision instruments, e.g.
high-precision drills, special machines for spark erosion, and
ultrasonic generators, particularly within the tool-and-die
making areas of the automoh'le industry. Knowledge of the
relationship between machf.ne tools and the necessary tooling on
the one hand, and electronics, pneumatics, hydraulics and their
incorporation into complex production systems, can be gained
in some measure only with additional experience.

Obviously, there will be trial-run tasks testing the
behaviour of new materials such as thermoplastic and thermo-
setting plastics for subsequent incorporation in components.
Manipulation and moulding of epoxy resins when styling car
bodies and designing press tooling will require specialized job
duties. Thus we may summarize as follows:

rew production technic:11.es such as programmed machines,
introduction of new materials and planned methods study for
manual tasks are bound to demand a higher degree of training and
skill than before from the personnel responsible for the
production of jigs and tools for these innovations.
7. Plant servicing and maintenance activities

It is not possible to indicate a clear idea of the trend
in job duties in plant servicing and maintenance on the basis of
the present -lndings.

Tile trend will, in the main, be towards one of the two
following alternatives. Under plant streamlining policies the
present highly qualified employees may merely exchange specific
units on machine tools and, because the unit removed is highly
complex, will then send it back to the tool manufacturer for
repair. This obviously requires less skill and experience in
the sector. The other alternative is to run a very highly
developed repair department with htghly-skilled personnel capable
of adjusting the many machine tool systems, whether mt:chanical,
electronic, pneumatic, hydraulic or programmed. This would
involve a repair department in relatively high costs and is
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therefore less likely to be realised. Advances in preventive
maintenance will have decisive implications on job duties for
maintenance staff, and such progress would eliminate fault
finding duties for tool machines and their repair.

8. Activities connected with testin and deveio i
improved production processes

Because of the prevailing keen ccmpetition in the
automobile industry, produces will tend to enlarge their
development and test centres in the next few years. These
centres will experiment with production techniques, styling,
automobile construction and road worthiness using the latest
methods. No basis exists for estimating the job duties of
personnel employed there. It is safe to say however that skfal,
experience, adaptability and inl'iative en specific tasks will
demand a measure of qualificatiLa nc.t yet attained.

Trend ofAob duties in the tool manufacturing industry up to 1980.

In evaluating the trends of job duties for personnel
in the tool manufacturing industry up to 1980, we can again only
trace certain tendencies.

We can already discern that firms producing a certain
type of madhine tool are veering towards more specialization.

When building ganeral-purpose machinery, producers
will be obliged not only to develop their product designs
mechanically and electronically, but also to build easily
convertible, programmable machinery.

A second group of more specialized tool producers will
concentrate on the design and construction transfer machinery,
and purpose-built machines for process line production.

Changen in job duties

While personnel in the mechanical production sectors
such as milling, turning, 17eat treatment, etc., will remain at
their present-day high level of qualification and will, at best,
adapt to new methods and materials, the job duties of personnel
dealing with installation and repair will undergo a change.

In particular, setting and adjusting functions on
advenced machine tools will require additional training in
electronics, hydraulics and programmed control systems as well
as the ability to understand the.pCsition in the sequence of
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production operations Servicing of oscillographs for checking
the function of machine tools as well 81. the handling of precision
electrical measuring instruments will A;ain emphasis in addition
to the traditional tasks of installing and dismantling complica-
ted machinery. Job duties such as bOnding of metals, welding
of synthetics, electrolytic drilling Ot metals, Ultrasonic
processes for welding, milling and drIAling will continue to
develop in the next ten years especial-ly in the Construction of
machine tools. The basic concepts of programming machine tool
production will have to be defined ixi co-operation with elect-
ronic data processing specialists.

Similar increases in ;'--)11 duties are likely to affect
repair personnel with regard to e:.,hangeable Units and single-
purpose machines. The increasing number of variables involved
in fault finding with such complex maclainery is bound to require
more intensive skill and experience in 4 field which up to now
did not specifically need these qual10-cations within the
machine tool producing industry.

Summarx

While the job duties
developing at a very uneven pl
level or trade are as yet not
tool construction gives a muci
descriptions can be supplemen-
duties. By modifying and el

lutcmObile industry personnel are
and flew job descriptions by job
_istiOs the trend in machine

:learer Dicture. Here, job
' by the analysis of new job
inating oUtmoded job concepts, a

forecast of requirements in t: t industPy up to 1980 is quite
feasible.

If we lsok at the trend in both industries not only from
the technological and administrative angle but also from the
individualls viewpoint of security of tenure for the person who,
duri,,z; his working life is repeatedly obliged to adapt himself
to a number of different job duties, we then see the need for
providing broader vocational trairiin U1 line with the new
technologic.al requirements. It does not matter whether this
training is fully utilized afterwards at the individualls work
station or not.
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PROSPECTIVE JOB PROFILES 1N THE EUROPEAN MACHINE TOOL AND
AUTOMOBILE INDUSTRIES IN 1980

by E.N. CORLETT,
Department of Engineering Production,
University of 131rmingham.

Previous papers have emphasized the technological and
managerial changes which can be expected to occur during the next
twelve years. The inter )71 ,for the indl-,1doul prssures
of technological innovation in both manufacturing technology and
materials will force managerial changes which are already
discernible(1). Material changes will keep pace with, or even
out-date, the advances in manufacturing technology, and the
broadening of the range of manufacturing techniques for any
given product will force changes for shop floor personnel more
radical and more frequent than is usual today. The external
pressure of changing markets will also force managerial and
technological changes. The growth of indigenous machine tool
and automobile industries throughout the world may cause the
export of skills and ideas rather than products from Europe.
Where products are needed the successful exploitation of markets
will require a quick start to production or the supply of
specialist equipment not obtainable elsewhere. The former
requirement in particular will call for managerial integration
and participation throughout the organisation. Such pressures
for managerial change will modify work duties ac all levels of the
organisation and cause a redistribution of the necessary operating
functions of manufacturing systems. At the lower levels these
will impinge on the currently traditional activities of shop
floor workers, modifying their job profiles accordingly.
Inaications of the resultant profiles will be given later in
this paper.

Another major pressure which will affect the job profiles
at all levels, but in particular at shop floor level, arises from
the changes within society itself. Greater measures of social
and political equality and ready means of communication, both
physically and of information, are contributing factors in the
changing of our society from one where necessity was, to a
great extent, the coercive determinant of behaviour to one where
consent and choice are commonplace :across wide areas of people's
(1) Woodward, J., 1965) Industrial Organisation, Theory andPractice. Oxford University Press.

134



lives. In terms of Maslowts(1) concept of a need-hierarchy,
with the substantial satisfaction of some of the "lower" needs,
such as the "physiological", "safety" or "belonging" needs qnd
the steadily increasing fixperience of being able to satisfy
egoistic and self-fulfilment needs in the wider range of roles
which an affluent 6-.1ety presents, the expectations of the shop
floor worker will not be met by job profiles or management
activity based on simple models of man, crudely guessed from
generalized behaviour patterns. Many of the commonly held
beliefs deduced during earlier stages of the industrialization
of society, will need replacing by concepts arising from the
behavtour of people in society today.

Where the activities available to a man over the
greater part of his life were restricted by necessity, the
acceptance of this neccssity was a requirement of survival;
kicking against the pricks lead to the destruction of the man and
his dependants. But necessity is no longer the curb. Most
Europeans can now choose whether they stay at home or drive into
the country, have their holiday in the hills or at the sea, or
buy new furniture or have another child. Consent to the
decisions which affect their lives is part of their common
experience and the evidence is growing that European men will not
accept it otherwise. The car production line manned largely by
immigrants from outside Europe, the widespread growth of joint
decisions in factories over working conditions, all point to a
changing viewpoint in working society which will not accept
dictation. If the job dictates behaviour, then it is less
attractive as a job and the choice available to the employer for
manning that job is consequently limited. By 1980 the reality of
this change will have forced the acceptance of the "job design"
concept, a concept constdered as hopelessly idealistic less than
twenty years ago.

Many workers In the last two decades have studied the
problems of job design, the complex interactions between attitudes
to the job, job content and performance(2). The contribution
made by these factors to motivation is still being explored.
(1) Maslow, A.H., (1954) Motivation and Personality quoted inJ.V. Clark, (1960) Motivation in Work Groups, a TentativeView. Human Organisation, 12, pp. 199-208.
(2) See, for instance, Davies,,L.E., Canter, R.R., & Hoffman,

J.F. (1955) Current Job Design Criteria, Jnl. Ind. Eng. 6,2. (1962 Automation and JOb Design. Inc. Rels. 2, 1.
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Briefly summerized, IL appears that work to the worker should
provide opportunities for the acceptance of some responsibility
for the work, for decisions about sequence and method, for the
completion of a meaningful unit and for recognition of its
contribution to the work of the plant as a whole, for identifi-
cation with the purposes of the plant. This brief list does
not imply that more traditional motivators are unimportant, it
is not intended to be comprehensive in scope but to indicate
some areas which will influence modifications in job profiles inthe future.

So far, this paper has indicated the background againstwhich job profiles may be viewed. The situations presented in
earlier papers, together with the trends given above, are
proposed as the determinants of the job profiles of the 19801s.
What, then, are these profiles likely to be?

It is improbable that man will still be being used to
fill the gaps in an automated system, used as a process link
because technology cannot economically provide an alternative.
No doubt he will be more remote from the production po-Int, there
will be an element of "minding" In his work, rather than "direct
operating". But, at the same time, it is Unlikely to bP possible
to eliminate man from tl-e direct production area in the fore-
seeable future, since more frequent changes in product, material
emd technology will limit the possibilities for investment in a
fully automated technology.

The continuing trend towards more integrated production,
both for complete units, such as automobiles or for integrated
machining and assembly activities such as numerical control can
provide for machine tool manufacture, will lead to increased
managerial authority on the shop floor. As mentioned earlier
the trend already identified by Woodward(1) is not an accidental
effect of technological advance but a necessary and deliberate
step by management to increase its effectiveness by .aliminating
redundant functions and restructuring jobs.

A manufacturing facility requires the following
operational needs to be satisfied at each work centre in the
system for its successful operation.

(I) aatalt.

12C
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Action

Loading or unloading of vaterial
Manipulation of controls
Sequencing of products
Maintenance

Information

1. Material (a) quantity
(b) quality
(c) state

2. Equipment (a) performsnce capacity
(b)

(c) maintenance state

The first two "uctions" are common practice tcday In
machine operation, although they may well get less common.
The last two actions do not usually apply, but will get more
common. Equally, with the ,ossible exception of 2 (a) under
"information", the most accurate source of the other information
needed is at tue manufacturing centre Itself. Releasing the
operator from being a link In the process sequence, a necessary
step for efficient equipment utilization, presents opportunities
to use his uniaue facilities for decision-making on qualitative
data, his inferential capacity and his capacity for rapid change.

Thus equipment will be designed so that first level
management functions now performed by progress chasers and
production control clerks, as well as primary preventive
maintenance and unit replacement, will become part of the shop
floor workers' activity. Information as listed above, either
at regular intervals or as called in by higher level management,
will be passed both vertically and horizontally to aid decisions
at all levels. The concepts of "shop floor" and staff will be
redundant.

The removal of the operator from the role of a process
link also reduces the technological tie with his manufacturing
materials. The "materials" focus noticeable at present, as
well as the "tlades" focus, will be much reduced, for the
machine will provide the necessary contributions here and whether
the machine forms plastic or metal, whether it assembles, cuts or
prints, will be of little importanr;.e to its operator, whose
"trades' will be "machine manager", rather than "miller" or
"fitter".
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One big feature of job profiles as such will be their
lack or rigidity. One man, in his time, will have to play many
parts, and the contribution of education and training to this is
discussed by later contributors. Not only will this training
and education be needed to enable the worker to encompass change,
but man's inferential and decision-making abilities will have to
be deliberately developed, much as his manipulative abilities
are developed in training schools today.

As an example of the direction in which job profiles
will change the results of a study of the effects of techno-
logical change on skill may be quoted(1). In this study, job
profiles in respect o..r. motor, perceptual, conceptual and
discretionary skills were prepared for 8 pairs or workpieces,
each being performed both on numerically-controlled and
conventional machines. The study covered four different firms.
Five levels of each skill were defined and the operator's job
split Into setting up, operating and checking tasks. Note that
little managerial contribution was consldered In thl:i study.

Each comparison pair was examined to find where
differences in the skill level under any of the 'oelve hearings
occurred. These ditTerences which indicated the change
occurring between each of the eight pairs of contrasted jobs,
were averaged over all the eight jobs, giving the profiles of
figure 1. It will be noticed that manipulative and discretionary
skills are not called for to any significantly increased extent
with N/C - machines - indeed there is a slight reduction, the
demand for these ukills appearing more in favour of the
"conventional" machines. (Recall that no analysis of other
work performed by operators was carried out, only that work
related to the operation of the machine in each case).. The
major increase in skill comes In the perceptual and conceptual
areas. Thus the ability to interpret and relate controls and
their effects, information Interpreted into action, monitoring
of performance at a high level; the ability to infer action
from Indirct information, to relate abstract information to
concrete situations and to work from a mental "model" of a
sItuation are all representative of the changes to be found
from this study.

(1) Hazlehurst, R.J., (1967). Numerical Control tand Changesin Job Skillu. Unpu'olished M. Sc. Report. Universityof Birmingham, Department of Engineering Production.
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If the same atructure for skill breakdown is considered
in relation to maintenance, the shaded section or figure 3. is
suggested as a possible profile for this function. Assieted
by adequate job ails, the skill levels will be low, although
higher than those usually found in machine shops today.

The tr.ske forming the profile, when summarized, will
probably be as in figure 2. The first profile represents the
percentage of the five major tasks suggested as the constituents
of the job. Machine monitoring will probably be required for
most of the time, even during the performance of other tasks,
although the actual attention received by the machine will be
very much lens, as shown by the full line. The "management"
-.:ontent will increase very much over todayts minimal level,
not only includlvg tho information and decision aspects
mentionec earlier, but also including a significant :riount of
pe:esonel responsibility for negotiating his own perfcrmance
within the production struc-ture. An with other aspects or the
job, conaent is likely to be more evident in this area than at
present and agreement more aoceptable than dictation. For the
automobile wo17.ker the profile will he different and this is also
presented in figure 2. With a consiaerable part of the job
still likely to involve actual handling of material, or
controlling its assembly, the manipulation and control of
assembling will be a larger component of The profile. Equally
he is still likely to be a little more dependent than his
machine tool colleague on operation's co-ordinated with those of
his fellows, and thus more limited in hin opportunity to set
individual operating norms. Checkin, however, will play a
larger part In his task than it does today, for his responsibility
for quality will be increased o.ier that of present day automobile
workers.

Initially, better education will not only have spread
the narrow technological base of the worker to enable him to
encompass the necessary electronics or programming for elementary
maintenance and aJdifications to bin equipment and its operation,
but the wider xnd deeper levels or basic education achieved will
provide a population better able to be flexible. Job chanees may
be more frequent as a result, this would be determined by many
other factors outside the scope of this paper. On the other hand,
the increased availability or better educated people would enable
higher management to ereate job profiles more in line with the
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operational needs of the enterprise, rather than biassing
technology to compensate for observed or assumed lack or
abilities in the available working population, as is donetoday.
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PROSPECTIVE JOB PROFILES IN THE MACHINE TOOL
AND AUTOMOBILE INDUSTRIES

by Peter VOS
Metal Workers Union (A.N.M.B.)
Netherlands

The purpose of this seminar is: "to consider the most
desirable systems of general and vocational education and
training for youngsters now entering upon their schooling in
terms of the demands likely to be made on them by society and
the work in these two industries in 1980".

In this context the subject of this paper is:
- the relevancy of the concept of job profiles to the
problem and

- whether job profiles can in fact be forecast.
The introduction of the concept of job profiles into

the process of devising a training policy implies a value-
judgement on which training ,ystems are the most desirable.
We will therefore first examine how the concept of job profiles
relates to different possib1e approaches to the problem.

The answer to the question of which training policies will
achieve the most desirable training systems, will depend on whet-
her preference is given to the industrie3 demand approach or to
the social demand approach.

The industrial demand approach starts from a notion of
what is needed for the most efficient functioning of the
industrial apparatus in terms of quantity (skills required) and
quality (numbers of jobs) in each occupational category(1). This
approach therefore aims to make forecasts of both the qualitative
and quantitative aspects for use as guidelines for a vocational
education policy.

The concept of job profiles is of paramount importance
for both the qualitative and the quantitative aspect. Changes
in job profiles consist of a reshuffling of Job duties accompanied
by a contraction or an expanalon of the number of job duties within
each job; therefore the job profiles determine the contents of the
jobs as well as the number of workers needed to perform them. The
(1) Occupational category defined as the group of jobs with moreor less the same jr::. profile.
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job profile may be changed because or a change in labour supply
and demand, because or changes in job duties determined by the
advance of technology, or because of some combination or these
two.

The social demand approach seems the exact cNunterpart
or the industrial demand approach in that, instead or specifying
the needs oE industry, it specifies the aspirations or the
population, leaving it to industry to adapt its job structure
so as to be able to employ a labour force with a given structure
on an economically efficient basis. Here again the concept of
job profiles is relevant since it is by changing the job profiles
that the industry's job structure will be adapted to the given
structure or the labour force. This time, however, knowledge
or future job profiles is neither relevant nor necessary for
vocational training. The social demand approach needs knowledge
of the population's aspirations.

The industrial demand approach therefore would use
estimates of the changes in skill and knowledge required by
industry in r±rder to devise a training policy that will help
the labour market authorities to produce a similar change in
the skill and knowledge available in the labour force. The
social demand approach wants a training policy that responds
to the population's aspirations. It will have to -timate the
effects or such a policy on the skill 5r-7 _7 allable
in the labour force in order to supply i __et autho-
rities and industry with information on how job profi7es should
be defined - and in the longer run how investments should be
directed(1) - so as to obtain requirements which correspond
with the estimated capabilities or the labour force.

It can be concluded that knowledge or future job
profiles is relevant and necessary for the industrial demand
approach; but it is neither relevant nor necessary for the
social demand approach.

We have so far passed over a rather obvious difference
between existing and future job profiles. The obvious difference
seems to be that the former can be observed and that the latter
should be forecast. The outstanding difference is that the
observation and the forecast cann.'t be made to deal with the
same concept. The existing job profile gives a description of
(1) In the short term industry's job structure should be adapted

by changing the job profiles. In the'longer ter," the job
duties themselves may be changed.
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Defined for purposes of wage regulation, the formal
job profile should provide inf.)rmation on the kind and number of
job duties which a worker should be able to perform, and be
prepared to perform, in order to be entitled to ths basic wage
for the kind or job.

Defined for recruitment purposes, the formal job profile
will have to-provide information on the performance required and
how these requirements relate to some basic wege.

such a
applY.

The employer will have to provide tills information in
way that those workers whom he seeks to employ will

There are several ways of defining formal job profiles,
but the examples given suggest that one may reasonably well
assume that any formal job profile will amount to a rather
close approximation to an actual job profile. So roi purposes
of recruitment we may assume that the concept of a formal jo.,
profile stands for an occupational category defined as in the
group or jobs with more or less the same job profile.

If an employer wants to employ
occupational category which is already
define the job vacancies in terms
ir he expects that there are some
who are on average similar to the
employs.

more
known

of this
workers
workers

workors in an
to him, he will

occupational category
on the labour market
whom he already

We speak of a stable relationship between the internal
and the external labour markets if on both markets the same
definitions of occupational categories exist; ir on both
markets these categories can be related to groups of workers
possessing the same type and level of skill; if on both markets
similar ideas concerning labour conditions are attached to these
categories, and Jr neither the employer nor the employed, or
potentially employed, workers expect a sudden change in this
situation. Under these conditions, ziob vacancies will be
defined in terms of the existing occupational categories. So,
provided there is a stable relationship between the internal
and the external labour market, forecasts may be made of future
job vacancies. The specification of the job vacancies will be
based on observation of the jobs already occupied. Estimates or
the number of vacancies will have to be made on the basis or an
assumed relationship between the number of jobs and growth or the
industry. 144
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Obviously these kind of forecasts are essentially short-
term forecasts. And even in the short term there appear to be
disturbances caused by short-term fluctuations in the demand and
supply conditions, which make any attempt to forecast liable to
extreme difficulties. In the Netherlands almost all forecasts of
job vacancy and unemployment figures have proved wrong, the actual
figures being again and again a complete surprise. Intra-firm
developments as well as developments on the external labour market
may distu.-b the stable relationship between internal and e17ternal
labour markets.

We cannot think of any enterprise which between now and
1980 will experience a permanently stable relationship. The
conditions on the external labour market may change, for instance,
because ( In increase or decrease in opportunities offered by
Industrie_ iich compete on the same labour market.
case
case
will

the entry requirements may have to be lowered,
they may be raised. In both cases the actual
have to be changed in order to adapt to the new

In the first
in the second
job profiles
conditions.

