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The Treaty establishing the European Community declares that EU expenditure in RTD (Research 
and Technological Development) activities aims to: 

• Strengthen the competitiveness of the European industry; 
• Encourage research and technological development. 

 
The European policy-makers feel the need to collect quantitative measures enabling them to 
evaluate the effectiveness of RTD investments, in terms of economic return and social impact 
produced. The main interest is related to the understanding of the links between RTD expenditures 
and impacts really perceived by the citizens as regards: 

• Competitiveness of the economic environment 
• Quality of life 
• Improvement of the environment 
• Improvement of the employment level 

 
The decision establishing the FP5 clearly aims to achieve these goals. Starting from these 
objectives and from previous experiences, EU policy-makers established three broad criteria each 
programme and project under FP5 has to deal with: 

• the Community ‘value added’ and the subsidiarity principle 

• social objectives 

• economic development and scientific and technological prospects 
 
As a consequence, the evaluation of RTD effectiveness has to deal with the criteria introduced 
above. 
 
From a methodological point of view, if the results of research programmes could be immediately 
expressed in terms of economic effects, the evaluation problem could be easily solved and classical 
techniques proposed by financial mathematics could be used to evaluate such investments. But EU 
RTD programmes are characterised by a set of different areas of impact (industrial competitiveness, 
social effects, health, quality of life, employment…). These impacts can hardly be expressed in 
economic terms and require the use of a broad set of indicators sometimes difficult to be measured 
and compared one another. Difficulties increase when impacts have to be assessed by the different 
involved stakeholders, such as policy makers, programme managers, researchers, programmes’ 
"customers" and above all public opinion.  
 
These problems are internationally recognised, by public administrations and private companies; 
our experience has shown that the solutions most widely adopted are the Balanced Scorecard 
Method and the Multi-criteria analysis. The last one has also been used in the EU context in the 
case of the Structural Funds: if this methodology were used for the evaluation of the RTD activities, 
in the future this technique could enable EP decision makers to compare the effectiveness of the 
Structural Funds versus the effectiveness of the RTD Framework Programme as well as to evaluate 
ex-ante funds allocation to FP and/or to Structural Funds programmes. 
 
These techniques need meaningful and accurate data. The European Commission has a large 
amount of data, gathered at project level, mainly deriving from operational monitoring activities; 
therefore, they are mostly concerned with expenditure control and achievement of technical and 
scientific objectives, while the availability of information related to socio-economic impact is still 
scarce. This kind of information has been produced for some programmes (the Brite-Euram, for 
instance) and the Commission has launched projects and studies which should allow to extend the 
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assessment of socio-economic impact to the whole FP, but this aim will be hardly met in little time: it 
is much likely that these data will not be available to steer FP6 decision process starting in 2001. 
 
The option that considers the European Parliament directly gathering and elaborating data to 
compensate for actual deficiencies of the Commission information system is not viable, above all 
because of organisational difficulties. Besides cost duplication, as project participants provide the 
majority of data, already provided to the Commission services, their effort in data communication 
would be doubled.  
 
The only viable option is therefore to exploit the Commission efforts to improve its own monitoring 
information system and steer the Commission itself towards the satisfaction of policy makers 
information requirements.  
 
This issue is particularly important and still to be improved: the Commission evaluation units regard 
some information required by the Parliament as too hard to be satisfied. The main concern of 
Commission officials is to provide only accurate and complete information, that is consistent with 
their position. Nevertheless, political decisions are always made in situation of lacking information 
and policy makers would prefer incomplete and imperfect data than no information at all, provided 
that approximation and incompleteness are declared. 
 
To overcome this situation, relationships between the involved organisational units of the European 
Parliament and the Commission have to be intensified. On this subject, our study proposes a tool 
summarising the main information requirements of EU policy makers.  
The tool maintains the link with the three FP5 criteria and clarifies requirements expressed in terms 
of: 
• objectives, i.e. expected results as a consequence of the established funds; 
• output, outcomes and cost-effectiveness measures 
 
Moreover, our study introduces a set of tools, whose adoption we propose to the European 
Parliament; these tools provide information:  
• the knowledge of RTD processes; 
• the use of macro-economic statistical indicators; 
• the selection and use of the more suitable assessment methodologies; (cost-effectiveness, 

cost-benefit analysis, balanced scorecard method, multi-criteria analysis) 
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The study exposes several case studies and international experiences that could be helpful to steer 
the future development of the evaluation of the European Research and Technological 
Development activity. 
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A. Options 
  
  
The main objective of this work is to establish how the policy-makers of the European Parliament 
can ameliorate the availability of the information supporting the decision making phase for the RTD 
Framework Programmes. In particular this work is about combining the evaluation of the scientific 
quality of the research with the evaluation of the impacts directly perceived by citizens (the so called 
socio-economic impacts) :  
• Competitiveness of the industrial system  
• Quality of life  
• Improvement of the environment  
• Reduction of the unemployment rate  
 
Despite the fact that many studies concerning these topics have been made in the last years, the 
problem cannot be considered solved, nor can the relationships among all the elements of the 
innovation system be regarded as identified1.  
The first part of this report (A1- "Tool box for scrutiny instruments) starts with Tool 1 "The 
technology innovation process", which clarifies these conceptual problems through an analysis of 
the context in which the RTD projects are taking place.  
Several studies, through the analysis of large quantities of statistical data, have tried to clarify the 
cause-effect mechanisms binding the RTD investments and the economic success of a country or 
of a whole geo-economic region.  
Tool 2 - "Orientation among the statistical data", explains in a few main graphs the results of this 
work and how they can be used for the goals of the European policy-makers.  
Once the conceptual problems are cleared, in order to evaluate the socio-economic impacts of the 
Framework programmes the European policy makers need a methodology to identify what are the 
necessary information, where they can be found and how they have to be processed.  
Tool 3 – "Evaluation methodologies" recommends viable options, capitalising on the experience of 
other agencies that are managing the RTD projects, as described in part B1.  
 
In the industry, where almost exclusively applied researches are taking place (that means very 
close to the business), the evaluation is traditionally managed through the technique of the capital 
budgeting. This technique compares the investment sustained in the research to the positive cash 
flow generated by selling the new products or by reducing the production costs.  
This kind of evaluation is used quite often, also with public interventions, and goes under the name 
of "cost-benefit analysis". A remarkable example of its application can be found at NIST (USA), 
which is mentioned in Tool 4 - Case Studies. However, the application of this industrial technique to 
public institutions requires big efforts in translating in monetary terms some social and 
environmental aspects (what is the value of one year of health?) and is subject to easy criticism.  
 
On the other hand this model entered a crisis in the industry world too, because customer 
expectations in terms of service, quality, respect for the environment are constantly increasing. 
A growing number of companies are in fact adopting more refined methodologies, that take into 
account those objectives of the research (i.e. image, quality, service to the customer), which are not 
easy to be translated into monetary terms. In this respect, innovative methods such as BSC 

                                                 
1 With reference to the subject, the study carried out by ETAN for the European Commission and presented early this 
year. 
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(Balanced Score Card) and the Multi-criteria Analysis, which might be better suited to our goals, 
have to be taken into consideration (see Tool 3 and part B1) .  
 
Once the methodology has been selected, it is necessary to establish the source of information.  
For the evaluation of the Framework Programmes, information can only come from the system for 
monitoring and evaluation of research programmes. This has been established by the Commission, 
which has the specific task and responsibility to manage them.  
The option of an independent information system of the European Parliament appears to be 
complex and expensive. A lot of information should be asked to project participants and delivering 
these data to both the Commission and the European Parliament as control agencies might disturb 
them.  
 
Tool 5 "Information produced by the European Commission" shows that, despite the fact that the 
monitoring system of the Commission is not sufficiently well organised to quantify the socio-
economic impacts:  
• in some programmes (i.e. Brite Euram shown in tool 4) reports on the socio-economic impacts 

have been available for several years and those have been carried out with methodologies very 
close to the BSC;  

• the Commission has introduced the Multi-criteria analysis for the evaluation of the Structural 
Fund programmes;  

• the Commission has launched new projects to collect and process several data useful for the 
goal (see also in part B2).  

 
At the moment, one of the most important options for the European Parliament is to capitalise on 
the efforts that the Commission is making, in order to satisfy as much as information requirements 
of the policy makers. Therefore the Commission should be asked very precise and detailed 
questions concerning:  
• available information  
• limits of the content of these information  
• information available in the future  
 
Tool 6 "Information inquiry to the Commission" contains in fact a first draft of the questionnaire to 
submit to the Commission, in the frame of FP6 decision. This is meant to be an instrument to kick 
off a virtuous circle of exchange of contacts between the Parliament and the Commission. This 
should allow to define gradually (partially today and completely in the future) a report useful to the 
policy maker. 
 
Tool 7 completes this framework discussing the use of the two types of available information, i.e. 
the ones gathered and aggregated starting from project results (bottom-up process in tool 6) and 
the macro-economic ones (tool 2). 
As far as the timing of the evaluation processes of the Framework Programmes, the decisions 
made by the Commission to ensure the availability of the information produced by the panels, seem 
to be adequate: in accordance to the working plan, the European Parliament should receive the 
reports on time for FP6 decision (as shown in the part 2A). However it has to be pointed out that the 
information provided by the Commission will be the ones contained in the "Broad Guidelines for the 
1999 Five-Year Assessment" (see attachment), which cover only partially what we have proposed 
in the tool 6.  
 
Finally, some of the proposed indicators are shown and discussed in part A3.  
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A.1 "Tool box" of Scrutiny Instruments 
 
The "Tool Box" is a set of instruments that, once available to the European Parliament, will allow it 
to evaluate cost and benefits of the FPs R&D subsidies in the coming years. 
The proposed tools have been elaborated taking into consideration currently available 
methodologies (described in B1), past and present efforts of the Commission and the accessed 
international experiences, described in part B2 of the study. 
The complete model, built up on a set of tools (the 7S model), is proposed below: 
• Tool 1 (Structure): the RTD process structure (inputs, activities, outputs); 
 
• Tool 2 (Statistics): Orientation among the statistical macroeconomic data; 
 
• Tool 3 (System): How to select the evaluation methodologies: 

The cost-effectiveness analysis 
The Balanced Scorecard Method  
The social cost-benefit analysis 
The multi-criteria analysis 
 

• Tool 4 (Studies): the use of case studies, as tools in evaluating those impacts, whose 
quantification is difficult at a programme-level; 

 
• Tool 5 (Survey): the information produced by the European Commission; 

Report currently available on the FP  
Indicators under definition and available in the near future  
 

• Tool 6 (Supply): which further information has to be requested to the Commission; 
 

• Tool 7 (Synthesis): the synthesis criteria for the data collected at project-level, in order to 
evaluate the effectiveness at FP- and macroeconomic-level. 

  

Tool 1 - The RTD processes  
 
The existence of a direct relationship between RTD expenditures and social and economic 
development is widely acknowledged, and some data seem to demonstrate this supposition. As a 
matter of fact, the economic development and the increase of per capita GNP have been much 
higher in the 50 countries investing in R&D compared to the 130 countries that do not invest in R&D 
(+1,1% opposed to –1,5%)2. 
 
