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1 INTRODUCTION

Technological innovation is regarded as one of the main driving forces behind

economic growth, and as one of the main determinants of competitiveness of

manufacturing firms and of nations. As governments wish to encourage both

growth and competitiveness, they regard it as their duty to do all they can to

foster technological innovation. Yet the days when unrestrained growth was

viewed as unconditionally desirable are long gone. Although many still believe

that there is much scope for further growth, not many believe that growth in

profligate material consumption can go unbridled for ever. Thus one horn of the

dilemma of innovation policy is the unease created by the suspicion that growth,

though desirable for many reasons, is not a long-term option for humankind.

Technology has long been recognised not only as the motor of economic growth

and the very essence of human society, but also as a source of danger.

Technology can be the cause of hazards to life and limb, to health, and to the

natural environment. It has long been recognised that the development and use

of technology cannot be left unregulated and must, like so much human activity,

be subject to rules and regulations. On the other hand, it is obvious that rules

hem in the free development of technology and thus might slow it down. The

second horn of the dilemma of innovation policy is thus the need to create rules

which govern the development and use of technology, in the full knowledge that

this limits freedom and can slow down technological innovation.

[...]

2 TECHNOLOGY POLICY AND
TECHNOLOGICAL INNOVATION

2.1 The scope of technology policy
In the broadest sense, technology policy includes all policy measures which, in

some way, affect the development and use of technology. As technology

permeates all spheres of human life, this broadest definition is somewhat

vacuous – it includes everything and thus defines nothing. We must narrow the

definition of technology policy to include only those policies which deliberately

set out to affect the development and use of technology. We regard policies as

intentions to influence some development, while policy measures are taken to

carry out these intentions. Technology policies and policy measures are all those

specifically designed to influence technology for some goal or purpose. Some

policies do, of course, have mixed objectives. We include such policies, if at

least one of their objectives is to influence technology.
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The scope of the word policy itself needs to be qualified here to refer mainly to

public policies, i.e. policy measures taken by government or quasi-government

bodies at all levels. Thus policies pursued by industrial firms will be referred to

only exceptionally.

[...]

Generally speaking, technology policy in the public domain pursues two broad

objectives:

(a) It attempts to support, enhance and accelerate the development and use of

technology, with the ultimate goal of strengthening the economy. In some

cases the strengthening of the political and military power of the state may

be a further, aim of technology policy.

There are strong links between Research and Development (RLD), as one of

the main sources of technological innovation, and technology. Hence we

expect a strong up-stream linkage between R&D policy and technology

policy. On the other hand, there are strong down-stream links between

technology policy and industrial policy, as industry is the producer of

technological products and the user of production technologies.

(b) Technology policy attempts to regulate the use and development of

technology in such ways as to eliminate, or minimise, risks posed

by technology to health, safety, the social fabric, and the natural

environment. Technology policy also regulates the use of technology in

those cases where its unregulated use would cause chaos and render the

technology inoperable; e.g. in transport systems.

The discussion of possible conflicts or synergies between the two fundamental

aims of technology policy forms the substance of this chapter.

The ways to influence technology by policy measures are many and varied

(Braun, 1984). In the main, possible direct influences are:

(a) Financial, e.g. direct subsidies or tax incentives for producing technological

innovations or for pioneering use of new technologies; tax allowances for

investment in production machinery, subsidies for training courses, etc.

Similarly, financial incentives or disincentives may be used to achieve

reductions in levels of pollution, e.g. by charging for effluent or giving

grants for introducing filters.

(b) Legislative, e.g. regulations, such as on fire safety or on emission levels;

patent laws; requirements, such as for testing of drugs or vehicles; or

prohibitions.

(c) Public procurement, both civil and military, e.g. purchases of computers for

departments of government or the procurement of weapons systems. The

provision of a technical infrastructure might be included here, as

governments see to it, directly or indirectly, that roads, railways, canals,

communications systems, etc. are built, operated, maintained and

modernised. This requires a great deal of procurement either by public

bodies or by private institutions under public supervision.

(d) Information, including measures such as organisational arrangements for

industrial collaboration, the operation of public R&D institutions, standards

institutions, technological training and education, technical libraries, data

banks and advisory services.

The above categories are not intended to convey the impression of watertight

compartments. Any policy of any substance is likely to consist of many related

measures, and the categories apply to single policy measures, rather than to
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policies. Indeed many measures cannot stand on their own, e.g. legal

requirements may necessitate organisational and institutional change.

In summary, we find that technology policy is intended to influence technology

and cannot be easily isolated either from R&D policy or from industrial policy.

Even some aspects of education policy, and many concerns of infrastructural and

military policies interact with technology policy. The two main thrusts

of technology policy are the support of technology and the regulation of

technology. The former stems mainly from the desire to strengthen the national

economy, while the latter is mainly necessary in order to reduce health and

environmental hazards caused by the use of technology.

The main thrust of supportive policies is aimed at enhancing technological

innovation. The reasons for this are twofold: first, technological innovation is

believed to lead to economic growth and is regarded as necessary to avoid

economic stagnation and maintain international industrial competitiveness

(Freeman et al., 1982; Stoneman, 1987; Coombs et al., 1987). Secondly, it is

very much easier to influence new technologies by policy measures

(Collingridge, 1980). Old established technologies rarely require state

intervention, except when they run into trouble and need to innovate, or when

they come to be regarded as hazardous and need to be regulated. Technological

innovation is the prime target of supportive technology policies, much as young

plants are the prime concern of the gardener’s supportive and regulatory

measures.