In order to ascertain the future demand for labour in
terms of specified job vacancies for some single industry suh as
the automobile or the m7.--chine tool industry, it will be necessary
to know what will happen on the external labour market.
conditions prevail-Frig in automobile and machine tc-1,-."
particuiar region will be deci-i- Jle or the labour
market conditions only if employment opportunities in the area
depend exclusively upon these industries. It does not seem
wise for trade unionists to assume in 1968 that the economic
policies of the respective governments will not attempt to provide
a greater variety oE opportunities before 1980.

The
1-

The way in which the
the internal conditions makes
about a particular enterprise

external labour market influences
it difficult to draw any conclusions
or industry.

The difficulties involved in pursuing the industrial
demand approach seem to be insurmountable from a practical point
of view(1). In the next two paragraphs we will try to show that
(1) Statistical, mathematical and logical ways or reasoning have

indeed advanced rapidly in recent years. We have beenprovided with a body of methods that makes it possible to utawtthe limited knowledge we have wisely. It is, however,
usually overlooked that none of these methods adds to ourinformation or takes away any uncertainty where there is noinformation. 145
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the problem of this approach is also insoluble from a logical
point of view.

In the discussions on the problems of manpower adjustment
to technological change, suggestions have repeatedly been made

that it would be possible to arrive at a notion of the direction
or change by means of a time series of observations of the
occupational structure.

We know that any structure may be seen as the compound
results of the interplay of demand and supply on the labour
market. We will therefore continue our considerations of how
this interplay affects the occupational structure. We will also
try to find a measure for the direction of change.

We defined the subjective job profile as the actua'. lob
profile that can be ascertained from the observation of what 3ome
particular worker is actually doing at some point of time. We
chose the terms "subjective" in order to stress the contribution
made by the particular worker's qualities. If we look at any
subjective job profile we will generally discover a difference
between this profile and the formal profile. We will call
this difference the subr-ctive -1 IT w- look at a

,vo job pr iLLt at Iwo poinL_ .)1: time we will
discover that it has changed. In fact we will have

to speak of two different profiles. e di_rence between
these two profiles indicates the direction c -r-he subjective
differential.

We will speak of a positive directi : the actual
job profile shows a higher level of skill mix t,nan the formal
profile and of a negative direction in the copo,,,ite case. We
will speak of a horizontal direction if the actual job profile
shows a skill mix which differs from the formal profile in
content but not in level of skill required.

The change in the subjective job prla may be due to
several reasons. The content or the job dut7.1 themselves will
gradually change. The worker may become mcx-r- experienced or as
time passes he may gradually lose his skill.

The employer will either continuouaa7 or at regular
intervals study the work organisation and sehehow it may be
improved by internal transfer of workers, by a reshuffling of
job duties, contracting or expanding the content of jobs.
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Any subjective job profile is nothing more thti a snap-
shot out of a time series.

Labour analysts of the A.N.M.B. suggest that an
examination at intervals of a year would in most cases be
sufficient to ascertain any changes.

The actual job structure of an enterprise or industry will
be given by the complete set of subjective job profiles. Since
these profiles are liable to continuous change the actual job
structure will also show a continuous change.

The formal job structure of an enterprise or industry
being given by the complete set of formal job profiles, the
worker whose subjective differentle0_ becomes too large may, in
terms of the formal job structure, be upgraded or downgraded or
moved horizontally according to the direction of thr.

The formal job structure may itself be cia
many subjective differentials become too large, the direction of
tl? change being determined by the direction of the differentials.

A group of subjective differentials can have the same
direction. This may be due to several reasons. In conditions
of more than full empIoymen-L., for instance, the employer might
lower the entrance requirements in order to spread his recruit-
ment activities over a larger part of the labour market. In the
opposite case he might raise the requirements. If the formal
job structure rema:i.ns unchanged this will give rise to negative,
or positive, differentials for the newly recruited workers. If
the employer thinks that the full employment (unemployment)
situation will remain, then he might change the formal job
structure. In that case there will only be a small differential
for the newly recruited workers, but there will be positive
(negative) differentials for the workers already employed.
Expansion of more than one differential in the same direction
may also occur because of a change in the methods of training
for the kind or jobs concerned. Assuming that the new methods
or training result in a higher level of skill, the worker who
attended the new course will have an advantage over the worker
who did not, and he will for that reason feel entitled to
a higher wage. It will pay the employer to give the higher wage
if a new and more valuable combination of job duties can be found
which conforms better to the abilities or the newly trained person.
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workers will be put in, what these workers/ qualities will be,what training they will have had, what decisions will be takenby management because or these facts, etc.
This position amounts to a rejection of the industrialdemand approach as referred to in paragraph 3. The industrialdemand approach should be used exclusively for jobs which can be

determined solely by the character of the job duties and forwhich in addition a unique relationship can be established tosome more or less predictable factor.
The future need for doctors for example has been

ascertained in some countries by the estimated growth of population the one hand and the number or inhabitants to be served by onedoctor on the other hand. For most oE the lower and intermediatranks or jobs, however, the industrial demand approach calls fora forecast or the combined results of some changes in job dutiesand some change in vocational education in order to be able toestablish a vocational education by which these results can berealized. This puts,the problem in a way which makes it
insoluble both from a practical and from a logical point of view.

We said previously that some preliminary conclusionscan be drawn by making use or the concept of direction that wedefined in that paragraph. We recall for that reason whathappened with the subjective differentials in case or unemploymeni
We may conclude then that ir there is not full employmenljob profiles will call for higher levels or skill. rr there isa surplus of labour it will pay employers to raise the entryrequirements. This will effect the internal labour market.Those who were already employed and had small positive differentiazero differentials or negative dil7ferentials at that time, run theriL3k of being downgraded in terms of the formal job structure.

employers think that the supply conditions of labour have chnnged
definitively they will adapt the formal_ job structure to this newsituation and there will be more downgrading.

What happens can be compared with what happens in apercolator. Job duties will be reshuffled until the wcrkers
with the lowest level or aill will become unemployed. Theaverage level or skill in the new job profiles will have visncompared with the old profiles, the level or skill or the
unemployed will be relatively low. Re-731d technological changetends to epee° up the obso1esces:M.0_0r the existing industrialaSi
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apparatus which may cause the start of unemployment. If the
economic structure of the country cannot absorb these kinds of
frictions sufficiently quickly the percolator may start working,
raising the level of skill required by industry and at the same
time making up for a very hard core of low skill unemployment.

Thus we may predict that If there is rapid economic
growth accompanied by many innovations, the level of skill
required by industry will increase, unless the economic
structure possesses the means by which full employment can be
permanently maintained. In the latter case, the level ot skill
required will adapt itself to the level of skill offered. If
our economic policies were inadequate we would run into unemploy-
ment no matter what our training policies were. With satis-
factory economic policies, in particular those policies based
on a correctly conceived definition of economic growth(1), we
would be able to improve our training systems without running
the risk of being repeatedly disturbed. We could make proper
allowance then for the fact that it is only the gradual changes
in the training systems which will be absorbed correctly by the
social and economic structure of our society.

The industrial demand approach being rejected, the only
way left seems to be the social demand approach. The case for
this approach, however, is not much better. Apart from the
more democratic character of this approach, the results of it
will not differ very much from those which may be obtained by the
industrial demand approach, because in both cases the decisions
taken will be based upon past experience. The workers*
aspirations run for the greater part in terms of some formal job
structure which has lasted long enough to have become generally
known - and which for the same reason will be rather obsolete as
well.

(1) The continuous reshuffling of v)rkers within a continuously
changing job structure regardless of the kind of jobs they
would like most, may involve such losses In their well-being
that we may certainly feel allowed to express serious doubt
about the justification from a social as well as from an
economic point of view of the_molicy-aims concerning rapid
economic growth. 152
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pROSPECTIVE JOB ROFILES IN THE AUTOMOBILE AND
MACHINE TOOL INDUSTRIES IN 1980

by Vernon E. JIRIKOWIC,
International Associa-
tion of Machinists and
Aerospace Workers,
United States.

The bridge between man and his job is complex and intri-
cate. It is a bridge which is influenced by many factors, and
to speculate as to its precise configuration 12 years in advance
is indeed a difficult task. What specific job profiles will be
in the automobile and machine tool industries in the year 1980
will reflect in part some of the trends we have witnessed in the
past 15 years. However, we do know that job Drofiles change,
and that they change for many different reasons.

The source or the thrust of the change may vary from
time to time, both as to intensity and persistency. While we
are in a position to note the trends of the past, it would be
foolhardy to overlook or disregard those important institutional
factors that are constantly at play which constantly determine
what makes a "job a job". They will continue to have an impact
on the "job design" of the future, and it is quite possible,
given the vast social changes that are occurring, that they will
not react or behave es they did in the past.

Planning vocational school courses for metal working
occupations 12 years hence, of necessity involves many variables.
We are on the threshold of an era where machines can be and are
designed in accordance with the ability and skill of the human
operator and his attitude towards work. His attitude towards
work and the particular job he is performing is the product of
the interaction of many forces, including the state of technology
at any one period of time, the general level of economic activity
in the country, his educational attainment, his concept of him-
self in society, his relation with his union, and his mobility

-(both social and spatial). There.Are others, but these are the
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most important insofar as affecting his general attitude towardswork and the job he occupies. His attitude towards work, as
such, does influence the character and nature of the job profile
simply because he does have a voice in how that profile will bedesigned. While time does not permit an exhaustive, detailed
examination of each of these factors, I have briefly reviewed
certain of them and attempted to speculate as to how they may
affect future job profiles.

1. Concept of Man in Society

Where at one tIme the Protestant work ethic characte-
rised most working people in the United States, there is signi-
ficant evidence that individuals are no longer adhering to
this ethic as they did in the past. For years, it was consi-
dered "sinful not to work". Today, however, there are tremen-
dous pressures within the American society to emphasize leisure,
recreation and cultural pursuits. This has been made possible
because of higher wages and shorter working hours. To some
extent, these two goals - work and leisure - reinforce them-selves. That is, one seeks work, not because "work" is in andof itself something virtuous, but it is a means to greater
leisure, and hence, one may enjoy greater recreation and culturalpursuits. This attitude is somewhat different from that which
characterized the 19th and early 20th Centuries, and while it
represents a trend, it is by no means uniform through the economy.
Further, it should be stated that there are many who still lack
the necessities of life as such. Theirs is not a seeking torleisure, but for the basic needs of surviving.

This change of attitude towards work has affected theindividualls attitude towards his job. For example, the indivi-dualts willingness to "move with the job" in instances where heis transferred or in cases where the entire plant is moving to anew location, is far greater than years ago. Similarly, his
willingness to move to find a job today is much greater than
previously.

His attitude - either expressed individually or throughhis union - to co-operate at the work place to increase produc-
tivity - is far different from earlier years. He feels somewhat
assured that the fruits of his increased productivity will be
shared with him through the process of collective bargaining.
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He is further assured that if he is displaced, transferred or is
otherwise temporarily unemployed because of technological changes,
certain benefits will be forthcoming to ameliorate the economic
hardships involved. While there le still the fear upon the part
of the indiwidual of being jobless, this fear is more greatly
shared with society than previously. Unemployment - be it
temporary or permanent - is viewed as a social problem that
requires the attention of government. Where at one time it was
considered the fate of the individual, it is now a concern of
society as a whole.

In summarizing, the individual's attitude towards his work
in the years to come will be more thought out. A job will be
more than a means of earning a living. While he will continue
to insist on what he considers to be his share of the increased
wealth of the nation - in terms of higher wages and greater lei-
sure time - he will also better prepare and better integrate
himself with the needs of the employer. He will have a concept
of his "job" and how it should be performed, but at the same time,
he will have a greater understanding and comprehension of himself
in relation to his fellow workers and the status of the employer.

He will have viewed the vast social mobility that has
occurred, and he will not see himself as a static object; he
will have a greater propensity to make the necessary adjustments
required by "work" vis-4.-vis education, mobility in order to
achieve the higher pay, the more meaningful job, the more pro-
vocative challenge. He will not be a bystander.

2. Role of the Trade Union

The two industries being studied have been organised for
many years by three dominant labour organisations. They are the
rnited Auto Workers, the United Steelworkers and the International
Association of Machinists and Aerospace Workers. While their
specific policies may vary slightly as to the "ideal concept of
what a job should be" it is important to note that the policy of
organised labour towards the design of a job is extremely impor-
tant. Organised labour has always considered this as a
bargainable issue, and the perimeters and specific combinat:.on of
functions of a job has long been and presently is a subject dis-
ct.ssed in most negotiations. How a job is designed will to a
certain extent determine the rate of pay for that job, and what
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is just as important, determine tl number of individuals who would
be eligible to be classified in that job. To purposely over-
inflate the requirements of a job will intentionally limit those
who would then become eligible for promotion to that job. There-
fore, there is a "dynamic" concept in play of balancing - through
negotiations - the ever-increasing skills of the iAdividuals with
the changing requirements of the job.

If a labour organisation sought, as a matter of policy,
to fragment and dilute jobs, the design and composition of most
jobs would be radically affected. Similarly, if as a matter of
policy, a labour organisation sought to "broaden jobs", thoy
would seek to incorporate more duties, and hence create a more
flexible and versatile work force.

The experience of the past 20 years has served to
re-emphasize that which many unions have known for years. The
least skilled individuals are more apt to be unemployed and have
the most difficulty in securing alternative employment if laid
off. Similarly, the individual with the greater skill is the
more flexible and can adapt to changing requirements if so
needed. There is substantial evidence that organised labour is
seeking to broaden jobs, to incorporate more duties, and to
provide training programmes or progression systems to achieve
eligibility for those who are seeking the higher paid jobs.

During the period of World War II when over 10 million of
the work force were in military service, it was necessary to
dilute and fragment jobs in order to secure the necessary produc-
tion. The trend is now in the other direction, except for those
hard core unemployed who are gradually entering the work force.
In some instances, it has been necessary to fragment entry jobs
to enable these people to acclimatize themselves to the "world
of work". However, this will be limited to entry jobs, and then
for only certain individuals. Once they have accomplished this
challenge, the:y can progress as others.

Coupled with the efforts to broaden jobs, and hence
broaden seniority, is the effort to regain representation rights
for work now being performed by non-represented technical, sub-
professional and professional employees. Be'ause of the new
technologies, processes, materials, etc., the technical classifi-
catiGns created by management to perform much of this work were
planea outside the scope of the bargaining unit. For example,
in man industries, the number of'individuals in this category
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has increased from 50 to 100 per cent in the past 15 to 20 years.Efforts are now being made to recapture this work, and to
represent the workers in these technical and sub-professional
classifications.

Many of the. workers in these technical and sub-
professional classifications were promoted irom the union ranksthat is, from the bargaining unit. There is tremendous mobilitywithin the hierarchy of jobs with a particular plant. Further,there is a substantial movement of individuals between jobs
represented by the union and those in the technical and sub-
professional jobs outside the scope of the unit. This is
reflected in the fact that many apprentices today are, within
five years after graduating, recruited into the ranks of super-vision. Management has found that much of the training experienceby the unions is much better for certain supervisory jobs than
training afforded by institutions. Not only is this true of thetechnical aspects of a trade apprenticeship, but it is also true
of leadership capabilities of trade union officials. The selec-tion of foremen and assistant foremen is often from the ranks ofunion stewards and union committee men.

In summarizing, one can conclude that unions will seek(a) to broaden functions of jobs, (b) to facilitate mobility
within the job hierarchy, and (c) to participate, encourage andendorse apprenticeship and training programmes, and seek to update
and upgrade existing skilled and technical classifications.

The ability of a union to represent workers is somewhat
correlated with the skills the individual members possess. Thegreater the skills the more inherent bargaining power the unionhas.

3. Education

The educational attainment of the work force by 1980 willbe a principal determinant as to how jobs will be designed.
Further, this attainment will also reflect itself in how the
individual may view the job he is requested to perform. The
c.apability of the individual to accept and absorb the increased
requirements of a rapidly changing technological era will be
determined by the years of school he has completed, including
elementary, high school, vocational school, and college.
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While the projections of the %:nited States Department of
Labour are limited to 1975, it is very appar-,-2nt ths-' tremendous
strides are being made in raising the .,verage education of the
work force.

For Vie period 1959-1975, it is expected that those
having less than 8 years of schooling will be more than halved.
For this same period, those completing 4 years of high school will
increase 42 per cent, and those completing college will increase
50 per cent.

Years of school completed March March
1957-59 1964-66
average.average

Projected
1975

Total 100.0 100.0 100.0
Less than 4 years of high school 53.7 45.1 34.0
4 years or more of high school 46.3 54.9 66.0

Elementary : 8 years or less 34.5 26.2 16.0
High School: 1 to 3 years 19.2 18.9 17.9

4 years 27.8 32.8 39.5
College : 1 to 3 years 8.4 9.6 11.1

4 years or more 10.2 12.3 15.4
Median years of school completed 11.4 12.2 12.4

It is quite apparent that by the year 1980, a very small
portion of the labour force will have had less than 8 years of
schooling. If the pre-1975 trend persists, over three-quarters
of the work force will have had 4 years or more of high school
in the early 19801s.

Coupled with this trend for securing greater formal
education is a similar effort in the field of vocational
education.
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Total Enrolment in Vocational Education
Fiscal Years 1960-1967

PercentageFiscal Year Total Enrolment

1960 3,768,149
=crease

1961 3,855,564 2.3
1962 4,072,677 5.6
1963 4,217,198 3.5
1964 4,566,390 8.3
1965 5,430,611 18.9
1966 6,070,059 11.8
1967 6,880,000m 13.3

Projected

Source: United States Department of Health,
Education and Welfare

No projections have been made beyond the dates shown,
but evidenced by the willingness of the Congress and the indivi-
daul states to appropriate funds to finance these programmes, itis fair to assume that there will be over 15,000,000 enrolled in
vocational schools by 1975. From 1964 to 1966, total expendi-
tures increased about two and a half times (from $332.7 millionin 1964 to $799.9 million in 1966). Federal grants to the states
rose over four times, and state and local expenditures doubled.

In addition to the formal and vocational school program-
mes under way, a vast number of federally financed institutionaland on-the-job training programmes are being instituted. Thesereflect primarily the efforts to solve the problems of hard core
unemployment, and secondly, to update and upgrade the skills of
our work force to meet the new demands of technology. Duringthe last 6 years, a vast new awareness of the manpower problems in
our economy has developed - and there is no questior that a greatershare of our national resources is being devoted to resolving manyof these problems.

.As evidenced by the following-table, appropriations forfederally supported manpower programmes, including vocational
school expenditures, almost ninefold from 1961 to1967:
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APPROPRIATIONS FOR FEDERALLY-SUPPORTED
MANPOWER PROGRAMMES-FISCAL 1961-196

Programme 1961 1967
Total 275 2,149
Labour - United States Employment Service 152 306

Bureau of Apprenticeship and Training 4 8
Bureau of Labour Statistics (Manpower
and Employment) 4 9

Manpower Development and Training - 421
Health, Education and Welfare - Vocational 50 283Education, Vocational Rehabilitation 75 313
Office of Economic Opportunity - Neighbourhood

Youth Corps - 325
Job Corps - 211
Work Experience - 100
(1) Other 0.E.C. Manpower - 143
(2) Adult Basic Education - 30

(1) Estimated
(2) The 1966 amendments to the Economic Opportunity Act transfer-red funding of Adult Basic Education to the Department of

Health, Education and Welfare.

It is not possible here to discuss why the American
people are so much more concerned about questions of manpower,
but this concern will certainly have a very marked effect upon
the educational attainment and educational capability of our work
force in 1980.

4. Level of Economic Activity

It is anticipated that by 1975, our population will have
reached 224 million. In effect, the birth rate will increase
from 19.7 per thousand in 1966 to 23.8 per thousand in 1975.
With this growth in population, the labour force will number
near1y 94 million in 1975, and the rate of participation in the
labour force will have increased over 1 per cent by that year.
This will be as a result of greater numbers of women and
teenagers in the work force.

Average hours of work will continue their downward trend,
and by 1975, the average work-week will decline to 38.5 hours.
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Where on one hand, employmrant will increase at a faster rate thanin recent years, on the other hand, hours worked per week will
decline at a faster rate.

During -;he next 8 to 10 yea:os, we will see a high rate ofinvestment in capital equipment. Rapid technological change willspeed obsolesence and necessitate rapid replacement of capitalgoods.

In 1965, approximately $21 billion was spent on research,and it is anticipated that this will be more than doubled -
$45 billion - in 1975. In 10G5, capital stock averaged $11,500per worker; by 1975, this will have increased to $16,400. Thiswill occur because of the increased growth in productive facili-ties and the decrease in the average age of productive equipment.
As indicated above, not only will the capital stock grow abso-lutely, but its composition will be of increasingly newer
productive units.

It is anticiated that by the middle or late 70's, we will
have achieved a steady productivity rate in excess of 3 per centper year.

