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1. Introduction

The industrial development process in the Twentieth Century is one in which backward countries

and regions have employed extant technologies to overcome the wide gaps between them and the

industrial forerunners. The key to the successful industrialisation of countries that are now

referred to '"late-comers" had been not only a willingness to imitate but also more importantly the

will to learn. As we have come to know, technology transfer demands explicit investment on the

part of the learner in order to acquire both formal and tacit knowledge. While the former is fairly

easily acquired in the short term, the latter is a product of long term learning-by-doing, expensive

process of heuristics and the establishment of institutions of some sort that is a repository of

institutional memory.

This paper examined some lessons that sub-Saharan African countries can leam from the

successful industrialisation: process of erstwhile "basket" cases in East Asia three decades after,

sub-Saharan Africa countries now find themselves in the economic conditions in which Republic

of Korea (hereafter, Korea) was in the 1960s. Both sub-regions had started almost with the same

initial conditions, and in broad terms, industrial elation had been the strategy by which both

regions had hoped to industrialise. We consider in particular the remarkable success of Korea in

building technological capability in several sectors and becoming a leading country in some of

them.

Evidently, "learning to learn" has its own internal dynamics. Managing a complex evolutionary

process such as acquiring and adapting large-scale technologies and their transfer is costly. The

cost is justified if the benefits are large enough to offset the material and human investments. For

East Asia, in spite of its current problems, the costs of acquiring modern technology may well be

worth it. On the other hand, most sub-Saharan Africa countries have very little to show for the

efforts. Obviously, the process of technology acquisition has been less than competently

managed in sub-Saharan Africa.

The paper is divided into a number of sections. The first, after the introduction, examines the

structures for policy and implementation of research and development within the concept of the

National System of Innovation (NSI). In what follows, we review the nature of human capital

development as the new basis for competition followed by the notion of technological learning in

enterprises. The next section looks at the complementarity of foreign technology and domestic

technological capability building with illustrations from firm-level history. The final section

draws conclusions and makes policy suggestions.



2. National Systems of Innovation and Production

2.1 Research and Development Institutes in Africa

However, while there have been considerable increases in the number of institutions and

agencies, the qualitative impact of. the exercise remains arguably little, particularly in the

industrial sector. This is because the policies encourage the isolation of research and

development institutes (RDIs) from the mainstream productive sector. Much of the money

budgeted for science and technology (S&T) in sub-Saharan Africa is spent on these agencies.

For example, commenting on Nigeria's 23 research institutes, a 1985 UNESCO study concludes

that the impact on economic and social development of these agencies and of the S&T policy-

making machinery has been very limited, more so in industrial development than in agriculture.

The science and technology policy-making machinery does not seem to have worked out any

systematic or comprehensive research and development (R&D) strategy for advancing industrial

technology. Obviously, even advanced industrial economies seem to experience the similar

problem, and the influential linear sequential model often underpinning these countries' S&T

policies needs to be shelved. For institutional forms that take science as the initiating step for all

innovations cannot be effective- in their evolutionary assignment. Doing research outside

productive firms is a sub-optimal strategy.

In the next section, an attempt is made to assess the structure of the institutions set up for R&D

in Africa.



Table 1: R&D Institutions in Selected African Countries by Area of Research

Specialisation

Country

Benin

Botswana

Burkina Faso

Burundi

Cameroon

Congo

Cote d'lvoire

Ethiopia

Gabon

Ghana

Guinea

Kenya

Nigeria

Tanzania

Zambia

Zimbabwe

Total

Total

No.

5

7

6

5

22

5

15

32

12

22

3

30

27

26

18

36

271

Manufacturing

-

2

2

-

1

-

-

-

2

-

1

2

2

1

1

18

Medical

-

-

-

-

2

-

2

3

1

1

1

7

1

3

1

1

12

Meteorology

Energy

Geology

-

-

-

6

-

2

3

1

1

-

2

1

2

3

I

22

Agriculture

5

3

2

5

9

5

8

24

5

13

1

16

20

13

7

31

167

Other

-

2

2

-

4

-

2

2

3

4

1

4

3

6

6

2

41

Source: Compiled from Gerring, A. |>eur missiiiu.'j International Research Centers Directory: 1996-7;

also culled from UNESCO (forthcoming), World Science Report 1998.



