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Chapter 6

TECHNOLOGY DIFFUSION PROGRAMMES AND THE CHALLENGE FOR
EVALUATION

by

Erik Arnold and Ken Guy
Technopolis, Brighton, United Kingdom

Introduction

The growing focus on technology diffusion, learning and absorptive capacity in Research and
Technological Development (RTD) policy1 poses important challenges to both those who use and
those who do evaluations.  The type of evaluation that should be done in any given situation depends
not on some general principle but on the policy makers’ practical needs for learning and
accountability.  Evaluations using a single approach are rarely useful.  Rather, the evaluator must be
“agile” enough to apply the right tools at the right time.  While, at present, there is renewed
enthusiasm for cost-benefit approaches, especially in the context of technology diffusion
programmes, these also have limitations.  Good evaluations use multiple approaches to answer
relevant policy questions.

Challenges to RTD evaluation from policy shifts

In RTD policy, government has historically focused on the innovation-creation process.  This
has been justified by arguments about market failure:  the inability of market mechanisms to secure
long-term, “common good” improvements in science and technology.2  However, over the last
decade, policy makers have increasingly accepted that it is “not the creation of technological
leadership in itself that affords a nation its competitive advantage, but the rate and level of diffusion
of the technology into economic use”.3

◊ Technology development and diffusion are clearly of considerable potential economic
importance, with diffusion offering particularly large benefits.

◊ Technology diffusion involves far more than the simple introduction of new machinery into
the firm.  Additional measures, such as internal reorganisation of both production and
management processes and upgrading of skills, may be essential to capturing economic value
from investment in new technology.

◊ Whereas it may not be necessary to produce technology to reap its benefits, diffusion is
essential to maximise potential national economic returns.  However, realising the benefits of
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diffusion may depend critically on broader social and institutional changes, which may, in
fact, represent the most important obstacles of all.4

As a result, there has been a proliferation of programmes aimed at increasing the rate of adoption
of new technologies.  These activities work both directly on the adoption process itself but also
indirectly by trying to increase technological capabilities.5  One important side-effect of this new
emphasis has been the fragmentation of the “supply side”.  Typically, OECD countries now have
technological infrastructures to support industry which involve large numbers of programmes and
institutions.  These have overlapping responsibilities and impacts on the economy.

Not only has the emphasis of policy been shifting along the spectrum of activity from basic
research towards innovation and diffusion, but the means used to design and implement actions have
also been changing.  The use of programmes, as distinct from projects, as the primary level at which
policy is defined is an important innovation in RTD policy which has enabled the state to bring some
of the scientific and technological activities it funds under closer managerial control.  Collaboration
and the use of networks as vehicles for innovation policy have increased.  Many countries have
deliberately sought to bring more of the public RTD system under the control of the users of research
outputs.6

In parallel with these changes in practices, key aspects of theory relevant to the innovation
process have become less confident and less predictive than before.

In contrast with the neo-classical view of the firm as a simple economic robot, modern
evolutionary economics now sees it as a searching, learning mechanism.  It survives and improves by
continually reinventing itself.  It consists of a pool of assets, including both physical assets and
intangible ones such as capabilities, and intelligence, which learns from the environment and modifies
the resources (Figure 1).

Figure 1.  Evolutionary model of the firm
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Each of these elements can be broken down much further.  An important attribute of the firm’s
“memory” is that it comprises a mixture of knowledge (tacit as well as codified) and of the
configuration of assets;  namely, organisation, characteristics of the capital stock, relationships, and
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so on.  This modern view helps provide a good description of what the firm does in a given situation,
but at the cost of being largely unable to predict its behaviour.

Successive generations of “innovation models” have characterised innovation as increasingly
complex and bound up with socio-economic factors such as market linkage and match with the

available infrastructure.
7

  

The startling achievements of physics during the Second World War had made clear the
immense power of science, reinforcing belief in science as a force for social change.  The 1950s and
1960s saw significant efforts in many countries to build up their university systems and, often,
dedicated research institutions.  There were many reasons for this, including an increasingly
democratic view of education as well as a belief that this growth would hasten economic
reconstruction and development.  But in economic terms, underlying these efforts was the now-
traditional “linear” view of the innovation process as “pushed” by science.  The policy implication of
the linear model is simple:  if you want more innovation (and therefore economic development), you
fund more science.

