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1. The Contribution of S&T to Economic Development

Today there is little controversy regarding the contribution of science and technology to

development. The following statement from the World Development Report 1998/99

illustrates this.

"Forty years ago, Ghana and the Republic of Korea had virtually the

same income per capita. By the early 1990s Korea's income per capita

was six times higher than Ghana's. Some reckon that half of the

difference is due to Korea's greater success in acquiring and using

knowledge".

There is, however, fewer consensuses regarding the source of technical change. Some

researchers argue that the bulk of the increased output can be explained by increases in

physical and human capital, which were responsible for technological change as an

automatic by-product. In this tradition, structural change is viewed not as a central

phenomenon of economic growth, but as a consequence of the process of physical

accumulation of capital and income. Technological innovation is regarded as costless,

and allocative efficiency seems guaranteed within this marginalist approach.

However, there is a different body of researchers, which does not accept this marginalist

approach on several grounds. First, they argue that structural change is central to

economic transformation, and that marginalist tools are inappropriate for measuring

quantum leaps in technology and outputs. Secondly, technological change is a long -

term process. The instantaneous changes that are assumed in marginalist approaches do

not reflect reality. Thirdly, technological change is, empirically, not a neutral

phenomenon. It is neither costless nor fortuitous.

Where it has occurred in a relatively short period of time, such as is reflected in the

experience of newly industrialising countries (NICs), it has been due to deliberate

sustained and targeted investment in chosen activities. This group of researchers also

questions the efficiency of free markets to bring about technological change. Instead

they draw lessons from empirical evidence of newly industrialising countries in which

phenomenal economic progress has been brought about by proactive governments acting

as technological entrepreneurs.

2. Science and Technology in the Newly Industrialising Countries

in Asia

The newly industrialising countries in Asia include countries such as Singapore, Taiwan

Province of China (hereafter, Taiwan), Hong Kong and Republic of Korea (hereafter,

Korea).



It is also important to place Japan in its proper context as the role model for the NICs.

Both Korea and Taiwan followed the road map of technological transformation that

Japan charted. However, while Japan achieved the status of industrialised country in

about 100 years, Korea and Taiwan made the transition in a little more than twenty-five

years - a quarter of the time.

The role of S&T in the NICs can be characterised broadly as follows:

• The NICs made a dynamic choice of industrial sectors for the acquisition of

technological capability; Japan blazed the trail of the NICs in this by choosing textile

manufacturing as against the export of raw silk;

• The NICs tailored all other policies, apart from the technology policy, to facilitate

and jump start the acquisition of technological capability;

• First tier NICs like Japan after World War II before them, initiated and implemented

a system of targeting not only specific sectors and industries for local development,

but also particular technologies, together with a package of policies for acquiring,

assimilating, diffusing and further developing the technologies. These policies

included:

driving markets in state - determined directions;

protection of infant industries by taxes, and subsidies;

directed and subsidised credits;

control of the financial system by compartmentalisation and strict

enforcement of operational specialisation;

the promotion of internal competition among firms using imported

technology;

a strict program of graduation from import substitution to exports.

• The creation of winners through targeted support of particular industries at specific

times, although the methods differed among countries (In Japan, Korea, and Taiwan

direct foreign investment was discouraged and was not used until very recently;

instead Japan and Korea encouraged large indigenous corporations - the Kereitsu

and Chaebols - while Taiwan's large corporations were state-owned, and while the

small and medium enterprises were private sector).

• Like the developed countries, the NICs forged a strong partnership among all

stakeholders in industrial transformation - the private firms, the research and

educational institutions, and the government - in the formulation, development and

implementation of policies and strategies;

• institutions were developed for managing the process of industrial and technological

transformation;



• In the NICs, research and development was not the source of technology acquisition

initially, with the exception of agricultural technology; R&D institutions later

assumed greater importance as the NICs moved up the ladder of technology

transformation; the R&D institutions fulfilled certain roles including:

reverse engineering to understand the basic technology embodied in

artefacts;

applied research to improve the bargaining position of local firms in

search of foreign technology;

solution of specific production process problems for local producers;

the training of local personnel for more sophisticated technologies; and

the supply of engineers and scientists with problem-solving skills and

familiarity with research methodologies and instrumentation and

international network of professional peers.

• The state in ail the NICs had very competent, relatively uncorrupted bureaucracy that

managed the process of transformation;

• The educational system in NICs was a utilitarian system pursued by the state;

• The NICs were not only geared to production, they also encouraged exports as a

logical sequential step following the import - substitution that all of them followed;

export - orientation, in most cases, followed import - substitution, and was promoted

through deliberate policies that:

penalised perpetual reliance on protection,

fostered internal competition among local firms;

used the domestic market as a testing ground for products meant for

exports; and

subsidised exports;

• Although an agrarian revolution seemed to accompany industrial transformation in

each NIC; it was propelled by manufacturing which:

increased disposable incomes

raised non-farm wages and thereby forcing agricultural mechanisation;

provided a larger market for import substituting output of manufacturing.

• All the NICs also provided generous support for firm - level learning and human -

resource development in targeted industrial sectors.

The central question of this paper is then: how can African countries harness science and

technology for development? NICs have shown what has been termed miracles. The

question is can Africa replicate the experience of the NICs in comparable time? The

leap-frogging experience of many of the NICs was neither fortuitous, nor was it the

result of an "invisible hand". Even the early industrialises did not totally play by their



static comparative advantage. Rather, leaders took strategic decisions that were at the

time at variance with comparative advantage but eventually led to the transformation

observed.

In all cases of successful industrial transformation the state was, historically, an

important catalyst. What varied was the nature and scope of state intervention, not

whether the state intervened or not. For some countries, the state was not only visionary,

but was also the entrepreneur par excellence. The state set the vision of the future, chose

niches, created entrepreneurial winners, and crafted the environment that ensured a

future competitive advantage in activities that were alien to its entrepreneurs, formulated

viable strategies and drove the entire economies to play by the crafted strategies. The

key players were the state, the private entrepreneurs, and the generators of technical

knowledge wherever they were located. Every country that has shown remarkable

transformation had these three key players which constituted the National Innovation

System.

