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1 INTRODUCTION AND PRINCIPAL CONCLUSIONS

The implications of electronics technology for labour has 

been the subject matter of a substantial body of research. In 

much of this work the emphasis has been on the actual and 

potential job displacement caused by the introduction of this 

technology and its effects on the skills of the remaining 

labour force,

However, that innovation in electronics can also have 

positive social implications in the form of job and skill 

creation is evidenced by the massive world-wide expansion of 

the industry in the last two decades. With this expansion, the 

question arises of which countries have been able to maximise 

the creation of social benefits through electronics technology. 

Clearly, this is linked to where the technology originateç and 

immediately points us to the U.S., Japan and, to a lesser 

extent, Western Europe. These countries dominate the cutting 

edge of electronics innovation and possess the largest 

concentration of skilled human resources in electronics.

For developing countries, faced by this formidable 

capacity in developed countries on the one hand, and by the 

diffusion of electronics technologies in their own economies on 

the other, the question is whether, and to what extent, they 

too can internalise the social benefits of the new technology 

through creating jobs and skills in electronics.

That developing countries lack both a history of 

industrial and research experience in electronics and the 

requisite supply of suitably skilled human resources are often 

indicated as insurmountable barriers to the setting up of a 

local electronics industry. However, for the more advanced 
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developing countries, the NICs (newly industrialised 
countries), the question has not been whether to set up a local 
electronics industry, but how to do it. The orthodox pattern 
for such countries has been first to set up an assembly 
oriented consumer goods industry, often based on direct foreign 
investment, and, from there, to try to work up the ladder of 
technological sophistication in a 'phased establishment of 
electronics production' (see UNCTAD, 1978;52).

The very pace of techical change in electronics has made 
such a 'gradualist' approach less viable and some NICs have 
decided to leapfrog in an attempt to get closer to the 
technological frontier of electronics. Brazil is one such 
case.

1.1 Object Of Study

The main objective of this report is to assess Brazil's 
actual and potential capacity to internalise the benefits of 
electronics in terms of the creation of jobs and skills in the 
industry.

Within this broad perspective, the following objectives 
are persued:
- To document the quantitative growth of employment in the 

electronics industry and the conditions under which this 
growth is occuring. Special emphasis is given to the
government policies which facilitate the growth of 
employment, and to the externalities produced by the 
industry (Section 2).

- To explore the kind of employment which is occuring in 
terms of skill, training, wages, gender, labour turnover, 
and so on...(Section 3).

- To explore how the longer term viability of internalising 
the social benefits of electronics is affected by:
- changes in process technology (automation) in the 

industry (Section 4);
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changes in the competitiveness of the industry arising 
from research and development (Section 5).

It is pertinent to point out that the connection between 
technology and labour is treated in two ways in the report. On 
the one hand, we consider the labour requirements for the 
design and production of the new technology. On the other, we 
consider the implications of technical change (once introduced) 
for labour.

The report is the result of research carried out between 
May 1985 and January 1986, based on the following primary and 
secondary sources:
1. Interviews in 36 firms covering three segments of 

electronics production, of which there were:
- 17 Computer producers (computers and peripherals);
- 13 electronics consumer goods producers (final and

intermediary products);
- 6 components producers (semiconductors and PCBs).

2. Interviews with specialists in the field:
- Universities (USP, UFRJ);
- Government bodies (SEI, CDI, SENAI, IPEA, Minjstry of 

Labour, Ministry of Science and Technology);
- Professional Associations (ABINEE, GEICOM, ABICOMP, 

FUCAPI);
- Machinery suppliers.

3. Secondary sources:
- Specialist magazines;
- Newspapers;
- Academic and technical papers.
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Throughout, the principal focus of attention is the 

computer equipment industry, and within this we emphasise 

research and production in hardware. On a secondary plane, we 

use our research in the consumer electronics industry as a 

point of comparison.

The choice of these two segments of the electronics 
industry is based on the assumption that while their 

production/assembly processes are similar enough to be able to 

draw comparisons in terms of their labour force profile and 

skill composition, there are also marked differences between 

the two in terms of scale, age, ownership of capital, policy 
context and location.

In order to further delineate our object of study, it is 
important to refer to what has been termed the "electronics 

complex". That is, the growing integration between what were 

originally quite separate segments of the electronics industry. 
As Erber (1985:293) explains. "...one of the most important 

characteristics of the electronics industries is their 

interdependence. Although electronics products are consumed in 

many different markets, they have a common technical basis, 

founded upon the common use of specific scientific and 

technical knowledge, parts and components (notably electronic 
semiconductors) and processes of production..."

Figure I illustrates this interdependence. The four most 

important areas of electronics - semiconductors, computers and 

peripherals, telecommunications and consumer electronics - have 
the semiconductor industry as a common denominator, It 
supplies the other three with inputs that are increàsingly the 

same, i.e. digital integrated circuits. The growing 

convergence of computers and telecommunications is, in fact,
- 4 -
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producing a whole new industry: teleinformatics (1).
Similarly, there is now beginning a convergence of computers 
with consumer electronics both through the increasing 
digitalisation of consumer products and through the increasing 
multifunctionality of consumer electronics. The most obvious 
example of this latter being the linkage between television and 

Imicrocomputers. As a result, the traditional distinction 
between professional and consumer electronics products is 
becoming blurred. Furthermore, in the Brazilian electronics 
complex there is a growing tendency for consumer electronics 
enterprises to enter the Computer market.

1.2 Summary Of Main Findings

The purpose of section 2 of this report is to outline the 
magnitude of employment in the Computer and consumer 
electronics industry and then to analise and compare the labour 
force composition of the two market segments. It is shown that 
the explosive growth in employment has been in the national 
segment of the Computer industry, while the foreign affiliates 
of Computer firms have been gradually reducing their levei of 
employment. In consumer electronics there has also been a 
decrease in employment leveis despite an increase in the number 
of firms. Aggregate employment figures in consumer 
electronics, however, are unreliable, varying wildly between 
sources. For this reason they have to be treated with some 
caution. Nevertheless, indications point to a downward trend.

On the labour force composition, the trends are clear. 
The research shows that the highest concentration of skilled

1. See, for example, NEDC (1985:8) for a graphic illustration of 
this convergence.
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labour is in the national Computer industry, while the consumer 
electronics industry has a very low share of skilled labour. 
This leads to the conclusion that the gradualist approach 
referred to above and adopted by the consumer electronics 
industry may not be the most effective if the objective is to 
internalise the social benefits of electronics in terms of jobs 
and skill creation. For this, the shock tactics of the 
Computer industry seem to have been more effective.

We then analise what these "tactics" are through a 
discussion of the policy framework for the Computer industry. 
The two principie conclusions are 1) that protectionism is a 
necessary, though not sufficient, condition for the local 
creation of jobs and skills in electronics; and 2) that 
technology policy, despite its positive effects, has only 
indirectly benefitted the employment sphere. It is argued that 
a greater and more di rect involvement of the state is necessary 
if the dynamism of the present employment situation is to be 

sustained. •

Finally, in this section, we touch on the actual and 
possible indirect employment that the electronics çomplex can 
create. As examples we take employment in Computer Services 
and in the supplier industries,

The weight of numbers is not the only factor which 
conditions the positive employment effects of an electronics 
industry. Equally, if not more, important are the qualitative 
aspects of employment. Section 3 is an analysis of some of 
these factors, namely: wages and other indirect benefits; the * - i .
gender division of labour and skills and training.
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The principal finding is that the levei of wages in the 
Computer industry is significantly higher than both in the 
consumer electronics industry and industry in general. It is 
concluded that this is due to a conjunction of factors both 
historical and industry specific. The scarcity of highly 
qual i f ied personpower is the most inunediate reason. The 
competition between fi rms (be it between MNCs and national 
firms or between national firms) for scarce human resources 
bears an upwards pressure on wages particularly for research 
engineers (hardware and software)(2) and experienced 
electronics technicians. While high turnover rates for these 
categories of labour are detrimental to individual fi rms,-they 
have a positive effect on the learning dynamics of the 
industry.

For the less qualified levei of the labour market, it is 
concluded that higher-than-average wages (at least in the 
Computer industry), combined with the recruitment of young 
people with little or no industrial experience, is a deliberate 
strategy on the part of fi rms to foster a sense of 
responsibility and quality consciousness .

The electronics industry is characterised by a strong 
concentration of semi-skilled women assembly workers. Brazil 
is not exception to this. Here we give superficial treatment 
to what is a complex phenomenon. It is suggested that 
arguments related to women's greater dexterity and so on are 
simplistic and that other factors influence the choice of women 
for assembly work such as: lower wages; notions of what 
constitutes semi-skilled work; and the relative lack of women*s 
involvement in trade union activity.

2. This, it should be added, is a worldwide phenomenon.
- 8 -



Finally, it is concluded in this section that within the 
present structure of the electronics industry and of the formal 
training facilities available much of the onus of creating a 
quali f ied labour force in electronics falis on the shoulde rs of 
the industry i tself. While outside training facilities 
(universities and technical schools) are being alerted to the 
needs of industry and are readjusting their curricula 
accordingly, there persists a large gap between the human 
resources available and those needed. With some notable 
exceptions, the industry is having to train its own personnel 
to its particular requirements.

Because of rapid technical change, training requirements 
keep changing. Rapid adjustment is essential. There is 
therefore an urgent need to reinforce and expand public and 
private human resource training facilities in electronics.

It is the competitive dynamics of the electronics industry 
which form the substance of the final two sections. They 
exarnine the rapid changes which are occurring within the 
industry as a result of changes in process technology (section 
4), and make a tentative assesment of whether Brazil can 
develop a sufficiently highly qualified labour force that can 
keep abreast of the formidable challange that electronics 
capability poses (section 5).

The object of Section is to analyse the quantitative and 
qualitative employment impact of changes in process technology 
in the electronics industry. The research rests on two 
premises. First, that growing automation in electronics i s, to 
a certain extent, inevi table due to both changes in product 
technology and the competitive environment of electronics 
production. Second, that i f firms do not automate then 
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subsequent loss of competitiveness may have even more 
detrimental effects on employment than automation itself.

After describing in some detail the production process in 
the electronics industry, the trends in automation and their 
implications for labour in the industry are discussed.

The principal areas of automation in electronics in Brazil 
are automated component insertion (the most assembly intensive 
part of the process and the area which employs most of the 
semi-skilled workers in the industry) and product testing.

While the diffusion of these process technologies is still 
“V 

limited, a number of clear trends emerged, the most important 
of which are:

1. The viability of automation, and particularly automated 
component insertion (AI) is a function of scale production, 
and standardisation of products. Thus the consumer
electronics industry has a higher incidence of AI than the 
Computer industry. Nevertheless, with the rapid growth of 
the latter, the introduction of AI is not far away for many 
firms.

2. The gains in productivity, product quality and reliability 
through the use of AI and automated testing equipment are 
unequivocal. Competitiveness imposes significant pressures 
on electronics firms to take advantage of these gains 
through automation.

3. The number game of calculating job displacement as a result 
of automation is difficult and net gains or losses depend 
crucially on the levei of analysis we use. To give an 
extreme example, the job losses resulting from the 
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introduction of AI machinery cannot be extrapolated to draw 
conclusions about job losses in the electronics industry as 
a whole. This said, automation in electronics has the 
potential of causing drastic job displacement at the base 
of the skill triangle (i.e. for semi-skilled assembly 
workers). Alternatively, the contined expansion of the 
industry can create the conditions to relocate displaced 
workers in other activities. In this case, the indirect 
effect of automation is to decrease the rate of growth of 
semi-skilled assembly occupations.

4. Automation of electronics production also creates new 
labour requirements which, although they are of reduced 
numbers, are more skill intensive than the jobs that 
automation displace. This is particularly in the area of 
equipment maintainance and programming tasks. These 
activities demand the skills of mechanics and electronics 
technicians .

5. The full employment and skill effects of automation are not 
yet transparent. However, there are indications of a 
simultaneous process of degeneration and regeneration of 
skills in different areas of activities. The most 
important conclusions to be drawn from this process are to 
ensure that the training for appropriate skills keeps pace 
with changes which are already underway, and that policy 
can maximise the benefits of automation while minimising 
its social costs.

Section 5 focusses on the human resources involved in 
research and development activities in Brazil's Computer 
industry. State support is a necessary condition but in the



final analysis, it is the human capacity in this area which 
will determine the future competitiveness of the Brazilian 
electronics industry. The question of how far Brazil can go in 
electronics R&D has been the subject of a polemicai debate. 
The reality of the situation seems to be cause for neither 
euphoria nor pessimism. What we are witnessing is the 
beginning of an undoubtedly long learning process which can 
best be described as "Creative imitation".