Figure 2.  Post-War shifts in theory, subsidy and RTD policy
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During the 1950s, the technology-push model of innovation dominated.  Then, thanks to the
empirical work of those such as Carter and Williams,8 Schmookler,9 and Myers and Marquis,10 more
emphasis came to be placed on the role of the market-place in innovation.  This led to market-pull or
need-pull models of the innovation process.
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In the late 1970s, Mowery and Rosenberg11 largely laid the intellectual argument to rest by
stressing the importance of coupling between science, technology and the market-place.  Their
coupling model constituted a more or less sequential process linking science with the market-place
(via engineering, technological development, manufacturing, marketing and sales), but with the
addition of a number of feedback loops and variations over time in the primacy of “push” and “pull”
mechanisms.

Rothwell12 has charted this succession of innovation models into the 1990s (see the numbers in
the “Theory” part of Figure 2, which crudely tracks the post-War development of innovation policy
and theory).  His fourth and fifth generation models are essentially increasingly complex refinements
of the third generation “coupling” model.  The upshot of these evolutions in innovation theory seems
to be a need for greater humility:  there is a great deal about the innovation process that we do not
know, or know partially but cannot generalise.  The policy implication and practice resulting is to
retreat from simplistic solutions and to create a wide range of instruments to promote individual
capabilities (Figure 3).  There is no single, simple lever that policy makers can pull in order to
improve capabilities and performance at a stroke.

With increasing emphasis on RTD policies aimed at economic benefit has come a growing
concern among governments and other high-level policy makers working with industry policy to
understand in a quantified way what the state gets in return for its investment in RTD.  Both aspects
probably reflect the post-1960s disillusionment with technology and the decline in the “holy cow”
status that science had acquired after the Second World War.

On the face of it, the key questions being asked are simple and obvious:

◊ How much money should the state invest in RTD?

◊ What is the best place to invest the money along the spectrum from basic research to
innovation and diffusion?

◊ Is a better return available from investing in some sectors, branches or clusters than in
others?

These are important questions, not least because poor-quality answers can led to damage to
innovation systems.  Indeed, if modern thinking about national innovation systems is correct, it is
important to deal with the questions in the context of these systems.  For example, current views of
national innovation systems are at odds with the assumption that it is viable to invest in some parts of
the system without also investing in others.

But the industry policy questions are not the only important ones about RTD.  Non-economic
policies such as health, defence, safety, also depend significantly on RTD funding.  Like industry
itself, many policy-making departments also use research to reduce uncertainty or to inform policy
choices.  The best use of RTD in these non-industry policy areas also presents important challenges
for evaluation.
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Figure 3.  A repertoire of policies for improving technological capabilities
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What kind of evaluation is needed?

The RTD evaluation profession tends to distinguish between “summative” and “formative”
evaluations.

The summative evaluator is a bit like the judge in the ice-dancing Olympics, awarding marks for
performance but passing little other comment.  Summative evaluation focuses on impacts.  An
implicit assumption is that the process of intervention is unproblematic.
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The formative evaluator is more like the coach, not only passing judgement on performance but
– especially – helping the dancers understand how to improve their performance.  This can be done
based on expertise or it can involve experiment and analysis ranging from freeze-frame video
techniques to computer modelling.  Understanding the dancing process is the central thing.

In real life there is often a trade-off in defining an evaluation between these two approaches.
The evaluation budget is often not big enough to do both.  Different approaches are needed at
different times.

In the United Kingdom, RTD evaluation was strongly encouraged by questions from
Margaret Thatcher in the early 1980s about the validity of technology funding by the Department of
Trade and Industry.  The Department set up internal assessment groups and procedures to deal with
these questions – as far as possible in a summative way.  Externally, we at SPRU and colleagues at
PREST were struggling with the same questions in relation to the Alvey Programme, the UK’s major
Information Technology R&D programme of the 1980s.  Over time, the UK focus shifted more
towards a formative approach or a combined summative-formative style.

Other countries have begun to face similar pressures for summative evaluation.  For example,
the Conservative government in Sweden during the early 1990s asked agencies in effect to report the
value of their RTD and other actions “on a single sheet of A4 paper”.  Despite the return to social
democratic government in Sweden, the pressure on the Agencies to deliver this type of reporting has
not declined.  In the United States, the Government Performance and Results Act of 1993 has
provided a similar pressure.