The rest of this paper will explore this national innovation system and how the state has

aided the system in different countries and what lessons Africa can learn from other

countries to bring about its own rapid transformation. Firstly, the National Innovation

System (NIS) will be discussed. The role of the government is examined in greater

detail. The impact of the new rules of international trade on the technological capability

of African countries and their competitiveness will then be analysed. Finally, some

conclusions will be drawn as well as some policy implications.

3. National Innovation Systems in Africa

The national innovation system of any country is defined as the framework by which the

country brings about innovation. It includes all the elements and participants involved in

product and process innovation in a country. This includes firms, research and

development institutions, educational institutions, the government, the regulatory

agencies, information networks, financial institutions, and the market.

The NIS approach emphasises the complex interactions of all the stakeholders in an

economic environment showing that economic agents do not operate in a vacuum but
depend on the quantity and quality of what has been called the "innovative milieu".

Recent studies show not only the importance of national innovation systems, but also of
international systems of innovation in certain knowledge-intensive industries such as

new materials, micro electronics, semiconductors and other computer based systems.

There is a gradual emergence of the interplay among international, national and regional

forces creating a complex web of interactions in which technological learning takes

place.



National innovation systems play a critical role in determining the rate and direction of

innovation and learning within a country. Learning could be codified as in patents or

blueprint. However, the most critical technologies on which firms build competitive

advantage are not codified. They are tacit, and their learning occurs also through intense

interaction and exchange within the innovative milieu.

A focus on NIS, while not absolving firms or other productive agents from responsibility

for the nature, extent and rate of learning and innovation, calls attention to factors

outside the firm, which affect firm's behaviour, strategy and ultimate success. The study

of NIS is therefore critical for the formulation of national technology policies and is an

important input for strategic technology planning in firms. However, its measurement

poses complex challenges especially when comparisons among countries are intended.

Various indicators of NIS have been developed over the years. Some are easy to

quantify, while others still remain elusive. In this section we shall explore the NIS of

African countries with respect to the measurable inputs and outputs and conclude by an

evaluation of their effectiveness in knowledge acquisition, generation, diffusion and

application.

3.1 Components of the National Innovation System

At the centre of any country's NIS are the productive firms, which are the pivot around

which all learning and innovation activities revolve. The firms themselves interact in a

complex web within the same industry and across industries. The other actors are: the

educational institutions which feed the system with human resources at various levels,

the research institutions (local, national and international); the regulatory agencies such

as the environmental protection agencies, standards organisations; various professional

and sectoral associations (chambers of commerce, association of engineers, Architects);

trade unions; government (central, state, local) and various government agencies;

financial institutions and markets and independent researchers. All these actors operate

in the context of social, political, cultural, and economic environment.

The Firm

The centerpiece of NIS is the firm. Technological changes take place within firms.

Research and development institutions could generate inventions and technical

breakthroughs. However, it is only, when these are commercialised within firms that

they constitute innovation. This process of commercialisation has been shown in the

literature to depend on the integration of R&D with marketing, prototyping, production

and effective linkages with outside expertise, customer preferences and the activities of

other firms.

Developing countries, especially African countries, do not have this kind of intricate

linkage between R&D and the rest of the economy, through the firm. This separation of

R&D from the productive units of the economy may be responsible for the low rate of

innovation in African countries. Bell and Pavitt (1992) note that failure to recognise the



firm as the central player in the accumulation of technology has been the major

shortcoming of technology policy.

The linear model of innovation from R&D to commercial projects, though theoretically

plausible, does not reflect the reality observable in any of the countries that have made

rapid technological progress. In fact, Adeboye (1997) argues that technological

innovation follows at least three dominant models. The first model which is typified by

recent US experience is fuelled by highly qualified scientists, engineers, and

technologists, and is sustained by large R&D spending, a derivative of the mission-

oriented aerospace armaments efforts of the US government. The second model

emphasises broad tacit skills, versatility and agility in learning new skills, information

sharing and intense interaction among the entrepreneur, the customer and the producers.

The third model is a diffusion model, which is based largely on the transfer, adoption,

adaptation and diffusion of existing knowledge. While the first model is always at the

leading edge of technology, the third is based on the ability to learn and adapt new

knowledge without necessarily contributing to it. R&D in the third model is carried out

initially to facilitate learning, train highly technical workforce, absorb new technology,

improve the bargaining position of the adopter, solve production problems and carry out

reverse engineering. With the increasing complexity of products and processes, R&D

then begins to take on the form of the U.S model. In all cases, the firm is the main

engine of technological change and innovation.

The notion of NIS allows us to engage with firm differences in innovative behaviour

even within the same environment. Firms relate to different conditions differently

depending on their organisational structure, historical culture, and perception of top

management with respect to many factors considered central to the attainment of

corporate goals.

Research and Development Institutions

R&D institutions are an important part of the national innovation system of any country.

The fact that researchers overestimated their direct contribution to innovation does not

diminish their importance. These institutions make vital contribution to technological

transformation, not through a linear model from invention to commercialisation but

indirectly. They help build the country's capacity to absorb, adapt, and deploy

technology. They do this by increasing the sheer number and diversity of engineers,

scientists, technologists and technicians that are conversant with modern research and

development methods and equipment. In many instances R&D institutions have helped

to solve product and process problems of firms; they have aided the process of decoding

the tacit elements of transferred technology; and have helped to improve the bargaining

position of technology recipients.

The R&D effort of countries is an important determinant of their NIS. This effort is

measured by such indicators as: R&D expenditure as a percentage of gross domestic

products, the number of engineers, scientist, technologists and technicians per 10,000

population; and the number and diversity of R&D institutions. On the output side: the

number of registered patents and licenses; the number of scientific publications in



recognised outlets; the number of product and process innovations whether patented or

not, are some of the measures of the output of R&D effort.

The extent to which this R&D effort is coupled to the productive sectors of the economy

determines its contribution to technological transformation and development.

