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Chapter 4
~
Innovation
~
Chapter 3 emphasised that invention was an early part of the process of innovation. This chapter will concentrate on the stages which transform a promising technical possibility into a marketable reality. The innovative process can be divided into four functions: invention, entrepreneurship, investment and development. The entrepreneurial function involves deciding to go forward with the effort, organising it and obtaining financial support. Investment is the act of risking funds for the venture. Development is the lengthy sequence of detail-orientated technical activities, including trial and error testing, through which the original concept is modified and perfected until it is ready for commercial utilisation. 1  Innovation thus covers all the activities in bringing a new product or process to the market. It is the pre-imitation stage. The term 'diffusion' is reserved to describe what occurs later, and includes the spread of an innovation and its adoption by rivals.
  Innovation produces technological goods. Such goods have economic characteristics which induce an ambivalent attitude in those involved in their creation. This ambivalence arises from an awareness of the nature of the benefits arising from innovation and the costs involved. Innovation may be a lengthy process. It involves team work and facing relatively high levels of risk. It is an expensive, time consuming transformation process, which is management and resource intensive. Goods produced as a result of innovation have an element of novelty. They are new and advanced. Price elasticity tends to be low and income elasticity high. A price premiurn may be charged which represents the innovational edge over the nearest substitute products. They are likely to be readily exportable to advanced economies with high standards of living and thus offer the firm concerned a market which is worldwide in potential.2 A company which innovates successfully is likely to enjoy a much enhanced economic performance. Its growth rate is likely to increase and also its profitability.3 However, the economic life of an innovation is, limited. New goods will be copied and eventually become accepted and traditional products. The premium will be eroded as competitors appear and the character of the pricing decision shifts from what the market will bear, to what rivals will allow. The upheaval involved in introducing a new product may be considerable. The resistance to


change mentioned in Chapter 3 may have some economic rationale. If an innovation attracts a large number of rivals quickly, the resultant profit may not justify the investment effort. It is a paradox of the process of innovation that the greater the success of a product, the faster its novelty is likely to be eroded. Thus unless a company has the prospect of an adequate recoupment period it may be deterred from the effort. Patents have been evolved as a legal device to damp the encroachment of rivals. There are other means of defending an innovational lead. These include sheer size, monopoly and multinational status. But none of the other defences will be available to small companies and the private individual. Patents therefore not only attempt to raise the incentive to invent, but also widen the potential source to the weaker units in an economy.4 The ambivalent attitude of innovators thus arises from an awareness that successful innovation can synergise economic performance, but that the process is inherently risky. Investment in innovation is thus likely to carry a fairly heavy cautionary discount, and tend to be the prerogative of thrusting companies. What induces companies to become involved in R and D, the optimum size of company, the factors determining success OF failure, and the general nature of the process of innovation will be discussed in this chapter.



Economic characteristics of development

  Development tends to be a much more expensive activity than invention. 'Some companies have a working rule that the cost of development is approximately ten times the cost of the basic invention.'5 Because of the cost involved companies often end up shouldering the burden of developing invention originating from individuals. It is therefore sensible to discuss innovation in terms of companies rather than private individuals. It is not intended to give the impression that this is exclusively the preserve of companies, but the figures that follow will make it clear that the private individual is likely to be at a considerable disadvantage. Invention is relatively cheap, development on the other hand is typically much more expensive. Companies have access to funds on a scale which is normally beyond the pocket of the ordinary individual, and so are financially better placed to 

become involved in expenditure of this kind.
   Table 4.1 illustrates the division of costs incurred through the stages in bringing an invention to the market. The invention stage is seen to involve only between 5 and 10 per cent of the total costs. The remainder, which represents the commercialisation sequence, is at least ten times as expensive as the initial inventive step. The figures represent average costs through the stages. There is in fact considerable variation in the distribution of costs for individual products. Particular projects do have cost patterns 

which vary widely from the


Table 4.1 Division of costs incurred in bringing an invention to the market


          Stage
 




Average % of total cost

arising at each stage


A


B

I Applied research



9.5


5-10
2 Specifications




7.6
3  Prototype or pilot plant


29.1


10-20
4 Tooling and manufacturing facilities
36.9


40-60
5 Manufacturing start-up


9.1


5-15
6 Marketing start-up



7.7


1-25


Sources: A. Mansfield et al., 1971 (ref. 11); B. US Department of Commerce, Technological  Innovation, 1967, quoted in E. Mansfield, Economics of 

Technological Change, Norton, 196S.


average.6 The same is true for particular industries and thus for example in electronics and chemicals, R and D costs typically account for about 50 per cent of the total costs of launching a new product.' Time taken to complete the stages also varies considerably. The prototype or pilot plant work typically takes up about 50 per cent of the time taken to achieve the whole innovation process. Stages 1 and 4 also take up a considerable proportion of the time, together accounting for about 30 per cent.8
  Table 4.2 gives some examples of the cost of specific developments. Direct comparison of individual figures should be avoided. The figures are merely intended to give an impression of the scale of expenditures involved. The costs of specific developments are not easy to define. In some cases they include the cost of pilot plants and in others the long-term costs of improving a product which already has a substantial market. The reader should also avoid the impression that all developments involve expenditure on this sort of scale. The determinants of the costs of development include the size and complexity of the advance being sought, the time taken to achieve this, and the means by which the process is being organised. If the basic knowledge already exists and the step forward aimed for is modest, then with appropriatet management skill the costs involved may be relatively low. The examples given in Table 4.2 are drawn from some of the really significant technological advances achieved during this century. These are innovations which have created their own industries or revolutionised existing ones. Less spectacular and more ordinary achievements will probably involve commensurately smaller sums. The run-of-the mill invention is not likely to involve a major departure from existing technologies. It will be a modification, improvement or new application. Development costs will be more modest. A frequency distribution of development costs representing technological possibilities open to a given firm, will probably be highly skewed. At the one extreme will be the few spectacular and costly innovations, and at the other 

will be more numerous mundane 


TABLE 4.2 HERE

an ordinary developments involving much lower costs. The mode of the distribution may be in the range of $50,000 to $30,000.9 The small firm is not therefore necessarily excluded by the costs involved. The less spectacular development offers such a company a foothold
in the process of technological development. It is still likely, however, that development costs will be considerably greater than those involved in the inventive step. The 'ten times' rule above probably has generality in the ordinal sense, that development is typically more costly than invention. However, the precise degree by which development exceeds invention will probably vary from project to project.

 Table 4.3 illustrates the estimated time interval between invention and innovation. The average time interval for the petroleum industry is eleven years, and in others fourteen years. Mechanical innovations appear to require the shortest interval, followed by those in the chemical and pharmaceutical industries.10 The time taken to achieve
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an innovation is part cause part effect of the cost involved. To some extent fast development can be purchased through high R and D spending. The classic examples are the atom bomb and the expenditure involved in getting man to the moon. The paramount demand for speedy results combined with the enormous depth of pocket of the United States government enabled these startling technological breakthroughs to be achieved in a fraction of the expected time. In more normal circumstances, an innovation that comes readily to fruition over a short time period, is likely to be cheaper than one which is technologically complicated and yields only grudgingly. For a given innovation a relationship between development time and r expenditure involved probably exists, suggesting that the trade-off for quicker development is higher cost." The generality of this relationship should not be overworked. Development is essentially a knowledge building process, where mastery is dependent on understanding. The quality of personnel involved in the R and D effort wil1 be crucial. The way in which it is managed will also have an important  bearing on the cost of development.


In bringing an invention to the market a sequence of steps is involved where earlier knowledge feeds what follows. If speed is paramount this sequential knowledge building process may be sidestepped in the sense that tasks which would normally be carried out in order may be performed concurrently. This raises the risk of duplication and wasted effort, and may incur diminishing returns as more and more personnel become involved. The costs of shortening development time therefore may be high. Given the technological capability, the time taken to develop an invention becomes a management problem where the trade-off between the time taken and the costs involved must be balanced to achieve the desired solution. More will be said on this in 

Chapter 5, on the Management of innovation.
  There is evidence which suggests that the average time taken to develop inventions is shortening. Intuitively this would appear likely 'as more and more is being spent on R and D and more companies are becoming involved. Government commitment to technological change is increasing, and as a result so is funding to achieve this purpose. The technological capability of developed economies is presumably increasing along with this expenditure and therefore ought to show in a reduction in the average lag between 

invention and marketing.
   Table 4.4 shows the average rate of development of twenty major innovations whose commercial development started in the period 1885-1950. The results seem to indicate a considerable decline in the timelag and also that consumer products typically take less time to develop than their industrial counterparts.'2 In addition, where innovations are developed with government funds the period is shorter than when private means are used. All these findings accord with expectations. The government's purse is deep, consumer goods are probably less complex than industrial innovations, and technological orientation of developed economies is increasing. One of these findings, namely that the development timelag is decreasing, should however be treated with caution. There is considerable difficulty in identifying with satisfactory accuracy the starting point of an innovation. Thus, for example, in a well-known chart'3 the starting point chosen for photography is 1725 and spans a period of 112 years from 'discovery' to practical adoption. Equally plausible dates could have been 1822 with the first permarent photograph, or with the earliest demonstration of darkening of silver salts in 1565. The starting point for atomic weapons is chosen as the beginning of the Manhattan Project which took six years to complete.'The antecedents of the atomic bomb can, however, be traced back to 1905 to the demonstration of the equivalence of mass and energy. A further difficulty associated with such an excercise is that discoveries that have yet to be applied will not be included. This means that it is inherently impossible to observe anything other than a short timelag for recent discoveries.'. The idea that the development lag is decreasing over time has gained considerable credence, but it is not
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satisfactorily established.  ls It remains a possibility that requires
further elucidation.



Technical risk

 In developing an invention, companies commit funds in the hope of
future benefit. They deliberately carry risks. These take the form of technical and market risks. Technical risk reflects the likelihood of being thwarted, in the sense that no saleable output will result. Market risk relates to the likelihood of commercial success of a given technological development. The size and complexity of the advance sought will be a major determinant of the technical risk involved in converting a promising concept into a marketable reality. Where a company attempts a large step forward 

technical risk is likely to be high. Existing knowledge of the invention is by definition small. A firm
will be involved in establishing the technological parameters and also in the creation of a high proportion of the knowledge required for successful application. If the research personnel are not of sufficient quality such an ambitious project is likely to founder. The novelty of 


the techniques required and the complexity of application will increase the probability of failure. A less ambitious project well within the technological capability of a firm is likely to have a much lower level of risk. Knowledge and application will be within the main stream of the company's experience. The costs and time to fruition are likely to be subject to much less deviation.


