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Explanatory notes 

Unless otherwise indicated, the doilar sign ($) means the United States dollar. 

The following ~nitials have been used in this report: 

CAD Coaputer-aided design 

European Econoaic C<>1111unity 

MIT 
. . ·v ·. '" ,. 

Massachusetts Institute'of technology 

Huaerically-controlled-liachJ,ie tool 
:.~ .... 

OBCD Organization for Econoaic Co-operation and Development 

Tbe designations e11ployed and tbe presentation of the material in this 
publication do not iaply the expression df any opinion whatsoever on the part of 
the Secretariat of the United Hations_~Qn~erning the legal status of any country, 
territory, city or area or of its autho;~t~'s, or concerning the de~i•itation of 
its frontiers or boundaries. · ' - -·- -'-

Mention of f ira naaes or c<>1111erci~i ~toducts does not iaply tKe endorsement of 
the United Nations-Industrial Develop11ent'::.Organization (UNIDO) • 
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IN'l'RODUC'l'ION 

The rise of electronics technologies marks the birth of a nev industrial age. 
Ever less expensive, ever more coapact and ever faster-operating electronics 
systeas are being used at all stages of goods and services production. 

The electronics syste•s foraing the subject of this docuaent are those 
involved in industrial development: coaputerization, specialized electronic 
equipment, electronic coaponents and software. In addition, although services play 
a significant role in the econoay, and the use and extension of coaputerization, 
both in public services and in banks, etc. represent very iaportant phenoaena, the 
present study will pay particular attention to the diffusion of these systeas in 
industry. 

An evaluation vill be made first of the degree of penetration of electronics 
technologies in industry and then of the iaplications thereof for certain 
industries of special iaportance for industrial growth in the developing 
countries. This will aake is possible to identify the various aspects to be taken 
into consideration vhen placing electronics technologies at the service of 
industrial development • 
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I. PENETRATION OF ELECTRONICS TECHNOLOGIES IN INDUSTRY 

In the absence of •ore or less precise data on the incidP.nce of various 
electronics syste•s in a group of industries with varying levels of development, 
reference •ust be •ade to aore general or 11<>re specific studies in order to gain an 
idea of the degree of penetration of electronics technologies in industry. 

In a general manner, use.can be made for exa•ple of a study by the 
Organization for Econe>11ic Co-operation and Development (OECD), !/where it is 
stated that •since the •id-1970s and until 1985 ••. , thP internal demand (in OECD 
countries) for information technologies ~/ registered a growth in real terms of • 
about 6 per cent per year, thus 110re than twice the aean growth rate for overall 
industrial production•. According to the saae docu•ent, the proportion of 
ele~tronics technolcgies in the internal demand for manufactured goods increased 
froa 5.5 per cent in 1975 to 7.4 per cent in 1983, compared with 9 per cent in 
connection with the deaand for products of the automobile industry. Japan and the 
United States are the aost advance1 OECD countries and with the• this proportion 
was, in 1983, 8 and 9 per cent respectively. These figures show the overall 
significance of the use of electronics technologies in the econoay and the rapid 
growth of this use. 

With aore specific reference to the penetration of these techniques in 
industry in general, the OECD study in question gives, for a number of countries, 
an estimate of the demand by enterprises for information technologies as a 
proportion of gross fixed capital formation (see table 1: unfortunately there are 
no c<>11parable statistical data avaiJable for the developing countries). 

Table 1 

The share of investaent in information technoloqiea in gross 
fixed capital formation for a number of countries 

(in per cent) 

1984 

Germany, Federal Republic of 11.6 
United States 14.6 
France 9.0 
Italy 8.8 
Japan 6.9 
United Kingdom 15.0 

1987 

13.5 
18.l 
9.7 

10.6 
8.3 

16.7 

Source: OBCD, Science and Technology Policy outlook (Paris, 1988), 
pp. 105-106 (ot the French texl). 

!/ Organization for BconO.ic Co-operation and O.velopment (OBCD), Science and 
Technology Policy OUtloot. (Parl•, 1988). 

~ The OBCD and al•o the' European Economic C01111unity (EEC) have adopted the ' 
tera •inforaation technol09ie•~ for deaignating what i• here defined a• 
•electronic• technol09iea•. 