At first sight the relationship could appear to be linear, built on the following assumptions:  
• Expenditure in basic research produces discoveries …  
• … used by applied research to conceive new products or new processes …  
• … which generate positive social and economic impacts in the mid-long term  
 

                                                 
2 S&T Statistics 1997, European Commission 
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If the model were so simple, statistical correlation analyses should clearly demonstrate these 
relationships, but the investigation of the available data does not prove them3. 
For instance, how can the results of the 16 "poorest" countries in the group of 50 show a higher 
development rate, while investing less than the others? And how can the European paradox be 
explained (Europe invests less than the USA and Japan in basic research, achieves excellent 
results in this field but is not able to turn them into patents and economic competitiveness)?  
The innovation path is clearly not based on a linear model and it is agreed that these relationships 
can be better referred to as innovation system, where complex connections among all 
components exist (for instance, patents are connected to scientific publications but the contrary is 
true as well). 
Efforts are nowadays dedicated to the understanding of the existing relationships among the 
various elements of the innovation system. Particular attention is paid to the identification of 
quantitative measures suitably expressing the output at each stage of the innovation process and to 
the correlation of data to determine cause-effect relationships within the system itself. 
To date, awareness concerning relationships within the system is summarised below: 
 
Fig. A1.1 - The Basic Research Process 
  

 
 
Fig. A1.2 - The applied Research and the Business Processes 
 

 
 

                                                 
3 S&T Statistics 1997, European Commission 
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Basic research: 
• input: expenditures in basic research, knowledge on scientific and technologic results already 

achieved, quality of researchers  
• output: increase of scientific and technological knowledge, that can be measured 

approximately in number of publications, whose quality is evaluated on the basis of citations 
(formal or implicit) and of the diffusion of reviews4.  

A cost-benefit analysis limited to this, can be elaborated comparing output with research 
expenditures. The problem is that data can be quantified the only very approximately.  
 
Applied research: 

• input: expenditures in applied research, knowledge on scientific and technological results 
already achieved, quality of researchers;  

• output: number of new products and processes. 
Measures to express applied research output still have to be agreed. The most widely used 
measure is the number of patents: they clearly represent achieved output, but they do not 
necessarily comprise all accomplished results: in some high-tech industrial sectors (e.g.: 
automotive, aerospace) non-disclosure of results is considered more secure than patenting. 
A correlation between the number of patents and successful new products/processes has been 
traced (correlation coefficient is 0.3) and a higher one does exist between the latter and the number 
of patents afterwards quoted by other patents (correlation coefficient is 0.7). The latter correlation 
has been studied in the USA solely, as they are the only country where these data are available. 
 
Business process (design, engineering, market survey): 

• input: expenditures related to these fields (which are not comprised within R&D investments), 
the knowledge of scientific and technological results already achieved and quality of employed 
people;  

• output: number of new products and processes, whose quality is assessed on the basis of 
market successfulness  

The measurement of these outputs relies on indicators such as: 
• TPF (Total Productivity Factor)5  
• Technological Balance of Payments  
• High Tech Product Trade Balance  
• Export of High Tech Product  
 
Outputs of this last phase of the innovation process are outcomes of the whole process, the social 
and economic impacts (industrial competitiveness, quality of life, employment,…); the former 
outputs are the result originated by the stage of the innovation process whose input is R&D 
expenditure itself, while the outcomes are the final result of the whole process. 
 
Correlation is weak because the innovation process is embedded in an open system 
The process beginning with innovation genesis and leading to production and commercialisation of 
new products/processes is an open system, where external factors, such as design, engineering 
and market analysis, heavily interact. One single agency or a whole real socio-economic area like 
Europe can theoretically invest in RDT without any real socio-economic return; if other agencies or 
other socio-economic area are more effective on the market:, R&D expenditure has no real 

                                                 
4 Example: the CNR Report quoted in B2 part. 
5 Defined in the Second Report on S&T indicators, 1997, see Tool2 
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economic impact, as it produces outputs but not outcomes. 
From an overall point of view, all stages in the innovation process are essential; on the other hand, 
considering the process country by country, it is possible that some are specialised in the final 
stages of the process, rightly exploiting others’ efforts in basic and applied research, and therefore 
achieving excellent economic results in front of low levels of R&D investments. 
This is however experienced only by the countries that, at least, do dedicate a minimum level of 
financial resources to exploit R&D results achieved by others, proving that a minimal cultural 
substratum is necessary. 

 
Tool 2 – Orientation among the macro-economic statistical data  
 
From the statistics of OECD, Eurostat, WB, IMF, World Economic Outlook, United Nations it is 
possible to elaborate macro-economic indicators allowing the members of the European Parliament 
to synthesise considerations about the scientific development promoted in the EU and to compare 
this performance to the one of its main world competitors.  
 
The macro economic analysis is supported by the evaluation of ex-post FP results and by the ex-
ante analysis of the objectives to be reached. In particular, comparisons in time and with the 
competitors allow to identify the areas where the interventions were most relevant.  
 
The necessary data are already available: efforts are required to prepare a synthesis helpful for 
policy makers. The data refer to the chart of Technological Innovation as presented in Tool 1. An 
example using data from the 1997 S&T Statistics is provided below.  
 

The input of the process: RTD investments  

 
RTD investment levels can be measured using two indicators:  
• intensity of RTD expenditure6 = the ratio between RTD expenditure and GDP  
• RTD expenditure per capita  
 
The value and the time variation of those two indicators should be monitored. The comparison 
among the main geo-economic areas is shown in the following chart.  
 

 
                                                 
6 Data: OECD Economic Outlook 
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The inadequacy of EU R&D expenditure can be appreciated referring the indicator to per capita 
terms, with the EU spending 271 ECUs (PPS) per head in 1995, while NAFTA spent 396 and DAE 
406. 
 
Scientific and technological outputs: publications and patents  
 
The tangible outputs of the scientific and technological innovation processes are identified 
respectively using the number of scientific publications and the number of patents obtained versus 
RTD investments. 
Between 1990 and 1995, European Community research increased its output volume of 31% in the 
publication7 terms and of 9% in patents8 (considering the ones registered with EPO in Europe and 
UPSTO in USA).  
 
Despite the overall EU expenditure is lower compared to the levels of competing geo-economic 
areas, European publications have increased their rate out of the total (from 31% to 36%); on the 
contrary, patent rate has decreased from 46% to 43%. 

Publications 

 
 

Patents UPO (Europe) 

 

                                                 
7 Data: Science Citation Index 
8 Data: EPO, USPTO 
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Patents USPTO (USA) 

 
 

The overall EU scientific performance (publications) is excellent, but it should be more 
specialised in the fields of engineering and industrial applications. The EU technological 
performance (patents) has halted its decline, but it is still well below the US in many fields and 
behind Japan in information and communication technologies. 
 
As far as efficiency9 is concerned, European position is improving in comparison to both past 
performance and main competitors as regards publications number, while it is improving only in 
comparison to past performance as regards the number of patents.  
 

PPS per publication 

 
 

 

 

 

 

 

 

 

                                                 
9 Source: Second European Report on S&T Indicators 
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PPS per patent 

 
 

Final impact on manufacturing competitiveness  

 
The European manufacturing industry shows that it is unable to capitalise on the results of R&D as 
its competitors do. The following indicators help demonstrate this assumption:  
 
• TFP10: the total factor productivity is an indicator of the manufacturing efficiency: it relates the 

outputs produced by the manufacturing system of a country with the resources employed to 
produce it (material, energy, distribution, work, capital, etc.). In general, the total productivity 
has been continuously increasing since the 60s, but the trend of growth has dramatically 
decreased in the last years (not more than 1-2%). In such a context, financial support to R&D is 
crucial to improve the overall efficiency of the industrial system  
 

• High tech export11 (MECU): it expressed the export share of high tech products on total export; 
the THE indicator shows the capability of a country to manufacture High Tech products suitable 
to be exported to other countries. Therefore it shows the ability to transfer technological 
innovation in products and to exploit the results of the RTD activities. As far as the European 
Community situation is concerned, this indicator is generally improving, but it is still weak 
compared with the US and Japan  

 
 

                                                 
10 Data: OECD Economic Outlook 
11 Data: UN Comtrade database 
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• Technological balance of payments12(MECU): this indicator completes the information 
supplied by the previous one, showing the total balance of Import and Export activities of High 
Tech products. In terms of technological balance of payments, the US recorded a significant 
and growing surplus in recent years; the opposite trend can be observed for the EU, with a 
deficit position that has tended to worsen during recent years. This shows that the EU has a 
scarce ability to exploit the results of its R&D research work.  

  
Trend of per capita GDP  

 
As shown in Tool 1, a correlation between the economical growth of a country and its RTD 
investments cannot be clearly identified. Nevertheless, the comparison between the amount of 
investments and the pro-capita GDP13, can surely give some useful indications in this direction.  
In-between 1990 and 1995 the EU GDP14 had a 9% increase, in comparison to 11% for the USA 
and 7% for Japan. The highest growth was experienced by the DAE countries with 14%. If we 
compare these two data with investments we could establish a correlation between the two 
indicators. Unfortunately this correlation is not confirmed by the development of the indicators for 
certain countries (i.e. Italy). 

Per capita GDP 1995 

 
 

Tool 3 - How to choose the evaluation methodologies 
 
The evaluation model  
 
In accordance with the state of the art in terms of methodologies (part B1) and best practices (part 
B2) to evaluate the effectiveness of RTD expenditures, the Balanced Scorecard method and the 
Multi-criteria analysis seem to be the most suitable techniques for both ex-post and ex-ante 
evaluation of UE Framework Programmes. They allow to evaluate at the same time the 
expenditures versus the different areas of impact. 
Multi-criteria analysis has already been used to evaluate EU Structural Funds15 effectiveness. If this 
methodology should be used for the assessment of R&D activities as well, it would enable EP 
decision makers to compare the effectiveness of the two programmes and to evaluate ex-ante 

                                                 
12 Data: OECD, incomplete 
13 Data: Eurostat, OECD, WP, IMF, European Comparison Programme 
14 Source: Second European Report on S&T Indicators 
15 MEANS Handbook n° 4 on Applying the Multicriteria method to the evaluation of Structural 
Programmes. 
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funds allocation to FP and/or to Structural Funds programmes. 
The proposed model, therefore, is based on the simultaneous and co-ordinated use of these two 
methodologies, and using also the classic techniques of cost-effectiveness and cost-benefit, as 
described in B1. The following chart shows their interrelation.  
 
Fig. A1.3 – The evaluation methods proposed 
 

 
 
The BSC (Balanced Score Card) has the purpose to keep the evaluation process in order: in fact, 
to allow policy-makers understand them, impact measures must be linked to the goals (political and 
strategic goals). Since these goals are almost always expressed in a qualitative form, the link is 
created by the intermediary level -objectives- (quantified operational objectives: i.e. reduce the 
accidents in the work place by 10%). In the BSC, the measures allow the answer of the following 
questions:  
• how often are the established objectives achieved? 
• what was the cost-effectiveness?  
 
The application of the social cost-benefit analysis allows the evaluation of a project or a research 
programme that has produced results above the expenditures.  
 
The multi-criteria analysis allows the comparison of the efficacy with other alternative investment 
programmes (i.e. FSE).  
 