The Educational Institutions and System

The educational institutions in a country have the primary responsibility of producing

the human resources that the economy requires to function. Studies on East and

Southeast Asian countries (Westphal, Kim and Dahlman 1986) that have undergone very

rapid transformation in recent years underscore the role that a broad general education

has played in providing the reservoir from which secondary, technical and other tertiary

human skills and competencies have been created.

Important measures of the relevance of the educational institutions to the technological

transformation of countries are rates of enrolment at the different levels of education, -

primary, secondary, technical, tertiary. Another measure is the relevance of the curricula

at each level to the productive sectors of the economy; the extent to which the curricula

reflect the breath - taking changes in different disciplines of learning - the emerging

technologies such as microelectronics, computer and information technology,

telecommunications, new materials, biotechnology, etc. Unless the educational system

is geared to equipping its graduates to participate in these new and emerging

technologies, the national innovation system will be constrained.

It can also be argued that an educational system, which emphasises practical

apprenticeship, vocational and technological training such as the German type is far

more relevant for rapid technological development than the more academic and

theoretical orientation of other systems. Some countries, such as Japan and Korea, seem

to have blended both systems to equip their workforce for the learning orientation of

today.

Another important requirement is that the educational system must be geared to life-long

learning in view of the rapid and continuous technological changes taking place in the

world. A complimentary part of the educational system is the firm-level training that

takes place in productive enterprises to impart specific tacit competencies. National

innovation systems that encourage and reward this kind of human resource development

facilitates firm level innovation.

Indicators of the adequacy of the educational system include government expenditure on

different levels of education; private sector expenditure on training; the size and nature

of incentive for private sector initiatives to encourage technological learning at the level

of the firm.

in



Industrial Institutions

Lall (1992) defines these industrial institutions as those that provide inter-firm linkages

in production, technology or training, or provide support to smaller enterprises, or help

firms to restructure and upgrade.

Industrial institutions. that are external to the individual firm include firms, whose

outputs feed into several industry sub-sectors such as semiconductor firms, metal

working firms, firms producing basic materials that are inputs into other products and

processes - iron and steel, petrochemical plants; aluminium smelting plants; gas

liquefaction plants etc. It includes central training facilities, which provide skill training

for a wide range of firms either in the same industry (textile training institutes,

petroleum training institutes) or across industries such as industrial training funds,

quality certification organisations; quality testing facilities; real service facilities catering

to the needs of small and medium enterprises such as press shops, extrusion shops,

general purpose packaging, etc. The presence or absence of these institutions affects the

national innovation system of countries.

The Market Structure

The market structure of any country is an integral part of the NIS. Many studies have

shown that the nature and pattern of technological change depends on the market

structure in any economy. This is because market structure determines both

opportunities for innovation and the appropriabilities of the returns from innovation. It

has been shown that when opportunities and the degree of appropriability are high,

industry structure tends to be dominated by a few large firms. Bell and Pavitt (1992)

have suggested that innovating firms in such situations tend to be in such industries as

chemicals, electrical equipment and electronics. When opportunities abound and

appropriability is low, innovating firms tend to be small, as in capital goods.

In many NICs, internal competition was promoted among local recipients of foreign

technologies to ensure graduation from import substitution into exports. The local

market was used as testing ground for export performance. Furthermore, the incentive

system was structured to encourage competition among firms in different sub - sectors of

industry.

Where industry structure is dominated by a few large firms, technological barriers to

entry may be important. Innovation could be fuelled by the persistence of economic

rents and their appropriability.

On the other hand where, internal competition is not fostered as in many African

countries, high tariff and non-tariff barriers could stifle innovation. The market structure

could then be a constraint on the national innovation system. This is in complete contrast

to the system in many NICs where incentive systems are geared to inter firm exchange

of information and diffusion of international technology that has been acquired by one or

two local firms among many others.
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Financial Institutions and Information Networks

Other critical parts of the NIS are the financial institutions and information networks.

The way financial institutions are legally and organisationally structured determines

their impact on the innovation system of countries. Japan had a most rigidly

compartmentalised financial system such that every part was specialised and their

functions were not interchangeable until very recently. Commercial Banks, agricultural

banks, industrial banks, merchant banks, the export bank, the central bank (Bank of

Japan) were given very strict mandates and stiff penalties were imposed for breaking

operational guidelines and procedures. The clientele was also under very rigid

operational guidelines, which prevented abuse of the preferential privileges that went

with certain lines of credit. Stiff penalties were also stipulated and enforced. This re -

enforced the sectoral targeting that characterised Japan's technological transformation

after the 2nd World War. To some extent Korea followed the Japanese pattern.

The impact of managed financial system on technological transformation was

exemplified in the East and Southeast Asian countries beyond Japan and Korea. Taiwan,

Thailand, Malaysia, Indonesia and Singapore used their financial institutions and

systems to fuel their rapid technological transformation. Financial institutions are

important because they have been used as instruments of government industrial and

technological policy. Their activities have affected every sector and policy of

government.

The role of information networks for technological transformation was first popularised

by Allen T. in the early 1970's. He showed that the speed, with which new technical

knowledge is diffused, depends on these networks. He popularised what he called the

"gate keeper" networks. Those, who access new technical information and let others into

this technical information mostly through informal channels, could be characterised as

gatekeepers. These networks link researchers with one another and connect them with

the market. Information networks for the entire economy perform two tasks: they

provide information about the quality of goods and services; and they help provide

information, which help to monitor performance during transactions. Government can

help the functioning of markets by establishing standards of products and services and

by enforcing adherence to the standards.

Government and the National Innovation System

Some researchers view the role of government strictly in terms of correcting market

failures. They argue that if markets were perfect and led to optimal allocation of

resources in output and input markets, there would be no need for government

intervention.

The existence of learning costs and risks are the justification for government

intervention in output markets, especially where governments wish to produce

"technological deepening" of capabilities. Lall (1994) suggests that there are essentially

two avenues for government intervention in output markets; to provide strong incentives

to firms or enter activities with difficult and costly learning sequences. These are:
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intervention in capital markets to direct finance at subsidised rates to those activities;

and by subsidising outputs or protection against competing imports.

