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Micro=Electronics and Vocational Training

in_the Europsan Communitye.

Report by Chris Hayes Associatss.

Summary
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The subiject was first raised at the Europsan Council in Nevembsr
19759 and subsequently discussed by the Standing Committze on
Employment in February 1980 and the Consultative Commitiee for
Vocational Training in Masrch 1980, This report is intendsd to
contribute to a more detailed disgussion of that Commitise in
July 1980, {Paras 1,2.)

Most of the existing reports deal with employmsnt in tha sense of

job losses which may result from the widespread introduction of
micro-elactronicsy some sxplore its impact on different sectors

of the economy., (Para 3,)

Available forecaste are of limited use both because of the lack
of data on current manpower stocks and shortfall, as well as the
inability to define!precisely a gualitative change before it has

actually occurred, (Paras 64=65,)

The report does not explain ths technology of micro-slectronics
but only refers to its capacity to substitute intellectual activity

and to its immense flexibility., (Paras 7-9.)

The logic of sthe naxt steps of technelogical development msan

that circumstances are now favouring a European initiative,

The main accent should be on softuware, peripherals and epplicaltion,
although thers should also be 3 furopsan ohip' wanufacturs,

(Paras 10-13,)



R R
SEU R .

S6.

S7.

S8.

S9.

$10.

- S11.

[

T

There is nothing autumziic ~ho it such @« development, To succeed,
‘a European response reeds « strategy in which manpower plays an
integral part together w.th technological and financial measures.
We have to undersirnd the process of change in the demand for

labour even though we cainat make accurate forecasts (Paras 14=16.)

The penaetration of micro~slaectronics has shifted emphasis onto
more intangibl® qualitiss which are at present rarsly considered
as industrial or commercial skills. Annex 1 describes these
qualitiss as they apply to the electronies industry itself,
Traditional industries need to develop a capacity for expressing

their demand in micro-slectronic terms. (Paras 17-20.)

Despite the immediate social repercussions of the introduction
of micro-processors, in the long term we must anticipate much
more basic and profound changes in occupational structurs,

- (Paras 21=24,)

Despite fears of polarisation, there is no basis faf assuming
én overall decline in skill utilisation or development. _There
is however, a shift in emphasis from the carrYing out of tasks
to performance monitoring. (Paras 25-27.)

Occupational ﬁobility has been an important factor contributing

to American and Japanese success in adopting the new technology.
However, an adequate education and training policy would encourage
European participation while meintaining our socisl traditions.
(Paras 28-30.) |

Training policlies should be integrated in concept. In the short
term they need to build up micro-electronic users' ﬁapacity for

getting what they need. This needs to be reinforced by genersl
edult information campaigns. - (Peres 31-32.) |
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More seriously many occupationsl profiles used for vocational
education and training wiil lose their relevance bscause the
occupations will have disappeared or changed out of all recognition.
Serious planning for this process ought to start rouw, Meanwhils,
sacondary schools can take some immecdiate measures to familiarise
young people with some outward aspects of the nsew technology.

(Paras 33-35,)

In the medium and longer term the new technology will reduce the
distinctions bet&een work skills and life skills and this will

have important consequences on the aims of school, It will also
clarify the division of responsibility between the public provision
for education and training and employer responsibility for job

specific training. (Paras 36, 37.)

There will be varying effects on different sections of society.
Opportunities for women should become much more equal,
(Paras 38, 39.)



Micro=Flectronics and Yocational Training

in the European Community.

Report by Chris Hayes Associates.

Introduction

Te On 26 February 1980 the Standing Committee on Employment

considered the communication from the Commission on

w(1)

which had been prepared in response to the discussion at

"Employment and the New Micro-~Electronic Technology

the European Council in Dublin on 29 November 1979 and
the Commission's paper "European Society faced with the
challenge of New Information Technologies: A Community

(2).

Response"

2" In the paper on employment the Commission undertook to
prepare, amongst other measures, a summary of the training
requirements of the new technology based on an opinion of
the Consultative Committee on Vocational Traininge This
Committee gave preliminary consideration to this question
when it met on 19 March 1980 and agreed to a full
discussion at its next meeting on 2-3 July 1980, This

paper is intended to contribute to the debate,

Je Over the last few years a stream of official and commissioned
reports as well as many private and academic studies have
appeared in virtually all countries of the Community.

We gladly acknowledge that some of the ideas expressed in
this paper have bFen developed in sympathy with and drawn
inspiration from these various reports(z). They each
tend to concentrate on specific aspects,-either finance,

technology or employment or on the social and broad

(1)
(2)

Commission of the European Communities COM (80) 16 final.
Commission of the European Communities COM (79) 650 final.
(3)Annex 2 lists the most significant of these publications. However,

more pragmatic analysis, based on action research, has in many casss
not been published - (see para 31).



gducational implications of micro-slectronics. In the
analyses of the impact on employmant, the main aitention
has focused on work structures, and mars sspecially on
tha possible loss of jobs. But thea consegquences for
education and training, if they sre considsred in any
detail,; 2re seen to be adaptive, i.e. what kind of treining
is needed in order to facilitats the introduction of the
new bechnology. However, it is in the nasturs ef the
far reaching technological changes that their detailed
outcomes are difficult to predict and that, as a conseguence,
_specific training requirements for employment growth
cannot be accurately forecast = either in numbers

or in specific competencies (gualifications).

4, This is becauss supply is always described in terms of
the putput of the formal education and trairing systems,
whereas ir practice, the existing occupational supply has
ceome from internal labour markets, and the majority of
entrants to DP wsrk have already acquired their skills
outside the education system*g Although estimates and
projsctions at both the general and sector levels havs
been made, they are only relisble as a means to identify,
rathsr than quantify, clearly impending imbalancasy
they can dg no more than point to the direction in which %
vemedial action will clesriy be nseded, More spacific
conclusions of shortage and surplus in an industry or
vccupation cannot be mads without acéurate data on the
size of the existing manpower stock involved and current
shortfalls, This evidence is not available in many

countriss.