Technical risk is not an independent variable outside the control of
a company. A company is in a position to have a considerable
influence over the level of risk it faces. Development activities can be
hedged by spreading projects, so that if one should prove technologically cussed this will not be disastrous. By adopting a large numbers approach a company can take on individual projects with very high technical risk, and yet enjoy an average level of risk which is still relatively low. There are a number of risk-shifting devices which enable a company to become involved only when the probability ofsuccess has been narrowed to an acceptable limit. Contract research
allows a fixed sum commitment, without tying up company R and D
resources. It also permits a company access to scientific knowledge

which may be beyond its normal ambit. If the contracted project
shows promise then the company may become involved at an
appropriate stage. If risks are considered high a firm may adopt
parallel research efforts to improve the likelihood of technical success.
Where there is no consensus indicating the most promising alterna-
tives, by organising separate approaches to a common problem both
the time taken to achieve success and the total cost may be reduced.
Too early a commitment to one approach can be avoided, and knowledge from the other parallel research effort may contribute significantly to success

with the method finally adopted.
  The fact that companies can influence the level of technical risk by the way in which projects are organised raises problems for the investigator. Companies' assessment of risk levels will be subjective.
 Additional factors such as their past record of success, their general
 level of competence, their size, profits, and economic stability, will
 also colour judgement. One company may view a particular project as highly risky, and another consider it a safe bet. Figures for the expected probability of success of projects must therefore be treated with due caution. Those drawn from a single company are most likely to have a common thread of judgement. Others from a number of companies are unlikely to have uniform criteria.
  In a study of seventy projects in one leading USA company it has been found that expected probability of technical success in about
three quarters of the cases exceeded o.80.'6 Only seven projects had probabilities of success of below 0.6. When these expectations were compared with results achieved, it transpired that 44 per cent of the projects were successful. Only 16 per cent failed because of unforeseen technical difficulties. A high proportion of the remaining failures could be ascribed to deliberate company policy. In 9 per cent the


objectives of a project were changed and in 18 per cent manpower was diverted to higher priority usage. If only the projects which were carried out as planned are included the chances of success average
 0.75. The study also revealed that the company concentrated on short-reach projects. Most projects were expected to be completed in
less than four years. Among those that were delayed the average
slippage factor (the revised time to completion divided by the original estimated time) was about 1.30. Deviation in costs from estimated
expenditure was such that in about half of the cases, actual costs were more than 20 per cent below the budget. In about 15 per cent actual expenditure was 20 per cent or more above the planned amount. The major reasons for deviation were changes in project objective or lack of suitable manpower. In over 200 R and D projects

in the USA in chemicals and pharmaceuticals about 60 per cent of each laboratory's projects were technically completed. In addition the figures suggest that small advances in familiar areas of technology yielded higher probabilities of completion.l' Another study based on a sample of 170 companies drawn from the 1968 Fortune's 500 and Moody's Industrials not listed in the 500~8 finds that average estimated probability of technical success before a company would become committed to an R and D project was 0.71. Average project time was again less than four years. Fortune's 500 companies had an average project time of 3.3 years and the others 2.1 years. Project failure in a study of ninety-one R and D projects in a government and metallurgical laboratory revealed that only 15 per cent of failures could be ascribed to technical reasons.~9 The majority of failures were not due to the cussedness of technology but to other factors. 

Market risk


  Market risk relates to the likelihood of commercial success. This is much more difficult to assess than technical risk. There are a great many factors which will influence the commercial outcome of a given innovation. Unlike technical risk, market risk is to a much greater extent beyond the control of a company. Technical risk is largely determined by the competence of R and D teams. Market risk, on the other hand, is more susceptible to outside influences. Companies may be able to avoid market risk by confining their R and D activities to in-house process innovation.20 But under normal circumstances if a company develops an innovation, commercial success will depend on generating an adequate market for the new product. A high proportion of the non-technical failures are found to be due to lack of interaction between the marketing and the R and D functions.21  In the Queen's Award for industry study, of the factors causing delay in innovation over 20 per cent was attributable to 'no market or
need.22  In a study based  on American experience 45 per cent of 

failures could be linked with inadequate market analysis and weakness in marketing effort.23 Assessment of market potential is a crucial function in the innovation process. Unless this is part of the selection procedure, money is likely to be spent on projects which are successful in a technical sense, but which fail because of lack of market outlets. Even where market potential has been assessed and outlets developed quickly there is no assurance that sales will be longlived. Rivals may copy and encroach.


Table 4.5 Years elapsed between first use and introduction by 30 per cent or 60 per cent of major producers


Innovation







30%


60%
Packaging beer in tin cans




0.75


  1
High-speed beer bottle filler




   5


  7

Continuous wide-strip steel mill



  5


  9
Byproduct coke oven for steel mill



11


I 8
Continuous annealing of tin-plated steel


14
   

20
Continuous coal-mining machinery



2


4
Diesel locomotives .





4


11


Source: Based on Mansfield, Industrial Research and Technological Innovation (ref. 16).


Table 4.5 shows the time taken for 30 per cent and 60 per cent of major producers to introduce the process innovations. The percentages I are chosen to illustrate in an impressionistic fashion the period over which the inventing company will have a cost advantage. By the time 60 per cent of the major producers have introduced the relevant ihnovation, the process will have become an accepted part of the industry's technology. At the 30 per cent level, the innovating company will be among a minority and presumably have a fairly marked cost advantage over most of its rivals. The innovations in the table are drawn from the bituminous coal, iron and steel, brewing, and railroad industries, but have not been chosen because of their outstanding importance. Patents did not impede the imitation process and so the adoption lags represent the market response to the advantages which these processes offered. Whether these figures are typical of imitation rates is not known. However, it is plausible to argue that at least in one respect the figures are representative. They indicate a wide range of response rates. This is likely to be the case because imitation is determined by the economic characteristics of the innovations concerned. These are likely to vary considerably. Essentially the speed of response is determined by the profitability of adoption and the size of the investment required.24 Innovations that require relatively small investment and are highly profitable tend to be copied fast. Those which are not so profitable and require relatively high investment tend to be copied slowly. Unless a company is a monopolist, or has a watertight patent position, the imitation rate is


a factor outside its control. This will be a significant influence in its assessment of market risk.

  If rival companies imitate extremely fast, recoupment of development costs may not be possible. If on the other hand rivals' reaction is slow, a handsome profit which extends over a considerable period of time may await the innovator. Unfortunately there is limited direct evidence on market or commercial risk. What evidence there is suggests that if a project is commercialised the probability of market success, deDmed in terms of profits earned, is about 40 per cent.25 For the most part, however, assessment of commercial risk has to be inferred from the planning decisions taken by companies in their allocation to R and D, the payback period required and the expected rate of return. The criterion applied by companies will yield considerable insight into their assessment of market risk. For example, if companies require a short payback period, expect high average rates of return, allocate a small percentage of funds to R and D, and favour particular types of projects, then this will imply that managements 

assume market risk to be high.


Table 4.6 Comparison of R and D policy in Fortune's 500 and others


Per cent of sales    Average expected
Estimated
 Average
spent on company    payback time

probability   of project
financed R and D

(years)

technical        time







success
(years)

Fortune's 500
      3.1 


4.26


0.71

 3.3
Others

      3.1 


3.50


0.71

  2.1


Source: Gerstenfeld, Effective Management of Research and Development 

(ref. 18), p.22.


Table 4.6 summarises the position well. Average project time is below four years. Average expected payback time even for the largest companies represented by the Fortune's 500, is 4.26 years. There is a suggestion that the largest companies are prepared to take a longer view. Both average project times and average expected payback times are longer than those required by the other category, which is composed of smaller companies drawn from Moody's list of smaller industrials not in the larger 500. However, both groups of companies require a payback period of less than five years. Managements assume that on average a rate of return that will support a recoupment of the original cost of a project in under five years, is acceptable given typical rates of imitation. In terms of Table 4.5, perhaps 30 per cent of rivals may have adopted the innovation by the time the originating company has recouped its capital investment. Generally rates of return on successful projects are thought to be very high. Certainly studies in agriculture,26 petroleum refining,27 and electrical equipment and
appliance manufacture indicate that this is the case.28 Managements apparently require  a high inducement to compensate for the risks 


involved, and apply a heavy cautionary discount before accepting projects.


Table 4.3, showing the timelag between invention and innovation, gives the impression that development is essentially a long-term process, yet Table 4.6 shows that companies select projects which on average have a completion time of less than four years. In these terms only seven of the forty-six primary inventions in Table 4.3 would come to fruition within the average completion time. There would thus appear to be a clash between the findings. The explanation probably lies in the character of the innovations concerned. Table 4.3 represents a selection of primary inventions, whereas the typical project undertaken by companies is probably of a secondary character. As a risk-minimising device companies tend to emphasise short-reach projects which seek relatively minor advances in technology. Essentially Table 4.3 should not be used to illustrate the characteristics of the run-of-the-mill innovation. The examples given there have been selected because of their importance. If the survival of patents is any guide, the normal invention is relatively unimportant. It is secondary in character and of itself makes only a minor contribution to technology. In these terms, the development time for average projects is relatively short, but if significant advances of a primary character are sought, these are likely to involve a longer time span. The typical attitude of companies does not mean that they will necessarily shun the longer term development, but does imply that they 

will tend to be in a numerical minority.