From all of the indications, the United States economywill be operating at nearly full capacity, with perhaps a 3* to4 per cent rate of unemployment. Under these circumstances,
namely, a tight labour market, individuals and unions will have
a greater voice in the determination of the design of the job.
5. Technology

It is impossible to discuss changing skill requirementsand job profiles in the metal working industry wIthout briefly
touching upon some of the major technological changes taking placein the industry. The degree to which the content of jobs in thisIndustry will be changing is directly l'elated to these advanced
production techniques.

Numerical Control

Numerical control (N/C) is probably the most significantnew development in manufacturing technology since Henry Ford
introduced th,.. concept of the moving assembly line. The most
common application of N/C is in the control of metal cutting
machine tools. N/C enables the machine tool itself to performmost of the functions that are done by tl,e machine operator on
onventional machine tools.113.1

- .
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Sales of N/C metal working machinery in 1967 reached $285
million, or 15.2 per cent of total sales. It is estimated that
some 12,000 N/C machine tools were in operation in the metal
working industry at the end of 1967. Various industry sources
have estimated that by 1970, approximately 75 per cent of all
machine tools purchased will be equipped with numerical control.

The next generation of N/C machine tools will be based on
the concept of the self-contained machining centre, i.e., a
machine tool or family of machine tools able to perform all the
machining operations required to complete a part. At list count,
114 of these machining centres were in use in the metal working
industry. By 1975, one-third of the N/C metal cutting machine
tools purchased are likely to incorporate this concept.

N/C is quickly finding applications in other areas of
metal working manufacturing. For example, continuous path N/C
is being used for flame cuttklg operations, spot welding of
fabricated sheet metal parts, in piercing rivet and bolt holes
in structural steel members, and in cutting coils of metal into
sheets of various lengths. The next 5 to 10 years will see rapid
development of semi-standard units that can be adapted to specific
assembly and transfer tasks through the attachment of various part-
holding devices and special manipulative devices.

The electronics industry represents one of the most
fertile fields for N/C machines because of the tremendous varia-
tions that exist within a given product line and the high degree
of reliability required. A recent Aerospace Industries Associa-
tion report predicts that by 1972, some 60 per cent of the printed
circuit board produced for aerospace use will be fabricated and
assembled by N/C equipment.

N/C may even provide one solution to shortage of design
engineers and trained draftsmen In industry. Numerically con-
trolled drafting machines can produce precise drawings from
programme instructions developed from mathematical equations.
N/C inspection is found in the aerospace industry where needs for
close tolerances and complex shapes necessitate that human error
be minimized ir inspection.

Electronic Metal Worki>ag Processes
Missile and space programmes have necessitated the use

of various exotic materials and super-alloys which are, at best,
difficult to machine or form by conventional techniques. To
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resolve this problem, systems have been developed for metal working
processes based on electronic principles. Several of these new
electronic metal worhing processes are likely to supplement and,
in some cases, displace conventional metal working techniques in
some industrial applications. The impetus of further develop-ment of these technologies in the immediate future will, no doubt,
continue to come from the aerospace industry. By 1980, however,
electronic metal working processes are expected to play an impor-
tant role in manufacturing operations in certain areas of industry
generally.

What are a few of these new processes? One is
Electrical Discharge Machining (EDM). Instead of cutting with abit, this tool uses electric sparks to vaporise the metal in its
path. Because it can maintain close tolerances, EDM is expectedto have particularly.important impact on the tool and die industry.

Another new process is Electrochemical Machining (ECM).
In drilling, for example, this process uses electrolysis tc.
"pull outn the metal from the holes. There are about 500 electro-
chemical machining installations in the country. About $16
million of this equipment was sold last year and the market is
expected to reach $30 million annually by 1970.

Electron and laser beam welding, two more outgrowths of
aerospace programmes, are expected to find wide industrial appli-cations. Electron beam welding involves the use of a tool which
emits a sharply focused beam of high energy electrons that melts
the edges of metal to be joined as it passes along the joint.
The metal resolidifies in the wake of the beam, forming a smooth,
strong weld. Currently, about 450 tools are in operation. The
automotive industry is currently experimenting with electron beam
welding, and may find it of considerable value in producing com-
ponents for gas turbine engines.

Laser beam welding employs a beam of light as a source ofwelding energy. One problem in welding with laser, however, Is
that the intense beam of light they emit tends to boil away metal
at the intended joint if not extremely carefully controlled. But
precisely because the beam is so concentrated, lasers can weld
delicate electonics parts without deforming them.

Magnetic metal forming, at its present level of develop-ment, is restricted to applications involving thin, non-magneticmaterials. As a result, magnetic forming is expected to
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supplement rather than displace conventional metal forming
techniques. The process involves the forming of metal with
jolts of magnetic pressure. Such operations do not involve heat
and, therefore, can be used near explosives, rubber or plastic
where ordinary welding would not be safe. Also, it eliminates
some precision machining, because parts can be fitted loosely,
then clamped together magnetically. Finally, it is a clean, dry
process that does not mar finishes and eliminates subsequent
cleaning and polishing.

These are just a few of the "exotic" processes which will
transform the metal working processes. The percentage of materials
removed by improved conventional metal working techniques is
expected to decline from 85 per cent to 70 per cent between 1962
and 1972. Unconventional processes, correspondingly, will gain,
rising from 15 per cent in 1962 to 30 per cent by 1972 - and the
electronic processes are expected to account for more than half
of this increase.

In addition to the technological changes which I have
mentioned here above, there are also radical changee in metal
forming, assembly, erection, cutting, and in many other fields.
It is anticipated that technological developments will continVe
to occur in future years, and it'is nearly impossible to describe
in detail the preciee results of these developments. Nonethe-
less, they are certain to affect job profiles of indilr idual metal
working'occupations, and also to affect the relative number of
these occupations in the total labour force.

Given the decenigrelized administration of our apprentice-
ship and upgrading programmes local plant committees are in a
position to adjest the curriculum to apprenticeship programmes,
and to intelligently update curricula for bringing the skills of
traditional crafts into today's needs.

As new developments occur, we feel somewhat assured that
proper adjustments will be made to established apprenticeship and
training programmes to be certain that the apprentice will have
adequate opportunity to learn the new processes.

Profiles of Jobs in the Machine Tool Industry
The machine tool industry is considered to be only one

segment of the machinery industry (except electrical), and
represents approximately 18 per cent of total employment in the
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machinery industry. At the close
workers employed in this industry,
of them were production worIcers.
rized by severe ups and downs, and

of 1966, there were 335,500
and approximately 76 per cent
It is an industry characte-
very much affected by the

accelerated depreciation tax laws often used by the government.
In essence, when an employer can accelerate the write-off of a
machine tool, he is apt to replace the older machine tools inhis factory. In 1963, 64 per cent of the metal cutting machinery
was 10 years old, and 20 per cent of these machine tools were 20or more years old. It is fair to assume that, should the acce-
lerated depreciation tax law remain in effect, activity in this
industry will continue at a high rate.

While some increase in employment in this industry is
expected, particularly because of the increased demand for nume-
rically controlled machine tools, many of these orders will merely
replace conventional machine tools. It is anticipated that by
the mid-70s, over 70 per cent of the metal cutting and metal
forming machining will be performed by numerically controlled
machine tools.

As regards projected increases in the various occupa-
tions within this industry, it is expected that the professional
and technical occupations - which now represent approximately
10 per cent of the total - will increase two-fifths by the late701s. There will be an increase in engineers, programmers and
technicians at the expense of skilled and semi-skilled tool
operators. The number of labourers will decline by approximately
one-third, because of the increased use of new, efficient material-
handling equipment, and automatic transfer devices. Because ofthe increased application of instrumentation and computer control,
there will be a de,rease in the proportion of inspectors and
machine tool operators, L'It some increase in instrument repairmen,
machine repairmen, and the like.

Table 1 sets forth the distribution of employment in the
machinery (except electrical) industry, by occupation, 1960 and
projected 1975. These statistics will be published in the very
near future by the Bureau of Labour Statistics, and were compiled
only after years of Intensive study. The 1960 figure represents
a trend which occurred prior to that year, and it is the definite
opinion of the managers of industry that the trend expressed in
comparing 1960 with 1975 will continue beyond 1975 into the future.165
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Table I

Distribution of Employment in the Machinery (except Electrical)
Industry, by Occupation. 1960 and Projected 1975

Occupation 1960 I
Projected
1975

Total 100.00 1

I

100.00
Professional, tecialical, and kindred 10.34 14.65
Engineers, technical 4.38 5.69Engineers. aeronautical .01 .01Engineers. chemical .05 .04Engineers, civil .06 .03Engineers. electrical .43 .73Engineers, industrial .61 .87Engineers, meohanioal 2.01 2.34Engineers, metallUrgical .10 .10Engineers, mining .01 .00Other engineers, technical 111 1.59

Natural scientists .28 .40Chemists .08 .09Mathematicians .10 .17Physicists .06 -(aOther natural scientists .04
Technicians, except medical, dentist 3.42 4.66Draftsmen 1.92 2.26Technicians, -1ther 1.49 2.40
Medical, other health workers .09 .13Dieticians, nutritionists .00 .10Nurses, professional .07 .09Physicians and surgeons .01 .01Psychologists .00 .01Technicians, medical, dental .01 .01
Teachers .02 .02Teachers, other .02 .02
Social Scientists .o6 .05Economists .04 .03Statisticians and actuaries .02 .02
Other professional, technical, and kindred 2.08 3.69Accountants and auditors 79 .89Airplane pilots, navigators .02 .03Workers in arts, entertainment .14 .19Designers, exoept design draftsman .28 .28Editors and reporters .04 .06Lawyers and judges .02 .02Librarians .01 .02Personnel & Labour relations workers .20 .25Photographers .05 .05
Professional. technical, & kindred, n.e.o. .53 1.91

Managers, officials, proprietors 6.57 7.88Creditmen .o6 .08Purchasing agents .54 .63Managers, officials, proprietors, n.e.o. 5.97 7.17
Clerloal and kindred workers 13.32 12.57Stenos, typists, secretaries 3.52 3.93Office machine operators .71 .90Other clerical, kindred workers 9.09 7.74Accounting clerks .36Bookkeepers, hand

Cashiers 11
.uft

.36

.02Shipping, receiving clerks 1.13 .9)'Telephone operators .12 .12Clerical and kindred, n.e.c. 6.63 5.95
&

172



0
0

44
 4

45
rf

O
R

gc
t

T
W

W
4V

4 
4f

Ic
ai

r"
E

l;t
41

,4
 g

ta
:=

44
4
0
4
0
0
.
0

le
d4

0
0

0
1
"
0
"
 
0
;
q
a
f
t
r
;

et

I
O

P
oa

pi
 m

ft
ttP

ri
D

14
9

ct
tg

E
r 

oa
a

0
'0

C
D

5
O

P
4e

tfp
i"

ttX
r

Z
21

%
 s

t5
g

gr
t%

or
'

04
,1

.1
..0

,
of

 h
,`

F
."

a

l
e
;
?
1
1
 
i

0
4
 
K

i
l
l
i
P
l
i
t
t

i
i

5 a
0
4
0

tio
ge

l4
V

/1
 F

'
0.

I 8
41

a

0

ill
g
o
o
'
 
i

I-
a

P
I

03
fp

1
1 5 i a 1

f
M

P
:*

W
.

n.
..4

04
 0

0
00

.0
88

0
o
p
 
p
o
 
1
5
0
4

B
O
 
<
0
0
 
e
t
0
o

m
a
s
e
o

1
.
1

P
o

p
i
V
e
p

4f
fe

t
to

pm
.

0
.
'
0
8
D
 
A
o

P
O

O
A

H
0

2
D

00
04

 p
le

14
10

00
9i

4
19

4
N

ot
p 

ao
 o

ft+
 4

ti.

A
l

a
Z

0
0
0
1
0
1
 
4
0

0
0
1
0

m
e
r
f

4
v

'
A
p

0
H

0
i&

O
P

O
i
&

1
0
9
0
0
0
.

0
0
0

8
pi

C
D

-)

C
D

C
t

0 C
D

z 
v

4 
iD

o
0

te
,

pg
r.

R
ig

B
irE

gL
irW

IT
I: 

2
00

 H
04

 to
O

N
G

9e
t 0

0w
er

P
A

I-
IP

F
&

P
or

9 
0P

0V
0P

$P
10

10
0e

r 
0

te
et

tfo
te

4 
F

ec
ta

gi
-ie

t1
40

0'
t

lb
 e

t1
-1

1-
ip

xw
ip

at
o

cl
op

 e
to

a
cr

O
G

al
g

O
K

H
.0

 0
 o

lZ
pH

.0
0/

4,
10

13
X

91
<

b1
00

1

vi
er

I I
 g

g 
40

P
00

10
40

 0
g

s
o
i
+

m
0
1
+
4

P
l
i
A
K

O
W
0
e
1
0
1
0
O
0

4
a
N
4
0
0
0

%
R
e
 
p
h
a

z
 
0
0
0
0
0
4
 
0
0
.

)
5
.

t
n
a
s
a
i
 
0
4
0
e

p
t
e
K
e
t
e

pi
lo

S
et

i+
0
0

a
0
 
v
4
0

09
14

49
et

ct
l0

11
01

0
nt

eO
ta

tio
te

at
i4

4
'0

46
01

01
11

H
A
4
,
0
0
4
0

0
4
 
0
1
+
0
4
0
0

8
1-

16
N

41
0

1
{I

d
I
N
%

B
0

.
0

10
1,

01
g 

m
og

0
4
0
0
 
0

*
4
1
0
 
0

4
o
c
i
e
b
e

a
o
o
 
H
 
i

l
i
a
r
'

B
A
 
a
 
0

0
1
1

*
i
v

i0
'IF

-a
lp

0
0

n
 
A
K
H
o

0
si

A

i
II 

et
et

to
10

1
N

I H
i

E
.

p
.I

. o
et

 a
of

 la
t1

00
11

11
04

V
O

N
IR

O
 0

1
0 

la
to

 0
0.

4
a 

I-
, a

I-
00

'0
 0

.
cP

8'
40

et
et

eg
rig

 :
In

til
X

te
1.

1;

0 
:8

04
H

.
B
A

V
0
s
0
4
4

c
r
o
c
t
o
g
r
a
,
0
H

0
0

b
 
I
 
I
A

IC
A

P
 0

oq
go

et
o

4
O

X
et

 4
 *

A
s

P
C

 e
t

8 
O

K
41

44
4

4
0

I
)
4

s
e

9
)
h

a
a

l
a

a
0
0

0
3:

A
O

.1
0

0.
0

0
g

P
i 1

O
t
,

te
4 

40
ft

ps
.

0
z

et
g

00
0

2
ge

0
44

8
P

.
01

 6
6

4
4

1
lif

ti
C

I
6

lt
0

ti*1

1
i+

04
O

ct
a

0 a

0 9

14
ra

H
 tA

)
L0

z
1-

1-
4 

1.
4) I

11
11

61
14

11
11

11
I

(.
38

8g
7g

 ti
g.

0)
0 

,2
1

°)
P

.A
1,

1-
41

1.
2.

F
.)

.°
)E

ca
gS

gZ
U

'A
IR

S
63

61
;')

E
1 

1
M

i1
98

1°
43

13
61

t
o

r
.

ro
41

.
1-

0)
 W

W
W

9
W

O
O

,
I

0 
0H

V
IZ

LI
J 

0,
00

04
2.

0W
Q

.0
14

11
00

\ 0
00

 0
00

0 
O

la
.1

Z
.0

01
4W

*1
01

00
11

0.
01

.0
 ll

1
00

)0
00

V
)0

1-
11

4,
1-

1 
W

1-
11

-1
1-

a1
.1

10
10

4?
 c

A
n1

-0
1-

,1
00

U
1

W
1"

01
10

10
0 

la
tu

tO
 to

to
LO

N
LO

ta
w

t.O
.w

O
M

P
O

t0
1.

00
Lo

O
N

 to
 .P

.P
1-

1.
P

1-
10

1.
01

1.
1W

k
fr



Distribution of Employment in the Machinery (except Eleotrical)
Industry, by Occupation, 1960 and Projected 1975 (Conttd)

Occupation

Semi-skilled metalworking ossupations
Furnacemen, smeltermen, pourers
Heaters, metal
Welders and flame-cutters
Assemblers, metalworking, class A
Assemblers, metalworking, class B
Inspectors, metalworking, class B
Lachine tool operators, class B
Electroplaters
Electroplaters, helpers

Semi-skilled textile occupations
Weavers, textile
Sewers and stitchers, manufacturing

Other operatives and kindred
Asbestos, Insulation workers
Meat cutters, except meatpacking
Operatives and kindred, n.e.c.

Service workers
Protective service workers
Guards, watchmen, doorkeepers
Police, other law enforcement officers

Food service workers
Cooks, except private households
Coanter and fountain workers
Waiters and waitresses

Other service workerais
Attendants, hospital, other institutions
Charwomen and cleaners
Janitors and sextons
Service workers, n.e.c.

Labourers, except farm and mine

1960 Projected
1975

18.09 17.12
.20 .17
.02 .02

3.32 4.48
2.12 2.27
4.76 4.90
1.44 1.25
6.13 3.96
.04 .02
.o6 .o5
.o4 .01
.01 .01
.04 .00

16.28 16.53
.01 .00
.01 .00

16.26 16.52
1.58 1.28
.60 .36
.59 .36
.01 .01
.07 .06
.03 .02
.02 .03
.02 .02
.91 .85
.00 .01
.15 .16
.53 .43
.21 .24

2.89 1.80

Note: Parts may not add to total because of rounding.

1C.8
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I have included these occupational projections, since theyrelate to the probable job profiler in 1980. When developingcurricula for metal worker occupations consideration must be givento possible promotion to those other technical and sub-professionaloccupations. Many machinists, tool and die makers and skilledmachine tool operators have been promoted to programmers andanalysts, simply because of their knowledge of materials, cuttingand forming processes, and the characteristics of machinery andmachine tools. One could anticipate that their job profiles inthe future will include more duties and responsibilities to faci-litate their "bridgingn the'gap between their present metalworking occupations and the higher technical and sub-professionaloccupations.,
controlled machine tools, most employers will attempt to designtheir operations to secure maximum utilization of such a machinetool. In fact, this is recommended by many of the machine toolbuilders. In other words, time spent in setting up a job,
checking tools, and inspection must be kept at a minimum in orderthat they may derive maximum cutting time. Accordingly, in manyshops, the set up operation is performed by another person, alongwith the selection and checkout of all tools that are to be posi-tioned in the machine for that job. The machine tool operatorliterally spends all of his time operating, while the tool setterdelivers to the machine tool operator the already-set-up job,along with the necessary tools for that job.

I have included copies of job descriptions for fivemetal working occupations found in many machine tool firms. Theyare:

Milwaukee-matic III-V Numerical Control Machine OperatorTool Setter - Numerical Control Machine Operator
Numerical Control Technician
Electrical Maintenance Technician
Machine Repair - Class A
I would like to comment briefly as to the prospective

changes in the job profiles of these particular occupations.
Numerical Control Machine Operator

As evidenced by the description, this individual mustbe fully acquainted with the operationof the machine, set-uptechniqueS, tool selection, and furthert,'Ile able to prove tapes
and correct errors that may/0629 While he may appear to be
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only a "button pusher", in reality he is compensated for his
stand-by skills. As indicated previously, because of the high
cost of most numerical machine tools, they must be maximum
utilization. While others may set up the job for him, check and
select the necessary tools, he is responsible for the operation
of that machine. The employee cannot afford to risk collisions
which would damage that machine and reduce or terminate produc-
tion. Accordingly, the operator must be knowledgeable about all
facets of its operation to ensure continuous utilization.

As more sophisticated N/C machine tools are developed,
he will be expected to be knowledgeable as to proper speeds,
feeds, characteristics of materials, coolants, and so forth. He
will no doubt be expected to have greater knowledge of mathematics,
electronics and fluidics to properly monitor the operation. The
managers of the machine tool industry do not foresee significant
changes in his job profile resulting from changing technology,
except to the degree of his knowing and understanding new develop-
ments in the construction and operation of machine tools as they
occur. However, should management attempt to make this a pure
nbutton pushing" operation - of which there is little likelihood -
unions would drastically oppose such a move.

1:70
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Job Description

MILWAUKEE-MATIC III-V NUMERICAL CONTROL MACHINE OPERATOR

Work is performed in the Major Parts Machining Areasetting up and operating a Milwaukee-Matic III-V NumericalControl Machine.

Duties include: set up and operate Milwaukee-Maticmachine automatically or manually. The Milwaukee-Matic III-Vautomatically performs a series of operatioris such as mill, drill,tap, ream, bore and counter-bore on parts such as columns, heads,knees and special work.
. Tolerances or 0.0002 inches to 0.0001inches on boring 0.0005 inches for reaming, 0.0005 inches to+.0.005 inches for milling are maintained. Check and inspectwork while in process and after completion of the operation.