Application of the Cost-effectiveness analysis  
 
It is the most simple and intuitive way to evaluate research projects from an economic point of view 
(ex- ante and ex-post). After establishing a high priority objective, evaluation takes into 
consideration the relationship between the achievement of the objective and resources mobilised. 
The result is always: "sustained costs per achieved objective", as for example (application example 
as explained in tool 4):  
• cost per new job  
• cost per year of saved life  
 
This method is not suitable to evaluate research projects with more than one concurrent objective. 
How can, for example, a project with a cost effectiveness of 100 EUROs for each year of saved life, 
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be compared with another one that costs 150 EUROs per year of saved life, that creates 20.000 
new jobs at the same time?  
Its emphasis on a single criterion makes it very simple and easily understandable, but it is a strong 
drawback of cost-effectiveness evaluation in the case of a complex programme like the RTD 
Framework Programmes, whose nature is typically based on the achievement of several concurrent 
objectives.  
Rather than an isolated method, the cost effectiveness analysis should be regarded as one of the 
performance measures taken into consideration in the Balanced Score Card method and in the 
Multi criteria analysis.  
 
Application of the Balanced Scorecard Method  
 

According to the BSC method, described in B1 part, assessment should be referred to four 
different perspectives16. The first option for the application of this method to the Fifth Framework 
Programme is to adjust the 9 criteria established to those 4 domains. The result, despite presenting 
some approximation, could be summarised as follows: 
• Financial perspective � European value-added and R&D return of investment  
• Customer perspective � social objectives  
• Internal perspective � economic development and S&T prospects  
• Innovation and learning perspective� S&T excellence  
For each perspective, the BSC method uses a three-layered structure: goals, objectives, 
measures. 

 
 

The result of the application could be summarised in the prospect shown in fig. A1.4. 
 
Fig. A1.4 – Option for application of the BSC method to the Fifth Framework Programme 

 

SOCIAL OBJECTIVES EU VALUE-ADDED  

AND R&D RETURN OF INVESTMENTS  
Goals: 
to further major social objectives of the Community reflecting 
the expectations and concerns of its citizens 

Goals: 
to assure added value for shareholders (citizens), both in the 
short and in the long run 

                                                 
16 Customers, internal, financial and growth perspectives. 
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Objective: 

• improving the employment situation, 
• promoting the quality of life and health 
• preserving the environment 

Measures: 

• … 

Objective: 

• improve the economic situation (mainly in the 
cohesion countries) 

Measures: 

• … 

ECONOMIC DEVELOPMENT AND S&T PROSPECTS S&T EXCELLENCE 
Goals: 
to contribute to the harmonious and sustainable development 
of the Community as a whole 
Objective: 

• areas which are expanding and create good growth 
prospects, 

• areas in which Community businesses can and must 
become more competitive 

• areas in which prospects of significant scientific and 
technological progress are opening up, offering 
possibilities for dissemination and exploitation of 
results in the medium or long term 

Measures: 

• … 

Goals: 
to develop an S&T structure, consistent with the future 
challenges 
Objective: 

• scientific (including social science) and technological 
relevance 

• innovative character, including level of uncertainty 
associated with the research quality of scientific, 
technical and dissemination approaches 

Measures: 

• … 

 
A different option of BSC application, that can lead to an evaluation framework that is probably 
easier to understand, as it is totally consistent with the Fifth Framework Programme policy vision, is 
to reduce the perspectives to the following three criteria:  
• Community value added  

• Social objectives  

• Economic development and scientific and technological prospects  
 
In this case, there will be complete consistency between the BSC goals and the 9 criteria and sub-
criteria defined in the frame of the decision17 reported here below:  
• Criteria related to the Community ‘value added’ and the "subsidiarity" principle  

� need to establish a ‘critical mass’ in human and financial terms, in particular through the 
combination of the complementary expertise and resources available in the various Member 
States,  

� significant contribution to the implementation of one or more Community policies,  
� addressing of problems arising at Community level, or questions relating to aspects of 

standardisation, or questions connected with the development of the European area  
• Criteria related to social objectives  

� 2.1 improving the employment situation,  
� 2.2 promoting the quality of life and health,  
� 2.3 preserving the environment,  

• Criteria related to economic development and scientific and technological prospects  

� 3.1 areas which are expanding and create good growth prospects,  
� 3.2 areas in which Community businesses can and must become more competitive,  
� 3.3 areas in which prospects of significant scientific and technological progress are opening 

                                                 
17 Decision N. 182/1999/CE of the Council and the European Parliament of 22nd December 1998 
establishing the Fifth Framework Programme (1998-2002). 
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up, offering possibilities for dissemination and exploitation of results in the medium or long 
term.  

 
To comply with the above structure, at least one objective for each stated goal has to be defined 
and at least one performance measure is required for each objective. Some typical objectives, 
referring to a public authority, are proposed below: 
 
• 30.000 new jobs and 50.000 jobs saved, in the EU ;  
• save 10.000 years of life, avoiding premature deaths for diseases striking 30.000 people/year;  
• improve citizen average life expectation of 3 years.  
 
As far as the FP5 is concerned, the Commission should define the objectives of research 
programmes, at least in terms of results expected from the projects that are going to be launched. 
This is one piece of information to be requested to the Commission (see tool 6).  
As well as objectives, measures, instead of being expressed in qualitative terms (for example "the 
social situation of a geographic area has improved") should be expressed in quantitative terms (for 
example "the per-head income in the given area has increased of 15%").  
The measures should always be directly related to objectives and goals, measure the same 
phenomenon during a given period of time, use available data on a continuous basis, show which 
changes the actions have produced and use terms easily understood by the decision-makers. 
There are different kinds of measures: 
 

outcome measures ( effectiveness or impact measures): identify the extent to which a service has 
achieved its goals or objectives, met customer requirements, or met commonly accepted 
professional standards. Examples: 
• n° of years life saved  
• n° additional years to the average life length  
• decrease of the healing days  
 

output measures: indicate the number of units produced, services provided, or people served by 
an agency or its programmes. Examples: 
• N. of workshop, conferences, seminars  
• N. of patents  
• N. of new products  
• N. of new processes  
 
efficiency measures: provide cost (or the amount of other resources) indicators per unit of output. 
Efficiency measure express to which degree the outputs are being provided at the least cost; 
nevertheless, these indicators do not reflect the degree of impact they are intended to have. Over 
time they indicate changes in the unit cost and efficiency of operations. Examples: 
• Cost per participant to seminars  
• Cost per patent  
• Cost per new process  
• Cost per new product  
 
cost-effectiveness measures  
These indicators measure the cost per unit of outcome, to evaluate and compare alternative service 
delivery choices. Cost-effectiveness measures provide the basis for assessing whether there are 
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other ways of achieving program objectives with the same level of effectiveness, but at a lower cost 
(or with a higher level of effectiveness at the same costs). Examples: 
• cost per year of life saved  
• cost per additional year of life  
 
In the case of the research programmes, the outputs are in fact concrete such as publications and 
patents, while the outcomes (the real results of the project), are the result of a medium/long term 
evaluation/forecast. An example of application is proposed in Tool 6.  
Given the high degree of uncertainty, each evaluation/forecast of the value of a measure should be 
confirmed by a panel of specialists. Such measures can correspond to the used indicators or the 
ones currently under development at the Commission (core indicators and output/impact 
indicators). 
 
Application of the social cost-benefit analysis 
 
The cost-benefit analysis allows the comparison of the sustained expenses for a research project 
with the quantified results, expressed in terms of economic benefit. In comparison to the cost-
effectiveness analysis it is more complex because it quantifies the benefits of all the achieved 
objectives without limiting the evaluation to a high priority objective.  
In order to compare the benefits with the cost of the research and the sum of the various criteria, 
this method translates all results into monetary terms.  
For example, if a research costing 1.000 millions Euros discovers how to save 1.000 years of life 
and simultaneously creates 4.800 new jobs, these results could be translated as follows:  
• one year of life is worth about 130.000 Euros18, therefore the research is producing 130 millions 

Euros;  
• one job is worth about 25.000 Euros, therefore the research produces additional 120 millions 

Euros;  
for a total of 250 millions Euros worth of benefits per year. The evaluation of the research is 
therefore carried out comparing costs and benefits and calculating the traditional indicators of 
economic return of the investment (capital budgeting): NPV, IRR, Pay-Back as described in A3. 
 
Fig. A1.5 – Economic return of investment 

                                                 
18 The monetary value benefits is often very difficult to estimate; there are many proposals and different 
opinions on this matter (see A3 and B1 part). 
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As far as the shared cost actions are concerned (present in the Framework Programmes), it is 
interesting to distinguish between the private returns and the social returns, as shown in the graph 
below19: 
 
Fig. A1.6 – Social return and spillover gap 

 

 
 
 
The spill-over gap can be measured approximately through estimations of the market and other 
similar considerations (see A3). 
Despite the remarkable difficulties connected, this method has been widely used. Given the 
complexity in the application of the methodology, its extensive use for all FP projects is not a viable 
option. Moreover, there are projects not directly aimed to the business world, whose translation into 
mere economic returns is almost bad taste (how much is the health of the citizens worth?)  
However, this kind of analysis could be reasonably applied to research projects or programmes 
aiming at business development. The result will have to be interpreted as an example of economic 

                                                 
19 NIST (USA) 
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return of certain types of research projects.  
 
Application of the Multi-criteria analysis 
 
The multi-criteria analysis20 is a technique for the evaluation of many criteria without translating 
them all in monetary terms. It has been widely applied in order to assess environmental impacts.  
The objective of this technique is to allow decision makers to build up a representative model to 
single out the impacts of different investment options on their strategic objectives (goals) and on 
external variables (acoustic pollution, polluted emissions, solid rubbish, non recyclable consumer 
goods and so on).  
 
The indicators to be used are the same of the BSC method, and could be those shown in the 
example presented in Tool 6. 
 
Starting from that point, the application of the Multi-criteria analysis needs to organize data in an 
evaluation matrix and to assign weights to reflect the different degree of importance of the various 
impacts. 
 
 
The choice of the measure scales is required to quantify those indicators. In fact, all objectives 
(economic, social, technical, environmental), are considered one by one and expressed by suitable 
measurement units (that is in non-monetary terms).  
  

  
  
  

Alternative projects 

impacts 

Outcome Measures A B C D E 

Life's years saved 1 10 100 1 100 

n° of jobs created 500 500 1 200 300 

% of reduction CO2 emission  10.0 1.0 5.0 11.0 7.0 

 
A "normalization" step (using methods like Battelle or Cassitto, NWF’s E Q Index, Lanzavecchia, 
and so on) makes the values comparable, reporting all values on a common non-dimensional 
scale (normally referred to a 0:1 scale as shown in part B1). For instance, the indicators of previous 
table can be normalised as follows: 
 

 Alternative projects 

Normalised impacts 
Outcome Measures A B C D E 

Life's years saved 0.5 0.4 1.5 1.2 1.0 

                                                 
20 Described in B1 and C - Technical Files 
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n° of jobs created 2.0 0.2 0.8 0.3 1.3 

% of reduction CO2 emission  1.0 1.0 0.9 1.9 1.2 

 
The values could then be added by column and the different investment alternatives could be 
ranged on the basis of this result. Before this stage the weights, are normally assigned (through 
methods like Zeppetella, Clark, Battelle, Bresso, etc.) reflecting the importance that every decision-
maker attributes to each indicator. This is a typically political stage, requiring an interaction between 
those who carry out technical evaluations and decision-maker, experts, social groups involved (the 
Delphi method is useful in these kind of decisions).  
The final configuration of the evaluation matrix is shown below: 
 

 Alternative project 

Weighted impact 
Outcome Measures Weights A B C D E 

Life's years saved 0.4 0.2 0.2 0.6 0.5 0.4 

n° of jobs created 0.3 0.6 0.1 0.2 0.1 0.4 

% of reduction CO2 emission 0.3 0.3 0.3 0.3 0.6 0.4 

TOTAL 1.0 1.1 0.5 1.1 1.1 1.2 

 
In the example above, the decision should be addressed to choose alternative (project) E. The 
achievement or failure in accomplishing those estimated values should be measured to evaluate 
successfulness of the project. 
A good practice of this methodology always advises to make a sensitivity analysis, which indicates 
how decisions could change by modifying forecasts and assigned weights. 
Multi-attribute analysis has also been used in the EU context for Structural Funds21 evaluation: this 
fact could in the future enable the decision makers of the EP to compare the effectiveness of the 
Structural Funds versus the effectiveness of the FP5, if this methodology were used for the 
evaluation of R&D activities. 
 
