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1. THE CONTRIBUTION OF
RESEARCH AND DEVELOPMENT
TO PRODUCTIVITY GROWTH

1.1 Research and Development (R&IY) may be thought of either as a flow of
spending or as a seck of accumulated knowledge from R&D expenditures
which depreciates as new products or processes are introduced. The RED
conducted in one sector can have productivity-cnhancing effects in the secror
which performs the R&D either through cost reductions (process innovations)

or market expansion (product innovations).

1.2 Besides generating returns to the performing sector, R&D benefits can
spill over to other sectors for three main reasons.

» First, external benefits may ocour because downstream users do not pay
the full value of the input, as when banks purchase computers that are
worth more to them than the price they pay for the machines. Also, quality
improvements arising from R&D may not be reflected fully in higher prices
because of competition in product markets.

»  Second, 2 technical discovery or an innovation can inspire work in
another company. Competitors may copy or adapt the new technology.
New ideas may emerge, new avenues of research may be undertaken, or
previous results may become economical o pursue and bring to full
fruition. For example, the mvention of synthetic fibres by the chemical
industry eriggered many novel applications in the wextile industry.

s Third, research and engineering staff may leave to join other companies
Or 5c¢ up their own, taking their knowledge with them,

For all these reasons the innovanng company cannot ‘appropriate’ all of the
return to its own RédD: part of the benefit is obtined by its competitors,
customers and employees and wall not be caprured. A distinetion is thus made
in the literature between private and social rates of return: economic returms
which are appropriated by the R&D performer and returns which cannot be
appropriated by the R&D performer but by society at large.

1.3 R&IDD can also contribute to productivity growth indirectly through ics
interaction with other inputs. Iﬁ:.‘lpit:tl and R&D are nJITIp]l‘I:I'H.‘I'II.IT:r',
increasing the R&D swock may open up new possibilites for profitable capital

INVESment.
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ROBLEMS IN

ESTIMATING RETURNS TO R&D

21

The presence of spillover effects thus poses difficulties for researchers

wishing to estimate a rate of rerurn o R&D spending. Even withour spillover

eftects the causal connection bepaeen R&D and ulomate marker effects 1s often

imperfectly observed. Several difficulties have to be overcome if useful

estimates of the rate of return to publicly funded R&D are to be obrained:

22

« R&D is one input in a complex and uncertain innovation
process: Other inputs are complementary and need o be included in
descriprions of the production process; in general, there is no single model

with which to assess and predict research resulis,

s Public Sector outputs: Some public sector outputs cannot be priced,
g national security, improved policy advice. While it may be possible w
price some public goods, the revenues cannot be appropriated from users;
moreover, the cost of servicing additional users is near zero (eg R&D w

help produce cleaner air) thus the merits of a pricing mechanism are

doubtful.

= Lags: R&D achieves returns at varying times in the fumre (see Table 1);
high rates of discount will have the effect of reducing the present value of
benefits to zero in many cases; in some cases discounting will have the effect

of producing a negative net present value,

In the public sector most Departmental outpurs cannot be measured in

monetary erms. Departments have become adepr at using performance

indicators to proxy outputs but, while these are useful, they cannot be equated

with monetary outputs,
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3. MEASUREMENTS OF

R&D RETU

RNS IN

THE PRIVATE SECTOR

3.1

Most of the empirical work in this field has originated in the UUSA.

There have been two types of research procedure: case studies and econometric

work.

(I} CASE &T

32

UDIES

These studies employ a variety of approaches; most of them measure

returns by means of an ‘internal rate of return™ unless otherwise stated:

3.3

» Griliches (1958) estimated the economie rate of return to agriculoural
R&D in the USA over the 1910-55 period at about 35-40 per cenn;

o Mansfield's (1977) work on 17 innovations in the US in the early 19705
estimated the private rate of return at abour 25 per cent and the social rave of
return at 36 per cent;

o  Mansfield's (1991) work on the academic rescarch results employed by
76 US firms in seven industries indicated the rate of return at berween
22-28 per cent (per annum). This resule has been queried by some
observers {r:g Smith, 1991) because of the rather crude methodology
employed to obtain estimates {eg the cost denominator was the increment

to R&DD in one year rather than a depreciated stock of knowledge);

s Robb (1991) of General Electric (GE) in the United States has reported
one of many single firm studies: GE commissioned Booz Allen wo survey
1540 “business transitions™ dependent upon R&D over 1982-87 and
estimated an internal rate of return of 20 per cent (with 50 per cent of the
return obtained by only finve CasCs).