Required to make adjustments to cutting tools to maintain size.Determine when cutting tools need to be replaced due to wear orto meet finish requirements and make the necessary changes.
Operate machine manually including manual p1a-ement of tools inspindle and/or tool drum and shuttling platens as required.Prove out new tapes complete. Check out programmes and toolingon new jobs. Troubleshoot and overcome difficulties encounteredin proving out tapes, tooling, machining operations and set up.Required to have a working knowledge of programming and controltapes. Use equipment such as fixtures, angle plates, holdingdevices, dividing heads and vises. Perform work oT a lowerclassification. Work with ferrous and non-ferrous materials.

Required to use draw.Ings with dimension and specifica-tions. Mathematics include addition and subtraction of frac-tions and decimals and the use :A' handbook formulas. Usemeasuring instruments such as 0.0001 inches indicator, plane--gauge vernier, Jo-blocks, size plugs, adjustable parallels,square, protractor, scale, surface gauge, telescopic gauges, dialbore gauges, inside, outside and dept4 micrometers.
Moderate physical effort re4Uired in handling light and

average weight tools and materials and intermittent handling oEfairly heavy weight tools implrerials.
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Typical machine shop working conditions, maybe slightly
dirty and/or wet.

Tool Setter - Numerical Control Machine Operator

This is a combination classification, and the indivi-
dual occupying this classification serves as a relief man for
numerical control machine operators. His principal functions
are normally tool setting, but in addition to this requirement,
he is expected to operate N/C machine tools.

I would foresee that many individuals who are just
classified as too/ setters will attempt to broaden their classi-fication to incorporate the operation of N/C machine tools also.

I do not visualize radical changes in the profile of
the tool setter, except that it is very probable that the number
of individuals holding this classification will markedly increase
as more N/C machine tools are purchased. His knowledge of the
proper use of tools and the operation of N/C machine tools willenhance his opportunities for promotion into the programmer
classifications. In this regard, he will probably insist upon,and receive, some change in his profile to facilitate progression
into certain of the technical and sub-professional classifica-tions. This would involve greater knowledge of mathematics,communication, and some electronics.

Numerical Control Technician

As evidenced by the description, the individual, in
addition to operating N/C machine tools, must assist in teaching
others to operate and overcome difficulties which may arise.
would visualize that the occupations of this classification willincrease in number as more employees are assigned to the opera-tion of N/C machine tools. Similar to the operator, his profilewill not change substantially in the years to come, unless there
are radical changes in the design and operation of these tools.
Electrical Maintenance Technician
Machine Re airman

The maintenance of machine tools is divided between theElectrica3 Maintenerace Technician who will handle all the elect-rical and electronic repair and troubleshooting, and the Machine
Repairman who is responsible for the repair and troubleshooting
of mechanical and hydraulic failures.
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Moderate physical effort required working with light
and average weight tools and intermittent handling fairly
heavy weight tools.

Typical machine shop working conditions.

1. 7 5
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Job Description

NUMERICAL CONTROL TECHNICIAN

Work is parformed in the Major Parts Machining Area asa Numerical Control Technician. Under direction of the super-visor, includes assisting Operator - Numerieal Control Machines -Class A and employees of lower classifications in overcoming
difficulties encountered, instructing employees in the use ofnuwerical control machines and department equipment and assist infollowing the prescribed plan in allocata.ng work to the employees.

Duties include: Set up and operate numerical controlwachine ##II and other equipment or machines in the area, operatenumerical control machines automatically or manually. Nume-rical control machines automatically perform a series of opera-tions such as mill, drill, tap, team, turn, bore and counterbore.Work on parts such as cross feed brackets, pump bodies, speedboxes, feed boxes, table brankets, spindle rotary feed box,hydraulic manifold, control valve body, gears, shifter levers, avarloty of brackets and housing and special work. Tolerances of0.0002 inches to 0.001 inches for boring, 0.0005 inches fo.reaming, and from 0.0005 inches to 4. 0.005 inches for millingoperations are maintained. Operate machine manually includingplacement of tools in spindle and/or tool drum and shuttlingplatens as required. Check and inspect work while in processand after completion of the operation. Required to have aworking knowledge of programming and control rapes. Prove outnew tapes complete. Check out programmes and tooling on newjobs. Use equipment such as fixtures, angle plates, holdingdevices, dividing head and vices. Work with ferrous and non-ferrous materials. Under instruction or direction of the super-visor performs the following: make minor repairs and adjustmentto maintain jigs, fixtures and tooling; allocate work by followinga prescribed plan; help overcome difficulties encountered in setup, tooling and in performing operation of Opnrator - NumericalControl - Class A or lower classified
employ-es, aid and instructemployees in:the safe and proper use of machines and equipment,job techniques and in the standard routines and procedures used.Work with new equipment and assist in working out operationalmethods and procedures. Perform work of a lower classification.

17 6
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Use complicated drawings with many dimensions and speci-
fications. Use advanced shop mathematics. Use measuring instru-
ments such as 0.0001 inches indicators, tool setting gauge, planer
gauge, vernier, Jo-blocks, size plugs, adjustable parallels,
protractor, scale, surface gauge, telescopic gauges, air gauges,
d±al wore gauges, inside, outside and depth micrometers.

Light physical effort required rJe-forming job duties.

Typical machine shop working conditions.
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Job Description

ELECTRICAL MAINTENANCE TECHNICIAN

Work performed in the Electrical Maintenance Department
including electrical installations, maintenance of machines and
electrical plant equipment and maintenance and troubleshooting
of all types of numerical control equipmeut.

-Duties include:. Installing testing, troubleshooting and
maintenance of all plant equipment including production machines
and testing instruments, new constructions and installation oflight and electrical power. Wire and install electrical equip-
ment in accordance with various codes such as National Sn.fety
Code, Machine Tool Code and Joint Industrial Conference Standards.
Maintain air :Ionditioning controls, battery charging and plating
equipment, transformers, capacitors, electronic devices, cranes,
elevators, electric trucks, heat treat control instrumentation
and associated test equipment, build and install panels, and
operation of motor generator sets. Required ,;(3 perforta work in
substations and in other places on high voltage (26,000, 4, 160,
and 460 volts) equipment. Operate crances in emergencies.
Troubleshoot, plan and perform maintenance work on numerical
control machines such as positioning errors of all axis, oscil-
lation, drift, Collision, tape recorders, tool selectors and
tool changers. Use osciloscopes and strip chart recorders to
cli'ick complicated computer type circultry there timing between
signals must be within one millionth of a second, electronic
counters, pulse rate multipliers, cycle control circuits,
integrating type counters, digital discriminators, digital to
analog converters and high gain amplifiers. Requires a tech-
nical knowledge of electricity and electronics and a working
knowledge of tape control procedures. Under direction of
supervisor directs the work of lower class men part of the time.
Troubleshoot, plan and perform maintenance work en numerical
control machines in our plant and/or the customers' plant. Usea variety of electrician tools, measuring and testing instruments
such as ammeter, ohmmeter, voltmeter, test generator, Esterline
recording wattmeter, power factor_indicating instruments,
oselloscopes, brush recorder and extra precision test equipment
necessary to test all types of tape control equipment.

0. ot
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Use complicated drawings and wiring diagrams and advanced
shop mathematics.

Moderato physical effort working regularly with light
and average weight materials and tools. At times is required
to climb ladders or work in close quarters and difficult work
position,f3.

Somewhat disagreeable working conditions due to exposure
to weather conditions when working outside. Exposure to dirt,
dust and fumes when working in manufacturing departments.
Exposure to flash on job may cause laindness or electric shock
may cause death. Exposed to high voltage and high ampere line
frequently.
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Job Description

MACHINE REPAIR - CLASS A

Works in the Machine Repair Department performing main-
tenance, repairing and installations of all machinery and plant
equipment.

Duties include: diagnose trouble, analyse and interpret
drawings, plan and diagnose repair methods. Disassemble, repair
assemble, align parts, units and machines. Make sketches of
rep1,;ement parts, follow up on processing of repair parts.
Direct the work of employees of lower classification. Install,
maintain and repair sorvice and production equipment and mechani-
cal equipment, in.;luding: compl.ete rebuildinp And adjusting of
mechanical and high pressure hydraulic servo machines, cranes,
nieaning equipment, lift trucks, woodworking machines,
straightening and arbor presses, sheet metal machines, sand and
shot blast equipment, heat treat equipment, elevators, pumps,
compressors, photostat machine, blueprint machine and portable
tools such as: hand grinder, sander, drill and spray gun. May
occasionally IlEd arc and gas welding equipment to perform torch
cutting and some simple welding operations. Use a variety of
hand tools and operate departmental machine tools such as:
lathe, drill press, milling machine, surface grinder and portable
hand tools.

Required to use ordinary and/or multi-sheet drawings
with many dimensions, sectional views and complex specifications.
Mathematics include addition and subtraction of decimals and
fractions, trigonometric functions and handbook formulas. Use
meacuring instruments Luch as scale, square, surface gauge, level,
vernier height gaugcs 0.0001 inches indicators, inside and depth
micrometers.

Moderate physical efforts working with light and average
weight materials and intermittent handling of fairly heavy weight
materials.

Somewhat disagreeable working conditions due to exposure
to weather conditions when working outside. Exposed to dirt,
dust and fumes, when working in manufacturing departments. May
get dirty or oily vhen checking and repairing machines or
equipment.
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Profiles of Jobs in the Motor Vehicle Industry

From conversations with those in the motor vehicle
industry, It was quite evident that, as an industry, they do not
plan their production beyond three or four years in advance.
None would speculate as to the design of jobs 12 years hence -
except to note the continuation of trends today. Perhaps the
most revealing characteristic of the future is that they do
anticipate producing more models than before. Long-run produc-
tion schedules for one model will not be as extensive as pre-
v.tously. For the most part, one could conclude that the pro-
jected profiles of the principal metal working jobs in the
automobile industry do not differ to any great degree from those
in the machine tool industry. They are affected by the growing
use of numerically controlled machine tools, both in planning,
controAling and producing the final oroduct. Here again, the
emphasis is on gaining the maximum utilization of a particular
machine'or machine tool and simplifying the assembly of the car.

It is anticipated that by the middle and late 70's,
81 per cent of the nation's householders in the nited States
will have one car, and one-third of these will have two or morecars. By 1975, there will be 80 million cars on the road.

During the 60's, the number of cars owned by the nation's
families increased at a rate of 3.5 per cent. This rate of
growth reflected the formation of households resulting from the
post-World War Z1 baby boom, and it is expected to drop to 3 percent in the mid-70's

Total employment in the motor vehicle industry at thepresent time numbers 850,000, and by the late 701s, it is
expected this total will decrease to 790,000. Seventy-eight percent of the total workers are involved in actual p.L.Gluction (in947, this figure was 82 per cent), and 9 per cent of the total
employment are females. The numoer of production workers nowemployed in the industry equals that of 1947. However, thenumber of cars produced in 1947 was 4.8 million, compared to9 million in 1967.

,4
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Semi-skilled metal working occupations, such as welders
and machine tool operators, account for one-third of the industry's
work force, and an additional 23 per cent account for those in
commonly considered skilled occupations (Table II). They are
machine repairmen, tool and die maklrs, electricians, etc.
White collar employees make up one-fifth of the total work force,
and approximately one-half of these are clerical employees.
Similar to other major manufacturing industries, the most signi-
ficant change in years to come will be the increase in pro-
fessional and technical workers. This will result because of
the gi.eater emphasis placed upon research and development, design
and engineering activities. As could be expected, programmers
and system analysts will alsc become a larger portion of th.:-
work force. Also, similar to trends in other manufacturing

.1.-

industries, theniErcentage of skilled workers involved in nvoduc-
tion will decrease because of the greater use of automated
equipment. While machinists, tool and die makers, pattern
makers, and other skilled occupations involved in production
will decrease, there will be an increase in the number of
electricians, installation mechanics, maintenance mechanics and
machine repair classifications. Insofar as operatives are con-
cerned, some reduction is expected in this classification,
although some will replace others as such.

As I have indicated previously, the prospective changes
in the job profiles in the metal working occupa;ions In the auto-
mobile industry will perhaps not differ in any great degree from
those occurring in the machinery industry. We do know this, that
individuals classified as machine tool operators, machinists, tool
and die makers, tool inspectors, and tool designers will have to
know more mathematics and have some knowledge of computer
technology. In addition, they will be expected to know some
fundamental electronics.

Maintenance personnel, particularly those who are main-
taining machine tools of all types, transfer machines, etc., will
be required to know more hydraulics, pneumatics, electronics,
and other new technologies that are occuring.

Stand-by knowledge of the fundamentals of the trade will
not diminish, even though an operation may be automated. Indi-
viduals in their monitoring functions will be expected to under-
stand and appraise the operations of machine tools, transfer
machines, and other types of machinery. While materials and

_LE&



Table II

Distribution of Employment in the Motor Vehicle Equipment Manufacturing
Industry, by Ocumpation, 1960 and Projected 1975

I

Occupation 1960 Projected
1975

Total 100.00 loo.00
Professional, technical, kindred . 12.20 15.34Engineers, technical 5.57 7.18Engineers, aeronautical 2.12 2.mEn gineers, chemical

.07Engineers, civil .16 .22Engineers, electrical .70 .91Engineers, industrial .64 1.13Engineers, mechanical 1.45 2.05Engineers, metallurgical .10 .15Other engineers, technical
.33 .52

Natural scientists .47 .51Chemists .17 .14Biological scientists .01 .01Geologists, geophysicists .01 .01Mathematicians
.14 .22Physicists .11 .10Other natural scientists .03 .03

Technicians, except medical, dentist 2.86 3.35Draftsmen 1.18 1.17Surveyors .01 .01Radio operators
.01 .01Technicians, other 1.67 2.17

Medical, other health workers .10 .10Nurses, professional .07 .06Physicians and surgeons .01 .02Technicians, medical, dental .01 .01Tea,ohrs
.03 .03Techers, other
.03 .03

Social scientists .09 .10Economists .03 .02Stu'7isticians and actuaries .06 .07
Other professional, technical and kindred 3.08 4.07Acnountants and auditors .88 .81Airplane pilots, navigators .06 .05Architects .02 .03W^rkers in arts, entertainment .48 .50r_ ignel",,, except design draftsmen .20 .29

, ,ore and reporters .06 .07LaNyews and judges .06 .06Librarians .01 .02Personnel and labour relations workersPhotographers .28
.07

.35

.0,7Professional, technical, kindred, n.e.c. .95 1.85
Managers, officials, proprietors 3.36 4.19Creditmen .02 .03Officers, pilots, engineers, ship .02 .03Purchasing agents

.55 .87Managers, officials, proprietors, n.e.c. 2.76 3.26 b

16.3
189



Distribution of Employment in the Motor Vehicle Equipment Manufacturing
Industry, by Occupation, 1960 and Projected 1975 (Contld)

Occupation 1960 Projected
1975

Clerical anu kindred workers 12.88 11.27Stenos, typists, secretaries 3.28 3.03Office machine operators .50 .61Other clerical, kindred workers 9.10 7.62Accounting clerks .40 -37Bookkeepers, hand .11 .10Cashiers .04 .04Shipping, rF.oeiving clerks .60 .4]Telephone operators .13 .09Clerical and kindred, n.e.c. 7.81 6.61
Sales worker, .65 .70
Craftsmen, foremen and kindred 28.18 26.22Construction craftsmen 5.67 6.53Carpenters 1.41 1.48Briokmasons and tile setters .olt .05Electricians 1.79 1.72Excavating, grading machine operators .03 .02Painters and paperhangers .48 .38Plasterers .00 .01Plumbers and pipefitters .92 1.44Roof-s and slaters .01 .01Structural metalworkers -97 1.43
Foremen, n.e.c. 4.09 3.98
Metalworking craftsmen except mechanios 10.20 8.46Machinists and related occupation 4.67 3.50Blacksmiths, forgemen, hammermen .15 .11Boilermakers .19 .25Heat treaters, annealers .19 .15Millwrights .40 .42Molders, metal, except coremakers .15 .11Patternmakers, metal, wood -53 .32Rollers and roll hands .03 .02Sheet metal workers 1.43 1.42Toolmakers and diemakers 2.46 2.17
Printing trades craftsmen .06 .07
Compositors, typesetters .03 .02Engravers except photoengraver .01 .01Photoengravers* /ithographers .01 .01Pressmen, plate printers .02 .02
ansportation and Publics utilities craftsmen .02 .03Linemen and servicemen .01 .02
Locomotive engineers .01 .01

1 echanics and repairmen 6.06 5.30Airplane mechanics and repairmen 2.16 1.60Motor vehicle mechanics 1.69 1.39Radio and T.V. mechanics .14 .20Railroad and car shop mechanics .03 .04Other mechanics and repairmen 2.04 2.06
Other craftsmen and kindred 2.07 1.86Cabinetmakers .13 .15Crane, derrick, hoistmen .36 .34Glaziers .02 .03
Inspectors, log and lumber .00 .01Inspectors, other .07 .15Upholsterers .16 .11Craftsmen and kindred, n.e.c. 1.33 1.07
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metals may change, I do not foresee significant or noteworthy
changes in the job profiles of these occupations, other than
those that I noted under the section on the machine tool
induztry.

Conclusion

Speaking directly to the purpose of this seminar -
namely, the attempt to gain some insight into the planning of
vocational school curricula for metal working occupations in
1980 - I would question whether our conclusions today regarding
the prospective job profiles would differ greatly from those we
would nave made five years ago - or substantially differ from
those we would make five years hence.

There is no question that we - both Europe and the
United States - are in a period of transition. We both have
"old" plants and we both have "new" plants, - plants with the
most modern up-to-data machinery. Most changes do not occur
overnight; there is a gradual period of transition. Few
employers can afford a wholesale transition - of necessity, it
is primarily piecemeal. There is sufficient lead time to make
adjustments, providing the flexibility is present. While one
cannot teach "flexibility", there is the hope that a broad,
thorough, basic education is the best foundation for the rapid
acquisition of new knowledge and skills. In this regard, we
have yet to tap one of our greatest potential educational
resources - namely, our factories, our offices, and our
laboratories.

When there is 1-ecognition upon the part of society
that "learning while ivorking" - (not in a casual sense, but a
systematic, planned course of study) - is a prerequisite for
the success of the rapidly changing technological world we live
in, - only then will seminars of this nature become unnecessary.

It has been often said that "a man too old to learn was
always too old".

Learning is an individual matter. Opportunity to
learn is a collective matter. Our challenge is one of creating
the environment with sufficient opportunities and with the
appropriate values, rewards, recognition and motivation to
prove this axiom correct.

1 8 G
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GENERAL EDUCATION NEEDS FOR THE FUTURE

by Bo JONSSON,
Swedish Confederation of
Workers' Trade Unions.

A functional education of labour
We have nct enough information about future human needs

even for a date as close as 1980, and it seems reasonable to
build future education partly on past experience, but many of
our expectations for the future are already reflected in modern
educational systems.

We must try to establish an educational system which is
flexible and can be adapted to changes in the goals and me-chodsof education. General education, vocational education and
adult education must be looked upon as a coherent whole.
Education must prepare and stimulate people for changing
conditions of daily life in society, in work, and in social and
cultural life.

It we approach education from only one of these aspects,
that or work, and relate education to the needs of the labour
market we might start from two assumptions. Firstly job
duties Ewe changing continually so that there is less need 'or
experience and more for education. The rate at which the
duties are changing is increasing as the IntroduntLon and
extension or technical change is speeded up. Secondly, education
will consist more of training in finding the sources oE knowledge,
in understanding, reading, calculating, analysing and solving
problems alone or in co-operation with others, and less actual
knowledge about fri,,ts which soon-become obsolete or irrelevant.

The educational system must be one which can vespond
quickly and effectively to changes, whatever these chP.Iges may
be; technical changes leading to ehanging job duties or changes
leading to adjustmen-cs in the labour force, or adjustments by the
individual himself. must be designed in such a wey that it
can adapt its progrwmmes to the requirements or industry and the
labour market. A current evaluation or the goals, methods and
results or education is s necessary part nf a flexible educational
sys1;en.; and methods to adapt the educational programme in the
light of the findings of the evaluation are also essential. At
the same time there should be continuous comparison of work187
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duties on the "shop floor" and job specifications with the
requirements included in educational progrnmmes, to ensure that
these programmes really reflect the neets oE industry.

The limits of technical and managerial development arefixed by the 3.nvestments In buildings and equipment. It seems
necessary to adjust this development of investments as well asthat of the education to the needs snd possibilities oE
individuals or manpower. The adjustment or manpcwer to the
requirements of work depends partly on the individualts oppor-
tunities for study and partly on increasing the capacity or the
educational system. Thus the chance oE keeping the balance
between labour supply and demand varies on different labour
markets with regard both to the inestments in new techniques and
to the investments in manpower.

The educational system must be able to admit people
with different educational backgrounds, and p...ovide each
individual with a programme adapted to his own needs and those
of the labour market, and must even function in such a way that an
imbalance on the labour market is as short-lived as possible.