The one crucial factor in terms of research and 
development is substantial and sustained investment in human 
resources. The recent direct entry of the State in financing 
human resource training is a positive, if modest, step in this 
direction. The urgency at the present time is to create the 
human infrastructure for research and development.

However, if there is one main conclusion to be drawn from 
the research it is that only simultaneous and integrated 
development of R&D and industrial activities can ensure the 
future competitiveness and, thus, viability of a national 
electronics complex. In other words, this is the surest way of 
internalising the social benefits of electronics in Brazil.
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2 EMPLOYMENT IN ELECTRONICS

This section shows the principal trends in employment 

growth in the Computer industry in recent years; it also gives 
an indication of employment in the consumer electronics 
industry. This provides the broad parameters of employment, 
from which point it will be possible to examine the composition 
of the labour force which will be shown to differ by sub-sector 

of the industry.

The second part of the section analyses the policy and 
political conditions which have fomented or otherwise 
influenced employment in the sector, as well as giving- brief 
mention to the possible indirect employment created by the 
electronics industry. The two examples given are of the inputs 
suppliers and Computer Services.

2.1 Employment

The Statistical Office (IBGE) does not, unfortunately, 
make a distinction between electrical and electronic 
sub-sectors and instead lumps together a wide range of 

activities (3). Within this diverse group of industries 
employment has been declining since the beginning of the 1980s. 
Table 1 shows that this decline was roughly equivalent to the 
decline in manufacturing employment as a whole since the share 
of the sector in total manufacturing remained fairly stable.

3. Electronics components; audio-visual; domestic appliances; 
industrial equipment; electrical materiais; data processing 
equipment; telecommunications; medicai equipment; electrical 
and electronical repairs; generation; transmission and 
distribution of electricity, are the activities which comprise 
the electrical and electronics sector (Group 13 of the IBGE 
Industrial Classification).
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Employment in manufacturing and electro-electronics 1979-84 
(1000's of employees)

TABLE 1

Year Manufacturing 
(A)

Electro-Electronics 
(B)

Share of Sub-sector 
in manufacturing 

(B/A)
1979 4,492 229 5.1
1980 4,650 243 5.2
1981 4,309 208 4.9
1982 4,032 207 5.2
1983 3,740 189 5.1
1984 3,964 200 5.1
Source: ABINEE

From a peak of 243,000 in 1980, the decline was steady 
until 1984 when employment grew 6% relative to the píèvious 
year, reaching 200,000 people. According to Information from 

CDI , the variation in employment reflects the variation in 
output of the sector. This is shown in Table 2

Production value of electro-electronic sector 1979-83

TABLE 2

PERIOD Production Value 
(US$ millions)

Annual 
Variation(%)

Accumulated Variation 
(index)

1979 12,917.29 —— — 100.0
1980 14,080.76 9.0 109.0
1981 11,968.39 -15.. 0 92.6
1982 11,754.76 - 1.8 91.0
1983 10,109.09 -14.0 78.3

Source: CDI (1984;5).

Within the sector, however, the variation of both 

employment and of output is marked. Much of the decline can be 
put down to activities in the generation and transmission of 
electricity; telecommunications; and consumer electrical and 
electronics goods (4). Consistently growing throughout this 
period, however, have been the Computer industry and, to a 

lesser extent, the electronic components industry.
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2.1.1 Computers -

From 4000 employees in 1979, according to ABICOMP, the 

national segment of the Computer hardware industry alone 
accounted for nearly 30,000 employees by the end of 1985. this 

is likely to grow by another 30% in 1986 (Info, Dec. 1985;32).

Table 3 shows, quite graphically, that the growth in 

employment is due wholly to the expansion of the national 
segment of the Computer industry. While the share of MNC 
employment has been gradually declining since 1980, employment 
in national firms has grown exponentially. Growth has occured 

both within individual firms and due to an increase -in the 
absolute number of national firms. This is illustrated by the 
following growth rates of employment in all national firms and 
in the sample of 14 national firms interviewed in our research 
(5) .

1979/80
1980/81
1981/82
1982/83
1983/84
1984/85

Total

80.0%
14.0%
52.0%
25.0%
39.0%
30.0%

Sample
39.5%
13.2%
18.5%
21.7%
22.5%
20.5%

4. Telecommunications, for example, laid off 27,000 of its 50,000 
production workers in the period (one firm dismissed half its 
labour force of 12,000), due to an estimated 60% idle capacity 
caused by cuts in government orders which comprises 70% of the 
telecommunications market (DI, June 1985,*12).

5. In 1984, this sample constituted 50% of employment and nearly 
60% of sales in the national Computer segment.
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The higher rates of the total of firms indicates the 
continued entry of new firms into the market. Nevertheless, 

even in those firms which have been established longer (the 
sample) and which are amongst the largest in computers, the 

growth in employment continues to be impressive. The entry of 
national firms into the most dynamic segment of the Computer 
market (micros and minis), under protection of the reserved 
market, goes a long way in explaining the expansion, as well as 
the relative stagnation of MNCs.

The growth in sales in national firms is almost the mirror 
image of employment growth (see Table 4). However, it should 
be noted that the general expansionn of the market for Computer 
goods hides the fact that individual firms suffered a downturn 
in 1983. MNCs, on the other hand, continue to maintain a 

strong position in their segment of the market, with almost 

consistent growth in sales (6) despite a decline in employment.

Table 5 illustrates the above point. Using sales per 
employee as a proxy for productivity, we can see that MNCs have 
a far greater productivity than national firms. This 
productivity has also increased fairly consistently since 1980. 
For national firms, on the other hand, productivity has 
remained relatively stable, or even declined, since 1980.

While not too much can be made of such aggregate measures, 
Table 5 does indicate at least three factors. First, the 
difference between MNCs and national firms is a reflection of 
the high value added of mainframe Computer systems compared to

ú. The sample MNC sales in 1981 and 1982 appear equal to total 
sales due to the use of separate sources and to the fact that 
published Information is based on precarious estimates. MNCs 
in the sector are not in the practice of making output figures 
publi c.
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the smaller systems (micro and mini) produced by national 

firms. Second, the uneven pattern of sales per employee in 

national firms seems to be a good indication of an industry 

which is still 'finding its feet'. There is some indication 

that the larger national firms (i.e. the sample firms) have a 

higher productivity than the national average. This is to be 

expected due to the accumulated industrial experience of these 

firms and to the economies that result in increased scale. 

Finally, the divergence between national firms and MNCs shows 

that, per unit of output, the former absorb considerably more 

employment. This, as will be seen, has implications for both 

the type of employment that national firms are creating and for 

the demand for certain categories of labour which are in short 

supply.

It should be noted, finally, that MNCs still hold a very 

strong position in the Brazilian Computer market. In the 

period 1980 to 1984, the value of the installed part of 

Computer systems rose from US$ 1,649,190 million to US$ 
4,339.453 million, while the number of systems rose from 8,844 

to 153,202 in the sema period. Despite the overwhelming 

dominance of nationally owned industry in the number of systems 

used in Brazil, foreign subsidiaries (particularly IBM and 

Burroughs) still hold a considerable part of the market in 

terms of value. Thus, micro and mini computers (classes one 

and two) account for 98.4% of Brazil's Computer park but for 

only 23.7% of total installed value. Conversely, 

muitinationals manufacturing mainframes (classes 5 and 6) 

account for only 0.7% of the total number of installed systems 
which is, however, equivalent to 59.5% of the value of 

installed computers (SEI 1985;19).
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Despite their dominant position, the share of MNCs in 

total sales of computers is showing signs of decline relative 

to nationally owned firms. For example, of the largest 100 
Computer firms in 1984 the share of MNC sales relative to 
national firms sales fell 3% from 1983 to 1984 (Dados e Idéias 
July 1985 ; 13 ) .

2.1.2 Consumer Electronics -

The consumer electronics industry in Brazil is now located 
almost entirely in the State of Amazonas in the Manaus Free 
Zone (MFZ). Those firms which still have activities in_^ other 
parts of the country are, with one exception (7), carrying out 
minor phases of the production process which will anyway soon 
be moved to the MFZ. The fiscal incentives offered to consumer 

electronics firms in MFZ are such that products can be sold 
some 25-30% cheaper those produced in the rest of the country. 
Since the local (Brazilian) market is protected against the 
import of consumer electronics goods, the firms in MFZ have a 
captive and large market which effectively dispenses with the 
need to export. Thus, more than 98% of production in the MFZ 

is directed to the internai market (8).

Data for employment in the consumer electronics industry 
in the Manaus Free Zone vary considerably. Table 6 shows 
estimates from SUFRAMA.

7. This foreign firm produces rádios under a draw-back scheme and 
exports 100% of its output.

8. For a thorough, and perhaps the only, analysis of the 
development of the consumer electronics industry in MFZ, see 
Baptista (1985 and 1985a).
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MFZ: Number of Firms and Employment - 1980-1985

Table 6

No. of firms No. of employees

Electron ics Others A/B Electronics Others A/B
Yea r (A) (B) % (A) (B) %

1980 31 153 20 19,905 29,658 67
1982 35 173 20 20,542 29,248 70
1983 42 186 23 20,094 30,006 70
1984 45 214 21 17,442 27,507 63
1980/84
% growth 45,2 39.9 - -12.4 -7.3 -
Source: SUFRAMA (ci ted in Bapti sta 1985;57 )

According to this Information , the expansion in the number
of electronics firms in MFZ in the period has been growing at a
faster rate than in other industrial sectors (45.2% and 39.9%
respectively). despite this expansion, there has been a net
loss of employment in the same period: -12.4% for electronics
firms and -7.3% for other firms.

Other estimates contradict the total employment cited by 
SUFRAMA in Table 6. To give a few examples: SUFRAMA estimates 
in another publication that the levei of employment in 
electronics in 1983 was 16,586 people, with another 2.569 
employees expected through electronics projects being implanted 
at the time (SUFRAMA 1985;8); the same publication laments the 
fact that there had been a decline of 13% in emloyment between 
1982 and 1983 (lbid;25); another estimate, from the 
metalworkers Union of Manaus, is that from a total of 30,160 
employees in MFZ in 1982 (90 firms), the number had fallen to 
25,000 (in 170 firms) in 1985 (9). Further, that between 1979

-• “ w * *

9. The example is for all industrial activity in MFZ. The 
superintendent of SUFRAMA States that in 1985, 318 firms had 
generated employment for 55,000 people (informática Hoje 
4.2.86;4).
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and 1985, 10,000 to 11,000 workers had been laid off (Data News

7.1.1986;20 ) ; another estimate puts the number of employees in 
electronics in MFZ in 1985 at 12,850 (Info June 1985).

Despite the variation, there is some consistency: 

employment in consumer electronics has been declining since the 
early 1980's, a time when the MFZ enjoyed relatively "full 

employment". The following years of economic crisis have meant 
that the MFZ has not yet reached this levei again. "The 
solution", according to the technical director of FUCAPI "is 
the constant attraction of new enterprises to the region" (Data 

News 7.1.86;20). New enterprises are going, but from the data 
presented in Table 6, this strategy is not succeeding in 

employing the growing numbers of those without work in Manaus. 

In consumer electronics, the combination of changes in products 
and process technologies "shows an inevitable tendency for the 
industry to lose its capacity to generate employment" 
(Baptista, 1985a;33).

Following sections will discus these tendencies in product 

and process innovation. Suffice it to speculate here that the 
effects of these changes on employment will be more accentuated 
in the Brazilian consumer electronics industry than in other 
electronics sectors due to the relatively higher concentration 
of semi-skilled workers in the former. A Ipok at the 
composition of the labour force in electronics illustrates 

this.
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2.2 Labour Force Composition

The composition of the labour force is a more accurate 
indicator of the kind of social benefits which a nationala 

electronics capability can bring. An industry which is 
intensive in semi-skilled labour may bring the advantage of 
much needed employment, however, what matters equally is how 
skilled and well paid this labour force is.

Table 7 show the changes in the composition of the labour 
force in national Computer firms by levei of education. The 
most apparent trend in natinal firms is that the share of 
graduates has been falling from 1979 to 1984 in irrverse 
relation to the increased share of workers with primary 
education. This reflects the large increase in output of this 
segment in the last five years.

As well as changes in the composition of the labour force 
over time, there are also differences in respect to the origin 
of capital of Computer firms.