Se There is a further problem of forecasting in that much
of the manpower required by the micro~electronics sector is
but part of a bigger population of similar characteristics.
The population of elsctronics/systems—based occupations is
widely distributed across the computer and the slectronice

industries generally, and there are in addition sizeabls

* ,
Annex 2, no 37, ;

Annex 2, nos 10 and 37,
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proportions ampléyed in, for example, PTT Telecommunications,
transportation, the armed=-forces and academic and research
institutions,. This proliferation in demand from diffsrent
industries will probably grow even wider with the increasing
adoption of micro-processor technology, but the pattern of
manpower utilisation by these and other "nsw user™ sectors,
and their key psrsomnel nseds ars as yet impossible to
identifye

We have therefore described in some detail* the skills and
competencies now required by the new technology, but which
are alsc becoming increasingly significant both as a
component in other occupational profiles and alsoc as the
characteristics of newly emerging jobs in the changing
structufe aof employment, They can be seen as a step
towards a definition of the lsarning cbjectives by which
existing training in the electronics industry could be
measured, but also because they indicate the extent to
which we shall have to modify our perceptions of deskilling
(dequalification) and recognise the value at work of
competencies which have traditionally been more closely
associated with activities outside employment. The
central feature of this 'new'! skill of process-operating,

at all levels, is decision-makinge.

The Significance of Micro-Electronics

7

There are some excellent summaries on the nature of the
new technology, fhé structure of the electronics industry
and the range of its applications+. It should therefore
be sufficient to refer hers only to a few salient

implications of this particular advance in technology.

¥*
See Annex 1 to this paper.

*For example, see Annex 2, nos 1, 31.
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Micro-electronics is part. of the‘process of svolution in
computer technology. However, while previous patterns

of development can be seen as having extended the application
of the physical functions of the human body, the emphasis

of this new tecﬁhology is as a substitution of intellectusal
activity. It is not that new machines have been invented,
but the fact that brains can now be added conto existing
machines that is so important. As it is a technology of
control, it can bé used in all situations where the
transmission, creation and processing of data are reguired,
whether this takes place as a physical or a mental processs
It is precisely because micro-procsssors and micro-computers
no longer need to operate in an exclusively qpmerical world
that their impact will have increasingly peré?sive social

and intellectual effects (in a way similar té;that once
exerted by the small electric motor). The first paper on
micro-processors ever published by I8M described the device
as a "rgconfigurable" circuit, significant bgcauss it could
be tailored to fit any application simply by!changing the
software (or altering the programme), It is this flexibility,

combined with aﬂstaggaring cost reduction, that has generated

. its multiplier impact on a wide range of other technology,

and so given a new dimension and significance to the overall
structure of the labour force. The need to increase
training in exisfing technologies in order to catch up with,
utilise and maintain the advances that have been made
possible with micro-processor technology is also essential

for social and economic develepment,

Although this is not a technical paper on micro—-slecitronics,
it is important to understand both the present and future
economic significance of the silicon chip. That its
widespread introduction will maks changes in job conts-.
inevitable is wsll known, but the lack of specific lrou, adge

and information on the nature of these changses has ¢ :ciaied

i

a prevailing fear that the widespread introductin .. the



new technology will gradually lead to both the deskilling
of individuals and the disappearance of jobs, in the same
way that industrialisation, while placing a new premium

on the innovative and technical skills of those who
designed and mada'machinary, fragmented the role of a
craftsman into those of production operatives and machine
mindars*. The hostile atmosphere of this social response
means that the training implications cannct be restricted
to technical and economic analysis, and proper assessmant

must include an appreciation of various social and

political dimensions which may well be acting as antagonistic

forces. A manpower strategy must include a gsneral
programme of information and education designed to allay
thess fears and suspicions and to improve the status and
the standing of micro--processor technology, and many
Jjournalists and other individuals hava alread; begun such
initiatives, Nqne specifically, the raquiraﬁents for
education and training policy must be seen in two separate
perspectives, There is the immediate and short=term
implication of the festooning of existing equipment with
micro-electronic components and the gradual substitution
of electro-mechanical controls by micro-processor devices,
Then there are the medium and long-term training needs for
a labour market that has completsly incorporated the
micro—-processor, whose characteristics we must anticipate

even if we cannot predict.

*
This suspicion has been graphically described by Wassily Leontieff,

the 1979 Nobel Prize economist, "To believe that workers replaced
by machines will eventually find jobs in the construction of these
same machines is equivalent to thinking that horses replaced by
motor cars were able to find jobs in various branches of the auto
industry."

+o
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10. It is widely believed that the American and Japanese success
in exploiting technological innovation can be explained at
least in part Qy the initiatives taken by their gevernments
to encourage the development and application of micro-electronics,.
It is also clear that the long term sconomic survival of the
European countries depends on their ability to adapt to the
new technology, and this has resulted both in "awareness"
or "introduction™ campaigns by governments anxious to
promote industrial conversion. There are also demands from
industry for better government training provision to alleviate
the shortages of suitably skilled and qualified manpower.

What is in doubt, howsver, is whether an individual response
by each member country can be adequate to compete with

American and Japanese domination of the industry.

11« It happens that éeveral technical factors make this a
particularly opportune moment for action on a European scale.
It is now likely that the basic character of silicon chip
fabrication = diffusion, ion implantation and photoiithography -
will continue to be used for the foreseeable future* and it

has certain characteristics which are very clears—

(i) lavels of integration will continue to pack
still higher densities onto the chips

(ii) manufacturing equipment, especially electrobeam
lithography, will become mors aexpsnsive, making

entry into production more capital intensive;

(ii1) software will become more and more important.

*
See Annex 2, no 39,



12, These characteristics mean that some of the advantages which

used to be with the US, and to a lesser extent Japan, are

now beginning to shift a little in Europe's favour. T

Te

2,

3e

4

Se

The“relative dollar weakness has encouraged European
acquisitioﬁ‘through investment and funds of the financial
scale required are now more easily availablg to the

large Eurcpean companiss like Siemens or St. Gobain
Pont—a-mbusscn, or to those with government assistance

like Inmos in ths UK,

The main market pull now comes from telecommunicatiens,
teletext, energy supply and utilisation, office
automation, automobiles stc., rather than almost
exclusively from space, military and computers, and |
it is in these industries that European participation

and world market shares are still significant.

With the main thrust of development nowbehind
application, it is now becoming more imgortant to

keep design, manufacturing and markatina teams together,
so -the European tradition of stability is assuming some

of the significance that used to be attached to mobility.