   Another interesting general attitude of management towards R and D is the preference for particular types of projects. Companies prefer product to process innovation.29 Management clearly believe that greater market impact is secured by launching new products rather than existing products at a cheaper price or at the same price but with an enhanced margin. This attitude is probably a reflection of an aversion to price competition, and the desire of companies to insulate themselves from rivals'encroachment by product differentiation. The distinction between product and process innovation is not clear, and perhaps the best interpretation of the apparent preference for product innovation is a general management predilection for 

sales security rather than cost advantage.
  Table 4.7 illustrates the allocation to R and D as a percentage of net output by industry in the UK. Net output is defined as in the Census of Production and represents the value added to materials by the process of production. It is the fund from which such items as wages, salaries and other costs, including depreciation and profits, are paid. Industries at the top of the list would appear to spend an impressively high percentage on R and D. However, the figures include money provided from government sources. When the percentages are calculated showing the amount of R and D financed from ccmpamies' own funds, the allocations appear much more


Table 4.7 Research and development expenditure in 1968/69 as a percentage of net output in 1968: UK industries


Industry







%
Aerospace
39.1
Electronics and telecommunications


19.6
Mineral oil refining





12.2
Plastics







7 9
Pharmaceuticals and toiletries



7.0
Scientific instruments





5.5
Electrical machinery





5.3
Chemicals and coal products




4.6
Motor vehicles






4.2
Mechanical engineering





2.5
Textile and manmade filbres




I. I
Food, drink and tobacco





0.9
Clothing and footwear





0.2


Source: Economic Trends, Nov. 1970; Board of Trade Journal, 31 December 1969.


modest. Thus, for example, aerospace becomes 6.8 per cent, electronics 10.1 per cent and pharmaceuticals 6.4 per cent. Apparently even though expected rates of return to innovation are high, technical risk low and average project and payback periods are short, managements adopt a cautious attitude towards R and D. Their behaviour indicates that they believe market risk is high. In spite of selection procedures which ensure a fairly high probability of technical success, a high rate of return is required either as a cautionary discount or as a compensatory inducement to face the market risks involved. The typical allocation to R and D is kept relatively modest, commensurate with general management attitudes to this expenditure.
  The separation of technical and market risk into distinct categories is a somewhat artificial procedure. In practice both types of risk have a bearing on each other. A really significant invention is likely to involve a relatively high level of technical and market risk. The degree of novelty will have a direct bearing on the marketing function. If the product is genuinely new then a market will have to be created. The parameters of demand potential cannot be easily inferred, because previous experience is not there as a guide. Concorde is an interesting example. In developing supersonic passenger travel the British and French governments face a high level of both technical and market risk. The development costs to date are above £1000 m.; over four times the original estimate. Marketing difficulties involve persuading customers of the advantages of swift travel as a compensation for the high selling price and also mollifying a strong environmental and pollution lobby. The aircraft is so far advanced that a considerable market reluctance has to be overcome to achieve acceptance. Of course this is an extreme example, nevertheless the general point emerges, namely that technical and market risk are related and the more advanced an innovation is the higher these risks


are likely to be. Reasonable data exist indicating that technical risk, in so far as it may be separated, is relatively low. Information on market risk is more limited. The evidence in one study suggests the following progression: of 100 projects, 57 may be completed technically, 31 may be made commercial, and 12 are likely to be a success. Thus the odds on success would appear to be approximately one in eight. These findings are based on 220 projects in three research and development laboratories in the USA in chemicals and drugs.30 The general behaviour of companies implies that they believe market risk to be high. However, the data on the allocation to R and D by industry also indicates that some industries take a less jaundiced view than others. The reasons for this are explained below.
  Company R and D commitment will be determined partly by industrial factors and partly by the attitude of individual managements. In general, allocation to R and D will be influenced by consumer priority for technological change, the ease of obtaining advances, the market structure and nature of competition, and managements' risk preference. Research and development within a flrm serves a number of purposes. It confers on a company an 'inhouse' technological capability to generate innovations, and permits swift response to those developed by rivals. As a result the product potential of a company is widened. Research activity can smooth the path of diversification. It is a major influence making for non-price competition. Research and development can soften the blow of competition by permitting skilful differentiation of products. Alternatively it can service innovative competition, where companies vie with each other in the technological excellence of their products and the speed at which these can be improved.
  Research and development tends to be expensive and in the nature of a fixed cost. There are three major reasons why R and D tends to be a fixed cost. First, research is normally financed by a lump sum rather than a proportionate allocation from profit. Second, there are probably minimum levels of expenditure below which a company is unlikely to achieve results. Third, there are persuasive reasons making for stability and continuity in R and D allocations. Continuity of employment is important. Personnel leaving a company will take expertise with them. A rival company acquiring such individuals will immediately have access to such knowledge at very low cost. It takes a number of years ~before a newly formed R and D team becomes productive. As a consequence companies tend to gear R and D expenditure to a level which is maintainable over all likely profit fluctuations. In this way they should avoid the necessity of having to dismiss R and D personnel and thus maintain continuity. It would be a most unwise concern that varied its research commitment with immediate commercial results. The prudent company will adopt a lagged partial adaptation procedure so that research is maintainable.

  Minimum levels of R and D have been suggested by NEDO for the


pharmaceutical industry.31 The smallest R and D effort based on at least three projects was estimated to cost £500,000 at 1970 prices. A budget nearer £2 m. would be required for a full range of skills and facilities and to provide a degree of insurance against failure. The Canadian Senate Committee on Science Policy suggests an annual threshold R and D budget for any type of industry of at least $120,000 specifying at least five qualified scientists and engineers per firm, as the minimum necessary for R and D performance to have any positive results.32 Minimum levels of R and D have been estimated for the electronic capital goods industry. The figures relate to 'threshold' levels of research expenditure. These represent sufficient expenditure to keep abreast of technological change, to keep a flow of improve​ments; and where necessary to launch new models. The threshold figures are absolute values. When these are divided by the lead time, then approximate annual figures are derived. Lead time is the period between project preparation and the launch of full‑scale production. Derived annual figures range from £40,000 p.a. for radio communica​tion receivers to £8 m. p.a. for a communications satellite.33 Other industries may be less daunting in the minimum sums required. A low figure may make a significant impact in mechanical engineering or furniture, where the character and complexity of typical products is perhaps not so great. Table 4.7 makes it clear that R and D commitments do vary by industry. It is fair to label computers, electrical equipment, aircraft, and pharmaceuticals, as research intensive; furniture, footwear, and food, by contrast are the least involved. Presumably the minimum level in an R and D intensive industry will tend to be higher than in less technologically orientated activities. Explanations for this varying commitment to research tend to centre on the nature of the product and the industrial environment. Technological push or customer pull are descriptive labels for the type of pressures to which companies respond.

Table 4.8 provides examples to show interindustry differences in the pressure of the technological environment. Where the correlation between patents and sales is high, this indicates that there is a strong

Table 4.8 Technological environment

Industries
r2, patents


on sales
Food and tobacco products
0.52

Paper and allied products
0.07

General chemicals
0.73

Petroleum
0.68

Fabricated metal products and miscellaneous
0.32

Electrical equipment and communications
0.90

All industries
0.42

Source: Scherer, American Economic Review, 1965 (ref.56).

pressure for technological change. Where the relationship is low, the pressure is assumed to be correspondingly low. If Table 4.8 is compared with Table 4.7 it becomes clear that industries with a high R and D sales ratio also tend to have a high patent sales correlation. It has also been found elsewhere that there is a fairly close relationship between input measures (R and D expenditure and R and D employees), and output measures (patents acquired and value of new product sales).34 In effect the indicators of technological orientation are good substitutes one for the other. Either input or output measures may be used with reasonable confidence.
   Technological push is a descriptive term for the impetus to change which tradition and the type of activity generate. It represents the commitment to change and opportunities for technological activity arising from within an industry. Suppliers may undertake a whole series of innovations and thus force consequential changes along the chain of production. The major product of the industry may be relatively new and undergoing rapid change as modifications and
 improvements are incorporated. An industry may be 'science based' and able to draw freely from discoveries originating in universities, government and basic research institutes. An industry may be hustled forward by its own technological impetus. The type of competition and the structure of the industry may encourage this form of innovative rivalry.
  Customer pull is the pressure exerted by purchasers of the industry's products. The consumer may supply a considerable incentive by choosing the most advanced products. By opting for these and- against companies with the least technological advantage, customers exert economic pressure. Companies with up-to-date products are seen to be profitable, and those with old fashioned goods suffer. Resources shift towards the change-oriented companies and firms with obsolete products either go out of existence or make efforts to change. A potent customer-pull effect can be exerted by governments and nationalised industries. The United States government-sponsored space effort had a dynamising effect on all the companies involved. This effect spun off throughout the chain of contractors and subcontractors, and galvanised economic and technological performances. Similar effects can be traced in Concorde and the Advanced
Passenger Train project in the United Kingdom.35 These are examples
of monopsonistic buying power where governments acting through
publicly controlled bodies can exert tremendous customer pull.

    The 'push and pull' models of innovation can be subdivided as follows:36 'Science discovers, technology applies' (DS), and the technological discovery model (DT). DS is used to describe scientific discoveries which are applied by industry; DT represents the process of technology building on technology, where the impetus is not based on a scientific discovery but on a technological development. Technological or need pull , is similarly divided into 
customer need (NC)


and management by objectives (NX). NC refers to need pull of a sort where market research or customer requirements indicate a market; NX refers to a need identified by management rather than customers. For example, the need to reduce costs or produce a new product as a defence against takeover.37


Table 4.9 Stimulant to successful innovation: comparison of large technological change innovations with others


Innovation model
Large technological change
Smaller technological change
Not known



1




7
DT
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2
NC
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NX
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16
Dual




4




31
Total




11




73


Source: J. Langrish et al., Wealth from Knowledge (ref. 14), p. 77.


Table 4.9 shows a classification of the character of stimulant present, in the case of eighty-four successful innovations. The innovations were successful in that they were all developed by British companies who subsequently won the Queen's Award for industry. A large technological change refers to innovations which have a considerable impact on existing technology. If the innovation induces a significant alteration in teaching at university level then this is classed as large. For example, a new textbook or a considerable revision of existing textbooks may be necessary. Smaller technological changes refer to innovations which cause at most revision of one or two chapters or the addition of new chapters. Dual refers to innovations which cannot be clearly classified to a single type of model. The table indicates that the need or customer-pull model is the most frequent stimulant. The run-of-the-mill minor innovation, arises not from the application of basic discoveries but is need and technology orientated. In contrast, major innovations perhaps indicate a greater leaning towards the discovery push type of model although there were no DS observations. This would accord with expectations. Major innovations are likely to involve new principles. More modest developments are likely to represent improvements on current technology and be more market or customer orientated.
   The major attraction of innovation as an industrial activity is the economic potential. Company performance will be greatly enhanced by successful innovation. In a study of a sample of companies from the American steel and petroleum industries it has been found that in companies with comparable initial size successful innovation had considerable economic payoff. A comparison with companies' growth rate before innovation and the performance of other non-innovating companies indicates, in every time interval and in both industries, that the successful innovators grew much 

faster. This tendency was not


exhibited before the innovations. The average effect of a successful
innovation was to raise a firm's annual growth rate by 4 to 13 percent.38 A case study of the famous West German camera manufacturer, Rollei-Werke Franke & Heidecke, illustrates the impact of innovation on the firm's growth record.39 Rapid progress followed the introduction in 1928 of the twin lens reflex camera and the simpler version in 1933. After the Second World War declining sales resulting from Japanese competition and the rising popularity of miniature cameras, induced major changes in company policy. These included a move away from a highly specialised product line to a
diversified output covering a wide range of photographic equipment, the shifting of a major portion of its labour-intensive production to a low-wage country, Singapore, and a policy of continuous innovation to win access to new market segments. Econometric analysis revealed that innovations were highly significant in accounting for the growth performance of the company.~° However, as already indicated, other economic characteristics tend to reduce the attraction of innovation. Judgement of technical and market risk will influence companies allocation of funds to R and D, so also will the industrial environment. For some industries innovative activity is part of their way of life, for others it is an optional extra. Thus in pharmaceuticals in America in spite of a decline in the estimated expected rate of return on R and D from 11.4 per cent in 1960, to 3.3 per cent in 197441 R and D has increased in money terms between 1965 and 1974 by over two-and-ahalf times. However, in real terms the picture is somewhat different with a one-and-a-half times increase until 1970 and then no increase from then on.42 Particular companies in given industries can of course behave as deviants and a company in a research-intensive industry can express its own management preference by not being involved in R and D. Similarly, another company in a low technology activity may in fact be research intensive. Company involvement tends to be a reflection of management preference, industrial environment and structural influences. These influences will be discussed below. 

