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FUTURES WITH MICROELECTRONICS

Ernest Braun
Tecanoiogy Puliicy Tuxit,
Univarsity of Aston in Birmingnam.

The Em.loyment and Skills Debate

The debate about the impact of microelectronics on employment is not new;
it is a modified re-run of the debate on the impact of automation which raged
in the late fifties and early sixties. That debate *as not truly new either;
it was simply a new chapter in the continuinZ controversy about the impact of
tachrology on economic activity in general and on employment in particular.
That debate - on the impact of technology on employment and, equall’ important,
on skills - can easily be traced to the industrisl revolution; it is likely,
howevar, that it raged fie—cely as soon as stione technology was displaced by
bronze ‘techniques. It oay be fanciful but not widely off the nark to imagine
the stome-age flint sharpener shaking his flint axs in anger and despair at the
young upstarts claiming superiority for their metal implements.

The deba*e ‘cut technological unemployment and about the locs of skills
has, at least iun recent yeers, copsisted of several uajor strands. It may be

useful to tabulate the main arguments in much simplified form.

hew technology reduces the requirement for saills - “eskilliag

requires new skills - change of skills

takes Over repetitive, arduous and
dangerous tasks and thereby irees

people for creative tasks - hunanisation

rep’aces humuns and thereby causns - unsmployment

creates new economic opportunities

and thereby increases weaith -~ growta
increasad wealth may lead to - more employment

and/or 0 more - leisure




The excessive simplification and schematic representation are del.in.erate
devices to show the bare essence of much elegant snd eloquent argument spread
over many decades. There i3 no doubt about the veracity of many -~ or possibly
all - of the arguments. Yet the debate continues unabated and the considerable
accumulated eryperience has not given us the wisdom of hindsight to declare a
definite winner. So much unresolved ccptroversy must show something -
it nust mean that all the arguments are deficient in some wgy.

The most likely deficiency of all arguments at:empting to relate exployment
to technology is the lack of simple causality linking a single cause - a specifi-
technology -~ to a single effect - a given rate of unemployment.

Euploymext is related to a very large. number of factors and techiology 1s
only one of them. Open or hidden unemployment are, in a .ociety which seeks to
achieve full employmert, signs of every kind of i1iefficiency in the economy.

Such irefficiencies arise because of - too much or too little competition,
and out of a variety of mismatches ~ skills to jobs, work places to local
population, production capacity to demand. Inefficiencies also arise out of
unsuccessful fisczl and monetary policies, excsssive military spending, pressures
of internaticnal trade, and many more causes.

There can be li*ile or no doubt that the present economic recession, recent
inflationary pressurec, ind curreat unemployment problems; have not heen caused
by microelectronics. Technolog; is clearly involved but only as ome
of many fac.ors. ntinuing technical cbange has increased the
efficiency uf production to a point where aggregate demand - (world demand
adequately suppcrtad by means tcu purchaso) - has become insufficient to make
full uss of productive capacity. There is no doubt also, that the only truly
new sector of economic activity, computevrs, microelectrunics and associated
industries, have not provided sufficieat outlets for surplus labour from other

1,2
sectors.




Cconceding thus a role I5f tschnllcgy in current s2nd future maemnlaoyment.
it zust nevertheless be said again that the main causation of ths present crisis
lies in classical macroeconomic fzxilures - inflation, maldistiibution, inadequate
aggregate demand - and not in current- technology. In fact, curiously er.cugh, very
few people ascribe current economic problems to the introduction of computsrs
or micrcelectronics - this particular carsation is commonly recerved for future
crises. Perhaps past axd current crises hava ac ‘quates and obvious exgianations
and only the explanatior 5I the future needs to resort to phantasy.

We have said that unemployzent, in a society seeking full employment, is

2 result of inefficiencies in the economic syster. In principle. therefore, any

technology that raises efficiency should be welcomed as a2 boon to so0ciety.

Unfortunately, things are not as simple. For the efficiency of the total
technological systea is only one aspect of the etficiéncy of the total economic
system. It is perfectly possible for increased technical aefficiency to cause
decreased economic efficiency. We wust now turn to the question of whether this
is the situation in the case of mi~roelectronics.