In addition to these politically driven changes in the demand for summative as against formative
evaluations, there is also a life-cycle reason why patterns of demand should change.  When new types
of initiative are innovated, the policy makers’ major concern tends to be to understand whether the
new method works, how to improve it and how to routinise it.  Over time, the new process becomes
better understood.  It becomes clearer how it works and what are the key variables that should be
measured in order to get a useful proxy for performance.  In line with this evolution, the role of
routine monitoring and of summative evaluation increases.  Formative evaluation continues to play a
role where programme management seems to be under-performing, but it is more of an exceptional
activity than a routine approach.  In this way, differing evaluation approaches help policy makers
innovate and learn.  “Evaluation tools are not hammers and R&D programmes are not nails – each
type of programme has its own distinctive needs.”13

Figure 4 illustrates the four main stages of the evaluation design process and relates them to each
other and to the subsequent Conduct and Follow-on stages.  An important point to note is that
feedback loops make the whole process iterative rather than strictly sequential.  Understanding should
precede the formulation of strategy, but the actual process of choosing a strategy itself often improves
understanding – and similarly for the other stages.  Critically, also, the same relationship exists
between the design and the conduct stages.  The further one proceeds into the conduct stage, the more
understanding increases, thus providing scope for mid-course corrections to overall strategy, tactics
and operational agendas.14
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Figure 4.  Steps in evaluation design
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Understanding the context of the evaluation involves unravelling user needs.  The degree of
novelty of the type of intervention involved is key:

◊ understanding why and for whom an evaluation is being commissioned;

◊ identifying data sources and interrogation techniques likely to be useful;

◊ an appreciation of rationale, history and objectives is necessary if an appropriate evaluation
is to be designed and implemented.

Choosing an evaluation strategy is largely a case of deciding upon the central issues which are to
be investigated and the overall approaches needed to explore them.  This calls for an understanding
of:

◊ the range of issues which can feasibly be included in the scope of an evaluation;

◊ the factors which can influence the choice of issues;

◊ the general approaches which can be used to explore them.

One of the most important starting points for an evaluation of any initiative is the definition of
generic evaluation issues.  Economy, Efficiency and Effectiveness are common evaluation issues.
They involve asking questions such as:

◊ Economy:  Has it worked out cheaper than expected?

◊ Effectiveness:  Has it lived up to expectations?

◊ Efficiency:  What’s the return on investment (ROI)?

Deciding which questions are critical to the evaluation helps determine the most important
evaluation issues and the most appropriate evaluation approaches.  Figure 5 comprises a list of
typical evaluation issues and the questions which help define them.
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Figure 5.  Typical evaluation issues

              Issue                  Question

Appropriateness Was it the right thing to do?
Economy Has it worked out cheaper than we 

expected?
Effectiveness Has it lived up to expectations?
Efficiency What’s the return on investment 

(ROI)?
Efficacy How does the ROI compare with 

expectations?
Process Efficiency Is it working well?
Quality How good are the outputs?
Impact What has happened as a result of it?
Additionality What has happened over and above 

what would have happened anyway?
Displacement What hasn’t happened which would 

have happened in its absence?
Process Improvement How can we do it better?
Strategy What should we do next?

To a large extent, understanding the context of an evaluation and the initiative to be evaluated
helps define the issues to be explored.  Other factors affecting the importance of particular issues are
the nature, timing and ambition of the evaluation.

The third important dimension which helps define the overall evaluation strategy is the balance
between formative and summative ambitions.

Specifying evaluation tactics involves characterising the system to be investigated, and choosing
the procedures and techniques to be used.

Care has to be taken in the specification of the system to be evaluated, particularly delineation of
the system boundaries;  the relationship of the system to the environment in which the system is
located;  and the definition of all relevant sub-systems and their relationships with each other and
with the system as a whole (Figure 6).

Many of the evaluation issues defined in an evaluation strategy phase can be described in terms
of relationships between system variables.  For example the ratio of expected outputs (Oe) to actual
outputs (Oa) from a system is a measure of goal attainment or Effectiveness.  Figure 7 shows how
some critical evaluation issues can be defined using a very simple systems model and a simple
calculus relating basic input and output system variables.
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Figure 6.  Systems and their environments
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Figure 7.  A simple evaluation calculus

Ia = Input achieved Ia/Ie = Economy
Ie = Input expected Oa/Oe = Effectiveness
Oa = Output achieved Oa/Ia = Efficiency
Oe = Output expected

System Variables Evaluation Issues

S

Ie Oe

Ia Oa

Figure 8 uses a similar model to show some of the other system variables relevant to evaluations:

◊ resource variables characterise the origins of the many inputs into a system;

◊ input variables describe the various inputs from the environment to the system;

◊ structure variables help characterise the system itself;

◊ process variables help define the way in which the system operates and functions;

◊ output variables describe the range of system outputs which can exist;

◊ impact variables characterise the effect outputs have on the broader environment.
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Figure 8.  A simple systems model and variables of interest
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A full discussion of evaluation procedures and techniques is beyond the scope of this chapter.
Choices are normally dictated by three major factors:

◊ decisions made in the strategy phase of the evaluation design process between output- and/or
process-oriented approaches;

◊ the set of issues, variables and indicators which the strategy phase of the evaluation design
process has determined to be of most relevance;

◊ the set of resource constraints within which the evaluation has to function.