Software requirements are, increasing, and Japanese and
American companies have always relied extensively on
European expertise in this field. it is often forgotten
that, in contrast with the cost of the chips themselves,
the software components and the sensors and actuators
that make the micro-processors intelligent are rapidly
rising in cost*. More and more chip suppliers are

now beginning to provide standard modules of "solid=-
state software" to be strung together by the equipment
manufacturers to suit the requirements of individual

customers,

The novel requirements of micro-slectronic applications
also require extensive research into developing new

high=level compiter language and innovative machine

e e e e 7 04

*

+While the world elsctronics industry (estimated in 1979 to be worth £135 Bn)
is now entirely dependent on chips, they account for less than 5% in value
of its finished products.

+Sea Annex 2, no 40,

¢ ot pmompines =+ W s e
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architecturs, Both of these disciplines have been

areas of European leadership and crigimslity.

The potential stetus of Europsan participation i1s therefora
significant, and there are alrsady indigenous mamifacturers
25 well as several examples of jeoint venlturs and licencs with
US companies. fur present disadvantage of a late entry inta

the tachnology is not as great as it might bs.

With all our national differences, the merber countriss o
the Community remain closer to a Luropean model than to

that of either Japan or the US,. We must develop a Tormula
that enhances and sxploits our slight technical strengths

by emphasising oﬁr traditional superiority in application
technology, although it remains important thag we also

beceme capable of producing and controlling odr own aﬁppliesg
It would be foolish to rely on the continuinggavailability

of imported chips Qhen their present manufactérers are
experiencing a relative decline in profits, ?Although

the technigues and methods of production are ?nlikely to
change, the structure of the industry itself is bound to
adapt to changing commercial circumstances., 1 It is

possible that the main semi=conductor houses will expand

by vertical integration into systems supply = this has

bean the pattern of development in many more traditional
sectors, However, it is equally possible that the
electronics industry could respond to a demand similar

to that experienced by the computer industry, by diversifying
into areas of specialist client-orientated development, with

emphasis on marketing and applicatign skills.
{

It is crucial to realise that neithsr option in devalopment
is technelogically inevitabls, and that both are technical .
and financially feagible. But for Europs their implio=r s
are very differsnt - if the slesctronics industry dive =ifira:
into specialist user-orientated application, Europes
manufacturers and suppliers can probably compelbe o «orid

markets and will be able to satisfy many of the . .wstin
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markat demands. Howavar, Qertical integration and
systems standardisation by the large foreign manufacturers
will limit our independsnce and compound many of our
industrial weaknesses, Although the opportunity for
exploiting European potential is greater than it has been
previously, it would need a concertsd European attempt to maximise
this advantage, and the Community could perhaps play some
part in supporting such action. We can only benefit from
the new technology if we participate fully in determining
the direction of its impact and development - we have to
take the initiative to ensure that technological growth

in Europe is symbiotic and not parasitic. To succeed,

a European response needs a strategy in which manpower
plays an integral part together with technological and

financial measures. i

There are two inter~related aspects to this strategy -

the content of education and training and the timescale

over which policies are deployed. The challenge presented
by the micro-electronic 'revolution' requires a considerable
development of our long-term education and training systems,
which must be achieved without abandoning their underlying
quality of continuity and their dependence on certain

social values. Even though our response will not be
training-led, edycation and training policy must be able

to anticipate rather than simple react and the transition
period presents problems of a diffgrent nature to those that
will prevail in the longer term. We have to understand

the substance of possible changes in the demand for labour
sufficiently well to delineate accurate training objectives 5

although we cannot measure or specify these requirements,



Changing Demands in the Labour Market

16,

17.

The electronics industry

The slectronics industry has its own new demands for
specialist labour, But it is also significant as a new supplier
of its products to the traditional manufacturing industries
to whom it offers both alternative and nsw equipment
components, as well as new products and components.

These changes in the nature and the structurse of preoduction
require new skills and will make others obsoclescent, and
there will be further changes in the structure of employment
causad by the new information and control systsms now being
offered to both manufacturing and the service sector,.
Finally, there are new electronic products and services
competing directly in ths market, and although some of

these consumer-orientated applications may seem trivisl,
they will have repercussions on the general education and
awareness in soq?ety as a whole that will infiuance the

impact of training policy. (See Table 1.)

{

There are many complaints of chronic shortages of zuitably
skilled and gualified manpower at all levels within the f
electronics industry, but it is important to stress that '

these sorts of shortages are probably normal in a rapidly

developing and innovative swector, and that mest voeational

training, to be successful, must still take place on the

job*. This recuirement however demands the recruitment {
of high calibre staff with good basic standapds of general

and vooational education; whn can be denloyed Flexibiy in

a rapidly changing envirormsnt and respond to new damands

From interral developmont as well s feom new mavkatling

RN T o THAy

*
A detailed and specific zmalysis of the existing structur ¢ loyment, !

and the skills and competencies now required in the v’  ‘wmvs of Jobs,
is available as Annex 1,
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Table 1
Labour demand is affected by ths relationship between

the electronics industry and the primary, secondary and
tertiary sectors as well as society/the market.

Electronics
Industry

/43 N

Production Equipment Production Equipment
Partsg Partsg Information
Servicing/Maintenance Servicing/Maintenance Systems y

Product Parts

|

t | t R

Primary + Secondary ' Tertiary
Semi-manuf. goods Manufacture Services
3 1 T
v
New Products Added Services Electronic |

Products

IY J -

Society/the Market

Work structures, job content and competencies* are affected by
deliberate choices in the design and application of slectronic

systems.

*
qualifications
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opportunities;\'dhich means that training in the electronics,
like other industries, will have to bscome concerned to a
much greater extent with the external constraints in the
labour market, i.e. the general level of education and
competence from which appropriate skills can be devzioped

as necessary. In fact, many of these competencies ars

very similar to those already required in the manufacture
and design of traditional equipment and components, althougt
the working snvironment and terminology is often very

*
different ,

However, there is one new dimension of training in the
electronics industry where failure has been conspicuous,
and that is recognising the importance of crganisation as
well as information, Current systems design and analysis
has focused attention only on the information flow to be
automated while ignoring the structures, roles and job
design that are the organisational mechanisms which exscuts
and adjust these activities+. This weakness has been

the source of many of the problems assoicated with

. .
computerisation; .