3 THE PERCEIVED NEED FOR
INNOVATION POLICY

The reader may well ask why technological innovation should be the concern of

government. As it is an economic activity, why can it not be left to private

economic actors? There is no unequivocal answer to this question, and the

matter is subject to political controversy. Interestingly, even governments totally

committed to extolling the virtues of private enterprise, do not refrain from

intervening in the process of technological innovation, be it by support or by

regulation. The present chapter attempts to answer the question: why? We

consider several aspects of the answer, in arbitrary order. (see also Roessner,

1988)

3.1 Reduction of risk for private enterprise
Innovation involves risk. Treading unknown paths, encountering unexpected

technical difficulties, meeting unforeseen market obstacles; these are but some of

the hazards faced by the innovator. As governments are vitally interested that as

much innovation as is reasonably possible should be undertaken, steps are taken

to smooth the path of innovators and to reduce their risks.

The risks must be seen in relation to the size of the firm and the degree of

novelty of the technology. Clearly a very large and affluent firm can afford

greater risks than a small business. Obviously a moderate improvement of a

product sold on a known market does not involve the same degree of risk as

that encountered by embarking upon a radically new technology, to be sold on

as yet non-existent markets. It is not, however just the novelty of either

technology or market, but also the sheer size and complexity of an undertaking

which determines the cost, and thus the risk involved.
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If the potential economic or other benefit to the community is deemed to be

great, and the risk involved for the innovating firm to be greater than it can

reasonably be expected to bear, then public bodies feel justified in taking

measures to share, or even bear, the risk. Sharing can be done by government

alone, or else by collaboration with other firms, and even with other

governments. The development of Concorde, the Anglo-French supersonic

airliner, is a good case in point. The British and French Governments got

together and arranged for the collaboration between British and French aircraft

manufacturers, while the governments footed a large part of the bill for this

technically highly successful, but commercially disastrous, radical technological

innovation.

The risk to the innovator may thus be shared with government or, with or

without the help of government, with other commercial firms. However,

reducing the risk to the innovator may take many forms – financial underwriting

or sharing of the risk is not the only means of making it bearable. Other

measures attempt to increase the chances of success and thus aim at reducing,

rather than sharing, the risk. Details of possible measures will be discussed later,

but essentially support can be given to make technical, commercial, or

managerial information and advice more readily available and thus enhance the

chance of a positive outcome. Risk flows from the very nature of the innovation

process, but competent and well-informed handling can reduce the risk by

increasing the chances of success.

Much the same arguments can be applied to process innovation, and even to

manufacturing innovation. The literature dealing with the diffusion of innovation

distinguishes between pioneering users, early users, and laggards in the

application of new production technologies. The pioneering users clearly run

large risks when buying untried radically new machinery, as many early users of

robots found to their cost. If government believes that overall the new

technology is likely to be beneficial, and likely to improve the competitive

position of domestic industry on world markets, then it might assist pioneering

users of the new technology. Assistance can be e.g. by buying or subsidising the

machinery for pioneering users, or it can be advisory, e.g. helping users to make

the best of the new technology and to overcome early malfunctions.

Interestingly, virtually all governments in advanced countries with market

economies (these are the ones we are speaking of here, and this statement does

not exclude other governments), do support innovation for the reasons discussed

above. In fact support for innovation has become an integral part of government

attempts to keep their countries internationally competitive. Competition in

support policies has been added to industrial competition in the battle for shares

in international trade in manufactured goods.

3.2 Public requirements for new technologies
There is a perceived public requirement for progress. Whatever else is meant by

this ambiguous word, technological progress is certainly included. Somehow

governments have become burdened with the responsibility for ensuring that the

advanced country should remain advanced and, if possible, be at least as, or

more, advanced than other countries. Being advanced means, among other

things, to invent, produce, and use the latest technologies. Being wealthy has

become associated with being technologically advanced. Surprisingly, social

inequality, high crime rates, poor educational facilities and stark poverty do not

seem to detract from the conception of being advanced. If a few of your

countrymen can go to the moon, it does not seem to matter if many others are

homeless and perish in the streets.

READINGS – READING 2.3 49



The quest for technological innovation is one of the main strands in the quest

for progress. If governments shoulder the responsibility for progress, they must

see to it that technological innovation proceeds as fast and as successfully as

possible. Whether the public does or does not require particular technologies

shall be discussed later; what is certain is that the public requires a constant

stream of new technologies in order to foster economic growth as much as in

order to be progressive.

[...]

3.3 Directing private innovation toward public needs
Most innovative activity in market oriented societies is carried out in private

industrial firms. The fact that some of them may be wholly or partly owned by

the state makes little or no difference, as nowadays even such firms are usually

run strictly on commercial principles. As discussed earlier, straight self-interest is

not able to look after certain matters of importance to the whole of society. The

natural environment is the most blatant case in point; though traffic congestion

and many other issues are not far behind. If, however, innovation in private

firms is carried out with immediate self-interest as the sole motivation, it is

unlikely that these types of problem shall be solved. It was argued above that

governments – or rather the public – need certain new technologies. In addition

to public requirements, it is necessary to try and give new directions to the huge

creative forces in private industry by tilting the balance of market forces

somewhat in the direction of social needs, instead of leaving them to cater only

for strictly self-interested needs.