Studics of the returns o private sector R&D have sometimes been

criticised for producing inflated results because the cost of complementary

inputs have not been included in the caleulation of returns. On the other hand,

maost such stdies cannoe capture all the external (or spillover) benefits of

research, because they are in unrelated fields, or because the innovartor is wo

far from the ultimate beneficiary in the production-= consumption chain. This

miay result in an under estimate of the retums.

® The dheicoant rav uskick, uhen applied 1t fenare s of me brvigic, peeesder an aat hubmee bmoorm sinl RED oo and
RS aT Bt
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3.4 Ivmight be considered instructive to contrast these private sector rates of
return to R&D with rates of return obtainable from other investments, for
example, in respect of fixed capital, marketing facilities, ete. Unfortunately,
there is no reliable informarion on a range of alternative investments. There are
data on typical hurdle rates in British industry. For example, Pike (1982) found
that 40 per cent of respondents used a hurdle rate of 20 per cent or over for
norimal risk projects. Scapens and Sale (1981) found average rates of 18.5 per
cent in the UK and 17.1 per cent in the US in their survey. Also, in the opinion
of Hayes and Garvin (1982), hurdle rates ‘are typically quite high, often in the
range of 25% to 40%, and there is some evidence that they have been rising over
the past decade’. But such hurdle rates are essentially ex ante barriers intended
to screen out poorly performing investments rather than indicators of ex post
rates of return. They usually include allowances for risk, inflation, and some
non-yielding overhead investments that have wo be “carried’ by positve vield
investments (Coulthursy, 1986).

(I} ECOMNOMETRIC WORK

3.5  Inm general, researchers estimate a multi-variable production function in
order w take into account the impact of several inputs, including R&T.
Griliches (1986, 1987) the main exponent of this approach finds thae: (i) the
stock of R&D capital contribures significantly w cross-seetional differences in
productivity berween sectors; (i) the effect of basic research in the private
SECHOT 15 positive and s.igniﬁl:ant; (ni) privacely financed rescarch has slighely
higher returns than federally funded research. On average the rate of return
equivalents estimared from Griliches’ work were 51 per cent for 1967 and 62
per cent for 1972, reasonably comparable with the social retumns obtained from
Mansfield’s l:urq}' work.

3.6 Griliches summarises the vast range of literature in this field as
indicating a gross rate of return in the range 20-50 per cent. Mahnen (1990)
confirmed two of Griliches” results, First, there is a higher rate of return for
basic R&D compared with applied or ‘development” R&D. This finding is not
surprisingg private firms perform relatvely litle basic research, and there are
more opporunites for spillover benefits from basic rescarch, Moreover, basic
rescarch costs are relatively low compared with applied rescarch and
development costs; and, once it is elear that a line of enguiry is not promising,
projects can be terminated without demonstrable adverse effects (Morris et al,
1991). Second, there is a higher rate of return on company-financed as opposed
to publicly financed R&D. Again, this result is not unexpected because much
publicly financed R&D is in areas where the risks involved are relatively high.
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5. RETURNS TGO
GOVERNMENT R&D

5.1 The economics literamre has approached the assessment of returns from
R&1D at the aggregate level by asking the question: what is the relationship
berween technological change (directly and indirectly measured by R&D) and
cconomic growth? The earliest studies, by US economists studying growth in
the first half of the present century, suggested that growth arising from
technological change was about 1.5 per cent per annum. On the basis of this
finding, it was concluded that abour %0 per cent of the increase in output per
capita during this period was attnibutable to technological change, The basic
methodology used in these early studies was as follows: the wial outpue of the
economy arises from various inputs of productive services into the productive
process; these inputs can be identified as labour and capital and attempts may be
made to estimate their contribution to the measured growth of output;
whatever portion of the measured growth of output cannot be explained by
these inputs may be auribueed to technological change. The erudeness of this
procedure is transparent. The resulting measure of the effect of technological
change contains the effects of whatever inputs are excluded which may be
increases in economics of scale, an improved allocation of resources, increases

in education, or improved health and nutrition of the labour force.

