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CHAPTER I1I

TECHNOLOGY POLICY FORMULATION IN DEVELOPING COUNTRIES:

with special reference to

Institutional Framework and Policy Development Process

N.P. Singh

New Delhi,
October 1985

The views expressed and the suggestions made in this report are
those of the author. They do not necessarily represent those
of the Commonwealth Secretariat or of the Government of India,
by whom the author is employed as Secretary to the Technology
Policy Implementation Committee.
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INTRODUCTION

This is an abridged and updated version of a report
originally commissioned by the Commonwealth Secretariat
in October 1984 to provide background material for members
of the Commonwealth Working Group on the Management of
Technological Change.

The report is in two parts. The first part defines
certain terms and sets out the geographical coverage of the
report. It then briefly surveys present policies and related
institutional frameworks for promoting and facilitating
technological change in selected Commonwealth countries at
different stages of economic development. The second part
looks to the future and discusses possible improvements to
technology policies and other measures in order to enhance
their operational efficacy in helping to fulfil the overall
socio-economic goals of communities.

Because of time and other constraints the report
had to be based on literature available within India. But
bearing in mind the relative lack of development of science
and technology policies in most countries, it is doubtful
if a wider survey would have made a very great difference to
the outcome of the report.

The author wishes to express his appreciation to the
authorities concerned at the Planning Commission, Department
of Science and Technology, Council of Scientific and
Industrial Research, National Council of Applied Economic
Research, NISTADS, United Nations, IDRC, British Council and
other institutions in New Delhi for the library facilities
availed to him. He is also grateful to Professor M.G.K. Menon,
Member, Planning Commission and Chairman, Technology Policy
Implementation Committee, Government of India, for guidance
in preparing the report and to the Commonwealth Secretariat
for entrusting him with the task. Finally, the author wishes
to emphasise that all views expressed and suggestions made
in the report are his own and do not necessarily represent
those of the Technology Policy Implementation Committee or
the Cabinet Secretariat of the Government of India, nor those
of the Commonwealth Secretariat.



Part 1

TECHNOLOGY POLICIES AND ECONOMIC AND SOCIAL
DEVELOPMENT . THE PRESENT POSITION

Section 1

Definitions and Coverage

Definitions

The literature on science and technology (S&T) policy
makes frequent use of certain expressions or phrases. Some of
these are useful in the context of the present report and are
defined below.

(1) "Science'" can be considered as a systematic
study aimed at the basic understanding of
natural or social phenomena and the unravelling
of cause and effect relationships involved.

(11) "Technology'" is defined in Webster's Seventh
New Collegiate Dictionary as '"a technical
method of achieving a practical purpose"
and ''the totality of the means employed to
provide objects necessary for human
sustenance and comfort'.

(iii) "Appropriate technology' has been defined by
the UNIDO Second Consultative Group on
Appropriate Technology as '"that technology
which contributes most to the economic,
social and environmental objectives of
development'.

(iv) "Technological change" is defined by UNCTAD(])
as '"an advance in knowledge and a change in
technique, an alteration in the character of
the equipment, product and organisation, which
is actually being utilised'". An alternative
way of looking at technological change would
be from the point of view of the changes which
the introduction of a new technology brings
about in a society. Some of these may be
substantial, in terms both of economic well-
being and of social or cultural values. In
this sense,technological change would be the
end-result of introducing a new technology
into a society.

(v) "Science and technology (S&T) policy'" most
commonly refers not only to policies for
developing S&T itself but more especially
to policies designed to ensure that the
development or application of technology
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fulfils pre-determined socio-economic or

other goals of a community. According to

that definition, the objectives of a country's
S&T policy would have to be derived from its
socio-economic, security or other goals which,
in turn, might depend to some extent on the
geo-political setting of the country.

(vi) "Absorption of technology" is generally used
in connection with the acquisition of technology.
It implies not only understanding and mastering
the operational 'know-how' of processes and
techniques, but also of attempting to understand
and acquire the 'know-why' of the designs,
techniques and processes relating to the
operations involved, with the object of being
able to alter them to suit local conditions
and to make further improvements to them.

(vii) "Adaptation of technology" involves making
imported technologies suitable for local
materials, skills and markets.

(viii) "Technology assessment", as defined by one
UN organisation, is a "process for the
systematic analysis, forecasting and evaluation
of a broad range of impacts on society
pertaining to technological change and choice in
order to identify public policy and options.
It helps to match tgchnological development
to national goals".

(ix) ”Technologg forecasting' has been defined
by Martino® as '"a prediction of the future
characteristics of useful machines,
procedures or techniques'.

There are numerous other phrases like "applied research'",
"basic research'", "research, design and development (RD&D)",
which are frequently used in the literature. Most of these are
defined in the "Frascati Manual"4: in other cases, their meanings
are obvious from the context in which they are used.