Options for the EU policy-makers about the evaluation method 
 
Among the proposed methodologies, the BSC appears to be the simplest to be implemented and 
the easiest to be used. Inside the BSC, cost effectiveness measures appear certainly helpful but 
viable only where projects have at least one absolutely high priority objective. For projects with 
concurrent objectives, the calculation of the cost-effectiveness of one of them is surely misleading.  
The other two techniques (social cost-benefit and multi-attribute analysis) should be applied only 
where an investment priority has to be assigned among several projects, because of the 
remarkable complexity of their application.  

                                                 
21 MEANS Handbook n° 4 on Applying the Multicriteria method to the evaluation of Structural 
Programmes. 
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Tool 4 - Case Studies 
 
The case studies can give evidence of impacts difficult to be quantified at a programme-level. The 
Commission has described many case studies, which could be briefly provided in the reports for the 
Parliament. 
The first case presented here is taken by one of these publications. This case clarifies that the 
Commission has been applying similar methods to the Balanced Score Card for a few years, even if 
just in some areas of research, and how these can be effective and useful. 
Further we present two more cases, showing benefits and constraints in applying cost-effectiveness 
and cost-benefit analysis (proposed in tool 3). 
 
The evaluation of the 329 Brite-Euram and 129 Craft projects22 
We report some considerations taken from the report developed by the Commission, concerning the 
evaluation of the economic and employment impacts. 
 
"Economic gains consist either of increased sales of products, processes or services, and or costs savings 
due to improved productivity or quality and resulting from the application of the project results. These gains 
might be effective (i.e. already obtained) or potential (i.e. to be obtained in the 5 years following the 
evaluation). 
In Brite-Euram … 54% of the project obtained or expected gains. The average size of gains for the projects 
obtaining or expecting gains is 31 MECU. 
For Brite-Euram 6th evaluation, market gains represent 78% of all gains, other gains (cost savings, license 
fees, etc.) represent 22%". 
The realistic estimation of average Brite-Euram gains is shown in fig. A1.7 (in brackets, corresponding figures 

of the 2+3+4+5th evaluation). 
 
Employment impacts refer to full time jobs (not R&D personnel) which are directly related to the application 
of the project results. The impacts can be already achieved or be expected in the next 5 years. The types of 
impacts considered are: 
job increases concern 25% of projects (384 new jobs + 857 expected). 
job decreases concern 2% of projects (49 jobs lost + 17 expected). 
job safeguarded (meaning that without the application of the results, jobs would have been lost) concern 11% 
of projects (1568 jobs safeguarded + 664 expected). 
  
Fig. A1.7 – Computing scheme for potential economic gain 

                                                 
22 European Commission, DGXII-C, Brussels, May 1998 
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The Harvard Life-Saving Study: an application of the cost-effectiveness analysis23 

 
This study, conducted in the in USA, examines 185 projects having the purpose to save human 
lives: the study makes a comparison between the current pattern of investment in these 185 
interventions and the hypothetical "optimal" pattern of investment that cost-effectiveness would 
dictate. We present those parts of the study, presuming they are helpful to understand the case. 
 
"As Figure II illustrates, there was no relationship between implementation and cost-effectiveness. We 
estimated the resources currently consumed by these interventions at $21.4 billion and the life-years currently 
saved at 592,000. Our research revealed that if the entire $21.4 billion were spent on the most cost-effective 
interventions, and none on the cost-ineffective interventions, we could save 1,230,000 years of life annually. 
That is 636,000 more than the 592,000 we are currently saving.  

 

                                                 
23 NCPA (National Center of Policy Analysis - USA) policy report N. 204, May 1997. 
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This phenomenon can be understood by referring to the diagram in Figure III. The curve represents the 
maximum number of life-years that could be saved for a given level of resources consumed. This curve is 
called a "cost curve" or "efficient frontier" because it represents an efficient use of resources. It would be 
impossible to be above the curve, because the maximum survival benefits for each level of resource 
consumption is plotted. However, it is possible to be inside the curve -- by failing to maximize survival benefits 
for a given level of expenditures. Notice that the curve increases at a decreasing rate. This reflects 
"decreasing marginal returns." That is, the first few interventions cost very little relative to the survival benefits 
they achieve, but as we spend more money, although we realize more survival benefits, the amount we gain 
with each added dollar declines.  
We currently invest in many interventions that are not cost-effective and ignore many that are. It is clear that 
the efficient frontier is a good place to be. But it is not clear where we should be on the frontier. That choice 
depends upon the maximum we are willing to spend to save one year of life. If that value is approximately 
$600,000, then we would want to be at point B because the slope of the curve at that point is 1/600,000. That 
is, B represents the point where the last and least cost-effective lifesaving intervention funded costs $600,000 
per year of life saved. B would be the right choice if our willingness to pay was $600,000. If we were not willing 
to spend as much as $600,000/life-year, then we might choose something like point C, where the cost per year 
of life saved is, say, $100,000. If our willingness to pay were even lower than that, we might choose point D, 
where the cost per year of life saved is $10,000. Economists have estimated that people tend to make trade-
offs between survival and money at the rate of $3 million to $7 million per life saved. A figure of $5 million per 
life saved would translate into a few hundred thousand per year of life saved, assuming 10-20 discounted 
years of life saved when a premature death is averted. Thus some point between B and C might be a 
reasonable choice.  
Failure to invest wisely in lifesaving interventions costs about 60,000 lives per year." Unfortunately, our current 
pattern of investment puts us at point A, reflecting our current expenditures of $21.4 billion and saving of 
582,000 years of life. If we divide $21.4 billion by 582,000 years of life we obtain an average of $37,000/life-
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year. This result may appear attractive, but in fact we can do much better. If our current lifesaving portfolio did 
not ignore many cost-effective investment opportunities and contain many cost-ineffective interventions, we 
could be at point B, saving 1.2 million years of life. The portfolio at point B could be achieved by holding 
expenditures constant at $21.4 billion, investing in all interventions with marginal cost-effectiveness ratios less 
than $600,000/life-year and none of the interventions with higher marginal cost-effectiveness ratios. The 
vertical distance between points A and B represents the 636,000 years of life lost annually due to our failure to 
invest wisely in lifesaving interventions.  
If we preferred to spend less than $21.4 billion on promoting survival because, for example, we valued life-
years at only $100,000 each, we could be at point C. If this were our choice, we would spend less, yet gain 
survival benefits relative to the status quo. 
 

 
 
Just as the Harvard Life-Saving Study found no relationship between cost-effectiveness and implementation of 
lifesaving interventions overall, it found no correlation between cost-effectiveness and implementation when it 
comes to government regulations.  
Many proposed government regulations are not cost effective." Table I reports the median cost-effectiveness 
of regulations considered by several agencies. Large differences exist. Some highly cost-effective regulations 
have been implemented, such as the Consumer Product Safety Commission's ban on three-wheeled all-terrain 
vehicles. By avoiding the costs of treating injuries, this ban saves more than it costs. But other highly cost-
effective regulations were considered by federal agencies and not implemented, for example, the Occupational 
Safety and Health Administration's workplace practice standard for electric power generation operation at 
$59,000 per life-year saved. Perhaps more worrisome, a number of very cost-ineffective regulations have 
been implemented, such as the Environmental Protection Agency regulation controlling benzene emissions 
during waste operations at $19 million per life-year saved. Wisely, other cost-ineffective regulations considered 
have not been implemented, including benzene emission control at chemical manufacturing process vents at 
$530 million per year of life saved.  
Because of this haphazard pattern of investment, government regulations save fewer lives than they might, 
given the resources consumed, and consume more resources than necessary, given the survival benefits 
offered. The solution is to base regulatory decisions on whether they are economically efficient. But just how 
important are the losses due to inefficiency? How many more years of life could be saved? How much money 
could be saved?  
To answer these questions, we performed the same kind of hypothetical reallocation experiment described 
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above, but restricted our investigation to the 139 government regulations for which we had data. Results 
indicated that the 139 regulations consume $4.11 billion annually and save 94,000 years of life. Thus, if we 
divide resources consumed by years of life saved, we find an average cost of about $44,000 per year of life 
saved. If we had invested the same $4.11 billion in the most cost-effective regulations, we would be saving 
more than twice as many years of life -- 211,000 annually, or 117,000 more than the status quo. [See Figure 
IV.]" 
 

 
  
The balanced score card method: example of application in IT investments24 
 
This case study is an example of BSC application that requires a change of its four standard 
perspectives, as we propose also for the Fifth Framework Programme evaluation (see tool 3). 
 
The general BSC-framework can easily be translated to the more specific needs of the evaluation of an IT 
function (Table A). The proposed perspectives (user-orientation, corporate contribution, operational excellence 
and future orientation) differ from the general ones, mostly because the IT department is an internal service 
supplier. The users are its clients, and the contribution is to be considered from management’s point of view. 

 
 
 
 
 
 
 

Table A.: the BSC for the IT function 

                                                 
24 University of Antwerp, "Measuring and Improving Corporate Information Technology through the BSC". 
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Each of these perspectives has to be translated into corresponding metrics and measures that assess the 
current situation. These assessments have to be repeated periodically, and have to be confronted with the 
goals that had been set beforehand. 
 
Measuring corporate contribution: it makes sense to distinguish two kinds of IT evaluation: the short term 
financial evaluation and the long term oriented evaluation of IT projects and of the IT function itself. In Table B 
you will recognise these categories: "Control of IT expenses" and "Sell to third parties" are definitely focused 
on short-term evaluations. "Business value of new IT projects" and "Business value of the IT function" are 
measures that require a more prolonged time frame. 
 
Measuring user orientation: when we refer to the user, we have set our thoughts primarily on the end user, 
the internal customer of the IT department. Secondarily, this user could also be the company’s customer in the 
case of an interorganisational system. The user orientation and the measurement of the customer satisfaction 
were also heavily focused by the BPR-change methodologies that we referred to earlier. The balanced score 
card now hands the techniques to measure this dimension and manage accordingly. The metrics regarding 
user orientation have three items to focus on: to be the preferred supplier for applications and operations, the 
partnership with the users and the user satisfaction (Table B). The percentages of the applications that are 
managed and delivered by the IT department are heavily dependent on the company-specific situation. When 
a company sets the ratio of internal versus external development, it makes a strategic choice. In making such 
a choice, it will take into account other factors like wanting to keep part of the development capacity in house 
for strategic, highly competitive projects. This remark also goes for outsourcing computer operations.  
 