5.2  Later work has gone some way to remedy this shortcoming. For
example, Denison (1967) included many inputs - particularly changes in labour
quality associated with increases in schooling - omitted in carlier studies.
Denison concluded thar technological change, or what he termed the “advance
of I;nml.-'h:dgt", accounted for about l"urt}' per cent of the total inerease in US
national income per person employed during 1929-1937. Subsequently, he
estimated that the advance of knowledge was responsible for 1.4 percentage
points of the annual growth rate of national income per person employed
during 1948-1969, and for 1.6 percentage points of its growth rate during
19689-1973, Itis acknowledged that this body of work sdll has some defects.
Mevertheless, based on the available evidence, wechnological change seems
have been a very important factor, perhaps the most important factor,

underlying long-term economic growth in the United States and elsewhere.

53  This work has generally been taken to undergird the case for public
secror funding of R&D. Because agpregate studies have shown a healthy
positive effect of technological change on cconomic growth, and because the
public sector has supported investments in technological change (as well as
investing heavily in the "advance of knowledge™), Governments have argued
with some force that their R&D investments have contributed to wealth
creation.

54  Incontrast, public sector microeconomic studies are pessimistic about
the possibility of estimating returns o R&D at the departmental or programme
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level. For example, Paul {1992) distrusts the caleulation of economie returns
even within industry where research is sharply focused on processes or
products. Given the time lags and the absence of reliable data on supplementary
inpris (that is, the types of inputs used by Griliches and others in econometric
work) Paul staves: =... typical cost benefit analyses can, at best, be indicative and,
at worst, spurious.” He also takes the view that ®... aempis o evaluate the
work purely on ex-post financial eriteria may not only be inaccurate but also
misleading.” However, Paul recommends the use of non-financial allocation
criteria which are reasonably systemaric: scoring models, return on invesument
n .'..pccific industry cases where reliable market data are available, and research
effectiveness indicators (sec Section 6.). These may be used as indirect

indicators of the rate of return.

5.5  Inthe USA an Office of Technology Assessmene (OTA, 1986) study
came o bn:ndly the same conclusions. The OTA suggests three fundamental

reasons why precise measurement of R&ED outpues is difficult:

(i) Mon-economic aims, such as defence, where the aims are 1o encourage
ﬁu-l:‘i.a"y desirable, IJ.igh risk investments which the private sector will not, or

cannod, handle;

(11) Problems of benefic measurcment, for example, in health advances,
where realistic market prices are not set; consequently retumns do not accrue

o the investor and tend to spill over into other sectors;

(iii) Many outputs are available at zero marginal cost and zero price; to

collect revenues would cost more than the cost of production.

56  The OTA believes that Governments cannot employ a private sector
methodology w assess monetary returns o publicly funded R&D. However,
the OTA admits exceptions, namely:

(i) agricultural R&D: see above Griliches (1958). These findings were
replicated by many others (see Table 2). However, some agriculoural
economists are less sanguine about the work in this area since the
environmental impacts of agricultural advance have become more

promounced.

(i1} aviation: where Mowery (1985) has estimated internal rates of return
in the range 24-27 per cent;

(iii) health: where Mushkin (1979), using a human capital approach,
obrained an internal rate of return in the 40-50 per cent range.
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57  Omne other point made by the OTA 1s worth noting here. Ivis that all of
the production function models employed to estimate returns to R&D, both in
the public and private sectors, do not necessarily demonstrate cansality. For
example, the finding obtained by Griliches in respect of basic research in the
private scctor might be explained by rich successful companies being able to
indulge themselves in basic research. However, it is not possible to dismiss
such a large body of work out of hand by alleging reverse causality. So many
researchers have replicated these resulis (including some who have tested for
reverse causality), and so many private sector firms invest in R&DD with the
clear expectation of gain, that the argument concerning reverse causality is very
weak - As the Organisation for Economie Co-operation and Development
(OECD, 1991) has observed: “It is therefore an agreeable surprise o discover
that most studies have managed o produce statistcally sjgniﬁc:m! and
frequently plausible estimates of the elasticiey of R&D or the rate of retumn to
R&D. Individual case studies and other factual knowledge in the field, as well
as the fact that firms do indeed undertake research, leave lintle room for doubt

on this score.”