Table 8 shows that the composition of the labour force in 
the Computer industry is quite different between MNCs and 
national firms. In a sample of 19 national and foreign firms 
for the period 1980-82, Piragibe et al, show that the 
concentration of employees in MNCs is in production (28.6% in 
1982 ) and in marketing and support (18.6% and 17.2% 
respectively) . R&D accounts for only 3.0% of those employed. 
National firms, by contrast, employ 40.7% of the total in 
production, 8.6% in marketing, 14.6% in support (technical 
assistance), and 14.3% in R&D (10) The distribution of 
graduates shows a similar pattern: MNCs employ few in R&D

10. The "others" category includes administration and management.
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(3.9% of its graduates in 1982) 

high concentration of their 

(26.9% in 1982). The relative 

production, however, doese not

More detailed Information 

labour force in the national 
is shown in Table 9.

while national firms have a 

graduates in the same activity 

distribution of graduates in 

show such a divergence.

about the composition of the 

segment of the Computer industry

It shows that the largest segment of the national firms'
employment is in production (39.6%) (11) Of this total, 45.1%
had primary education 43.7% secondary education and 11.2% were
graduates. 57.6% of those employed in R&D are graduates.-1”

The number of people involved in the training of human 

resources, although inexpressive in real terms, should be 

noted. This has risen from 1.6% of the total workforce in 1980 

(i.e. 110 people) to 2.0% in 1983 (315 people).

Our research, carried out in 1985, tends to confirm the 
above trend. In the 14 national firms for which we have 

sufficient Information the employment composition in 1984 was 
as follows. Product development accounted for some 15% of the 

total employed. The share corresponds to that found by other 

research in 1980 (Tigre 1983;95). It emphasises the contrast 
with the human resources employed in R&D by MNCs (See Table 8) 

and the fact that national firms have no 'parents' to turn to. 

Direct production accounted for 30% of the workforce average, 

while indirect production involved a further 12% of employment. 
The remãining 43% in the sample were employed in

il. According to SEI, this share has been increasing over the
years. In 1980 production accounted for 31.7% of total
employment, 1981, 35.1% and 1982, 37.2%. This is to be
expected from the low starting base of the national industry 
and its subsequent rapid production expansion.
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administration, marketing, and post-sales maintainance and 

Services. This high proportion of people in non-productive 

activities follows an International trend which has been noted 
by Soete (1985;67). Unfortunately, we do not have more 
disaggregated Information for these latter categories, although 

we would estimate that at least half were involved in 
administration.

Of those involved in di rect production in the sample (30% 

of total), more than half (52%) carried out assembly work and a 
further third (21%) were involved in product testing. The 

remaining 27% of those in direct production carried out 
mechanical, metal working and packaging tasks. It is important 

to emphasise here that women accounted for 46% of those 

employed in direct production. Based on direct observation, 
they are concentrated almost exclusively in the assembly of 
PCBs and wires and cables. That is, in semi-skilled 
activities. Asssembly work for men on the other hand, tends to 
be concentrated further down the process where the final 

product is assembled.

In 8 firms for which we have sufficently disaggregated 

Information of the labour force composition, it has been 
possible to make a comparison between national and 
muitinational Computer firms and consumer electronics firms. 
Table 10 summarises the relative share of the labour force by 

activity and by skill category.
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Table 10

Percentage Share of Employment by Skill Category 
Computers and Consumer Goods - 1985

Category
Computer Fi rms Electronic

Consumer
of Labour National MNCs Goods
R&D (12.5) (3.7) (1.9)
- Engineers 8.4 2.2 0.6
- Technicians 4.1 1.5 1.3
Production (47.8) (50.1) (56.0)
- Engineers 2.1 2.7 0.9
- Technicians 
- Production

6.1 5.6 4.4
maintainance 2.0 1.2 1.1

- Supervisors
- Assembly

1.4 3.7 1.4
workers 36.2 36.9 48.2

Othe rs 41.5 46.0 42.3
Total 1 00.0 100.0 100.0
Source: Interviews in 8 firms

In R&D, a patter n similar to that already described is
evident: national firms have a much greater concentration of
their workforce here than either MNCs or consumer electronics
f i rms (12).

In production, there is a higher concentration of
employment in consumer electronics (56%) than in Computer
firms. In addition, the bulk of the production workforce in
consumer electronics is in as sembly (86% of production),
whereas assembly workers in the computer industry represent a
lower proportion (about 75% of production)(13). Concomitantly,
the share of skilled workers in production i s higher in
computers than in consumer electronics.

In sum we should stress that not only have there been

12. Note that the Information for consumer electronics is based on 
Information of employees in MFZ, except for one firm located in 
São Paulo.
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impressive growth rates in employment in some parts of the 

electronics industry - notably computers and peripherals - but 

that this employment has been of a qualititatively different 
kind to that found in the multinational Computer firms and in 
the consumer electronics industry. Part of the explanation of 

these differences lies in the policy framework of the Computer 

industry. It is to this which we now turn our attention.

2.3 Policy And Employment

A major contributing factor to the expansion of employment in 

the Computer industry has been government policy, even if this 
influence has, until now, been indirect.

Protectionism has been a common strategy in developed and 
developing countries alike for fostering the development of an 
electronics industry (see Piragibe 1985a; World Development 
1985; UNCTAD 1978; UNIDO 1985; SEPSP 1985).

The proposition here is that if Brazil, as a developing 

country confronted by the innovative power of the developed 

world, is to internalise the social benefits of electronics 
then protection of the local market becomes a necessary, though 
not sufficient, precondition to this end.

While not necessarily making explicit the central role of 

human resources in electronics, protectionism has significant 
repercussions on their utilisation in both electronics R&D and

13. This, however, does not include IBM which has a much lower 
proportion of assembly workers. According to interviews in the 
firm, 17% of the factory workforce of 1.144 were 'operators'. 
Managers (many of whom are engineers) account for 11%, 
Engineers, 8%, technicians, 6%, and Administrators, 48%. The
employees at this factory consititute 27% (in 1985) of IBM's 
total employees in Brazil. Unfortunately, more disaggregate 
data were not available from this firm.
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production.

The principal tool of policy has been the creation o 

reserved market for certain segments of the Computer indus 

initially micro and minicomputers and their peripherals 

gradually spread to other areas such as, superminicomput< 

automation equipment, microelectronic components (l< 

teleinformatics, software, process control, instrumentation 
so son (14)...

The spin-off effects of this policy have been considerí 

for both quantitative and qualitative aspects of employment.

The massive growth of employment by national firms is 

first and most visible impact of protectionism. The growtl 
the national industry has provided employment for semi-ski) 
workers, technicians and engineers.

More importantly, the reserved marked policy has redi 

the dependency on muitinational firms as the only previ 

means of job and skill creation. While judging from the d 

presented on research activities by MNCs in Brazil, it is cl 

that their dominance of the market was not conducive to 

expansion of R&D activities in Brazil. This is pronounced 

the case of product development, but also limited the growth 

industrial experience in computers.

The growth of a national industry behind protect 

barriers has not only created the space for learning though 

(in both industry and other institutions) but has also crea 

the opportunity to gain industrial experience.

14. The evolution of Computer policy in Brazil has had extens 
coverage in recent years. Amongst the more thorough analy 
see: Piragibe 1985; Tigre 1985; Erber 1985; Fregni 19 
Abicomp 1984; UNCT/SEI 1983.



Nevertheless, the policy framework for computers has, 
until recently, had only an indirect impact on the formation of 
jobs and skills. While policy makers have recognised the 

importance of human resources as a means to "the creation of 

national capacity in Computer activities...", the role of the 

State has been passive.

As early as 1976, CARPE was given the task of formulating 

recommendations for a national Computer policy. It saw one of 
five major objectives of such policy as being, "...to create 

jobs for Brazilians and more professional employment 

opportunities for Brazilian engineers and technicians..."(UNCTC 
1983;64).

This same objective has been reiterated more recently in 
what has become known as the Informatics Law (Law no. 7232 of 

29.10.1984), in which the need for '...training and upgrading 
human resources in the sector...' is referred to (Art. 4 V) . 

In addition, the provision for a ' . . .deduction from income 

taxes of up to double the amount the expenses used in the 
training or upgrading of human resources..." (Art. 13 V).

The National Plan for Informatics (Planin) which is due to 
be approved in the first half of 1986, for the first time makes 

explicit the need for human resources in planning.

...the training and development of human resources is 
a fundamental component in the strategy to achieve 
the objectives of national capacity in Computer 
activities... (training) institutions need support 
to enable them to be re-equipped and to train a 
growing number of prof essionals to meet the 
requirements of the labour market...(Planin, cited in 
Data News, 24.9.1985;55)
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Amongst the proposals of Planin we might include: to 
support and conceed incentives to technical and graduate levei 
institutions; to plan adequate curricula in conjunction with 
these institutions; to concede grants for post-graduate 
research abroad; to train people in industrial processes; to 
equip institutions with appropriate equipment; and so on...(15)

These proposals rely on the incentives anticipated in 
Article 13 of the Informatics Law. These (and other) 
incentives were conceded by decree 92,187 on 20.12.1985 
(Gazetta Mercantil 24.12.85).

Table 11 shows the resources released by the State for the 
next three years.

Table 11

State Resources
1
Envisaged in 
;US$ millionsi

Planin - 1985-88

Programmes 1986 1987 1988 Total
Research and Development 98.0 78.7 69.3 245.9
Training 
of Human

and Development 
Resources 21.5 34.3 43.6 99,4

Others ( *) 6.4 7.2 7.9 21,5
Total 125.9 120,2 120.8 366.9
Source: Gazetta Mercantil (26.11.1985)
Note : 1 ORTN - Cr$53,437.4 - US$7.14 (September 1985)
* Includes resources for studies on social, economic and

political impacts of computers.

It is too early to say what the effect of these incentives 
might be. However, this is the first time that the State has 
intervened directly in the area of human resources. Note that

15. Planin also proposes the creation of legal mechanisms for 
negotiation and for labour recycling programmes due to the 
effects of automation.
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this intervention is directed to industry only. Universities

and other research institutions are left with the option of 

precarious one-off financing for research teams. As the 

Brazilian Computer Society complains:'...although the Computer 

industry is considered strategic for the country, government 

investment [in university research] is not considered a 

priority area. The recently sanctioned Informatics Law did 

manage to institute permanent and secure mechanisms to provide 

the area with resources that its strategic nature requires" 
( SBC 1985;9)(16).

By way of contrast to policy for the Computer industry, 

one of the stated central objectives of setting up the consumer 

electronics industry in MFZ was precisely to generate 

employment in the region. In this sense, policy was a 

necessary condition for employment to be generated, and as we 
have seen has had some success. However, trends in employment 
in MFZ, and particularly in the electronics industry, seem to 

be showing that a sustained growth in employment is precarious 

and, to date, has produced a heavy concentration of employment 

for semi-skilled assembly workers.

Various programmes set up in the region by SUFRAMA and 
FUCAPI - such as the nationalisation and regionalisation of 

inputs, product disaggregation, as well as training programmes 

for engineers and technicians - have the intention of 

"deepening" the industrial process in the region, by creating 

intermediate industries. The hope, as a consequence, is to 

expand both quantitative and qualitative employment 
oppor tuni ties. However, it is early days to assess the 
employment effectiveness of these programmes.

16. see Section 5 for further details on university research.
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2.4 Indirect Employment

In the introduction we briefly discussed the significance 

of what has been termed the 'electronics complex' and the 
growing interdependence and integration of the different 

electronics industries.

The growth of the electronics complex in Brazil and the 

positive effects it can have on the internalisation of jobs and 

skills has a further dimension which lies outside the 

electronics industry itself. This is the possibility of 

indirect employment, or the employment multiplier, caused by 

the installation of an electronics industry. -

The pervasiveness of electronics in the economy and 

particularly data processing application, makes the possibility 

for indirect employment all the greater. Equally, it increases 
the need for qualified users of the technology and adequate 

support from the producers of the equipment.

It would be nothing less than heroic to attempt to measure 

the indirect employment created by electronics (17). The 

objective here is modest: to illustrate, by way of some 
examples, the potential indirect employment that a local 

electronics industry can create.

Before this, it is pertinent to open a short parenthesis. 

While the national Computer industry in Brazil is itself 

creating local employment at all leveis of skill, the effects 

on employment on the users of the Computer industry’s products 

is by no means clear. Growing automation in numerous areas of

17. For a discussion of the employment multiplier and the 
conceptual/methodological difficulties that surround it, see 
ILO (1984).
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industry, Services and commerce is undoubtly changing labour 

requirements in terms of both skill and quantity. Sectoral 

studies are a necessary step in building up a picture of how 

technical change is effecting employment. However, it is the 

economy-wide employment effect that is of ultimate interest. 

Modernization of the industrial and Service sector 

infrastructure is undoubtely a necessary step for Brazil (or 

any other economy for that matter) but all too often a blind 

eye is turned to the social consequences of modernization. To 
close the parenthesis, a question: to what extent is the 

produce of the Computer industry contributing to loss of jobs 
in other areas of economic activity?

The first example of the employment linkages produced by 
the electronics industry is the most obvious: Computer 
Services.