Adequate and environmentally acceptable equipment for the technological

infrastructure is not the only public need for technology. It is at least equally

important that privately used technology, whether for consumption or for

production, should become benign. It is therefore necessary to tilt market forces

in such directions as to ensure that private demand will move toward non-

disruptive and sustainable technologies. Damage to the environment and to the

social fabric can only be repaired and avoided if both private and public demand

shift in socially required directions. Technology policy must, very slightly and

sensitively, intervene in the market to achieve this change of emphasis.

It has been argued elsewhere that demand, or need, cannot be neatly separated

from supply (Braun, 1984). There is no fixed shopping list for technologies,

which would-be innovators could consult to find all unsatisfied needs. Indeed

innovators merely guess that their innovation might find a resonance, might

kindle potential wishes into actual demand. For societies and individuals whose

basic needs are fulfilled, market demand is a process of selection from available

offerings. Additional needs are satisfied by additional products, purchased by,

and creating, additional wealth. Any attempt by government to steer the

offerings on the market into socially acceptable directions cannot therefore be

interpreted as depriving people of their right to have essential needs satisfied.

The need to steer technology for private consumption arises out of four

considerations: (i) to ensure the health and the safety of users of a technology,

whether in production or in consumption; (ii) to safeguard the natural

environment; (iii) to ensure compatibility and mutual non-interference when a

technology is used by many consumers; and (iv) to promote technologies which

enhance the quality of life.

The first consideration, i.e. safety and health, is necessary because users of

technical products cannot rely on the market alone to guarantee the harmless and

safe nature of products offered for sale. Indeed even public bodies find it

difficult to ensure absolute harmlessness, as very often previously unsuspected
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hazards come to light after many years of apparently safe use of a product.

Quite apart from that, the market would discover the lack of safety of a product

only in a haphazard manner and necessarily in arrears, while the legislator at

least attempts to provide safeguards in advance of the introduction of a product

onto the market.

Although most of the above is achieved by regulation and will be discussed

later, innovation policy does also have a role to play. It is possible to build

social criteria into the innovation process and, therefore, into any policies for the

support of innovation. To make this possible, however, it is necessary to make

early assessments of what the likely impacts, problems, and results of

introducing the innovation might be. This type of early assessment, known as

Technology Assessment, is a pre-condition for the successful incorporation of

social criteria into measures for the support of innovation. It is possible, for

example, to support an innovation which is likely or one that is likely to give

public transport a boost, while not supporting innovations which are likely to

have the opposite effects. Similarly, it is possible to promote innovations for

crime prevention, reduction of risks from fire, improvements in treatment and

prevention of disease, while withholding support from frivolous and potentially

hazardous innovations. We are discussing here the support or lack of support for

certain innovative activities, while leaving questions of regulation, prohibition or

limitation till later.

All the above examples do, of course, assume a political will in a certain

direction – if the political will tends toward different goals, the examples have to

be modified accordingly. There is nothing prescriptive in Technology

Assessment, which merely assesses likely consequences of new technologies,

and analyses possible policy options. The policies adopted toward such

innovations are an act of political will, and are guided by values and social

objectives of the policy makers. Technology Assessment is a science, albeit a

social science with all the imprecision this implies, whereas decisions on

policies, and the administration of such policies, are acts of governance.

The arguments advanced in support of policies designed to enhance the safety of

technological innovations can be applied with equal force to directing

innovations toward environmentally benign technologies. Indeed many critics

will argue that this mild stance is insufficient, and that we require a complete

change of paradigm. No longer should we seek economic growth, no longer

should we seek the gratification of ever more trivial desires; instead we should

seek to save the globe from what they regard as certain destruction. Without

necessarily wishing to disagree with these sentiments, they fall outside the scope

of this chapter. We are not leaving the prevailing paradigm of the desirability of

growth and the further raising of material living standards, but merely adding

some dimensions of socially desirable criteria for the stimulation and control of

technological innovation. We are discussing the possibility of a subtle shift in

direction, in the hope that a small change will ultimately lead to the desired

goal, rather than advocating a radical – possibly desirable but probably

unrealistic – change of paradigm.

The compatibility and mutual non-interference of technologies requires some

explanation. In his remarkable book Hirsch (Hirsch, 1977, p.22) discusses

‘ ... individual satisfaction in a specific activity being obstructed by the

similar activity of others ... ’. The obvious examples are road traffic and tourism,

though the latter is largely outside the scope of technology policy. In addition to

the need to regulate every type and aspect of traffic because of the very obvious

potential interference of each participant with every other participant, there may

be possibilities to ease the problem by technical means. Technological progress

in this direction is clearly preferable to innovations which make the problem
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ever more unmanageable. This is not to argue that the problem can be solved by

technical means alone, but merely to suggest that technical solutions may help.

Other technologies are equally, though less disastrously, prone to interference.

Radio communications are an obvious example, and the introduction of cellular

radio and fibre-optics communications illustrate how technology can ease the

problem.

The final item in our list, improvements in the quality of life, refer not merely to

urban congestion yet again, but mainly to improvements in working conditions,

or in the life of the disadvantaged. It has been argued, for example, that CNC

machines can be introduced in ways which maintain the skills of their

operatives, or in ways which reduce the operators to the state of morons

(Wilkinson, 1983). If technological innovation can weigh in on one side or the

other, the ‘good’ side should clearly be encouraged. Obviously, decisions on the

use of technology are made in the political microcosm of the factory, and the

same technology can be used in many different ways. Nevertheless, some useful

positive features can be built into the machinery without economic detriment,

and innovation policy can be formulated so as to encourage such developments.