Innovation and the size of companies


Company expenditure on R and D is an expression of a desire to be involved in the process of technological change. The large company should have a marked advantage in technological activity. Size confers a number of benefits which have a direct bearing on R and D. The shares of a large company tend to be highly marketable. The valuation ratio (value of the ordinary shares divided by the book value of the assets) tends to be greater than that of a small company.43 Because the shares are so marketable raising additional capital is relatively cheap. In addition the proportion of cash required to take over another company is relatively small. This can make the large


company an effective predator in takeover battles. There are also indications that the likelihood of takeover is reduced by size. The larger a company is the lower tends to be the probability of takeover." This is not a strong relationship but there is sufficient evidence to suggest that it does exist, and to some extent, therefore, the large company is lifted from the threat of takeover. Financial results also indicate that the large company tends to have a lower level of deviation in average profitability. There are also signs that this stability may represent a form of trade-off where lower deviation is purchased at the expense of lower than average profitability.45 The power of the large company to effect takeovers and also to resist them, and their
financial stability amount to important influences making for continuity in any R and D programme. Such companies are able to isolate their departments from the threats which may prevail in smaller companies. As has been argued earlier, continuity and stability may be significant factors in productive research effort. Large companies are more likely to be able to provide these conditions. Companies with high turnover are better able to carry the f~xed costs involved in R and D and reduce these to a relatively small percentage claim on total resources. They have the economic power to bring new discoveries to the market quickly. They are able to adopt risk-shifting devices in the organisation of their research and can adopt a large number approach. Failures can be carried by successes so that the overall level of uncertainty incurred in research programmes becomes acceptable. Market power should allow large firms to secure high returns on innovations and to recoup expenses fast. Furthermore innovational edge sho.uld not be eroded too fast by the encroachment of rivals. If
large companies are diversified, this should confer yet another
I
advantage. It should permit them to produce and market a high proportion of the unexpected inventions which are the almost inevitable outcome of research.46
   Large size may not be without its disadvantages. There may be a temptation to substitute numbers for quality in research personnel. The propensity to 'empire build' will have much more scope in the sizeable corporation. Reins of control are difficult to keep taut. The chain of command through from senior management to the level at which orders are executed may be long. Personal involvement and intensity of motivation may suffer in a bureaucratic atmosphere. Small autonomous research departments which compete with each other within the company may even set up to combat lethargy. On balance, however, the specific financial advantages of large companies would appear powerful. As long as managements are aware of the disadvantages of size, action can be taken to safeguard against these. This ought to leave the large corporation with a marked advantage in R and D. The advantages of the large company in R and 

D would appear overwhelming.


There is little doubt that since the turn of the century there have been changes that favoured the large company. The growing complexity of technology, the increased scale of processes and specialisation in scientific work, have been factors leading to the professionalisation
of research.47 New industries have been established which are science based. Electronics, chemicals, oil process plants and plastics are examples. They are responsible for a very high proportion of total industrial research expenditure. Within these activities survival is often dependent on innovation. Even in other industries which are
less technologically orientated, research has become a weapon of competition. Regardless of the type of activity, research is costly. It is manpower intensive and a high proportion of the annual expenditure is in the nature of a fixed cost. Such standing charges have to be carried within turnover. Estimates for the minimum or threshold levels of expenditure indicated earlier, suggest that the large company will be at an advantage. For example the £500,000 suggested by the National Economic Development Office to cover three pharmaceutical projects would imply sales by the company concerned of £5 m. p.a. to give an R and D/sales ratio of 10 per cent.48 Clearly the larger the company, the lower will be the relative cost burden per unit of turnover. This would suggest that size will be a major determinant of research expenditure. This, however, is not the case. Empirical evidence of the importance of firm size in relation to R and D yields mixed results. It has been found that the percentage
of companies undertaking research increases steadily with size of the frm.4' In effect the larger the firm the greater the likelihood of its carrying out some R and D. But when evidence is collected of relative efforts, the picture becomes less clear.


Table 4.10 shows that in each and every industry group except petroleum refining, research activity increases with size. However, when larger companies are taken, with employment of more than 5000


Table 4.10  HERE 

personnel, there is a broad tendency for R and D not to rise in proportion. Among the largest 500 companies in the USA there is a tendency in the majority of cases for increases in size to have a stultifying effect on R and D intensity.50  A summary of these findings would indicate that 'up to a certain size, innovational effort increases more than proportional to size: at that size, which varies from industry to industry, a fitted curve has an inflection point and among the largest few firms innovational effort generally does not increase and may decline with size. 51 There would t}lU:, appear to be a relationship between size and willingness to put resources at risk in search of new products and processes. The relationship is not simple, nor likely to have an unambiguous meaning. There may be an optimum size of company, but this will probably be specific to particular industries. This is hardly surprising because technological pressure varies between activities and also with the level of effort required to make an impact. Furthermore the overall pattern is consistent with a wide variety of individual findings. For example, an investigation which only includes the largest companies, may reveal a negative relationship between size and R and D. The sample may cover only that section where research declines as size increases. Alternatively a sample that spans the middle range may reveal a low or zero correlation, and one which covers only relatively small companies may reveal a strong and positive association; All these findings are consistent with the overall pattern. In broad terms there would appear to be a tendency for R and D inputs to rise until a size level of approximately 5000 employees is reached. Beyond this size there is a tendency for there not to be a proportionate rise, and among the largest companies R and D allocations may decline.

   When the relationship between firms' size and research is examined, not from a research expenditure point of view but in terms of innovations actually introduced, there is broad confirmation of the general pattern that it is possible for companies to be too large. In a study of the United States iron and steel, petroleum refining, and bituminous coal industries, important processes and products introduced since 19-18 were examined to determine whether the four largest firms in each sector were responsible for a disproportionately large share. 52 A disproportionate share is assumed to exist where a firm's share of innovations is greater than its market share. It transpired that the largest companies did not always introduce a disproportionate share of innovations. In petroleum and coal, the four largest companies introduced more than their market share. In steel they did not. General factors which worked in favour of large size included: innovations which required large investment relative to the size of the potential user; a minimum size of firm for effective commercial use of the innovation which was large compared to the average firm; and an average size of the four firms under investigation which was much larger than the average size of 

potential users.


A similar conclusion emerges on the effects of size when scale effects are examined in the organisation of research. There may be considerable economies of scale in R and D. The largest firms may have a marked advantage in the productivity of their innovative effort. The output of research departments organised within large companies may be demonstrably superior to that of smaller concerns. Alternatively diseconomies may arise and output per unit expenditure may decline as the scale of spending increases. Examination of the influence of scale can be resolved into two issues. First, is a unit of research effort more productive when carried out in a large or small firm? Second, in firms of a given size, is a greater research effort associated with greater research output? These are organisational questions which attempt to establish the effectiveness of a unit of
Iresearch expenditure in terms of innovative output, in firms of varying size and the effects of varying R and D expenditure in firms of a similar size.

   In a study based on major firms in the USA in chemicals, petroleum and steel, an attempt is made to investigate these effects.53 On the first issue relating to the influence of varying firm size on a
unit of research expenditure, the inventive output seemed to be lower per unit expenditure in the largest firms compared with the medium and large ones. Apparently a given sum spent on research is not necessarily more effectively employed in the largest companies. There were indications that problems arose with control and organisation. On the second issue, which attempts to determine the influence of greater research expenditure in firms of a given size, the indications were that holding firm size constant, the number of inventions seemed strongly influenced by the amount of R and D expenditure in all of the industries. But there appeared to be a more than proportional increase in inventive output only in chemicals. In the other industries there was no evidence of economies of scale in research expenditure. This perhaps indicates that there are no marked advantages of the largest scale research activities over the medium and large ones. There would appear to be conflicting forces in action. These are the disadvantages in terms of average productivity per unit of expenditure of organising research within the largest firms, and the influence of more expenditure within firms of a given size. Perhaps it is possible to be too large for effective organisation of research. The largest companies may risk passing the optimum.

   There is also weak evidence that the quality of innovation among the largest companies is lower than those achieved by less sizeable concerns. The largest companies appear to spend more on R and D per patent pending, and they tend to use a lower proportion of their patents for commercial exploitation.54 Apparently smaller concerns secure patents for a lower R and D cost and utilise a higher proportion. This, of course, is only broad evidence and will not stand much generalisation, nevertheless it is perhaps indicative.


The reader should remember that these figures relate to the USA, and also that the indicators of size are really a catch-all for a wide variety of other influences which need separating. In effect it may not be size, as such, which is important, but the consequences of size. The character of the general arguments on the advantages of size only indicate potential benefits. The nature of the arguments makes it clear that size is really being used as a proxy for a large number of influences that may be conducive to technological commitment. For example, the following may be relevant to a company's R and D expenditure: management motivation and skill, industrial and technological environment, past success in innovation, the type of research involved, profit-earning power, the efficiency of research departments, and the company's product mix. These are the type of factors which make size such a catch-all and an unsatisfactory indicator. Essentially there is a considerable identification problem and the investigator has to 

probe deeper for improved understanding.