In principle it aurt be true that if a technology iacreases the efficienmncy
of production ard thus enables the ecomnmy to produce more goods or services
with the same effort, this should increase the total Jispouseble wealth of zociety.
To nake the principle a reality requires, inter alia, that thare should be =
match hetween production capacity and markets. This means that any surplus
arising out of increased efficiency must bo redeployed to supply new goods
and services ard thus meet either hitherto unsatisfied demands or alcogether
new demands. |

That unsatisfied demands exist even in the richest countries cannot
be doubted. What %3 in great doubt .3 the ability of economies 10 make the
necessary adjustments and switches of resources to 2atch capaclty with

effactive demand, i.e. demand backed by purchasing power.




catastrophic efifects oi ithe t6Chaslcgy uUpci smployment are hasad on three
examples: watches, cash registers, | and telephone exchanges. As
these three products have been fundamentally changed by the replacesent of
mechanical or

/electro-mechanical parts by pure _electronics, the effort required to amake
them has been dramatically reduced. Tuis has had several effects: a shift
of production from old established iﬁdustrigs and contries to new places,
a large increase in demand, a change in skills requi:=d, probably an
overall reduction in the numbers of skilled workers, and possibly an overzll
loss of jobs although detailed figures are obscured by intermaticnal shifts.

The overall demand for these products has increased dramaticsally and, in the case of
the
capital goods.would have incressed even faster but for the shortage of

-

available investment. 3

7rom the fact that these three products have dramatically changed
their labour content some observers have conciuded that all producta com-
taiping mechanical parts will change equelly dramatically and equally rapidly.
So far, however, thera is no sign of this happening on a very large scale or
such as the motor cary,

at very high speed and there certainly are many products ,.-herc nicroolcctronics

will only provide additional features in essentially mcbmiccl devices,

Aflected Sectors

We have reviewed some forecasts of likely impacts of microelectronics
on the products of various industries and hava concluded that the sectors
moet likely to be substantially affecied over the next few years are the
folloving&.

1. Mechanical eugineering.

Numsrically controlled me.ained tools are likely to spread further.
Computer aided design will becowe more sign’ficaat.
Robcts will Le produced in greater pumberw and for a greate: variety
of applications.
Production control systems will become widespread.
No signifi~ant impact on levels of employment are expected, except in the
vehicle building and components industry.
2. 1Instrumentation

Mechanical instruments will become partially rohot assembled.
Most instrumenty will become eluctronic amd a large variety of new
" types will be developed.




Automated assebly will predomirate.
G~eat changes in skill requiremsnts are anticipated.
Total empicrmeant need not lecresse and could ever grow.

3. Electromics and Electrical Goods

Present trends to wmore sophisticated and automated methods of production
of sloctronic components are likely to coatiaue.

Electronics will spread into more and sore products and provide addi-
tional faciliities as well as replacensnt 0f electromechanical functions.

Growth of the industry may balance job lomses, although the patterm of

overcapacity in e.g. television sets may be repeated in somes other

sactors. . )

Considerable automation 2 electr.cal goods,. wtti likely job losses: -
4. Materials handling.

Considerable develoyments in robotics and automated warehousing, stock
control, automated dispatch, etc.

Industry may expand and use more lsbour, but mainly with high qualifica-
tions. In operations considerable shaodding of labour is anticipated.

5. Preciszion engineering.
Many changes i-om mechanical to electronic logic.
Automated assembly.
Significant luss of employment anticipated and very 1large chauges in
skills.
6. Telecommunicatioumns.
Large growth in total facilities and netsorks anticipated with many funda-
mental technicel changss.
Doubts whetasr growth %will balonce potential job losses caused by simpli-
fied equiprent such a3 siacteruis “alephone exchanges.
Some new skill requirsmsants, Sut cverall loss of skilled work opportunities
is feared.
7..-The Office
Finglly, the office sector, which is common to all manufacturing and service
industries. So miuch has been written -bYout the office of the future that it
is hardly receasary to give any further descriptions here, be they bassd on
technology or on phantaagis The undoubted fact is that office efficiency can
be greatly enhanced. Thus, other things being egual, office employment
could radically decrease. Other things are not, however, equal. Two ccntra-
dictory treads are in operation. The first is Parkinson's law. In the
present context, this might be paraphrased as 'administrative and office work
wiil expand to meet all availa%hlsz facilities'.  If office work bacomes zire

efficient, more office work shall be done. There is .o . atural limit to the

amount of such work t{o be performed. Just as there is nC upper limit to the

services an office zan provide, so the lower iimit, the irreducible minimum




of services viial to the organisation, usually liesa well below the current
level of performance. The second trend therefore is to perceive twne oiiice '
as parasitic and to attempt to reduce it when economic pressures mount. Thus
in & climats of economic crisis the tendency willi be discernible to use the
increased efficiency which modern of2ice technology can provide not tu increase
the services provided, but to decrease the office staff,

Which of the two trends predominates is globally unpredictabie. Two
mighty pressures - Parkinson's empire building and the eternal dislike ot
buresucrats - meet head on and only a punter would be willing to commit himself
to any given outcome of the struggle.