On the other hand correcting for markets failures in input markets is aimed at helping

firms to build skills and learning competencies that they require to compete in output

markets. This set of interventions include: increasing investments in education;

increasing access to education for all segments of society; raising the quality of

education; encouraging increases in private investment in education to meet the needs of

industry; matching the educational curricula to the needs of industry; raising enrolment

in technical, vocational, scientific and engineering training; and encouraging firm - level

training (see for more details, Lall, 1994).

Other researchers view government intervention from a broader perspective as a result

of the historical experience of both industrialised and the newly industrialising countries.

Kim (1999) views the role of government from several perspectives including: creating

the demand for science and technology; strengthening the supply of science and

technology; facilitating the transfer of foreign technology; diffusing foreign technology;

promoting in-house research and development by local firms; keeping industrial peace;

modernising the agricultural sector as an important component of industrial

transformation; protecting the environment; providing the necessary infrastructure; and

setting standards.

Other Elements ofNIS

There are other important components of the national innovation system, which

determine the rate and type of technological innovation that takes place in an economy.

These other components include the social and cultural environment of the economy. It

has been shown that ethnic homogeneity of a country's political entity accelerates

technological transformation, while ethnic fractionalisation deters progress. Political

stability has also been cited as an important determinant of the rate and structure of

technological transformation.

The legal and regulatory framework of an economy has also been identified as an

important contributor to technological change. Where laws of contract are not enforced

or sections of society appear to be above the law, foreign sources of technology are wary

of investing or transferring their technology. This is particularly true of intellectual

property laws. It is usually argued in the literature that strict enforcement of intellectual

property rights encourages international transfer of technology. On the other hand, some

researchers have found little relationship between the enforcement of intellectual

property rights and technology flow.

It is the interaction among the different components of NIS that determines its

effectiveness in accelerating technological transformation. The higher the intensity of

interaction, the greater the pace of technological transformation. Knowledge acquisition,

generation, diffusion and application take place ultimately at the level of the firm,

because it is at that level that innovation in the true sense takes place. R&D institutions

could generate inventions or breakthroughs. The transformation of these into

commercial ventures requires the contribution of development institutions, venture

13



capital institutions, and a virile entrepreneurial class for these to become going concerns.

That is the stage at which entrepreneurs create firms, which lie at the heart of the

national innovation system.

Many African countries have created institutions for the promotion of science and

technology. However, what seems to be lacking is the intense interaction that is

observable in the NICs. Tanaka (1995) shows how the different stakeholders in Japan's

national innovation system participate at all stages of the decision-making,

implementation, monitoring and evaluations process. He shows how the various

advisory councils contribute to the innovation process through interlocking

representation and intense interaction.

3.2 The Role of Government

As already pointed out, governments played a catalytic role in the technological

transformation of all industrialised and newly industrialising countries.

(1) Strategic Choice of Manufacturing Activities (Niches)

In choosing activities, the point has already been made that countries that have showed

technological transformation have always chosen increasing returns activities, usually

manufacturing. Most developing countries have started their manufacturing in simple

mature activities such as textiles (weaving) processing of primary products such as sawn

timber, plywood, sugar, toys, consumer electronics assemblies and bicycle assemblies.

Japan started its manufacturing from textiles even when its comparative advantage was

in raw silk production. The choice of more knowledge intensive activities did not follow

any sequential progression in many of the countries of East and Southeast Asia. When

Japan and later Korea ventured into shipbuilding, they did not have any comparative

advantage in it. The~~two countries later emerged as world leaders in shipbuilding. This

pattern was also followed in both countries with respect to steel making, heavy

chemicals, and automobiles. The critical factor is not in choosing activities in which a

country has static comparative advantage. The success of the choice lies in the steps

taken to create the myriad competencies required for success in any product or process

niche.

(2) Expansion of Domestic Demand

In its industrialisation process, Britain used a minimum wage policy to increase

domestic purchasing power. The US followed a high wage policy. Germany and the

Scandinavian countries used similar measures. The deliberate choice of manufacturing

raised incomes in the manufacturing sub-sector and exerted pressures on agricultural

wages and reduction in agricultural labour force. This trend facilitated agricultural

mechanisation and higher productivity in agriculture.

Other measures to expand domestic demand include: the infant industry protection of

chosen manufacturing activities by the imposition of high import barriers - quantitative,

14



qualitative and fiscal, to keep out competing imports; increasing disposable income

through various tax concessions on income; provision of preferential credit for the

purchase of local goods as against imports, especially capital goods.

(3) Promotion of Competition

The promotion of local competition is critical for technological transformation. This has

been successfully promoted in the NICs through strict timetables for the removal of

protection; imposition of standards on local products and processes; specification of the

proportion of output that must be exported by local firms enjoying state protection; the

creation of crises situations such as prohibition of imports of certain inputs or

intermediate products with a view of forcing their local substitution by manufacturers;

import liberalisation time table together with fair trade legislation have also been used

by many NICs to foster domestic competition. When Nigeria banned the import of

sorghum malt by beer breweries, it led to intense competition to market an acceptable

lager beer from local resources. This was achieved within 5 years.

(4) Export Promotion

Export promotion would seem to have been pursued more vigorously in the NICs during

their import-substituting phase than in African countries. Among the measures for

promoting exports were: specific export targets (value, geographical distribution, and

quality standards) for protected firms; specialised export credits and export insurance;

export price subsidy; preferential access to foreign exchange in cases of exchange

controls, retention of export earning in foreign currency accounts by exporters; the

enforcement of export targets through special awards for export performance; the use of

governments foreign embassies for the promotion of the country's exports; the provision

of foreign market information; the negotiation of bilateral agreements for the export of

specific goods and services, etc.

(5) Government Procurement

An outstanding example of the use of government procurement to foster technological

progress is the US defence and aerospace program. The government gave technological

targets on the basis of cutting edge knowledge and even funded the bidding process by

underwriting development and prototype work of competing firms. It then made a

selection on the basis of the most promising and cost - effective bid. Through this

approach major technological targets have been attained and spillover from these

government contracts found their way into civilian uses.