• 

• 



- 3 -

These figures indicate powerful and dynaaic penetration. Another stu~y, in 
fairly general terms and dealing only with the United States, 11 shows the trend 
since 1950 on the basis of data in constant 1982 dollars in the share accounted for 
by electronics systems in total new irvestmeuts in capital goods and plane. This 
s~are increased from 7 per cent in 19~0 to 10 per cent in 1960. It reached 20 per 
cent in 1978 and was aore than 40 per cent in 1984. The reference here is to 
investaents .aade by all producers of goods and services and this figure 
corresponds, in particular, to the iaportant feature, already aentioned, of the 
significant degree of computerization of services. This is of direct concern to 
industry, having recourse to nuaerous external services, and its o~ activities, 

• within enterprises, calling for services involving co .. ercial manageaent, personn~l 
management, productior. aanageaent and so on. 

• 

More detailed information !/ on the penetration of electronics into the 
industry of three Eucot;>ean countries - the Federal Republic of Germany, France and, 
in particular, the United Kingdoa - makes possible a soaewhat better localization 
of the sites and intensity of this penetration. The information given relates to 
two forms of penetration: the introduction of aicroelectronics into the products 
themselves and the use of electronics systeas in the prodJction processes. Between 
40 and 50 per cent of the industrial undertakings in these three countries were 
using aicroelectrohics in one fora or another in 1984. All industrial sectors were 
affected to roughly the saae extent, including the clothir.g and textiles sectors. 
There is, however, a difference that should be noted: with the exception of the 
engineering, the electrical and electronics, and the autoaobile sectors, there is 
virtually no introduction of electronics into the actual products. This of course 
follows froa their nature: the tiae has not yet coae when food cOllJIOdities or the 
metal industry is stuffed with electronics. 

The study on the United Kingdoa ~ gives an idea of the recent trend in this 
penetration. In 1978, hardly 7 per cent of United Kingd~• enterprises were using 
microelectronics, while in 1987 the proportion was two thirds. As regards the 
sectoral distribution in teras of the two types of penetration, the same relldrks 
apply, although the differences between the inten~ity of penetration into processes 
are reduced depending on the sector concerne~. In enterprises introducing 
microelectronics into their output, 70 per cent use market aicroprocessocs, while 
18 per cent use integrated circuits made to ord~r and 11 per cent pre-diffused 
circuits. Of the electronir.s syste•s introduced by undertakings into their 
production processes, prograaable automata are t~e aost numerous: nearly 30 per 
cent of all industrial undertakings in the United Kingdoa use them (i.e. about 

1f •Technology and the American economic transition - choices for the 
future•, Washington, GPO (O'l'AT, 1988), p. 16. 

!/ The data are drawn from two studies: the first, published in 198S, 
concern• three Buropean countries with respect to the years 1982 to t984 
(J. Northcott et al., •Microelectronics in industry: an international comparison: 
Britain, Geraany, France• (January 1985, PSI-AGF)). The second study covers only 
the United Kingdom but provides data for 1987 (J. Northcott and A. Walling, •The 
impact of •icroelectronica• lPSt, 1988)). 

, ~/ The United Kingdom data used describe a situation which doubtless 
approxi•ates to that of the majority of market-economy industrialized co~ntries. 
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110,000 autoaata). Slightly less than 30 per cent have recourse to CAD vork 
stations. On the other hand, there is only one production unit in five which uses 
NCMTs (i.e. a total of about 42,000 units), and only 2 or 3 per cent of 
undertakings possess robots or aanipulators. 

The above figures highlight the extensive diffusion of electronics in all 
activities undertaken in the advanced countries, including industrial activities, 
even though factory workshops are still only rarely entirely autOl'ated. ~/ On the 
other hand, the few data available suggest that the penetration of electronics 
technologies in industry in the developinq countries is auch less strong. While 
soae of those countries register a p:onounced deficit in the aarketing of • 
electronic products, this is aost frequently due to the iapact of electronics for 
the aan in the street or of coaputerization for 9overnaent and other services. 
Thus it is rather those countries with •excess• electronics which have already 
introduced these technologies, for, as we have just seen in the case of the United 
Kingdoa, electronics production is itself a significant eaployer of electronics 
techniques. 

However to the extent, at world level, that the majority of industrial 
activities tend to 11Ake use of these technologies, the developing countries are 
affected by this use in connection with their industrial expansion, and should 
study the iaplications of this penetration by electronics techniques. 