The dimension of this sector are imprecise but 

substantial. For example, Assepro, the professional 

association of the area, has 300 member companies, while the 

Finance Ministry has 1,500 firms registered as providers of 

data processing Services. Despite this indefinition, there is 
an indication that foreign firms are increasing their share in 
the market. In 1984, it is calculated that of the total 
receipts of US$850 million in data processing Services, 26% and 

national firms, 12%. In 1985 the share of foreign companies 

had risen to 32% at the expense of the national private share, 
while the share of State firms remained stable (Informática 

Hoje 3.12.85;22).
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Nevertheless, the size of the market for Computer Services 

is large and hence a significant employer. This is illustrated 

in research carried out by SEI, which measured the actual 

number of professionals working in Computer Services in 1981 

and, on this basis, projected what the human resources 

requirements would be in 1984 and 1985. The results are 
summarized in Table 12 below.

Professionals in Computer Services - Brazil

Table 12

1981(base year) 1984 1985
Total % Total % Total - %

Analysts 14,516 12 34,357 16 44,624 16Programme rs 13,496 10 31,033 14 40,716 15
Ope rators 16,505 14 24,929 12 31,362 11
Data entry 51,518 41 77,843 37 98,064 37
Tape Archives 1,150 1 1,771 1 2,246 1
Data processors 28,471 22 42,991 20 54,081 20
Total 126,656 100 212,924 100 271,093 100
Source: SEI (1984a)

It appears that the estimates made in this research were 

slightly optimistic. For example, the Engineers Union of Rio 
de Janeiro has calculated that the total number of 
professionals in the area in 1985 was 207,756 (Dados e Idéias, 

Dec 1985;70). Nevertheless, this area of the labour market is 

obviously one of impressive growth. It should be noted in 

addition, that the professions for which demand is growing 
fastest (analysts and programmers) are those which require 
higher qualification. According to another estimate by SEI, 

the number of analysts by 1986 would be 56,885 and the number 

of programmers would be 52,274. Of these, 57$, and_, 63$ 

respectively would be working with micro and minicomputers 

(classes 1 and 2) produced by the national segment of the
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Computer industry (SEI, 1983).

This said, however, developments in the industry, 

particularly the growing use of 4th. generation user-friendly 

software, will undoubtedly have the effect of reducing the 

demand for analysts and programmers (see, for example, Dados e 

Idéias, May 1983;8 and Info, Dec 1985;29).

The second example of the indirect employment created by 

the electronics industry is that of the suppliers of inputs to 
the industry.

In the firms interviewed it was established that the 
majority used between 200 and 500 suppliers of inputs. This 
was the case for both national and foreign Computer firms and 
for consumer electronics firms. The inputs supplied vary 

enormously: from nuts and bolts to digital integrated 

circuits. Depending on the product, a firm might have to buy 

anything between 2000 to 6000 items to be assembled.

A typical breakdown of costs of inputs is shown below;

Electronic inputs 58%

Mechanical inputs 25%
Electrical inputs 16%

In this example, 39% of the final value of the product was 
imported. The imports were all electronic components. In 
other cases, the value of imports in the final product ranged 
between 5% and 30%. In all cases, the imports which weighed 
most in value were integrated circuits and products based of 

precision mechanics, such as printer heads.
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components however. The demand for printed Circuit boards, 

wires and cables, mechanical sub-assemblies, plastics, 

transformers , switches, floppy disks, magnetic tapes, 

cinescopes, and so on, has the potential of generating 
employment. The requirements for always increasing the index 
of nationalisation of both Computer and consumer electronics 

goods augments the possibility of creating indirect employment.

The Brazilian Association for the Computer Components 

Industry (ABICIN)(18) calculates that there are some 600 firms 

in Brazil whose principie market outlet is the electronics 

industry (Jornal Microeletrônica, July 1985;3). If this is the 
case, then the continued growth of the electronics industry can 

only have positive effects on its suppliers.

In this context, it is important to highlight the role of 
MNCs , not only as suppliers producing locally (e.g. 
cinescopes) but also as consumers and the effect that they have 
on the quality of inputs for the electronics industry. Quality 

requirements for mainframe computers are exact and hus, the 
firms (particularly IBM) invest considerably in developing 

their suppliers both by providing training and technical 

know-how.

The resulting benefits in terms of product quality for 

national Computer firms cannot be underestimated (19). As one 

national firm engineer said, '...the viability of many of the 

nationally produced inputs is because they have to meet the

18. Created in 1984 by 15 of IBMs most important suppliers.

19. IBM buys only 20% of a given suppliers production, leaving the 
suppliers to find outlets for the other 80%.
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quality requirements of MNCs' (Interview). This sentiment was 
repeated by the manager of a national firm producing printed 

Circuit boards: '...the quality of our PCBs is due, in great 
part, to the requirements of MNCs and the technical assistance 
they have provided...' (Interview).

This said, it is the very policy of reserving certain 
segments of the Computer market for national firms which allows 

such a learning process to take place. Without the reserved 

market it is very probable that such production would be 

carried out by foreign firms themselves. However, the 
continued presence of MNCs in the mainframe market does have a 

beneficiai effect on the process of learning in some national 

firms. In sum, the issue of MNCs is neither about allowing 
them a completely free hand in the market nor about totally 

excluding them. Rather, a strategic selective approach would 
appear to be the most promising.

It has become clear that the growth in employment and its 

structure have been quite different in the sub-sectors of 

electronics examined. Perhaps most significant has been the 

substantial growth in employment in the national segment of the 

Computer industry. Encouraged by government policy, employment 

in this sub-sector has not only grown quantitatively but also 
qualitatively in terms of its skill structure. It is this 
latter aspect which we will now examine in more detail.
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firms of the Manaus Free Zone (MFZ), by comparison, the working 

week was nearly always 48 hours. Two exceptions had 45 and 46 

hour working weeks respectively. In this situation it is 
useful to bear in mind the obvious point that the wage earned 
in a 42 or 43 hour week is in real terms significantly more 

than the same wage earned in 48 hours. This said, however, it 
appears that the salaries and wages paid in the Computer firms 
are higher than average even when we disregard any adjustment 
for the shorter working week.

Table 13 below shows ranges of wages (calculated in 
numbers of minimum wages) for three catagories of skills in 

both the Computer and electronic consumer goods industries. 

Wages in the table are divided into two bands - minimum and 
maximum - since for each category of labour there are obviously 

variations in remuneration dependent on such factors as 
experience, time in the firm, qualification, and so on. Here, 
the minimum scale would be applicable to people with little or 

no previous industrial experience. In other words a starting 
wage. The maximum category is the inverse, i.e, people with 

previous experience and/or substantial time served within the 
firm. Al ternatively, they are people with scarce and sought 
after skills.

There are a number of (sometimes stark) differences which 

deserve highlighting. Wages for all catagories of workers 

(engineers, technicians and assembly workers) are higher in 

Computer firms than in consumer goods (16%, 19% and 60% higher 
for the three categories respectively). Similarly, wages in 
MNC Computer firms are consistently higher for all categpçies

20. These two assembled components and manufactured PCBs. Working 
with two shifts, their rationale was to maximise the use of 
expensive machinery.
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than in national Computer firms (24% higher for engineers, 32%

for technicians and 82% for assembly workers)(21).

Table 13

Monthly Wages in 24 < 
(in number

electronics 
of minimum

firms(a) by Skill 
wages - 1985)(b)

Category

Sub-sector Engineer s Technicians(c) Assembly
National Computer

- minimum 10.3 4.8 2.4
— maximum 21.5 9.9 3.9

MNC Computer
- minimum 15.6(d) ■ ■ ■ 4.8(e)
— maximum 24.0(d) • • ♦ 7.2(e)

Total Computer
- minimum 10.8 5.2 3. D
- maximum 21.7 10.0 4.5

Consumer Goods
- minimum 11.6 5.3 1.8
- maximum 17.0 7.9 2.8

Source: Interviews in pe rsonnel depa rtments
Notes: a - 14 national Computer firms, 3 MNC Computer firms 

and 7 electronic consumer goods firms.
b - Minimum wage: June 1985 = Cr$333,120

Nov. 1985 = Cr$600,000
c - Not including supervisors or post-sales maintain- 

ance technicians.
d - Based on one firm. 
e - Based on three firms.

In the case of engineers, there is a wide margin between 
minimum and maximum salaries. There are a number of fairly 
obvious reasons for this differential: age, experience, 

scarcity in certain areas of activity, qualification and so on. 

More interesting is the cross-sector comparison. An engineer 

earns more in an MNC than in a national firm, and least in 
consumer electronics. To take the latter two, we have seen a 
significantly higher ratio of engineers in çomputers than in

21. The differences between MNCs and 
electronics appear, on available

national firms in consumer 
Information, to be minimal.
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Similarly for technicians, the scarcity in Manaus pushes 

starting salaries upwards, but then, since the amount of R&D is 

limited, the need for highly qualified technicians (and 

therefore higher salaries) is not so great as in other sectors. 

The higher wages for technicians in MFZ were for those in 

quality control and like activities away from the production 

line itself. Surprisingly, however, the lower end of the wage 

scale included those involved in production maintenance; 

predominantly electro-mechanical limited to transfer lines.

In Computer firms, the differential between technicians

wages in MNCs and national firms is quite apparent. In both 

cases, it is clear that the qualified/experienced technician is 

valued. This is particularly the case in areas of R&D and 
product testing/fault diagnosis.

The first observation on the wages of assembly workers in 

the electronics industry is that they are amongst the higher 

paid for industrial wage earners in general (24) According to 

DIESSE the average monthly wage of all wage earners in greater 

São Paulo in June 1985 was Cr$876,000 (2.6 minimum wages), a 

figure which is lower than the average earned in Computer 

firms, but higher than the average in consumers electronics. 

DIEESE calculates that 25% of wage earners in the region earn 

up to 0.9 of a minimum wage, 25% earn between 0.91 and 1.6 

minimum wages, a further 25% earn between 1.61 and 3.0 minimum 

wages, while the remaining earn above 3.0 minimum wages 
(Boletim DIEESE, July 1985;42). By this reckoning Computer

24. Note that minimum wages have little bearing on what might be 
considered an adequate living wage, thus the comparison of 
higher or lower wages is only relative. * By -DJEPSE 
calculations, minimum subsistence wages for a family of 2 
adults and 2 children averaged 4.9 minimum wages (Cr$631,437.6) 
a month (Boletim DIESSE, Jan 1986).
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industry assembly workers in most cases fali in the top 25%
bracket of wage earners, while consumer electronics workers
earn considerably less.

According to RAIS data from the ministry of Labour, the 

average wage for ' electronic equipment assembly workers' is 

the same as we found in the sample of consumer electronics 
firms (i.e. 2.3 minimum wages, see Table 14). The sample of 

Computer firms is well above the average on the other hand.

Wages and Gender in Selected Occupations

Table 14

CBO Occupation/Industry
% of women 
in ocupation

Ave rage
(minimum

wage 
wages)

8-52 Electronic equipment 
assemblers 69.7% 2.3

7-95 Sewers (shoes and 
clothing 96.7% 1.5

7-52 Spinners (textiles) 92.8% 2.0
Source: Ministério do Trabalho (1985) and RAIS

Two other occupations, in the clothing and textile 

industries, which are characterised as semi-skilled and have a 

high concentration of women workers, have lower average wages 
than any of the electronics assembly occupations.

What then are the reasons for higher than average wages in 

the sector as a whole? On a general levei, it is often noted 
that the economic crisis experienced since 1979 has all but 

passed the Computer industry by: an island of prosperity in a 

sea of spending cuts, redundancies and bankrupcies. If this is 

the case, then the nascent Computer industry will still have 

the confidence to pay relatively high wages. It will^ be 

necessary to monitor what happens to wages when, as it is 

commonly speculated, there is a contraction of Computer firms 
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and a concentration into larger, more competitive industrial 

units. This, for example, seems to be the case in MFZ, where 

the scale of the electronics industry requires the use of a 

relatively larger proportion of semi-skilled assembly workers 

and the industry itself has been more susceptible to the 
effects of recession.

There are, however, more immediate reasons for the 

observed leveis of wages: competion between firms; scarcity of 

appropriate skills; and incentives for responsibilties and 

quality consciousness.

The competitiveness of firms in computers depend to a 

great extent on their access to highly skilled hardware and 

software engineers (25) both for production and, more 

importantly, for product development, While not a single 

Computer firm reported a significant turnover of either 

semi-skilled workers or technicians, nearly all of them 

expressed concern over the periodic loss of engineers, or even 

a whole team of engineers (26) While this drift of persons from 

firm to firm, lured by greater remuneration and/or new 

professional challenges, may be revitalising for the dynamics 

of the sector as a whole, it can be damaging to individual 

firms. In the view of one software engineer, the initial years 

of the industry are a time to make mistakes and to learn from 

them. To lose the people who have just made all the errors 

(but who are, nonetheless, much the wiser for it) leaves the

25. Marketing capabilities, are also a key factor in a firms 
comnpeti tiveness. See, for example, the emphasis of MNCs on 
people employed in marketing.