Korea's armaments efforts when the US threatened to withdraw its military deployments

had a similar effect as US procurement experience. These experiences show that the

government can use its tender process to raise technological capability of local firms.

Government procurement policy has also been used to promote the reaping of

economies of scale by local producers who may not normally invest on the basis of

existing market, but will respond to procurement guarantees.
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(6) Strengthening the Supply Side of Science and Technology

This role entails the fulfilment of various tasks, which range from human resource

development to addressing the consequences of technological change:

Human Resource Development

The entire S&T policy depends on the human resources to support it. The issues that

S&T policy must address in this human resource development area include:

- A deliberate allocation by the state of its limited education resources among the

competing tiers of education - primary, secondary, technical, university, and

other tertiary sectors; - a deliberate design of curricula and standards either for

general purposes or to meet specific development goals;

- A conscious decision about who bears the cost at each level and the role of civil

society, the private sector and the government in funding each tier;

A deliberate decision about the science, engineering and technology content in

the curriculum of each tier in the educational system, as well as the incentives

and sanctions for pursuing or avoiding S&T subjects;

- A deliberate decision on what the relationship of all stake holders in the

educational system will be - partnership, co-operation, adversarial, etc. This

decision defines the success or failures of S&T policy in this area;

- A conscious decision about the extent to which the system will be open to the

international community in terms of knowledge sharing, cost sharing, personnel

exchange experience, etc;

A conscious decision regarding the status of teachers in each of the critical tiers -

in terms of remuneration, security of tenure, prestige in society, and the position

of S&T teachers in relation to others in the teaching profession. It has been

shown that countries such as Japan and Korea that have also paid their science,

engineering, and technology teachers the most have also made the most

remarkable progress; and

- The design of flexible university system that responds to the dynamic demands

of global competition by producing S&T personnel that reflect the particular

strategic goals that the nation pursues.

The Research and Development System

Since this area dominates most discussions of S&T policy, merely an outline of the

issues of S&T policy in this area are mentioned here. These are:

Resource allocation to R&D;

Institutional and structural issues for managing R&D;

- Research directions and priorities;

Quantity and quality of research inputs and outputs;

- The behaviour of the research community;

Legal and intellectual properties, especially as more and more countries seek a

closer connection between university research and the productive system;



- Information and management systems for research;

How to turn researchers into technical entrepreneurs; and

The rewards and sanctions for innovative or non-innovative behaviour.

The Production System

S&T policy must address the production system specifically, not just by focusing on the

commercialisation of research results. In this area it must address the following issues:

- A deliberate effort to harmonise S&T policy with trade, fiscal, monetary, and

other economic policies to ensure synergy and mutual reinforcement (this is what

the East Asian countries, Japan, Korea, and Taiwan, seem to have done

remarkably well).

- A targeting of policies to ensure the commercialisation of research results;

- Technological forecasting and a deliberate choice of niche for the nation in the

global economy;

A deliberate choice of development strategy and the design of appropriate

policies to implement that strategy;

Methods of infant-industry protection to foster targeted industrial technologies -

i.e., creating winners, not merely choosing winners, since some new industries

do not have a chance to win in their infancy without support;

Policies that will foster the growth of dynamic capacity to manage technological

change;

Industrial property protection;

Strategic alliance among private sector firms and between the private sector and

the government;

Issues of the policy-making process on matters of S&T, especially the extent of

participation of all stakeholders in the process;

- Deliberate policies that foster innovative behaviour, inter-firm competition, and

penalises non - innovative behaviour; and

Government procurement policies for the promotion of targeted technologies.

The Consequences of Technological Change

S&T policy must address the pressing development issues of society and seek to

minimise the adverse consequences of technical change, while exploiting the

opportunities that new and emerging technologies offer. S&T policies in this area must

address the basic needs of society - food, security, shelter, basic health, infrastructure,

etc.; seek to alleviate poverty; reduce the negative effects of technical change on the

environment in terms of pollution, desertification, soil degradation, waste management,

etc.; be gender sensitive in order to minimise any negative consequences; anticipate and

exploit the opportunities of new and emerging technologies such as new materials and

biotechnology.
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(7) Technology Transfer

The current environment of globalisation of trade under the new rules of international

trade does not support the methods by which developed countries and NICs managed the

transfer of foreign technology. Measures used in the past included legislation of the

process, price and other conditions of acquisition; stiff infant industry protection of

corporate technology; high subsidies, and excessive government intervention. Certain

studies of some African countries show that the protective measures did not aid the

accumulation of technology for these countries, notably in textiles in Cote d' Ivoire

(World Bank, 19999), Ghana, (Lall, 1996) and Kenya (Teitel et al., 1996).

The adverse effects of over-protection on technological capability were also observed in

respect of Brazil's national computer industry. It is argued that a key role of competitive

price system was to reveal minimum costs of production. "Markets with free entry are

like contest: profits depend on performance". Governments that create protective walls

around an industry remove this discipline and shut off information flow that markets

sustain (World Bank, 1999). It is pertinent to note that the World Bank (1999) accepts

the fact that the NICs of East Asia found efficient methods of controlling technology

transfer and protecting infant industry, while ensuring rapid export performance.

Subsidies and protection were tied to export performance, and the bureaucracies

facilitated the process rather than hinder it through corrupt practices that seem rife in

Africa.

Innovative ways have to be found to maximise international technology transfer without

infringing the new rules of the World Trade Organisation. Several African countries

have created export free zones (EPZ) that are geared to replicating some or all of the

incentives used by the NICs. These countries include Kenya, Zimbabwe, Nigeria,

Ghana, and Ivory Coast. It will be important to find out empirically how successful these

EPZ have been under the liberalised regime in which the entire world has to operate.