II. THE IMPLICATIONS OF THE IM'l'RODUCTION OF BLBC'l'RONICS 
TBCHHOLOGIES IN CERTAIN SECTORS 

In the light of the foregoing reaarks, attention should be given to the 
implications of the introduction of electronics technologies in sectors 
characterized either by the use of eiectronics in production processes or by the 
intrcduction of electronics into products. 

As regards the first category - since all sectors are now effected, at least 
in the advanced countries - it is iaportant to choose those sectors of significance 
for the aajority of developing countries, a significance associated with the 
position of the sector in question in the industrial structure of the country and 
in its foreign trade and which might be jeopardized without the use of electron\cs 
technologies. The textile and clothing industries would appear to aeet this 
criterion. Since the developing countries are at present enjoying a relatively 
more favourable situation on the world aarket for clothing than on that for 
textiles, while the penetration of electronics has remained less intense in the 
case of clothing, this latter sector represents the 11<>s• iaportant field in teraa 
of the potential i•plications of the introduction of electronics technologies for 
the developing countries. 

The second category comprises in the main the electrical and' electronics 
industry, the aotor industry and the aechanical engineering indus'try. The 
electrical and electronics industry for•• the subject of another 'issue at the 
present aeeting (strategies for integrated development of the electronics in.iustry 

6/ The nuaber of worksh'.1P• of thh type known as •flexible 'shops• throughout 
the w~rld was esti .. ted at 3;0 in 198S in a study by the zconOt1ic eo ... iasion for 
Europe (New York, 1 986, pp. 29 and 42). Even assu•ing a v•ry high rate of growth, 
this nuaber is not likely to be 110re ~han 1,000 today. ' 

• 
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including software). The autoaobile industry is an industry producing in the first 
instance consuaer goods suppleaented to soae e~tent by industri~l vehicles, whose 
iaportance in teras of capital goods production does ~ot approach that of the 
aechanical engineering industry. To vPrying degrees, the latter affects vir~ually 
all the developing countries and hence all industrial activities. After 
considering the clothing industry, therefore, we shall turn to the mechanical 
engineering iradustry. 

A. The clothing industry 

The clothing industry is fairly internationalized with nuaerous interactions 
with other co~ntries and substantial injections of foreign capital. In teras of 
their share of world production, the developing co~ntries vent fro• 8 per cent in 
1953 to 25 per cent in 1975, 1/ a share which appears to heve stabilized since. 
The share of the developin~ countries in world exports reaches nearly SO per cent 
and represents aore than 8 per cent of the total value of their own exports, or 
14 per cent of t~eir exports of aanufactured goods. !/ This shows the significance 
of this branch for industrial developaent. 

In order to understand the probleas associated with the introduction of 
electronics technologies into this industry, it is necessary to have an idea of the 
aain characteristics of the production processes current in the clothing industry. 
Four stages can here be di~tinguished. The first ~vo, in the context of 
traditional technology, call for highly skilled labour, whereas the qualifications 
required ir the other two stages are auch lover. 

The stages in question are as follows: 

The •creation• which deteraines what the garaent is going to be - as 
a function of current trends of fashion and the aanufacturer's style - this 
design then undergoing the manufacturing process teraed patterning: 

Grading, laying and cutting. Grading consists of deteraining, on the basis 
of the prototype garaent, the features of the entire range of sizes in 
vhic~ the garaent will be produced. Laying consists of deteraining the 
110st suitable way in which to cut the cloth fr<>11 which all the pieces 
intended for asseably ir.tv the garaent are to oe drawn. Cutting is an 
operation which is normally perforaed after folding. i.e. the 
superiaposition of several folds of cloth for cutting; 

Asseably, a process which consists - using needle and thread as bas been 
the case since the earliest tiaes - of sewing the various parts together; 

~inishing: the pressing, folding and packing of the garaent • 

1J Jacoaet, •Le textila - habilleaent - une industrie de pointe• (Paris, 
Econoaica, 1987). 

!I It should be noted at the sa•• ti•• that three quarters of the exports of 
developing countries originate froa four Asiatic countries: China, Hong Kong, the 
Republic of Korea and Taiwan (GAT'l', 1986/87). 
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At present, electronics technol09ics have been introduced in rather different 
ways, and a distinction can be aade between what happens in the first two stages 
and what happens in the second two. These two categories will therefore be 
considered separately. 