Once these matters are decided, setting the operational agenda is a matter of routine project
management.

Are single-approach evaluations useful?

If we accept the argument that evaluation techniques should follow life cycles which match the
policy system’s ability to innovate and learn, then single-approach studies will be useful – if at all –
only in the later stages of the life cycle, as policy innovations mature.

Figure 9 summarises15 the overall usefulness of a range of RTD impact assessment tools for
evaluating RTD programmes and institutions.
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Figure 9.  Strengths and weaknesses of individual evaluation tools

Tool Strengths and Weaknesses

Case Studies + Help understanding of complex processes
+ Explore situations where interesting variables not predefined
+ Can be structured and subject to analysis
+ Provide ‘how to’ understanding, for example of success-factors
- Highly dependent on evaluator’s skills and experience
- Expensive if done in large numbers
- Hard to incorporate into routine monitoring
- Generate limited quantitative information

Bibliometrics + Useful for understanding some macro-level patterns, especially 
in more basic types of research

- Focus on academic research.  Under-values other types
- Differences in propensity to publish among disciplines and at 

different stages of the ‘innovation cycle’
- Number of publications not a reliable indicator for quality
- Meaning of citation counts ambiguous: Positive or negative citation?
- Increasing share of collaborative, multi-authored publications

in journals is hard to evaluate
- Bias towards English-language journals
- Gratuitous co-authoring and co-citation as authors manipulate

counts.  ‘What you measure is what you get’

Co-word - Immature technique.  meaning unclear for evaluation purposes
Analysis
Peer Review + Informed, ‘rounded’ judgement, especially of scientific quality

+ Can be systematised, checked and analysed to increase 
confidence in results

- Qualitative, judgement basis leaves it open to criticism
- Problems of criterion-referencing and differing cultural behaviours
- ‘Group think’ and social dominance effects within panels
- Risk of ‘prisoner’s dilemma’ behaviour by peers
- Hard to apply to commercially-sensitive work

Patents + Useful for understanding some macro patterns and problems 
Analysis relating to programme appropriateness

- Patents indicate neither technical nor economic success
- Variations in national patent systems
- Variations in patenting propensities between countries,

branches of industry and individual companies/institutions
- Tell nothing about non-patented or non-patentable aspects

User Surveys + Can provide a nuanced, quantified understanding of programme
+ Collects direct process experience as well as indicators
+ Can test and generalise case study and other findings
+ Enables estimation and description of key impacts
+ Provides quality control of programme management
- Subject to positive bias, reflecting users’ appreciation of 

receiving resources and optimism about impacts

Cost/Benefit Discussed more fully below
Analysis
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Case studies are powerful where a “learning” evaluation needs to be done – where a new kind of
intervention is being tried or where actors are inexperienced in such intervention.  The approach
allows evaluators to learn as they work, gradually building up a model of how the intervention works.
Ideally, this then provides the basis for more structured approaches such as user questionnaires.

While bibliometrics is attractive as a way to understand and compare performance among
relatively large groups of scientists, the technique has limited practical application in programme
evaluation.  It is generally more relevant to evaluating university and institute research than to
industrial work, though – outside the context of evaluation – for example, Hicks16 and others have
used bibliometrics to make important discoveries about the behaviour of research-performing
companies.  Bibliometrics offers nothing useful to the evaluation of technology diffusion
programmes.

Co-word analysis is beginning to be used as a mechanical but rigorous way to analyse the
content of papers.  As yet, it seems to offer little to the evaluation of technology diffusion
programmes.

Peer review remains the most reliable, “rounded” approach to establishing scientific quality.
Used in a carefully structured way, we have found it useful also in evaluating applied and industrial
programmes as well as university programmes.  Peers can also be chosen who can give insight into
diffusion questions, for example in industrial extension programmes.  Here, their views need to be
complemented by analysis of users.  In general, however, peer reviewers tend to give most weight to
scientific quality in forming judgements.  In many types of evaluation, it is therefore necessary to use
complementary techniques in order to compensate for this bias.

Patents analysis shares many problems with bibliometrics.  By definition, it can tackle only a
very limited part of the industrial innovation process.  While important and interesting use can be
made of patents in wider innovation studies, they have limited relevance to technology diffusion
evaluations.