Traditional industry

For manufacturing industry there is the challenge of a

new supplier, and in most cases the first impact of micro-
processors will be as an option or alternative to existing
resources and production methods. Their application in
industry is liksly to proceed piecemsal, with substitution
of aexisting plant taking place as ii becomes necessary

or viable, Industry is alrsady being offered new conty .

machanisms, new elecironic componsnts for established

.*.
OpCit IMS (ne 37).
+See Annex 2, no 21,

Sea fAnnex 2, no 8.
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products and new methods of maintsnance. This msans

new and additional areas of knowledge and experience will
be required by those responsible for purchasing and '
investment decisionse. Employers will need designers

who can ses the use of, and who can incorporate electronic
componentsy plant engineers who can use new equipment}
and marketing departments capable of assessing potential
demand an% relating it te new opportunities. Although
there is nnthingYnew in this process of industrial
adaptation, it is the scale and pervasiveness of the new

technology which sets it apart from previous experience.

The teething problems of communication betweén the elsctronics
industry and the rest of manufacturing industry - and in

fact the tertiary sector - are rooted in a sort of

credibility gap, and it is particularly important to

educate industry, commerce and services in the ability -
to specify their needs in terms understood by those working !
in the electronics industry, or they will come to be
dominated by it. Because the elsctronics industry has

a desire to sell systems and hardware which has the

largest market potential, buyers = unless they are from

very large snterprises =~ will find themselves restricted

to systeﬁs which have not been designed round the objectives
of their nrganisation.* As a consequence these objectives
may be perverted to meet the needs of the system, In
particular, systems designers in the electronics industry

are not usually concerned with the impact of their systems
on their client's labour force. 7o meet this challenge

needs training effort, extending to many levels of management |
and the workforce, to make it possible for enterprises .to
specify their requirements without having to rely on the

advice of outsiders. _ .
; |

*
for example, ses Annex 2, no 21,
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These éhangas in the demand for labour must be viswed in
two different perspectives. In the longer term we must
expect more basic and profound changes in occupational
structure. In fact, a production environment that has
assimilated the full impact of micro-slectronics will be
unrecegnisable in terms of present occupational and labour
market definitions,. Morsover, the new goods and markets
of such a structure will demand new services whose naturs
cannot be anticipated. But the problems of industrial
adaptation will first have to be solved in the short term,
and it is the immediate practical problems of transition
that now present the real obstacles to adopting the new

technology. ‘

Although one of the startling characteristics of silicon
technology has been its rapid development, the actual

spead of its application has been consistently over-asstimated,
Like the national governmen%s, individual companies assess
their sagerness to be involved not only in terms of returns
on investment but also with regard to internal concerns

and labour problems = altering work systems has many other
repercussions. Adaptive retraining is relatively =asy,

and is ususlly supplied by the newAequipment manufacturers,
But by changing skill reguirements and indeed occupational
categories, the new technology can present negotiators with
potential disruption to existing pay structures ~ for
gxample, establishing the differentials betwseen sscrelaries,
typing pool staff, word processing operators and telex
operators, (In fact, as the proportion of labour costs
continues to be reduced more radically, thers will probably

be an upward pull on wages -~ in an operation where downtime

costs are prohibitive, rates of pay will becoms less import b

than ths guarantes of continuitye ) The source of the .. al
problem, however, lias in the worker who has been wac.

redundant,



23, Understanding the real nature of the long-term impact is
difficult when unemployment is still defined in terms of
industrial categories rather than occupational skill
groupings. Quastions of the changing structure as well : .
as level of employment are intricately bound, and although
thers is no real agreement on the extent of the permansnt -
employment effsct,* these predictions have focused attention
on what course of action is desirable to solvs the problem
of structural unsmployment. The most common concern is
that the impact of micro-elsctronics on manufacturing and
tertiary sector employment 1s taking place at a time of
severs conjunctural problems, of both structyral and
demand deficient unemployment that is likelytto persist
into the 1980%'s, The introduction of‘automgtion in the
1960's tended to be in growth industries, anyg because its
introduction gsnerated much additional admin%strative,
clerical and technological effort, its adver?a affect on
numbers employed was often much smaller than' originally
feared =~ or hoped. But now firms ars re—aqﬂipping to
improvs profit margins, without the prospect of rapid
growth, and different types of increasingly sophisticated
automation are displacing some highly skilled jobs =
machine tool setting, draughtsmanship, colour matching,
maintenance, However, it is in many of these areas
that skills have already been in short supply -for

some time,

24, It is very important to stress that it is unrealistic to
hope that the present tertiary sector will automatically
absorb displaced labour. The service industry includes
in fact a miscellany of jobs - banking, insufance, repair
and distribution are all essentially part of the market pooe
economy, providing auxiliary services for industry and
other productive sectors and are particularly vulnerable Lo

to micro~electronics. The rest = psrsonal services such

*
Annex 2, nos 31, 24, 29.' : !
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as catering and hotels, sducation, construction and
medical care are less susceptible to labour shrinkage

and it has been suggested that despite measures to curtail
publiec investment, renewing expsnditure in these fields

may be an important part of smployment policy.

Although there are many cases where an increasing nesd

for auxiliary electronic education and experience represents
a trend iowards"job encrichment® {double-metier) it is noi
clear to what extent this will also apply to many jobs below
management levels, For some jobs, it is possible that
operator practice will be confined to ths ”gatamkéepara'

of a system which requires only minimal keyhoérd skilise
Word processors are a well publicised and compelling example
of this trend. Bgcause terminals and other %eripharal
equipmant used to be so expensive, only a smail numbar of
employees were trained %to opsrate a limited number of
terminals on a continuous basis. This usually meant that
it was the most competent secretary/clerk who was made
responsible for the keying functions of the new word
processor, whatever consequences this may have had for

her job satisfaction or the deterioration of her skills.