Measuring operational excellence: it concerns primarily the measurement and improvement of the two basic 
processes of the IT department: the development of new information systems and the computer operations. 
We also focus on other processes like PC supply, problem management, user education, management of IT 
staff and their usage of efficient communication channels (Table B). IT should deliver high-quality service to its 
users and do this at the lowest possible cost. This can only be achieved by optimally managing the process 
and can be improved by following up the operational measures displayed in the above Table. The measures in 
Table 6 should not only be followed through time, but should also be compared to industry standards and 
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averages. 
 
Measurement future orientation: as an addition to measuring the performances of today, we also need to 
measure the performances of the future. The measurement of the IT department ‘s future opportunities has to 
do with preparing the staff for the future, preparing the applications portfolio for the future and putting effort into 
researching new emerging technologies (Table B). The ability to deliver high quality IT services within 3 to 5 
years has to be prepared today. IT has to assess future trends and anticipate them. The fact that unanticipated 
evaluations can probably be dealt with through extensive external (often high priced) support, can be of some 
comfort. Of course, the better solution is that internal people are well educated for the future so that the right 
expertise can be found in-house. 

  
  

Table B 

measures for corporate contribution 

 
 

Measures for the user orientation 

 
 

Measures for the operational excellence 

 
 

Measures for the future orientation 
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Tool 5 – Information produced at community-level 
 
Report actually developed by the European Commission 
Information is available on EU research in regular complementary reports related to different 
aspects of research activities. The following main types of documents are published by the 
European Commission: 
• Annual report for the Framework Programme and the Specific Programmes 
• Annual Monitoring Report, for the Framework Programme and the Specific Programmes, which 

provide rapid, independent feedback on the state and quality of programme implementation. 
• Five-year Assessment Report, issued every fourth year, both for the Framework and the 

Specific Programmes, which present an independent retrospective evaluation on the relevance, 
efficiency, effectiveness, results and impact of the EU RTD programmes. 

• Various Studies and Analysis conducted and published on the initiative of the research 
programmes and which address issues specific to the RTD domains they cover. 

• The European Report on Science and Technology Indicators, whose second edition was issued 
in December 1997 and which publishes data and comparative analyses on European and 
national RTD in a global environment. 

• Research and Development: Annual Statistics: a Eurostat report issued each year, which 
provides extensive data on Community and national R&D expenditures, R&D personnel and 
patents. 

• The Commission main Annuary Budget Documents i.e. the preliminary draft budget, the budget 
and the consolidated revenue and expenditure account and balance sheet. 

 
The first four reports provide helpful elements to apply cost-benefit analysis to expenditures 
established at European level. 
The first, specifically, can be helpful to assess FP effectiveness. It is structured on different levels 
(FP, programme, key action) and can be used as the driving model; unfortunately, it actually lacks 
impact rationalisation and its systematic and effective presentation. 
 

Indicators available in the near future  
 
The Commission is involved in many projects focused on the improvement of the information 
available to evaluate the effectiveness of FPs projects, with particular reference to the socio-
economic data25. 
Quality indicators are a consistent set of 15 indicators to be used to assess project performance 
throughout the lifetime and the follow-up period of projects. These indicators are grouped in 5 
categories, explicitly related to the three selection criteria of FP5, to S&T excellence and to project 
quality management. To ensure consistency and comparability, these criteria are applied at various 
stages of project life cycle (proposal evaluation, contract negotiation, mid-term review, final 
assessment, evaluation of finished projects and of the impacts after the end of the contract)26. 

                                                 
25 See B2 
26 DG XII, Guidelines for the implementation of a quality management plan, (draft) 
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QUALITY INDICATORS 

1 S&T excellence 

2 European added value 

3 Social objectives 

4 Economic development and S&T prospects 

5 Management of RTD project 

 
The quality indicators are integrated with some output indicators that allow to measure, at 
programme level, specific results an their dissemination and exploitation.  
 

OUTPUT INDICATORS Rating 

1 To make the result known (dissemination) 

1.1 Targeted user audience: n° of reachable people 0 - 5 

1.2 N° of publications addressing general public 0 - 5 

1.3 N° of publications addressing decision makers/stakeholders 0 - 5 

2 To use/apply the result (Exploitation) 

2.1 N° of licenses issued (within EU) 0 - 5 

2.2 N° of licenses issued (outside EU) 0 - 5 

2.3 N° of product innovations (commercial) 0 - 5 

2.4 ......... 0 - 5 

 
There is awareness that quality and output indicators do not provide enough information for a 
satisfactory evaluation of the results and impacts of RTD actions and this step has been designed 
to complement it. Thus, a study has been recently launched to complete the overall system. 
 
The output/impact indicators consist of data to be collected at project level by means of three 
questionnaire, that will produce also data comparable at FP level. The impact indicators measure 
project performance in the mid-long term. This kind of information can be very helpful to analyses 
and investigations of interest for European policy-makers. 

  
Tool 6 - Information to be required to the Commission 
 
This paragraph defines some indicators that could be of help to policy-makers to assess FP5 output 
and outcome. Indicators have been organised pursuing the RTD process description (tool 1) and 
the Balanced Scorecard logic, shaped on FP5 features, as described in Tool 3.  
In compliance to the scope of our study, particular attention has been paid to define the 
performance measures of socio-economic results. 
As established in Tool 3 – Methodologies, measures can be grouped in 4 classes: 
• Output measures 
• Efficiency 
• Effectiveness (impact) 
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• Cost-effectiveness 
 
The European Parliament should ask for this information to the European Commission. The latter 
should develop these measures starting from analyses on field data gathered at project/program 
level (core indicators, output/impact indicators that will be available in the next future) 
The European Parliament must be aware that these analyses are difficult and sometimes they could 
lead to produce misleading information. 
Socio-economic impact, for instance, can be predicted and measured after 3-5 years; however 
cause-effect relationships are difficult to be established even ex-post. 
This issue is particularly important and still to be improved: the Commission evaluation units regard 
some information required by the Parliament as too hard to be satisfied. The main concern of 
Commission officials is to provide only accurate and complete information, that is consistent with 
their position. Nevertheless, political decisions are always made in situation of lacking information 
and policy makers would prefer incomplete and imperfect data than no information at all, provided 
that approximation and incompleteness are declared. 
To overcome this situation, relationships between the involved organisational units of the European 
Parliament and the Commission have to be intensified. 
The production of a satisfactory report is based on a series of consecutive steps: 
• The Parliament establishes its information requirements; 
• The Commission points out: 

⇒ Which information are already available in the required format; 
⇒ Which information can be provided in an inexact way or with a limited meaningfulness 
⇒ Which information will be provided in the future, when new data warehouse systems work  

• The Parliament accepts or refuses the proposed approximation and redefines its inquiries and 
so on. 

With the aim to start this virtuose circle, a list of requested information the Parliament should submit 
to the Commission is proposed below.  
  
Input to the RTD process: the FP investments  

Expenditure FP5 FP4 FP3 

Overall FP budget       

Overall 199x FP budget       

Overall progressive FP budget: year 199x       

 

Breakdown by Member State FP5 FP4 FP3 

France       

Germany       

Italy       

………………..       

………………..       

 

Breakdown by type of participants FP5 FP4 FP3 

Undertakings       

Universities       

Research establishments       
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………………..       

 

FP Scientific and Technological Outputs  
 
The projects funded by FP have achieved the following output: 
• N. of publications (x% on EU total publications) 
• N. of training activities  
• N. of workshop, conferences, seminars 
• N. of patents 
• N. of new products 
• N. of new processes 
• N. of prototypes 
• N. of new models and methods 
• N. of simulators 
• N. of new tools and instruments 
 

Effectiveness in achieving FP5 objectives 
Effectiveness measures always refer to well-defined objectives and goals.  
With reference to FP5, the 9 broad criteria established by the political decision have been taken as 
goals. For each of them, one or more objectives and the related indicators have been identified; 
these objectives should be quantified by the Commission bodies in charge of the program. 
  
 

A.  European Value-added perspective
27 

 
GOAL A.1:need to establish a ‘critical mass’ in human and financial terms, in particular 
combining the complementary expertise and resources available in the various Member 
States 

 

Rather than a goal, the European critical mass represents a prerequisite to be respected; therefore 
a reasonable expectation for this criterion could be expressed as follows: 
 

Objective A.1.1: 100% of projects funded under FP5 have to meet the European critical mass 

criterion 

 

Outcome Measures FP5 FP4 FP3 

% of projects that meet the critical mass criterion       

  
  
GOAL A.2: significant contribution to the implementation of one or more Community policies 

 

Objective A.2.1: 100% of FP5 projects have to provide a substantial contribution  

                                                 
27 A project on the European Value Added the Commission has launched a study (whose results should 
be soon available) to define its univocal meaning. In our study we define, as an example, a generic 
question. 
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The measurement of the contribution is clearly based on political evaluation. Therefore this impact 
measure should be established by experienced evaluators appointed by the Parliament itself. 
 

Outcome measures FP5 FP4 FP3 

% of projects that provide a substantial contribution       

 

Objective A.2.2: raise the participation of the Less Favoured Regions from x% to y% out of 

the total 

 

Outcome measures FP5 FP4 FP3 

N. of LFR participant organisations       

% out of the total        

% out of the overall budget (ECU)        

  
GOAL A.3: addressing of problems arising at Community level, or questions related to 
aspects of standardisation, or questions connected with the development of the European 
area 
To determine the significance of the contribution a qualitative evaluation is required. Therefore we 
propose that this impact is established by experts that can be appointed by the Commission and the 
Parliament. 
Objective A.3.1: x% of FP5 projects should address problems arising at Community level  

 

Outcome measures FP5 FP4 FP3 

Number and % of projects       

% of expenditures on FP5 budget       

 

Breakdown by kind of problem impacted FP5 FP4 FP3 

Standards       

………………..       

………………..       

It is interesting to ask for some significant examples. For instance28: 

• Safety of high-speed trains is a constant concern. A partnership of rolling stock manufacturers, research 
centres and railway operators from four EU countries has designed a new type of wagon with low 
distortion of the passenger compartments. A new European safety standard was proposed. 

• The police forces and emergency services all over Europe can now more efficiently combat cross-border 
crime and fraud through a multi-lingual communication system developed by the LINGUANET project 
which provides simple forms of translation where appropriate. Many instances of practical results are 
reported such as recovery of stolen vehicles, foiling of abductions and drugs related interceptions. 

 

B.  Social perspective 
 
As pointed out above, these measures can assume different values depending on the considered 
timeframe. Three different timeframes can be identified for evaluation: 

                                                 
28 From the 1998 Annual Report. 
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IMPACT TIMEFRAME EVALUATION 

Expected Project in progress Value proposed by participants and accepted by 
evaluators appointed by the Commission  

Predicted Projects at conclusion  Value proposed by participants and accepted by 
evaluators appointed by the Commission 

Actual 3 years after project conclusion Value measured by participants and accepted by 
evaluators appointed by the Commission 

 
Evaluation takes into account possible future impacts. Required data have to be asked to project 
participants and then submitted to a validation process managed by panels of experts. 
 