Education must be looked uron es a continuous process
over a wreat deal or the life-time of the individual. In
connection with adult education, especially, there has been
talk of individually-tallored programmes which take into account
that the learning patterns of individuals may differ cw.siderably.

Educational nr%thods must be adji.sted to meet the
requirements of those persons who cannot be trained by conventionnlmethods. Research has provided new techniques which can be suited
to the individual learning patterns. The quality of erlucation
depends not on past standards but on the resources in trained
teachers, premises, equipment, methods and programmes adjustedto needs.

Evaluation or the educational system and the methods of education:
The educational sli/stem and the labour market

The Forecasting Institute of the Bureau or Statistics
has studied the problem or analysing the relation between
education and the lebt,ur market in ordr to determine the
dimensions oZ the educational system.

According to the Institute this can be approached from
two angles, Zirstl:/ starting with the demand for education and
secondly with the demand for labbur.
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The first approach analyses the reasons for the students'choice of education and occupation: sdcial background, locat:kon
-of educational facilities, parents education and financial
situation, individual expectations from the occupation, earnings,previous studies, etc.

The second approach tries to answer the question of how
labour demand will be distributed over trades and education.
The economic and social development goals are decisive in thiscontext. The rationalization goals, which Imply technical andmanagerial changes, are included in the national or enterprise-connocted goals. This approe.zh must be checked with the firstone, as ways of education are interchangeable, choice of
education depends partly on the development of the lebour market,and the labour market itself adjusts to the existing educatronalsystem and the educational structure of the labour force.
Production methods and work duties can be rearranged into new
job profiles which wIll be better adjusted to the work force.
Special adult education can effect rapid adjustment.

The method used to achieve adjustment depends upon thepressure of demand for education or on the prea.sure of demand forlabour. Methods of evaluating labour market development mustalso be taken into consideration in this context.
As there must always be some element of uncertainty inany evaluation, the educational system itself must be made moreflexible so that the indlvidnal does not run the risk of makine,

a completely wrong cnoice of education. One possible methodis to make the education in eech field as broad as possible, i.e.
containing faz, much gc lral education as possible, thus increasingthe field of work where this education can be used.

What c.riteria shouad determine the time for changing theeduc.zttional syte It is not only necessary to consider whether
demand tends to outstrip supply - or the reverse - or whether the
balen,-:e is being maintained fliporarily through changed wagerelations or substitutions between different trades, but the
socio-economic effects of the latter must be considered
separately. It may be desirable to achieve other wage relationsor social-occupational mobility and the ciucational system can bea useful factor in attaining this.

189
195



evaluating the contents and methods of education

The expected changes in techniques and management call
for changes not only in the scope but also in the contar_t and
method :. of the educational system. But the educational goal
must not be limited only to adjustment to the requirements of
changing work duties.

The type of education needed depends only partly on the
labour market situation immediately after the studies are finished.
The content of ee'icationimust be such that the individual can meet
other sorts of changes than those within a certain enterprise or
branch.

Education is no longer for one profession lasting a life-
tine, nor for work in one particular industry, even if there is
a -/ariety of jobs in this Industry.

General education must be shaped not only in the light
cf Rxisting or changing vocational training, but must also m,ke

individual capable of adjusting to training in another
field of work. It mustHeherefore contain training in finding
knowledge, understanding,problems and taking decisions "lintly
and independently. Such general education must not be confined
only to the elementary school but must exist at all stagt-3 in the
educational system.

Vocational training must be designed in such a way that
it allows for a late choice of trade and training in closely
related subjects so that there is a possibility of changing
trades and levels of training. Ceneral education must thus play
an important role even at secondary school level, thougll education
at this stage is mainly for professions and trades.

For adults who, after a period on the labour market want
tc- return to educational institutions for various reasons, a
general education must be available which will take individual
needs into account starting at different les.-els and aiming at
differert levels.

To achieve all these aims, flexibility in education is
necessary. There must be new norms for estimating -he studies
required so that students' can evaluate their future field of work
or studies, and -.Aso the methods of education for individual
students naed evaluation especially in further education.
Education for working life must also be included.
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Where the first year of vocational training is common to
various trades, i.e. all trades in the metal industry, it isgiven in blocks. Later it is specialized according to the
different trades, but even during this period a free choice of
suLjects in closely related trades or other fields is necessary
to allow for an adjustment to the labour markst individualwishes. It would be desirable to have 6 bro- _c education
in schools and only a finishing education within tirms to enable
a person to do a certain job. The school must recruit studentsfrom vast areas In order to secure individual choice and varia-tions in education.

General education in view of the conseouenees for work duties end
skills of the technical and managerial development in the metalindustr es eciall the machine tool and automobile industries.

Naturally all eduk-,ation eannot be viewed in the context
of an expected development within a certain field up to a certain
date, for instance 1980. The educational system must cater
for a continuous flow of young people whose workillg life may
start before and last for many decades after that year; and
ther- are also a number of people already in industry with many
decades still to work.

General education given today will have a decisive
.Lnfluence on the young person's possibility of adjusting te the
technical structure of the 1980/s.

As the skills, work duties and job profiles are dictated
by the changing techniques and management of two industries
mentioned abova, we can briefly attempt to outline what these
change:5 will be:

1. The prc:esses will be increasingly automated.
2. New metal-fors.ing processes will expand, and older

ones decline.

3. New materia: will be used.

4. There will be new maintenance methods.
5. There will be an increased combition of r r:hanics,

hydraulics, pneumatics and electronics wi-tlain
firms.

These will probably re_ - in a dicisz .-,:h7lber of
operators (fewer workers look after mox- a great
increase in the number of skilled people in the field or
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electronics, electricity, preciston-mechanics and servo-mechanics.In addition there will be an increase in the number of persons
in planning, management and design. Even in the future there
will still be a number of unskilled work duties.

The changes in the work force mentioned above, pre-
suppose an 1.,crease in the output of the metal industries. Butwe can expect both decline, stagnation and increase in the
development in different Tields and regions. Economic trends,
investment trends and changes in the structure of production
must be taken into account when we try to relate the development
in the industries to the educational system; which means that the
educational system may have to be adjusted not only to fill thevacancies, but to the shortcomings in some areas and redundan-
cies in others.

It is In the Interests of the metal industry and otherindustries also to have an educational system which can supplyadequately trained new entrants, young or adult, and can assistwhen transfers on the labour market or within plants are necessary.When recruiting technicians, skilled or unskilled workers, therois an interest not to have the supply limited by fictive soci%ivalues which can be created In an educational system where thechoice o.7 occupa-tion is made early. It therefore seems to bein the interests of both students and industry to have the samegeneral education for all in the elementary. school, regardlessof the desired future studies, and on the secondary level ageneral education which will make interchangeability betweenlvels and ,Airections of the studies easier.
Tr_ this context it is necessary to recall the hindrancesthat still exist co the choice of educational levels and occupa-tions. The financial burden of longer studies has limited thechoice of education for rally people, but this question of financeis much less difficult for young people today. In recent yearsthe geographical distribution of educational facilities has hadless influence (31-. th7, choice, but there are still economic

consequences for the adult beoause of lack of facilities in areaswhere population is scarce. Finally, the restrictions arisingfrom social and traditional environments still have an effect onthe choice of education. The tendency towards theoreticalstudies is a reflection ',if the distribution in work and socialntatus between "theoretical and practical" occupations which itwil: probably take a long time to overcome.
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In Sweden, to which the discussion basically refers,
75-80 per cent of the acTe groups between 16 and 18 will have
secondary level education in 1970 as opposed to 15 per cent
in 1950. It is estiviated that by 1970 there will be 150,000
adults between 21 and 30 whose level oE education is not up to
that lpf those leaving secondary school. In the next few decades
it seems quite natural to shape the educational system so that it
can take in the adults and give them possibilities for longer
ol shorter periods of general or ..rocational education primarily
to increase individual flexibility on the labour marke,t or
within plants but also to increase the potential supply of
labour. The work duties in the metal industries will be less
in production and more in-installation, setting up, controlling
and maintaining. The human being will be used to a lesser
extent as a substitute for machines. The functions of the
mach_s_ne operator are to understand '_nd su:,ervise the production
process, to monitor and to some extent maintain the machine.

Perceptual elements of the operatorts job will become
more imrortant than sensory-motr processes. It is still
uncertain what individual qualifications will be the adequate
ones in each case, but a capacity to combine and foresee as
well as other "mental skills" will be considered. Knowledge
will be more important than skill.

What has been said earlier about education seems to be
relevant in this context. New material might render trade
differences obsolete, for example, if a factory changes from
sheet steel to plastic -It will have to retrain its labour
forc, which can be replaced only to some extent.

Changing technique2 will to solue ex'cent eliminate the
need for loaders, handlers and joiners. The changing techniques
of metal forming will result in a decline in the trade of
fitting. New material will affect trades such as plumbing and
pipe fitting and will require less manual skills in their
utilization. Even if traditional techniques remain, especially
in smaller firms, these will decrease in number because Li
increased labour costs.

To keep up the technical efficiency of a complex and
delicate automatic system in the vntire factory, maintenance
work wil2 increase. It will require a combination of electronics
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and mechanics, pneumatics and hydraulics. l ast be careEully
planned. To reduce down-time, machines and me:,uods will be
deve?Jpec: to provide replacement of items which, instead of
being rapaired on the spot, can be dealt with in centrall_zed
workshops. Part of the maintenance wor7.g will therefore become
less qualifid but will need more diagnostic skills.

It is obvious that more analyses will have to be made
of work duties in co-operation between labour and management.
Even if it is generally accepted that work duties will need more
perception, selectivity, precision and foresight, they must
nevertheless be carefully surveyed. Vocational education in
the metal industry requires a certain general education to enab/e
people to learn the techniques, material, methods, procsses,
diagnostic skills, etc., and to establish a learning technique
which will be useful when new knowledge or skill is required.
There is an increasing demand for skill and knowledge in
various fields more or less connected with one another.

Workers will more and more have to carry out work in
co-operation with one another and the isolation at work will
require an education which trains people in methods of co-operation
and in taking decisions independently.

Skill and knowledge requirements ara based upon the
expected work duties but they must clearly be adJusted to the job
profiles, i.e. various combinations oE the work duties. Job
profiles may well become more variable in the future. As the
educational gap between an older and a younger generation vill
tend to become greater in the near future, the job profi3as must
be adjusted to the possible training of, for instance, an older
worker in order to achieve better individual job satisfaction
and average income development.

To be able to meet these claims, more co-ope:ration
between labeur, management Plid schools is necessary. The
greater the flexibility in the educational system the less
will be the need for long-range forecasts of changes in work
duties in small and limited fields cf work. The more flexible
the education, the less the pressure on the individual ...ao is
adjusting to new obs.
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GENMAL EDUCATION FOR THE PREPARATION FOR WORK LIFE

by Professo. SolomcL.: BARKIN,
Department -af Economics,
University of Massachusetts,
United States.

As it becomes increasin, clear that all people,
whatever their station in life, have part to play in the
economic life of their country, a marked change is being made
In our educational system. Distinctions between the training
for the academic and the non-academic are disappearing. At the
same time increasing democracy in political life makes it
necessary for all citizens to be able to understand the public
issues affecting them. The pleasures of leisure time activities
are no longer the special province of the elite. Members of all
social groups want to enjoy them.

These three streams of educational activities are no
longer considered distinct and separate, as their historical
antecedents would suggest. Together they can help to prepare
man for a richer persc'ial, civic and vocational life which would
be more satisfying to the individual, more produotiv, fcr the
economy, and most helpful to the nation. The streams of
education are merging; the individual's goals are becoming more
similar.

Where differences exist, they are
actual areas of interest but In the amount
of interest devoted to each of Lhem.

not so much in the
of time and intensity

These changes are also specifically reflected in the
preparation for work life. Narrow speciallation in educationand training, old-fashioned apprenticeships and specific job
training are no longer adequate for survival in the labour market.
At best they can help an individual gain his initial job but they
will not caary him fully 4:2.Iong hi work career. They may
implant a false sense of security in an ever-changing industrialworld. Afta- this type of training indivlauals may find them-
selves 111 pi-epared for the new dmands in the labour market.
There has, the7elfore, been a strong reaction aga.inst excessively
specialized training. The trend ls towards a broader type of
education which will enable a man to adapt to the complicated
urban society continuously altered by new tecl-xiologies and
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sophisticated industrial systems in which he may be in charge
of vast ana costly equipment and his aspirations will continually
increase.

Preparation for work life is therefore being on an
enlarged base of general education. The justification for this
broad view of future requirements has already been shown in other
papers. We are only certain that the automobile was a cre.ition of
this century cand will be supplemented in this time b newer systems
of trarsport. What they will be we are not certain. W. ask
ourselves many far-reaching questions. Will we be propelled
tnrough space on the earthrs surface, the ir or underground?
Or will we substitute the communication of images, signals and
information for actual personal spacial relocation? What type
of cars will we be using? Will they be made of plastic, or metal,
aluminum or steel? What type of motor will they have? Will it
be petroleum or electric battery driven? Will it be personally
or automatically guided on the roads? The projections will
differ; not ell can be right; and all may be prov,1 wrong.
But children enterins school in 196a have to be prepared as best
we can for jobs in the 19801s. To educate and train for today's
job patterns would sacrifice them at the altar of our inertia.

Similarly as respects the machine tool dustry, we can
only be certain
will continue.
is less clear.
been trimmed to

that
But
The

size

some metal or material Lng and forming
how much and by what me -- .Lt will be done
original blocks of materialn may well have
before the forming and sharing -Jccurs so as

to reduce later processing -to a
controlled traditional machines
of electrcnic machiner aud the

minimum. Will the numerically
be able to withstand the invasion
many other new technical alterna-

fives now .ompeting with the older methods? Economic and
technical forces will determine the outcome. But the safe
prediction is that the technologies of material forming will be
changed and with these shifts will come basic a.1Zerations in
the machine tool industry as to its technology, size, end ,lobs.

Educational Demands of an Urban Society

The previous papers have impressed us with the rate and
far-reaching nature of the impending changes ih the technology,
strtucture, and methods of organisation and systems of management
in tne metal industries. Peo.ple must be prepared foi them. But
these new innovations and those in other areas will also have
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responsibility but they are increasingly similar in nature. The
skills of communication and response to instructions and infor-
mation are critically important in our indus`r.ial society.

The above trends do not elimtnate the c10r types of
employments, but they do reduce their relative And
even they are changing in character. The craftsman must learn
to understand new materials, processes, and systems. He has
more complicated situations to tackle.

Organisational structures are becoming more flexible under
the impact of higher capital investment, more automated equipment,
and the rising complexity of our problems. They are less rigid
and allow for more local decision-making despite the concentration
of authority in many fields facilitated by improved data processing
techniques. Morever, more use is also being made of outside
contractors and consultants to supplement the internal resources of
the enterprises. Organised and regularized use of research and
development are supplementing, if not supplanting, haphazard and
intermittent spurts at innovation. The increased training of
management in advanced quantitative techniques for decision-
making has also raised the standard of sophistication required of
most levels in the enterprise.

Along with these changes in the industrial environment,
we may note that enterprises are growing larger and their struc-
tures are becoming more complex. Their geographical scope is
being extended to span continents and the world. Bureaucracies
are beLng built for standardizing policy and practice while the
range for local discretion is being increased.

The effect of these changes on the jobs in the modern
enterprise is most revolutionary. The responsibility of
employees in all rungs is being extended. They supervise
more expensive and more critical equipment, processes, and
stations. This expansion is of course reversible and subject to
readaptation. Older job patterns as well as more extended
levels of hierarchy can be re-established. But the confluence
of forces is in the direction of cc,elpressing the hierarchical
structures and in transferring responsibilities to the lower
echlons. As result, the letters° jobs are becoming more
important and possibly more engaging. This frees the high levels
within the enterprise of their former routine duties and they now
take on newer functicas of co-ordination and testing and monitoring
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and adaptation. The image of the old working boss is receding in
modern industry before the new profiles of machine minder,
technician, and the pr-cessional.

International competition and
corporations add much pressure toward universalizing these trends.
Implications for General Education

The above trends and demands made on people as citizens
and parttcipants in the industrial syatem have increased the
accent on the broad preparation of all people rather than on
training for specific, often transient, skills. The latter
should be artquired after having received an adequate education
rather than in lieu thereof. It is for this reason that the
main focus of interest is upon the secondary school, for it is
here that the major transformation is being effected; the
traditional patterns are being found obsolete and newer ones are
being shaped.

While the above accent is upon the need for upgrading the
general educational background for the great mass of people who
had hitherto received only elementary education and direct
vocational training, parallel revisions are being made in the
preparation of people for the technical and professional ranks.
Theoretical knowledge is no longer adequate for them. Their
occupational and civic and personal lives demand greater under-
standing of the common materials, processes and systems of our
industrial society. They should acquire and be familiar with a
variety of manipulative skills. They too must be prepared
through a combination of general and manual education.

What are the common attributes of the educational
process needed in the years ahead? It must inculcate firstly
willingness to learn, a capacity to benefit from experience, and
a disposition to continue the learning process through one's
entire life. Education cannot be a terminal process. These
go-ils demand a wholesale review of teaching methods, curriculum
and school organisaticin, for the existing ones do not produce the
above results. They have failed with many students. The school
systems have still to orient themselves to these tasks. But
there is a broad acceptance of the Importance of these objectives
if we are to prepare our people for adaptation and survival in
our modern world.

Second, there must be receptivity to change. It has
been growing as the rate of innovation and its penetration have
increased and the benefits are widely shared. But many points
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of resistunce and doubts still arise. True enough, programmes
for facilitating change and assuring positive experiences are
essential to building up favoufable attitudes among the moss of
people. But it is necessary to educate the people to be able to
examine the obstructions and the nature of specific changes, so
as to anticipate the methoas of overcoming the negative effects and
finally to bargain for the appropriate series of adjustments and
to define their demands for benefits. They will then be able to
take the risks in their stride and co-operate both in their
innovation and In the adjustment process.

Third, the methods of teaching must be better adapted to
mants learning capacities. Instead of being school- or subject-
oriented, the methods must be pupil-oriented. The didactic
verbal methods of the past possibly suited a student body
consisting of the elite whose future did not demand their active
professional participation in the society. Knowledge of doctrine
and the cultivation of the arts of sophistry may well have served
prior centuries, but they are no longer adequate. The learning
population has multiplied. Educational preparation is now
required for many different types of occi:.pations. The aim
is to develop the personal capacities to become better problem
solvers. The challenges of the modern economy and society rely
not only on intellectual but also on creative, social, manipu-
lative and other skills end the educational process must cultivate
them.

The need to prepare people of differewt ages, sexe:',
backgrounds, capacities, and growth proclivIti.es who era at
different stages of development demands great flexibility in
methods. The new :xperiences with people in developing countries
have reinforced Lie lessons being learned in our own societies
The difficulties of incorporating the children of the under-
privileged into the mainstream of the educational flow have called
for new approaches. The recogni_tion that Indoctrination and
training in specific knowledge must give way to the development of
an ability to deal with a limitless expansion of new unaerstanding
demands novel approaches to teaching. In dealing with the teaching
and training of adults, the teachers have found that the traditional
techniques no longer suffice.

The common thread running through these findings is that
instruction has to give way to an active process of learning.
Many people among the young and particularly among the adult and
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older persons learn best and most easily when their education
proceeds from experience and experiment tu generalization and is
then modified through the further experience of application.
Abstract findings should be supported and corrected by clinical
experience. It is not enough to take up the slogan of learningby doing. Investigative learning is the method which more
adequately serves the needs of our day. Where tt is applied to
training for specific manual experience, it has been referred to
as "the discovery method". It is most useful for persons of
lower intellectual potential who have difficulty in learning by
the traditional teaching methods. Essentially its emphasis is
upon adaptation to Individual needs and personal learning speeds.
It builds upon the acquisition of some manipulative skills and
helps to develop the powers for conoe7,tualization among all
learners.

Fourth, the education process and institutions must
allow for great flexibility and mobility from one area to
another. There cannot be rigid categories. Students must be
able to shift from one to another without excessive penalties as
their talents and interests unfold. It Ls particularly impor-
tant that persons who have the necessary intellectual capacity
should be encouraged and helped to continue their education
in the formal schooling systems. This approach of course
reinforces the need for a broad basis of common subject matter
for a pr-ilonged period.