(8) Facilitating Mobility for Technology Transfer

Policies that facilitate the physical movement of skills and competencies within an

economy help to diffuse technologies much faster than other measures. In the poaching

of skills and competencies from existing firms seemed to have helped new entrants to

acquire and even leap frog technological learning.

In the African setting one variant of people mobility that holds a lot of promise for

technological transformation is the creation of manufacturing entrepreneurs from

research scientists, engineers and technologists. There are three requirements for this

type of mobility to be accelerated: the first is that the environment of entrepreneurial

activity must reward innovative and productive activities rather than other activities.

The second requirement is that research activities in the R&D institutions and the

universities must be geared to the productive sector through mission-oriented contract

research that generates research results that can be further exploited. Thirdly, there must

be support services which facilitate the transition, including:



• management support and training;

• technical and managerial services to new firms and potential entrepreneurs;

• investment in development centres that help to commercialise the inventions

from research;

• creation of research parks;

• creation of incubators for new technology-based ventures;

• provision of business profiles to prospective entrepreneurs; and

• provision of cheap venture capital as matching funds to entrepreneurial

investment.

(9) Promoting in-house R&D in the Private Sector

The notable examples of newly industrialising countries that have encouraged private

sector research and development are Korea, Singapore and Taiwan. In Africa, however,

only 6.7% of the entire R&D in 1995 were carried out by the private sector. Over 93%

were government funded. This situation contrasts with that of Korea, which by 1995,

80% of all R&D was accounted for by the private sector. This represented over 2.3% of

GDP. Incentives that Korea granted private sector R&D included:

• preferential finance for R&D spending;

• matching grants for private sector R&D;

• tax deduction for R&D spending;

• tax exemption for R&D input import;

• encouragement of collaborative R&D effort.

However, as the country moved up its technological trajectory to more knowledge-

intensive products and processes, the requirement for in-house R&D intensified. More

importantly, as government created crisis situations with technological targets for

industry, the role of indigenous R&D increased. In some cases it was industry itself that

created the crises: for example in the automobile industry. When developing country

firms begin to operate at the cutting edge of any technology, foreign multinationals may

become reluctant to sell this kind of technology. The Korean big conglomerates have

started developing in-house technologies as a result of this kind of barrier to access.

(10) Modernising Agriculture

The experience of all developed countries and NICs show that agriculture cannot be

neglected in pursuit of technological transformation. It is one area where private sector

research has not been as important as public sector research even in developed countries.

African countries have a long list of agriculture research institutes that have made

substantial contribution to the agricultural sector.

In addition, several international research organisations are located in Africa, which

include the International Institute of Tropical Agriculture (IITA - Ibadan, Nigeria), the

International Center for Insect Parasitology and Ecology (ICIPE - Nairobi, Kenya), the



International Center for Research in Agro-Forestry (ICRAF - Nairobi, Kenya) and the

International Livestock Research Institute (ILRI - Addis Ababa, Ethiopia).

Governments have a role in funding the adaptation of agricultural research to local

climatic, soil and ecological conditions. They also have the role of developing a virile

agricultural extension system to bring technological changes to the farmer.

Agricultural transformation goes beyond the research and extension system. It includes

agricultural mechanisation and agro-processing; on-farm storage system, and

agricultural marketing. While governments cannot directly participate or control these

activities, they must act as catalyst in the development of all aspects of agriculture. The

NICs provided special incentives for the promotion of on-farm storage, marketing and

distribution to reduce post harvest losses, while promoting agro-processing for exports.

Thailand was able to expand its export of long-grain rice by over 200% within a decade

as a result of government support for private initiatives.

(11) Development of Environmentally Friendly Technologies

Countries have devised several strategies to combat global environmental degradation.

These include: reliance on technological progress, setting and enforcement of global

environment quality standards, market based incentives, direct controls and regulations.

However, in developed countries the main tool has been through technological

innovation. Unlike in the past when technological progress and environmental quality

were viewed as conflicting goals, there has been a shift to using technical progress to not

only increase output, but also to enhance environmental quality.

These countries have realised that technological progress can be an engine of

environmental sustainability. Developed countries have linked technological policy to

environmental policy so that technological policies enlist environmental policies and

vice versa. Given the recent dynamism in technology, there is a shift towards those

technologies that have minimum negative environmental effects. These technologies

have minimum environment risk, are cost effective, reduce waste, perform many

functions and are generally widely applicable across sectors. In this context, they are

environmentally friendly. They can be referred to as environmentally sound or strategic

technologies.

Developed countries, led by the United States, are for example working in collaboration

with other countries, organisations and agencies that are involved with environmental

issues to ensure that there are global environmental standards which all countries must

adhere to in their production and consumption activities. The United States can, for

example, refuse to buy goods from a country if it has evidence that the production of

those goods are endangering environmental quality, or have not been produced in

accordance with best practice environmental standards.
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4. Technological Capability and Africa's Competitiveness

Technological capability can be defined as the skills and competencies that firms require

to acquire, access, adopt and adapt technologies for their production; and the consequent

competencies for innovation from acquired technology. Some researchers have

categorised these capabilities into production, investment, and linkage capabilities to

show a progression of competencies. Others even have more numerous categories.

The important issue for this paper is the fact that a firm's competitiveness in the present

global realities depends not only on its stock of capabilities but also on its capacity and

agility to learn new technologies and deploy these rapidly for its sustainable

development. This capacity for learning has been called "learning-to-learn" and entails a

firm's management knowledge of how to proceed to achieve sustainable

competitiveness, how long it will take, how much it will cost, where to search for market

information, knowledge, skills, organisational methods, critical linkages with the demise

of protected markets world-wide.

Firms no longer compete locally but globally. Sustainable competitiveness requires

firms to challenge accepted best practices, redraw segment boundaries, set new price and

performance standards, change the product/service concept and create their own future.