User surveys, in contrast, are among the most important tools at evaluators’ disposal.  Once a
model has been built of the intervention to be evaluated, user surveys allow hypothesis testing and
detailed exploration of both process and impacts.  In many cases, especially in technology diffusion
programmes, one aspect of user surveys effectively involves asking people whether they liked being
given money and how well they performed a particular task.  Replies, of course, need to be
interpreted accordingly.  Users are nonetheless one of the richest sources of understanding about RTD
programme processes and impacts.

One of the realities of RTD evaluation is that there are no good tools.  None of these techniques
is reliable.  In fact, if used alone, most are downright misleading.  Figure 10 gives a clue as to what to
do.  It shows how a peer panel scored various dimensions of project performance in the Energy and
Environment Programme run by the Swedish Transport and Communications Research Board,
compared with the way the project performers saw things.  It gives a basis both for understanding
performance and for exploring perceptions about performance.
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Figure 10.  Experts’ scores compared to respondents’ scores
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The only way to get a rounded evaluation of an RTD programme, then, is to use complementary
(imperfect) methods and to look for “convergent partial indicators” of performance.  A single
approach may be useful in a well-defined situation, where evaluators strongly believe their “model”
of the action to be evaluated is robust and where the customer needs only certain dimensions
explored.  But the inherent bias and fallibility of any single approach remains.  Results from single-
approach studies have to be used very carefully.

Agile evaluation:  multiple approaches for learning through evaluation

Not only the imperfections of individual tools, but also the needs of evaluation users have led us
to use multiple approaches in evaluating both technology transfer and other types of RTD programme
and institutions.  Figure 11 compares the approaches we have taken in a sample of evaluations in
recent years.

The evaluations are generally rather formative but most contain summative elements.  All are
resource-constrained.  Those towards the “experimental” end of the spectrum were deliberately
intended (and used) by the evaluation commissioners as ways to improve understanding and practice
in new types of intervention.  In practice, other studies have also given rise to (sometimes
unanticipated) process-improvement lessons.
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Figure 11.  Tools used in selected evaluation exercises
Exhibit 11  Tools Used in Selected Evaluations 
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In almost every case, it is important to understand the history of a programme or institution in
order to make a sensible evaluation.  The two ahistorical examples involve new types of action at the
level of the European Commission, where there is little or no policy history.17  As the Figure suggests,
case studies are a powerful way to understand the processes involved in RTD actions and are
therefore used very extensively.  Bibliometrics, on the other hand, plays little role at the programme
level.  The efforts we have put into this type of work involve manual understanding and analysis of
individual scientists’ publication and partnership patterns, mostly as a way to confirm their histories
and test claims about the importance of publications.

We have found that peer review is useful not only to get judgements of scientific quality but also
to obtain views on other matters, such as the quality of project management and likely impacts.
These are not taken at face value, but systematically related to other pieces of evidence, for example
from end-user interviews and questionnaires.  We have yet to find a practical use for patents analysis
in technology diffusion programme evaluation.  Probably this would be relevant only in special cases,
such as evaluating technology licensing and transfer functions of universities.  On the other hand, we
have found user surveys to be an invaluable source of understanding.  Here we include both project
performers as “users” of programmes and, where possible, end-users of RTD project outputs.
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Cost-benefit estimates involve significant challenges and problems.  We return to this question
in the next section.

Some of the variation in the methods used results from differences in need.  In the Inter-regional
Information Society Initiative (IRISI), the main mission of the evaluation was to deliver real-time
advice to the European Commission.  We worked together with teams of other regional development
specialists to monitor a pilot programme.  This is a rather special case of using “peers”, which
nonetheless resulted in a great deal of useful advice.  The key result of the evaluation was achieved
before we submitted our final report;  namely, to shape the main Regional Information Society
Initiative (RISI) programme, which is now under way.

The Specific Projects Action Line (SPAL) of DG XIII’s SPRINT Programme was also rather
experimental.  It involved large-scale technology transfer projects among companies and research
institutions in the EU.  Projects were complex, typically involving about half a dozen actors.  The
main objective of the evaluation was to deepen the Commission’s understanding of this type of
technology transfer process, thereby improving the strategy, design and execution of future variants
of the programme.  Many of the evaluation lessons were taken on board in the subsequent Innovation
Programme.

The ESV Programme was funded by TEKES in Finland.  It involved RTD projects which would
raise the level of technological competence among Nokia and key parts of its supply chain in such a
way as to embed the growing international success of the Finnish IT and Communications industry
more firmly in the economy and encourage further technical development in Finland.  This was a
special kind of technology diffusion or upgrading.  The significant role played by Nokia meant that it
was important to have a qualified independent view of technical quality – both to counter any
tendency towards myopia, and to provide accountability (ensuring that Finnish taxpayers were getting
good-quality work in return for their investment in the Programme).  This led to stress on the peer
review component and on understanding how the results of the projects were being used.  Most of the
effects of this type of programme are indirect:  rather than leading directly to new products and
processes, they help put organisations in a position to innovate by building technological capabilities
and experience.  This indirectness makes measuring benefits in quantitative terms very difficult.
However, it is possible to test the logic of individual projects and to understand in a qualitative way
their additionality, their relation to strategy and how they underpin innovation.