Table 2: R&D Personnel by Category in Selected sub-Saharan African Countries,

1996

Country

Benin

Botswana

Burkina Faso

Burundi

Cameroon

Congo

Cote d'lvoire

Ethiopia

Gabon

Ghana

Guinea

Kenya

Nigeria

Tanzania

Zambia

Zimbabwe

Total

Total R&D

Personnel

155

354

1,195

2,379

4,517

146

1,409

5,745

N/A

7,262

114

5,835

7,835

3,590

1,656

4,376

45,965

Science and

Technology

101

107

501

141

1,203

60

284

1,191

N/A

1,426

60

1,431

1,875

1,149

478

630

10,637

Technicians/

Technologists

28

125

248

210

1,928

53

112

811

N/A

608

5

691

1,970

532

470

676

8,467

Other Support

Personnel

26

122

446

2,028

1,386

33

1,033

3,743

N/A

5,228

49

3,110

3,990

1,909

708

3,070

26,861

Source: Compiled from Gerring A. |>air?| International Research Centers Directory. 1996-7;

culled from UNESCO (forthcoming), World Science Report 1998.

also



2.2 Assessment of Institutional Structures for Research and Development

The present institutional structure of S&T policy making, which has been concerned mainly with

the R&D management, derives from what is often referred to as the 'Pipeline1 model'.' The

model contains the following broad elements:

• Planning: setting technological goals and developing matching policies and action

programmes for achieving them;

• Co-ordination: monitoring activities in technological fields and aligning them with

existing policies;

• Implementation: carrying out specific action programmes in selected technological areas;

• Advice: providing information to the government and the public on technological issues;

• Advocacy: mobilising support and resources for the advancement of technology.

In addition, the policy organs are required to be of a high profile, usually located under the

president's office. From the episodic growth trajectory of the institutions in most of Africa, it is

clear that not much attention had been paid to the specific requirements of the model. This great

experiment has not succeeded in fostering a strong linkage between industry and the research

sector.

To correct the apparent failure of this model so as to bring about better integration between

industry and R&D institutions, some modifications have been suggested, through:

• Better R&D planning and resources allocation: According to this suggestion, existing

structures are essentially adequate but R&D institutes are not allocating resources to the

appropriate technologies needed by industry. The way to correct this is to develop better

R&D plan to guide effective resource allocation.

• Organisational and managerial changes on the supply side: This suggestion questions the

existing institutional structures. It points out internal organisational deficiencies, which

can be corrected by either the internal reform of the institutions or their immediate

environment.

• Changes in the demand for R&D: According to this suggestion, the disconnection

between industry and RDIs is due largely to little demand for indigenous research

outputs. Its solution is therefore seen in changing the demand side of R&D outputs.

• Bridge-building institutions between firms and RDIs: A gap between industry and RDIs

is considered as the main cause of the lacking integration, of which solution is then to

bridge this lacuna through bridging institutions, such as technology information units,

consulting engineering centres with design and fabrication capabilities; science parks and

so on.

1 The so-called pipeline model or Linear Sequential Model (LSM) pre-supposes that fundamental science research

is the initiating point of all technological efforts. When discoveries are made, it leads to experimental research

findings which when applied, yields inventions; developed, it leads to innovation. From this point entrepreneurial

acts lead to imitation and diffusion. This model is a naive oversimplification of reality.



Past efforts at strengthening linkage between industry and RDIs take the present institutional

structures as given. However, recent perspectives on the ways in which firms acquire

technological capabilities seem to weaken the orthodox conception of separating R&D from

productive firms. The evolutionary "theories" of technological development emphasise the

following characteristics of technology development:

• the tacitness of firm's technological knowledge;

• the evolutionary nature of skills acquisition; and

• the learning dimension of the technological acquisition process.

2.3 Defining the National Systems of Innovation

The national system of innovation is defined as the system of interacting private and public firms

(either large or small), universities and government agencies aiming at the production of science

and technology within national boarders. Interaction among these units may be technical,

commercial, legal, social and financial in as much as the goal of the interaction is the

development, protection, financing, or regulation of new science and technology (Freeman and

Soete, 1997; Edquist, 1997). _

This systems view of innovation then stresses coherence and collective quality of these

interactions. The four main elements constituting the national system of innovation are, as

follows:

• Institutions: Private business firms, especially large companies that cany out R&D that

lead to major innovations; universities, public and private RDIs; agencies providing

training and vocational education.

• Incentives: Government supports for basic and applied research, procurement policies,

tariffs and quotas that have the propensity to induce technical change.

• National Technological Capabilities: Inter-firm differences and gaps in national

technological competencies account for much of the observed differences in trade, growth

rates and international competitiveness.