A report that examines the competitiveness of countries regularly is the World

Competitiveness Report. It analyses the competitiveness of countries using eight

factors, namely:

• Domestic economic strength, defined as macroeconomic evaluation of the

domestic economy overall;

• Internationalisation - extent to which the country participates in international

trade and investment flows;

• Government - extent to which government policies are conducive to

competitiveness;

• Finance - performance of capital markets and qualit of financial services

• Infrastructure - extent to which resources and systems are adequate to serve the

basic needs of business;

• Management - the extent to which enterprises are managed in an innovative,

profitable and responsible manner;

• Science and technology - scientific and technological capability, together with

success of basic and applied research; and

• People - availability and qualification of human resources.

Until recently, nations gained competitiveness for their firms by protection,

subsidisation, and other incentive measures that allowed firms to gain experience for

international competitiveness. We have shown that all countries that have achieved

remarkable technological development needed these props. The Uruguay Round

Agreement concluded in 1994 changed the basis of multilateral trade and challenges less
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developed countries and Africa. The rules of international economic relations have

proscribed the traditional building block of technological transformation, and the

challenge is even more daunting.

The Main Provisions of the Uruguay Round Agreement

The Uruguay Round Agreement (URA) consists of 28 agreements. Twenty-five of these

cover the goods sector which brings within its ambit agriculture, textiles and clothing

that were traditionally excluded from the General Agreement on Tariffs and Trade

(GATT). URA includes agreement on Trade Related Investment Measures (TRIMS);

Trade Related Intellectual Property Rights (TRIPS); Agreements on Trade in Services,

and it established the World Trade Organization (WTO) to manage the new trading

relations. URA not only enlarges the jurisdiction of GATT (into agriculture, textiles

clothing, investment, intellectual property rights and services), but it also integrates trade

in goods and services, protection and enforcement of intellectual property rights and the

treatment of foreign investment into a single package, on which retaliatory action could

be taken across sectors.

It has been generally recognised that URA was driven by the objective of industrialised

countries that markets of developing countries, especially those that have achieved rapid

economic growth or those that have large and expanding markets should be pried open

for their goods, services, technology and investment (See UNIDO, 1996). The protection

of intellectual property was central to this objective. In fact, the protection of intellectual

property, it has been argued, was to guarantee market access, while preventing illegal

domestic copying and imitation. Consequently, African countries now have to compete

not only ;n external markets, but also in their own markets.

Apart from the mandatory removal of tariff and non-tariff barriers and the tariffication of

non-tariff barriers, African countries face other non-tariff barriers related to health,

safety and environmental standards, which heighten the stakes in their drive towards

technological transformation. The pertinent question here is how is Africa to respond to

these daunting challenges?

Africa's Response

There is growing concern that URA will perpetuate the underdevelopment of African

countries, unless the challenges that it poses are addressed. Some researchers have

suggested the renegotiations of the main provisions; in order to better address the

concerns of less developed countries. However, there is no guarantee that these countries

will have concessions.

UNIDO (1996) has suggested a number of steps to be taken to meet the challenges of

URA. They have suggested three measures: (a) adequately managing the implications;

(b) utilising available loopholes in the TRIMS and TRIPS provisions; and (c) exploiting

the URA's exclusive focus on prices. These suggestions represent a starting point for

African countries.



(a) Managing URA Implications: This implies that African countries should seize

the opportunity offered by lowering of tariffs on footwear and garment goods,

rubber and leather products to expand their trade in these. This applies also to

tanned leather, paper articles and yarns of jute. It also implies that African

countries must seek to raise the value added to their primary products such as

processing logs of wood panels; producing leather articles from their hides and

skin; paper from their pulp; fabrics from their juke yams and manufactured

products from their copper nickel, lead, tin, and columbite. It will be far easier

for African countries to raise value added in these primary products with their

target market being other African countries and other developing countries.

(b) Utilise available loopholes in the TRIMS and TRIPS provisions and seize the in-

existence of TRIMS restrictions on repatriation of profits, rights of establishment

and technology transfer, in order to:

• induce the technological behaviour of multinational corporations in areas

such as: subcontracting their R&D to local research institutes; supplier

development; linkage with local small and medium enterprises; licensing,

etc.:

• take advantage of the compulsory licensing provisions to foster technological

innovations in national enterprises of strategic value and for raising

technological capability generally;

• take advantage of the exceptions agreed for the non-commercial use of

intellectual property by providing incentives for the experimental use of

patents by local universities and R&D institutions;

• establish a narrower scope for patents, so as to allow a wider scope for

improvements developed locally to gain local patents;

• use the obligatory provision requiring developed countries to transfer

technology to less developed countries to foster technology absorption;

(c) Increase competitiveness of local firms by exploiting URA's exclusive focus on

price by providing incentives for greater differentiation in quality, time to

market, flexibility of delivery and innovative service generally.

For African countries that have a sizeable industrial sector, these suggestions seem

worth exploring. The problem is that most African countries have an insignificant

manufacturing sector. With weak macroeconomics, the means of carrying out this kind

of an action plan becomes a tail order. Agriculture and services are still the dominant

sectors in most African economies. Africa must move into increasing returns activities in

order to achieve rapid transformation. While agriculture is a diminishing returns activity,

agro-processing provides an avenue to raise value-added and improve Africa's food

situation, which had remained rather stagnant in recent years.

The second activity that should become Africa's focus is raising value added in its

extractive industries-solid minerals, fossil fuels, gas, and energy from wind, waters solar

and biogas sources. African countries should seek to develop upstream and down stream
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projects in these areas by promoting joint ventures and indigenous initiatives to raise

competitiveness through the use of technology.

Thirdly, the privatisation and . >mmercialisation of public utilities in African countries

should be premised on their technological transformation. In other words, the basis of

ownership and management should be possession of competitive technology.

Governments must be ready to part with majority ownership in order to transform

telecommunications, energy and other utilities, which are so critical for economic

transformation.

5. Conclusions and Policy Implications

Six broad conclusions seem to be resulting. Firstly, economic development is the result

of technological transformation or innovation. While this fact is no longer in dispute.

The contribution of technological transformation to economic growth is still very much

the subject of controversy. In spite of wide variations in estimates of this contribution,

there is general consensus that much of the economic transformation of the newly

industrialising countries of East and Southeast Asia is due to technological innovation.