In the first category, it is coaputer-aided design tools which have appeared. 
Even for artists, graphics systeas in colour facilitate layouts and their 
modifications, while grading becoaes practically automatic. Equipment of this kind 
can be associated with cutting tools, which makes it possible to autoaate the whole 
of the first two stages of production. In 1982, nearly 20 per cent of the aost 
iaportant com;>anies in the OECD area were equipped with CAD systeas, while another 
30 per cent were makin~ preparations in this connection. 2/ The combination with 
cutting systems represents one of the aost modern arrangements existing in 
batch-processing industries. out of the potential market of about 1,000 large 
firms in the OECD area already disposing of a CAD system, about 18 per cent would 
appear already to have the combined e~uipaent. According to K. Roffaan, the 
advantage over hand cutting could be significant. 10/ Thus, in the case of a fir• 
with an annual turnover of $SO million, t~e saving in 10 years of operati~n would 
be some $3 million. 

The impact on the organizatio11 of firas is iaportant, particularly because it 
has a substantial effect on the kind of skills required. The highly qualified jobs 
of •grader•, •1ayer• and •cutter• are completely changed. The job of grader 
virtually disappears, and in incoapletely integrated systems the laying software is 
reciprocally acting and the layer retains a skilled job with a new skill at his 
disposal. The job of cutter does not disappear but becomes largely unskilled: 
three to five years are needed to train a manual cutter, whereas a few months are 
enough for him to learn to operate a numerically-controlled cutting machine. 

The direct profits accruing to the enterprise basically consist of the saving 
in cloth, which may exceed 10 per cent, a far from negligible figure. The indirect 
gains relate to the flexibility and the speed with which new gar•~nts can be 
produced - a very important featur~ when it is necessary to follow the trends of 
fashion. On the other hand, new costs arise principally in the field of management 
and maintenance of these new systems, which require specialist personnel, while in 
order to derive profit from all the positive features it is necessary to improve 
stock management, and for increasing flexibility it is likewise appropriate to 
improve the management of relations with suppliers and custoners. 

It is at the third stage - that of assembly - that the introduction of 
electronics technologies causes a problem. This introduction has indeed been made 
by the use of sewing machines which may take the fora of extremely fast 
numerically-controlled ..achines, but yielding very limited gains. The reason is 
that the time actually devoted to sewing in this stage represe11ts only 10-30 per 
cent of the assembly cycle of an ordinary garment, 11/ the rest being devoted to 
handling of the cloth. But it is precisely this stage which calls for the most 
labour - in fact about 80 per cent of the total labour involved in the garment 
industry. !1f 

!/ OECD, op. cit. 

10/ K. Hoffman, Microelectronics and Clothing (New York, Praeger, 1988), p. 87. 

!!/ See Hoffman, op. cit. 

12/ O!CD, •Revivifier l'industrie p£r la 'technologie (Paris, 1988), p. 150 {of 
the French text). 

I I , 
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Industrialists in this sector are well aware that it is he~e that the 
introduction of suitable electronic technologies could yield substantial gains in 
terms of competitiveness . .!..~/ This is a much discussed issue in several industrial 
countries, where the clothing sector includes numerous undertakings in 
difficulties. The research and develop•e~t effort is, in spite of this, on a 
llOdest scale in these undertakings, since here, as in the textile industry, it is 
the manufacturers of machines who furnish technical progress. Since these 
manufacturers are independent, their machines are sold on the market and are 
available to anyone with the necessary financial resources. 

At th·~ same time, progress at the asseably stage is still awaited and the 
authoriti,:s in the industrialized countries are ac,ively supporting research 
efforts in this direction. Thus, for example, in the United States the Department 
of C<>1111erce is subsidizing a joint project conducteo by textile fibre and clothing 
fir•s called •TC2•, in Japan, the MIT is encouragin~ the •Technology research 
association of automated sewing systems• and under the BRITE programae the EEC is 
su?porting research on the automatic maintenance of flexible eqnipaent promoted by 
European sewing-machine manufacturers. 

The developing countries thus retain a traditional advantage in this 
labour-intensive industry, until such time as radical progress is made in this 
phase of production. A study of the costs involved 14/ has shown that for 
manufacture of a good-quality cotton shirt the phase in question represented or. 
average in a Far Eastern country 71 per cent of the cost price prevailing in a 
European c0untry, the difference residing mainly in wages. 

The impact on ~he developing countries of introducing electronics technologies 
into this industry would appear to be inevitable within a few years. • number of 
developing countries have indeed already equipped themselves in this respect, 
either for technicel reasons as when, for example, they purchase machines for 
sewing collars or pockets, which furnish work of an appearance different from that 
carried out by hand, or because they are in competition with other developing 
countries with lower. labour costs than their own. Other countries, today, are 
investin~ in CAD systems because of the savings in cloth which can be effected, and 
then it becc~es clear that the lower the labour costs, the higher equipment costs 
are going to appear. 