• The State: While most of the constituent parts of the NSI are made up of companies and

technical institutions, the state remains the dominant element of the system. This is

because its regulating and promotional functions tend to have significant system-wide

implications and some multisectoral ripple effects.

The national system of production, the national mode of regulation, the national financial system

and the national level of composition and demand become exogenous to the firm. The

cumulative changes to the structure of the national system of production impact on the firm,

while modernisation of the firm will induce reciprocal changes in the national systems. It is

these changes and mutual impacts that underlie the logic of industrialisation. When either is

constrained to make the necessary institutional and technical response in the process of



modernising a process or product, progress may be stalled for a time.

The firm therefore does not exist in isolation and national support systems such as the RDIs and

the formal educational systems become sub-systems within the national system. Innovation takes

place in an environment of constant interaction among these sub-systems. Isolated RDIs have the

chance to learn about, and from firms, and vice versa.

3. Human Capital: New Basis of Competitive Advantage

Human capital is the sum total of the skills level of a country's entire workforce which includes

managers and administrators. We now know that potential real income per capita of a country is

a function of the productivity of its labour. Again it is important to locate this experience and

skills within an organised system, which in this case we take to be the modern industrial

enterprise. The firm is the strategic locus within which organised human capital produces new

products and processes and thereby advances the productivity of nations. The lessons from East

Asia inform us that human capital is very important as source of economic growth.

The claim can now be made after the astounding performance of the later-comer industrialising

countries, which have had high correlate with equally intense investment in education. Porter

(1990) argues that a high-level of education is a key determinant of industrialisation. In his view,

well-educated population and plentiful supply of trained engineers, appears to have been critical

inputs into the industrialisation process.

For instance, budgetary allocation in Korea rose from 2.5 per cent in 1951 to 22 per cent in the

1980s with about two-thirds of educational expenditures borne privately. Japan, Korea and

Taiwan stressed the training of engineers such that by 1980 Taiwan had 50 per cent more

qualified engineers per head of population than the USA.

At the risk of sounding overly deterministic, late-industrialising countries like Korea, Japan and

Taiwan can be seen as cases in which a superb general education for society and specific and

exceptional training of engineers and scientists became the motive force for rapid technological

progress and economic development. Writing about the specific effects on Korea, Porter (1990)

observes that: "In industries such as shipbuilding and construction, the quality of the labour force

translates into uniquely fast building times and deliveries often ahead of schedule".

The time saving and productivity-enhancing effects of superior machinery and the concomitant

competence (acquired from knowledge, experience and training) has been recognised since the

classical times. Babbage (1832) had observed that the advantages, which are derived from

machinery as manufacturers seem to arise principally from three sources: the addition which they

add to human power; the economy they produce of human time; and the conversion of

substances apparently common and worthless into valuable products. The sources of comparative



advantage in this century have come largely from superior education, training and skills

developed through "learning by using", "learning by doing" and "doing by innovation".

Technological learning is the way in which firms acquire technological capabilities.

4. Technological Learning and Firm-Level Productivity

As Rosenberg (1972) points out, the agent of expansion in all late-industrialising

countries is the modern industrial enterprise.

We now know that productivity increases in late-industrialising countries do not depend upon

"creative genius"; they are often picked from the world technology shelf. First, increases in

productivity come from imports of foreign technology. Second, they come from operating

foreign technology on a scale sufficient to minimise costs. Third, they come from learning how

to use foreign technology imports efficiently (Bell, Kemmis and Satyarakwit, 1980).

For developing countries, technological acquisition has been less revolutionary and more an

evolutionary activity. Countries^-particularly in the 20th Century have developed advanced

industrial systems more on the basis of learning than by inventions. The reasons why industrial

emulation has been successful in some countries rather than others are many, bordering on a

number of economic prerequisites. One of the critical factors discussed in the last section is the

supply of highly trained engineers and managers, who helped their enterprises master

technologies.

Recent findings reinforce the notion that technological learning has been an important way for

acquiring technological competencies and for mastering imported technologies. It should be

clear however that importing nations should equally possess the right kinds of resources and

competencies. The rate of acquisition will depend on these. Building competencies will be based

on how much experience an importer possesses because of the cumulative nature of

technological knowledge. This is where a difference should be made between information

contained in drawing and blueprints and knowledge acquired by painstaking and explicit

investment.

Table 3 shows a stage model of how Korea acquired, absorbed, and assimilated imported

technology. With some modification, this model may be used to explain the industrialisation

process in most of the successful Newly Industrialising Countries.