Another example might be the care of the elderly. Technology can do little or

nothing to change attitudes of families to their elderly relatives, nor can it

change policies on residential care or on the provision of sheltered housing,

home helps, and so forth. Technology can, however, provide some aids to help

the elderly, or the disabled, to maintain a degree of autarky. If so, promising

innovations aiming at improving the chance of independence of people might be

better candidates for public support than many a rival technology.

In summary, it is suggested that innovative activities might be assessed for their

social utility and those that appear to have the potential to improve the quality

of life – as defined by the policy maker – should be given priority in support.

There is a final – to some the most obvious and primary – point to make about

support for private innovative activity. Governments may be worried that the

sum total of innovation is insufficient to maintain economic growth and support

innovation for this reason alone. However, even if the achievement of economic

growth is the prime purpose of support for technological innovation, some

additional criteria, such as those discussed above, may be usefully applied

without detriment to the prime purpose.

We live in a highly competitive world and governments are involved in

international competition in innovation policies. Alas, to avoid such competition

may prove as hard, or harder, than slowing down, or eliminating, the arms race.

Progress has been made on the arms race, and this may be an auspicious

moment to attempt some reduction in the overall levels of support for

technological innovation. One day it may become apparent that the world would

be a better place if technological innovation were slower. It may also turn out

that much of government support is futile and ineffectual, anyway. The day that

these things are recognised and acted upon internationally is far away, but the

day when some agreement on reduced levels of support is attempted may be

closer at hand.

4 WAYS OF PROMOTING INNOVATION

We have discussed a number of reasons why governments might wish to support

entrepreneurs attempting to produce technological innovations. We must now

look at the means available for this purpose.
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4.1 A taxonomy of possible support measures
The first dimension in a taxonomy of support policies for technological

innovation is the targeting of policy measures. The first distinction we must

make in the targeting of support measures is that between direct and indirect

support for technological innovation. The second distinction is between general

and specific support. The third distinction is the stage at which support is given,

which can be at any stage from early research to advanced development, to early

production, and to the first stages of diffusion (Braun, 1984, pp 39–71).

The second dimension is given by the domain of policy into which the support

measures fall. Here we distinguish between; fiscal/ financial, information/

education, organisational/ political, procurement/ infrastructure, legal/ regulatory,

science and research, industrial/ commercial. (Braun, 1984, pp 125–130) Actual

policy measures fall within one of these policy domains (though the list is not

exhaustive), and are targeted in one of the ways described. Table 1 illustrates the

above.

Table 1 Targeting and domains of policies for the support of technological innovation. A few examples of

policy measures which fit into the matrix.

Target

Policy domain
direct/indirect general/specific research/development/

diffusion

fiscal/financial company taxation innovation finance R & D finance

information/

education

technical libraries training courses data banks

organisational/

political

international co-operation R & D

procurement/

infrastructure

railway investment purchase of prototypes

legal/regulatory patent laws emission standards

science & research national labs support for environ.

R & D

industrial/

commercial

trade agreements

The targeting of support for technological innovation requires some discussion.

Direct or indirect method of support: It is possible to support technological

innovation by indirect measures, such as creating a good technological

infrastructure, a good educational system, and an entrepreneurial climate. Tax

incentives for investment might also foster innovation in an indirect way, and so

might the ready availability of risk capital.

Many measures from the above list can, on the other hand, be applied very

directly to technological innovation. In education, for example, specific courses

for managers of innovation and for entrepreneurs can be arranged. In creating an

entrepreneurial climate emphasis can be put on technological innovation, for

example by rewarding innovators and inventors with honours and with publicity,

rather than rewarding entrepreneurs of a purely commercial, and possibly shady,

type. Tax incentives can be specifically directed toward using the latest

production technology, or toward supporting R&D, patent activities, scientific

equipment, etc. Even risk capital can be made available specifically for

technological innovation, rather than for any kind of risky commercial

enterprise.
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General or specific support: General support aims at fostering innovation in

general. It stems from the belief that technological innovation is a good thing

and cannot proceed at a sufficient pace without public support. Some degree of

selectivity can be introduced. Thus there might be a programme of support for

innovations in pollution control technology. This would give support to all

reasonably promising innovation projects in this area, with a varying degree of

selectivity. If the selectivity becomes very strict, i.e. only very few applicants for

support actually receive it, then the support is no longer general, but becomes

specific for selected projects. Specific support may or may not be aimed at a

particular area of technology; it may simply aim at highly promising and

deserving projects, irrespective of the kind of technology involved. On the other

hand, it is perfectly feasible to apply any policy criterion, beyond the criterion of

timeliness and promise, to selective support. The transition from general to

specific support is continuous, from little or no selectivity to a high degree of

selection.

Technological innovation is a multi-stage process. The literature lists at least

three distinct stages, often more, and emphasises that the boundaries between the

stages are blurred and not all innovations necessarily go through the same

phases. Early research and development, further development and early

production, early marketing and diffusion. For simplicity, we have called them

research, development, and diffusion. At what stage, or stages, of the innovation

process support should be given by the state is a matter of some debate.

The important issues in this debate are: (i) what is the legitimate role of the

state, i.e. should it support purely commercial enterprise or should its role be

confined to the support of public requirements and to research as a cultural

exercise? (ii) if the state is to support technological innovation, what is the stage

at which help is most needed and can be most effective? The former point has

been discussed already to some extent, the answer to the latter question depends

very much on specific circumstances of individual innovations. Because the

research and development stages of innovation are the ones most commonly

supported, the next section will be devoted to state support for R&D.