Fifth, the schooling period has also to be long enough
for this general educational process to be effective. The age
for occupational commitments must be delayed. In fact this
principle is now being widely recognized as compulsory education
is being extended. Fourteen is commonly the dividing line
before diffwentiation is started and vocational education is
initiated. Moreover, the emphasis is on general education
during the early years of this vocational educational and training
period. The emphasis is upon the general education rather than
upon continuing the older emphasis on specific manipulative skills.
Educators have long observed and have been adapting themselves tothe fact that few students actually use the specific knowledge
acquired in vocational training and many move to newer occupations
and opportunities.
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Subject Matter of the General Education

The changes in methods and approaches to education are
of course reinforced by re-evaluation ef the subject matter to be
included in the curriculum for general education. If it is to
be useful_ to the general citizen and for all rungs of society,
it must obviously be different from that needed for the academics
remote from society itself. The preparation is not for the
detached but for the men who are participating actively in
society, for the citizenry which is to be encouraged to move up
the economic and social ladder and to take advantage of the
opportunities as they arise. The education must be such as to
prepare for participation in society, fcr occupational activityand for a full personal life. In thib z"eview of content, the
emphasis is focused primarily upon the second field. The
conclusions and juagements must obviously be reconciled with the
other two.

First, the subject matter must include the development of
the skills of communication both oral and written and the computa-
tional skills. Without mastery of 'lese, participation is
necessarily deficient.

Second is a knowledge of 0 conomic, political and
social institutions and organisatic Insofar as possible,
these courses should seek to Introc e the student and have him
deal with the real problems, howevc much they may have to be
simplified for his understanding. in each of these areas the
particular society has worked out temporary answer which is
only partially effective and which is undergoing changes. The
underlying challenges remain the same. It is these persistent
problems of social organisation which the student must understand.
In additioh he should be carefully tutored in the ways in which
the present society has organised itself. This learning also
entails forwal introduction Into the work society through
visits from and to it.

Third, the occupational life involves the knowledge of
materials, processes, systems, devices and skills. They are in
fact the material expression of the fundamental findings of
science, the operation of our physical world. We have urged
that all students should have a common basis of learning in this
field, whatever their ultimate professional Interests may be.
The educational system should introduce the student to them and
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give them an opportunity to experiment and experience the variety
of alternatives in this field. The laboratory and workshop must
be a classroom for part of the learning period for all of these
students. This emphasis does not require dedication to a specific
manipulative or occupational field, but it does call for an intro-
duction and an elementary experience with a number of them.
Fourth, the school system must also cultivate good health and
knowledge of human behaviour bo L:lat th studenL is able to
understand himself and his fellow men and thus becomes a healthier
person.

Conclusion

A general system of education should cultivate the
fullest range of personal qualities of the student body whether
they finally end up as manual workers, white collar employees,
technicians or professionals. People generally in our society
are likely to take an active part in our work world. Occupe-
tional preparation is required by and must be provided for all.
In a changing technical world and with the extension of the
principle of opportunities for education to all sectors, the
educational process has to prepare all for the three-fold
existence as a political citizen and a private individual and
as a productive member of the work world. These common needs
demand a common educational system. As sophistication has
grown, the period of general education has been extended and it
will be further increased. The base has broadened so that there
is room for the widest preparation and facility for adaptatioa.

Preparation for the automobile and machine tool industries
cannot be different from that for other industries in the area of
goneral education. The differentiation can only follow whon
vocational commitments are made and they must be delayed. The
emphasis must be on preparation and adaptability to change,
which means above all else that specialization is postponed and
vocational education must also be as broad as possible for as
long as possible. The soundness of these principles is being
more widely accepted both as they apply to simple manual occupa-
tions and professions. Vocational education and training should
cap a prolonged period of general education rather than be a
substitute for it.
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GENERAL EDUCATION NEEDS FOR THE FUTURE

by Dr. F. Lincoln RALPHS,
Past President, Association of Chief
Education Officers, England and Wales

This is the title on which I have been asked to con-
tribute a paper. I have been warned that I should try to keep
my observations to the "Work life preparation for 1980". But I
must protest a little that the work life is only a part of the
whol-4 life and it is the whole life with which the educationalist
is concerned and for which a general education must have regard.
I also 5elieve that many of the industrial dislocations with
which we have been beset have sprung from employers failures to
see "work life" as only a part of real life and for employees to
see that it is a real part of any life. The increasing interest
which employers show in the general welfare services of their
employees, the increasing provision of facilities for recreation
and welfare and the very considerable efforts made to achieve
personal integration of employees within their society, is perhaps
some excuse for the educationalist in this Seminar to lift his
head a little from the workshop floor and sniff the air which the
worker must get into his lungs if he is really to live. I shall
console myself, and I hope others attending the Seminar, with the
knowledge that the great majority of papers, and indeed all other
sections of this Seminar, are sharply focussed on the Metal
Worker in 1980. In this paper I shall exploit a larger canvas
which I hope may be seen, in the long run, to have some relevance.
I shall be concerned with the general education of the sort of
persons who may by design or chance find their way into the metal
industry by 1980.

Environmental Education

I can only comment as an educationalist, and as an
educationalist schooled in the English tradition with all too
little contact with education abroad. We English are a little
suspicious of foreign ideologies. For generations we have, in
vacations, travelled to our frontiers taking our picnic baskets
with us, and taken off our clothes and sat in the sea. To go
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further than this has seemed perhaps frivolous and when we have
ventured we have generally expected those in other lands to
speak our language and accept our ways. In this way, we English,
have encouraged a built-in conceit which Europeans must find a
little naive. It must then be part of our general education for
the future, in a world wide situation, to recognize and remedy

Indeed I put this forward as a concrete suggestion that
those eight-year olds now in our schools who will be employed in
1980 should in their history, their geography, their language
studies, and their economics be brought face to face with an
environment significan...iy larger than the parish in which they
are born. There is an immediate and overdue need for curricula
reform if we are to provide our children with the general educa-
tion appropriate to the demands of 1980. It is essential that
our children realize something of the new world environment in
which t!ley are required to live and are brought to some.under-
standing of the economic facts of life. During the past year
we have seen our educated democratic society bewildered by the
mysteries of high finance. Against a background of ignorance,
suspicion grows and confidence flags. The metal worker of 1968
is not disposed to put his heart and soul into his task if he
has a deep-rooted suspicion that gnomes in Zurich can make his
earnings buy less and impair his basic currency. This is not to
suppose that children in school will be able to master the intri-
cacies of economics, nor should they be encouraged to lose them-
selves in the jargon economists produce; rather should they be
trained to judge, on first principles, policies advocated and
defended. It is surely a mark of defective education that at
a time when it was obvious that we had to establish world com-
munity some of our schools of economics were allowed to continue
to advocate a favourable balame of trade as the only way of
securing stability. Such a policy, pursued by all nations, is
patently absurd. The unfavourable balance cannot like an astro-
naut be rocketed to the moon, it is dissolved in the international
conflicts and wars which some economists, in consequence, almost
seek to justify as a means of avoiding unemployment. We must not
expect adolescents to be unaffected by their sub-conscious appre-
ciation that this sort of inherent nationalism is increasingly
disastrous. It is, however, our task to offer them better solace
than drugs and disc jockeys.
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It is necessary to see this development as part of a
continuing evolutionary process 'which may require acceleration
and direction. We are inclined in England to avoid the disrup-tions of new thinking by a modest admission that old thinking is
not without merit. Education today is over-fenced by school
and traditions. There is a dangerous confusion of education andschooling. It was a fellow Shropshireman who demonstrated with
compelling clarity that the human animal has evolved from a more
primitive form under the challenge of a strongly educative but
natural environment in which the unnatural contribution of schools
and pedagogues played no pai-t. It required no Director or Depart-
ment of Educaticn to bring man down from the trees and stand him
upright on his two feet so that his hands could the better he
employed in making things. And this perhaps is a good thinG, for
in this generation we might,well have lingered in the branches
waiting the arrival of a ladder or escalator. We need to examine
the general education we provide in terms not merely of erudition
but in its stimulation of initiative and in -Lie knowledge that
more remote environments impact upon us with .unprecedented speed.

There is no reason to suppose that the out of school
environment which we'provide, or which we allow to be provided,
for our children is less influential today than was the natural
environment in the days of our primitive ancestors. This con-
fusion of schooling with education is a serious error. Teachers
recognize, indeed are forced to recognize, that they are only one
factor in their pupils' education. Children learn as quickly andas easily from their contemporaries as from their tutors. They
are educated most effectively when they are involved in enter-
prises which they feel to have relevance to the real world in
which they live. The town child can cope with traffic bettor
than his country cousin, but he will detect the bird's nest less
readily.

The emphasis today is more on learning than on teaching
and environments in which purposeful learning is facilitated.
Our schools are becoming richer in the opportunities they offer
but there is still need to recognize that for the average child
the life size is more meaningful than the model. He is attracted
to the boat in which he can sail rather than the model which
demonstrates the principles of sailing.
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Home Based Education

It should be noted that life-size education neither
begins nor ends in the school. It has been said with trath
that it begins in the womb and ends in the tomb. It beloriga to
a 24 hour day and a 365 day year. Only schooling comes iZ terms.
The young worker of 1980 will have been as much influenced by the
education given in his home in his street or club as anywriere
else. He gathers up more than dialect from his parish. %f we
are looking to the children who will come into work further in
the future than 1980, we can see at once the need for the educa-
tion of parents now and a reappraisal of the importance o the
early years of a child's life. It is a characterisiAc of olir
technocratic age that we over-estimate the importance of things
that can be measured and under-estimate the importance of things
less capable of measurement. So in England we have set up our
ante-natal and post-natal clinics to weigh ahd measure and
correctly feed the bodies of our infants. Never in historY have
we had such magnificent infants' bodies. But as to what goes
on in those bodies, the mental development, the attitudes Shd
complexes, we are strangely indifferent. We he..re assumed Without
reason that parenth:rnd implies teacher status. In the affllient
society we find the child frustrated by the broken expensilfe
fragile toys which he has been given, when a stick and a tlh-
can would have served him better had his parents known what his
real needs were.

We need to begin at the beginning with our educatlon,
and indeed with our schools. We have yet to realize in England
that Primary Education is of primary Importance. The primS2'3r
school teacher has an important dingnostic function as profession-
ally demanding as any technical instruction which may follow.
There is as much frustration built into our children by ineclequate
diagnosis before eleven as ever results from imperfect selection
at eleven. And if we are to meet the needs of young workers we
have to be satisfied that they and their teachers have propeiay
assessed their capacity and interests. This can only be done
if there is close contact between home and school. This relation-
ship has been recently stressed in both the Plowden and Gittins
Reports. This relationship between home and school in Englahd
has tended to change in the past decades. With icreasing
emphasis on examinations and certificates parents tend to be
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encot.raged to regard schools as some sort of processing factory
into wiltch the raw material of ignorant children is poured and
transmuted into well-qualified certificated potentiality. The
wf)ole process is thought to be capable of achievement without
effort and without pain. My parents' enquiries at school were
more directed to my character than my capacity and a ready
rapport between parent and teacher did not encourage any complaint
on my part regarding the painful or pleasant techniques which the
school employed in the educative process. Today the enquiry is
more often addressed to the prospect of examination results and
the transfer of responsibility for success to the teacher, the
school or the director of education. It is net always easy to
convince parents of the significance of heredity. The welfare
and egalitarian concepts which, quite properly, have developed
in this centur have not yet fully resolved these issues. The
ration mentality w:lich sprang up in the war years has sub-
consciously produced a quant:I.tative rathe;. than a qualitat-Lve
approach to cur problems. We are st times a little unwilling to
recogni::e this quantittive element in democracy. None the less
with peculiar perceptiveness while we leave the body politic to
the voter enfranchised by age alone,we an -Ireful to trust the
1,ody anatomical only into the hands of the trained and educated
physician.

ACa'Onlic Tra:iitions

I have already referred to the conservatism which is
almost inbred in our education cystem, which in schools has
produced a climate of appraisal in which the academic acquires
laurels he scarcely merits and the practic:A pupil is derided
for his academic inadequacies. Our schools are slowly emerging
from this long and abortive tradition as technical education
acquires reputable accommodation in place of the old disused
schools of fifty years ago; and as industry 4 s prepared to offer
prototypes of apparatus and equipMent rather than broken down items
of obsolescence. This change could be accelerated if we were to
address ourselves with determination to a new look at the way
in which our school teachers are trained and our schools built
and-erganised. It is surely a remarkable thing that the great
majority of our children, including the potential metal worLers
are for moat, if not all, of their school life taught and trained
by teachers with no first hand knowledge of the life the children



will lead either in work or out of it. The dichotomy of educationand training which is built into our Industrial Training Actreflects more of the boundary disputes of empires than the unityof experience which is the essence of the educative process. Whento this is added the subtle dichotomy of varied reimbursement,
confusion is worse confounded. So I would say that those whO willbe in the metal industry oZ 1980 will need, almost at once, a newmore realistic and relevant, secondary education than we at pre-sent provide. This Is not to suggest that his general education
will require training in precise skills, but rather that he bemade aware of the world In which these skills are relevant, that
he be encouraged in his history, his geography, his literatureand his art, to recognize the dimensions of the twentieth century.In such dimensions, and with the limited time he has available
for the acquisition of knowledge, it is necessary to ask with
candour what does he need to know, too often he is taught what
his teacher had to learn. Such a desirable situation will not beachieved unless wo take steps to broaden our recruitment of
teachers, open our schools to the controlled impact of the outsideworld and return our teachers to the process of in-eervice trainingand retraining. The flexibility which is thus invited into ourschools must be stmil- lv built into the attitudes of our pupils.

The story of evoluticn is the story of flexibility. Thedessication of Devonian times placed a life-saving premium on
creatures which could survive on land as well as in the sea. Sowas born the generation of amphibians. The lesson of history canbe focussed on mants survival by adaptation. This la the new
thinking that will bring our youngsters into society more con-cerned with development than demarcation disputes. It may bedoubted if t.is flexibility can easily be produced in a schooltoo rigidly structured in moduled classrooms, too strictly
functioning in fifty minute intervals of instruction, too stati-cally based in desks, or over-conditioned by examinations, whosemethods of appraisal are rendered objective only by restrictingthe technique or enquiry to what can be objectively measured.Techniques of continuous appraisal are being and need to bedeveloped. It aeems to me that these must play an increasinglyimportant role as the traditional certificates of general
education potential become more suspect and less adequate tomodern requirements. We have tended to place a wrong valuation
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upGn our certificates, regarding them more as cheques to becashed than tickets entitling the holder to tvevel. It may wellbe that effective educational advance will necessitate a revision
of their period of validity so that a periodic renewal willindicate the need for refresher courses and encourage the flexi-
bility which la necessary in a world in which change is a major
characteristic.

Educational Reforms in the Home Environment

Attention has already been called to the need for
training parents in the educational requirements of their
children. This becomes increasingly important as it is clear
that the less able tend to have larger families and the illiterates
demonstrate their virility. This is obviously a greater problem
in some areas than others but by 1980 we shall have need, even
greater than now, to realize the impact of world wide conditions.This need for parental training is not just a matter of instruc-
tion in infant welfare. Today parents find as much, if not more,
difficulty in their relations with their teenage children than
with their babes in although it is important to realizethat an imperfecl, start predisposes an imperfect development.
Our education, in the past decades, has fallen rather heavily
into the hands of psychologists and theoreticians. "The child"about whom I learned so much from my professors has so far
mysteriously avoided any direct encounter with me. And it is zi
solemn thought that as a result of our scientific progress we hay,
emptied our hospitals of consumptives and filled them with neuro-tics. An early appointment to the staffs of new universities
is the psychologist or psychiatrist, alleg2dly to deal with first
generation students but perhaps no less necessary to help first
generation staff.

If we begin in the home to which the metal worker mayfor a year or two return and in which from now until 1980 he will
probably exist, it is important to identify needs. Most homes
have now succumbed to the mass media and have hoisted their signof surrender from their chimney stacks, without distinction cfclass or creed. The council house, the slum, the palace are
all tuned in. And having, in the war years, learned to use
"points" whether needed or not, there is a great temptation not
to miss anything that might be on. It is quite surprising thatit is now almost the rule to keep the pop and the "telly" on
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VOCATIONAL EDUCATION AND TRAINING FOR THE FUTURE
ON THE THREE STAGE SYSTEM

By Georg BENZ,
Mem):er or the Executiv--,
Bc-ard of I.G. Metall and
aesponsible for Vocational
Education and Training (Germany)

The present system oE vocational training in the Federal
German Republic no longer meets the requirements imposed on
Individual employees by the economy. There is an
gap between vocational training and the subsequent
profession.

Thus we note that well over 50 per cent or employees in
Germany exercise a profezsion other than that for which they
were traii:ed. In other words, they are either untrained or
very imperfectly trained for the position they now hold. A 1964
sample census by the Federal Office of Statistics reveals that:

ever increasing
exercise of a

50
47.4
58.4
38
51.9

per cent of trained fitters

It
ft vs ft

ft
ft

t.
tt

toolmakers
automobile mechanics
leithe hands
mechanics

are no longer practising their originally acquired skill. What
la more, the percentage of specialists who have switched to an
occupation in a relatod field is even smaller.

In the previously mentioned five occupations an average
of nearly 20 per cent of all job changers are employed in a
skilled or technical occupation. Thirty per cent of all trained
personnel are today in occupations quite unrelated to their
acquired skill.

There has been a substantial increase in this job
changing in the last three years, particularly on a regional
scale, due to significant economic and structural changes. We
can safely assume that, today, two-thirds or all employees 11.ave
changed their profession. It should also be stressed that a
great many of the "job chcngers" have already changed their
occupation several times.
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The rapid development of trade, science and industry
no doubt imposes a constantly changing employment pattern. Such
structural changes may be observed in all industrial societies.
In the Federal Republic the fact that adolescents are often
channelled into a vocational training which is of little use to
them later in secur:Lng a job, only emphasizes this tendency.
They are therefore forced to change their occupation.

More rapid technical and economic development calls for
greater occupational mobility. Vocational training must respond
to this occupational mobility and prepare the individual to meet
constantly changing occupational requirements. The present
theory and practice in vocational training in the Federal
Republic of Germany is, in most cases, directly contrary to
these requirements. This is due to the structure and the
content of the respective vocational training as well as to the
fact that vocational training of apprentices in the Federal
Republic is not run by the State but by the employers' institutions.
Each factor reacts on the other.

The first objective of the proposals for vocational
training by stages is the reform of the training system and the
training curriculum. To get a clearer picture it is necessary
to examine once again the guiding principles or vocational
training in Germany. We need to remember, however, that these
nrinciples are being partly discarded in the latest methods of
vocational training. They are, however, still valid for between
80-90 per cent of sIl apprentices.

The basic principles are as follows;

All branches and subsections oE economic activity have
their own specific occupations. This principle has led to the
present numbeA- of over 500 occupations requiring prior training
and such frafwentation cannot but lead to over-specialization.
This means that, when an adolescent finishes compulsory schooling
(at 14-15 years or age) he is obliged to select one out or a
large number of occupations. In other words he begins to
spcbcialize at the very start or his vocational training.

In theory, all vocational training lasts between three
and three-and-a-half years; this applies to industrial, trade
and commercial occupations, whether bricklayers, plant fitters,
lathe hands, commercial administrators, electricians or bakers.
Even though the trade requirements.are widely divergent, 90 per
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vocational training. As a result an already far
too fragmented apprenticeship system becomes even
more specialized.

4. The apprentice is not being taught but lem-ns by
"helping and observing". The more complex, abstract
and delicate the tasks are, the less the apprentice
learrs by simply helping with the work.

It can also be said that the guiding principle of
vocational training is now largely out of date. This leads to
wastage, faulty training and occupational blind alleys and
destroys the adolesceent's willingness to learn. Moreover, these
principles are a bad investment for the national economy.
Vocational training by si:ages

Educators, vocational training instructors and trade
unions in Germany have tried for over 20 years to work out
proposals and plans to provide a systematic and rationalized
vocational training more suited to the aptitudes and talents of
the adolescent and the requirements of the economy.

When these proposals were revised, the idea of vocational
training by stages gained more and more support.

Trade Unions and Employer's Associations who monopolize
all vocational training have, at first, either rejected or
ignored vocational training by. stages. It is easy to see why.
A modern training by stages can be achieved only by a thoroughly
planned programme carried out over a long time In specially planned
training centres. Since most ennterprises do not, however,
possess either special training centres or premises and as
apprentices in most firms are expected "to help" rather than to
be trained systematically, vocational training by stages could
come about only by making radical changes of present-day
practices.

It would be more logical first of all, to combine the
requirements and skills needed in current vocational training into
a precise and detailed curriculum and then to make firms agree toteach their apprentices these requirements and skills in their
right sequence; most firms however still insist on doing the
Jpposite. What they want is a relatively unspecific vocational
curriculum which can therefore be followed by most companies.

224
230



to

c+

CD

to

CD

et

CD

rt.

to

Cf

1'J

CD

Cf
0

a
Cf

0

0

p.