Secondly, the economic development of the industrialised nations has also been due to

technological transformation, even when that process spanned several centuries in the

case of early industrialises. Later industrialises learnt from the early ones and seem to

have shortened the time to transformation. Their transformation has been quicker, the

more they made a deliberate effort to learn from their predecessors and the greater the

intensity of their effort was.

Thirdly, technological transformation is not an automatic consequence of capital

accumulation or the quantity of investment. Its rate is activity-dependent. Investment in

increasing return activities, mainly manufacturing, has been shown to result in more

rapid technological change unlike the investment in decreasing returns activities such as

primary production.

Fourthly, there are different paths to technological transformation. All countries that

have shown appreciable technological transformation have passed through an

"obligatory passage point" during which specific manufacturing activities were chosen

and broad policies were applied to help them thrive. In all cases, states relied on

protection, subsidisation, import-substitution, export promotion and the eventual

transformation of their agriculture. Some researchers like to refer to state action as

intervention to correct for "market failure". However, state action goes beyond the mere

correction of market failures. There are demand side as well as supply side actions that

go to promote the desired outcome.

Fifthly, it has been shown that technological transformation defies single factor

explanations and involves all the components of what has been referred to as the
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national innovation system. Countries that develop all the key elements of the national

innovation system and are able to generate intense interactions among all the

components tend to show much faster rates of transformation than those nations with

poor interaction quality or rudimentary NIS.

Sixthly, the new rules of international trade and investment create serious challenges to

African countries in their quest for technological transformation. The policies that most

nations used to achieve technological transformation no longer seem to be available to

African countries. Rather, innovative ways have to be sought by them, in order to gain

technological competitiveness and technological transformation.

Given these broad conclusions, what specific actions must African countries take in

order to bring about technological transformation and economic development?

Kim (1999) has suggested that African countries should launch their industrialisation on

the basis of abundant low-cost labour force to maximise their comparative advantage in

labour-intensive industries at the mature stage of the life cycle. To support this strategy,

he has suggested lessons that African countries can learn on both the supply and the

demand side.

On the supply side, he suggested that Africa should expand its investment in education

even before launching the industrialisation program. This should be a balanced

investment at all levels. He also suggested expansion in the quantity and quality of

tertiary education, on the grounds that several studies have shown a strong correlation

between education and industrialisation. He suggested that certain brain drain is

desirable early in the industrialisation effort, since this forms the reservoir from which

specialised competencies can later be drawn for knowledge-intensive products and

processes. He recommends that small and medium-sized enterprises wishing to build

technological capability from foreign technology could use blueprints, manuals,

technical specifications and machinery imports that are readily available for mature

technologies. These could be complemented by reverse engineering of mature products.

Large firms that have the funds and the organisational capability to negotiate with

foreign suppliers should opt for turnkey plants with foreign licenses. Better still, if

foreign licenses could be unpackaged and the different components are differently

sourced, this could accelerate technological learning and the possibility of attaining

competitiveness by introduction of changes. This process had been found to create crises

for organisations and have provided the avenues for rapid learning.

To boost local effort, he has suggested that government research institutions be

established in close connection with universities, "so that research results whether

successful or not, may be embodied in the head of graduates who spin off to different

industries" as the best method of diffusion. Although R&D may not be required for

imitative industrialisation, local R&D has been seen to fulfil several functions including:

reduction in import price of technology; improvement in bargaining position; and the

generation of local research skills. On the demand side, Kim suggested an export

orientation for African countries because export-oriented countries have been shown to

grow much faster than the import-substituting countries. Also he suggests the



engendering of internal competition and the "construction of crises" to facilitate faster

technological learning.

These suggestions were based mainly on Korea's experience, and to some extent on the

experience of Taiwan, and Japan. They are certainly worth exploring. However, there

are certain issues that must be borne in mind in the quest for the lessons that African

countries can learn globally for their own industrialisation. Although the global

environment facing all African countries is the same, the internal strengths and

weaknesses that the individual countries bring to the global market are different. It

might therefore be difficult to recommend a uniform response to the challenges. We

would therefore recommend some generalised responses, and some other specific ones.

Generalised policy Responses

Certain policy responses can be generalised irrespective of the particular situation of

individual African countries. These include:

• A clear vision by the leadership of each African country as to where the

• country intends to be immediately, in the medium term and in the long run;

• A clear choice of manufacturing niche for the country and this need not be in

• the mature technology stage. It could be knowledge-intensive (for example, the

exploitation of the opportunities in biotechnology and computer software

development and services);

• A re-organisation of educational curricula to reflect the vision and choice of

niche; and increase in their science engineering and technology enrolment;

• A broadening of general literacy for those countries, which still have high

illiteracy rates;

• Reliance on technology transfer for most manufacturing operations and the

exploitation of expired patents;

• The privatisation and commercialisation of state enterprises - especially the

public utilities - on the basis of technological competitiveness; and

• Deliberate nurturing of productive sector entrepreneurs: Entrepreneurs are not

lacking in Africa. However, most prefer the risk-free, tried and tested trading and

rent-collecting activities rather than manufacturing. Manufacturing

entrepreneurs have to be nurtured.

Country-Specific Policy Responses

The following policy responses will depend on the peculiar situation of each country.

These are:

• Expansion of educational investment for countries that are lagging behind in

education: Benin, Burundi, Uganda and Zambia are a few of these. For many

African countries, government expenditure on education as a percentage of GDP

compares favourably with those of the fastest growing NICs. What seems to be

called for is efficient deployment and management of this investment.
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Import-substitution strategies for the large countries in Africa as a necessary

sequential step in the drive for exports. On the other hand, export-orientation for

the small countries that is unable to explore scale economies from internal

markets.

Increase in the value-added of primary export through further processing in order

to exploit the opportunities in URA provisions. This applies also to the extractive

industries.

Increase in the competitiveness of local firms, emphasising greater

differentiation in quality, time to market, flexibility in delivery and innovative

service;

Use of foreign aid to set up intellectual property laws infrastructure for countries,

where these are absent or rudimentary.
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