26. This was discovered in at least 5 cases, amongst which: a 
software team of 8 people; and R&D team of 12 people; and a 
whole production management team.
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firm in something of a disadvantageous position, having wasted 
an investment in "human capital". The problem then becomes one 

of "fixing" technological capability within the firm and one of 

the most immediate ways of achieving this is to offer 

attractive salaries. Of course, this upward spiral has its 

limits and so cannot be the only reason for mobility, but for 

the moment competititon between firms for skilled engineers 
continues.

That there is a scarcity in the market for electronics 

engineers compounds the upwards pressure on their salaries. 

75% of the firms interviewed affirmed this scarcity as a 

problem for themselves, while all the firms recogrilzed a 

general scarcity of labour qualified in Computer skills (both 

engineers and techicians). Of those 9 firms which identified 

the category of labour in short supply, 4 indicated software 

engineers, 3 hardware engineers, and 2 electronics technicians.

In the case of consumer electronics, all the firms 

interviewed, expressed concern over the scarcity of engineers 

and technicians. As already noted, however, this scarcity is 

more to do with the problems of attracting professionals from 

the South East and the poor quality of training in Manaus.

The combination of competition and scarcity sets the 

pattern for engineers’ and, to some extent, technicians' 

salaries. For technicians, however, the strategy of paying 

higher wages has probably been more succesful than for 

engineers. There is a tendency, in this category of labour, to 

recruit young, recently trained technicians, or, in some cases, 
to take on apprentices training them on the job and giving them 
the possibility to be promoted to progressi vely more 

sophisticated skills. The objective, as was emphasized in
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several cases, was to create a sense of identity with the firm 
and of responsibility to the work carried out. This, combined 

with 'good' salaries foments, it seems, a certain sense of 
loyalty to the firm.

The third variable linked to wages is as an incentive to 

resposibi 1 ity and quality consciousness. The predominantly 

non-automated assembly and test processes of the industry rely 

on large number of semi-qualified workers. Electronics 

assembly work is generally recognized as being 'clean', 
relatively noiseless and not demanding physical strength. 
However, this is not to imply that assembly work (particularlyy 

of PCBs) is an 'easy' task without health and safety hazards. 
To the contrary, the work is extremely monotonous and demanding 

on both one's patience and concentration and straining on the 

eyesight. in short, it is the sort of work that, given a more 
attractive alternative, many people may choose not to do. 5o 
from the point of view of the assembly worker, higher than 

average wages become one incentive to bear the monotony. The 

lower wages paid to assembly workers in MFZ may, in part, be a 

reflection of the lack of alternative sources of employment, 

From the point of view of employers there are yet other reasons 
for paying these wages. First, there is a reliance on assembly 
workers to produce consistently accurate results since a 
mistake, however small, can cause problems further down the 
line. Any means that can be found to increase this 
consistency, such as higher wages, pays off in terms of items 
not lost in locating and rectifying faults. in addition, 

higher wages help insure a lower turnover. This is impprtant 
in the sense that mistakes are most likely when a person is new 

to the work. Of the 17 Computer firms interviewed, the average 

on-the-job training time necessary to reach an average levei of
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just don't apply for the job'. It was said consistently that

women were more 'dexterous' and 'able to concentrate', more 

'careful', 'patient', 'flexible', 'sweeter'(!), 'exacting', and 
so on. While there may be some truth in the description of the 

necassary attributes for such work there is little evidence or 

reason that women should be any more capable of the task than 

men. It is perhaps more important that, by whatever 

mechanisms, this type of activity has been labelled 'women's 
work ' .

A few points are worth raising this context since this is 

not a phenomenon restricted to the Brazilian electronics 

industry. First, the firms interviewed said that there was no 

difference in wage leveis for women and men in the same jobs, 

although through observation there appeared to be no more than 
a handful of males assembling PCBs.

Second, that assembly work is categorised as semi-skilled, 

does not deter from the fact that assembly is an exacting task 

requiring considerable training time (i.e. 3 to 4 months on 

average). That women are chosen for the task may be due in 

part to the common assumption (real or immaginary) that the 

necessary skills for assembly work (dexterity, concentration, 

etc.) are somehow 'innate' in women. However, it can be argued 

equally that such skills are learned by women but outside 

recognised training establishments (i.e, the home). Skills 

acquired outside the formal job market are more easily devalued 

or even not recognised as skills at all.

Finally, the rationale that women are more 'flexible to 

changing tasks' and 'docile' may have a firmer grounding in the 

fact that women have had less involvement in the labour 

movement (for whatever historical reason). From the point of 
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view of employers, a workforce that does not create 'problems' 
is good news.

3.3 Skills And Training

The skill profile of the labour force in electronics was 

given in section 2, the three main categories of skill being 
assembly workers, technicians and engineers. In this part, the 
purpose is to highlight some of the issues in relation to skill 
requirements and training in the industry.

To begin with assembly workers, we have already noted that 

the average on the job training time for this activity ih the 

Computer industry is anything between 3 and 4 months. In the 
consumer electronics industry, however, we found that the 

training time considred necessary by the firms for assembly 

workers to reach average productivity was considerably less: 
between 2 and 4 weeks.

Another point of comparison between the two industries was 

the levei of formal education required for assembly workers. 
The majority of Computer firms required workers with completed 
first grade education, while the consumer electronics firms did 
not implement this condition for employment. There is 
undoubtedly a higher overall educational levei in the South 

East of the country relative to the Amazon region, so not too 

much can be made of this dif ferential. However, because of the 

greater fragmentation of assembly tasks in consumer 
electronics, the industry can do with less skilled/lower 

educated workers.
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In most MFZ assembly lines (PCBs) the average time spent 

on an assembly task was 1-2 minutes (controlled by the 

movements of the transfer line). In the Computer industry, 

assemblers spent longer on each task with more components being 

mounted per person. The emphasis of the latter is quality 

control, at the expense of speed, while in the former, the 

emphasis is on scale of production and time economy. The 

majority of assembly workers are classified by the firms as 

semi-skilled. This includes both PCB assembly and machine 

operators (drills, presses etc.). Training is usually provided 

by the firm since the tendency is to employ young people with 

no previsous experience. Unskilled workers (material carriers, 

packers etc.) receive only perfunctory training in the firm. 

Skilled workers, who form a distinct minority in electronics, 

are either contracted with experience (the case of metal 

workers and numerical control machine tool operators) or are 

recruited from within the firms (the case of senipr assembly 

workers, line supervisors, floats etc.).

If the contracting and training of assembly workers is 

unproblematic for electronics firms, the same cannot be said 
for technicians. About 80% of the demand for technicians is, 

obviously, in electronics skills. The majority of firms 

interviewed complained of the difficulty of recruiting 

electronics technicians with adequate and suitable training. 

There does not seem to be a scarcity in the labour market. A 

study by SENAI on the demand for electronics technicians in the 

State of São Paulo shows quite clearly that the number of 

trained electronics technicians far exceeds the number employed 

(21,000 as against 3,200 in the period 1979/83) (SENAI May 

1985;129). The problem is summarised by the study as ’...a 

scarcity of technicians with a professional training adequate 
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to the necessities of the sector...in other words, an 

inadequacy of supply relative to the sector's demand which is 

more a problem of qualitative, as opposed to quantitative 
demand' (ibid;130).

Interviews with staff at SENAI pinpoint the roots of this 
inadequacy to existing second grade courses in electronics. 

For example, of the 109 schools (public and private) in the 

State of Sao paulo which offer courses for electronics 

technicians, only 11 were considered to be of adequate quality 

(27). Even in these schools, the third year of specialization 

was considered to be inadequate through lack of resources for 
practical training.

SENAI itself is only now beginning to respond to the 

problem by shifting its traditional emphasis from the training 

of mechnical enginers more towards electronics.

In MFZ , the problem of inadequate training is more 

serious, though the quantitative demand for electronics 

technicians is less. In this region steps are being taken by 

FUCAPI (28) (in conjuction with SENAI) to create a local supply 

of technicians. In 1985, for example, FUCAPI supplied 17 

courses in electronics to members of industry (engineers and 

technicians) and has recently created a second grade course to 
train 60 electronics technicians annually (29)

27. Seven in Greater São Paulo and four in other parts of the 
State.

28. Which is itself comprised of some 60 engineers and technicians.

29. FUCAPI is also promoting a technician to engineer conversion 
course, in conjunction with the University of Rio de Janeiro, 
for 40 students.
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In sum, current training facilities for technicians are 

still quite out of phase with the human resources requiremtns 

of industry. Clearly, there is some urgency to redress this 

imbalance.

In the meantime, industry itself takes the initiative to 

train its technicians. As we saw, the resources invested in 

training are not substantial but they are growing (see Table 9 
and 13, section 2).

Some of the larger firms in particular are following the 

example of IBM and investing considerable resources in trining. 

The strategy seems to be not only to fill the gaps in skills 

but to keep technology (embodied in employees) within the 

firms, and thus training programmes are linked to other 

benefits such as complex salary scales, rapid promotion 

possibilities, and so on. This desire to keep technology 

within the firm is not only a result of inter-firm competition 

but something that is occurring within firms. For example, 

some firms were concerned that their most experipnced 

technicians attended engineering courses at night! As one 

engineer put it: 'what we want is good technicians, not bad 

engineers'.

It is probably those firms which are investing in human 

resources training (30) - 'preparing for the end of the 

reserved market' - which will prove to be the most competitive 

in the coming decade when, on present trends, the real effects 

and pressures of an indigenous electronics industry will be 

felt.

30. See Exame (26.6.85 and 19.2.86) for two 
resources investment strategies (Elebra and

examples of human 
SID Informática).
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4 AUTONATION AND LABOUR

Automation is being implemented, to varying degrees, in 

all areas of the Brazilian economy. To cite just a few 

industrial and Service sector examples drawn from current 
recent research at CNRH, and from specialist magazines and the 
press: auto and auto parts, metalv/orking, banking, Chemicals, 

construction, steel, commerce, shipbuiIding, and so on. The 

national electronics industry is playing an important role as 

supplier of the necessary equipment to automate in these areas.

Our knowledge of the implications for labour of automation 

in Brazil is as yet rudimentary (31). Still less is thexe any 

analysis of automation in the electronics industry itself. 

This section attempts to redress this imbalance through an 

analysis of the state of automation in the induustry and the 

implications of this for the labour employed within it.

While limited by International standards, automation is 

under way for both product assembly and testing. It is argued 

that its introduction is, to a certain degree, inevitable and 

that, unless industry can reabsorb labour in other activities, 

there will be significant labour displacement. Although 

automation reduces the rate of growth of employment, to date, 
this has not occurred due to industrial expansion, However, if 

firms do not automate, the danger of loss of competitiveness 

could have an equally, if not more, detrimental effect on 

employment that that brought about by automation.

The first part of this section describes the production 

process in the electronics industry. This is followed by an

31. With some notable exceptions: CNRH (1986); CNRH/ILO (1985);
Tauile (1983); Schmitz (1985).

- 56 -



• analysis of the trends in automation at various stages of this

process and their implications for labour.

4.1 Production/assembly Process In Electronics

In Brazil's electronics industry, there are two principal 

differences between production processes for Computer goods and 

consumer electronics goods. First, the scale of production is 

greater for consumer electronics. The organization of 
production become more criticai simply through having to 

coordinate greater numbers of assembly workers. For this 

reason the use of automatic tranfer lines for assembly is 

universally practiced in the consumer goods firms vis‘ited. 

Transfer lines considerably increase the intensity of work, 

create time economies and facilitate the greater fragmentation 

of tasks.

Second, test procedures for consumer goods are not as 

rigorous as for Computer goods either for incoming parts and 

components or for final products. This is, in part, a function 

of the lesser sophistication of components, and part a function 

of the greater technological simplicity of consumer products 
themeselves. In addition, changes in product technology have 
considerably simplified regulation and test procedures.

Despite the variation in products between firms and/or 

differences in product lines within firms, there are a number 

of common characteristics of the production process within 

electronics (32). As noted, the major activity besides product

32. With the exception of the firms manufacturing 
boards and assembling integrated circuits.

printed Circuit
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development in the industry is the assembly and repeated 

testing of sub-products and final products. This can be seen 

from the production flux diagram in Figure II, which depicts 

largly manual assembly techniques. The changes that automation 

imply will be discussed below. First, however, a schematic 

description of largely manual production, based on direct 

observation in firms, serves as a basis for understanding 
changes in production.