5.8  Forthe UK, there is scattered evidence of the use of cost benefit analysis
(CBA) technigues in Deparoments, but the same problems noted by the OTA
and Louis Paul have been encountered. There is a wealth of evidence that
departments have employed CBA to assess (ex ante) or evaluawe (ex post)
investment programimes: in agriculwre, forestry, flood defence systems,
fisheries vessels, the Third London Airport, road improvements, office
relocation, overseas aid projects, etc; and cost-effectiveness studies are a
commonplace in health and defence.

59  However, these are not all areas where R&DD is very important. In
Health, R&D can play a major part in preventing or reducing disease but there
are stll undecided questions about the valuation of benefits; and clinical
research has uncertain pay-offs over long periods. There have been atempis at
relating agricultural R&D wo productivity improvements, both in the Ministry
of Agricultire, Fisheries and Food (MAFF) and in the National Institute of
Agricultural Engineering. These attempts have never proceeded to specify an
overall departmental rate of return,

510 Ome interesting approach in the public sector is that of the Bureau
d’Economie Théongue et Appliqué (BETA) group in Strasbourg. For example,
this group has sought to caleulate the indirect economie effects of the European
Space Programme (Bach and Lambert, 1993). The methodology distinguishes
berween technological, commercial, organisational and work factor effects and
guantifies these in terms of *added value” (meaning the sum of the wages and

10
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profits of firms receiving contracts from the European Space Agency (ESA)).
Managers were asked to estimate co-efficients which attributed the contribution
made to sales by the four effects listed above and esimated the contribution of
ESA work to those effects. The process was extended to firms which supplied
the contractors. A figure was produced which represented the ratio beoween:
the total value of indirect effects generated by the ESA contractors, and the total
payments made by ESA to those contractors. Criticisms of the method have
focused on its potential for subjectivity, the failure to consider investments
needed after the rechnology is developed, and the failure to discount future
benefits. The approach has recently been applicd 1o two of the EC's
programmes (Basic Rescarch in Industrial Technologies for Europe and
European Research in Advanced Materials (BRITE, EURAMY)) and yielded a
highly positive ratio.

5.11  Finally, it is worth noting that defence R&I spending has been assessed
in terms of the defence industry’s contribution o output, employment and the
trade balance. For example, Table 3 shows how the UK acrospace industry,
and the trade in military aivcraft and pares, coneributed 1o the visible trade
balance during the period 1981-91. It is clear that over the decade the UK
aerospace industry was in surplus with the rest of the world and there are
grounds for suggesting that the trend in the balance was slightly positive.
However, these data do not imply thae the rate of remirn on acrospace R&D
investiments was positive. It seems likely that the rate of return on privately
funded acrospace R&D was positive; but support for acrospace R&DD in the
form of Launch Aid (payments net of the present value of Launch Aid receipis)
will have increased the woeal ﬂp::rld on R&D. To that extent, the rate of return
on total acrospace R&D spending, from both private and public sourees, will

have been reduced.

512 Insummary, broad assessments of the return to R&D spending by the
public sector are possible at the aggregate level. And ar the individual project
level there are several examples, both in the UK and overseas, of reasonably
firm estimares of returns. However, at the intermediate level of the overall
programme, or Departmental, spend the problem of atributing returns o an
eclectic collection of projects, many of which have long gestation periods or
non-financial policy objectives, has posed grave difficulties for research.
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6. SYSTEMATIC
EX ANTE ASSESSMENT OF R&D

INTRODUCTION

6.1  The previous sections reviewed atempis 1o assess quantitative ex post
rates of return o R&DD; the subject of ex ante assessment is now discussed. In
one sense, ex anfe assessment must be performed before almost any decision is
taken on the allocation of resources to R&D. This can take place at several
different levels of aggregation ranging from national technology priorities, to
the organisational, programme or portfolio level, and o the level of project

selection. Approaches too may vary, addressing issues such as:
s  how much R&D to pertorm; and

e how to allocate resources by some mix of informal judgement and

decision aids.

Here the focus is primarily on more systematic approaches, in particular those
which are concerned with investment decisions. Inevitably, much of the
experience in this area has been accumulated in the private sector where almost
all R&DD spending is made with a view to cconomic return. However, ex ante
assessment is also being given increased prominence in the public sector. Some
of the methods and technigues available w firms are described and their
strengths and limitanons are discussed, together with some new developments.

The report concludes with some lessons for govermment R&D.