14

chc POO
lo ,1

o
CDx'

toCo cfO

0 0 (D

H 4
'cO"

to to e+
0

IA a)

u) 0 a) Oa

1-1

CD 0 0
It

HCD 00012
0 0 0

ct2 I 00000"
a) 1 I-4

it 0 0
CD

cf:
H. 0

0 H CD

Z c+
ctIDCDPI 0
0' CD tC

0
Co 0, 0

0 00
'd 0' a

CD a) 0
4 CP CP 0

0. CD 0

0
Z
H P 0 .00100I IA a 0

0

t$
0 C°

IA a IA
0 0
C 0 04
fl CD H

0'
CD

CD 10 t+0 I 0' c't
0 1-4

Cf 0 0
ti

0 Di CD

t+ 0 CD CD

1.4 0

Wo

It 0
H
CD

et

CD

9

CD

to

to
et

CD

Cf

CD

50

cC-

CD

CD

a
CO

Cf ch
4 0' 00 0 I

(71.

0 0 0
(A) 0 1J.

9 4
a 5 :I 0 tl
CDto H
0 I."CD
CP 0 0
0 0
CO 0 0
0 1-1)

<

4 g
0 0

Co

0 0
'CI 0
I-1 0 CD

gto

cl-0 0 I
0 0 0
Z CD I-,
o
to N.

Co

FA 0' 0
Z 01

'd
0 4 1.4
0 0
1-1 9 0

'-"Cf
t+ ri)
0' al G4

0 0
0 0

CD =
0 40 0 t

0 0
CD

c+ c+
F.4

o a
H

a) 0

Cf
Z

0'
1.4

'11

CD

CD

0
c+
CD

0

0
0

0
9

to

CD

z
CD

Co

Cf

eq

0
NI

0

CD

0
0
eq

Cf
C.4

0

ct
0 0

C)
0 0
to a

a

CfCf
o HCf

1-4 )-3

M o

to o w
z
Oi .1
g m

o
H

Cf'."S ct
co a to 0'
a 0

e+
0 to

CO

9 IA g
a) 0 00

09 PC (4IOCf

P. <
Z' 0 a
IA 0 IA
to 0 a)

0

CD 0 11

H t M
l.)1 0 a)

H p.

ICfo

Z
O)/ g

oo

0 'CI 04 4I '0 a
cr
l< 0

H 0 0
c+ to cF

ON 14' CP 0
01 0 0 R.

0 00

c+ 0' (CD.) g
0 P.

o co

0'
co a

to

0

to
Cf

Cf

Cf
CD

p.



After ten morths' training the trainee is given an
aptitude test which determines whether and in what scial group
his training should be continued during the second stage. The
aptitude test is not just an examination but must take into
account all previous records of training in the firm and in
school. In order to avoid any wrong decisions, 11 a trainee
appeals against the result the test must be repeated before
the first year of apprenticeship ends.

The second stage combines, in five special groups,
the most important fitter/mechanics occupation, machine tool
operators and electricians. Each specialized grOUp receives
a broad training - such as is -!ustomary in the specific training
centres and apprenticeship environments. Lathe-hand, cutter and
planer all belong to one group or specialized machine operators..
The second stage comprises all necessary basic and simple
functions. The content and scope oE this training are so devised
as to lead towards a suitable last stage for the course, while at
the same time constituting a valuable base for the next stage.
Whether this stage can be entered, depends on a judgement of the
apprentice's qualifications obtained after 20 months. Here too,
so as to avoid mistakes, the decision may be appealed against by
the apprentice. In such cases a reconsideration of the
candidate's qualification takes place before his second year of
apprenticeship ends.

When adolescents have finished the second stage ot their
training they are skilled workers. Modern methods, proper
programming and planning make it possible to teach the whole
curriculum in only two years.

In the third stage, the training is continued up to the
level of qualified specialist. The relevant job-profiles
pr,vide an approximate guideline. In contrast to the old
apvrenticeship system, the third year is devoted not only to
applying and enlarging the skills already practised, but
especially to systematic Instruction of new specialized skills
and knowledge.

Vocational training by stages accordinE to the "Plan
for vocational training by stages in the metal trade" has the
following important advantages over the old system.
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in order to go beyond the limits of the training which an
individual employer might be able to give. This was at least
a move in the right direction but there was still no effort being
made un a nation-wide scale beyond the basis of an individual
industry. The system that had evolved itself relied on the
goodwill and the voluntary efforts of individual companies in
the industry. The pattern of training standards was far from
uniform. There were those whose training arrangements were very
comprehensive and a very large number who did no training at all
but relied for their skilled manpower on a system of haphazard
poaching from those firms with good training arrangements. In
between these extremes lay the greater part of industry.

In an effort to resolve these problems the Government
set up a Committee under the Chairmanship of Mr. Robert Carr,
M.P., to investigate the nation's industrial training system and
to make recommendations for its improvement. The 1958 Report
of the Carr Committee re-affirmed the position that:

1. training was primarily the responsibility of industry;
2. the apprentice system should be retained;
3. the Government should concentrate its efforts on the

expansion of the nation's system of further education.
In its own words the Report did, however, acknowledge that:

"neither is the coat of training fairly shared by
firms, nor is the amount and quality of training being
done in the country enough to keep pace with the rapidly
changing development and the rapidly changing technology
which we neod in order to keep ourselves alive in this
country".

The Report recommended the creation of a volialtary national
apprenticeship council to encourage employers to provide
training and to increase the number of apprenticeship openings
for school leavers. In 1958 the Industrial Training Council,
representative of employers end trade unions, was set up to
accomplish these purposes, but despite valiant efforts and much
useful work to condition people's minds to the need for change,
the five years that followed saw the situation over the supply of
skilled Manpower grow steadily worse. By the end of 1962 it was
apparent that a major Intervention by the Government was going to
be needed.
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The Governmentls proposals for industrial training
were embodied in a White Paper in December 1962. The White
Paper proposed the creation of training boards with a responsi-
bility for setting training standards, and comprising represen-
tatives of employers and employees together with representatives
from the field of education. With this tripartite body would
sit assessors from Government departments. It also outlined
a method of collecting a statutory levy from firms and of paying
back by way of grant either less, the same or more than the
amount collected in the levy, according to the amount of training
being done and the quality oE that training.

The Act, which in March 1964 grew out of these proposals,
involves training boards with training at all levels within
industry; that is to saY with the training of managers and
supervisors, technologists and technicians, as well as skilled,
semi-skilled and unskilled workers. It applies to persons of
all ages and of both sexes, including the training, retraining
and further training of adults.
DEFINITIONS

The terms skilled, seml-skilled and unskilled ror
manual workers are traditional to the engineering industry and
are meaningful primarily in the field of industial relations.
That is to say they denote spheres of activity which have been
established by custom and practice and they are associated with
negotiated basic rates or pay. In training terms, however, they
are not sufficiently precise. A trainee who has served a formal
apprenticeship between the ages of 16 and 21, as laid down in tho
agreements existing between the employers and the unions, becomes
a skilled man, but not 4A1l men accepted as skilled in terms ofrate and job have served a formal apprenticeship. Similarly
there are regional differences in the acceptance of what jobs
are for skilled men only and what may be undertaken by the semi-
skilled.

The jobs oE all workers embody a degree of skill. Ithas been found more appropriate therefore not to use this termi-
nology when seeking to identify people in training terms.
Instead the terms craftsman and operator are used.

The craftsman is employed in an occupation for which aworker would usually have qualified aftel- receiving a recognizedperiod of apprenticeship or equivyilent training, and he is capable
of undertaking a range of work involving a broad range of skills.
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The operator is normally employed on work demanding less
breadth of knowledge and a narrower range of skills than that of
a craftsman; in other words ha would not work on jobs requiring
training through apprenticeship or its equivalent.
WHY CHANGE THE SYSTEM?

The classic approach to engineering craftsmanship has
been through an apprenticeship, the duration of which and age
at which it would be served being laid down in industrial
agreements between the employers and the trade unions. Commonly
it has been of five years duration between the ages of 16 and 21
but there has been provision under certain conditions for the
duration to be as short as Sour years provided it ended at 21.
This system has over the years produced first class craftsmen.
Why then should any change be made? There are three main
reasons:

(a) Good training is expensive if it is to produce
the men of high quality; hence it must be carried
out as efficiently as porsible using all the modern
training devices available.

(b) The kind of craftsmanship required is changing
because of the development oE engineering tychnology.

(c) Trainees have a better education both before leaving
school and afterwards at the Colleges of Further
Education, so that they are capable or developing
skills and technical knowledge more quickly and
deeply than hitherto,

PRINCIPLES OF THE MODULE SYSTEM

The module system is based on eight principles:
(1) Flexibility

The system requires that trained craftsmen shall
be able to adapt to technological and other changes.
This implies that the training must be broadly based,
and also that craftsmen are equipped with a range of
specialist skills which they can use in a flexible
way. It is also implicit that whilst all craftsmen
must have a minimum level of attainment some will
develop further to meet the requirements both of
industry and the individual.
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Part B: Acquisition of basic skills: to provide the
main groundwork in the skills of manipulating andforming metal and other engineering materials using
hand and machine tools.
Part C: Initial development of special skills: to
develop confidence in using basic skills to make
engineering products in one of the fields of mechanical,
electrical and electronic, forming and fabrication,
instrument ,mngineering or vehicle building.
On the successful completion of first year off-the-jobtraining, trainees are awarded the Engineering industry TrainingBoard Certificate of First Year Training and become registeredwith the Board as trainee craftsmen or technicians.
The following diagcam illustrates the pattern or crafttraining after the first year. A large number or modules oftraining is available in different skill specialities, and thechoice is made depending on the needs of the firm and the

potentialities of the trainee. The diagram is not intended tobe a final statement since new modules will be added to keeppace w±th changing technology and the needs of industry so thatamendments will be issued from time -to time.
For each module of training, the Board provides:
(i) A skill specification indicating the range of skill

to be developed during training and the standards
to be reached at its completion.

(ii) A training specification setting out the details
of the training to be given.

(iii) An instruction manual indicating methods of
developing each element of skill contained in thetraining schedule.

( ) A set of sample performance tests which are to be
completed successfully during the progress of thetraining.

(v) A recommendation for further education.
(vi) A log book in which the trainee records the tr.'ainingreceived.
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and above all greater flexibility so that both industry and the
individual may gain by the proper use of ability and may benefit
from the investment in education.
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VOCATIONAL RETRAINaNG IN THE FUTURE

by W. Douglas SBYMOUR.

Preliminary Remarks

The formulation of any proposals for Vocational
Retraining in 1980 presupposes:

1. A forecast of the social, economic and educationalstate of the European world at that date.
2. A forecast of the state of metal industry tech-nology in 1980.
3. A clear idea of how people will have been trainedprior to that date.
And these three subj will be discussed as a preface

to the main topic of Vocationai Retraining in 1980.:
1. The Social, economic and educational state of Eurfauo

in 1980

The recording of history has occupied chroniclers for
innumerable millenia, and the interpretation of history comprises
one of our most respected academic disciplines. The study of
the remote past is not unly fascinating but highly esteemed;
the study of the present - or rather of that immediate past which
we call the present - is less 1,ighly esteemed, loss common and
often less interesting.

The prediction of history is much less respectable than
either its recording or its interpretation. Foretelling the
future is even move uncertain than describing the past, and
although prophecies and divinations have fascinated people (and
especially rulers) throughout the ages, the role of prophet was
always insecure (I don't think they ever succeeded in establishing
a trade union for soothsayers).

So writing about the future is usually corifined to the
realms of fiction, whether in the form of science fiction which
has gained such enormous popularity, or social and political
fiction, as exemplified by e 0 ell's INin+een Eighty-Fours,
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and Aldous Huxley's 'Brave New World'. We are now about halfway through the period over which Orwell was forecasting(1948 - 1984) and so we can begin to see whether the trend is inline with his graph. Certainly in many countries which GeorgeOrwell knew as democratic there has been a distinct move towardmore authoritarian government, and military or semi-militarygovernments have reappeared not only in Europe but In Africa,India and in other developing countries. Militarism, and theexpenditure of an enormous proportion of gross national producton armaments has certainly, alas, developed in the way Crwellforetold, but liberal attitudes and free speech still persistin varying degrees.

Conditions of life in 1980 are perhaps a little morepredictable. It is to be hoped that by then we shall havelearned how to live with the motor ear, and to avoid the con-gestion which bedevils life in our larger cities today. Ifthere is no major war, domestic buildings will doubtless havebecome even higher; if there is, they w'lI probably have gonedeeper and deeper into the ground. Domestic mechanization shouldby then have spread to all households, and an even greater pro-portion or industry be devoted to the manufacture or householdsemi-durables. One hopes that the problem of noise will havebeen tackled as energetically as the problem of air pollution isbeing tackled in sone countries today, and that people will beenabled to enjoy clean air in quiet surroundings.
By 1980 education in Europe should have developed intoa much more pervasive and more integrated influence than, inmany countries, it is today. By this I do not just mean educa-tion up to the age of 16 or 21; the most important change wouldbe for education to be recognised as a life-long process with notemporal limitations or boundaries. Moreover, it is to bo hopedthat education will by then have become more closely int,ratedwith l.;ving. Throughout many epochs of civilization educationhas been corAcerned with the cultural and inessential aspects oflife, and with the symbolic communication of such culture.Insofar as man's cultural life could begin only when his essen-tial needs had been met, this was natural and inevitable.European education, with its strongly religious and monasticbackground in history,,has tended to concentrate on culture and,in recent years, to form almost a part of the "escapism" fromdaily life as lived by the-mass of people. Too often the degree
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of respect for academic studies has been equated with their
remoteness from everyday life. Again, the activities of man
which are determined by symbolic decision-makini have, in the
educational field, received much greater attention than those
which are determined by non-symboiln decisions, and it is these
which form the basis of industrial skills and technologies.

So education has for many been something remote from
life itself - or at least, remote from earning a living. The
industrial Revolution and the factory system which came with it
brought great change in the social context of work. The skills
of making things were removed from dr-nestic life, where under the
system of cottage industry and the like, people were in daily
contact with productive work, acquiring skills, whether as
apprentices or otherwise, as part of everday life. In the
nineteenth century the introduction of State education systems in
most European countries brought further divisions, and learning
became separated from living as living had been from working.

This double divorce is detrim3ntal to the integrity of
life in industrialised societies and it is sincerely to be hoped
that by 1980 the use of mass media for education will have enabled
Europeans to overcome this problem. Broadcasting, television,
films and other mass media should by then be playing a vital
part in reintegrating learning with living and living with
working.

2. Metal industry technology in 1980

The vocational retraining needed in 1980 will depend
upon the state reached in the technological development in the
industries concerned, and also upon the rate of such technolo-
gical change at that date. Precise prediction is impossible,
and there are many speqkers here far more expert than Y am to
forecast the future of metal industry technology.

It is assumed that by 1980 the greatest proportion of
consumable products will be made by process industries or by
automatically controlled machines. Tho manufacture of these
machines, plant and etviipment will occupy thr greater part of the
labour force engaged within the industry - including those who
make the machines to make the machines etc. etc. It is also
assumed that by then numerical control and other forms of pre-
determination will have removed most direct work.
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It may be expected, however, that the substitution of
other materieas for metals will have proceeded very much further
than it has today. Consumer durable product, domestic equipment
and transpIrtation equipment will presumably by then be very
largely framed in metal but fabricated from substitute materials
such as plastics and fibre glass, though by then totally new
materials, more readily recoverable, may we:, have been invented.
The present century has seen such a high rate of consumption of
metals that we must accept the accusation of being a generation ofwaste makers. The disposal of waste metals in worn out machinery
has already become a serious social problem, and this, no less
than increasing shortaga of available ores, will increase the
demand for disposable materials in place of metals. By 1980
it is probable that all metala will have become sufficiently
"precious" for their use to be restricted to situations where their
strength etc. is essential. Machinery and moving parts of plant
and equipment will probably still be largely in metals, with
cladding of other materials.

Changes in other industries may well affect the need for
and use of metals in plant and equipment made for them by the
metal industries. Th"s would be compensated for by the increased
need for novel types of chemical and biochemical plant, thus
necessitating further changes in the metal industries themselves.

It is thus probable that by 1980 the activities in the
metal industries will consist principally of:

(a) Making and maintaining the plant, machinery andequipment used within the metal industriesthemselves.
(b) Making and maintaining machines, plant and equipmentfor other inaustries, incli..!-ng particularly thecivil engineering and.construction industries wherethe strength of metals will still be essential, andthe transportation industries (e.g. partictIlarly,prime movers).

and only marginally of
(c) Manufacturng products, though any product still madeof metal b!, direct work will be highly important.
It is clear that the present trend towards more and more

"process" type industry will continue and that men will be
engaged less on direct "manufacture". Thus the maintenance of
plant and machinery within the metal industries and for other
industries will constitute the largest single source of demand

trained personnel from the metal industries and engineering,
and retraining for this purpose will!be constant and unending.



3 Trainin in the metal worki industries rior to 1 80
Retraining in 1980 will also depend upon the training

which workers in the metal industries will have already undergone
prior to that date.

Prediction in this area is a little less uncertain than
in other areas of prediction concerned with our subject. Plansfor -he evelopment of industrial training throughout the 1970gs
ore already being formulated and indeed many of those who will
require retraining in the 19801s have already received -".heir
initial training in the form of apprenticeships or other basic
courses. OLle can assume therefore that those who will require
retraining will have had at least such training as exists now or,
more likel;r the sort of training which has already been outlined
in the paperu by Mr. Benz and Mr. Swinden.

At the craft level, apprentices will have lindergone
basic training, and training in . number of modules or areas of
metal working skilland such training will have been analytical
and systematic, i.e. It will be based on an analysis of what
the experienced worker does and how he does it, and will tic

systematic in the sense that learning situations for the
apprentice will be organised and prearranged (usually off-the-job)
and not occur haphazardly as they would with exposure training on
the factory floor.

Similarly at operator level one can expect that syste-
matic, analytical training methods will be employed, although
the jobs for which people are trained will have changed appre-
ciably as a result of increasing preval-nce of process and
automated industries. Likewise one may expect the training or
technicians to have changed in the manner outlined by previous
speakers.

An important factor affecting training in 1980 will be
the effect of changes in manning. Since the second World War,
we have seen great changes in training requirements arise not
only from technological change but also from changes in manning -
and indeed those two factors almost always interact. We ha-,e
seen the manning of, for example, capstan lathes change from a
set-up of setters and operators to one og setter-operators when
much of the routine work was transferred to autos, and set-up
changed again when automatic attachments replaced operators.
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Similarly many of you will be acquainted with the manning changeswhich have taken place in process industries, as exemplified bythe well-known Fawley experiments.

Manning changes will undoubtedly continue into the 1P3Osand will determine in part the amount and the sort of retrainingwhich will be required.

4. The Retraining of Workers in 1980
The most important step to achieve by 1980 in the

retraining of industrial workers will be the abolition oi theidea of retraining altogether. By then we should have becomeso accustomed to change in industry that we dc not think in
terms of training and retraining, but of training and trainingand more training to meet the continually changing needs ofindustry. By then industry and industrial workers will, wehope, be thinking of work in dynamic al lot in static terms,
so that change of work and training for such change are regardedas normal. The traditional attitude - that a man learns a jobor a craft prior to attaining manhood, and practises it for therest of his life - is already outmoded in all the developed
countries, and one may expect that by 1980 a new attitude - thatchange is inherent in industry, and that additional training
goeis automatically with change - will have become universally
ac..cepted. Oo by then training and retraining will not be con-ceived of as separate periods or ideas, but training will beviewed ae a recurrent, intermittent series of periods in lifeby which one is equipped to deal with changes in work.

(ln spite of these statements, the word retrainingwill continue to be used in its current sense throughout theremainder of this paper in order to avoid confusion with +he termsused in other papers at this seminar).

The following features of such continuous training orretraining deserve consideration:
(a) The nature of the tasks and of task change
All industrial training needs to be considered on atask by task basis. All industrial tasks consist of a man-

material relationship within which (with the exception oE purehandwork) there exists an intermediacy of tools, machines or othercomplex systems. Man at work in productive Industry strives toattain a change in the formation of material in his environment
change which in the simplest economies he achieves with his own
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unaided limbs. In slightly more developad economies, and for
many millenia, he has done this with the aid of hsnd-tools - to
take the material world and "remould it nezrer to the Heart's
desire". Modern productive technology is but -.1he development of
such hand-tools, elaborated to meet the more sophisticated needs
which man develops with his ever-widening horizons and more wide-
spread communication. Man's capacity as a toolmaker and tool-
user is as important, and as specific to man, as his capacity to
communicate in speech and in other symbolic forms. The great
difference between technological development and communication
development lies in the fact that the former depends principally
upon non-symbolic decision-making (which is fundamental in human
skills) and the latter upon symbolic decision-making. More
sophisticatf-d technologies thus involve more complex intermediacy
between the worker and the material upon which he is working.
But however advanced the technology, it will always involve
relationships between man and material ranging from the simplest
to the most complex. This is well exempli.fied in the use of
computer-controlled machine tools, where the tool in the worker's
hand is replaced by very complex systems, but the manufacture of
the system - e.g. of a computer memory - requires pure handwork
of the very finest delicacy in the wiring of the matrices.