10



Table 3: Summary of the Characteristics of Three Stages of Korea's

Technology Development

New firms established

through

Technical task emphasis

Critical human resources

Production technology

Predominant source of

technological change

Predominant from of

international transfer of

technology

Predominant sources of

external influence on

technological change

Market

Emphasis on research.

development.engineering

Supply source of

components and parts

Important government

policies

Role of local applied R&D

institutions

Stage 1

Transfer of foreign

technology

Implementation of

imported

technology

Foreign experts

Inefficient

Transfer of

'packaged' foreign

technology

" Packaged'

Supplier and

government

Local (low

competition)

Engineering mostly

foreign

Imported

substitution and

control of foreign

investment

Consultative

Stage 2

Mobility of local

technical and

entrepreneurial

personnel

Assimilation for

product diversification

Local technical

personnel trained at

supplier firms

Development and

Engineering

Adaptive development

Stage 3

Improvement for

enhancing

competitiveness

Local scientific and

engineering

personnel

Relatively efficient

'Unpackaged'

Customer,

competitor

Local and overseas

(high competition)

Research,

Development, and

Engineering

Mostly local export

promotion

Research and

development

u



Source: Linsu Kim (1997a), Imitation to Innovation: The Dynamics Korea's Technological Learning,

Cambridge, MA.

At the level of the firm, Table 4 shows the typology of learning and the capabilities that

successful nations acquired in a roughly sequential order. The search starts with the mastery of

production and maintenance techniques. Higher levels of technological capabilities follow with

experience and explicit investment in training and learning.

Table 4: A Typology of Technological Learning and Capabilities Acquisition

Technological Capability

Production Capability

Investment Capability

Minor Change Capability

Strategic Marketing Capability

Linkage Capability

Major Change Capability

Required Technological Learning

Learning by doing:

process, production, management,

engineering repair and maintenance

Learning by:

bargaining and project identification

doing detailed design,

setting-up and commissioning plants,

modernising existing plants.

Learning:

the ability to adapt and improve continuously

incremental upgrading of product design and

process technology

Learning by accumulating:

knowledge and skills for collecting market

intelligence, for development of new markets

and for establishing distribution channels and

customer services.

Learning by accumulating:

- Knowledge, skill and organisational

competence to transfer technology within a

firm, between firms, and between a firm and

the domestic science, technology and

engineering infrastructure.

Learning by accumulating:

Knowledge and skills for creating major

Changes in the design and core features of

products and production process. It is the

learning that culminates in the creation of

new technologies.

Source: Oyeiaran-Oyeyinka (1997), Technological Learning in African Industry: A study of
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engineering firms in Nigeria, Science tfe Public Policy, October 1997,

5. Foreign Technology as a Supplement to Domestic Technological

Capability Building

The production of modem industrial goods and services left developing countries no choice

but to import foreign technology. In the 1960s much of the debate was on how to promote

foreign investment and to contain unethical practices by local subsidiaries of multinational

companies. But then, evidence of technology creation in developing countries began to

emerge through series of case studies. Of significance to developing countries was the

productivity - enhancing value of incremental technical change. By the early 1970s the notion

that "learning by doing" automatically leads to technology transfer was no more credible. A

clear conceptual shift focused researchers attention on the absorptive capacity of the recipients

of technology.

The challenge then was to understand the nature, sequence, and determinants of the process of

"technology mastery" or technological capability acquisition. We will not go over the

considerable work that has been done. The aim of this section is rather to examine the

complimentarity of foreign technology imports and endogenous technology capability

building. While we recognise the arguments against technology imports - that it may lead to

dependency, discourage autonomous generation of indigenous technologies, and so on - this

paper argues that properly managed, technology imports could be an effective compliment to

domestic technology capability building effort. In doing this, we acknowledge that the results

of using imported technology have been mixed. While East Asia recorded outstanding

success, industrialisation efforts in Africa largely failed.

This section explores two things, the general conditions under which East Asia thrived and the

micro-economic behaviour of firms using the evident success of Korea as example.

There are justifiable reasons for this. In this paper we are to be informed by the lessons of the

past but history is useful only to the extent that it informs future actions. The point has been

made that economic growth is highly conditioned by a country's initial socio-economic

conditions such as social, physical and engineering infrastructure and in many important

respects, the education base. In the 1950s, most East Asian and sub-Saharan African countries

shared similar initial economic conditions. Three and a half decades after, its economic

conditions sub-Saharan Africa roughly match that of Korea in the 1960s (UNCTAD, 1998).