4.2 Research and development
R&D has become a major enterprise. Ever since the second world war, which

proved the prowess of R&D for all to see, technological innovation has become

more and more systematically based on R&D. While in the past innovative

activity in many industries was craft-based and often not systematically

organised, the post war years have changed all that. Innovation has become part

of corporate strategy, and R&D has become the spearhead of innovative activity.

Industrial firms in some sectors, particularly in pharmaceuticals, chemicals,

electrical engineering, electronics, computers, and aerospace have become so

research intensive that a substantial proportion of their turnover is invested into

R&D. [...] Governments spend a very large amount of money on R&D and it is

interesting to see their own reasoning in justification of such expenditure.

Several themes recur in virtually all official or semi-official statements in support

of public R&D expenditure. They include the need to maintain and enhance

international competitiveness, the duty of the state to support pure research as a

public responsibility, and the need for publicly funded research into solutions of

urgent societal problems, such as environmental pollution. [...]

(Note: the levels of corporate and government R&D spending as % of GDP in

the Netherlands are roughly comparable to those in France).

A Swedish Government Research Bill states:
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In many respects it is justifiable to say that the scientific search for

new knowledge is a societal concern, indeed a task set by society. It

is regarded as natural and necessary for companies to invest in the

development of new products and production processes. ... . It is just

as natural and necessary for problems in society to be made the

subject of research ... . The natural and social sciences are

indispensable in modern society; they deepen our perspective on life

and help us to find rational solutions to human problems ... . In the

final decade of the twentieth century and at the beginning of the

twenty-first, the countries of the world are faced with the task of

safeguarding ecologically sustainable development ... .

Environmentally oriented research in all fields has a key part to play

in this context.

(Cabinet Office, 1990, pp 8–10).

[...]

As stated earlier, technological innovation is a multi-stage process and the stage

of an innovation at which support is given differentiates strongly between

different attitudes to state support. It is argued by some that support should only

be given at a pre-competitive R&D stage. This means at a stage when the

feasibility and general features of a technology are being developed and no

individual final designs are in sight. It is at this stage, some argue, that firms can

co-operate on major new technologies without compromising future

competitiveness [...].

It is somewhat unusual to have such a very clear picture of what is wanted at

the R&D stage. Usually this stage is more exploratory, leaving many avenues

open, full of surprise and of risk. Many feel that this is the stage at which state

help is needed most and, more significantly, is most legitimately given. Those

who feel that competition and market forces should be left undisturbed, argue

that only R&D with unknown outcomes is a legitimate subject for state support,

because at that stage it is not clear who, if anybody, will reap commercial

rewards from the investment. As soon as the R&D comes close to a

commercially promising innovation, further investment should be left to those

who hope to reap profits from it.

At the R&D stage state support can be given in the most general and unspecific

way. The state often runs its own research laboratories and results from these are

either openly available, or can be purchased by firms. The terms of availability

depend on the degree to which the state wishes to use such laboratories for the

support of innovation. At the R&D stage a whole host of measures is available:

they can consist of information support, such as help from government

laboratories or data banks. Organisational help can be given to foster university-

industry collaboration, or financial assistance or tax incentives can be given for

industrial R&D laboratories.

It is equally possible, however, to be very specific in R&D support and to give

this only to selected programmes, selected scientific areas, or selected

laboratories or individuals. The selection can be based on perceived societal

needs, or simply on scientific excellence, or both. Most governments support a

measure of pure research with no technological applications in mind, simply as a

cultural enterprise, an attempt to find out more about the structure of the natural

world or of society. In the absence of private patrons, governments have felt

obliged to take over the patronage of culture in general, be it in the arts or the

sciences. Sometimes pure science may bring unexpected practical rewards and

indeed the distinction between pure and applied science is not at all clear-cut.

Hence the support for pure science is fuelled by the hope that something
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unexpected may turn up and new discoveries may open new technological

avenues (see e.g. Braun & Macdonald, 1982).

Selection of R&D topics by societal needs is certainly very appealing and few

would dispute the need for more R&D into environmental problems or into

some aspects of health or disease. However, support has to be geared to

opportunities and to quality: there is no point in pouring in money in excess of

the needs of available promising ideas and creative researchers. Another danger

of gearing support too closely to perceived societal needs is the necessity to give

serendipity a chance. Freely roaming and foraging by creative minds may turn

up the unexpected. An answer to a problem in one area of human activity may

come from activity in an entirely different area. Cross fertilisation is one of the

modes of progress of ideas and this must not be stifled by too rigid a framework

of support.

Education, especially the higher education sector that is of interest to us here,

has also become a major enterprise in support of technological innovation. As

education policy is outside the scope of this chapter, let it suffice to say that the

training of engineers and scientists at all levels, as well as the training of skilled

workers and continuing education in the use of new technology, play a vital

supporting role in technological innovation.

4.3 Direct support for innovation
Direct support for technological innovation can be given at all stages of the

innovation process and can be as general, or as specific, as governments may

wish. The basic mode of direct support consists of payment of the full, or an

agreed proportion of, the cost of the selected part of an innovation process. The

supporting organisation may also help in a variety of ways, e.g. by arranging

partnerships or making available information otherwise unavailable.

[...]