The Technology Transfer and Partnership Programme (TTPP) in Ireland searches for
technologies and partners that Irish companies can use to substitute for R&D through licensing,
know-how transfers and other forms of technology-based agreement.  Here, the main foci were on
auditing the process and understanding impact.  We undertook a limited cost-benefit analysis, in
conjunction with case study and a substantial number of user interviews.  More on this below.

The KFB Biofuels programme was launched in 1991 to demonstrate at medium scale the
viability of ethanol as a fuel in Sweden.  It also did substantial emissions and policy research to back
up the demonstrations.  Here, we again use a mix of history, case study, peer review and user
interviews to understand how well the programme has been operating.  This programme is intended to
provide the basis for major policy decisions about fuel-use policy into the next century.  While these
fuel-use decisions themselves are amenable to cost-benefit analysis, the programme itself does not
seem to be.  It is inherently about reducing the riskiness of policy decisions rather than about creating
technological change per se.
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The Figure also includes a small sample of more research-oriented programme evaluations, for
the sake of comparison.  The Face Processing Initiative was a small programme run by the UK
Economic and Social Research Council (ESRC) to establish a virtual centre of excellence among
psychologists and mathematicians who were building computer models of how we recognise each
other.  We brought the whole programme together to meet a peer panel, and reviewed the
programme’s achievements.  In parallel, we mapped the scientists’ activities and interactions in order
to understand how the virtual centre of excellence worked.  As a result, we were able to specify to the
ESRC many of the success-conditions in order to run this type of programme.

IT-BYGG was a Swedish programme of university research in the use of Information
Technology for the construction industry.  Rather than using a conventional peer panel, we worked
with a Swiss professor in the area, the IT Director of one of the world’s largest construction
companies, and the manager of a similar research programme in Denmark.  This generated rounded –
sometimes contrasting – views of the programme.  Backed up by a survey of the intended industrial
users, we were able to specify better ways to define the work of the programme and to link its results
with industrial practice.

Our work on the Basic Research programme in Ireland is ongoing.  Its main aim is to clarify the
role of the basic research programme in the Irish innovation system.  This will test the strong claim of
the Irish scientific community that the programme is seriously under-funded.  Thus, unusually in an
evaluation of basic research, there is no peer review component.  Rather, there is a lot of effort on
understanding university-industry links and the wider role of those who do basic research.

These examples illustrate the need in practice to tune the instruments of evaluation to the need
being addressed.  In certain of the cases, a very qualitative approach was needed in order to begin
building models of how an intervention might work.  Here, evaluation is almost inseparable from the
process of programme development.  In other cases, the programme models are relatively mature and
the evaluation questions are more concerned with whether the models are well implemented and
whether the programme has an adequate impact.

Evaluation through the eye of a needle:  cost-benefit analysis

But what about the “simple” questions policy makers are asking about the return on the state’s
investment in RTD programmes?  In addition to helping with the learning process and explaining
qualitatively what the impacts of programmes are, can we put reliable money estimates on the
benefits?

Classical cost-benefit analysis is the obvious tool to use.  The main reason why it has not been
widely used in RTD evaluation is that it involves large uncertainties and methodological problems,
while at the same time producing authoritative-seeming numbers.  Many people in the European RTD
evaluation community have refrained from using cost-benefit techniques because the numbers they
produce can be extremely misleading.

A central problem is that the state invests in RTD programmes on behalf of society in order to
reap the externalities;  namely, the benefits which are not captured by the direct beneficiaries of the
programme but which leak away to society more generally.  Unfortunately, while cost-benefit
techniques are moderately good at counting the internal benefits of projects – for example the
benefits to a firm of participating in a technology transfer programme – they are systematically bad at
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capturing these external benefits.  This is a pity, because it is just these external benefits that matter to
the state in its role as investor.

Figure 12 makes it clearer why this must be the case.  It considers NUTEK’s ITYP programme,
which co-funds R&D projects with companies in the Swedish service sector, aiming to:

◊ increase productivity in services through better use of Information Technology (IT);

◊ increase the professional skills of workers in services through IT;

◊ increase quality and competitiveness in Swedish services.