B. Mechanical engineering 

The mechanical engineering industry is here considered as one in •.rhich 
electronics systems are involved not only in the ·production process but also 
product itself, giving rise to what the Japanese have termed "mecatronics•. 
industry is of considerable importance because it supplies machinery for all 
manufacturing operations. 

in the 
This 

W See M. Dut::loi•, "L'indu•trie de l'habille•ent. 
crise. Note• et etude• documentaire•• (Paris, 1988). 

L'innovation face a la 

14/ R. Vernet,' "Likely technological developments in the textile industry and 
their potential impact on the future competitivene11 of the industrialized 
countries•, COMITEXTIL bulletin 85/5, according to OBCD, op. cit., p. 148. 
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Consideration will first be giv~n to machine ~()(,ls operating by removinJ metal 
(as opposed to those which operate by shaping metal), and we shall observe the 
trend in the position among these tools held by those incorporating electronics 
systems and de~ignated numerically-controlled machine tools, receiving their 
instructions from a co•puter which programs and monitors their work. In Japan, the 
proportion in question increased from 17.3 per cent to 51 per cent ot production 
(by valu~) between 1975 and 1981. The number of these NCM'l's produced by the United 
States, France, Japan, the Federal Republic of Germany and the United Kingdom 
increased, by a factor uf more than five between 1975 and 1982, gning from 
9,440 units to 48,500 units. Out of 2,000 Japanese firms manufacturing machin~ 
tools, about 150 were building these new machines in 1979. This is only a modest 
proportion, but the number of small manufacturers is very high. In the United 
States, out of 600 machine tool manufacturers, 20 per cent (including all t:1e large 
ones) are making NCM'l's using a number of instruaenta termed machining centres. l~/ 

These figures show the extent of the char.ge and the way it is accelerating. 
Machine tool manufacturers are ever aore obliged to offer products corresponding to 
the given state of technology, i.e. products incorporating electronics systems. 
Furthermore, these tools have themselves to be manufactured with the assistance of 
various NCM'l's. It is indeed the mechanical en~lneering industry which is the one 
possessing the largest number of NCM'l's. In t~~ United States, in 1983, it held 
51 per cent of all NCM'l's (52,540 units) and 58 per cent of the machining centres 
(13,92~ units). Comparable data are found for Japan in 1981: 44 per cent of NCM'l's 
(11,000 units) were installed in mechanical engineering firms. 16/ 

Turning from this sectoral distribution of NCM'l's, we may now consider their 
share in the total of ma~hine tools operating by removal of metal; it em~rges that 
the overall level of penetration reaains relatively lo~ In the United States, in 
1983, it amounted to 6 pe~ cent of the total number, and in Japan to 4 per cent. 
But the total numbers involved are extremely large, with numerous types of machine 
tool. One of these types - lathes - is distinctly more penetrated by electronics 
technologies. See table 2. 

As will be seen from this table, the market for lathes other than numerically­
controlled instruments sagged considerably between 1975 and 1984, and in order to 
survive manufacturers have therefore to consider ways and means of modifying their 
product. overall, in 1984, three quarters of the world production of lathes in the 
market-economy countries were represented, in terms of value, by 
numerically-controlled lathes. 

15/ All these data are taken from a report by the Economic Commission 
for Europe entitled •Recent trends in flexible manufacturing•, United Nations, 
New York. Unfortunately there are no equivalent data for other groups of 
countries, and in particular very few relating to developing countries. 

l~ Data provided by the lconomic co .. ission for Europe, op. cit., 
pp. ~ -54. In the case of Japan, only fir•• with more than 50 emrloy~e• are 
con1idered. 
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Table 2 

The share of nuaerically-controlled lathes in the total 
investaent in lathes in a number of countries 

Federal Republic 
of Germany 

26 
85 

(in per cent) 

United States 

17 
59 

France 

23 
71 

Japan 

43 
83 

United Kingdoa 

19 
83 

Source: CECIMO and MBTBA as reported by s. Jacobson, Electroni~s and 
Industrial Policy (London, Allen and Unwin, 1986), p. 13. 