Coverage

This first part of the report provides a brief overview
of the state of S&T policies in four Commonwealth countries at
varying stages of economic development. It concentrates on
technology assessment, choice, transfer, adaptation, development
and utilisation, and to the structural changes and adjustments
needed within and between economies and societies in order to
promote and facilitate technological change. The aim is to
compare and contrast the evolution of S&T policy in the four
countries, to examine the objectives and criteria used in
determining those policies, and to evaluate the institutional
framework for their implementation. This is followed by
an assessment of the efficacy of S&T policies in these
countries. Drawing on these experiences, the second part
of the report presents a set of model policies, at both macro-
and micro-levels, which could promote and facilitate
technological change.
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The selected countries are India, Bangladesh, Singapore
and Tanzania, particular emphasis being given to India. They
were chosen primarily because of their different economic and
social characteristics - reflected in their diverse levels of
per capita income (ranging from US$120 in Bangladesh to US$§3,770
in Singapore) as well as in their different economic sizes and
structures. Singapore, as a newly industrialising country, was
selected to see how far its technology policies contrasted with
those of the other three.

In three of the four countries (the exception was India),
the absence of field visits and the non-availability of up-to-
date documents on their technology policies meant that the survey
of these countries' S&T policies and institutional mechanisms
was largely based on their papers prepared for the United Nations
Conference on Science & Technology for Development (UNCSTD) held
in Vienna in August 1979. In addition, use was made of a 1982
UNCTAD report entitled "Technology Policy in the United Republig
of Tanzania : Survey of Issues and Recommendations for Action'.

Section 2

Objectives of S&T Policies and Criteria

for Determination

As already mentioned, the objectives of national S&T
policies should be decided in the light of a country's socio-
economic and other goals and its geo-political setting. It
should also be possible for countries to agree internationally
on certain common objectives, such as the development of
technologies to satisfy basic human needs. Unless S&T policies
have well defined objectives both at the national and the
international level it is likely that the development of new
technologies will continue to be determined largely by ‘'market-
pull'. As a large part of the world's population is too poor
for their basic needs to be adequately reflected in the form of
market demands', technological developments, left to their
natural forces, generally fail to satisfy these needs, parti-
cularly of people living in developing countries. It is there-
fore imperative that these countries define their S&T policies
with clear objectives and priorities determined in the light of
their socio-economic and other developmental goals.

Since the beginning of the 1970s many developing countries,
both within the Commonwealth and outside, have recognised this
need. India, however, seems to be one of the few which has made
an explicit statement of its S&T policy in recent years. In
most other countries there is an implicit S&T policy, which can
be derived from their decisions, practices and mechanisms
relating to technology imports, technology development. sectoral
allocation of resources for R&D, diffusion policies, labour and
manpower development policies, and socio-economic goals.
Bangladesh, Singapore and Tanzania all fall into this category.
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The present section surveys the objectives of the
explicit/implicit technology policies in these four countries.
It focuses on the policy development process in terms of the
assessment, choice, transfer and absorption/ adaptation of
imported technologies, the development and utilisation of
indigenous technologies, and the structural adjustments needed
to promote technological change. The institutional framework
adopted by these countries for implementing their S&T policies,
e.g. for the regulation of technology imports, technology
development and technology diffusion, is described later (page 175).

INDIA
Evolution of Science & technology policy

One of the earliest official documents on S&T in India
was the Government of India's Scientific Policy Resolution (SPR)
of March 1958. This set out the major aims of the Government's
S&T policy as follows:

(i) to foster, promote and sustain, by all
appropriate means, the cultivation of
science, and scientific research in all
its aspects - pure, applied and
educational;

(1i) to ensure an adequate supply, within the
country, of research scientists of the
highest quality and to recognise their
work as an important component of the
strength of the nation;

(iii) to encourage and initiate, with all possible
speed, programmes for the training of
scientific and technical personnel, on
a scale adequate to fulfil the country's
needs in science and education, agriculture
and industry and defence;

(iv) to ensure that the creative talent of men
and women is encouraged and finds full
scope in scientific activity;

(v) to encourage individual initiative for the
acquisition and dissemination of knowledge,
and for the discovery of new knowledge,
in an atmosphere of academic freedom; and

(vi) in general, to secure for the people of
the country, all the benefits that can
accrue from the acquisition and application
of scientific knowledge.

Since 1958 scientific activity in India has expanded
considerably. 1India now has a substantial infrastructure of
S&T institutions and capabilities in a wide variety of fields
including agriculture, health, defence, atomic energy, space,
oceanography, electronics and various industries.
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The second important document on S&T policy was produced
by the National Committee on Science and Technology (NCST) in
connection with the formulation of the first S&T Plan for India.
An Approach to the Science & Technology Plan (January 197330,
dealt with the contemporary status of S&T policy in India, the
strategy for S&T in national development, areas of prime
importance for India in S&T planning, as well as other issues
related to organisational and managerial reforms and finance.

One of the document's suggestions was that the public and private
sectors should be encouraged to use indigenous sources of
technology. It also urged the Government to draw up an S&T
policy with a commitment to use all public policy instruments

to promote national enterprises whose control lay in Indian
hands, and to direct policy choices to the use of domestic
natural and human resources even if this involved short-term
costs. The report further suggested that to be really effective,
a technology policy statement should cover such diverse subjects
as the development and regulation of industry; the pricing of
capital; the lending policies of public financial institutions;
the relative pricing of indigenous and imported raw materials

and intermediates; and the regulation of brand-names and patents,
industrial standards and technical and commercial guarantees.
Finally, it was suggested that the general thrust of the S&T

Plan should be to motivate the nation to follow the 'swadeshi'
(self-reliance) road and to bring about the changes needed to
make the use of domestic industrial technology more attractive
for public or private entrepreneurs.