The Figure differentiates between three categories of programme impact, each more logically
remote from the programme itself:

◊ outputs:  the technical results of the projects, such as software tools, management techniques;

◊ outcomes:  the direct effects of the projects, such as new jobs created, increased productivity,
measurable increases in workplace safety;

◊ impact:  the wider effects of the programme on the society, e.g. faster diffusion of
technology, increased service sector competitiveness.

Figure 12.  Categories of programme results:  ITYP programme
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In principle, outputs cause outcomes, and outcomes cause impacts.  Projects tend to focus on
obtaining outputs.  Clearly, the further we look to the right in the Figure, the more factors outside the
programme come into play and the more difficult it is to say that an ITYP project alone was
responsible for a result.  This problem of multiple causality is another of the difficulties in counting
benefits.

One way to reduce the problems in counting benefits is to be less ambitious:  to count what can
easily be counted and to ignore the rest.  This immediately makes the analysis less useful for the high-
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level policy maker who must choose between alternative investments.  If we do cost-benefit analyses
of two programmes – A and B – leaving out the hard-to-count benefits we can no longer compare the
results.  We do not know whether we are counting the same proportion of total benefits in each case.
If it turns out we are counting 10 per cent of the benefits of A and 90 per cent of the benefits of B, we
will probably end up with poor policy recommendations.  Even if we use the same method, we cannot
simply assume that we are counting the same proportion of the benefits in each case.  The
programmes may use quite different mechanisms.  The parts of the economy in which they operate
may have quite different characteristics in terms of their ability to exploit externalities.18  In addition,
different evaluators may – knowingly or accidentally – use different techniques for counting.

It is still possible to do cost-benefit analysis with a lower level of ambition.  We can ask:  If we
limit ourselves to counting that which is countable and take a systematically conservative view of
benefits, can we still find enough benefits to justify the state’s investment in an RTD programme?
This is a useful half-way house.  The discipline of numbers provides a good check on the evaluation
process overall.  But it has to be recognised that evaluations which take this approach are
incommensurable.  Logically, they cannot be used simply as inputs to an arithmetic portfolio
management process, where policy makers choose the programmes with the highest rates of return.
This is, in any case, not a sensible policy choice process.  If national innovation systems really are
systems, then the parts of the system are interdependent.  Investing in the high-rent parts of the system
and ignoring the apparently low-rent parts will not necessarily increase GNP.  It is more likely to help
the innovation system to collapse.

In evaluating the Irish Technology Transfer and Partnership Programme, we decided – with our
client’s blessing – to try the experiment and undertake this second type of cost-benefit analysis.  We
targeted this programme because it involves structurally simple projects which move rapidly from
feasibility study into clearly definable investment, and whose rentability companies are likely to
track.  (Compared with other types of state-supported RTD projects, this involves a rather tidy set of
causes and effects.)

Cautious nonetheless about the quality of the data we could obtain, we opted to be extremely
simple in our cost-benefit approach.  The costs were rather easy to calculate.  The benefits were more
troublesome.  We used the model shown in Figure 13 as a basis.  The main object of the programme
is to establish technology transfer agreements with Irish companies as recipients.  We asked
companies in the scheme about the economics of past and ongoing projects where technology transfer
agreements were already in place.  We only counted the first three years’ benefits, arguing that other
factors would by then begin to come into play.  Where projects were ongoing, we factored in
perceived probabilities of failure for technical and commercial reasons.  We were fortunate in being
able to access data about the companies’ use of some other parts of the Irish RTD funding system.
Where applicable, we reduced the benefits counted pro rata the TTP Programme’s share of project
costs.19  We used a very conservative way of grossing up our sample to reflect the overall size of the
programme, taking account of the known tendency for non-respondents to our kind of survey to be
rather inactive.20
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Figure 13.  Model of the technology transfer implementation process
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The analysis suggested a benefit:cost ratio of somewhere between 4:1 and 5.5:1, based on a very
conservative treatment of benefits.  Because the cost-benefit work was done as part of a much broader
evaluation, we were able to reach a number of broader conclusions.

◊ The programme focuses strongly on the more innovative members of Irish industry, on
“high-tech” sectors and companies with well-educated labour forces.  We interpret this as a
rational choice intended to maximise economic impact, rather than simply a matter of
rounding up the usual grant-aided suspects.  It is not evident that broadening the focus of the
programme to less innovative and less technologically developed companies would increase
the value it produces.  It is more likely to be a waste of resources.

◊ There seems to be a paradox in the type of impacts the Programme has.  It is more successful
in increasing the willingness of micro firms (employing less than 50 people) to engage in
technology transfer than larger ones employing more than 100.  In doing so, it appears to
help educate these micro firms about the process of innovation and the potential role of
technology transfer as a complement to R&D.  At the same time, transferring technology into
the larger SMEs is more effective in the short run:  it has a much greater direct economic
impact.