Diversified output

Arguments favouring size usually assume that large companies are Iikely to be multiproduct in character. This may be a significant factor inducing increased research and development commitment. Diversified output may mean that the unexpected findings which are almost inevitable from research may be utilised. The probability that the findings are compatible with existing output is enhanced when a company has a wide variety of products. The knowledge generated by R and D may also be relevant for more than one product. Furthermore the effect of diversified output may be earlier utilisation of an innovation. Such companies enjoy a form of commercial insurance in that their success is not dependent on a specialised output, but on a wide variety of products. This may induce a bolder approach to development and thus an earlier introduction of innovations. A firm which has a diversified output is also likely to operate in one or more progressive industries. Its knowledge network, and thus the potential source of ideas, is likely to be wide. This should improve the flow of commercially useful ideas. A company is unlikely to become technologically stagnant. The impetus from activities in the newer and dynamic parts of turnover should prevent this form of relaxation. The profit performance of diversified companies should be relatively stable and the R and D commitment commensurably higher. Basic research which is likely to yield the most unexpected results, should benefit most from this profit stability and widespread range of products.55
   There is as yet insufficient evidence to establish the proposition that diversified companies are more involved in basic research. On the general effect of diversified companies and R and D there are con


flicting findings. One study concludes that 'diversification is not per se a structural condition necessarily favourable to patentable invention'.s6 The author calculates a diversification index to measure the number of technologically distinct manufacturing lines. He uses this in regression equations of patenting on sales, and R and D employment on sales, in seventy-one firms in fourteen broad industry groups. In the two most research-intensive groups, chemicals and drugs, and electrical equipment, the partial correlations relating to diversification were negative and statistically insignificant. In the other groups which did little R and D there were positive and significant relationships with the index of diversification. In essence the findings were the opposite to those expected. Apparently diversification was not a stimulus to R and D. Instead the data illustrated the favourable effect of operating in dynamic industries, by firms whose base was not conducive to patenting and R and D. Another study of forty-one firms in the chemical, drug and petroleum industries finds that R and D as a percentage of sales in companies rises with the amount of diversification.57 
In this study the findings are in line with expectations.


With the conflict in the evidence, the appropriate conclusion on the effects of diversification may be as follows. There are a number of arguments which suggest that diversification should be favourable to R and D. It may not, however, be a primary variable in the determination of the level of research spending. Potentially, diversification may have favourable effects on R and D. It may also be a structural means to gain a foothold in more progressive industries without committing companies to the level of research expenditure typical in these activities.


Market form

Arguments indicating the advantage of large companies in the R and D process tend to include a degree of market power as a beneficial influence. It is implied that large companies are likely to have a considerable degree of market power. This should ensure considerable consumer goodwill when a new product is launched and also wide market coverage. Large companies probably enjoy a degree of monopoly and therefore may have a profitability and liquidity advantage which should be propitious to research orientation. But the particular market form most conducive to R and D is by no means clear. In order to encourage innovative competition, companies require sufficient market power to recoup the costs involved and provide an adequate reward to encourage a continuing and high-level involvement in R and D. The degree of market power must not be so great as to induce economic lethargy or allow too much economic slack to develop. There must be sufficient threat from rivals to keep a company 


on its toes and at the same time competition must not be so fierce that the incentive to innovate is destroyed. This type of argument tends to narrow the market forms suitable for innovative competition to those Iying between the extremes of perfect competition and monopoly. The intermediate market forms become candidates, by a process of elimination. Under perfect competition a firm has no incentive to generate new products or processes. There is unlikely to be enough priority in time for an innovator to recoup his research costs. There are no entry barriers or restrictions preventing copying. Any company innovating in these circumstances will benefit competitors and not itself. They will be able to adopt the new technology, incurring only the costs involved with copying. The price will inevitably drop to a level where the imitators are earning normal profits and so the initiating company incurs losses. Thus under perfect competition there is an extreme appropriation problem, which makes this type of market form inimical to research and development. In order to accommodate technological change arising from research efforts of member firms, the perfectly competitive model has to be modified. Entry restrictions, licensing or tax arrangements to make imitators contribute towards the original research costs, patent protection, collective research - these are the types of alterations which would be required. All these modifications amount to a curb on the rigour of the competitive process to generate an incentive to invent.


At the other extreme, monopoly may not be conducive to research. Two types of arguments should be distinguished. The first is the expectation of becoming a monopolist, and the second is the performance of a company which already is a monopolist. The first argument stresses the motivation to become a monopolist and emphasises the attractions of achieving supernormal profits. The second argument, relating to companies which are already monopolists, stresses that market power and financial stability may be conducive to innovative activity. The expectational arguments can apply to any type of company. There is always the possibility that a firm may become a monopolist by the sheer brilliance of its performance. In practice this expectation is reinforced deliberately by the legal device of a patent. Discussion on whether patents are successful in this role, is deferred until Chapter 11. The conclusions from the arguments relating to established monopolies are less clearcut than those applying to perfect competition. A company can earn long-run supernormal profits. Therefore it is in a position to devote funds to R and D and will have little fear of rivals' encroachment when new products are launched. It may even undertake long-run research of a basic character as well as the more usual type of innovative activity. Recoupment of costs is unlikely to be a problem. Appropriation of the benefits of innovative activity is not in question, nor is the financial means 

to generate new goods.
   The case against monopoly is essentially behavioural. The incentive


for continuous improvement of product or process range may be damped by the commercial success which monopolies have already achieved. A monopolist has a large amount of discretion in its operating criterion. It may be a profit maximiser, a sales maximiser, a quiet lifer or a satisficer. Unlike perfect competition, profit maximisation is not a prerequisite for survival. A monopolist may choose the desired level of performance. Lack of pressure from rivals and the optional character of the required economic performance are likely to generate managerial slack. Profits may be too permanent to provide an adequate stimulus for continuing effort. Motivation for high-level performance is not imposed by outside economic pressure but has to be generated from within. As a result there is a presumption that monopolies are likely to become lethargic and turn away from innovative activity. Investment in R and D is only one of many possible ways in which company funds can be spent. With so many potential outlets why should effort be devoted to this management-intensive, risky and costly activity? Economic affluence may not breed the conditions propitious to innovative activity. The stress of a less wellestablished market position may be much more appropriate. Managerial slack and economic complacency generated by the absence of competition may thus reduce the case for monopoly as the market form most likely to encourage innovation.


When monopolistic competition is under review as a candidate for - innovative excellence the process of elimination continues. Monopolistic competition is rivalry between many companies, but where each has just sufficient market influence to make product differentiation a worthwhile economic strategy. There is an economic incentive to distinguish goods from those of rivals. This has the effect of creating an element of protection from rivals' encroachment because consumer loyality is generated. At the same time produtts are deliberately not made too different from those typical in the industry, so that new customers will be attracted. There is a degree of differentiation, but this is hedged by the practical requirement that products should not be too unlike those of rivals. The pricing discretion of an individual company is therefore fairly limited. The incentive to invent is presumed to be low. With many firms in the industry, the relative market share of one company is likely to be small. The immediate impact secured by an innovation is likely to be minor and with rapid imitation by rivals, the recoupment period is likely to be short. On cost grounds, minor improvements rather than radical innovations are therefore likely to be typical. Companies are probably small and thus incapable of carrying large R and D programmes. In essence monopolistic competition can be plausibly represented as 'small firm, many firm competition', with a low propensity to

generate technological change.

The remaining market form of an intermediate character is oligopoly. This is competition between a few companies. The emphasis on


non-price rivalry is likely to be high. Companies are closely interrelated in that what one achieves has an immediate and obvious effect on the others. Competition in this sense becomes highly personal and directed. Companies assess their rivals' reactions before adopting a particular policy. A move elicits a response, and the whole commercial process takes on a strategic flavour, where rivals' reactions become a major parameter in decision-making. In these circumstances companies tend to be highly averse to price competition. There is a quiescent situation where a power struggle is always a possibility. The sharpest and most feared weapon in the competitive armoury is the price cut. This is so because short-term operating criteria dictate that only prime costs need be covered. A price war may therefore become destructive in character where the stakes are survival or bankruptcy. Less fraught means of competition therefore tend to be preferred. Product competition does not present an immediate threat to other companies in the industry. Companies can weigh customer reaction to a new variation. If it proves successful they can adopt the change. They can afford to play the waiting game because copying is usually cheaper than initiation. Admittedly they may lose the goodwill which may reward the innovating company, and the earnings premium available to the company first in the field, but at least their livelihood is not immediately threatened. In addition product competition has the attraction that it can soften the blow of rivals' price cuts. Products are not exactly similar so the attraction of a lower price is not immediately obvious to the customer. Non-price competition is therefore a favoured form of commercial rivalry. It can to some extent inure customers from the blandishment of rivals' products and mitigate the effects of price competition.


Under oligopoly, companies are likely to be big. Each one will control a significant proportion of the market. Size should confer a degree of earning power and profit stability, and also a turnover of sufficient magnitude to carry a viable R and D programme. The incentive to carry out research will be present because non-price competition is the preferred type of rivalry. At the same time motivation for continuing effort should remain high because unlike monopoly there is sufficient rivalry to reduce complacency. A compromise is achieved whereby the disadvantages of fierce competition are avoided, and also the enervating effects of monopoly. Companies under oligopoly should have sufficient financial power to institute and maintain a continuous R and D effort. In addition they should have enough power to launch innovations quickly and effectively. Recoupment of expenses should be fast enough to sustain managements' confidence in the competitive benefits of research. This does not mean that every project has to be highly profitable, but that the balance of success and failure indicates research expenditure to be worth while. Rivals' reactions have to be muted in the sense that they must not be so prompt as to destroy the incentive to 

innovate, yet they


must be sufficiently vigorous to prevent the onset of complacency. The number of companies in the oligopolistic market structure should be sufficient to prevent collusion and should not be so large that the benefits of size are lost. Collusive oligopoly will approximate to monopoly in its behaviour, and large number oligopoly will tend to the behaviour pattern associated with monopolistic competition. A loose rather than tight market pattern is prescribed where there is 'few firm, big firm' competition, with an active level of commercial rivalry and a strong bias towards R and D. This is sometimes called competitive oligopoly. The word 'competitive' is included to stress that rivalry must be active and that there must be no collusion.58


The general character of the arguments supporting an intermediate market form as that most propitious to innovative activity turns on the benefits of size, market influence, the availability of finance and the incentive to undertake R and D. Passing support for the contention that an intermediate market form is likely to be propitious to research comes from studies investigating the relationship between the financial position of companies and their allocation to research. It has been argued that large companies should be in a favourable position to undertake R and D. Their powerful financial position should sustain a considerable research effort. Spread across a sizeable turnover an effective R and D programme should not be too great a surcharge on current activities. Although management will be aware of the dangers of too great an R and D commitment, the profit stability of major companies should engender confidence. Because profits do not fluctuate as widely as in small companies, expenditure can be planned on a longer term basis and more closely geared to current earning power. A reasonably close correspondence between current financial results and subsequent R and D output is therefore a plausible expectation. However, economic studies investigating causation between profit performance and R and D, yield results which probably contradict this expectation. It would appear that on balance the weight of evidence suggests that the most usual cause and' effect relationship is such that current R and D determines subsequent profit. The expectation that present financial results influence future R and D is apparently at variance with the majority of the findings. This conclusion has been expressed in cautious terms for reasons that will be made clear below.
   Studies investigating the causal relationship between profit performance, R and D and growth can be classified into three groups according to their results.59 First, there are those which support causation running from profits to R and D. Second, there are those that indicate that cause and effect runs in the opposite direction and contend that current profit-growth performance is determined by past R and D. Third, there are studies that indicate that causation lies elsewhere. Examples from the first group cover large companies,60 and firms in the chemical and drug industries 61 in the USA.Examples

relating to the second group that indicate causation runs from R and D to profitability or growth, include in the USA, chemicals and pharmaceuticals62 63 in sixteen manufacturing industries,64 and large firms65~66 in some industries in Canada,6' and chemicals and machine tools in the UK,68 and a German company manufacturing cameras.69 An example that comes into the third group, relates to the American machine tool industry. The author of this investigation finds that R and D and profits may be inversely related to the business cycle. In effect R and D becomes a weapon to stimulate demand during slumps and tends to be relatively neglected during boom years.70