Technology policy statement

In keeping with the suggestions in the NCST document,
the Government produced a 'Technology Policy Statement' (TPS)
in January 19837. This defines the basic objective of India's
S&T policy as the development of indigenous technology and
efficient absorption and adaptation of imported technology
appropriate to national priorities and resources. These broad
objectives have been divided into various aims as follows:

(i) to attain technological competence and self-
reliance, reducing vulnerability, particularly
in strategic and critical areas, and making
the maximum use of indigenous resources;

(ii) to provide the maximum gainful and satisfying
employment to all strata of society,
particularly women and the weaker sections
of society;

(iii) to use traditional skills and capabilities,
making them commercially competitive;

(iv) to ensure the correct mix between mass
production technologies and production by
the masses;

(v) to ensure maximum development with minimum
capital outlay;
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(vi) to identify obsolescence of technology in
use and arrange for its modernisation;

(vii) to develop internationally competitive
technologies, particularly those with export
potential;

(viii) to improve production through greater
efficiency and fuller utilisation of existing
capabilities, and enhanced quality and
reliability of performance and output;

(ix) to reduce the demand for energy, particularly
from non-renewable sources;

(x) to ensure harmony with the enviromment,
preserve the ecological balance and improve
the quality of the habitat; and

(xi) to recycle waste materials and make full
utilisation of by-products.

Priority areas for technology development identified in
the TPS are:

(1) agriculture, including dry-land farming;

(1i) optimum use of water resources, increased
production of pulses and oilseeds;

(iii) provision of drinking water in rural areas,
improvement of nutrition, rapid reduction
in the incidence of blindness, eradication
of the major communicable diseases (such
as leprosy and tuberculosis), and population
stabilization;

(iv) low-cost housing;

(v) development and use of renewable non-conventional
sources of energy; and

(vi) industrial development.

Technology import policy

While recognising that a policy directed towards
technological self-reliance does not imply technological self-
sufficiency, the TPS emphasises that imports of technology shall
not be at the expense of the national interest and that
indigenous initiative must receive due recognition and support.
It states that in the acquisition of technology, consideration
will be given to the choice and sources of technology, alter-
native means of acquiring it, its role in meeting a major felt
need, relevance of the products, costs, and related conditions.
It is further stated that where the import of technology is
contemplated, the level to which technology has been developed,
or is in current use, within the country, shall first be
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evaluated. Lists of technologies that have been adequately
developed to the extent that imports are unnecessary shall be
prepared and periodically updated. In such areas, no import

of technology shall normally be permitted and the onus will be
on the seeker of foreign technology to demonstrate that imports
are necessary. An acceptable case, for instance, may be where
the technology does not exist in India and the time taken to
generate it indigenously would delay the achievement of develop-
ment targets. The Government may identify areas of high
national priority, in respect of which procedures would be
simplified to ensure timely acquisition of the required tech-
nology: where such imports are allowed, importers are required
to take measures to ensure that the imported know-how is absorbed,
adapted and developed.

Unpackaging of technology

The TPS also suggests that as the total package of
(imported) technology required for any purpose can be broken down
into several components. Some of these may be readily available
or indigenously developed and others may need to be imported.

It is necessary to evolve norms and guidelines for such
unpackaging of technology, with a view to maximising the use of
domestic technological capabilities and reducing expenditure of
foreign exchange on unnecessary technology imports.

Technology assessment and choice

The TPS stipulates that the existing technology assess-
ment systems will be reviewed and that a mechanism consisting of
competent groups will render advice in all cases of techmnology
import relating to highly sophisticated technology, large
investments, and national security. It further suggests that
while assessing a technology for purposes of import, aspects
of employment, energy, efficiency and environment will be kept
in view. Further detailed guidelines for technology assessment
were being evolved in October 1985.

Absorption and adaptation of imported know-how

The TPS stipulates that investment in indigenous R&D
should be on an adequate scale for the absorption, adaptation,
improvement and generation of new technology. While mechanisms
for ensuring the meaningful absorption and adaptation of imported
technology are currently being developed, many Indian enterprises
are already devoting a substantial part of their R&D expenditure
to the absorption of know-how, adaptive research and similar
'defensive' R&D activities.

Role of foreign capital

Foreign investment in India is generally permitted only
if it brings sophisticated technology or is intended for export-
oriented projects. However, there are two exceptions: first,
under the Foreign Exchange Regulation Act, equity investments of
up to 40 per cent of the total are permitted in priority and
export sectors. Secondly, liberalised facilities have been
provided for non-resident Indians making portfolio investments in
India. Foreign investment up to 74 per cent of the total is
also permitted in cases where the technology is highly sophis-
ticated or is oligopolistically held and up to 100 per cent where
the project is wholly export-oriented.
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Guidelines for foreign collaboration