◊ We see the Programme as forming a part of the more general system of company
development for the micro firms.  Its impact here is longer-term, indirect and inextricably
mixed up with impacts of other parts of the Forbairt support system.  The most active seekers
after technology transfer agreements also seem to be strong users of related parts of the
Forbairt support system which develop technology and production capabilities.  This
confirms the impression that use of the TTP Programme is part of a more general process of
company learning.

◊ The cumulated amount of grant aid received by the Programme’s target clients is
surprisingly high – at least one-third of a million pounds per firm in the period 1991 – 1996.
Nonetheless, companies place a high value on non-financial supports, including the TTP
Programme.
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◊ The main thrust of company efforts in the programme is to increase their market access in
Ireland and other parts of the EU – extending their product ranges through incremental
innovation.  This is less risky than R&D-based expansion.  An effect of the Programme is to
raise the proportion of exports in the output of some of its client firms, in addition to raising
their sales overall.

◊ The Programme has important intangible effects, notably on company capabilities in the
form of new networks;  new products;  new customers;  new process capabilities and
personnel skills;  new markets;  and, to a lesser degree, the ability to do technological
development in new technologies.

◊ On a systematic and conservative valuation, the Programme appears to produce quite large
economic benefits.  We do not trust individual estimates, but the range of possible values is
consistent with the Programme being an attractive economic investment for the state, in
addition to playing a longer-term, developmental role.

◊ The pattern of economic benefit is highly “skewed”, so that a very small number of clients
provides the majority of the short-term economic returns.  Given the high cost to the state of
triggering an individual technology transfer agreement (about I£ 70 000), improved cost-
effectiveness would bring significant savings.  The Programme should in the short-term part
of its work selectively be targeting deals worth at least I£ 250 000 in incremental NPV,
corresponding to increases in turnover of the order of I£ 100 000.

◊ The Programme overall appears to have created something of the order of 450 net jobs, at a
cost per job of about I£ 24 000.  However, this estimate is liable to wide levels of
uncertainty.21

A weakness of our work was that we did not use ranges of uncertainty around the estimates we
used.  It is also known – for example from Hervik’s work in Norway – that companies’ benefit
estimates for a project tend to decline over time.22  We took the approach of systematically forcing
down our benefit estimates partly in order to compensate for these kinds of issue.

It seems legitimate to conclude that the programme produces a positive return on investment
(excluding externalities) for the state.  What this approach cannot do is to tell senior policy makers
whether this return is more or less positive than for other programmes.

In doing the analysis, a number of issues with the cost-benefit approach came into focus:

◊ it is possible to generate – and to argue coherently for – alternative benefit estimates, some
of which are many times as large as others;

◊ the focus on money led us into the temptation to ignore some of the key “soft” benefits
achieved by the programme;

◊ as indicated, externalities are not handled in this approach;

◊ it is extremely costly to collect the detailed cost and benefit numbers needed, and firms are
often either unwilling or unable to help with precise numbers;

◊ those least able to help with good data were often those most in need of the programme’s
help, reflecting their overall level of technical capability;

◊ it was not possible adequately deal with multiple causality;
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◊ we were unable to account for the kind of multi-step cause-and-effect chains which relate
outputs to outcomes to impacts; and we failed to value certain “soft” benefits, such as
increased technological capability and improved networking.

A much more complex approach would have been needed to deal with the greater complexity of
typical RTD projects, especially where these focus on developing capabilities rather than directly
leading to innovations.

Conclusions

Changes in RTD policy directions mean that evaluations increasingly have to consider
technology diffusion and transfer, as well as R&D.  This requires closer engagement with industry
and offers the prospect of becoming more quantitative in impact assessment.  However, even here the
validity of quantitative approaches is restricted.  It does not seem possible to undertake sufficiently
comprehensive and robust analyses to allow policy choice to be based solely on money-returns to
investment.  Nor is it probably sensible to do so.

A desirable position is one where the disciplined thinking associated with cost-benefit analysis is
applied to both ex-ante and ex-post evaluation, as one element of a more systems-oriented evaluation
approach.  Like other evaluation tools considered, cost-benefit analysis is not a viable approach on its
own.  Indeed, single-tool approaches can be downright misleading – especially in diffusion and
innovation policy areas.

Current thinking in innovation theory points the way.  Evaluators need to take account of RTD
programmes as components of innovation systems.  Inevitably, this means acquiring an holistic view
both of the systems and of the programmes themselves.
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