The findings of the three groups of studies indicate that causation is mixed. Clearly the determinants of R and D spending vary by industry, time and circumstance. Why then has it been suggested that the consensus of the empirical evidence indicates that 'causality runs
from R and D to productivity and finally to profitability? 71 The answer is based on a count of the findings, the relative strength of
the relationships in one study, and a belief by the present author that as a general explanation of the underlying process, this has more realism. On a crude head-counting basis there are more studies indicating that R and D determines profit or growth, rather than profits and growth determine R and D.Within one of the studies cited here it is indicated that the evidence is consistent with the two major interpretations.72 However, the support for the notion that profit leads to research is weaker. Data from 111 firms between 1950
and 1965 from the Federal Trade Commission's 1000 largest manufacturing companies in the USA, indicate that the most persuasive interpretation is of a four-year lag between the index of R and D (patents) and subsequent profits.73 Belief in the generality of the causation running from research to profits, arises from the realism of the underIying decision process. This interpretation puts the emphasis not on prior profitability as the precondition for research, but on managerial motivation. As a general rule it would seem more realistic to suggest that companies undertake R and D not just because they are profitable enough to afford the expenditure, but because they feel impelled to do so. In effect it is being suggested that current research allocations are not often a reflection of companies' financial strength, but are more frequently an expression of a desire to enhance future profits. Part of this pressure to innovate may be generated by the market form. Given that profits are adequate to carry research but not so large as to induce economic lethargy, then the stress applied by competitors may induce a high level of motivation to improve future profits. Under monopoly where rivals' encroachment are muzzled, such a level of stress is unlikely to be present. It is therefore suggested that the incentive to undertake R and D is primarily for the enhancement of profits, and not for the disposal of surplus funds, and that this characterisation of the decision process is most likely to be true under
intermediate market forms.



FIGURE 4.1 HERE

Figure 4.1 summarises the type of considerations relevant to a particular company which already undertakes R and D, in assessing a particular development. It also helps to make plain the general arguments supporting particular market forms, by drawing out the assumptions which lie behind the discussions. Curve C summarises expected cost/time trade-off, where fast development of a project incurs high cost and a more leisurely approach lower cost. The curves labelled V1  V2 or V3 represent the benefits functions and indicate the expected discounted surplus of sales revenue over production and distribution costs, from the new product at varying introduction dates. Earlier introduction is assumed to yield higher benefits because a firm , more time to exploit profit potential and also its market share may enhanced by the innovative reputation which it creates. On a profit maximising assumption, the firm will apply the familiar marginal criteria. The position of optimum new product development will occur where the slope of the time/cost function equals the slope of the relevant benefits function. The marginal cost of accelerating development will equal the marginal discounted surplus as a result of shortened development period. Assume that V1 represents the benefits  function of a monopolist. The slope of V1 is relatively flat. This implies that for such a company there is little to gain by speeding the introduction of an innovation. There are no rivals of significance, so that monopolist is in a position to appropriate the majority of the 


expected revenues. Assume also that V2 represents a company under oligopoly, and V3 a company under monopolistic competition. Under V2 there are say four to six companies and under V3 say fifteen to twenty. V2 is below V1 because the market is shared between more rivals. V2 has also swung in a clockwise direction. There is now more pressure to introduce products earlier. The innovator will gain markets

from competitors during his period of leadership. The innovator will
often be anxious about the activities of rivals and these fears may spur him on. The result is an optimum development time, T2, which is appreciably faster than under monopoly. In addition more is spent on the venture. Apparently with more companies development time is
speeded up.

   Generalising is hazardous because the diagram represents decisions
relating to individual products, but it does suggest in broad terms that
oligopoly may be superior to monopoly. Companies with significant
but not dominant market shares will feel impelled to earlier development. Their market shares are worth acquiring by rivals, and by the
same token the benefits to a company of increasing its sales at the
expense of fellow companies is considerable. If yet more firms are competing for a market, the incentive to innovate may be completely
destroyed. In Fig. 4.1 V3 is below C, so there is no incentive to
develop. The benefits function has been compressed so far to the left
that pioneering of new products is no longer an economic proposition.
The slope of the benefits function has increased, but the whole
function has moved downwards and to the left, in line with the reduced
profit potential expected from sharing the market with many imitators.This may actually be a situation where the pioneer may lose and all
imitators gain. Companies may then deliberately hang back to avoid
introducing new products. The market form will induce imitative
competition and any company which is bold enough to pioneer an
innovation may benefit rivals and not itself. The structural require-
ments for optimum development would thus appear to need a balance
between the number of companies to provide a stimulus, and sufficient
market influence to make R and D profitable. Too many companies
may put a great emphasis on speed of development but not provide
the market and profit prospects to support the high R and D costs
that have to be incurred to bring a project to quick fruition. Too few
companies may provide the market potential for an innovation but not
the incentive for prompt development. A compromise is required which
makes R and D profitable but also applies pressure for speedy fruition.
An oligopolistic type of market would thus appear to be the best
candidate for consideration.

Before this conclusion is accepted, a number of possible qualifications need to be noted. A dominant company may not be a vigorous
innovator, but once challenged may respond extremely quickly. The
large market share of a monopolist may be a deep temptation to the

potential investor, and because there is so much to lose a challenge


can have a galvanising effect on the industrial effort of the leading firm. In an attempt to reinstate its lost portion of the market it may respond by imitation with almost destructive force, This tendency for fast imitation by a dominant company may make a powerful case for a highly concentrated market form. It may be that imitation is more important to the economic wellbeing of a nation, than the initiation of technological change. No country except the USA and the USSR can hope to generate more than a small proportion of its own technological knowledge. In these terms it may be important to establish market conditions which are more conducive to copying than initiation. The role of waking the sleeping giant may fall to the small company. A monopoly may tolerate a few such companies in the interstices of the market. It may pay for its complacency by being prodded into action. The concern that small companies may warrant special treatment arises, not from a sentimental attachment to them, but from a realisation that technological ingenuity is by no means confined to large and well-established firms. It also arises from an awareness that small companies may have a radical effect on the performance of a monopoly by 

providing a challenge.

   The model used above assumes that each company carries out its own R and D and analyses the nature of the decision process relating to specific projects. Companies are assumed to have a commitment to R and D. Figure 4.1 is not concerned to illuminate which type of company will be the first to be involved in R and D. The arguments can however be recast. For example, assume that research is currently unprofitable for all types of companies whatever their market structure. V3 would be such a position. If all projects appear to have these characteristics then no company will be involved in development. The criterion for the earliest involvement would be tangency between C and V3. Assume that the passage of time will bring C and V3 closer together. Increasing wealth of consumers, shifts in factor costs and advances in knowledge are examples of forces which will influence the cost and benefits functions. If the convergence of the functions occurs smoothly, where C and V3 gradually move towards each other, then in these circurnstances a monopolist will be the first type of company where the criteria for earliest possible involvement will apply. There will be no rivals to share the market, so the benefits schedule will be higher and further to the north-east than those of oligopoly and monopolistic competition. The tangency position will therefore be reached before any other market form, and monopoly would appear the most propitious in terms of the earliest involvement in R and D. However, the fact that the criteria are met does not mean that a monopoly will necessarily be the first involved. It may choose to defer in the knowledge that later development may be more profitable. Given time, the benefits function may not merely be tangential to the cost function but well above it. Thus there may be a contrast between the theoretical

conditions for earliest possible involvement and the actual time of involvement. On theoretical grounds, assuming a smooth convergence of the relevant schedules, the monopolist would appear the most favourable market form for this type of decision. On the practical grounds of the actual time of involvement, the monopolist may not be first in the field. It may defer R and D so long, that the situation becomes sufficiently profitable to support an oligopolistic market. With the incentive effect spurring them on, oligopolistic companies may thus become involved before the monopolist. 
  Where the cost and benefit schedules move together, not smoothly but discontinuously, following in the wake of a technological breakthrough, the conclusions are even less clear. As argued in Chapter 3, on invention, technological advance probably does not proceed in an orderly and smooth fashion. There are discontinuities which have to be overcome. The process of invention is characterised
- by spurts of progress where discoveries are made and applied. Involvement in these innovations can be highly profitable. In terms of Fig. 4. 1, V3 may shift extremely rapidly from below to well above the C schedule. With ample profits and prospects the market form which will induce the most rapid development will be that where the stimulus effect is the greatest. Under these conditions companies which are
most on their toes and quickest to recognise the potential of an invention, and have the greatest incentive, will be the first to be involved in R and D. If the project is sufficiently profitable, companies under monopolistic competition may be the first to undertake development. In essence then, the size and speed of the shift in the V function will determine the market form most likely to be first involved. As this will vary in practice with the type and character of innovations, no firm conclusions can be drawn on this issue.

  The character of development undertaken may vary between market forms. It was argued earlier that monopolies can earn long-run supernorrnal profits. Management can thus afford to undertake investment projects with long-time horizons. In terms of R and D involvement, monopolies are therefore more likely to undertake basic research than most other companies. They can undertake higher levels of technological risk and countenance a longer period to fruition. Alternatively, where they undertake normal applied research the cautionary discount applied in assessing the returns may be lower than companies in more competitive situations. Because their potential developments are unlikely to be encroached on, their allowance for
market risk may be relatively low. In terms of Fig. 4.1, it is now being argued that there may be little comparability between the type of
 research undertaken in different market forms or in the criterion applied in their assessment. Monopoly may reach for really significant developments, oligopoly may pursue less ambitious projects, and monopolistic competition may undertake mere differentiation. To compare the speed of development of a given project whose time/cost


trade-off is represented by a single schedule common to all types of market structure, may thus be superimposing too great a degree of comparability into the situation. Companies in differing market positions may adopt development projects appropriate to their financial and market status. A comparison of a single project which i s a practical possibility for all types of market structures, may thus be an interesting theoretical exercise, but may have the effect of focusing attention on an area empty of empirical content. There is some evidence to indicate a degree of specialisation in innovation. Table 4.11 shows the involvement of small firms by the type of industrial effort. Small firms are defined as those with a labour force of 200 or less. The small firm typically avoids involvement in aerospace, glass, shipbuilding, motor vehicles and public utilities. The capital-intensive nature of production processes make these an inappropriate area for research activity by the small firm. Their particular forte lies in areas which are not so demanding in resources.