PUBLIE SECTOR EXPERIENCE:D

APMFRAISAL

6.2 The practice of performing a formal appraisal of an R&D programme or
project before it is selected is now well established in UK povernment. As
defined in the Cabiner Office publication, RED Assessment = A Guide for
Custoners and Managers of Research and Development, programme appraisal is
directed ar establishing whether there is a need for the R&D eoncerned,
defining the programme and its objectives, and culminating in a statement of
justification. The most widely used approach is one initally developed in the
Department of Trade and Industry, the ROAME system. ROAME (an
acronymn for Rationale, Objectives, Appraisal, Monitoring and Evaluation) is a
discipline which seeks o establish rationale and objectives and to state how
programmes will be appraised, monitored and evaluated. It is relevane o this
discussion because it could provide a suitable framework in which to locate
appraisal of the likely economic returns to R&D spending,
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63  The ROAME style approach can be complemented by the use of logical
frameworks which make more explicit the connections berween objectives and
expected outcomes and often specify verifiable levels of amainment. Logical
frameworks were originally applied for development projects and their use is
most extensive in the Overseas Development Administration.

6.4  Approaches of this type are also used overseas, notably in Canada where
evaluations of government-funded R&D make extensive use of the “logic chart’
approach which relates programme objectives and actvities with upward links
to higher level objectives and downward links to expecred impacts. Recently,
the emphasis in Canada has been on the development of *performance
expectations’, an approach which defines strategic and desired levels of
performance with a direct link to the objectives of the programme.

CRITICAL TECHNOLOGIES EXERCISES

65  Atahigher level of aggregation recent efforts in several countries o
identify ‘critical technologies’ have entailed an element of economic assessment,
typically involving an intersection berween technological promise and potennal
market impact. For example, the approach adopied by the Austrahan
Commonwealth Scientific and Industrial Research Organisation (CSIRO),
subsequently replicated in New Zealand, aimed to assess the potential benefits
o Australia of research in different areas and o identify facrors relevant o the
achievement of those benefits, CSIRO used four criteria in assessing whether a

technology was critical:

the potential economic and social benefies;
Agistralian capability to achieve those benefies;

RED porential and costs;

Australian research capability.

The Australian study incorporated ways of scoring w enable pwo
market-oriented parameters to be derived, attractiveness (benefits and the
potential to achieve them) and feasibility (R&D potential and capabilicy).
Although ouside informarion was used, the expertise drawn apon was
primarily from within CSIRO. The outcome was presented in the form of a
graph which enabled the position of the sclected technologies 1o be seen readily
and a form of ranking to be set out. This study and other exercises represent a
means of ordering expert opinion in a systematic manner; they do not attempt
to provide a precise measurement of the rate of return.

13
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i Omne feature of the CSIRO approach which might be stressed in any
United Kingdom procedure is the assessment of regional appropriability of
benefits. It may not be sufficient simply to identify potential returns from a
picce of R&DY, it may also be necessary w demonsirace that these returns would
accrue to the United Kingdom. This would, for example, exclude benefits
arising from research in an acrivity where industrial eapabiliry lay exelusively
overseas and where barriers w entry made it unlikely that UK industry would
be able w enter the market.

6.7  Another lesson to be derived from the experience of eritical technologies
exercises is that most of the wechnologies selected are inter-related and
pervasive, that is they underpin a wide range of other technologies and
econommc activiiies. Indeed, this pervasive charactenisiic i1s one reason why
public support is justified. Tt follows that any attempt to estimate the benefits
arising muist take account of these relationships. Matrix methodologies have
been developed wo track these relationships and identify pervasive areas of
science and technology (Lowe and Georghiou, 1989).

COST BENEFIT APPROACHES

6.8 Cost benchi approaches o R&D resource allocaton i the UK public
sector were last carried out o any significant extent in the 1960s and early
1970s. The focus of activity was the Programmes Analysis Unit (PAU), located
in the Ministry of Technology. The PAU approach aimed to assess R&D
projects for programmes against the criterion of national benefic, including
financial returns but extending more broadly. The basic eriterion was the
expected benefitR&D cost ratio, qualified by the perceived risks and broader
non-gquantifiable or intangible factors. Quoting a retrospective review of the
PALs work, P M S Jones a former member of the Uni, lists a number of
benefits arising from appraisal, including clarification of objectives,
identification of options and ‘guidance on the balance berween parts of
programmes and on the effect of government support or non-support’ (Jones,
198%). However, the review concluded char quantitative appraisal could not
give guidance on the proper total level of governmental or departmental R&D
expenditure nor offer much general guidanee on the split of budget between
widely different sectors of activity. Jones echoes some of the statements made
abour ex poxr caleulations of returns w R&D:

“Efforts to combine disparate costs and benefits into a single objective function conceal

value judgernents: wlti-attribute analysis in witich trade-offs are fully exposed,
intcluding those that defy quantificasion, are to be preferved.”