The government has laid down comprehensive guidelines for
foreign collaboration8 . The duration of foreign collaborations
is, ordinarily, restricted to eight years from the date of the
agreement. The payment of royalties to the collaborators is
normally permitted for five years from the date of starting
commercial production, although in exceptional cases up to ten
years has been approved. Royalties and other fees to foreign
collaborators for know-how are ordinarily restricted to 5 per
cent of domestic sales, but rates of up to 7 per cent or more
are considered for export-oriented projects. Where royalty and
lump sum payments go together, the guidelines require the total
payment to the collaborator to be restricted to 8 per cent of the
value of production for a base period of five years, although
higher limits have been allowed in special cases. The guidelines
specifically restrict the incorporation in foreign collaboration
agreements of any clauses which prevent the use of know-how or
technical information for the manufacture of the products in
question by the licensee on expiry of the agreement. Likewise,
clauses requiring the licensee not to disclose the information
in his possession to third parties after the term of the
agreement are not allowed. Clauses requiring the technology
purchaser to acquire machinery, equipment, materials, components
or services only from the licensor or from other sources
specified by him are also normally not allowed, nor are clauses
restricting the direction of manufactured exports. Repetitive
purchases of the same technology by different entrepreneurs or
renewals of foreign collaboration on the expiry of their normal
term are generally discouraged, the latter being with a view to
compelling the Indian parties to take steps to absorb the
foreign technology within the agreement period.

Development, promotion and utilisation of
indigenous technology

The TPS also provides detailed guidelines on the develop-
ment, promotion and utilisation of indigenous technology. The
fullest support is to be given to the development of indigenous
technology, to achieve technological self-reliance and reduce
the dependence on foreign inputs, particularly in critical and
vulnerable areas and in high value-added items in which the
domestic base is strong. At the same time, strengthening and
diversifying the domestic technology base are necessary to
reduce imports and expand exports, keeping in view international
competitiveness.

In order to foster invention and innovation, the TPS
suggests the institution of a system of rewards and incentives
to inventors (both individuals and enterprises), along the lines
of the existing 'Independence Day' and 'Republic Day' Awards
to notable inventors through the National Research Development
Corporation of India. National awards from the Ministry of
Industry are also recommended for major breakthroughs in import
substitution.

The TPS draws attention to the need for upgrading and
enhancing India's traditional skills and capabilities by using
the knowledge and techniques of modern S&T. It envisages special
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support to technologies which result in low-cost production,
less use of scarce items and greater use of local raw materials
and resources, and marketability of products close to the point
of production.

In view of the long period usually required for developing
new technologies, the TPS calls for the early identification of
relevant technologies in all priority areas, particularly where
large investments or large-scale production are envisaged. After
identification, it is necessary to fix time schedules, select
institutions to implement the project, and ensure the provision
of timely and adequate finances to complete it.

The Planning Commission Steering Group on Science and
Technology, set up in connection with the formulation of India's
Seventh Five Year Plan (1985-90), has accordingly suggested?
the institution of a system of selective 'technology missions'
to be activated in the industrial and other sectors during the
Seventh and subsequent Plans. It has in addition emphasised the
need to ensure proper linkages not only between different
organisations and institutions engaged in research, production and
related activities, but also between policies for indigenous
technology development and those for technology import, so as to
ensure that the utilisation of the results of 'technology
missions' is not pre-empted by the import of foreign technology,
leading to wastage of scarce resources on R&D.

In order to increase demand, the TPS has proposed the
provision of incentives to users of indigenous technology and
for the resulting processes and products. Policies already exist
for granting preferential licences to products made substantially
with indigenous technologies developed in recognised industrial
R&D establishments and for delicensing the manufacture of products
from technologies developed in national laboratories.

The TPS has emphasised the role of design engineering
consultancy organisations in bridging the gap between laboratory-
scale R&D and commercial production, and in promoting the
utilisation of indigenous materials and equipment. It has
suggested that the capability for total systems engineering,
process development and project management should be developed,
with foreign collaboration if necessary. It has also stressed
the need for strengthening and upgrading design engineering
capabilities and promoting Indian engineering consultancy, both
in the public and the private sectors, on a sound professional
basis.

The TPS considers in-house R&D units in industry to be
an essential link between activities in national laboratories
and production in industry. Accordingly, it has been suggested
that appropriate incentives should be given to set up R&D units
in industry, including those on a cooperative basis. Enterprises
will be encouraged to set up units of a size which permits the
accomplishment of major technological tasks.
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Technology diffusion and transfer

The TPS refers to the need for making special efforts
to ensure the diffusion of existing technology to all who can
employ it well. Appropriate measures may include horizontal
transfer, technological support for ancillaries of large units,
technology inputs to small units, and upgrading traditional
skills and capabilities.

The TPS recognises the need to maintain international
competitiveness and standards in products, services and tech-
nologies that have export potential. Thus, conditions for
marketing indigenous technology and resultant products may have
to be improved. In order to promote technology exports, income
tax exemption is allowed on half of any income received by an
Indian company or from a foreign company or government for an
invention, model, design, formula, process or some other form
of industrial, commercial or scientific know-how or technical
service.