TABLE 4.11 HERE

Timber and furniture, scientific instruments, textile machinery and leather and footwear are examples. In these areas the contribution of the small firm 

Is marked.
  There has been a considerable academic effort to determine the economic environment most conducive to R and D. A major problem has been that of identification. Real-world situations make it difficult to establish for certainty the type of competition prevailing. The normal measures of the type of competition are the numbers of companies operating in an industry or the concentration ratio. The concentration ratio is a measure of the percentage of sales accounted for by the leading companies. The higher the percentage of sales accounted for by the major companies, the closer the situation approximates to monopoly. In the same way the fewer the companies there are in a given industry the less competitive a situation is assumed to be. But these head countings and percentage calculation procedures
are subject to a number of major difficulties. These include the
practical problems of defining an industry, the independence of
companies and the difficulties associated with multinational companies.

    Today big companies tend to be multiproduct in character. They have a diversified output as a form of commercial insurance. They are aware that particular products only have a limited economic life, so a strategy is adopted to give a product mix which avoids the perils of dependence on specialist output and gives the advantage of a large numbers approach. They do not necessarily sacrifice the advantages associated with specialisation. Such companies are generally big enough to enjoy scale economies with each of their product lines. With multiproduct companies the concept of an industry becomes difficult to apply. Allocation of companies to particular industries becomes dependent on the definitions adopted and misleading

interpretations can result.
    The independence of companies relates to the likelihood of collusion and/or arrangements between companies which may frustrate competition. Examples include interlocking directories, trade investments, part ownership of competitors, conditional purchase arrangements involving, for example, full-line selling and tie-in sales, and conditional or exclusive marketing arrangements. Such devices may make an assessment of the competitive environment difficult. A low concentration ratio or a large number of companies within a particular activity, may indicate strong commercial rivalry. Reality may be different: the true situation could approximate to the most grinding form of monopoly.

    Subsidiary companies raise similar problems in assessing the
character of the economic environment. Such companies are offshoots from other companies. They may be owned by foreign-based concerns or backed by home companies. In either case they are difficult to  assess because their economic oower is not well summarised by normal



performance data. The competitive threat of a subsidiary is probably much greater than that presented by a similar sized independent and autonomous company. Parent company knowhow, availability of group capital, and the protection which a subsidiary may enjoy from the full rigour of the competitive process, suggest that even a small subsidiary could exercise a degree of commercial influence out of all proportion to its size. There is evidence that subsidiaries are peculiar in the sense that they appear less constrained by normal commercial criteria. They can achieve spectacular growth rates even with unpromising profit figures. Parent company funds can sustain operation and subsidise activities until they reach a viable size. The normal association between growth and profit rates which governs autonomous companies may not operate.'4 The competitive environment of an industry which has a significant proportion of subsidiary companies is therefore likely to be particularly difficult to assess. The normal indicators 

are likely to be misleading.


  The problems raised by subsidiaries are closely linked with those created by multinational companies. Multinationals are firms which locate production facilities in more than one country. It is these companies which are responsible for a significant proportion of subsidiaries throughout the world. The effect of the multinational is to make the concept of an industry or market look even more ragged. Such companies effectively destroy the usefulness of any simple means for judging the economic climate prevalent in a particular activity. Company attitudes will be worldwide in scope. No longer can local economic conditions prevalent in a particular country be expected to have a great influence on companies whose turnover is global in scope. This objection cannot be sidestepped on the grounds that these companies are numerically unimportant. Multinationals are fast growing in number and are prevalent in high-technology activities. For example, the greatest concentration of foreign-owned subsidiaries in the United Kingdom is to be found in those industries with the highest growth rate and with the greatest R and D orientation.'s A similar pattern may apply in the majority of Western European nations. Thus the real-world problems involved in assessing the character of the economic environment tend to put the theoretical discussion into perspective. The difficulties associated with defining an industry and assessing the competitive environment make for results which 

require great care in interpretation.

    Studies of the relationship between market form and the level of innovative activity yield mixed results. Where the growth of productivity is used as an index of technological progress, the results are not particularly illuminating. One study indicates a positive correlation between increases in productivity and concentration,76 another indicates that productivity increases more in low concentration industries." Both studies have a considerable overlap in the data and time period covered, though there are 

differences in the measures of 


concentration used. Nevertheless they appear to yield diametrically opposed results. Reasons for this clash probably turn on varying opportunities for technological involvement in the industries concerned and the difference in the economic environment in activities with the same concentration ratio. For example, an industry with bright future prospects is likely to have a completely different attitude to investment from that of one where the concentration ratio may be the same but where the future is gloomy. However, the most fundamental reason for the apparent contradiction in the results probably turns on the use of increases in productivity as a proxy for technological progressiveness. Improvements in output per man reflect a large number of factors. These include changes in capital intensity, improved management, a higher rate of adoption of improved techniques, and a new range of products. In essence increases in productivity as a measure for technological progressiveness does not separate the two distinct activities; the internal generation of innovations and the adoption of those which have been developed elsewhere. Thus the findings of the studies can be consistent with one another. As argued in relation to Fig. 4.1 low concentration industries are likely to be fast adopters, but may be hesitant as initiators. High concentration industries, on the other hand, may have sufficient profit potential to be innovators but lack the incentive to hasten development. Thus low concentration industries may improve their productivity fast on borrowed technology, and appear more progressive than their highly concentrated counterparts. Alternatively the monopolistic industry may appear more progressive as a result of the fruits of its own innovation. Because the measures make no distinction between 'in-house' and borrowed technology, but merely reflect the results of all influences making for improvements in productivity, it is not surprising that clearcut results do 

not emerge.


Some examples may help. The textile industry is an illustration of change occurring as a result of borrowed technology. A whole range of manmade fibres have been evolved to revolutionise the raw material base and output range of the industry.78 A high proportion of this change has not been developed within the textile industry but has come from basic discoveries in chemicals. A similar effect can be observed in machine tools. Numerically controlled machines are an application of computer technology. The control function of an operator is replaced by coded instructions fed to the machine. The technology was evolved not in the machine tool industry but outside. The construction industry is a further example. Prefabrication, plastic-based raw materials, and instant adhesives, are illustrations of processes and products which enhance productivity, which have not been developed by the industry itself. All the examples given here come from older industries. They tend to

have low concentration, fragmented structures, and low R and D
_


spending. The character of competition and a commitment to traditional production methods probably inhibit internal innovation. The industries do respond to technological change, but this tends to come from outside. New methods and products are grafted on to existing activities. The industries could appear highly innovative when changes in productivity are used as an indicator. But to conclude that they are among the technological peers would 

of course be highly misleading.


   Where indices are used which are closer to a direct measure of innovative orientation, more consensus emerges. Studies using R and D to sales ratios find a significant relation. The correlations range between 0.29 and 0.54.79 Apparently there is a relationship between concentration and R and D commitment, which varies from weak to fairly strong. However, this should not be used as an argument to support industrial concentration as an innovative stimulant. This would be too naive. The expectation that the market form is a key factor in the decision to innovate is probably overoptimistic. Policy-makers would be delighted if a simple and unambiguous relationship existed. This would mean that in order to induce a high-level R and D effort all that would be required would be a series of mergers or disentanglements to achieve the required market form. Unfortunately the complexities of the real world do not support the wisdom of such rules of thumb. When studies take account of the technological opportunities available to industries the apparent influence of the market form declines considerably. Some industries tend to have considerable technological push and pull. They tend to be new, and have a product base which is not yet standardised. They are able to dip into rich veins of unexplored technology to improve their products. They may be science based in the sense that they may be closely connected to scientific discoveries and thus enjoy a wider range of research options than other industries which do not have such contacts. Obvious examples of these industries are chemicals, electronics, aircraft and electrical engineering. When the industry data is sophisticated to make some allowance for the potential to make innovations, the influence of concentration declines. In effect technological opportunity emerges as a more important influence on R and D than concentration. In a study using data from the 1960 Census of Population in the USA of natural scientists and engineers to total employrnent in fifty-six industries, a simple correlation of 0.46 was found between the ratio of technical personnel to total employment, and the concentration index. When differences in product technology were a11Owed for, the partial correlation between the technical personnel index, and concentration fell to 0.20.9° This finding is confirmed by the experience of others.82Interpretation of the finding that technological opportunity is an important influence on the strength of the correlation 

between R and 


D commitment and industrial concentration is not easy. It is eminently plausible that in their outlook towards research spending companies should be influenced by the opportunities available. Unfortunately the concept of technological opportunity is difficult. Just what does it mean? Does it mean a high probability of technical success, a low R and D cost per unit discovery, or a high profitability of differentiation? In terms of Fig. 4.1 the problem is to identify the effects on the C and V functions. Customer pull presumably influences the V function. There is such market pressure for improved products and processes that a company is motivated towards innovation by the attraction of high returns. Technological push presumably influences the C function. The knowledge base of the industry may be expanding so fast that the probability of achieving a given step forward is increased and the cost of doing so reduced. More specifically the time/cost function may shift towards the origin and thus make R and D profitable even for companies with little market influence. If technological opportunity is defined by the gap between the C and V functions; then it may be possible to identify the circumstances where high concentration is crucial to research orientation: In terms of Fig. 4. 1, high concentration is likely to be important where there is a small gap between the C and V function. In these circumstances if the market for the innovation is shared between more than a few companies, research would be unprofitable. Where the gap is wide, high concentration may not be a prerequisite and thus high research and development may be positively associated with low concentration. This pattern would predict that high concentration is an important causative influence on the level of R and D where technological opportunity is low. Similarly, it would predict that high concentration would be unimportant where technological opportunity is high. These predictions are confirmed by the evidence. Reasonably strong correlations are found between R and D intensity and concentration in industries with low innovative opportunities.82 Also a negative relationship is found for five industries in the chemicals class where the innovative opportunities are relatively high.83 Apparently the relationship between concentration and research intensity is not a simple two-way affair. A third factor intervenes, namely technological opportunity. The influence of concentration on R and D is modified according to the ethos in the industry favouring product and process change. Where this is favourable, high concentration may discourage research orientation. There may be sufficient profit potential to make a fragmented industrial structure more appropriate. Alternatively, where profit potential for innovation is low, high concentration may be crucial to R and D. The effect of concentration thus becomes specific to industrial circumstances and therefore
should not form the basis of broad and generalised policy recommendations. 