The- Spread of Microelectronics in Hanufacture
Certainly the spread of microelectronics,is not nearly as rar‘d as one

in manufacture
might be led to helieve. We have studied manufacturing iamovation in some

branches oZ the West Midlands industry and were impressed by the slow rz%e at
which micreelectronics was bdeing adopted.‘n,‘saiagny firms do, of course, buy a
variety of instruments containing & 2ew chips and a fsw firms buy bhighly soph’s-
ticated numerically coatrolled machine tools and robots. But walking through
the factories and talking tc managers omne certainly does not get the impression

impression is that o2
of 2 revolution sweeping thiough industry - currently the/ a deluge of

economic hardshirp.

The reasons for the slow spread of microelectronics into manufacturing
industry must be sought in a general theory of manufacturing innovation. Wae
have recentliy proposed that innovation in general and manufacturing innovation
in particular should be 3een as requiring specific comnatellations of circum—
staaces to ensble them to procead. ¥We thus propose a constellation theory
of innovation.

In essence, constellation theory seeks to identify clusteira of circuu-
stances under which an identifiec weakness in the manulfacturing system can
be remedied by an identified or developed solution. The inmnoavation will
proceed oaly if weakness, solution, and the necesgary stsps towards implemen-

tation of the solution are all related to earh other ‘n such a way as to

favour the process. A m.nager may,6 f“or exampls, be aware of the rzct that the
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part produced by a series of machines requires too aany operstions, too auch
saterial and is too often ouiside specified tolerances. He may not be aware,
however, ¢f a readily available solution and asv not have at his disposal
the engineering skills and development facilities required to develop a solu-
tion. Alternaiively a highly complex machine may be available on the market
which wouid eliminate the protlem, but the manager may be unable to muster ’
the required capital, or the required maintenances and programming skille, or
he m:ay be unable to negotiate a suitable redundancy agreement.

The two key conclusions from our stulies coul! Le summed up as: '

(1) ¥anufacturing inmovation uwsually is wmdertaken in order to remedy a
variety of weaknessas rather than for a2 single underlying cavse.

(1i) The innovation can only proceed if the proposed solutiom is available
and its implementation is within the capanility of the firm and does not
require unacceptable changes in the work organisation.

The net result of these facts is that ipnovation, and therefore the
diffusion of microelectronics into masufacturing industry, 1s a very - -1
slower process thar some writers would have uﬁ believe. The shortage of capital,
gshortage of programming sikills and wany other difficulties of implementation
militate against the overnight revolutionary change soratimes envisaged.

Although our findings suggest that only a few industrial seccors will be
very seriously affected by microelectronics and chat the effs<ts ares nut
. 3preading very rapidly, nevortheless the cumulative effect on employment can
Lbe very large. This is particularly so as some of the most affacted jndustries,
snuch as vehicle building and cther sections of the engineering 1ndgstry)are
very laige employers of urskilled or semi-skilled labour. We cannot therefore
deny that a large number of jobs are at risk.

Similarly, ow findiugs suggest that the dange: of de-skilling many
workers exists, although this is partially balanced by new regquirements for
new 3kills, such as electronic engineering, electronic maintenance and

programming. -
Yhy introduce’Microelectronics

if al: these dangers exist one must ask onesel? why *he technology should
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appesling but poin railé
First there is international competition. The argument has been st ted

maay times but needs to be ro-statea here., If Britain, or any other techno-

logic?lly advanced couutry, wishes to Jetain or strengthen its position in

wvorld trade of manufactured goods, then it must manufacture the most competitive

goods in the most competitive way. This means incorporating the best of the

~most recent technologies in the design of products and usinyg the haest available

techruiogy for efficient manufacture.

Tnternstional competitive pressures cause a kind of technological d.ter-
minism in the same way as intermational fears and mistrust cause 2 rslentless
march towards more and "better” arms. To control the advance of technology
in traded grods is at least as hard as to control the arms race. The argument
is an old one and niixtatcs against the wish to be in control, but it is very
hard to see 2 way out f it except by radicsl change. in intermational trading
arrangements. To suggest such changes or even to c¢onsider their desirspility
goes way beyond the scope of this paper,

The second answer to the question why we camnot halt the introduction .i
microelectronics is that the technology has become irresistible. I a technology
offers such very great advantages compared t0 its predecessor tzchnologies and
bas powerful backing by powerful companies and margeting organisations, it

’ “* and- we have just about reached ‘this stage now.
:reaches a stage whers nobody can truly resist it / Microelectronics has bscome
rather like the mini-skirt; once it hua become fashionable, no self-respecting
young woman could possibly have been without it. Sizilarly, no self-respecting
organisation can he without a micro-computer, word processor, electronic control,
or some other miracle of microelectiuzic technology. The competitrive advantage
i3 tco great to miss and the penalties of being labelled 'vld fashiocned' too
great to accept.