Sweden 

Ho data 
73 

This remarkable trend has not occurred without affecting the industry world 
wide. Japanese firms have been the driving force behind the change, manufacturing 
relatively simple and cheap lathes in large numbers and exporting them t~ a great 
extent. In 1984, every second nuaerically-controlled lathe sold outside Japan was 
a Japanese product. Japan holds 54 per cent of the world market, in terms of 
value, exporting 69 per cent of its output in 1981. 1J_/ 

The impact on the organization of enterprises manufacturing conventic:.al 
lathes is of course considerable. In the first place, in this case and in that of 
all articles whele electronics have to be introduced into the product itself, the 
traditional skill and know-how are no longer sufficient and the qualifications 
required are not to be found within the profession itself. Certainly, the first 
NCM'l's used by a firm may be conventional machines only slightly modified, to which 
bought-out numerical control devices have been added. While purchasers of this 
type of hybrid could be found at the beginning of the 1970s, this is no longer the 
case. 

The very design of the item must be coapletely rethought, on the basis of 
knowledge of which at least half is entirely new for the firm. It is necessary 
therP.fore eith?r to establish a close association with an electronics supplier and 
bring together teams from the two firms, or to recruit new staff and organize the 
dialogue within one's own enterprise. Furthermore, electronics technologies are 
changing very rapidly and mecatronics is still a new industry, which means that an 
innovative mentality must be developed. 

The new series of numerically-controlled lathes which will be appearing on the 
market will have a very limited lifetime, not comparable ~ith preceding 
generations. This lifetime is becoming even shorter: it was estimated at eight 
years in 1974, five years in 1978 and three years in 1983. The research and 
de·•elopment costs for a range of numerically-controlled lathes are nevertheless 
high - of the order of $500,000 to $1 million. !!/ 

18/ · See Jacobson, op. cit. 
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These research and developaent costs, which as we have said are extreaely high 
for a short product life, aake it necessary to reduce production costs and ~ncrease 
sales. Most experts 19/ agree that aarketing and after-sales service, along with 
the nuaerical control faculty, constitute the principal source of econoaies of 
scale, which aay aean as auch as 30 to 40 per cent reduction of costs, subject to 
an annual production of about 800 units. 

In order to reduce these.costs in larger production runs, aost of t~e aajor 
aanufacturers have begun to introduce flexible workshops. Thus, for exaaple, the 
Japanese fir• Y.taazaki ~ has established such a workshop whose productivity is 
three tiaes that of a conventional shop: the overall cycle needed to produce a 
latoe lasts four weeks instead of 12, and the nullber of operators is reduced froa 
195 to J9. Such results are the outcoae both of the aachines installed and of the 
aanner in which they are integrated into a new fora of organization of work. 

It is evident that the world industry is greatly perturbed by these 
developaents, and that, aaong firas which survive, the problems of reorganization 
of work and the introduction of new aanage•ent and production aethods are 
considerable: all observers stress the difficulties i~herent in optiaizing the 
operation of totally or partially flexible shops for reasons which are essentially 
of an organizational nature, relating to logistics and •huaan resources•. 

The developing countries are affected by this trend in two ways: as users of 
lathes and as producers of lathes. The price of nuaerically-controlled lathes was 
very high 15 years ago or so, but this is no longer the case. Whereas in 1974 
Japanese prices ~ were aore than eight tiaes higher than for conventiO•'lal lathes, 
the dixference had been reduced to a factor of 3.5 to l by 1984 and is tending to 
drop still further for aachines which are also as a rule faster and aore accurate. 
This aight encourage the developing countries to purchase NCMTs for their 
metalworking and aechanical engineering activities. 

There are also about a dozen developing countries aanufacturing machine tools, 
and in particular conventional lathes. All these countries have already been 
obliged to undertake the manufacture of numerically-controlled lathes. Apart froa 
an iapact of the kind felt by any conventional aanufacturer and described above, a 
fir• in a developing country may find itself unable to solve the proble• ~f 
purchasing the electronics know-how locally, in its efforts to proceed from 
mechanics to aecatronics. 

In the case of Brazil and India, P. Erber considers ~ that these countries 
are experiencing difficulties in effecting the technological transforaation. 

!!f Bconoaic eo .. ission for Europe and BCG •strategic study of the aachine 
tool industry• (1985). 

lQI See URIDO, •Global study of world electronics• (ID/WG.478/2(SPBC.), 
1988), p. 108. 

l!f See Jacobson, op. cit. 

a1J •capital goods in industry and the dynaaics of econoaic development in 
LDCss the case of Brazil•, in M. rrans .. n, ed., Machinery and BconOllic Develop!ent 
(Mae11illan, 1986), pp. 215-245. 