There is a large number of various support schemes for various technologies in

most countries [...]. Generally, governments announce schemes in support of

certain technologies and invite applications for grants. Sometimes the work to be

done is spelt out in great detail, in other schemes it is left to the imagination of

the innovator. Though most governments do have priority areas for support,

some scope is usually left for initiatives from innovators to apply in non priority

areas, because it is recognised that new ideas, indeed new ranges of

technologies, may offer opportunities not foreseen by the originators of support

programmes.

It is a frequent feature of such schemes that they attempt to encourage

co-operation and partnerships either between industrial firms, or between

firms and universities, or firms and government laboratories, or any combination

of the above. The reason for these attempts is the recognition that co-operation,

though potentially highly beneficial, is not without its own costs and is not

easily achieved between either rivals or unequal partners. An example of such a

policy is the LINK scheme of the UK Department of Trade and Industry. One of

the aims of the scheme is described as: ‘To help industry exploit developments

in science and make scientists more aware of industry’s needs by strengthening

the links between industry, higher education, the Research Councils and other

research establishments ... LINK will build on, and extend over a much wider

field, the experience already gained in collaborative programmes to the

efficiency, innovative capacity and competitiveness of industry and commerce.’

(LINK Secretariat, 1988)
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4.4 Procurement
Procurement, i.e. purchases by public bodies and, very significantly, the military,

is an old-established method of supporting innovative technologies in areas

deemed significant to government. It is particularly a method much favoured in

the United States, as it does not have the bad odour of public involvement in

private technological enterprises, and yet achieves support of innovation and, at

the same time, has an economic regulatory effect.

It has often been said that the microelectronics revolution came about in the US

because of military support for this technology. Although it can be disputed that

military support brought about this revolution, there can be no doubt that it

smoothed its path. ‘In the fifties and early sixties the Military was a main market

for semiconductor products and often the only one for new and expensive

components. New firms often found the military market a particular boon ... .

That situation has now changed and the computer industry and consumer

markets are of much more importance.’ (Braun & Macdonald, 1982, p.142). In

this case, procurement played an important role in the innovation, and is playing

a lesser role in the more mature technology.

That many a development in civil engineering, or in railway equipment, and the

like, owes its existence to public procurement goes without saying. What is less

obvious, and indeed remains a moot point, is the degree to which normal

civilian products owe their life to innovation undertaken either for the armed

forces or for space exploration. It is probably safe to say that space exploration

would either have not taken place at all, or at a much slower rate, had not the

military forced the development of both rockets and satellites. Though the only

consumer product that may safely be called a by-product of space exploration is

said to be the non-stick frying pan, yet there is no denying that satellite

communications are equally a by-product of space investments. Thus the

argument that military procurement brings no civilian benefits, though appealing,

is not entirely tenable. The argument that it would be more cost effective to go

for civilian developments without the detour of military development is, of

course, unassailable.

Quite a few products, for example the hovercraft, have mixed sponsorship. They

received a great deal of direct help in their development, and they also achieved

a significant military market in their early life, thus contributing to the viability

of the innovation. No doubt the direct aid was given with one eye firmly fixed

on military possibilities, and thus direct aid cannot be neatly separated from

procurement aid.

5 NEED FOR REGULATION

Whether we like it or not, modern society, or indeed any society, cannot

function without certain rules. Unfortunately, the use of modern technologies has

not decreased this need. To the contrary, the use of technology itself requires a

vast array of rules. It has frequently been argued that regulation retards

technological progress; and it has almost equally frequently been argued that the

demands made by regulations are equivalent to market demands and indeed

present new opportunities for technological innovations. We shall leave both

possibilities open, as it is highly likely that both mechanisms do indeed operate.

Which dominates depends entirely on the technology and on the regulation.

Be this as it may, the regulation of technology is inescapable, and we shall now

briefly explore why.
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5.1 Adequacy and compatibility of products
The consumer of technological products needs to be protected from a variety of

dangers against which the old rule of ‘buyer beware’ is no adequate safeguard.

Most products of modern technology are too intricate and complex to be subject

to anything like an exhaustive and revealing inspection by lay consumers. Thus

certain rules are needed to guarantee to the consumer that products are indeed fit

for their purpose, i.e. that their performance is up to the standards given in their

description. It is not good enough to rely entirely on the market in this respect.

The market forms its judgements but slowly and retrospectively, and the cost of

learning about the quality or fitness for purpose of products by individual

consumers would be very high. Indeed very few consumers would risk buying

new products, other than from a small number of companies with high

reputations. In the absence of some consumer safeguards, innovation by small

and unknown firms would be virtually halted, while innovation by large

companies would be slowed down.

Fitness for purpose implies minimum standards of quality. It also implies safety,

which will be discussed later, and a quality we might term non-interference. An

example of this are rules requiring electrical machinery that is liable to interfere

with radio and television, to be appropriately shielded. Another example is the

requirement for headlights of motor cars to fulfil certain standards, including

dipability. Motor cars have to fulfil quite a number of requirements: about rear

lights, direction indicators, number plates and numerous other items, all designed

to bring the motor car under some sort of social control, however inadequate, as

fit to be used on public highways.

Another example of regulation for non-interference is furnished by broadcasting,

and generally the use of electromagnetic waves for the transmission of

information. If unbridled competition were allowed to take place, nobody could

use electromagnetic waves for the transmission of information, because each

message would be likely to interfere with many other messages, thus leading to

a breakdown of the system. Only by allocating specific wavebands, and making

very clear rules, has it become possible to use electromagnetic waves for

broadcasting of radio and television, for public telecommunications, and for

communications of the emergency services or radio-controlled taxis.