Before turming our attention to issues of policies for microelectronics one
point must be re-s+ta‘ed. Notw.thstanding everything that has been said

about employment effects of micreoelectronics, the main ceterminants of total
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empl.~yment are macrceconomic factors which contain technology as only one facet

Oof a complex cunsi tedly 2 determinant of competi-

ilatiocn. mi
tiveness aand thsrefore of ecunomic sulcess. Technology is also a deveraipant
cf the efficiency and complexity of the economic system of a count.y. But
factors such as interest rates, employment and educational policies, level and
kird of public expenditure, tax structure, foreign exchange rates, state of
the worl . economy, and a whole host of other econmomic factors are all of
tremendous importance and between thea probably predominate nver technological
factors alone.

Just as it takes more than economic policy .0 determine the level of succese
of manufacturing industry, so i: takes a great deal more than technology to

deternine the level of employment in an economy.

Policy Issues

It has become very obvious that policies of''laisser faire'have turned into
policies o2 "ne laisser faire rien’'. Current circumstances are such that
passive government has come tc mean passive, that is unemployed, people. In the
current situation of international competition it is obvious that full employ-
ment ,0r at least low rates of unemployment, are best achieved in countries
with highly active government employment policies.

Thers can be little doubt that current unemployment problems are related to
macro-economic difficulties, but equally there can be no doubt “hat the evcatual
widespread usa of labour saving technologies will make it all the more impera-
tive for governments to use every available measure to enaure full employment.

It we accept that microelectronics must spread and that its widespread
use will compound employment difficulties, we can 3ee the kind of policies that
need to be emp:LoyeclLl
(1) First and foremogst it 13 necessary to ease the transition of workers
from those sectors of industry which are forced to contrac* their labour force
into those sectors which can expand. These are all the sectors which are not
under direct pressure from international competition - e.g. many urgently needed

3ervices -~ but also all those 3actors whoge expansion 13 made pogsible by the




use of new information tecunology. New and improved produc - will absorb
some ilavour, @Urs sificisnt servisgs will expend carmand for them, and a whole
host of unsatiated demands might come nearer to being satisfied. There is no
shortage of work to be dome, only a dearth of mechanisme for the transfer of
resources Ifrom declining to growing employmert opportunities.

The encouragement of suitable technological innovations must be part and
parcel of any policy which attampts to ease the tiansition of resources from
declining to growiﬁg economic activities.

One of the mary demands to bhe fulfilled is no doubt increased leisure and
there is no reason why shorter working days, weeks, years or lives should nct be
considered. This does not, and must not, mean the disappearance of work; but
i+ may easily mean a real shortening of the time spent at work. Clearly, the
increase in leisure time can ocaly be meaningiul it suitable facilities and
sufficient resourcegs are availablc to make good use of such extra leisure.
(ii) Secondly, we must come to grips with the question of what constitutes
acceptable work. Certainly microelectronics allows both de-skilling of work .
and requires new skills. We must fight the concept of techaological determinism

ag there is definite evidence that the same technology can be used in

different ways. There is no simple deterministic relationship hetweeyr machines
and human tasks - tasks can be made more satisfactory by policy measures wvithin
the constraints of a given technology.

Much research has been carried out im this area, but the questions are very

far from beirg resolved. The only thing that is nuite clear is that enlightened

manzgement, in cooperation and true consultation with the workforce, czn
achieve working conditions more acceptable to free and intelligent human beings
than a first glance at the technology might =suggest.

(11i) To achieve the ot jectives of both the above policies it is clearly
necessary to provide training and educational facilities at both formal and
informal levels. With goodwill and incentives, many skills can be acquired,

often in only partially formalised manner, by sometimes surprising candidates.
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Several other policy issues arise out of the use of microelectronics,
such as the need to cope with security of and access to informgtion, but
this paper can obviously not deal with these.
Indeed the three pclicy issues hriefly mentioned above are only a summary

of the 3ubject matter dealt with in the main text.
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