14
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Jones reviews more recent work in cost-benefit analysis (for example the
Sizewell inquiry) and concludes that cost-benefit analysis can provide valuable
insights and perhaps clear guidance on small scale activities but is too prone w
uncertinty where large scale projects or programmes with porentially
wide-ranging impacts are concerned.

6.9  Similar conclusions were drawn by Norris and Vaizey (1973) and Byatt
and Cohen, (1969). The approach of Norris and Vaizey was basically similar 1o
the more recent work by Mansfield (reported above in Section 3). It started
with the notion that basic research may lead to new industries, or may have
smaller scale applications in industry. The method was to see what effect a
notional delay in the scientific discovery would have had on the net benefits of
the discovery. MNet benefits were defined as the change in output less the costs
of applied research, development, investment and manufacturing. A feasibilicy
study of this approach found that although in some cases the economic benefits
of a scientific discovery could be traced, in general it was not feasible because
the interaction between science and technology could not be adequately
described by the linear model assumed in the method.

PRIVATE SECTOR APPROACFHES

6.10  In private companies R&D usually competes for resources with other
torms of investment, although in certin sectors, such as biotechnology, new
comipanics may be established with venture capital funds. Within the overall
budget for R&D individual project choices for both planned and ongoing
research need to be prioritised, again broadly in werms of investment criteria.
These choices are, of course, resmricted by mnanagement perceptions of the
strategy and ‘core competences’ of the firm (Prahalad and Hamel, 1990). In the
following paragraphs the application of quantitative technigues at project and
portfolio level is examined; then the broader environment in which firms seck
to gain economic benefie from their R&D activities is considered.

PROJECT SELECTION

6.11  There is a large body of management literature on the application of
quantitative techniques to the selection of R&D projects. Much of this
literature comes from the 1960s and 1970s. Baker (1973) classified the
approaches used in this literature. What he terms ‘objective functions’ are
defined as: ‘systematic procedures for soliciting and integrating subjective and
objective benefit data’.
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These were placed in three categories:

e Comparative models - which require the respondent(s) to compare
one proposal either o another proposal or 1o some subser of alternative
proposals;

e Scoring models - which require the respondent(s) to specify the
merit of each proposal with respect to each of several project characteristics
{criteria), whereupon criterion scores can be aggregated to yield an overall

project score; and

e Benefit contribution models - which require the respondent(s) to
tie the projects direetly 1o R&D objectives or to system requirements, and
benefit is measured in terms of contribution o the objectives or to the

requircments.

The experience of companies in applying project sclection technigues has been
reviewed on more than one occasion (see Baker, 1975; Liberatore and Titus,
1983; Brockhoff and Pearson, 1992). All of these reviews draw a similar
conclusion: that industry has not extensively employed these techniques. An
exception to this is the use of scoring models and related technigues.

.12 The OTA study (1986) in its review of documented experience
identified four categories of formal technigues.

1) SCORING MODELS

Corresponding to Baker’s category above, this invobees rating cach project
against a series of relevant decision criteria. Scores for each project are
combined o give a single project score. Criteria may be economic or
non-economic (eg technical merit). Approaches of this type are widely used in
UK Research Council committees. Evaluations have noted thar eriteria relating
to scientific quality normally ourweigh potential ceonomic return in the final
ratings, although there is rarely a formal weighting system. It appears that
scientists and tcchllnll:}gistr. {il:cluding industrial mr:m'b-crs} dislike SUPPOTTInNg
projects which may not be of the highest technical quality on strategic grounds.

613  Paul, reporting on his experience with Shell R&D (Paul, 1992), offers a

more positive view of scoring models as an approach to ex anie evaluation. His

basic condition is that the peer panel which assigns the scores should represent

16
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not only the peer panel of rescarchers but also those close to the market and
product. Furthermore he insists;

» Projects have to be based on a need identified by a customer, Following
in-depth discussion objectives need w0 be defined o facilitare checking of

progress;

® Projects should be classified as Basic, Applied or Development and those
categorised as Basic should not be assessed on financial eriteria;

s  Applied and Development projects should be prioritised by peer panels
constituted as above.