• 
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Their aarket is too saall and their cust<>11ers, including public undertakings, tend 
to prefer iaported products, thus depriving the• of a period and a sphere of 
apprenticeship based on imported technologies. 

The position of countries such as the Republic of Korea, having a greater 
electronics technology potential, is very different: nevertheless, nu•erous 
proble•s still arise. According to s. Jacobson, the strategy of all aanufacturers 
in the llOSt advanced developing countries has consisted of producing the least 
sophisticated and the cheapest types of lathe. This strategy will not work in the 
long ter•: at best it can provide an interi• period for re-learning. In the 
~ediu• and long ter• it will be necessary, in order to reaain an effective lathe 
aanufacturer, to launch out int~ the production of the types for which there is the 
greatest deaand. Here it see•s essential that the public authorities in the 
developing countries concerned should adopt strong support •easures and lay down a 
clear strategy. This undoubtedly requires thorough study. 

III. ASPEC'l'S TO BE COHSIDERED FOR PLACING ELEC'l'RORICS TECBHOLOGIES 
AT THE SERVICE OF INDUSTRIAL DEVELOPMEM'l' 

A. The ability of electronics technologies to 
promote industrial developaent 

In llOst spheres, the penetration of electronics technologies has been slower 
than was believed at the beginning of the 1980s. It was thought at that time that 
the advantages accruing from labour costs and enjoyed by the developing countries 
would soon disappear and that production based on these advantages would revert to 
the 11<>re industrialized countries. In fact, a considerable range of industri3l 
operations may continue to be carried out in developing countries using 
conventional techniques. 

The developing countries aay choose activities in which they wish to promote 
the penetration of electronics on the basis not only of benefits in terms of 
productivity, quality and specificity of product, but also of advantages enabling 
them to structure their industrial pr~uction apparatus in the way which will be 
necessary at the sta~t of the thira ailleni~m. 

B. Socio-economic adjustments implied by the ~& 
of electronics technologies 

The exa•ples represented by the clothing and machine-tool industries have 
clearly shown that, at •icro-economic level, the user of electronics technologies 
was able to reduce the nuaber of workplaces without necessarily lowering employment 
at the firm or group level. Most of the studies conducted in industrialized 
countries show that the macro-economic results are not negative. This does not 
mean that the macro-economic result is spontaneous, but it indicates rather that 
supporting policies of an institutional and financial nature are necessary in order 
to facilitate the reorganization of the socio-economic system. 

These examples demonstrate the need to reorganize operations in the widest 
sense, within the enterprise. The skills required for foraer jobs are llodified, 
others disappear altogether, and uew on .. a become necessary. The old kinds of 
know-how are no longer suitable or •ust be combined with others which aay b~ 
available in the enterprises with which co-operation aust be pursued. In addition, 
the necessary intra-enterprise co-operation on the part of workers and a display of 
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interest in the organization of the work in progress see• to play aore iaportant 
roles than foraerly. 23/ We are clearly faced with a new concept of labour, which 
calls for substantial socio-econoaic adjustaents characterized by greater job 
flexibilily and greater worker participation. 

c. Training requireaents for .. stering electronics technologies 

Training is of course one of the aost iaporlant requireaents. Whereas a 
nuMber of traditional jobs disappear or no longer call for special skills, new jobs 
requiring moderately or highly skilled personnel are necessary to i11pleaent and 
aaster electronics technologies. 

It is soaetiaes thought that the developing countries have available abundant 
skilled labour. One would do well to ponder this affiraation, in view of the fact 
that the obstacle aost frequently aentioned in the industrialized countries in 
connection with the introduction of electronics technologies in a fir• is shortage 
of staff skilled in electronics. ~ The new skills called for by probleas of 
pruduction and labour organization should also not be forgotten. 

D. The need to develop repair and aaintenance capabilities 
appropriate t~ the new equipment 

One of the aost co1111<>n dangers lying in wait for the potential user of new 
equipaent, whose aanufacturer is not close at hand or only whose base purchase has 
been !inanced, is that the equipaent aay soon break down or even aay never function. 