4.1.1 PCBs And Wire Assembly -

The first stage of production is the sub-assembly of 

components onto printed Circuit boards, the preparatlon of 

wires and cables, and, in some cases, metalworking. Mounting 

components onto PCBs is the most labour intensive stage of the 

process, and the stage which utilises female labour almost 
exclusively. The assembly steps are as follows:

Preforming components - This may be done manually with a 

pair of specialised plyers, but is more usually done with 

the aid of a simple machine. The operator places 

individual components into the machine which cuts the leads 

to the required length and bends them at right angles rpady 

for insertion.

Mounting components - The components are then placed 

individually into the PCB by the assembler and the leads 
are bent on the reverse side of the board to hold them in 

place. This may be done in small lots of 5-10 components 

per assembler or each person may assemble the whole board 

(either way, assembly is done with the help of a cqlour 

coded chart of the PCB layout). According to those 

interviewed, the former process, i.e. fragmented assembly, 
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resulted in fewer mistakes and thus a faster throughput of 
mounted ('populated') boards.

Inspection and soldering - inspection is done by eye 

(again, one person per board or several people checking 

different areas of the board) to check that all the 

components are in place and with the correct polarity. As 

regards soldering, all but one of the firms interviewed 

used a solder wave machine: the PCB is placed on a 

conveyer which carries it over preheating plates and then 

over a bath of hot solder. An operation which is completed 

in a matter of seconds. It is generally recognised that, 

apart from the obvious 'saving' of labour as compared to 
manual soldering with an iron, wave soldering significantly 
increases the speed, consistency and thus the quality of 

the process (33). This, however, depends on regular 

maintenance of the machine. The boards are then washed in 

an alcohol solution to remove excess flux. Finally, those 

components or switches which could not go through the 

solder wave, are mounted and soldered manually.

Inspection and test - Visual inspection verifies the 

soldering which may have to be retouched as well as any 

revisions needed to the board's circuitry. To this point 

the process has been carried out exclusively by 
semi-skilled workers. The boards are now teçted 

electronically by technicians. This is done, with the aid 

of oscilloscope, to check that the board functions. Faults 

may be various: faulty connection(s), inverse polarity of

33. There are a number of firms, we were informed, which supply 
mounted PCBs to order and which still solder components 
manually. However, all the firms but we interviewed used 
solder wave machines.

60 -



component(s) , faulty board, or faulty component (or 

combination thereof). it is the technician's job to 

diagnose/locate the fault. With perhaps a thousand 

connections per board, this can be a time-consuming 

process. For those faults which are not easily 

identifiable another group of technicians (and sometimes 

engineers) has the task of analysisng the board to avoid 

repetitions. A more sophisticated method of testing PCBs 

involves plugging them into a programmed test which 

simulates its function. This process is quicker but will 

not locate faults when discovered, it is simply a go/no-go 

test. Fault location still has to be done as described 

above. Completing tests, the PCB is ready for assembly in 

the final product.

The assembly of wires and cables, when done manually,

involves the cutting of wires to the required length, stripping 

the ends and then either soldering or otherwise joining a

variety of connectors. These are then tested and returned to

inventory. Compared to the assembly of PCBs, this is

relatively simple task requiring the use of plyers, soldering 

irons and mechanical presses. As a labour intensive activjty, 

some firms sub-contract specialists, while others prefer to do 

their own assembly and thus ensure the quantities of each wire 

and cable required with a quality which is immediately 

controllable.

Similarly for the manufacture of mechanical and 

particularly metal parts (such as frames and boxes) some firms 

have in-house facilities (which may, as in the case of several 

firms, be located in a separate plant) while others contract 

out. In most cases, those that produced metal parts did so
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with the use of mechanical lathes, metal presses and drills.

4.1.2 Testing And Final Assembly -

The next steps of production involve the final assembly 

and testing of products. As can be seen from Figure II, this 

proceeds cautiously. Frame assembly is simply a question of 

nuts and bolts. The mounted PCBs are inserted into sockets 

attached to the frame and the system is wired up, again 

following wiring diagrams. The product (or each component of 

the product if the firm produces Systems) is tested. This is

done for basic functions of, say, keyboard and VDUs and then

the product is subject to a simulation program. Any faultffe in 

this first integration test are located and rectified by 

technicians (34 ) .

The product then goes through a process of what is 

variously called "burning in" or "aging". This involves the 

continuous running of the product (e.g. - continuous printing

of a printer, continuous use of a disk drive, continuous 

running of a CPU or television, etc..,) with a simulated 

programme for anything between 12 and 120 hpurs, under 

different tempe r atures. Through this ordeal, the equipment is 

tested again. Where applicable, the system is then 

'integrated', i.e. the CPU is linked to its various 

peripherals and re-tested. Also carried out at this stage is 

'Client configuration" which involves adjustments to the 

equipment in accordance with each clienfs needs. This applies 

particularly to the larger systems (mainframes and 

minicompute r s ) . The final stage of packaging is al$o subject

34. That the component parts of the product pass test 100% does not 
imply that the integration of these parts will always run 
smoothly.
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to random quality control, i.e. unpackaging and complete 

testing.

Why so many tests for Computer products? The answer seems 

to be twofold, lying both in marketing and production.

Marketing ? the protected market for Computer goods is 

having an ambiguous effect on the competitiveness of firms 

protected by the law. On one hand, the reserve has stimulated 

the creation of a large number of small and médium sized firms 

in the sector (35). This has only been viable due to the 

almost total protection from International competition which 

the law provides. On the other hand, however, the reserve has 

created an internai sea of firms which compete fiercely among 

themselves (36). From the point of view of the majority of 

those interviewed, a prime competitive factor is the quality 

and reliability of their products. in the words of one product 

manager, '...there's nothing more damaging to the firm's 
reputation than a system which malfunctions at installation ... 

irrespective of how small the fault may be'. Thus, a continued 

monitoring and testing of the product during assembly is a 

prerequisite for survival in a protected, but nevertheless 

competitive, market.

Production; While the above might be considered economic 
factors, there are also technical factors which demand the use 

of extensive test procedures. First, and most obviously, 

Computer products are complex and sophisticated, consisting as

35. According to the most recent Information from SEI, this has now 
reached 250 firms. See Data News (3.9.85).._ . _ .. .

36. There are currently an estimated 37 different national firms 
producing "copies" of the IBM-PC (PC,XT, or AT) alone 
(Informática Hoje 15.10.85:16).
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they do of thousands of electrical ciruits and their linkages, 

as well as less tangible components such as the basic software 

which is incorporated into this Circuit. Fault location, with 

little sophisticated equipment, is much more easily done in 

small batches while the product is at a relatively simple 

sub-assembly stage. For this reason we find the repetitive 

test procedures illustrated in Figure II. The second, and 

linked, technical factor, is that the testing of a sub-product 

and final product requires a detailed knowldge of its 

components and their functions, a knowldge, moreover, which few 

people possess. It makes most sense then to break down 

(fragment) the test procedures into small and easily leaínable 

components. Even then, testing is normally carried out by 

skilled electronics technicians with the aid of ' rudimentary' 

equipment such as an oscillosope. Even when this testing is 

carried out by semi-skilled workers, fault diagnosis and repair 

falis to the hands of the technicians.

4.2 Automation And Implications For Labour

The preceding paragraphs have described a schematic 

production process based on observation in 24 factories. All 

but a few of them had variations of this schema, be they 

concerning the degree of verticalisation of production or the 

degree of automation of production. For the latter there is a 

varied picture, however, it must be emphasied that any 

automation that has occurred or that is planned for the short 

or médium term is not of an integrated kind. That is, there is 

no evidence of the automation of the productive System as a 

whole. Thus, to talk of Systems gains such as to be fouhd in 

so-called Computer integrated manufacturing (CIM) is, to say 

the least, premature. There are, however, pockets of discrete 
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automation already in operation and plans to further automate.

This situation confirms the initial assumption that automation 

in the elctroncics industry is at a rudimentary or transition 

phase and that, moreover, this process looks set to continue 

along the present trajectory at least fot the next few years. 

The purpose here is to sketch the trends in automation in 

electronics and to draw out some of the implications of this 

automation for labour in the industry.

Table 15 below gives an indication of the present status 

of automation in the sample firms and of future plans to 

introduce automated process technologies.

In the production flux diagram (Figure II) the areas which 

are (will be ) affected by discrete automation are indicated 

(numbered areas I to VII). As is apparent, there is a 

concentration of actual (and potential) change in the area of 

Circuit board mounting and testing (II and V - Figure II).
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4.2.1 auiuiikilcu r-Lintcu vxicuiL Doaia Hssemüiy -

There are a number of semi-automated assembly devices 

already in operation. These include light tables and/or 

programmed component drums, 'wire-wrapping machinery, and the 

already mentioned solder wave machines. All these devices, it 

was reported, increased product consistency and quality, and 

decrased labour requirements and training times.

Fully automated assembly equipment was less common yet 

deserves attention because of its more serious consequences for 

labour.

Table 15 shows that of the Computer firms, only one' used 

automated component insertion (AI) equipment, one other was 

experimenting with small robot for component insertion. Nobody 

else was planriing to use robots in the short or long term (37). 

3 firms, however, were soon to incorporate automated insertion 

machinery, and a further two planned to have the equipment by 

the end of this decade.

None of the firms were willing to make definitive 

forecasts about the use of any kind of automated equipment in 

the next decade, although the general consensus was that the 

growing use of AI equipment (and automated in-circuit testing) 

was inevitable.

Of the consumer electronics firms, 3 already used AI 

equipment, another one planned to introduce it in 1986. while 

3 were making provisions to install Al by the end of the 

decade.

37. For the sake of convenience and homogeneity of replies between 
firms, the time scales used here were: short term - 1985/6; 
médium term - by 1990; long term = after 1990.
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wndi. aic luc Lcaauno lui tne cuueuiiy uwiiea amusion

of Al if, at the same time, there exist significant plans to 

introduce the machinery in the future? Opinions differ on the 

matter .

For the present there are a number of disadvantages to the 

equipment. Primarily, the actual scale of production of many 

of the Computer firms simply does not justify the investment 

cost, conservatively estimated to be in the region of 

US$100,000 per machine. In other words, at present production 

leveis in most Computer firms, one automated component insertor 

would work too fast relative to output leveis and thus would 

spend a certain portion of each day, week or month idle.^ Even 

those Computer firms which employed greater numbers of people 

in PCB assembly, with a concomitantly higher output, found that

the variety of boards produced was too diverse to justify the 

use of automated machinery. While the machines themselves are 

flexible (38), one of the drawbacks of AI equipment is that it 

can only mount some 40%-50% of the componente which constitute 

the PCB of, say, a television. This was one of the principal 

reasons given in MFZ for not introducing the equipment. Yet 
consumer goods firms, whose products (PCBs) are more 
standardised as well as being produced in greater quantity 

regarded the use of AI as more feasible then did the Computer 

producers.

Other disadvantages include; uncertainty about the 

future, particularly as regards the implications of the use of 
surface mounted components (SMDs) and restrictions on machinery 

imports.

38. Programming them for different board 
question of changing a Computer tape.

layouts is a simple
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used it, as well as by those who planned to invest in it in the 

short or médium term, came with scale production of a limited 

variety of standardised PCBs. Included among the advantages 

are greater consistency, quality and reliability of PCBs, speed 

of insertion, the minimi sation of ' human error', 24 hour-a-day 
repeatability and so on.

For users of AI equipment, labour saving was not 

considered the principal reason for its introduction. Yet this 

statement must be qualified. The element of 'human error' was 

an important consideration for the managers and engineers 

interviewed. If AI equipment could reduce this error, " then 

labour was easily dispensable. in other words, any 

displacement of labour was not necessarily because of its cost 

but because of its fallibility. The incidence of errors in 

manual assembly ranges between 5% and 25%. AI, linked to 

automated preforming/sequencing/testing and automatic soldering 

can reduce the margin of error to near zero.

A final feature of AI equipment deserves highlighting. 

This concerns the relation between prpcess and product 

technology. S tandardi zation of components, their shape and 

size, is a growing trend, with the result that it becomes more 

viable to use AI machinery. In other words, changes in process 

technnology speed up changes in product technology (39).

On the other hand, changes in product technology are also 

demanding changes in process technology. The example of 

surface mounted devices (SMDs) is perhaps the most

239. This is quite apart from changes in product technology alone 
(i.e. mi ni a tu r i za t i on ) . For example, in as many years, the 
time taken to assemble a television has been reduced from 20 to 
2.5 hours.
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revolutionary in its effect on automation. SMDs are much 

smaller than traditional components, and they are mounted onto 

the surface of PCBs. In 1985, 18% of all semiconductors 

components consumed in the world were SMDs, and this is 

projected to increase to over 40% by 1990 (Telebrasil, May 

1985). SMDs have to be mounted with AI machinery due to their 

reduced size and the accuracy needed in their placement.