He suggests the use of a matrix of eriteria (derived from the Boston Consulting
Group Approach) which compares aftraciiveness and feasibility on similar lines two
the CSIRO approach described above (see Figure 1).

6.14  Other echnigques have been used to add rigour 1o scoring approaches.
C-sorting was suggested in 1975 (Helin and Souder, 1975), whereby a group of
experts directly prioritise various projects. More recently, an approach known
as QFD (guality function deployment) has moved on to the use of a peer group
to prioritise the criteria for evaluation. The echnique uses martrices and decision
trees to facilitate communication and simultaneously define and document
customer requirements {Bossery, 1991),

11} ECONOMIC MODELS

These approaches rate prnjn:t:ts ATANSE 1 SEriCs of economic criteria such as
expected rate of return. The basic approach is one of capital budgeting or
investment appraisal. Each indicator (eg Met Present Value, Internal Rate of
Rewurn, Remum on Investment, ctc) produces a quanttative measure of the
attractiveness of the investment, normally discounted over time. An allowance
for risk may be added independently. Despite the apparently precise economic
formulation it should be stressed that the daa for an approach of this type are
often derived from expert opinion and are no more illrrins'n::l"}' valid than
scoring madels (which in effect they are). In addition, the different indicators
{which should be used in parallel on any single appraisal) may jgive conflicting
advice, for example in the rank ordering of a set of independent projects.
Critical assumptions need to be made in adjusting for time and risk. Graves
and Ringuest (1991) showed that the technical combination of these
adjustments can produce biases, for example against shorter or longer erm
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projects. Morris and Vaizey were even more critical of such approaches, Their
objections may be summarised as follows:

e As returns to R&EDD are typically longer term compared with other forms
of investment, they will be heavily discounted and count for very lietle;

= Risk and uncerminty, particularly in fast-moving areas, will be
substantial and very difficult to caleulate.

1) COMSTRAIMED OPFTIMISATION OR
PORTFOLIO MODELS

These models examine a mix of projects rather than individual cases and use
programiming technigues wo allocate resources among the candidates.
Oprimisation is against economic objectives with specified resource constraints.
High quality data are necessary,

IV) RISK AMALYSIS OR DECISION

AMALYSIS

STRATEGIC

These analyses require high quality data . Such models describe the expected
utility of alternative budget allocations among a set of research projects, making
use of probability distributions. As noted carlier, the use of purely quantitative
approaches in industry is rare, although many larger firms will go through some
less formal version involving scoring and/or investment appraisal (for example,
British Gas uses discounted benefiv'eost ratios to prioritise). Few would regard
the ourcomes of these as an automatic means of selection.

APPROACHES

6.15  The above discussion focused on project selection. This approach has
been eriticised.  For example, Pearson (1975) has pointed out that these exclude
alternative approaches wo a problem or project opportunity which might be
available but remain unidentified. Work on the accountaney treatment of R&D
(Nixon, 1991) pointed out that evaluating R&D expenditures on a ‘project by
project’ basis ignores the reduction in uncertainty associated with undertaking a
portfolio of R&D projects. MNixon argued that the disaggregated approach leads
Lo a consistent over-estimation of uncertainey which in mrn leads to an

mappropriate treatment of R&D in accounting procedures.
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616 Morris and Vaizey nonetheless considered it worthwhile to carry out an
economic evaluation because it forces people to think through the implications
of a proposal. Furthermore, they emphasised that all branches of a company
should take part in the decision. This early conclusion provides a bridge w
current thinking in R&D) management studies which see economic evaluation
of anticipated benefits as part of a process which emphasises the importance of
communications both between different functions within the company and
with its outside networks of suppliers, customers, collaborators and
competitors. Hence, the practice in a Japanese corporaton of requiring its
researchers o estimate the economic returns to their projects: not because the
resules will be used, but to ensure thar the researchers have a business
orientation and can communicate with production departments of the

company.