GOAL B.1 Improving the employment situation 
The relationship between RTD investment and employment is indirect and very difficult to be 
tracked and quantified29. Nevertheless an impact on employment can be identified where projects 
favouring industrial development (new products/technologies) are concerned. 
 

Objective B.1.1: x new jobs and y saved jobs in EU 

 

Outcome measures IMPACT 

Employment Expected Predicted Actual 

New jobs       

Saved jobs        

Breakdown per area       

New jobs in high rate of unemployment areas       

New jobs in other areas    

Saved jobs in other areas    

New jobs created outside Europe    

 
Cost-effectiveness can be measured only for projects whose main objective is the growth of 
employment. 
 

Cost-effectiveness measures Expected Predicted Actual 

Cost/number of new and saved jobs       

  
GOAL B.2 promoting the quality of life and health 

 

Objective B2.1 Healthcare: annual saving of x years of life 
 
Saved years of life are measured using the QALYs30 (Quality-Adjusted Life-Years) indicator. A 

                                                 
29 ETAN, Options and Limits for Assessing the Socio-Economic Impact of European RTD Programmes, 
Report to the European Commission, 1999 
30 This indicator is defined and discussed in A3 part. 
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QALYs is a measure of the utility associated with health outcomes that combines morbidity and 
mortality into a single measure of annual well-being. QALYs assign each health state a value 
between zero (death) and one (a year of life in perfect health). 
 

  IMPACT 

Outcome measures Expected Predicted Actual 

Saved years of Life (n° QALYs)       

 

Cost-effectiveness measures Expected Predicted Actual 

Cost/QALYs saved       

  

Objective B2.2 Consumer nutrition and well-being: annual saving of y years of life improving 

nutrition conditions 

 

  IMPACT 

Outcome measures Expected Predicted Actual 

Years of life saved (n° QALYs)       

 

Cost-effectiveness measures Expected Predicted Actual 

cost/QALYs saved       

  

Objective B2.3 Safety: annual saving of x years of life, introducing new systems to improve 

safety in the workplace, in transportation, … 

 

  IMPACT 

Outcome measures Expected Predicted Actual 

Years of life saved (n° QALYs)       

 

Cost-effectiveness measures Expected Predicted Actual 

cost/QALYs saved       

 
It is interesting to ask for some significant examples. For instance31: 
• A prototype of a "safe" car which can monitor the driver condition and take corrective action if necessary 

has been developed by the SAVE project. This has the potential to reduce the number of road accidents 
by up to 30%. More accident victims are going to be saved following the development by the HECTOR 
project of a telematic communication system linking the accident site via an ambulance directly to the 
intensive care units, so that first aid can be guided directly by the expert consultants. 

  
Objective B2.4 Quality of life for the elderly and disabled: 

 

  IMPACT 

Outcome measures Expected Predicted Actual 

                                                 
31 These examples and the following ones are derived from the 1998 Annual Report. 
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Years of life saved (n° QALYs)       

 

Cost-effectiveness measures Expected Predicted Actual 

cost/QALYs saved       

  
It is interesting to ask for some significant examples. For instance: 

• 100 000 severely mobility-impaired Europeans will get a better quality of life and get more independence 
through development by the FOCUS project of a standardised way to equip wheelchairs with different 
assistive devices. The TESTLAB project, which provides access for blind and visually-impaired readers to 
library catalogues and to documents, demonstrated its services at 25 test sites in 1997. 

  
Objective B2.5 Education and culture: safeguarding the culture of 300.000 people and avoid 

its dispersion 

  IMPACT 

Outcome measures Expected Predicted Actual 

N° of persons whose culture is safeguarded       

 

Cost-effectiveness measures Expected Predicted Actual 

cost/persons whose culture is safeguarded       

  
GOAL B.3 preserving the environment and natural resources 

 

 

Objective B3.1 Reduced pollution and noise: 

• x% reduction of CO2 emissions 
• y% reduction of SO3 emissions 
• z% reduction of NO2 emissions 
• ………………………. 
 

  IMPACT 

Outcome measures Expected Predicted Actual 

% reduction of CO2 emissions       

% reduction of SO3 emissions       

% reduction of NO2 emissions       

…………………..       

 

Cost-effectiveness measures Expected Predicted Actual 

Cost per % reduction of CO2 emissions       

Cost per % reduction of SO3 emissions       

Cost per % reduction of NO2 emissions       

…………………..       

  

Objective B3.2 Natural heritage and environmentally sound resource management: 

• x% reduction in intensity of use of forest resources 
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• y% reduction in intensity of use of water resources 
• z% reduction of emissions of Ozone depletion substances 
• w% improvement of the quality of water 
• h% increase of fish stock exploitation rate (tuna fish, …) 
  

  IMPACT 

Outcome measures Expected Predicted Actual 

% reduction in intensity of use of forest resources       

% reduction in intensity of use of water resources       

% reduction of emissions of Ozone depletion substances       

% improvement of the quality of water       

% increase of fish stock exploitation rate (tuna fish, …)       

…………………..       

    

Cost-effectiveness measures Expected Predicted Actual 

Cost per % reduction in intensity of use of forest resources       

Cost per % reduction in intensity of use of water resources       

Cost per % reduction of emissions of Ozone depl. substances       

Cost per % improvement of the quality of water       

Cost per % increase of fish stock exploitation rate        

…………………..       

  

Objective B3.3 Production and rational use of energy: 

• reduction of fossil fuel consumption per KWh produced by x% 
• reduction in energy consumption/GDP by y% 
• increase total energy production by z% (GWh) 
• increase energy production using indigenous sources by w% 
 

  IMPATTO 

Outcome measures Expected Predicted Actual 

% reduction of fossil fuel consumption per KWh produced       

% reduction in energy consumption/GDP       

% increase total energy production (GWh)       

% increase energy production using local sources       

…………………..       

 

Cost-effectiveness measures Expected Predicted Actual 

cost/% reduction of fossil fuel consumption per KWh produced       

cost/% reduction in energy consumption/GDP       

cost/% increase total energy production (GWh)       

cost/% increase energy production using local sources       

…………………..       
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It is interesting to ask for some significant examples. For instance: 

• Eight European cities have decided to take an active role in promoting the use of low and zero emission 
vehicles. Between them these cities have over 20 million inhabitants. Energy reductions from the outcome 
of this project are expected to be about 20%, depending on the type of vehicle fleet and other measures 
taken in the city. Substantial reductions in emissions of carbon monoxide, carbon dioxide and NOx are 
also expected. 

  
C. Economic development and scientific and technological 
prospects 
 
European Union RTD investment should be aimed not only to improve current technological level of 
the Member States, but also and above all to support future development and to identify and 
anticipate predictable technological evolution.  
 
GOAL C.1 areas which are expanding and create good growth prospects 

 

Objective C1.1 100% of projects should increase the scientific and technological strength of 
Europe. 

  IMPACT 

Outcome measures Expected Predicted Actual 

% of significantly contributing projects (number)       

% of significantly contributing projects (budget)       

  
GOAL C.2 areas in which Community businesses can and must become more competitive 
 
Company competitiveness increases when: 
• economic outcome improves (higher proceeds and/or lower costs) 
• customer satisfaction improves (higher quality and service level) 
RTD expenditure produces private and social returns (spillover, see Tool 3 and A3) 
 

Objective C2.1 Create innovative products/processes with good market prospections 

  IMPACT 

Outcome measures  Expected Predicted Actual 

Direct market size (for participants to the projects)       

Total market size (spillover)       

 

Cost-effectiveness Expected Predicted Actual 

ratio: total market / FP expenditure        

 
It is interesting to ask for some significant examples. For instance: 

• New collector for measuring low gas flows. The margin of error in air pollution analyses is 25%, mainly 
due to unreliability on the part of the flowmeters. The Milogas project has developed a new instrument 
using a silicon collector manufactured with the aid of micromechanics. The principal applications are in 
medicine, air pollution analyses, mining, etc. The estimated market will be 10.000 instruments over the 
next 3 years at a unit cost of ECU 200. The research and production costs will total ECU 1 million. 
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• Detection of steaming-up of goggles: The principal cause of eye injuries due to industrial accidents is the 
removal of goggles during dangerous work because they have steamed up on the inside. This project has 
developed a mini-camera capable of detecting the environmental conditions leading to steaming up. This 
method will supplement Directive 89/686/EEC relating to personal protective equipment. The project will 
help to reduce the number of accidents, which cost an Estimated ECU 220 million every year. 

• Measurement of carcinogenic polycyclic hydrocarbons in table oils calls for highly sophisticated methods 
of analysis, for which it is essential to develop reference materials in order to verify the validity of the 
measurements. One project has allowed certification of the first two materials in this field. Some 2000 
inspection laboratories are potential users of these materials (estimated market: ECU 2 million per year). 

• Acoustical thermometry: measurement of temperatures from 1000°C to 1500°C. This thermometer uses 
ceramics capable of withstanding high temperatures. It provides amines of calibrating other thermometers. 
Lively interest has been shown in this innovation in the USA, where there is nothing of the kind on the 
market. Work is under way to extend the range of the thermometer beyond 2000°C. At the same time this 
instrument is allowing decisive progress in manufacturing processes for ceramics (estimated market: ECU 
5 million per year). 

  
Objective C2.2 Reduce products/services manufacturing costs  

Outcome measures IMPACT 

  Expected Predicted Actual 

% cost reduction for the participants (direct impact)       

Total impact (spillover)       

 

Cost-effectiveness Expected Predicted Actual 

ratio: total cost reduction / FP expenditures        

 
It is interesting to ask for some significant examples. For instance: 

• A joint project between the chemical and tanning industries has produced a new clean process for treating 
pelts producing high-quality leather while at the same time cutting production costs. This project enables 
the industry to adapt to the increasingly severe Community rules on environmental protection while 
remaining competitive. 

  
Objective C2.3 Improve product/service quality as perceived by customers 

  IMPACT 

Outcome measures Expected Predicted Actual 

% increase of perceived quality (products)       

% increase of perceived quality (services)       

Remark: quality perception can be investigated by means of ad hoc field questionnaires. 
  

GOAL C.3 areas in which prospects of significant scientific and technological progress are 
opening up, offering possibilities for dissemination and exploitation of results in the medium 
or long term 
 

Real impact objectives are not defined for this goal: a possible measurement can be defined as 
follows, but it does not seem to be of particular help. 
 