The vertical transfer of know-how from R&D or academic
institutions to industries in India is promoted primarily
through the National Research Development Corporation (NRDC) by
non-exclusive licensing of know-how on payment of a lump-sum fee
coupled with recurring royalties at varying rates for specified
periods. The NRDC also provides 'risk finance' for up to half the
costs of 'development projects' to selected industries where
a pilot plant, proving plant or prototype development facility
is considered necessary to scale-up the laboratory-level know-
how or to bridge the gap between laboratory-scale work and
commercial activity. If the project is successful, the NRDC
recovers its outlay as a soft loan; if it is not, then the NRDC's
share of the cost is written off.

Structural change and adjustment

India's major experience of structural change and adjust-
ment in response to technological transformation has arisen in
connection with:

(i) the application of modern technology in the
agricultural sector;

(11) the promotion of health and family welfare
programmes through adoption of new
techniques; and

(1i1) the introduction of computers in many
organisations and institutions.

In agriculture, it was found that an absentee-landlord
system, with a large number of tenant farmers, tended to
discourage the investment in modern inputs (improved seeds,
fertilisers associated equipment, etc.) needed to raise produc-
tivity. The land-tenure system was therefore restructured
throughout the country. Likewise, all state governments
implemented laws in the 1950s and 1960s to consolidate land-
holdings belonging to individuals and prevent their fragmentation
below an economic size through sale or inheritance. Consolidation
helped farmers to achieve economies of scale (within the limits
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of 'land-ceilings', which were simultaneously imposed for
socialist reasons) associated with the use of modern technology
and to raise their productivity. At the same time, farmers'
rural services and credit cooperatives were set up to organise
the supply of agricultural inputs and credit at the village level.
Lastly, community development activities such as agricultural
extension and social education were promoted by the creation of
non-official institutions at the level of the village, taluk,

and district, which provided a mechanism of two-way communication
between local communities and government.

In the promotion of preventive and diagnostic medicare
and the introduction of new methods of family planning, 'Mahila
Clubs', 'Youth Clubs' and other voluntary bodies have been
extremely effective. Such groups distribute the more common
medicines or simple family planning devices, etc., among the
target population of remote areas, and have greatly facilitated
implementation of Government health and family welfare
programmes.

Binally, the introduction of computers (and many other
radical or new technologies) in various industries, organi-
sations and institutions has illustrated the great value of
prior and meaningful consultations between management and
workers' unions. Consultations have helped to reduce workers'
apprehensions about the possibility of job losses or other
negative effects of introducing new technologies and have
thereby assisted in avoiding strikes, lock-outs, etc. It is,
however, still too early to assess the outcome of the Govern-
ment's new computer policy (see page178 below), which was
promulgated in November 1984.

At the national level, the Government has recently set up
the National Council for Science and Technology Communication
(NCSTC) to Bopularise S&T and inculcate a scientific ethos among
the people1 . The NCSTC has proposed that it should run
training and orientation programmes for S&T communicators,
monitor and evaluate S&T popularisation activities and tools,
set up a National S&T Information Bureau, produce software for
various forms of mass-media, and coordinate and orchestrate
existing activities in this field. Such activities, in
collaboration with those of various State Governments, voluntary
agencies and other organisations, should greatly ease the task
of transforming the technological basis of Indian society.

BANGLADESH

Objectives and priorities of science and technology policy

In the second Five Year Plan (FYP), instituted in July
1980, the Government of Bangladesh gave the highest priority to
economic growth, employment generation and population control.
It has done so primarily through the development of agriculture
and the rural economy, which absorb large numbers of workers but
have low output-capital ratios. In industry, emphasis has been
placed on better utilisation of productive capacity and higher
operational efficiency, as well as on more efficient utilisation
of indigenous natural resources.
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The country has given high priority to the application of
S&T for achieving its development objectives and has set up
various S&T policy, planning and executive organs. Principal
among these are the National Council for Science and Technology
(NCST), and the Science and Technology Division (S&TD); both are
headed by the President, who is assisted by a Science Adviser.

The NCST, after undertaking an assessment of national needs,
has prepared a National Plan for Science and Technology as an
integral part of the FYP. 1Its main policy guidelines and
priorities are as follows 11,

Main policy guidelines for S&T development

(1) to create a climate favourable to the development
of S&T;

(ii) to develop an S&T capability to generate, select,
adapt, absorb, use, maintain and operate
technology;

(111) to identify national needs where S&T are to
be applied for socio-economic development,
and to tailor S&T to these needs, particularly
in the area of food, population control,
education, health and housing. Some basic
research is also essential to keep abreast
of S&T development in the outside world;

(iv) to identify the most appropriate technologies
for utilising major indigenous resources
(people, minerals, soils, climate, etc.);

(v) to develop close interaction and cooperation
between scientists/technologists, and planners,
policy-makers and leading business executives;

(vi) to link S&T development to an effective
manpower plan and to integrate it into the
overall national development plan;

(vii) to develop close links between producers and
users of technology; and

(viii) to generate a capacity for innovation among
ordinary citizens and to give them the
means and self-confidence to demonstrate their
new ideas.