Telecommunications, even without terrestrial or satellite electromagnetic

transmission, has traditionally been subject to regulation for a number of

compelling reasons. First and foremost, to ensure that every subscriber could

reach every other subscriber; secondly to ensure that privacy is safeguarded for

conversations and data transmission, and thirdly for reasons of social equity.

Some of the regulation can and has been achieved by voluntary arrangements

within the telecommunications industry, though not without some involvement

by government. Other social objectives, such as social equity, requiring that

every subscriber, irrespective of location or intensity of use of the facility,

should have the right of access to a telephone at a reasonable and affordable

price, were achieved largely by government regulation.

5.2 Safety and health
As consumers cannot protect themselves against possible hazards posed by the

use of certain technologies, they need to be protected by society, i.e. by

government or its agents. Recent developments in fillings for upholstered

furniture provide a good example for the need to regulate the safety of products.

How are consumers to know whether the upholstery of their new expensive

furniture is easily ignited and then gives off lethal fumes? Indeed even furniture

manufacturers did not initially know, and it took a number of fatal accidents

before regulations were formulated to protect consumers from this particular
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hazard. Similarly, consumers cannot tell whether their electrical appliances are

likely to electrocute them and must rely for their protection on the compliance

of the manufacturer with regulations. Some products cannot be made entirely

safe without losing their effect, e.g. lavatory cleansing materials and the like. In

this case there are regulations to make the product as safe as is consistent with

its efficacy, and for labelling the materials adequately to warn of residual

dangers.

Similar regulations are provided in the working environment. Every country has

some act laying down the ground rules, and every country has something like a

factory inspectorate which enforces the rules. Essentially, these rules make sure

that machinery used in production, or even in offices, is as safe as it can be and

that production processes do not pose avoidable

All the above examples fall into the large class of technological products that

require regulations for safety. Indeed this class is one of the first which gave rise

to government intervention in technology. The boilers of early steamers on the

Mississippi apparently were wont to explode until the US Government found it

necessary to promulgate rules for the safety of steam boilers.

It is remarkable that one of the most dangerous products of technology, the

motor car, is allowed by society to continue to wreak havoc among the

population. Although a large number of rules and regulations attempt to make

the motor car somewhat safer, the number of deaths and injuries continues at a

very high level without drastic actions being taken.

Regulations can only be made when they are politically acceptable, i.e. when the

users of a technology wish to be protected without too high a cost to

themselves, either in monetary terms or in terms of unacceptable restrictions on

the use of the technology.

A class of regulations somewhat similar to those related to safety, are those

designed to safeguard the health of the users of products. An example is the use

of lead as a component of paint or as an additive to petrol. Small quantities of

lead in paint are unlikely to lead to fatal accidents, but there is a certain danger

that the health of consumers, particularly that of small children, may be

impaired. Thus the use of lead in paint has been severely restricted. Similarly,

lead in the exhaust of motor cars is considered a health hazard, and attempts to

eliminate the use of lead as an additive to petrol are in progress. For the same

reason the use of asbestos has been restricted, because the inhalation of certain

types of asbestos fibres poses a severe risk to health. The latest risk, being

slowly recognised at the present time, is that from aluminium as an additive to

water. No doubt it will take quite some battles before regulations on the use of

aluminium are tightened up in the light of new scientific findings, but eventually

such regulations are very likely to be seen as a necessity.

A major class of products which is strictly regulated for reasons of hazards to

health are pharmaceuticals. As drugs used to cure disease are potential causes of

disease, an elaborate machinery to test the safety of drugs and a system of

licensing them has been established. Some say that the system is inadequate, as

now and again a previously undetected hazard comes to light after a drug had

been in use for some time. Others say that the system is too severe and has

crippled the innovative potential of pharmaceutical companies because it takes

too long and costs too much to get a new drug approved.

5.3 Environmental protection
The third class of technologies which require regulation are those that pose a

danger to the environment. Initially, this danger was regarded more of a

nuisance than a danger and the first perceived need was to regulate emissions
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from factories simply to reduce the nuisance to the neighbourhood. Thus the first

British Lighting and Washing Act (1833), regulating effluents, and the Alkali

Act (1863), regulating emissions, were created, and other countries followed

with similar legislation in due course.

As knowledge about dangers to the environment increased, so regulations

became more comprehensive and more severe, although there are very great lags

between knowledge and regulation, and very great discrepancies between actual

severity and that demanded by environmental activists.

Even the most ardent believer in the benefits of unhampered market forces

generally admits that the environment cannot be adequately protected by these

forces. The reason is simple: any costs that a producer can shift away from

himself and turn into so-called externalities, are beneficial to the consumer in

terms of reduced prices, and/or to the producer in terms of increased profits. One

way of reducing costs is to save on filtering and cleaning processes and shift as

much waste as is permissible into the environment.

Another danger to the environment is its excessive exploitation as a source of

raw materials and means of production. This is precisely what is happening in

the rain forests of the world. It is also happening to agricultural land, which is

being farmed so intensively as to pollute the soil, the rivers and lakes, and the

ground-water.

Without wishing to recapitulate the well-known catalogue of destruction being

wreaked upon the environment, we wish to establish that unregulated market

mechanisms are inherently incapable of safeguarding the environment. This has

been true historically, and is equally true today.

Regulation is one possible – and indispensable – way of safeguarding the

environment. Strict rules on emissions and effluents must be formulated,

enforced, and continuously updated. The disposal of waste must be regulated

and made safe, while every effort must be made to reduce the amount of waste

produced. This can be done by regulating the use of packaging and making rules

on re-cycling of materials.