There is some cautious optimism for growth in the African region, and given the harsh lessons

learnt over the past three decades, we may justifiably expect a new era of growth for sub-

Saharan Africa with the onset of a new millennium. For now sub-Saharan Africa, it is roughly

13



thirty-five years behind Korea and twenty years behind the new NICs like Thailand and

Malaysia.

5.1 Lessons from Korea

This section draws on the discussions of the role of macroeconomic conditions, the incentive

system and the general thrust of the role of the state, which are above all provided by Kim (1983)

and Lee (1997). According to Lee (1997), "Korea's rapid economic progress may be attributed to

many economic, social, and technical factors. The most important of all may be technological

capabilities."

Gaining superior technological competence over rival firms and nations requires a harmonious

working of incentives, institutions and the market to provide firms with the environment to learn

and innovate. In very broad terms, the following factors were important.

a) Human resources: At the end of Japanese colonialisation of Korea, illiteracy level was 78

per cent, but the government of Korea overcame this with phenomenal investment in the

education sector. Total government allocation rose from 2.5 per cent in 1951 to over 22

per cent in the 1980s. This was only a third of overall spending on education, though. The

private sector - a reflection of Korean's strong commitment to education - made up the

rest. All levels of education were affected, creating a uniquely balanced system

complimented with aggressive training of high calibre scientists and engineers in the

West. This crop of foreign-trained Koreans will eventually play a critical role in Korea's

acquisition of high technologies. By the mid-1970s the level of illiteracy was very

insignificant. In elementary and middle schools, enrolment was 100 per cent. The number

of scientists and engineers quadrupled between 1953 and 1960, and the number in 1987

was 90 times that of the 1953 figure. However, sub-Saharan Africa significantly lags

behind East Asian NICs like Korea.

b) A culture ofhard work: The average working weekly hours in manufacturing in 1985 was

53.8 hours compared to 33.1 to 42.9 hours in OECD countries. Working hours vary

between 44 to 48 hours in other Asian NICs and 46 hours in Mexico (Kim, 1993).

c) Effective use offoreign technology: Korea relies heavily on foreign imports of technology

but this was done in a highly selective manner. The preferred mechanism was through

capital goods imports, which formed the basis for learning through, reverse engineering

rather than foreign direct investment or foreign Licensing. The strategy was to maintain

some level of independence from transnational corporations and to allow Korea's highly

trained manpower learn quickly by operating imported capital goods.

d) Creative mix of export promotion and import substitution: Starting in the 1960s, the

Korean government targeted "strategic" industries - partly to overcome the limitation of a

small domestic market and partly to earn foreign exchange - for import substitution and

export promotion. Various policy mechanisms were deployed such as export subsidies,

14



tax incentives, market and protection from foreign competition. The accent on export was

well conceived, as it insulated Korea from the perennial foreign exchange crisis that

bedevilled other developed countries. More creatively, export growth compelled Korean

firms to invest explicitly in technological learning in order to be efficient. This strategy

engendered what Lee (1997) termed "infant industry export maturation". Exports were

liberalised, while domestic market was protected. Infant industries exported but rapid and

intensive learning ensued leading to rapid maturation. Even then, there was effective

competition in the domestic market due to the rivalries of Korean oligopolistic firms.

d) Effective contest: The government imposed performance standards by which export

performance was the "ultimate criterion of performance for the contest" (Lee, 1997).

Export criterion was in fact the key determinant of the relationship between the state and

the enterprises. In other words, protection did not translate to complacency but was used

to facilitate maturation and the attainment of international competitiveness.

e) Phased liberalisation: By the 1980s, Korean government had made it clear through a pre

announcement system that quantitative control and tariff reduction would be eliminated.

Firms were thus given time to prepare and to adjust production systems for efficiency.

f) Reversed sequence ofresearch, development and engineering: Numerous case

studies of Korean firms' strategy for technological acquisition reveal the following nature

and sequencing of R&D (see Kim, 1997a):

• In the early stages, matured technology is acquired through informal mechanisms

particularly, reverse engineering;

• In the intermediate stage, formal mechanisms such as foreign direct investments

assume greater importance;

• In the emerging stage, globalisation of R&D becomes essential. For instance,

Samsung, which has assumed world industrial leadership in the production of DRAM,

established R&D outposts in Silicon Valley, USA, with Korean-American scientists

and engineers as its core staff. This is in addition to its R&D facilities in Korea. In

reality, and contrary to the linear sequential model, which postulates 'Research -