S&T priorities

(i) to strengthen education and training
facilities for the creation of:

(a) middle-level technicians and skilled
workers using technologies associated
with 'basic needs' goods and services;

(b) professionals, technicians, managers and
skilled workers to apply advanced technology;
and



167

(c) high quality manpower to conduct and
manage R&D and engineering works in
scientific and technological institutions
and supporting facilities;

(ii) to strengthen institutions for undertaking
R&D on selected areas related to development
objectives. Top priority would be given to
engineering and the capacity for generating
indigenous technology;

(iii) to promote effective design and engineering
consultancy services;

(iv) to strengthen extension services, particularly
in selected areas;

(v) to strengthen the information and documentation
system and promote scientific and technological
communication;

(vi) to promote the application of S&T for
integrated rural development;

(vii) to intensify prospecting for and development
of natural resources, prepare an inventory
of such resources and to make efficient
use of them;

(viii) to establish a National Centre for the Transfer
and Development of Technology (NCTDT); and

(ix) to set up an institution for the domestic
innovation and commercialisation of
technology - the National Research
Development Corporation (NRDC).

Because the Government of Bangladesh has given high
priority to the development of food and agriculture, water
resources, industry, energy, physical infrastructure and family
planning, it should give corresponding priority to the acqui-
sition or development of technology in these areas and make
resource allocations accordingly.

Technology assessment and choice

Bangladesh does not yet seem tohave effective criteria or
institutional mechanisms to assess and select foreign technologies
appropriate to its needs. Lack of domestic savings and foreign
exchange have retarded its industrial growth, and the climate
for its acquisition of technology through investment from other
countries has not been very encouraging. Most projects based
on imported technology have been turn-key in nature and the
supply of capital goods has been financed largely through tied
credits. In addition there have been three major and related
internal constraints to the choice of technology. First, a lack
of skilled and experienced individuals to make optimum decisions;
second, inadequate national programmes or centres to provide the
necessary information, training and extension services to
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identify, acquire, adapt and develop technology appropriate to
local conditions; and third, insufficient local capital to fund
such developments.

Role of foreign capital

In its revised industrial policy, the Government recognises
that foreign investment can play an important role in Bangladesh.
It considers that foreign investment should bring in not only
technical know-how but also managerial skills and access to R&D
and operational experience. Bangladesh now offers a number of
financial and fiscal incentives to foreign private investors,
including capital participation, repatriation and remittance
facilities, compensation guarantees, and tax concessions. There
are several other concessions applicable to both local and
foreign investors, including rebate of import duties, services of
utilities and credit facilities. Finally, the interests of
foreign investors are protected by various laws.

Foreign technology absorption and adaptation

In view of the small amount of in-house industrial R&D
in Bangladesh and the inadequacies of the S&T infrastructure, the
prerequisites to foster and support a capability to absorb and
adapt imported technologies are still largely to be developed.

Indigenous technology development, promotion and
utilisation

Bangladesh is actively building up its infrastructure for
the development, promotion and utilisation of appropriate
indigenous technologies, as part of its strategy of self-reliant
development.

Research institutions and universities are being built up
for this purpose and their links with industries, government and
other users are being strengthened. The proposed NCTDT should
act as a focal point, providing information, training, consul-
tancy and extension services, and strengthening capacities to
select and negotiate technology imports, to unpackage technologies
selected, and to decide which components should be produced
domestically and which should be imported.

Technology policy development

Bangladesh is evolving a technology policy which envisages
specific measures to narrow the technological gaps between the
modern formal sector, and the traditional informal urban and
rural sectors. In particular, the new R&D institutions are
intended both to adapt imported technologies to make them
suitable for local needs and to develop new technologies in
keeping with the factor endowments of the country.

'Appropriate technology' is conceived by Bangladesh as a
dynamic concept. Both labour-intensive and capital-intensive
technologies are considered appropriate, but in different
circumstances. A reasonable balance between the two is needed
to maximise economic growth, employment and the satisfaction of
basic needs, with capital as a major constraint. The Government



169

recognises that technology choice must take account of working
conditions and the environment. In addition it acknowledges
that factor price distortions can lead to the selection of
inappropriate technologies. Thus, to make an optimal choice of
technology, there may have to be adjustments in policies
affecting wages and prices, foreign exchange rates, taxes,
interest rates, licensing, and resource allocation.

The Government envisages that for each project, the choice
of technology will be specified and justified in terms of the
major objectives of the FYP. The planners will be required to
ensure compatibility between the country's technology mix and
its socio-economic objectives. The Bangladesh technology policy
will guide not only planners and those who choose technology,
but also those who are concerned with the legal and financial
aspects of the transfer of technology, who adapt or develop
technology, and who are responsible for its eventual application.

The policy will also cover measures for training
specialists in technology choice, transfer and development, in
which respect educational programmes may need to be re-oriented
to ensure that more students acquire relevant skills. It will
in addition encourage and make provision for R&D to diminish the
country's dependence on imported technologies. At the same time,
technology users will be assisted with identifying, procuring and
applying the most suitable technologies.

Structural change and adjustment

The Government believes that the technological trans-
formation of Bangladesh society will depend on the nation-wide
popularisation of S&T. The NCST has launched several programmes
to attain this goal, including:

(1) supporting non-governmental S&T organisations,
such as the Bangladesh Science Academy, the
Bangladesh Association for the Advancement of
Science, and the Bangladesh Institute of
Engineers;

(11i) establishing a National Science and
Technology Museum;

(111) organising S&T clubs in educational
institutions;

(iv) holding S&T exhibitions;
(v) instituting a 'National Science Week'; and

(vi) arranging lecture tours by scientists and
technologists.