6.17 With this is mind it is possible to reappraise the value of some of the
techniques considered. Marrices and the use of scoring models can be seen as a
means of bringing wegether personnel from different backgrounds and
providing them with a channel of communication, thus facilitating horizontal
relationships across the organisation. Research planning diagrams can be used
to develop a consensus about the requirements of an R&D project and o help
idennfy and anticipate problems both within the project and in the
implementation or commercialisation process. As mentioned above,
approaches such as quality - function-deployment (QFD) can extend wo
involving the customer. Risk management procedures can be used to enhance
these approaches, with the emphasis on identifying what is not known about a
project and quantifying those risks.

6.18  Other recent techniques focus on external nerworks, To be able o learn
and benefit from R&D conducted elsewhere needs an R&D capability which is
sufficiently “state of the art’. An B&D project can thus be seen as an ‘option’ to
become involved in a technology at a later dare. This approach leads to the
potential application to R&D of option-pricing theory, as used in financial
markets. This technique has been explored by some large companies but licele
information is available in the literature which is specific to R&D (Newton,
1991).

6.19  An indication of the facvors industry considers significant in answering
the question ‘How Much R&D? is given in a paper of the same title
(EIRMA-European Industrial Research Management Association, 1992) which
reported on a workshop and questionnaire findings. First, it notes that feedback
on performance is normally too late to influence subsequent allocative
decisions. Second, some influences on R&IDD levels are driven by politcal,
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social and technological factors beyond the control of the business. For
example, there is political pressure for improved environmental performance.
Third, B&1 is getting closer to the customer, both geographically and
organisationally. Finally, while profit growth is a strong determinant of
perceprions of R&D intensity for the future, firms recognise thar future
investment is also influenced by current profies and the ability to pay.

620  Allocation of resources is seen by EIRMA as a matter of achieving
balanced top-down (corporate) and bowom-up (business) allocation. Again,
emphasis is placed on organising R&D wo align with business and markets with
effective project selection and feedback on the benefits achieved.
Managing the totl innovation process is as important as sclection of projects:
much work has been done, for example, on the role of product champions and
on organisational structures. Considering which companies have the capabilicy
to appropriate the benefits is another important consideration.

6.21  The lesson which might be drawn for publicly-funded R&D here is that
whatever the utility of ex ante assessment techniques, they are 2 necessary but
not a sufficient instmument to achieve grearer economic benefits from R&D.,
Achievement of that objective would, in addition, require organisational change
involving the managers of the R&D and their relationship with the firms which
would ultimately be responsible for realising those benefits.
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T CONCLIUSIONS

6.22  Given the uncertainty invalved in forecasting the future, and the
complexity of the innovaton process, it is hardly surprising that ex ante
appraisal of R&D is even less likely than ex post evaluation to give accurate and
detailed information on rates of return such thae choices may be made across
widely different areas of R&D. Monetheless there are a number of useful
lessons to be derived from private sector practices in this area which offer scope
to put R&D decision-making in the public sector onto a more rational basis
and, more importantly. to increase the likelihood that there will be an economic

return o Government-funded R&D. The following points can be made:

& Current best practice for assessment in government R&D requires that
programmes should undergo a systematic appraisal to ensure that there is a
rationale for support and thar objectives are clear. In support of this
approach, one possibility would be, for example, taking into account
ceonomic benefit to the United Kingdom as a honzontal consideration,
wherever possible, for Government R&1DD; and for this to feature in appraisal
exercises, This is not to say that there should be any diminution of the
other objectives, but rather that those performing an appraisal should
include an explicit statement about expected economic consequences and
the appropriabilicy of R&D resuls. In some cases these may be zero or even
negative but outweighed by other benefits. This requirement would have
the benefit of focusing programmes and perhaps re-orienting them wwards
taking advantage of opportunities for wealth creation.

& In considering the return to B&D the question of appropriability
should always be in mind. It may not be sufficient to identify an area as
being of high promise - there should be a reasonable prospect of its being
exploited in the United Kingdom to a sufficient level to justify the

IMVesment.

# There are a number of techniques available for structuring expert
opinion and for applying the investment appraisal metaphor to R&D. None
offers a unique solution but most could help to organise thinking and
improve decision-making. The use of scoring models in industry is
testimony to this. Those performing appraisals should be encouraged to use
these approaches, perhaps as a *battery of tests” in order to inform the

exercise.

e Many of the problems encountered in these approaches stem from a lack
of adequate data. Systematic analysis of past performance is one way to
improve this situation. This reinforces the need o treat assessment as a
eyele with evaluation informing appraisal.
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