Objective C3.1 Achievement of scientific progress 

  IMPACT 
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Outcome measures Expected Predicted Actual 

% of projects significantly contributing to scientific progress       

  
Objective C3.2 Achievement of technological progress 

  IMPACT 

Outcome measures Expected Predicted Actual 

% of projects significantly contributing to technological progress       

  

Tool 7 - How to evaluate the Framework Programmes 
aggregating project results and using data at macroeconomic-
level 
 
Evaluation aggregating the projects results 
 
Each research project produces outputs and outcomes; the former (publications and new products-
processes) are concrete results, easily measurable, but they do not represent tangible benefits for 
citizens; outcomes, on the other hand, are the real socio-economic impacts and represent the 
ultimate benefits of the project. 
The use of a balanced scorecard method should enable the policy makers to measure the 
outcomes, facilitating the measurement of the impact of the projects: 

Area of impact Measure Starting value 

(a) 

Final value 

(b) 

Impact 

(b-a) 

Improving the employment 
situation 

% of jobs created 
permanently 

100 150 +50% 

Furthermore, on the basis of multi-attribute analysis and utility functions, impacts are translated into 
normalised values, which, by means of weights, lead to the matrix of final evaluation: 

Area of impact Measure Starting value 

(a) 

Final value 

(b) 

Impact 

(b-a) 

Improving the employment 
situation 

% of jobs created 
permanently 

0,1 0,15 +0,05 

The same area of impact can be evaluated using many indicators: therefore, each indicator must 
have its own well-defined and known utility function. 
The total number of the projects under the same key-action has to be set first as measured impact 
and then translated in normalised values by means of the utility functions. This is not simply a 
mathematical operation, since synergies and indirect effects have to be taken into account as well 
(the aggregation has to be set by experts). 
In the same way, the impacts of the programmes32 derive from the aggregation of the key-actions 
and the impacts of the FP are given by the aggregation at programme level. 
 

                                                 
32 The list of the programmes included in the Fifth Framework Programme is in chapter C7. 



 
 

 44 

 

 
  
This method can be easily criticised, since the measure of the benefits of each project is very 
difficult: long term effects, likely spin-offs. Nevertheless, a report of this kind is a good quantitative 
basis to perform a cost-effectiveness analysis on the FP and a useful tool for European policy 
makers. 
 
Evaluation analysing data at macro-level 
 
A different solution to evaluate the results of R&D expenditures proposes to measure directly the 
macroeconomic impacts in order to investigate whether improvements in the planned areas of 
impact (competitiveness of the European industry, quality of life, unemployment, environment, …) 
are achieved at the end of the programmes. This model assumes a linkage between R&D policy 
and economic and societal development. 
It deals with the collection of the necessary data to fill the table listed below, using for instance 
Intrastat and OECD data. 
 
  

  
Area of impact 

Measure Starting value 

(a) 

Final value 

(b) 

Impact 

(b-a) 

Improving the employment 
situation 

% of jobs created 
permanently 

100 150 +50% 

 
Furthermore, on the basis of utility functions, the impacts are translated into normalised values, 
which, using weights, lead to the matrix of final evaluation: 
 

Area of impact Measure Starting value 

(a) 

Final value 

(b) 

Impact 

(b-a) 

Improving the employment 
situation 

% of jobs created 
permanently 

0,1 0,15 +0,05 

 
This method can be criticised as well, as the link between EU R&D expenditures and this kind of 
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impacts (see Tool 1) is not direct. In fact, a large variety of factors influence these impacts (for 
instance, expenditure in R&D activities funded by the EU are only the 3.5% of the total expenditure 
of European R&D investments). An important example of correlation analysis between macro-
variables has been developed by the Japanese government.  
Nevertheless, this result, integrated with the one of the bottom-up method, allows to observe the 
phenomenon by two complementary points of view and therefore it leads to an evaluation system 
close to the information and decision needs of the European policy makers.   
 

 
A2. Methods 
 
The current situation and improvements 
 
Projects financed under the FPs are monitored on a day-by-day basis by Commission staffs 
(Project Officers), which represent the programme operational management team. One of their 
main tasks is to guarantee that appropriate information on the status of the projects is made 
available, to be used as the ground for reporting on the level of implementation of the programme 
and for annual monitoring activities. 
 
As explained in part B2, the current monitoring and assessment activities related to Framework 
Programmes are performed at two levels: 
• annual monitoring exercises  
• five year assessment exercises  
 
Monitoring and assessment activities performed by external experts require information provided by 
the Commission services on programme objectives, finances, work programmes, results of call for 
proposals, dissemination activities, previous monitoring and evaluation reports, etc, in addition to 
data provided by project consortia by means of questionnaires. In addition, panels can conduct 
interviews with project participants, programme managers and Commission officials. 
 
The result of these exercises represents essential input for decision making by the relevant 
stakeholders (primarily the European Parliament and the Council) on the future allocation of 
European funds which are distributed among different Programmes (specifically RTD, Structural 
and Cohesion Funds). In the past33 the (lack of) timeliness in delivering the reports to the interested 
parties was due to the time-consuming process concerning legal and procedural aspects related to 
the establishment of panel of experts. 
 
While this problem has now been solved, another one that is emerging could be connected to the 
delay of implementation of the FP5. 
As a matter of fact, a consistent overlap exists among different FPs: evaluation exercises have 
therefore to take into account projects belonging to different specific and Framework Programmes 
(Figure A2.1).  
 

Figure A2.1– The assessment scheme and FP implementation: overlap and continuity34  

                                                 
33 The reference is to the decision making process concerning approval of the Fifth Framework 
Programme. 
34 European Commission, DGXII, Programme Evaluation Unit 
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Unfortunately, projects under this Programme are still in the selection stage35 and it is not likely they 
will start before late fall 1999. As a consequence, the forthcoming elaboration of FP6 proposal and 
decision making process will have to rely on few information on the implementation of FP5.  
In spring 2001 the decision making process for FP6 approval will start, based on the proposal made 
by the Commission and by that time the 5 Year assessment report has to be available to direct the 
process. The Commission has planned to deliver the 5 Year assessment report by the end of the 
year 2000. If this schedule will be met, the time available to analyse the information and review the 
conclusions issued in the report can be considered adequate. To comply with this schedule, the 
following timetable has been proposed36:  
May/June 1999: Nomination of Specific Programmes and Framework Programmes panels and 
rapporteurs 
May/June 1999: Specific Programmes and Framework Programmes panels commence to work 
Autumn 1999: Sending out questionnaires/analysis of responses 
April 2000: the Framework Programmes panel presents final report to the Commission 
June 2000: Specific Programmes panels present final reports to the Commission 
No later than September 2000: the Framework Programmes panel presents final report to the 
Commission 
Being the Specific Programmes reports one of the major inputs for assessment activities of the 
Framework Programme panel, the availability of those reports should probably be anticipated, so 
that the FP assessment panel has the opportunity to investigate more deeply relevant aspects 
emerging from Specific Programmes analyses.  
As regards the content of the evaluation reports and apart from the points remarked in part B2, it 
has been pointed out37 that Panels responsible for the elaboration of the annual monitoring reports 
are somewhat more or less overtly influenced by the guidelines expressed by the Evaluation Unit. 
While on one hand it helps panels steer and focus on relevant topics, on the other it could prevent 
panelists to examine different areas of concern. As a matter of fact, the primary focus of past 5 Year 
assessment reports has concerned the evaluation of the scientific quality of projects and 
programmes, while economic considerations have been playing a marginal role, above all because 

                                                 
35 Interview with DGXIII Evaluation Unit - June 1999 
36 European Commission, Reflection on the monitoring and five-year Assessment under the Fifth 
Framework Programme, 1999, p. 7; E. Commission, Broad Guidelines for the 1999 five-year Assessment 
of the RTD Framework programmes and their Specific Programmes, 1999. 
37 STOA, Strategic options for the evaluation of R&D programmes of the European Union, 1998 
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of the lack or the low-quality presentation of quantitative data on projects performance, outputs and 
outcomes.  
The Commission has elaborated a suggested format for the 5 Year report38, whose assessment of 
the implementation and achievements of EU RTD research should be focused on the issues listed 
below: 
• efficiency  
• effectiveness  
• relevance of Community research objectives  
• major achievements and lessons learned  
 
 

A.3 Indicators 
  
The main indicators to be used for FP evaluation are summarised in Tool 6 of Part A1. 
This chapter provides a detailed explanation of some indicators used to measure socio-economic 
impacts, which are difficult to apply: 
• macro-economic indicators  
• indicators of economic impact  
• spill-over indicators  
• indicators of specific impact on health and quality of life  
 
Macro-economic indicators 
 
The statistics and indicators produced and/or extensively used by OECD can be classified into four 
different groups. 
Statistics related to the resources (input) devoted to R&D and to the output of S&T activities: 
Input: a large share of the data on RTD input deals with the standard expenditure measure, Gross 
Domestic Expenditure on Research and Experimental Development (GERD), broken down by 
sector of performance, source of funds, type of costs, type of activity, socio-economic objective and 
by main scientific field. Another example of input measure is the total R&D personnel by sector of 
employment is broken down by occupation, formal qualification and main scientific field. 
Output: the measurement of RTD output is based on proxy indicators, such as the technology 
balance of payments and patents.  
Industry-level statistics: a wide range of industry- and aggregate-level indicators of industrial 
structure and the evolution of performance These data have been designed to in order to allow 
international comparisons of relevant variables: production, import and export data, value added 
etc. 
Indicators used for the analysis of globalisation: various databases have been designed to provide 
detailed information on the degree of internationalisation of economies, and on the commitments of 
firms in R&D. Analysis concerns, for example, net investment flows by country of origin and 
destination, R&D investment by size of firm, both for the economy as a whole and at sector level, 
broken down by source of funds.  
Statistics that are to be produced under the activities on "new S&T indicators": five priority areas 
have been selected for the development of new indicators39, whose expected outcome consists in a 

                                                 
38 European Commission, Broad Guidelines for the 1999 five-year Assessment of the RTD Framework 
programmes and their Specific Programmes, 1999. 
39 The mobility of human resources, patents, innovative and absorptive capabilities of firms, 
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set of methods and data sources allowing the selected indicators to be calculated on an 
internationally comparable basis. 
 

Indicators of economic impact 
 
Net Present Value (NPV). This is an absolute measure of the value or expected value of a R&D 
project in constant dollar terms. It is calculated by discounting (or inflating) the cost and benefit time 
series to the reference year, subtracting the present value of costs from the present value of 
benefits to yield the net present value of the investment. Various forms of this measure are widely 
used in industry, where it is often referred to as "discounted cash flow"40. Like most metrics, its use 
is affected by the selection of a discount rate which is used to adjust the time series of benefits and 
costs to take into account, risk, time preference for money, and inflation. This selection is not 
straightforward because of different views on the inclusion of these three factors in determining the 
discount rate. 
 
Benefit-Cost Ratio (BCR). Calculated from the same estimation of the present value of benefits 
and costs as are used for NPV, except that the two values are expressed as a ratio to provide a 
measure of relative efficiency across projects. As a BCR=1 is the break even value, presumably 
any project with a higher value is a successful project. 
 
Social Rate of Return (SRR). Calculated as the discount rate that is needed to reduce the time 
series of net benefits under analysis to zero (i.e., the break even point). Economists often use this 
metric (which is called the "internal rate of return" in corporate finance literature41) because, like a 
BCR, it provides an indicator of relative efficiency; but, in addition, a rate-of-return measure allows 
comparison with a designated "hurdle rate" or "opportunity cost" of the funds being considered for 
investment or, in the case of a retrospective analysis, with a previously established hurdle rate. One 
feature that distinguishes this measure from alternatives, including other rate-of-return measures, is 
that its value depends solely on the internal characteristics of the project (i.e., selection of a 
discount rate is not required). When economists use the internal rate-of-return measure to estimate 
the result from investment in a technology by one firm, the measure is called the "private" or 
"innovator" rate of return, and when this measure is applied to the result from investment in the 
technology by an entire industry or industries, the term "social" rate of return is used to denote the 
fact that an aggregate (as opposed to a single firm) rate of return is being calculated.  
 