Development - Engineering' as the successful Korean firms reversed the natural order

for the evolution of process and products, this sequence. R&D spending was mostly

public in the early stages of industrialisation. With increasing industrial deepening

and challenges of domestic and foreign competition, however, the private sector

assumed greater responsibility for R&D. For instance in 1979, the public sector

accounted for 68 per cent of total national R&D expenditure. By 1987, share of public

expenditure on R&D dropped to 20 per cent, while private expenditure rose to 80 per

cent (Kim, 1993).
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5.2 Comparing Domestic Technological Capability Acquisition in Nigeria and Korea

From received theory, an infant industry is expected to mature in five to ten years if the

discounted stream of benefits will be large enough to compensate for costs in the initial years

of investment and support. Achievement of maturity trims average costs and opens the way

to the gains of dynamic economies of scale through brown field expansion, vertical

integration and economies of agglomeration.

In what follows, we present some fragmentary evidence of maturation rates of some heavy

chemicai and process industries in some selected NICs and compare to that of Nigeria.

Without going into the details, the following criteria are used:

- export marketing capability;

- a normal return at long-term world prices; and

speed of reaching technical and design start-up of heavy chemical and process

industries.

Table 5 shows that Korea achieved the maturation rates predicted by the literature for steel

and automobile while the petrochemical industry took a little longer. For Nigeria, two of the

industries (steel and automobile) could be said to have regressed 25 years and 21 years

respectively, after they were-initiated with so much hope. The petrochemical sector, while

still far behind as a world player, is making some progress.

Table 5: Maturation Rates of Selected Industries in Nigeria and Some NICs

Sector

Steel

Petrochemicals

Automobile

Country (Years)

Mexico

15

N.A.

20'

Korea

8

15

30

Brazil

15

N/A

20

Nigeria

No maturation after

25 years

N.A.

Regressed after 21

years

Source: Oyelaran-Oyeyinka(1994), jiiile. place, publisher'.1?!

The performance of heavy chemical and process industries in Nigeria is disappointing All

have failed to match the three criteria of maturation listed above. It would seem by some

coincidence that Nigeria had embarked on these industries' promotion in much the same way
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as Korea did. However, the results were completely different. In what follows, we will

examine the strategy of these two countries in the acquisition of iron and steel technology.

5.3 Anatomy of Nigerian and Korean Steel Plants

We will compare some performance indicators of Nigeria's steel plants and Korea's steel

firm, Pohang Steel Company (POSCO) in some detail. While the two steel programmes

started about the same time Ajaokuta Steel Company Limited (ASCL) inl971 and POSCO

inl968, POSCO has grown to be the world's 10th largest steel company. It attained the status

of an important low cost steel producer, surpassing Japan and other industrialised countries.

With an investment of $8 billion to date, construction cost of ASCL's is 28 times than that of

POSCO. While POSCO had an average completion time of 30 months, ASCL remained

inoperable after 180 months of construction. The success ofPOSCO is attributed to:

• high degree of management autonomy (while still a state enterprise)

• speedy construction times for main plants and new incremental vintages, and

• high labour productivity.

For instance, POSCO saved US$80 million due to early completion of its fourth phase. At the

operational phase, steady technological accumulation, and high retention rate of highly skilled

manpower, led POSCO to a consistent 100 per cent capacity utilisation within the first two

years of start-up.

In contrast, ASCL had lost close to 70 per cent of its highly trained senior and junior staff by

1995. Staff retention rate has been badly affected by long gestation time. In some categories

and plant units, the company has lost 100 per cent of the staff. On the other hand, Delta Steel

Company was completed in December 1981 and started producing in January 1982. For the

first seven years, it produced on average 10 per cent of its nominal capacity. The situation

deteriorated so much that by the end of 1995, capacity utilisation had fallen below 5 per cent.

By 1996, the plant had shut down, and efforts are now being made to privatise the company.

What then went wrong with the steel projects in Nigeria? The greatest problem was the

constant interruption of plant construction and the eventual stoppage of the Ajaokuta project

for a prolonged period of time, when the work was almost 90 per cent completed. Due to

petroleum-induced foreign exchange crisis that hit the Nigerian economy in the early 1980s,

Nigeria began to default on its foreign payment obligations for major projects. When this

happened, the major contractors withdrew from site and left the projects uncompleted. The

Delta Steel Company on the other hand was completed and commissioned amidst much hope

in January 1982, but three key things were lacking:

• The project package did not include an independent power plant in a country with a

weak power sector and a process plant that thrive on high electric power

consumption.
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• The plant management was not provided a working capital, a curious thing given that

the government had spent about US$ 2 biliion to build this modern Direct Reduction

Plant.