Because of these concurrent changes, it is very difficult 

to identify cause and effect in automation; it is a 

simultaneous process. Nevertheless, one thing seems clear, the 

very dynamics of technical change are such that automation in 

electronics is to a great extent inevitable and Solutions to 

the implications and effects have to be resolved in the light 

of this inevi tabi 1 i ty. Policy measures can, at best, act in 

delaying the pace of diffusion of automation technologies.

4.2.2 Automated Testing -

The above arguments about quality needs in electronics 

apply equally to the process of testing. Several stages of 

product testing, from entry to exit, can be automated: 

incoming component testing, testing of sub-assemblies such as 

keyboards, programmable diagnostic testing at the final 

assembly stage, and so on...

The other criticai stage of production after asembly is 

t^e testing of sub- and final products. Automated 'in-circuit' 

testing of mounted and soldered PCBs forms the key element of 

the process (area V - Figure II).
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As can be seen from Table 15, 9 firms currently use 

in-circuit testing and 7 plan to be using it within a year. A 

further 5 intend to use in-circuit in the médium term.

In-circuit equipment consists of a Computer, Information 

storage, VDU, keyboard interface and printer. The PCB is 

placed on a vacuum pad which makes simultaneous connection with 

all the components on the board. Test and diagnosis is 

complete in one or two minutes and details immediately printed 

out. With the software typically supplied with the machinery, 

in-circuit only needs someone capable of 'programming' PCB 

specifications to be tested and an operator to carry out the 

routine. This compares with the need for technicians familiar 

with the circuitry to carry out diagnosis with more 

conventional (albeit sophisticated) equipment as described 

above. Manual methods of testing are labour intensive and time 

consuming.

There was a general consensus amongst firms that 

in-circuit test equipment, such as that manufactured by 

Hewlett-Packard, was indispensible to both the growing quality 

requirements of the industry, as well as the ever-inçreasing 

complexity of the circuitry of their products. Many went so 

far as to say that manual testing became impossible, in some 

cases, due to product complexity and the time that would be 

necessary to complete test and diagnosis. This is particularly 

the case for mainframe testing, but growing technological 

complexity and Circuit integration is making it so for more and 

more categories of electronics products. One estimate was that 

in-circuit equipment reduces test and diagnosis time by some 

80% for 'standard' PCBs.
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The factor of reducing human error is compounded by the 
ever decreasing transparency of the internai architecture of 
electronics goods. As more and more functions are packed into 
individual components, the absolute number of parts in a given 
product is reduced (40).

However, it becomes more criticai that each of these 
components functions perfectly. This has two implications: 1)
the sophistication of circuitry is making necessary for tests 
to be carried out by equally sophisticated machinery as it isr 7 o* 
becoming impossible to locate faults by manual methods. 2)2 
Since the finished Computer product is such an electronically; 
complex system, test procedures have to be carried out at" each 
stage of assembly to catch faults in the bud; without automated 
equipment, this is both time and labour consuming activity.

The intensity of testing is much greater in the Computer 
industry than in the consumer electronics industry. This is 
because quality needs are different in the two industries. 
This applies from the quality of inputs (e.g. while a resistor 
used in a Computer may require a tolerance of 1%, the same 
component for consumer goods need only have a tollerahce óf, 
say, 20%), all the way through to the quality of the final 
product. In addition, Computer goods are more technplogically 
sophisticated than consumer goods. The result is that test 
procedures (and quality control in general) are more stringent 
in the former than in the latter. This applies equally to 
incoming components, sub-product tests, 'burning-in', and final 
tests. If some of the larger consumer goods firms use

40. This itself reduces the assembly labour requirements and may be 
having the effect of reducing (or at least not increasing) 
employment leveis. However, it has not in my view reduced the 
tendency towards automation.
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automated testing (in-circuit) for PCBs, it is as much dictated 
by production volumes as by quality requi rements. For consumer 
products, the quality requirements are such that in-circuit and 
automated final configuration tests are becoming a matter of 
course. It can be said that the more sophisticated the product 
the greater the emphasis in industry on quality control. Thus 
the (MNC) mainframe industry has the greatest incidence of test 
procedures, followed by the national mini and micro industry, 
and then the consumer goods industry.

4.2.3 Implications Of Automation For Labour -

The negative displacement effect that is apparent with the 
introduction of AI equipment almost exclusively effects 
semi-skilled assembly workers. However, increased automation 
may or may not cause unemployment for this category. This 
depends on the economic performance of the firm. If it is 
expanding then there is every possibility that workers can be 
relocated to other tasks. This seems to have happened in the 
period of our research. There was continued expansion in 
computers and a revival of production in consumer electronics 
since the end of 1984. Under these conditions, AI introduction 
implies a reduction in the rate of growth of employment, The 
corollary of recession or stagnation is that AI will cause the 
laying-off of large numbers of workers. In addition, it can be 
argued that the non-introduction of AI equipment will cause a 
loss of competi ti veness of the firm which will have the domino 
effect of reducing sales, reducing production and finally 
reducing employment.
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The potential displacement effect of automation is 
graphically illustrated by comparing best practice manual and 
machine productivity for component insertion (41) .

Best practice productivity leveis for manual and automated 
component sequencing, preparation and insertion.

Table 16

1 person 
(A)

1 machine 
(B)

B/A

Preforming/sequencing
(components/hour) 625 5000 8

Component insertion
(components/hour) 1,260 5000-12,500 4-10

Source: Interviews

It can be seen that performing by machine is B times 
faster than the same tasks done manually, while insertion is 
anything from 4 to 10 times faster by machine than hand 
(depending on what machine is used). The saving of labour in 
this case is obvious and, when we consider one factory which 
had 6 of these machines, quite dramatic. Assuming, as was 

observed, one person operates one machine, there will be a 
'saving" of 42 operators and 18 to 54 component assembly 
workers. This latter may be a conservative estimate since the 
production manager of one consumer goods plant volunteered that 
one machine may displace 15 to 20 people. Either way, the 

numbers are significant.

AI equipment has a limited job creation effect, although,

41. Best practice productivity is here considered to be that 
achieved wi th the use of standard transfer lines - as yet 
uncommon in Computer firms but universal in consumer 
electronics firms. We found productivity differences of up to 
25% in manual methods using transfer lines. The figures cited 
in table 18 are for the most 'efficient' manual assembly. The 
productivity for PCB assembly of most of the Computer firms was 
well below that of the figures cited here. Similarly the 
intensity of work was less.
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qualitatively, the skill creation effect is more positive. 
This is principally in machine maintenance and programming. A 
semi-skilled operator can feed and monitor up to 2 AI machines 
(42). According to one (female) operator interviewed, the work 
was 'far preferable to the intensity on the assembly line' but 
required 'constant attention to stop the machine when something 
went wrong'.

For maintenance, some 10% of the problems encountered are 
electronic while 90% are mechanical. Machinery suppliers 
recommended that one mechanical technician is needed for the 
maintainance of three machines, while one electronics 

technician can monitor/maintain 5 machines. In additioir one 
progranuner is needed. In an interview with a technician the 
reality appears to be somewhat different: 3 mechanical 
technicians and one electronics technician maintain 7 machines 
and 2 sequencers (43).

Imported spares and parts sometimes delayed 6-8 months to 
arrive and so the technicians have also been designing their 
own spares. Superficial training was provided by the machinery 
suppliers and, from then on, the above technicians had been 
learning as they went along. Even after 2 years of using the 
machine, up-time hovers betwen 70% and 80%.

Programming - in this case also done by the same 
electronics technicians above - is aided by a previously 
supplied programme generator. The technician plots the 
coordinates of specific PCBs to be mounted into the Computer

42. None of the machines were integrated into an automated transfer 
line as happens, for example, in Japan. 1 ..........

43. They were also called on, periodically, to maintain the 
transfer lines in the rest of the factory.
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and the programme generator automatically calculates the centre 
points of each hole in the PCB.

Thus, trends in automation indicate both a potential 
displacement of labour at the base of the skill triangle and 

some upgrading of skill requirements. Some examples illustrate 
these trends: automated insertion (AI) equipment for PCB 
assembly can displace semi-skilled assembly workers in large 
numbers, while at the same time it requires the employment of 
electronics and, even more, mechanical technicians for 

programming and machine maintenance (the machines themselves 
are operated by a greatly rduced number of semi-skilled 
workers); in-circuit testing for PCBs displaces both semi- 
skilled workers who carry out routine visual and electrical 
connection tests and technicians who carry out fault diagnosis. 
In-circuit equipment, which tests and diagnoses PCBs 
automatically, can be operated by semi-skilled workers, while 
techncians are tending to be upgraded to more sophisticated 
tasks of Circuit component tests, etc..,also have the effect of 
reducing labour requirements .

Nevertheless, the net displacement effect in computers has 
been negligeable to date due to the continued expansion of the 
industry, i.e. up to now it has been possible to relocate 
workers and technciians to other tasks within the firme. Thie 
is confirmed by the very low turnover rate in the sample of 
firms. Similarly, in consumer electronics, the present boom in 
production is allowing the reabsorbtion of labour in other 
assembly activities. This, however must be seen as a situation 

which may easily change.
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A final consideration of automation and labour concerne 
the large scale of production Systems that characterise the 
MFZ. Again, the reasons given for automation, and in 
particular automated component insertion, revolve aroud 
quality. However, as the number of assembly workers carrying 
out highly fragmented tasks increases, quality control reaches 
a criticai point beyond which it proves hard to control so many 
people. This, it seems, is despite varied attempts at 
quali ty/labour control through tying assembly to transfer 

lines. In some cases, productivity had been considerably 
increased by reorganising assembly lines and increasing the 
intensity of work. For others, however, a more viable option 
has been to reduce the number of assembly workers, and thus the 
number of errors, by introducing AI equipment.

Related to this point is the question of limits to 
productivity increases - in this case, the number of components 
that can be inserted in a given time - and the watershed of 
diminishing returns of productivity versus quality. AI 
equipment has a productivity and production quality that cannot 
be reached by manual methods. The organisation and 
reorganisation of assembly lines is limited. Quite apart from 
the exausting effects of the intensity of work for operators on 
an assembly line, there is a point at which it is humanly 
impossible to insert more components without significantly 
increasing the incidence of errors. At this point, AI 

equipment becomes the alternative.

4.3 Concluding Remarks

To summarize, the small scale of production of computers 
and peripherals in most of the sample firms results in
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relatively artisanal production methods. That is, assembly of 

PCBs and then of the final product is done completely manually, 

with the process seldom integrated into standard automatic 

transfer lines. Thus, semi-finished products (wires, cables, 

PCBs, etc...) are transferred by hand between isolated work 
tables. By comparison, nearly all the firms in MFZ used long 

transfer lines and, even those that didn’t for the whole 

production process used lines for the most assembly intensive 

stages, i.e. PCBs. Some of the larger (MNC) consumer goods 

firms also used automated insertion for PCBs.

While electronics production remains a labour intensive 
process, and thus a significant employer of semi-qualified 
labour, the trend towards automation is to some extent 
inevitable. Changes in products (miniaturization, complexity, 

the introduction of surface mounted components, etc...) and in 

processes (transfer lines, AI, in-circuit tests, etc...) each 
act upon the other. That is, certain products demand certain 

processes but, equally, certain processes demand certain types 

of products. This two way process leaves some leeway as tp the 

timing of changes, but not a lot.

Automation is not simply a labour saving str^tegy, 

although if, as it is predicted, the trend to çutamate 
continues, job creation will become far less expressive at the 

lower end of the skill hierarchy.

This said, the increasingly criticai levei of quality 

requirements demands, and will continue to demand, the use of 
automated assembly and test equipment. It is not the 
elimination of labour because of its cost - despite it being 

higher than average in some cases - but because of the 
'problem' of human error. The extremely tedious and repetitive 
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nature of component assembly cannot be stressed enough. 
Automated assembly and test equipment, apart from having 

greater productivity than manual methods, has a markedly 
reduced error margin. AI equipment, assuming that it is well 
maintained, combined with wave solder machines, virtually 

eliminates the occurrence of faulty components (they are tested 

before insertion), of faulty insertion (e.g. reversed 

polarity), and of bad quality soldering.