The Government also recognises that the technological
transformation and successful development of rural areas hinges
on the creation of appropriate and effective rural institutions,
which must be organised to ensure popular participation in
development activities, and the efficient delivery of supplies
and services in rural areas. With that in mind, a National
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Centre for Rural Technology has been established in the

Bangladesh University of Engineering and Technology. In addition,
rural technology extension services and training facilities are
being built up for the promotion and management of rural indus-
tries (both on a cooperative and private basis). A number of
village technology centres are also being set up to help maintain
and repair new tools, machinery and equipment, as well as assisting
with training, extension and other services.

SINGAPORE

Objectives and criteria of technology policy

The Government of Singapore believes that the foundation
of a modern society must be based on the application of S&T
to economic and social activities. To promote technological
change, and thus economic growth, it pursues various policies of
an essentially catalytic nature. These include the provision of
infrastructure, scientific and technical manpower, R&D, supporting
institutions, and investment incentives.

There have been three phases in the development of
technology policy in Singapore. The first phase (1960-69) laid
the foundation for industrial growth by the drastic restructuring
of the country's political, economic and social systems. In
response to the problem of unemployment exacerbated by a rapidly
expanding population, the Government launched an industrialisation
programme. This sought to create a more just and equal society,
to increase job opportunities, to diversify the economic base
from trading and mercantile activities to include manufacturing
and service activities, and to provide workers with better
training and education. Initially, the Government sought to
tackle unemployment through the development of labour-intensive
and import-substitution industries. Following Singapore's
separation from the Federation of Malaysia in 1965, and the
reduction of its domestic market, the limitations of this policy
became obvious and the Government began to encourage a shift from
import-substitution to export-promotion activities. During the
second phase (1970-79), Singapore policies laid emphasis on high-
technology, skill-intensive and high value-added industries,
producing goods for the world market. As manpower shortages
emerged, the emphasis shifted to more capital-intensive indus-
tries. Substantial incentives were offered to foreign investors
in technology-intensive and high value-added industries, while
existing industries were encouraged to upgrade their production
technology. The Government also participated directly in the new
industries, particularly where there was little capital invest-
ment from other sources. Lastly, entrepreneurs were encouraged
to raise productivity to increase the competitiveness of
Singapore's goods and services in world markets. 1In the third
phase, which began in 1980, the Government has continued to
pursue most of the policies and programmes adopted during the
second phase. But in addition it has begun to develop the
country's design capability in various engineering fields, and
so reduce dependence on imported designs and increase the
technical sophistication of local industries. Other long-term
objectives include the use of S&T to solve a host of socio-
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economic problems. For instance, the Government is interested

in the development of non-conventional energy sources and in the
use of coal and nuclear energy to supplement oil; also with water
desalination and environmental tontrol, particularly the

problem of waste disposal.

Role of foreign capital

A large number of foreign firms have set up operations
in Singapore attracted by numerous investment incentives, the
favourable infrastructure and availability of skilled personnel,
as well as by the Government's belief in free enterprise, whether
foreign or domestic. In 1977, foreign firms and foreign-
controlled joint ventures together accounted for 23 per cent of
the establishments in Singapore, 55 per cent of the employment,
65 per cent of the value-added in manufacturing and 85 per cent
of the direct exports12. These foreign interests have played
an important role in the modernisation of Singapore's economy.

Technology imports

In Singapore there are no administrative or legislative
controls over technology acquired under licensing agreements.
Instead the choice is left to the discretion of entrepreneurs.
Technology and skills are also transferred to Singapore by joint
ventures and foreign companies' subsidiaries.

As well as the incentives already mentioned, the Government
has set up a special fund to meet the financial needs of foreign
and local companies establishing technology-intensive manufacturing
operations in Singapore. It may also invest up to half of the
equity in new ventures, with the provision that this investment
may be sold after the venture is operating successfully.

Technology assessment and choice

The Government has not established any specific mechanisms
to assess and choose technologies. However, since the late 1960s
it has encouraged high-technology and high value-added industries.
Between 1965 and 1976, the proportion of value-added in Singapore's
manufacturing industry accounted for by high value-added acti-
vities (e.g. electronic products, precision equipment) rose from
42 per cent to 72 per cent, whereas that contributed by low
value-added activities (e.g. food, garments, leather products)
fell correspondingly!3.

Indigenous technology development, promotion
and utilisation

To stimulate indigenous R&D the Government has established
various institutions and professional organisations, which are
discussed below (page181). R&D by the foreign-owned or controlled
corporate sector in Singapore is largely concerned with product
or process adaptation or application rather than with innovation
as such. Many local firms, on the other hand, do perform R&D
into new product or process design and development.

The Government exercises little control over industrial
R&D. However, the Economic Development Board provides financial
assistance under its 'Product Development Scheme' to industries
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undertaking R&D locally, with priority for products meeting
criteria such as technological sophistication, export competitive-
ness and financial viability.