Thus, however advanced the technologies which prevail in
the metal industries in 1980, they will still be faced with the
need to train people in all classes of industrial work i.e. in
handwork, handwork with tools, rtngle-purpose machine work, multi-
purpose machine-Work, group machine work and non-repetitive tasks.
In each of these the man-material relationship is recognizably
different, and for each skill there is a different structure
(Seymour 1966).

Although the total range of skills required in the 1980to
may show li-ctle change, and although job changes are likely to
give rise to the need for retraining in all classes of work,
there is likely to be a marked shift in emphasis, as certain
classes of work become more rare, and others more common. The
features which are likely to a,quire increasing importance are
discussed in (c) below.

One general change in industrial tasks, which is already
becoming manifest, may be expected to be almost fully developed by
1980 - namely, that resulting from economy of information storage
and retrieval.
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As stated above, the performance of industrial tasksinvolves an information flow between man and material with orwithout the intervention of machine tools or other systems. Theimportance of this information flow has too often been neglectedin the past, with consequent failure to attain potential ergono-mic improvement and reduction in training time. The storageand retrieval of such information is particularly difficult whena21 the information is non-symbolic, as with most direct manual
work, but the worker, in order to become skilled, must needslearn how to detect, sense and perceive the information flow(most commonly in terms of knc.ledge oZ results). But wheredifferent workers perform the same tasks at different times thereis usually a great waste of information, most of which can be
symbolical:1y rec.orded and retrieved by other workers. Forexample, when a try-out setter tests a set of press tools forthe first time, he discovers a lot of "information" about settingthose particular tools for that job. When he has satisfied
himself that they will do the job, he puts the tools away tillthey are needed for production. The production setter comes alongand usually has to determine this specific information or "know-how" all over again, because it has not been stored ready for himto retrieve it. It is sincerely co be hoped that long before1980 such waste of effort will be eliminated.

Again, in the design of machine tools the organisationof the man-material information flow can often be improved, withconsequent advantages to productivity and training. In numerousindustries e.g. spring making, the setting of the machine isdetermined by the setter from the product. He makes a trialsetting, produces a spring, tests and measures it, readjusts hismachines and makes another spring, repeating tills procedure tillhe is satisfied. This is clearly wasteful, and more modernmachines are designed so that there is an information flow suchthat the product can be determined by the setting instead of thesetting being determined from the product. The introduction ofsuch improvements is expected to be universal by 1980 with c,nse-quent simplification of the retraining of setters to handle newmachine tools.
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Theperceptual discrimination required in future tasks
may also be, in certain cases, of a higher level than that requi-
red in current work. For this, more specific perceptual re-
training will be required, especially if we find that man is
capable of levels of discrimination as yet unused and unrecognized.But the fundamental procedures for retraining in such cases are
likely to be still the same and to depend upon an analysis of howthe most successful workers derive the information from specific
cues.

(11) Control Skills

The contil-)uing trend towards more and more process-type
industry will enhance the need for control skills and much of the
retraining in the 1980's will be concerned with such skills. The
essential features of control skill have been analysed by Prof.Crossman and descr1bed in (inter alia) papers read to earlier
conferences in this series.

Here r4.6ain there are areas where further research isneeded. For example, the basic studies which Orossman has out-lined on human capacity for strategic decision-making in process
control situations need further development, not only for training
purposes but also from the viewpoint of personnel selection andplacement. Individuals clearly differ in their initial aptitudefor making such strategic decisions optimally, but can such
differences be adequately overcome by better training? Or dothe differences persist irrespective of training? Evidence onthese points is at present quite insufficient, and we need to
know the answers well before 1980.

(111) Fault Diazaosla

This will probably become the most important single
feature in retraining in the 1980's. Both highly automated
manufacturing industries and process industries depend, for
maximum productivity, upon the speedy and correct location and
rectification of faults - whether they be material faults, systemfaults or product faults. In recent years fault diagnosis has
received an Inc-a-easing degree of attention from engineers, ergo-nomists and training specialists. In the service industries, inthe military services and in manufacturing industries (especially,
e.g. electronics) the diagnostician or "trouble shdoter" is recog-nized as highly important. Much more recent]y it has been
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realized that productivity in process industries (e.g. chemical
manufacture, oil refining etc.) likewise depends upon the diag-
nostic ability of the process worker.

We need to give a great deal more attention to this
form of mental skill in industry. We all recognize its impor-
tance - we have all experienced the chaos which results when the
worker "puts right what isn't wrong" and we can all appreciate
the enormous cost which is entailed when modern complex plant and
equipment lies idle awaiting the identification and rectifica-
tion of some fault. We have probably all come across the situa-
tion where if Arthur is working on a shift, everything seems to
go smoothly, but when Bill or Tom's turn comes, stoppages are
more frequent and lapt longer. These are the situations for
which, in the 1980ts, we shall need adequate retraining. Suffice
it to say here that fault diagnosis can be analysed and can be
taught but far too few firms or industries have yet tackled this
problem with the expertise al.ready available.

(iv) Data Processing Skills

We have all rf,en at least something of the revolution
which has occurred in industrial data processing during the
present decade, and we can all recognize that this is going to
continue relentessly in the foreseeable future. Not all of uslidll
have appreciated the retraining problems which this revolution
has presented, is presenting and will present. Changes in the
skill profiles of jobs resulting from the use of apparatus in
place of mants brain to process industrial data have already
been published (e.g. Crossman 1966).

There will be many here much more expert than myself to
discuss the problems of training technologists and technicians in
this rapidly changing subject, so we will concern outselves here
only with the needs of those workers who use the apparatus for
data processing. In numercus instances their work appears fairly
simple, and workers can be retrained to use such apparatus
somehow fairly speedily. But all too frequently the productivity
of this costly apparatus depends on the speed skills of operators
who feed the information into the apparatus, or prepare that
information e.g. punch-card operators. In the future we shall
need to give increasing attention to the retraining of workers
on tasks of this type. Already Keyboard skills are the subject
of research and experiment, and systematic schemes for training
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such workers already exist. But the provision of such training,
and iurther analyses of the skills required for new apparatus,
will occupy an increasingly important part of our training plans
for the next decade at least.

(d) New Methods of Communicatin the skills content
tasks

Shall we, in the 19801s, have new and better ways of
communicating the skills content of tasks? This is clearly an
important and an entertaining question. Certain fairly novel
methods are already being tried and some of these may well prove
advantageous in the future, either by themselves or in conjunc-
tion with more traditional means.

Some of you may already have encountered the method of
"Mental rehearsal" by which a trainee visualizes the movements
etc. to be made in accomplishing a task. After such mental
practice the trainee finds that his actual performance is. impro-ved. The extent to which such methods can be used in the future
will depend upon the nature of job changes, but this is clearly
an approach which needs further investigation.

Again synthetic simulations of work situations have
already been used for training in industry, as in the military
services and service industries. Their design and use requires,
however, considerable caution since so many skills in industry
are highly specific and it is all too easy to produce simulators
which train people for the simulation rather than for the job.

Will it be possible to produce a series of general skill
training devices which wi pre-train workers for a range ofjobs? Shortly before he died my brother Dr. A. H. Seymour was
experimenting with auch a battery of devices to train workers in
iron and steel making plants. As plant and machinery become
more complex and less easily aval/able for training purposes,
this approach may become essential, but will require much more
experimentation before it can be validated.

(e) New Methoas of Communicating the knowledge content
of tasks

Industry has taken to Programmed Instruction in a big
way. Although IP- I. is, as one educationalist put It, only what
every good teacher has always done, it has provided a discipline
for industrial teaching which was sadly lacking in the past.
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Within the next decade we can expect it to be used even more but
alsc we may hope that it will be seen ln perspective 1.e. notjust as a panacea for every training problem, but as an essentialpait of a wider technology of industrial training.

Other more novel methods are known, bat have been little
used. By 1980, shall we be teaching workers their jobs by
"sleep learning"? This, if it occurs, la likely to be part of awider educational use of new teaching methods, rather than part
of exclusively industrial training. The worker found "asleep
at his post" may in the future, however, have a novel excuse -that he was learning the next job!

A further and even more fascinating outlook for thefuture lies An the possibility of improving human learning bythe injection of biochemical substances. D.N.A. (deoxyribo-
nucleic acid) and R.N.A. (ribonucleic acid) are found in abun-dance in the nervous system, and the amount or R.N.A. at the
synapses increases with neuronal activity. Studies are procee-ding to determine the part played by the components oE nuclelcacid in learning and retention, and it is claimed that, forexample, the memories or older people can be improved afterinjectiono of R.N.A.

At the moment these ideas are tentative, and ve 1ft--
cation and replie:ation of experiments, and their extension toindustrial situations, are etill required. It may, however, be
possible in the 198015 to facilitate the learning of new jobs,
especially among older workers, by the provision, orally er bYinjection, of biochemical substances.

(f) Towrd a Tochnolosv of Tvaininn
Curreat developments in training have been aptly

epitomised by Willia (1966) as an emerging "Technology of
Training". Already there exist mptny tools and tehniques oftraining, and by 1980 it may be expected that this technologywill be establf_shed and recognied.

Traintag 24r industrial work involves three major
considerationst
First, it muat be Analytic, that is to say, it must bebased on an analysis and understanding or the skills and know-lndge uaed by the experienced worker in accomplishing tile tusk.Such analysis constitutes a determination of the Vermin/a beha-viour which is the objective of traini--g.
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Second, it must be Systematic, not only (as mentioned inSection 3 above) in presenting learning situations in an organi-sed and not haphazard sequence, but also in providing learningsituations of appropriate length, duration and difficulty, with
adequate opportunity for repetition and revision. This involves
the sub-division of tasks for learning purposes, and the pro-
gramming of the steps by which they may best be mastered.

Thirdly, it must be Adaptative,in that the means or
communicati.on of the skills and knowledge need to be
the existing skills, knowledge and learning capacity
traixiees.

adapted to
or the

This third requirement is more difficult to meet in theretraining of workers - especially older workers - than it is in
the training or young people fresh from school. It has been
commonly assumed that such older workers cannot be retrained toperform new tasks; but recent investigations, some of them
sponsorect b, 0.E.C.D., have shown that appropriate methods of
communicating skills and knowledge to bhe older retrainees, Ifthey take into account theiT existing knowledge, expertise and
learning capacity, can enable them to master new tasks.

Whatever the age of the retrainees, the objective
the mastery of a new job - will be the same, and hence the skillsand knowledge to be acquired are the same. But the starting
point and the learning habits of the older worker are different
from those of the younger worker, artd hence the methods Gt
communicatiOg the skills and knowledge r.eed to be adapted, to the
needs of the older retrainee.

The researches of Dr. Meredith and Dr. Eunice Beibin
have been particularly directed to determining optimum methods
Tor enabling older retrainees to acquire the skills and know-
ledge required for new tasks. Meredith Belbints recent 0.E.C.D.publication 'The Discovel-y method - an international experiment
in retraining!, gives examples from four countries of the resultsachieved by using these discovery methods in acquiring skills andknowledge. This is yet another technique which can be applied
with great advantage in appropriate training situations. Older
workers can benefit, not only by masterirg new tasks, Lu their
own advantage and that of the comasunity, but also by doing eoalmost as successfully as younger people.

2 58
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Thus the training specialist of the future is going to
be provided with an increasing number of tools and techniques
(or, as Belbin calls them, a battery of training designs) whAch
he can apply, and which constitute his technolo.6y of training.
The training specialist of 1980 will need, not only to have
mastered these techniques, but to be able to determine for which
situation each is appropriate. He will ne-ld to determine which
method of Analysis is best for a given situation - whether Job
Analysis, Skills Analysis, Sensori-Motor Process Charts and so
on, and to what depth it is appropriate to take the analysis.

Again, he will need to determine what for= of systema-
tic training to use - whether by whole methods, part methods,
isolation methods - and what size and sequence of training steps
to arrange so that the trainee may progress from "can't d= and
clon't know" to "can do and do know" (Seymour, 1968).

Thirdly, he will need to be able to determine the most
appropriate means oX communicating the skills and knowledge to
the retrainees - whether to use, for example, Discovery methods,
Programmed Instruction, Visual Aids etc., and in what combina-
tion, for different parts of the skills and Anowledge to be
acquired. Today we are busily discovering and experimenting
with new methods of instruction and auto-instruction; by 1980
we shall expect the training specialist to know which of these to
use, and when, and where, ,Ind how much.

Reference has already been made to the potential use of
mass media in industrial training. Here there is a great future
possibility, as yet hardly .apped. If television, for example,
devoted lt time ' ,ntertainini-.$ us and more time to helping us
loarn about industrial work and how to do it, we could well bene-
fit economically. But changes of this sort will depend far lass
i.ton what employers and tradc:.; unions recognize as important, than
upon a climate of public opinion which, by Ic"?3 we hope, will
have recognized that prod-tive work in the service or others is
tne most important thing in a health:1-, integrated ways of life.

25F)
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ADDRESS OF WELCOME BY MR. EMILAta,
General Secretary, National Assoc vt p0 cf

Metal and Mining Industbi°k

It is a great pleasure for me to be ,14_1;r and it
is a great pleu;ure for my organisation whi21\ , all the
metal processing and metaI producing industCAee ,4 era'7=esandthat is why I should Iike to welcome you bed.% seminar.I believe we can congratulate 0.E.C..D. upon litork00 had a very
original initiative and we hope that the rei"4...01 befavourable; we all of us are interested J 5.s 0-ft replseeel,

17%ntatives or trade unions and also as employej'A, to twelve
years is a fairly wide margin but I donft tO,A11. .tpat we hove
set our sights too high, and I bel.leve that sh0141cj be
possible to try and projec- preseLt trends plIka tve future Up
to that date.

Our industries are undergoing rapld tills has
been said several times. We try and guesg 4403,t consequences
of_increasee nutomation will be and then the ,aligeill-lences thatthis will have on the enormous development rt:24.U.tion
functions or even maintenance functions.

If we keep to the subject or the tr#141.0.110 Jf metal
workers which is -1-2e core of the discussion, ..01014.1t two serte
or things could be said and these things are \l,,y "101.1 in the
mind of our industry.

The E'.rst aspect is the technical c1011, 1040-ch oVrinAustries are wi'dergoing. I believe that 41% trOql-Cional
training will have to be rcp)a-ed by another pet OZ
Our workere are con-rronted constantly with ril/Ilaroe%a0es, andI believe they could be ginuped around four "0. Idee0; riret,automation, regulation and col.itrol - this ig 'N.10 d_el-tit, Thesecond idea is new machining processes which .-kNer 0.0.11. in their
initial stages in some countries but; are goliboke.o ve
mach_Lning through lasers, electro-ntatic
the implementation or the application of nuzn,!-A.All,:f cciltrolled
machine tools for machining, z.old forging; " ttpA.111, the work

_far,"
on specinl alloys and new mate-inls.

4:kmost of the training given for rew teclIPA, N -5 beer).
,:.onsidered as an addition to the ,,asic an.2 ly
procedure. I believe that in future. .pavo- -to be 1",eken
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Statement by the Trade Union Representative Mr. Charles Ford,
Acting General Secretar of the Trade Union Advisory

Committee to OECD.

We are al/ aware that w?npower forecasting is in its
infancy and that technological forecasting is an even younger
technique.

The drawing up of manpower budgets has for long been
a trade union demanc- (This is increasingly accepted by
governments in theory, but insufficiently applied in practice).
The need for technological forecasting will also inevitably
figure increasingly in trade union programmes.

We shall be discussing both-manpower and technological
forecasting in the seminar. One cannot make manpower forecasts
without seeking to foresee technological developments.

It has been estimated -Liat lz.lnstry now invests over
$65 millions per annum in technological forecasting - of which
North America accounts for well over 90 per cent - mainly in
large and medium scale indust.-y. 500-600 United States
companies have established technological forecasting as an
integral part of their operations - which equals about 1 per cent
of their total research and development expenditure(1).

It has been estime'..ed that "an efficient technological
forecasting function may account for profit gains through new
products amounting to as much as 50 times the investment in the
"catalytic" forecasting function which triggered R. & D. in the
res.pective areas"(2).

Thus technological forecaating is here to stay, since
it pays handsome dividends to the p.ivate companies concerned.
What would be the social "profit" to be derived from the
systematic pursuit of technolog_..cal forecasting by public
authorities?

An especially notable advance is -che introduction in
recent years of t'ae Planning-Programming-Budgeting System
(P.P.B.S.) in the United States civil service and gasfent
agencies. This involves the integratton of forecasting and
plcuaning structures in a framework for decision-making and
quantitative five-year planning, tied in with long-range social
goalri and national olAectives.

(1) "Technological Forecasting i1 Perspective" - Erich Jantsch,
0.E.C.D., 1967, -1. 19.

(2) Ibid. p. 20. 263
271



Thus the big United States corpo Inns and the
government itself are giving great emvhasis to providing
inc-easingly vast sums of money for application of inter-
disciplinary intelligence to foresee "the shape of things to
come". European efforts are puny and hesitant in comparison.

The United States attitude is to say: "We know very
little about the probable quantitative and qualitative nature
of technological change and our present methods are inadequate:
we must seek to know mor,..! and to forge the technical means for
doing so. Therefore, we must improve (however difficult it
is to do so) our technical and statistical tools in order to
enlarge our knowledge."

The attitude prevailing in many quarters Europe
is rather to say: "Our forecasts have been proved wrong in the
past, too many variables are involved, therefore the exercise is
not worth carrying out".

This kind of atti .cle is both a symptom, and a cause
of, existing technological gaps which have been defined by
0.E.C.D. as educational, managerial and attitudinal. Technolo-
gical forecasting can be seen as a torch which illuminates the
future. If the degree of light is still insufficient, this is
no reason to throw the torch awayt One must Sind ways of
strengthening the batteries$

Fortunate7y, there are people in Europe sufficiently
imaginative to see the need for technological forece*rting;
e.g. the Swedish L.O. in its report entitled, "Trade Unions and
Technological Change" calls for technological forecasts, "in
order to obtain a clearer picture of the places at which
changing technology Is likely to t-reate employment or adjustment
difficulties for workers". Cur knowledge at preso-,t.
abysmally inadequate about the consequences of technological
change for manpower r_lquirements and hence for training needs.

One or -the most compelling facts to emerge from the
Gr4goire report(1) was the degree to which skilled workers after
apprenticeship failed to secure employment in thf,, branch for
which they were trained; e.g. in France 75 per cent or pas-c
students in ^ertain sections cy'. technical colleges are working
in quite a different branch of industry.

(1) "Vocational Education, Roger Grdgoire, 0.E.C.D., 1967.
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Young wrkers having served an apprenticeshj_p in a
certain field went into unskilled jobs in the following
proportions(I):

Netherlands 43 per cr'"7: United Kingdom 57 per cent;
Belgium 70 per cent; Germany er cent.

When astonishment was expressed that in Germany so
many metal workers had served their apprenticeship in baking or
hairdressing, Roger Gr6goire was told they were happy to draw
good pay as unskilled workers.

R. Gr6goire draws the fol:lowing conclusions:
1. Training seems to be provided almost everywhere

without attention to the needs.
2. Some young people, on completing their training,

ha-ie to change their trade in order to find work.
3. The rules of the trade preclude their taking

skilled jobs even after they have acquired the
neCessary experience.

4. Trades are demarcated far too strictly either by
law or customs.

5. "It may be wondered whether specific training is not
a delusion if carried to the extreme".

All this points to an extraordinary waste *co the
individual concerned as well as to society and the economy.
It continues to be a contemporary rcandal which should be
adequately si.,,zdied, assessed and the appropriate remedies
found as rapidly as possible.

Technological change is likely to accelerata even morein the next decades inter elle, because oi. the:
(a) Growing trade liberalization E.E.C.,

E.F.T.A.), whic 11_-reeses the size of mark,tcs and,
therefore, makes possible economies of scale;

(b) Jrowing government IDerticipation ir the management
and financi_ag of industry (R. & and increasingly,

investments) which expa,,ds capital resources
for innovation;

(1) "Vocational Education", Roger Grêgoire, 0.E.C.D., 1967.
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with a "conforming soCiety". This implies the need for much
greater efforts in the field or adult education, inter elle,
to prepare for increased democracy at the work-place.

The whole field o2 training of adults (for which
accelerated technological, economic and social change will
create new demands) must be gr.iven much greater attention. As
the Grêgoire Report stated, z'sw syst-matic studies have been
made of what is meant by permanent, life-long education.

The trade unions might examine ways of securing paid
educational leave through collective bargaining. (0.E.C.D.
should consider reviewing existing practices in the field
and make appropriate recommendations). Trade unions should
also seek w.ys of negotiating job enlargement (moving away
from narrowly specialized tasks) and of improving the means
of securing promotion for workers.

It is vital to ensure that education and training
conform more closely both to rising social expectations and
the changing needs of the economy. Social and economic needs
are not necessarily irreconcilable with one another. Both
tend towards the access of more and more young people to a
wider and wider cultural, educational and vocational horitage.

Let us hope that this seminar will make a significant
contribution to the debate and that it will cause us
furiously to think about the cardinal problems involved.
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