But although particular cases hava caused legitimate

concern abeout the potential for deskilling (dequalification),
the socio=technical restraints on efficient performance and
the design and structure of jobs will now require much more
attention, and there is no real basis for assuming an overall
decline in skill utilisation. in discussions about the
polarisation of skills attention is often focused orn
traditional, technical or manual skills such as can be fourns
in meﬁhaq}cal and electrical engineering, the construction
industry and in‘soma srtisan occupations, It is implied

that work tasks'bhich do net require these conventionsl

skills are therefors classified as unskilled {or sem®-cl:illad),

-
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the classic example being work on assembly lines,

However, just as many white collar jobs demand competsncies
of a different kind from manual skills, so other more
generally abstract competencies will play a significant
part in Dperating the new technologye. Just becauss the
pace of work is not constant, and those employed on it

do not appgear busy, this does not imply its nature is

less demanding nor its scope more restricted.
9'{

The impact of micro-elsctronics will have different effects
in various sectors, and so on particular forms of work
organisation and skills. Despite the trend towards vertical
integration of the electronics manufacturers, and their
initial success in end-product market penatra@ion, they
still have to rely on the expertise of manufaéturers in
developing applications ~ for sxample, toymak%rs have 8
sense for what makes a good toy which is deniid to the
sami=-conductor houses. Even in those industéies wherse

the initial impact has been greatsst, extensiég industrial
training will still be necessary to renew andgmaintain the
compsetence and flexibility necessary for procéss rathar
than the mors static occupational skills, This will mean
a shift in emphasis from the carrying out of tasks to
performance monitoring, with an increased need for multi-
disciplinary working and interaction. In fact, the
emerging occupational structure has been likened to that

of an onion , in which the bulge occurs at the middle level
of skill, and this is more closely related to the normal
distribution of abilities than is that of the pyramid,

Job profiles will be subject to constant change which

will require some changes in our notion of 'basic' educationg
what used to be seen as 'up-market! skills will now become
necessary at almost all levels of employment - the ability
to concentrate ahd attention to details have been specified

as two such characteristics.

* p, Sadlar, "Social Implications of Automation", I.Mech.E. Proceedings,

Vol., 186 (12/72).
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It is generally agreed that the new technology requires
from the labour force a broader skill base and the ability
to develop and learn new skills. This is in fact what is
usually understood as 'occupational mobility', which seems
to depend on two separate factors; both a general level

of competence, and also the extent to which job relatesd

. training enriches this basic level. In fact, occupational

mobility is one of the main influences that affect manpowsr
policy, because'the extent to which labour supply and labour-
demand can be easily reconciled depends on occupational
mobility (whether at the level of firm, industry or country).
The extent of occupational mobility, in both internal and
external labour markets, is itself a reflection of the
national sducation and training system as well as ths
industrial relations climate. It is in fact possible to
devise a philosophical spectrum within which one can
identify the main emphasis of training policy. One end of
the spectrum is market~orientated, representing technical

or investment preoccupationeg, while the other end represents
social and employment considerations. Ona's position on
this spectrum isg affected by the extent to which occupational
mobility has allowed reconciliation of supply and demand.

If general vocational training and job-related training are
both of a high standard, training policy will be able to
concentrate on advancing technical and investment aspectsg

if either job~related training or general education and
competence is low, then occupational mobility will be limited,
and training policy will have to concentrate on improving
employment aspects. Thess factors cam also be sesen as
determining ths speed of actual innovation by enterprises

as compared with the potential for innovation. There is

a telling example of this analysis at the most gensral

level of international comparison. In the United Stutes
there is an external labour market with high occupaticnzi

mobility, and in Japan an internal labour market wi’ i high
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occupational mobflity; in both these countries technical
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and investment decisions are relatively little constrained

by the social/employment aspects of technological development. ? -

Although no technical system can be divorced from its .
social implications,; there is plenty of evidence that
technology is not the sole determinant in work organisation
and that optimum investment must have both a social as well
as a technical dimension to be effective. European fears
of the employment effects of micro-electronic technology

are part of our cultural background and rooted in our
industrial infrastructure. They must therefore be
acknowledged and incorporated within a mahpower strategy,
but they must be seen in their proper perspective -~ they

are not intrinsic te the micro-processor itsslf. Manpower
strategy as a whole will have to focus beyond the transition
stage, despite fhe potential problems at this level,

It is important to emphasise the scope of social and
political action and control, rather than passive submission.

And although occupational mebility in Europe is low, compared

with either Japan or the United States, our traditions of
a generalised education and training provide a mental
flexibility that is already appropriate as a foundation,
from which more job=-specific skills necessary in micro=

electronics can be developed and adapted.

Policies

30.

This, necessarily.brief, outline of. the factors which should
determine education and training policies shows that many , -
of them combine to point towards specifically European _
responses. The next stage in technological development "
with its focus on application offers Europe some new

advantages. The significant difference between European

T
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and non=European countries lies in the charecter of our .
educational and social evolution and one of the key
conclusions of thié study is that only a strategy which
takes full account of this from the very beginning can
hope to maximise European opportunities. If this
conclusion is accepted then there is a good case for

the development of training policies which ars concerted

. for the whole Community. Indeed, this may be the first
" case where external conditions point to the benefits of

' a pro-active joint European training strategy.

hort=-Term Action

3.

32,

A'consequence of'government financial support to encourage
the industrial development of a more specialist user-
orientation (such as was indicated in para 14) rather than
the large scale integration of electronics manufacturers

and suppliers, would be a systematic training campaign in
enterprises in the secondary and tertiary sector. The
specifications for training programmes at various levels
(including senior management and workers/employess representatives)
could be prepared by a multi-disciplinary team, which could .
also bs multi-national and which could draw on the extensive
work already done in some Community countrias*. The authors
have encountered teams which included members with expertise
in electronic engineering, computer science, vocational
training, personnel management and trade union organisation.

Their experience could make a suitable starting point.

In a similar vein governments should encourage mors investment
in, and wider availability of, PTT lines and more access to
telecommunications. Such a development would involve

extensive work on improving the compatibility of the ' :iocus

,{ P

E.g. the multi=disciplinary team at the Copenhagan School of
Economics and Business Administration.
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national systems and as a result give considerable advantages
of both size and sophistication to the European industry,
The prqbgems of reconciling electronic and electro-mechanical

interfaces are g traditional European strength and an area

,&
of increasing téchnical importance to the industry as a whole.

More generally, industry sectors or, more likely, individual
enterprises will cope with such on-the=job training as is
necessary as a result of using micro-electronics. The
relatively slow rate of absorbing new tachnology will make
it possible to continue the use of well tried methods of
training. Conversion training at work would become sasier
if it were supported by a greater general knowledge and
understanding of computers. Distance learning for adults
can become an important method for this purpose. In the
Netherlands, for instance, 20 lessons on micro-computers
were transmitted via TELEAC in the winter of 1978-79, whose
purpose was to introduce the technical knowledge rsquired
to work with micro-computers to a broad audience. Over
14,000 viewers participated and completed the ancillary

homework course.