Regulation is necessary, but not sufficient. It is equally necessary to create

incentives for the reduction of waste in general, and dangerous waste in particular.

The incentives can be purely financial, but they can also be institutional. A good

infrastructure for recycling and for the safe disposal of waste should be high on

the agenda of public administrations. It may be possible to provide market

incentives for environmentally benign technologies, and it may also be necessary

to provide subsidies to accelerate the diffusion of such technologies.

Support should be given for technological innovations which decrease waste,

improve recycling, improve waste disposal, reduce the consumption of energy

and raw materials, reduce emissions, etc.

It is impossible and unproductive to separate the two faces of technology policy

entirely. Regulation and support are the two sides of the coin of technology policy,

and if the coin is to be worth anything, the two faces must be well co-ordinated. It

is not a matter of carrot or stick, but a judicious combination of the two.

6 MODES OF REGULATION

Regulation is controversial. There are those who argue that government

interference has gone too far and should be decreased or virtually eliminated.

The arguments are in part about freedom, but a larger part revolves round the

issue of the cost of regulations and their benefits.
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The first argument cannot be resolved, as it touches upon fundamental beliefs

largely unaffected by rational argument. The only universal agreement that can

be reached is that suggested by John Kenneth Galbraith: ‘... there is a large

range of such activity where the larger interest – the more general liberty

requires control (and it will certainly always be imperfect control) over the lesser

and more specific interest.’ In another passage Galbraith makes the unassailable,

but not very helpful, point that ‘a distinction between wise regulation and

unwise regulation’ must be made. (Galbraith in book edited by Siegan, 1980,

pp. 8–9)

Regarding the costs of compliance with regulation, a recent summary of existing

studies comes to the conclusion that ‘... existing studies shed little light on the

dispute between those who hold that regulation benefits the regulated and those

who hold that regulation is of necessity a burden on those who are regulated.’

(Peacock, 1984, p.39)

In the absence of hard evidence to the contrary, and with the vital proviso that

regulation must be wise, it seems that the arguments produced earlier in support

of a regulative role of technology policy, taken together with historical evidence

of the disastrous effects of laissez faire in matters technological, provide a

watertight case in favour of a modicum of regulation. The crucial questions of

when, how, and how much cannot be answered in a generally helpful way and

have to be resolved from case to case and issue to issue in the light of

everything that has been said before.

Regulation rests, as it were, upon three pillars:

l Laws, statutes, and by-laws, i.e. legislation passed by competent legislative

authorities. The laws themselves can specify regulatory detail, but generally

they enable executive authorities to issue specific orders and to make

detailed arrangements.

2 Orders specifying details of regulations within the given legal framework.

The details provide the flesh on the bones of legislation and specify what

should or should not be done in specific cases. The orders are issued by the

authorities, e.g. ministries or local authorities, or other statutory bodies,

specified as competent in the relevant laws.

3 The final pillar consists of the various enforcement agencies. As all powers

of the state, final enforcement and arbitration rest with the courts, but the

all-important day-to-day enforcement and detailed supervision rest with

regulatory agencies. The institutions created for regulatory supervision are at

least as important as the legal framework in which they operate.

Detailed arrangements clearly differ from country to country and from subject

matter to subject matter. No detailed account can be given in a short text of this

nature; only outline principles and a few examples. The matter is further

complicated by the fact that some regulatory functions are fulfilled by

supranational organisations, particularly the Commission of the European

Communities.

What we described as laws, statutes and by-laws consists, in the United

Kingdom, mainly of primary legislation embodied in Acts of Parliament, which

may be Public, and thus applicable quite generally, or Private, and thus relating

to a specific issue. At the local level, Local Authorities can enact by-laws, which

are, however, considered as subordinate legislation and thus are, unlike primary

legislation, open to legal challenges.

[...]
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A variety of enforcement agencies are set up under either primary or secondary

legislation. Many of these agencies operate under approved Codes of Practice,

which do not have the force of law, but constitute an important instrument

setting down methods by which regulation is enacted in practice.

Examples of such agencies in the U.K. are the Health and Safety Executive,

which operates under the Health and Safety at Work etc. Act. The Executive

controls the work of an inspectorate, which has comprehensive powers. Two

further examples are the Office of Telecommunications (OFTEL), which

regulates the deregulated telecommunications industry; and the Office of Water

Services (OFWAT), which regulates the privatised water and sewage services.

In many cases of regulation of the use of technology, for example in the case of

road traffic, there is no specific statutory body enforcing legislation and

enforcement is in the hands of the general law enforcement agency, i.e. the

police.

7 SUMMARY AND CONCLUSIONS

Technology policy consists of a mix of measures in support of technology, and

particularly in support of technological innovation, and measures regulating

technology. Support is given mainly with the general aim of strengthening the

competitive position of industry in world markets, and of causing economic

growth by satisfying ever new consumer demands. Another form of support of

technology consists in the provision of a modern technological infrastructure,

such as transport and communications, and of supplying public services,

including the armed forces, with adequate equipment.

Regulation of technology is not an aim in itself, but is necessary for a variety of

reasons. The main reasons are the need to safeguard safety and health, and to

protect the natural environment. It is argued that a degree of regulation is

unavoidable and, if wisely chosen and judiciously balanced, can have highly

positive effects, while lack of regulation can cause considerable damage.

[...].
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