• Beyond the mandatory spare parts and components supply provision of two years

agreed in the contract, its could not raise the required foreign exchange to purchase

requisite raw materials and spare parts thereafter. Government continued to plead lack

of funds, while it watched the plant deteriorate and the highly trained manpower

disappear and their skills atrophied.

The contrast with POSCO is striking. Construction of POSCO was never disrupted, while

progressive expansions afforded the plant management and engineers to learn cumulatively,

building all the time on lessons from previous phases. This reflects in the evolution of local

content and participation of foreigners (see table 6).

Table 6: Progressive Learning Indicators at POSCO

Capacity

Million

Ton

1. Local (%)

2. Number of foreign

engineers involved

3.Number of foreign

engineers (per

tonnage of steel)

1.03

Phase 1

12.5

119,070

0.115

2.6

Phase 2

15.5

64,200

0.041

5.5

Phase 3

22.6

491

NS

9.1

Phase 4

35.0

N/A.

NS

Source: Kim (1998), |liik?|, Lecture delivered at Expert Workshop on Technology Innovation and

Competitiveness in a Globalizing Economy, Turin. October 1998.

In sharp contrast to the Nigerian project, both the government and the plant management

displayed a single-minded commitment and an unflinching intensity of effort to the realisation

of the project. The "stop-go" approach in Nigeria led to long gestation, cost overruns and

more critically, foreclosed learning.
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5.4 Lessons from Firms' Behaviour

• Formal market-mediated mechanisms seem very important and perhaps inevitable at

the initial stages of acquiring large-scale technologies. This must, however, be

complemented with recipient's capability, which could be acquired formally or

through progressive learning. Informal mechanisms produce tacit knowledge, and this

is the decisive factor in the long run.

• Codified knowledge acquired in form of blueprints, manuals and drawings and so on is

only the starting point - in the same way as acquired artefacts such as steel and

petrochemical plants are symbolic of the deeper knowledge systems embodied in

them. Learning by production, modifying, adapting and innovating with the acquired

systems engender tacit knowledge. Tacit knowledge is hard to codify, difficult to teach

and communicate; because they are acquired by long training, costing mistakes,

observation and practice. It is ingrained in the human entity and that is why with the

loss of 70 per cent trained personnel from Nigeria's ASCL, it will be extremely

difficult to revive the plant without another costly round of explicit investment in

training. In other words, informal mechanisms are far more important to less

developed countries. This is operationalised through reverse engineering through in-

house efforts and at later stages by the setting up of formal R& D outfits within

enterprises.

• Cumulative learning is important because of its evolutionary character. POSCO

engineers learned from uninterrupted stage-wise construction of new vintages and

were able to acquire considerable tacit knowledge over time. This was the same

phenomenon in observed in all of Samsung's technological efforts. Retention of

skilled staff was crucial. In the failed case of ASCL, once construction was terminally

disrupted, staff motivation was lost and costly migration of knowledge ensued. In

contrast, Korean firms such as Samsung achieved the opposite effect, attracting highly

trained and skilled Korean-American scientists and engineers back to its home plant

and R&D outposts (Kim, 1997b).

6. Conclusions

6.1 Features of a Technological Society

The technological society as we know, it derives from a long evolution from earlier industrial

societies in their various forms which were at various times craft-based right into the 19th Century

when "invention then becomes a business". 'Modern industry' as Marx calls it is a system in

which all the sciences have been pressed into the services of capital'. Truly, mechanisation had

come fully into its own with the "making of machines by machines" (the growth of the capital
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goods industry) and the coming of the steam engine. Between the early mechanisation period of

the 1770s and the 1980s, five technological revolutions have been identified by Dosi et al. The

five epochs are described in table 7 with approximate dates and the main carrier sectors. Not

surprisingly the present age is one of information technology.

Table 7: Key Factors in Technological Revolutions

Technological

Revolution

First

Second

Third

Fourth

Fifth

Appropriate

Periodisation

1770s& 1780s to 1830s

"Industrial revolutions"

1830s & 1840s to 1880s

Victorian prosperity

1880s & 1890s to 1930s

and 1940s

"Great Depression"

1930s & 1940s to 1980s

& 1990s

Golden Age of growth.