A much more serious problem will arise, if not immediately,
then certainly in the medium term, over the disappearance of
boundaries between occupations and the subsequent breakdown

of traditional occupational structures. A typical case has

been the impact of the new technology on the newspaper printing

industry. New Technolegy Agfeemeﬁts such as are advocated
by the British T.U.C. and which are also_ practised in other

European countries aim to regulate negotiations betwsen

employers and workers in a new situation. There have, however,

been few signs of facing these problems in the structures
of vocational sducation and training. In France one speaks

of 'double metiers' because some knowledge of data processing

PR
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are being added to established occupations. In Germany
somes 'Berufsbilder! are being similarly amendsd and a

new occupation 'Datenverarbeitungskaufmann'! has bseen
recognissed since 1969, In the UK new ground has baen
broken in the training of programmers, most of whom lacked
what were considered basic educational qualifications.
But thesg measures are adaptive and do not do more than
scratch the surface, The time has coms when sericus
planning for new qualifications and competencies oug%; to
start, planning which recognises that many established
occupations may disappear or be changed almost out of all

recognition.

35, The major impact oh secondary education should be considered
under the longer term repercussions but some help to cope
with the more ocutward aspects of the new technology can be
given to school‘children immediately. A good deal of
work has already been done in all membsr countriss, and
many examples of good practice are available. They include
the acquisition of keyboard skills, the recognition that,
for work purposes, it is logic rather than mathematical
ability that most of the labour force will require and the
ability to handle binary arithmetic.

Medium_and lLonger Term Action

36, Despite the pressures to concentrate on alleviating short
term problems, the longer term prognosis of successful
adaptation is more optimistic, if more fundamental, and
that ig the real challenge to which a manpowsr strategy
must respond. Decentralisation, made possible by the
advantages of distribution as opposed to centralised

processing, probably means a trend towards smaller inderendent
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" units instead of large time sharing systems, and this may

be of more than a purely technical significance, This
trend is not restricted to industries heavily dspendent on
data processing - group technology and cellular manufacture
means that the economic benefits of large scale production
are now being extended to the manufacturing of small batches.
The impagt of computer-aided manufacture will have extensive
economic, social and envirconmental conseguences, Such an
economy would be characterised by increasingly;capital
intensive and automated productian'of what are in seffect
capital goods for the home, accompanied by an increasing
proportion of fimal production being carried q?t at homs., +

with the available technology it is already p&%sible to
i

convert .some industrial and much office work fﬁto cottage

industry. This development would further con%olidate skills
and competencies which are needed at work and at home.

The objectives of vocational training and general sducation
would become even more integrated and mutually dependent

than they are nouw.

One of the shifts in skill patterns which will give work
profiles’ a new look is the increasing importance of processes
uhichAcut across occupational boundaries. Another is the
ascendance of more abstract competencies such as planning,
communication skills, team work skills, persistence and
attention to detail, at the expense of some of the more
tangible skills*. Various other studies point to such
qualities as coping with uncertainty; creative thinkings
manual daxterity(pn a par with reading, writing and
calculation skillsjy and most important the ability to

learn by oneself, There has been an unspoken assumption
that these qualities are acquired by a kind of osmosis, an
unconscious process of assimilation. Schools are not in
the habit of describing their learning objectives by quoting

these qualities, They are concernad with knowledge; or

*

*see Annex 2, no 28,
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with the analysis of facts or events; or with the process
of reaching a pre-determined solution, In spite of our
long history of class rocom éxperience, formal and general
education has not offered many learning opportunities which
helped young people with more than the more superficial
competencies needed for work and life. The new technology

is reducing the distinction betwsen work and life skills

~and it will be a painful but necessary task for secgndary

schools to embrace that perspsctives

It would be overstating the case to conclude that all
vocational training will become generalised in this way,
On the contrary, the more we succeed in custom building

systems for each enterprise and the more operations

- become decentralised, the more highly job specific

training will be needed at each of the different levels
of responsibility and action. Moreover, it will be
impossible to obtain this training anywhere selse but
on=the=job. The interface between the training
responsibilities of the community (the state or a local
public body) and those of employers will gradually become
more transparent and less ambiguous. Employers will
have to bear the cost of job specific training and of
much of the re-~training which is needed for development.
On the other hand a great deal of the initial broadly
based vocational pfeparation and training will becoms

a clear public duty and more under public contrel,

Finally, what will be the effect on our societies?

The development of micro-electronic applications is
unlikely of itself to redress polarisation, which is
rooted in both social and geographical crigins, But
since the introduction of micro-processors will affect
first and foramos% the jobs with lower skill profiles,
the opportunities of greater equality for women are

likely to grow, despite the reletively high attrition
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rate of jobs traditionally viewed as women's smployment,
The competencies required in the new types of jobs are
culturally as accessible to women as to men and are less
encumbsered by social traditions and taboos, In fact,
many of the qualities which have besn traditionally
disregarded as female abilities are now becoming useful’
assets, ¢.9., persistencs, attention to detail, learning
by doing etc., and devising and following a programming
instruction has been likened to a knitting patterne.

Most of the software houses already employ a high

proportion of women in manufacturing.

In the space of this report is is only possible to raise

some of the issues without a full discussion or documentation,

" A far more detailed treatment will be needed if action on

any one or more of the issues is to be undgrtaken.

+

T
T
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(Contributed by Rhiannon Chapman)

Analysis of skills required in jobs in the elsctronics industry

This description is not a definitive statsement gf ail

the skills necessary in electronics, but it is éufficiently
detailed to show the shift in emphasis from tec%niques to
process competence,’ It is probably still usefél to list
some of the more significant requirements for specific
*technical! competences, which form the basis for present
employment in large sections of the slsctronics industry
and they are listed as Section D, They are not invariably
the stated requirement for all jobs; and the changing
nature of the industry itself ensurss that some of them
will disappear, in time, and others take their place.

In general, these competences are facile, and readily
amenable to training/retraining. The sase of their
renewal depends on the more fundamental skill base which
must be developed as the foundation of jobs in micro=
electronics manufacture and marketing and in Data

Processing.
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The design and manufacture of electronic components and

equipment.