As already explained the suggestion that an intermediate market 


form may be most conducive to R and D is not intended as a mechanistic prescription for improving innovative effort. The R and D process is much too complex for this to be a sensible recommendation. The suggestion is, however, meant to draw attention to competitive pressures that may perhaps have a beneficial influence by fostering rivalry based on innovation. Under oligopoly, circular interdependence will be present. Companies will frame policy decisions with rival's reactions in mind. They will presume an action reaction sequence. Thus, in the determination of research expenditure it is almost inevitable that the amount and direction of expenditure will be related to what is happening elsewhere in the industry. If a rival accelerates its programme of innovation there is likely to be an invigorating effect on the research budgets of others." The competitive action-reaction sequence may raise the overall level of R and D.8s An attempt to test the effect of rivalry in the USA shows that there may be a research counterpart to price leadership in the chemical industry.86 In a sample of eight chemical companies covering the period 1947-66, there was a behaviour pattern consistent with a form of research leadership. Using time series data the authors identified a lagged reaction of about a year in research spending, which was initiated by a leader's R and D budget. Apparently there was a positive correlation between the leader's research budget and the subsequent expenditure by other companies in the sample. Widening the industrial coverage of the study, the authors then investigated the effect of rivalry in twenty-nine industries on crosssection data for 1955 from the National Research Council summary of research spending. They examined the relationship between competitive reaction coefficients and the degree of concentration in the industries. Conformity of the R and D to sales ratios to the industry mean was used as the proxy for the competitive reaction coefficient. They found that as industry concentration increased so firm's sensitivity to interdependence also increased. Variation in the competitive reaction coefficient was lower the higher was industrial concentration. Firms in more concentrated industries apparently felt themselves induced to conform to an R and D to sales ratio close to the industry mean. The interdependence implied in these situations appeared to be a significant factor in the determination of research budgets.87


   It has emerged during the discussion on the market form that empirical investigations to verify the importance of the competitive environment to technological progress, have proved disappointing. No clear message has emerged indicating unequivocal support for a particular market form. On reflection this is hardly surprising. Innovation is a highly complex and interrelated process dependent on a wide range of influences. Central among these are technological opportunity and managerial motivation. It is difficult to believe that the determinants of innovation are uniquely associated with particular

market forms. Innovation is capable of creating new industries and destroying old ones. Motivation is likely to be related to the personality and skill of management teams, and technological opportunity is likely to reflect the novelty and richness of the underlying knowledge base of the industries concerned. In effect it is being argued that market forms will be a diffuse influence of a background character. The ability of firms to appropriate the benefits of innovation is important, but this does not amount to support for a particular market form. It merely indicates that perfect competition should be avoided. The character of the industrial environment can be a precondition to innovation but it is unlikely to reach much deeper as a causal influence.


The expectation that the market form may be central to firm behaviour is really a product of tradition-based thinking. Economists have become used to assessing industrial situations in terms of the type of competition that is prevalent. When the focus of attention is upon the nature of the pricing decision this is helpful. When, however, the central issues shift to R and D and technological progress, these are really beyond the scope of traditional analysis. The expectation that the market form will be a central determinant of a firm's behaviour is not realistic. The most that can be hoped for is a diffuse influence. Innovation is more likely to create market structures than be created by them, and patents are designed to take care of the appropriation problem. The role left to the competitive environment is therefore likely to be minor. In these terms the recommendation in favour of competitive oligopoly has to be interpreted not as a structural prescription but more as a general indication of background conditions that are unlikely to 

be harmful to innovation.


Determinants of R and D for the individual firm
~
A model of the determinants of a firm's optimum level of research expenditure is set out below. This shows the major influences on the R and D budget of the individual firm in terms of a profit-maximising
level of research intensity such that a change in R and D expenditure
 will have an equal effect on total revenue and total cost.88  The profitmaximising condition may be expressed in any of the following forms: 

Equation here 

The model has a number of attractive features. It provides a useful framework with which to analyse the nature of the underlying decision process. The main variables are realistic, the implications with respect to the effect of various market forms are consistent with the line of reasoning adopted here, and the exposition helps in the interpretation of the empirical evidence relating to the determinants of R and D.


The model is realistic in its summary of the individual firm's research decision process. The operation of the variables in the determination of research intensity allow for multidimensional responses. Interdependence can take many forms and the model recognises this via expectations relating to rival's output and R and D reactions. The formulation also has realism in that it can accommodate such diverse real-world influences as technological opportunity, 


patents and/or lead time based on secrecy or the complexity of the underlying technology, and 'follow‑on' competition. These influences operate through the values for ER and Er in the formulation above.

The model, in drawing attention to the multidimensional nature of rival's reactions, disallows any simplistic predictions based on the market form. By indicating that competitive reactions can take many directions, the expectation that the type of market structure will be a mechanistic influence in the determination of the research intensity of the individual firm is dispelled. Rising seller concentration can create either increasing or decreasing research competition. This exposition is consistent with the role attributed to the market form here. The market structure does not provide a straightforward explanation of research behaviour. It is one of a number of factors whose operations cannot be predicted just by reference to the type of competition prevalent in the industry. With the exceptioh of perfect competition where there will be no R and D because Ed is assumed to be infinitely large, the role of particular market forms cannot be predicted a priori from the model. Assuming a given level of Er it is of course clear that monopoly will produce the most research​intensive solution because Sf= I and Em=Ed and therefore Ed reaches a minimum value. However, once the assumption relating to Er is relaxed, there can be no presumption in favour of monopoly. The influence of the market form will operate according to particular values of the variables and these will not be predetermined by the form of competition. Thus the nature of the general position advanced here that competitive oligopoly may perhaps have a beneficial influence on research intensity by fostering innovative competition, is underlined. It is based on an overall presumption that the interdependence generated by such rivalry will usually induce a rise in research ratios. Of course this is a question of fact and as such is open to the criticism that it may not be true in particular circumstances.

    Interpretation of empirical evidence on the determinants of R and D is aided by the model. This is particularly true of studies which attempt to test the relationship between firm size and research intensity. The model shows that on theoretical grounds, no clearcut relationship should be expected between absolute company size and research behaviour. Absolute size does not imply any particular value for the firm's share of industry output (Sf) and therefore it does not follow that the larger is a firm the lower will be Ed, and therefore the higher will be research intensity. In addition, with increasing or decreasing returns to scale to R and D, the absolute level of research expenditure will affect the value of ER and therefore the optimal R and D intensity. In essence the model is saying that there is no simple prediction of the effect of firm size on research behaviour. More needs to be known about other variables to elucidate the nature of the relationship. Thus studies that investigate this issue are likely to

come up with a wide variety of findings, and most of them will be unhelpful because they do not reach deep enough into the causal influences.

Conclusions

 In spite of the shortcomings of the evidence, it seems clear that the largest companies do not emerge with a striking advantage. In terms
 of expenditure on R and D, productivity of research spending, and the quality of their inventions, the largest companies do not appear as
 the unchallenged technological leaders. It seems that large firms come up with proportionally the same number of inventions, and in a
 number of industries actually achieve less than medium‑sized firms.89 .In terms of major inventions, one observer is of the opinion that small companies and lone inventors may have a comparative advantage, and the large company's forte may lie in development and follow‑up
 improvements.90 There does not seem to be a simple and unambiguous relationship between size and technological capability. The same appears to be true of the influence of specific market structures. There

are many reasons why size and market structures do not exhibit a
 clearcut influence on innovation. Included among these will be patenting which may confer a degree of protection upon holders, licensing arrangements whereby the economically weak may ally themselves with those with resources and influence, sponsored research, industrial cooperative research, government influence and the widespread source of ideas. In the final analysis, the most crucial factor in the organisation of R and D may actually relate to the number of independent centres of initiative. By having a large number of potentially creative units an economy may improve its option on further developments.91 

 Summary 

The term 'innovation' covers all the activities in bringing a new product or process to the market. It tends to be an expensive, timeconsuming transformation process, which is management and resource intensive. The benefits to a firm can be important. But there are risks which tend to make for a cautious attitude.

  Development tends to be a more expensive activity than invention. The time interval between invention and innovation is considerable. There is weak evidence that this time interval is shortening. The risks involved in development can be divided into technical and market risk.


Major determinants of technical risk are the size and complexity of


the advance sought. A company may, however, influence the average


level of technical risk it carries by the mix of projects which it under​takes. There are also risk‑shifting and risk‑reducing devices which may be employed. These include contract research and parallel

research effort. Figures indicate that companies are unlikely to become involved in a project unless the average estimated probability of technical success is in the region of 0.7. The majority of failures are not attributable to drawbacks of technology but to other reasons. Market or commercial risk is, to a much greater extent, beyond the control of a company and is highly dependent on the achievement of an adequate market. Rivals' reactions are crucial here and are largely determined by the profitability of adoption and the size of the investment required. The criteria applied by management in the selection of projects suggests that they believe market risk to be high. Allocations to research are typically modest, and payback periods required are short.

Research and development tends to be expensive and in the nature of a fixed cost. Commitment to research varies by industry and reflects technological push and customer pull. Successful innovation has a notable impact on the economic performance of companies. Growth and profit rates are enhanced. Large companies appear to have marked advantages in the conduct of research, but in terms of relative expenditure, the very largest companies may carry out pro​ portionately less research than the not so large. Size is, however, an
 unsatisfactory measure because it is serving as a proxy for a large
 number of influences which may be relevant to R and D. These include diversified output and the market form. Evidence on the effect of diversified output is inconclusive and therefore perhaps suggests that it is a secondary influence on research intensity. The market form most likely to be conducive to research is competitive oligopoly.  Innovative competition may be stimulated by 'big firm, few firm'
 rivalry. These structural conditions are most likely to occur under oligopoly. Firm conclusions are difficult to draw because there are somany issues involved. Studies yield mixed results. This suggests that the market form may not be a key factor in the decision to commit funds to R and D. When technological opportunity is allowed for,  the influence of the market form as indicated by the degree of concentration is considerably reduced. Furthermore, the effect of concentration becomes specific to industrial circumstances. On reflection it is hardly surprising that the market form is not a central determinant of technological progress. The influence of the com​petitive environment is likely to be diffuse and it is unlikely to be anything more than a minor factor in the decision to innovate
 Ultimately the most important single influence on innovative output
 may be the number of independent centres of creative initiative.
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