Structural change and adjustment

In order to promote the country's technological trans-
formation, the Government has followed both promotional and
interventionist policies. Numerous incentives have attracted
foreign firms, including TNCs, which have brought with them the
capital and advanced technological resources essential for
Singapore's economic and social development. The realisation
of local technological capabilities has also been encouraged by
Government through institutional and financial support. However,
"Most important of all in stimulating private foreign and local
investment in manufacturing were the continuing political
stability under the People's Action Party regime, its success in
eliminating labour unrest and reducing strikes to minor
proportions, and its generally even-handed regulation of trade-
union and management relationships to prevent production costs
and export prices from rising too fast compared to those of
Singapore's competitors'14,

During the late 1960s, enactment of the Employment Act
(1968) and the Industrial Relations (Amendment) Act (1968)
meant that after a long struggle, the Government appeared to have
achieved a greater degree of control over the labour force and
labour costs. The absence of labour militancy in Singapore
remains an important factor in attracting foreign investment,
and in promoting technological growth and social transformation.

TANZANIA

Technology policy evolution

The evolution of technology policy in Tanzania, like
other countries, has been intimately related to its socio-economic
goals and priorities as spelt out in its Five Year Plans (FYP)
and in the Arusha Declaration. The major goals of its first
FYP (1964-69) were:

(i) rapid growth of modern industry, inter alia,
to raise productivity;

(ii) massive expansion of the education system;
(1i1i) increase in national savings and investment;

(iv) enhanced economic role for Government;

(v) modernisation of the agricultural sector; and
(vi) expansion of intra-African trade and economic

cooperation.
In 1967 the Government issued the Arusha Declaration.
This had five main themes:

(1) public control over large parts of the economy ,
viz. financial institutions, large-scale industry
and commerce, and large-scale estate agriculture;



(1i) development through self-reliance, i.e. the
decentralised domestic mobilization and use
of local resources;

(1ii) priority for the rural sector;

(iv) creation of a socialist society, primarily
through cooperative production under the
'Ujamaa Programme' of collective ownership
and community production in agriculture,
and through nationalisation of key industries
in the modern sector; and

(v) the creation of social equality, particularly
by narrowing the gap in income levels,
particularly petween the rural and urban
sectors.

Following the re-orientation of policies after
implementation of the 'Arusha Declaration' and the FYPs the
country developed a capacity to produce mass consumer goods,
including food beverages, footwear and cloth as well as some
intermediate goods like fertilisers, cement and rubber products.
For a time prospects appeared good, but later internal economic
difficulties and external shocks, such as the two oil price
rises, led to setbacks which were exacerbated by the absence of a
fully effective policy for technology. This lacuna has been
reflected in part by the disappointing performance of both
the agricultural and the industrial sectors and by the general
lack of a technically skilled cadre.

Technological dependence

Tanzania continues to be largely dependent on foreign
technology, much of it aid-financed. Imported technology is
acquired through agreements, embodied in intermediate and capital
goods, and through the use of expatriate personnel. Foreign
direct investment is not a major channel for technology acqui-
sition; foreign equity is permitted in industrial projects, but
private foreign investment has been limited. The Government
requires majority local ownership in joint ventures; but other
conditions are flexible, negotiated project by project and varying
from one sector to another, depending on national priorities.

When an enterprise wishes to import technology, it so
decides; all that is required from Government is approval to
acquire and use the foreign exchange. For new projects, there
are elaborate procedures; but they relate not so much to the
technology as such as to the costs and benefits of the project
as a whole,and to its importance relative to national priorities.
Such procedures may entail convening an inter-ministerial
committee and approval by the Economic Committee of the Cabinet.
Once approved, the task of deciding the nature and source of the
technology required is normally left to the discretion of the
ministry or parastatal. The inter-ministerial committees are
concerned with the financial rather than the technological
aspects of proposed agreements.

Normally in technology import negotiations, the Govern-
ment involves representatives of institutions directly or



174

indirectly concerned with financial and legal implications of a
particular transaction. The National Development Corporation,
a holding company which was set up in 1965 as the Government's
main instrument of industrial development, has worked out a
model management/technical agreement to serve as a guide to its
many subsidiaries in the manufacturing sector.

Indigenous technology development and utilisation

The first important step towards developing indigenous
technology in Tanzania was the establishment of the National
Scientific Research Council (NSRC) in 1968. The NSRC's functions
include:

(1) coordinating scientific research;

(ii) advising the Government on priorities for the
allocation of research funds, scientific
education, training and recruitment of
research personnel, and the initiation,
formulation and implementation of research
policies and programmes;

(iii) promoting the documentation and dissemination
of information; and

(iv) undertaking research in a variety of fields.

The NSRC operates through various working committees
covering areas like food and nutrition, agriculture, building
and construction, energy, medicine, scientific education and
manpower, natural resources and natural sciences, and social
sciences. It also has close links with the University of
Dar-es-Salaam, which undertakes fundamental research in geology
and other scientific fields. The NSRC has sponsored many basic
research projects, and has set up the Tanzanian Research
Information Service (TANRIS), whose main object is to promote
the collection and dissemination of research results and
information.

Over the last decade or so, a number of other organi-
sations concerned with industrial promotion, advisory services
and training have come into existence, mostly sponsored by the
Ministry of Industry. Many of them have shown an increasing
awareness of the importance of adapting and applying technology
to local cond