There are four main job groups in electronics manufacturing which

account for between 60~90% of all employment in electronics

companies -« the remaining functions are those performed in all

companies;

i)

support -

managerial, administrative, office, data processing stc.

Engineesring

Both mecthanical and slectronic engineers are needed for

R & D, design, quality control, manufacturing and sales

motivation to put new technologies ta practical/

profitable use;
ability to analyse technical data in detaily

a rational, logical approach to the erganisation
and interpretation of dataj ‘

s
initiation of actions in response to the recognition
of a problem area; and ability to follow~through

own initiatives to an agreed conclusion;

ability to work with and through others (normally

not in a ‘'line'.relationship);

ability to communicate (in written and verbal
mods, formally and informally), and to put across
persuasive argument without baffling/antagonising/

alienating audience;

LT e



- administration of budgets, time scales and other

limited resources;

- documentation skills and discipline;

- appreciation of market needs and trends;

- creativity, able to take a ‘challening' approach
- to problem—solvings S TS

- sensitivity to the need to maintain a balance

betyeen technical excellence on the one hand, and
cost, manufacturability and delivery time scales

on the others;

- awareness of the social dimension to technicél
design, and recognition that therefore the optimum

system is different from technical excellence.
Software

Software design is still evolving as a discipline - it overlaps
to a greater or lesser extent with hardware design gctivities,
especially in the area known as systems engineering@ Softuare
specialists are usually paid and graded in the samehstructura

as design engineers, rather than as data processing staff,

As with engineers, as time goes by, more and more emphasis

will be placed in the development of executive capability and
market knowledge - in confrast to the current position, mheré
they are largely seen as 'outside' the conventional organisation

and merely providing a service to its=-

- orderly approach to the analysis of abstract/
conceptual pfoblems (philosophical rather than

mathematical);
- concentration on details

- ability to communicate with, and work in concert
with, a small, highly interactive and pc;aibly

multiedisciplinary groups



iii)

- creativity combined with discipline (especially

in the testing and documentation phases);

- understanding that socio~technical system and

dasiéq,are a factor in technical expertise.

Technicians

These jobs cover a wide range of supporting technical rolses,
8.3. in documentation, provisioning, routine maintenancs,
fault~tracing and diagnostic testing, setting up expsrimental
rigs, commissioning, implementing process changes, drafting,

inspection, model making etce~

- manipulative skillss

- ability to learn while doing, attain practical

familiarity with the technology in its day=-to~day

applications
- methodical with detailj
- diagnosis interpretation of technical data and

selection from a range of alternative technical
responses;

- ability to tabulats and present information in
graphical form, as well as basis, verbal and
written reporting;

- ability to interact with engineers and to interpret
their requirements in practical form; and with

production staff, often in an advisory/supervisory/

training roless

- ability to combine an intersst in technology with
a 1rigid adherence to established procedures and
discipliness

- some ability to anticipate non-routine problems,

and undertake basic planning routines.
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Production operators

These are employed in a range of manufacturing activities,
including new fields such as wafser fabrication and mask-making
as well as the more common component sub—assembly and final
assembly, inmspection and testing. These tasks are mainly
'semi=~skilled' and no formal apprenticeship is required, but
performance and confidence continues to grow and develop with
familiarity of the characteristics of plant process ané
materials. The central feature of this 'new' skill of"
process operating is decision-making, and although the routins
may sesm monotpnous, downtime is extremely expansive and leads

to periods of intensive activitys:—

- dexterity with manipulation, s.g. of small
components, wires; working to extremely fine

parameters}
- use of microscopes;

~ & ability to work as member of a taém (with

engifieer, technician, etc.);

- ability to appreciate importance of adherence to

procedures, 'good housekeeping!, cleanlinsss;

- adaptability to odd environments, e.g. 'clean'

rooms, and use of unfamiliar terminology.

Be Customer Services

i)

Sprvice

Service technicians are now falling into two types -

a) Field Technicians, who have the customer contact, and
lesser technical skills, apart from simple diagnosis

(increasingly, done by 'black boxes'). Thzir skills

L e by
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and competence are basically the same as those required
of technicians, but with less technical bias (unless
working on prototype or highly sophisticated, custom=

built equﬁpment). There is one other particular skill

- “ability to represent the equipment supplier,
to the customer, on the customer's premises;
assess the problem gquickly and select from
the range of possible technical and marksting

responses available at the time,

b) Bench Technicians, who would do detailed fault diagnosis
and repair at the supplier's base. Again, these jobs
require the same skill as a technician, with one
additional component

- ability to work on their own, or supervise

a repair team, as required.

Data céllection/pregaration

This is an area undergoing change = many clerks are now
doing the collection and preparation themselves as part

of their own job and activity, which includes dirsct accass
to a terminal. Specialist data collection clerks are now
normally keyboard operators as opposed to punch operators,
but would also have to prepare dats on card, disk and tape

media,.
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C.. Data Processing

i).

Systems Anaixsis

Increasingly, these are becoming business analysts, involved

at senior, strategic levsls in, e.q. businaess planning and

organisation planning activities, where the DP Manager

once reported into the Company Secretary or Financial Controller,

he/she
either
lings-

now often has direct access to the Managing Director,

as a 'special relationship', or as a direct reporting

creative approach to the application of new

technologies to the user's information systemss

able to analyse functions in detail, and translate

them into data processing terms;

ability to recognise organisational needs and
to initiate actions to enable the information/

data processing system to respond;

ability to work with and through others (not

normally in a 'line! relationship);

able to communicate (in written and verbal mode,
formally and informally), and to put across
persuasive argument without baffling/antagonising/

alienating audience;

quantification and administration of budgets, time—

scales and other limited resourcesj
high quality documentation skills and discipline;

appreciation of develepments in the market, trends,
etc, and the ability to take these into account in

system designj;

creativity - able to take a 'challening’® aparocach

to problem=solving;

sensitivity to the impact of system desigr on ths
structure of jobs, skills, etc. in the cirganisationg
and the ability to advise user managesment on this

aspect.
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ii)  Programming
- numsracy to average secondary school level;
- ability to concentrate on laborious detail, in

the translation of the proqgramme specification

into coded instructions;

- ability to select from a (limited) range of
possible instructions, to give the most appropriate

application to the programme specificationg

- able to interact with systems analysts and other
programmers in small groups.