Most electronics systeas require after-sales service and systeaatic 
maintenance, normally offered by the aanufacturer or by specialized service 
companies. These operations are expensive and it is noraally preferable that 
companies should carry them out theaselves, at least to some extent. But even 
current maintenance and saall-scale repairs, in the case of this type of equipaent, 
still require skilled staff and suitable facilities. 

The repair and aaintenance of such equipaent in some ways also provides 
technological apprenticeship. These operations can thus contribute to industrial 
development. 

E. The importance of regional and international co-operation 

Regional or international co-operation concerned with the use of electronics 
technologies in industrial production should concertrate on the transfer of the 
expe~ience gained from such use. Through highlighting the basic problems to be 
solved, co-operation could lead to a reduction of the difficulties, particularly of 
an organizational kind, which eaerge during introduction of electronics 
technologies. 

~ See J. c. Neffa, RProceso de trabajo, nuevas tecnologias intoraatizadas y 
condiciones y •edio aabiente de trabajo en ArgentinaR (Buenos Aires, 
Friedrich Ebert, 1988). 

24/ See Northcott, op. cit. 

• 
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As regards training, and during the first stages of introduction of the new 
technologies, regional training centres and international agreements would be in a 
position to launc~ a process which is difficult to initiate At national level owing 
to the shortage of instructors. 

Siailarly, the use of various iteas of equipaent at least to SOiie extent not 
locally produced and involving entirely new electronics technologies gives ris~ to 

• repair and aaintenance probleas which are also, in the early stages, training 
probleas where regional and international co-operation has its part to play. The 
establistment of spare parts stocks or of reaote control aaintenance centres (by 
telecOllllunications) is a further aatter for regional co-operation. 

• 

IV. PINAL COllSIDk:RATIONS 

The world technological and industrial transforaation is causing practically 
all countries to aia at •aodernizing• their industrial production apparatus, in 
order to keep pace with the electronics age. The background, procedures and 
iaplications of the spread of electronics technologies as described in this 
document would suggest that discussions aiaed at reaching conclusions and drafting 
rec<>1111endations should be organized on the following subjects: 

Iapact of the diffusion of electronics technologies on industrial 
activities as a whole 

All industrial sectors are concerned, in teras either of production 
processes (autoaation) or of products incorporating ever aore electronics. 
The developing countries should therefore pay attention to these 
develcpaents and consider their consequences. 

The autoaation occurring in industrialized countries aay progressively 
underaine tt@ favourable position won by the developing countries in 
certain sectors of the world l'IArket; this is particularly so in the 
clothing industry, aechanical engineering, automobile coaponent 
aanufacture, aachine tools and the electronics industry itself. 

The choice between conventional processes and autoaated processes 
in the developing countries 

The decisions here should be aade gradually, taking into siaultaneous 
consideration: 

The advantages offered by autoaation as regards iaproveaent of productivity 
and of quality; 

The iaplications in terms of aaintenance and repair of th~ new equipaent 
installed; 

The position of the sector in question against the background of 
international c011petition: aut011ation should start with those sectors 
which are the llO&t exposed to cOllpetition (on the local or world aarket) 
and those in which national production is not sufficient to •••t local 
deaand; 

The possibility of siaultaneously shaping their production structure in the 
way which will be necessery in order to •••t the technological challenges 
of the third ailleniua. 
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SOCio-econ09ic adjustaents 

The public authorities should anticipate and give support to the restructuring 
operations vhich vill certainly ensue fr<>11 the introduction of electronics into 
various industrial sectors: 

By offsetting the negative effects of this restructuring (disappear~nce of 
jobs or of skills) through institutional or f ir..ancial aeasures; • 

By promoting the exchange of inforaation (at national and regional levels) 
and aaking enterprises avare of the organizational difficulties vhich vill 1 

undoubtedly afflict the• as a result of automation (changes in skills 
needed, nev foras of co-operation betveen various jobs, and betveen design 
offices and operators). This pooling of experience vill aake it possible 
to find solutions to palliate the difficulties. 

Training require•ents to aaster electronics technologies 

Action to be taken in this field coaprises: 

Identification of the nev skills required by the introduction of 
electronics and the reorganization of work; 

Proaotion of national and regional training centres in the context of 
international co-operation. 

Development of repair and aaintenance capabilities 

This should be regarded as a priority calling for: 

The proaotion of training in the conduct of current maintenance; 

Study of the advisability of regional co-o,eration which could take the 
fora of a aaintenance centre reaotely controlled by telecomaunication, or 
of the establish•ent of a stock of spare parts. 

I I I I I I 
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