Keynesian full

employment

1980s and 1990s

Description

Early mechanisation

Steam power and

Railway

Electrical and Heavy

Engineering

Fordist mass

production

Information and

Telecommunications

Main "carrier"

branches

Textiles, chemicals,

Iron castings,

potteries

Steam engines,

steam ships, Rail,

shipping

Electrical

Engineering,

Chemicals, steel,

ship etc

Automobiles,

Trucks, tractors,

aircraft,

petrochemicals

Computers,

electronics, robotics,

satellites etc.

Source: Dosi, e/a/(1988), Technical Change & Economic Theory, [WheivV?1

However, the technological society is distinguished from the previous epochs by the emergence

of the extensive and systematic use of science and new techniques of production. The S&T

system developed into a highly organised one for research and deliberate technological

innovation coupled with an extensive and complex information and processing system.
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The main features of the industrialised technological society are among others:

• A system of manufacturing of large quantity of a variety of goods in a wide array of

industrial enterprises - large, medium and small.

• A complex system of infrastructure such as transportation, communication and.

distribution and other services as well as provision of consumed goods and services.

• A highly developed system of scientific and technological services which continually

rejuvenate the mode of production and services as well as enlarging the range of goods

and services available.

Drawing from his prodigious empirical work on national income studies, Kuznets began his

noble lecture as follows:

Kuznets | \ oar? j predicates economic transformation on deep-going structural changes - brought

about by technological change. Structural changes are characterised by the following:

• High growth rates of per capita product and population in highly industrialised countries;

• High growth rates of production (not limited to labour);

• Low growth of physical capita per head during early industrialisation;

• High rates of structural transformation of the economies including,

shift from agricultural production to non-agricultural production and rising

agricultural productivity;

more recent shift from manufacturing to services;

associated shifts in the structure of employment;

shifts from personal to impersonal organisations of firms, and a rise in scale;

- shifts between domestic and foreign supplies.

We do know that shift away from agriculture to industry and subsequent sectoral shifts in

industry have always been accompanied by productivity growth. As such high rates of

productivity growth is an essential requirement for sustained economic growth. In essence,

industrialisation proceeds with accompanying shifts in production structure towards productive

processes that are more complex in design and operation; and where this happens at very high

rates, high rates of productivity is observed in all sectors of an economy. Central to the rapid rate

of industrialisation of the western world and the unprecedented industrial transformation of Japan

and other East Asian countries is technological change.

One analyst argues that technological backwardness to a large extent explains the low incomes in

developing countries (who?? Reference - needed]. As he rightly points out, until the eighteenth

century, the ratio of per capital income per worker between the richest and the poorest countries

was less than 2:1. Ever since the great technological innovations of the eighteenth century, the

gap has widened so remarkably that today, the ratio is far above 100:1.

What does this mean for sub-Saharan Africa? Firstly, the uncompleted assignment of meeting 25

per cent manufacturing contribution to GDP remains an important challenge of the next decade.
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Secondly, wealth creation through easy exports of natural raw materials may not be enough to

create the base for accumulating national wealth. Third, national level policies will have to

address very quickly the "catch up" question because of the rapid rates at which others have, and

continue to, effect shifts in their production structures. Finally, sub-Saharan Africa will have to

export but not through the old pattern of commodity trade but by specialising in targeted areas of

manufactures. In other words, the issue of competitiveness becomes a major and strategic

concern. The next section examines the present structure of industrial labour and other structural

indicators. Those are prerequisites for technological transition.

6.2 The Present State and Future Possibilities

Considered against the structural parameters for measuring transition to a technological society,

the sub-region, with the exception of a few isolated cases, faces considerable challenges. The

largest proportion of the workforce is engaged in rural-based subsistence agriculture. 67 per cent

of the population are engaged in agriculture compared with 18 per cent in Korea, 12 in Argentina

and 23 in Brazil (UNDP, 1998). The average manufactured goods export for sub-Saharan Africa

in 1995 was 1.1 per cent of GDP (World Bank, 1997).

The problem also lies in the fact that manufactured goods produced in sub-Saharan Africa

countries such as Mauritius belong in the "low-productivity growth" sectors. These products are

produced through low-cost wage using low-skilled labour. High productivity growth products are

high value products. However, it is also equally true that countries such as Korea now operating

the high-productivity growth path started in the early stages as labour-intensive producers.

The implications for sub-Saharan Africa is that there remains a window of opportunity for

shifting into relatively higher productivity path even at the early stages of labour-intensive

production. However, the specific national policies for achieving this will have to be designed at

the national levels.
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