<

iii) Operations

There is a significant difference in the jobs of Computer
Operators in large installations compared to those in small,
The former tend to function under- Operating Systems (which
are intended to improve the utilisation of the squipment by,
e.0. queuing the jobs automatically, rather than depend on
the operator to feed the jobs through). Some DP Managers
feel that the 0S uses so much computing power in itself,
that aﬁy real gain in efficiency is arguable.

Small Installationss-

- ability to appreciate the general functions of
the computer room and develop a familiarity with
the equipment -~ monitoring, loading programme,

queuing the jobs stce}

- some (limited) diagnostic skills, when problems
occur; such as to know what action to take in

an emergency and save 'downtime' on the equipment}

- ability to msintain basic logs during the shift,
and hand over effectively to the next shift;
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- self-sufficiency, such that he/she can comfortably
work alone in the somewhat 'sterile' environment
of the computer room, for long stretches of timeg
maintaining awareness of the equipment's functions,

without much need for involvement of activity,

Large Installationss—

Here the activities are so very much eguipment-led, that the
operator is required to do little other than be present to
deal with any stoppages/emsrgencies. As this is invariably
shiftwork, there is very little intsraction with otherss;
but the opasrator becomes accustomad to high earnings. DP
Managers therefore‘usually ask for a fairly high level of
academic attainment and potential leadership/programming/
systems analysis skills: because Operations cannot offer

a worthwhile job, in the longer run, to the kind of people
they want to attract, Because of the high turnover in
this area, one of the 'competences' required of senior

operators, is the ability to train others,
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Technical Skills

use of celculators:

use of basic test equipment (Avos, analysers,

oscilloscopes, atc.)s

drawing (with sufficient accuracy and detail to

convey ideas)s

ability to read logie and circuit diagrams;
ability to read computer codeg

familiarity with computer hardwareg
familiarity with keyhboard;

ability to manipulate controls;

awarengss of international standards, safety

standards and local product liability lawss

3

ability to operate standard machine=shop

equipment;

ability to operate inspection/measursment equipment

(micrometers, guages, etc);

awareness of process costs.

In Data Processing, it is important to draw the distinction between

keyboard proficiency - as expected of a typist - and familiarity.

Analysts -

Programmers -

Operators =

familiarity with computer processes;

with VDUs, increasing nead to use ksyboard.

keyboard familiarity;

apQFepiation of how Operating System works.

keyboard familiaritys;

hardware familiarity.

" pra——e.
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ANNEX 2

We gladly acknowiedge that many of the ideas sxpressed in this paper
have been developed in sympathy with and drawn inspiration from the -
various reports which have already basen published in different
European countries. Some of the most relevant of these are listad

below:

*The Impact of Micro-Electronics on Employment in Western Europe

in the 1980's', European Trade Union Institute (Publisher: Ganter

Kopke, Brussels).

'European Society faced Qith the challenge of new information

technologies: _ a Community response': (Commission of the European
Communities, COM /797 650 final).

'"Micro-~Electronics -~ a new dimension of technological changs and

automation's G. Friedrichs, 1979 -~ a paper submitted to a FAST

seminar at the Commission of the European Communities,

Papers submitted to the Special Session on the impact of micro-

electronics on productivity and employment, Working Party on Information,

Computer and Communications Policy, OECD 1979,

'Employment and the new Micro-Electronic Technology': Commission
of the European Communities (COM Z§§7 16 final).

'Technical Change and Unemployment', C. Freeman, DECD, January 1978.

*Micro=Electronics, information technology and its effects on

developing countries', Or. Juan F. Rada, July 1979, Eufopean

Coordination Centre for Research and Documentation in Social

Sciencas, Vienna.



8.

9.

10,

1.

i2.

13.

14.

15,

)

'The Impact of Electronic Digital Technology on Traditional Job Profilest,

N. Bjfrn-Andersen, Special Session on Impact of Micro—-Electronics on
Productivity and Employment (27-29 November, 1979), Information Systems
Research Group, The Copenhagen School of Economics and Business

Administration, Denmark,

'Sociological Implications of Computer Systems', Niels Bjgrn-Andersen

and Leif Bloch Rasmussen (Hugh Smith and Thomas Green, eds), Man-Computer

Research, Academic Press, London 1980,

"Auswirkungen einer breiten Einfghrung von Mikroprozessoren auf die
Bildungs -~ und Berufsqualifizierungspolitik®, Battells, Untersuchung

im Auftrage des Bundesministers flr Bildung und Wissenschaft, BF=-R~63 868 /
BMBW PO 11500. ’

'Der Einfluss neuer Techniken auf die Arbeitspl¥tze', Institut flr

L4
Systemtechnik und Innovationsforschung (ISI), Institut fur angewandte
Systemanalyse (IAS), Karlsruhs 1977.
P
'Mikro—-processoren — Auswirkungen auf Arbeitekrafte's Werner Dostal,
Klaus Kostner, Mitt AB 2/77, Nlrnberg.

'‘Micro-electronics: secondary and tertiary changes in technology and

society's €. Braun, K. Brunnstein, L. Emmerij, G. Friedrichs, A. King,
1979.

'Incidencaes de l'introduction des machines a ecrire dotees d'uns memoire

sur les emplois de_secretariat charges de dactylographis', Centre d'studes

et de Recherches sur les Qualifcations, April 1977.

'Bientot 7 millions de chomeurs's P. Berger in 'Informatique et Gestion',
duna 1977,
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17.

18.

19.

20.

21,

22,

23.

'L 'information de la Sociétd's D. Nora and A. Minc, Paris, La

Documentation Francaise, 1978,

'La micro-electronique menace—t—elle 1'smploi?': Problemes Economiques,
paris N° 1618, 1979.

tAutomation, travail et smploi': IRIS - Universits des Paris
Dauphine 1979.

'Informatigue et Societe: collogus international': papers from a
colloquium organised by the French government in 1979.

'Les emplois du secretariat et les emplois de bureau connexes'$
N. Mandon, CEREQ, October 1979,

‘

'Microinformatics and Work Organisation - a case study's C. Ciborra,

G. Gasbarri and P, Maggiolini, Italy. Published in EuroMicro
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