For these reasons, the employment prospects in the médium 
or longer term for semi-skilled assembly workers in electronics 

do not look bright. However, it should be stressed that these 

changes are not going to occur overnight. The relatively slow 
pace of diffusion, as documented above, means at least that 

there is some room for manoevre to try to offset the more 

negative social consequences of automation.
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5 RESOURCES FOR 'CREATIVE IMITATION'

This research is about the growth of employment and the 

quality of employment in the Brazilian electronics industry. 
In sections 2 and 3 we showed the dramatic increase in jobs in 
the Computer industry in the last few years and investigated 
what kind of jobs were being created. In section 4 we explored 
how automation has and might effect the quantitative and 
qualitative aspects of employment in the electronics industry.

In section 5, we explore the future a bit further. The 
viability of the jobs in electronics depends on the viability 
of the electronics industry itself. As a technology intensive 
industry, remaining competitive requires being fast in 
innovating or copying others. That the Brazilian market for 
most Computer products is protected from International 
competition does not eliminate the need to be competitive on 
the internai market. This becomes apparent from the 
concentration of electronics R&D activity in national Computer 
firms. However, this is a specific kind of R&D, namely 

'Creative imitation'. The nature of the technology (the 
microprocessor) makes imitation, or copying pure and simple, 
possible. But then there can be a longer term benefit through 
learning. This is the 'Creative' part of the equation which is 
a risk in the short-term, but can bring with it the potential 
for future market domination. The crucial question for the 

electronics industry in Brazil is how far it can go in 
electronics R&D, and how quickly. This in turn depends on the 
availabilty of substantial resources (human and financial).
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This section first takes a brief look at the availability 

of these resources in Brazil and then, in a speculative way, 
explores some of the implications of this process of learning 
by imitation for the electronics industry, giving particular 
attention to computers and peripherals.

Some sectors of electronics in Brazil have very restricted 

local R&D activities. MNCs producing mainframes, rely on 
research carried out in parent companies. In Brazil, their R&D 

is limited to the development of application software, 
interfaces for nationally produced peripherals and work in the 

area of increasing 'nationalisation' of their products (see 

Dados e Idéias, Oct. 1985). The technological complexity of 

their products makes these activities no simple task. The 
engineers and technicians involved (often trained in the parent 
company)(44) are highly qualified in their particular field. 
However, they only dominate a small part of the R&D process due 
to the absence of research facilities in Brazil.

In consumer electronics, MNCs based in the Manaus Free 

Zone (MFZ) dominate a large segment of the market, particularly 
televisions. National firms tend to act more in the audio 
market. However, in both cases, product technology comes from 
overseas, mainly Japan. R&D for consumer electronics the world 

over is centered in Japan. Previously, we have shown that R&D 

in MFZ is strictly limited to nationalisation/ regionalisation 
and quality control activities. This is when it exist at all. 
Although we do not have precise Information, many MFZ firms 
claimed to have R&D activities based in the South East of 

Brazil. we were told that the major R&D activities there were

44. IBM, for example, maintains a team of 20 Brazilian technicians 
in the Glendale N.Y. laboratories. Burroughs and ABC-Bull
have similar programmes.
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features (or cosmetic) modifications and the adaptation of 
nationally produced inputs. In other words, not basic research 
or product development, but product modification.

By contrast to the foreign owned firms in mainframe and 

consumer electronics, it seems no coincidence that it is those 

firms whose ownership of capital is wholly national which 

employ far and away the most people and financial resources in 
R&D. The national Computer industry as a whole invested about 
US$78 million in R&D in 1985. Relative to the size of the 
national industry this is a significant sum (approx. 10% of 

total sales). However, in absolute terms it is still very 

little. Similarly, the absolute number of people in R&D is 
small by international standards, although in industry they 
represent approximately 10% of the total labour force (Data 
News 4.2.86) (45).

The human resource needs in computing are still 

substantial. This is highlighted by the projected State 

expenditures for the next 3 years for unviersity research in 
computing. Of an estimated US$19.6 million, some 66% would be 
spent on human resources. It should be said that these 
resources are still very low compared to the kind of resources 
granted by the State in developed countries (46)

45. To give an idea of the magnitude of investment of these 
resources, let us take the case of IBM and its global R&D 
activities. In 1985 it is estimated that IBM invested US$2.7 
billion (6% of total sales) in R&D. This quantity was spread 
between three basic research institutions of 2,500 employees 
(amongst which count 1000 PhDs) and numerous other research 
centres employing more than 50,000 people ( 700 PhDs) (ibid. ).

46. For example: the 5th generation project in Japan has invested 
US$500 million, the Alvey programme in the UK is counting on 
investment of US$500 million over 5 years, the ESPRIT programme 
of the EEC invests US$220 million p.a.
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The principal supplier of necessary qualified labour for 
the electronics industry is the university System. It is also 
the centre of research, with the advantage over industry that 
it is one step away from the short term requirements of the 

market. However, the university system has suffered in terms 

of being away from the limelight of the boom in informatics in 
Brazil.

As we have already pointed out, the main activity of the 
electronics industry has been industrial expansion, with much 
of the responsibility for research activities being left to 

private initiative. This is illustrated clearly by an 

electronics engineer from USP: "... one of the principal 
criticisms of the informatics law is precisely its excessive 
preoccupation with marketing aspects. . .while fundamental areas 
such as technological research and the marginalisation of 

universities were put in second place. Despite the current 
euphoria [about the Computer industry], in the long run it will 

not be possible to maintain market domination if an effective 

technological culture in informatics is not developed and 
Consolidated" (Dados e Idéias, Nov. 1985).

On paper, the research capacity of universities and other 
research centres looks reasonably comprehensive, but a recent 
study by the Brazilian Computer Society (SBC) (47) shows that 
academic research resources in informatics are sadly lacking as 
a result of inadequate planning. SBC points to the low salary 
leveis in universities and to the better working conditions in 
industry as being the principal reasons for the migration of 
highly qualified engineers and technicians from the former to

47. An independent group composed mainly of 
research community in computing.

the academic and
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the latter in recent years (SBC 1985). For example, a study by 
USP shows that more than 50% of national Computer firms turn to 

university reseach departments as a source of R&D engineers 
(Maximanio et al 1984:28).

Why, then, is there a concentration of R&D in the Computer 
industry, and what kind of R&D activities are taking place 

here? At the frontier of electronics technology, R&D is 
recognised as being the main competitive element in industry. 
But what of R&D in Brazil where copying and adapting of already 

established products constitute the main industrial R&D 

activities? It appears that the same competitive element 

applies: those firms that can dominate and understand existing 
technology, enhance their competitive chances in the future.

For the present, copying and understanding is not a task 
that can be understimated in its complexity, neither can the 
returns in terms of learning for those engineers and 
technicians involved in the process. As one research engineer 
put it "the process of learning has been massive in the last 

six years. People entering the labour market today who have 
not experienced this accumulation of practical knowledge are 

finding it more difficult than before when th? industry was 

less Consolidated" (Interview).

The benefit of learning through copying is also relative 

to the form that this takes:
"...the question of copying a micro or a peripheral 
is relative and depends to a great extent pn the 
strategy of the firm, If the aim is t° make fast 
money, suffice to keep copying. However, this 
strategy is limited by rapid changes in product 
technology. if you decide to go further, then you 
have to understand how the black box functions. This 
is a lengthy process and one whích' takes place 
through a series of modifications to copied products" 
(Interview).
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In other words, it is important to distinguish between simple 

copying and 'Creative imitation', where the latter may involve 

improving products and/or adapting them to local conditions and 

availability of inputs (48). Creative imitation is a strategy 
oriented towards future market domination.

It is not only a long term process, but one which is 

plagued by mistakes as part of the process of learning: 
" . . . eve rything that is happening in the Computer industry in 

this decade is simply a preparation of the labour force for the 

next decade when there will be people with 10 years of errors 

under their belts" (interview).

The possibility for Brazilian firms to accumulate this 
experience in R&D is aided by the technology of small Computer 
Systems which is based on standardised integrated circuits. 

The microprocessor, evolving rapidly in terms of lowering price 

and increasing performance, has made the 'development' of 
computers accessible to firms other than the world'S giants. 

Thus, the microprocessor is perhaps the single most significant 
reason that has allowed Brazilian firms to enter the Computer 
market since it simplified the development process in a way 

previously unimaginable.

These integrated circuits are avilable on the 
International market, produced by such firms as Intel and 

Motorola, and have revolutionised the Computer market 
worldwide. Since the major functions of the Computer are 
embodied in the chip itself, the development of the rest of the 
System is vastly simplified. The open architecture of such 
equipment has the added advantage of making the use of a much

48. See Tigre ( 1986), chapter V for a detailed discussion of these 
issues.
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wider range of software possible. This is due to the 

increasing standardisation of the functions of such equipment 

and explains the boom of IBM compatibles on the market. For 

example, in Brazil, in 1985 there were no less than 37 firms 

producing 50 different models of the IBM micro (PC, PC-XT and 
PC-AT) (Informática Hoje 15.10.85/16). Neither is the practice 

restricted to Brazil. Amongst the 150 manufacturers of 
microcumputers in the US, there are at least 20 (so called 

'compatibility houses') producing copies of the IBM-AT (IBM 

most recent version of the PC) alone (PC Mundo Feb. 1986;13).

Of course, the more microprocesors assume the basic 
functions of the Computer (including application software 
embedded in hardware, or firmware), the more the Computer 

becomes a technological black box. This would seem to limit 

the R&D viability of Brazil's Computer industry. Nevertheless,

it is important to note the various instances of reverse
engineering encountered in interviews with industrial R&D 

centres. The process was one of simulating the functions of a 

given microprocessor through using a series of integrated 

circuits on a printed Circuit board. Once understood, a new 
Circuit was designed with the aid of CAD, the various elements 

integrated once again onto one chip.

This may seem a waste of time when the chip already 
exists. However, the benefits of the learning process may 

define the future competitiveness of those firms which are 

undertaking this kind of R&D (49).

We can conclude this short section by saying, first, that

49. The growing use of customised and semi-customised integrated 
circuits, forcast to occupy 20-50% of the integrated Circuit 
market by 1990 (Tauile 1985), makes dominance of chip 
technology the more pressing as a competitive element. 
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although the human and financial resources for R&D in the 

Brazilian Computer industry are limited if compared to 

International standards, they appear to have been sufficient to 

set in motion a process of learning based on Creative 

imitation. Second, it is difficult tô forsee how the Brazilian 

Computer industry would fare in International competition when 

the reserved market is opened up. We doubt, in fact, that the 

reserve will be completely removed in the coming decade. 

Nevertheless, we can say that it is those firms which are 
investing now in learning and training that will be the most 
successful competitors in the future.
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6 FINAL REMARKS

In this report the major question has been whether, and to 
what extent, there has been job and skill creation in Brazil's 

electronics industry. The argument underlying this question is 

that the creation of jobs and skills in electronics is a way of 

internalising the social benefits of an industry which has 

traditionally been the exclusive domain of the OECD countries.

It has been shown that there has been a dramatic growth in 
the number of jobs in Brazil's Computer industry and that this 
growth has been concentrated in the nationally owned segment. 

The initial years of the national firms were marked by-a high 

growth rate due to the fact that the industry was starting from 

nothing. More recently (the first half of the 1980’s) , the 

high growth has continued and there are now almost 30,000 
people employed in the national Computer industry. This trend 

looks set to continue.

Other parts of the industry (mainframes and consumer 

electronics) have in fact suffered a decline in employment 

leveis. This has been due to a number of reasons but the most 
significant have been the combined effects of policy measures 

and of changes in products and processes.

Employment growth overall becomes more expressive when we 

consider the potential indirect employment effects of the 

Computer industry. While this is difficult to enumerate with 

any precision, employment in Computer Services and in the 
supplier industries provides graphic examples of this 

potential.

- 88 -



Fostering the expansion of employment, I have argued, 

would not havew been possible without State intervention and 
the reserved market for small and medium-sized Computer 

systems. Thus, it is not employment policy as such but 

industrial/technology policy which provides the stimulus to 

generate employment.

This argument also applies to the creation of skills in 
electronics; the expansion of the industry has created a demand 

for a wide variety of electronics-oriented skills. Demand, in 
turn, has excerted an upward pressure on wages and salaries at 
all leveis of the skill hierarchy.

Clearly, these changes in the employment and skill profile 

of the electronics industry are not occuring independent of 

other changes. We have seen that while the levei of automation 

in the electronics industry is as yet rudimentary by 

International standards, the tendency towards automation is to 

some extent inevitable as changes in products and processes 

come to be more and more integrated.

Due to the relatively slow rate of diffusion of automation 
technology, the labour displacement which it causes will not be 
felt immediately. Similarly we have argued that these changes 
will do little to stem the demand for skilled technicians and 

engineers in the short or médium term. Nevertheless, we have 

also noted that, as the industry reaches a more mature stage of 

development, firms that do not automate will suffer a loss of 

competitiveness with a subsequent loss of employment greater 

than the effects of automation itself.
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