Implied Rate of Return. Some analysts calculate a rate of return for technology investment 
projects that can be related to a compound rate of interest on a bank account (the SRR or internal 
rate of return cannot be compared to compound interest). To do this, the time series of costs is 
referenced (discounted or inflated) to the first year of the study period and the time series of 
benefits is referenced to the final year of the period. Thus, the cost in initial-period dollars is 
equivalent to a one-time deposit in a bank account and the value of the account in final-period 
dollars represents the result of a compound rate of growth in the account which is calculated. This 
rate of growth is called the implied rate of return for the technology investment (also called the 
adjusted internal rate of return).  
  
Spill-over indicators 

                                                                                                                                                             
internationalization of R&D, and government support to industrial R&D. 
40 See in chapter B1.  
41 See in chapter B1. 
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All project effects, involving project participants and society indirectly, are called spillover effects. 
Spillovers cause social returns and private returns to diverge. Two categories of spillover effects 
can be identified: 
 
• market spillovers: Market spillovers take place when the operation of the market for a new 

product or process causes some of the benefits thereby created to flow to market participants 
other than the innovating firm. It is this "leakage" of benefits through the operation of market 
forces, rather than the flow of knowledge itself, that distinguishes market spillovers from 
knowledge spillovers. Whenever a firm creates a new product, or reduces the cost of producing 
an existing product, the natural operation of market forces will tend to cause some of the 
benefits thereby created to be passed on to buyers.  

• knowledge spillovers: Knowledge created by one agent can be used by another without 
compensation, or with a lower compensation compared to the value of the knowledge. 
Knowledge spillovers are particularly likely to result from basic research, but they are also 
produced by applied research and technology development. This can occur in obvious ways, 
such as "reverse engineering" of products, and also in less obvious ways, such as when one 
firm's abandonment of a particular research line signals to others that the line is unproductive 
and hence saves them the expense of learning this themselves. The spillover beneficiary may 
use the new knowledge to copy or imitate the commercial products or processes of the 
innovator, or may use the knowledge as an input to a research process leading to other new 
technologies.  

• network spillovers: Network spillovers take place when the commercial or economic value of a 
new technology is strongly dependent on the development of a set of related technologies. An 
example of network spillovers exist among all different developers of application software to be 
used with a new operating system platform. If one firm develops a particular application, people 
will buy it only if many other firms develop other sufficient applications so that the platform itself 
is attractive and widely used.  

Figure A3.1 provides a conceptual framework of R&D private and social returns, taking into account 
pure market spillovers, pure knowledge spillovers, and an interaction of the two (Jaffe, 1996).  
 

 

 

 

Figure A3.1: pure market spillover + pure knowledge spillover + interaction 
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In order to be effective in achieving its statutory objectives, the Commission has to try to determine 
which proposed projects will generate large spillovers. Economists and other social scientists have 
identified certain aspects of a project technological and market environment that tend to be 
associated with large or small spillovers (Mansfield, Scherer. …).  
 
Factors making market spillovers larger or more likely:  

• the market where the innovation will be used or sold is highly competitive  
• lead time and learning curves are not likely to give innovator strong market advantages  
• technology is infrastructural, i.e., other researchers are a significant component of the market 

for the new technology  
• output is product innovation that would be difficult to patent or copyright  
• co-specialized assets are important in the relevant markets, and project proponents do not 

possess important assets  
• need for regulatory approvals  
• sales/service important  
• reputation/market presence important  
• licensing of the technology to others is likely to be important  
• multi-use innovation, where many uses are likely to be commercialised by others  
• process technology, proponents are small (or not) producers in relevant markets  
• capital needs for ultimate commercialisation beyond proponents' reach  
• other co-specialised assets important (as above)  
 
Factors making market spillovers smaller or less likely:  

• Proponents have market power in the relevant markets  
• Lead time and learning curves can be expected to convey significant advantages to the 

innovator if the project is successful  
• output is product innovation that can be protected by patent or copyright  
• Proponents possess important co-specialized assets  
• Technical success will lead to a large negative profit impact on another firm or firms whose 

technology will thereby be made obsolete.  
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Factors making knowledge spillovers larger or more likely:  

• "multi-use technology"  
• "proof of concept" that would point the way for other researchers to try related ideas in other 

applications  
• key component that will facilitate redesign and improvement of multiple distinct systems using 

that component  
• "pathbreaking" technology: success will open an entirely new line of technological development 

with apparently significant economic benefits  
• subsequent technical developments require expertise in applications technologies in which 

proponents do not have relevant expertise (applies to both "multi-use" and "pathbreaking" 
technologies  

• useful knowledge would be gained even if project fails to achieve its technical objectives  
 

Factors making knowledge spillovers less likely:  

• output is process innovation that can be kept secret, and project proponents can use in their 
own production process  

• project proponents have special technical expertise that would position them to be the most 
likely developer of many of the follow-on technologies  

 

Factors making interacting knowledge and market spillovers likely:  

• output is "infratechnology:"  
• technology has attributes of a "standard" and thereby generates network spillovers  
• output is a product that would be sold to other researchers  
• output is product innovation that would be difficult to patent or copyright  
 
Incorporating the explicit analysis of such factors into both project selection and impact evaluation, 
the Parliament can make better decisions. 
 
Indicators of specific impact on health and quality of life 
 
A method for measuring utility for health benefits is to measure and value the change in a patient’s 
quality-adjusted life-years (QALYs). A QALY is a measure of the utility associated with health 
outcomes that combines morbidity and mortality into a single measure of annual well-being. QALYs 
assign each health state a value between zero and one, where zero corresponds to death and one 
to a year in perfect health. The scale is based on the idea that the value of a year of life varies 
depending on a person’s state of health. A year of life in perfect health is worth more to a person 
than a year experiencing a chronic and painful disease. QALYs quantify this difference in well-being 
and therefore capture the effects of pain and suffering. QALYs have been used extensively for cost-
utility analyses of new medical treatments and are well accepted among the medical community. 
The economic burden of a disease is usually divided into three components: direct medical costs, 
indirect costs, and intangible costs. Direct medical costs equal the total cost of medical treatment. 
Indirect costs are the societal costs associated with loss in productivity due to illness and unpaid 
caregiver time. Intangible costs measure the costs due to the pain and suffering of the patient. 
QALYs are generally assumed to measure the change in both the direct medical costs and the 
intangible costs of a disease. Changes in indirect costs are generally not included in our estimates. 
However, there is some debate about whether QALYs actually include indirect costs; some 
researchers believe that when providing their QALY estimates, patients include indirect costs in 
their estimates. 
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Determining the Monetary Value of Changes in Well-Being 
The final step in determining the monetary value of the per-patient change in health outcomes is to 
assign a monetary value to a QALY. 
Recently, economists have developed empirical methods to estimate the dollar value of reducing 
fatal and nonfatal health risks. They developed estimates of the value of a QALY for the average 
person based on WTP (willingness to pay) values for avoiding illness and accidents. 
First, they determined the loss in QALYs associated with published WTP estimates. For example, a 
study by Moore and Viscusi (1988a) estimated the dollar value of avoiding immediate premature 
death based on data on working men with an average age of 40 years. The expected loss in life-
years is 36 years, assuming a life expectancy of 76 years. If we assume perfect health until death, 
then the QALYs lost are also 36 years. Thus, if the marginal dollar value of a life-year is constant, 
the dollar value of one QALY can be estimated by dividing the dollar value of avoiding premature 
death by 36. Alternatively, we can apply a discount rate to the remaining life-years, assuming that 
life-years in the near future are more highly valued. Then the WTP estimate is divided by the total 
discounted life-years to determine the value of a QALY. 
For this study, we used Moore and Viscusi’s (1988a) estimate of $5 million for the value of avoiding 
premature death at age 40. 
Health economists disagree about the appropriateness of discounting QALYs. The issue in question 
is a patient’s time preference for quality of life and life-years. That is, should a life-year gained 10 
years from now have the same value as one gained next year? If not, what is the appropriate 
discount rate? 
 

Determining the Number of Beneficiaries 
The total medical benefits of a new technology and the revenues to private companies depend on 
the speed of the new technology’s market penetration. The adoption of a new technology is typically 
a function of the benefits of adoption to firms or consumers using the technology. Typically, firms 
and consumers do not adopt new technologies simultaneously; instead, innovations "diffuse" into 
use over time (Reinganum, 1989). 
Gradual diffusion is a result of the heterogeneity of firms or consumers. The expected benefits of 
adopting a new technology depend on factors such as firm size, access to information, risk 
aversion, and others that differ among decision makers. In the case of medical innovations, the 
decision makers include hospitals, physicians, and patients who are provided choices between the 
defender technology and the new technology. We expect the heterogeneity of these decision 
makers to result in a gradual diffusion process rather than simultaneous technology adoption. 
Diffusion models provide a summary statistical description of the adoption process. Empirical 
studies support an S-shaped diffusion curve for the diffusion of new technologies (Mahajan and 
Peterson, 1985). Technological innovations typically diffuse slowly at first, with few adoptions 
occurring initially. The rate of adoption increases as early adopters and other factors, such as 
information dissemination and advertising, influence others to adopt. The rate of adoption declines 
as the market potential is approached. 
Upon introduction to the market, only a few physicians will use new medical innovations because 
experience and knowledge about the procedures are limited. 
However, as information about the new techniques becomes available through professional papers, 
conferences, and word of mouth, the diffusion rate will increase as more physicians adopt the 
innovation. Finally, the rate of adoption will slow down as the total market potential is approached.  
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B – Arguments and Evidence 
 

B1. Cost-effectiveness in RTD and other evaluation methods 
  

B1.1 Existing methods to compare investment and results at project/programme 

level 
  

Many practices to evaluate of the expenditure effectiveness are available, and they are normally 
applied to RTD programmes. 
To be assessed a research programme has to maintain clear links between the goals set by the 
strategic session with the more and more detailed objectives defined by the operative sessions. 
In general, this consistency is assured by a careful organization of the following phases:  
1. Ex ante planning of goals and resources; 
2. Definition of the operative objectives and implementation of estimated activities; 
3. Ex post control of the results with performance measures. 

  

 

 
 

  

Ex ante planning of goals and resources 
 

In every organisation R&D strategic planning is typically managed by top management, receiving 
consulting contributions by operative managers. It is composed of the following stages: 
 

• acquisition of information on the external environment: customers, competitors, suppliers, 
politics ..., helpful to identify the critical success factors as well as the strengths or weakness of 
the organisation. This information is often taken from statistics edited in specialized reviews, 
bulletins, research studies and so on;  

• definition of the goals that are expected to be achieved in the planned time (normally the 
following 3-5 but also 10-15 years for very long time-to market programmes, like in 
pharmaceuticals for instance), in terms of improvement of the weakness and preservation of 
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strengths. Goals refer to the general objectives of the organisation, such as the achievement of 
a certain profitability or growth level (sales quantities, market share, workforce, GPD/per capita) 
and so on.  

• action plans: this stage settles the resources required for activities.  
 

Goal development is one of the most critical aspects of performance reporting. Goals are broad, 
issue-oriented statements that reflect the realistic priorities of an organisation. 
 
Goals are normally customer-focused and can be easily understood by the people inside the 
organisation. Although there is no established limit, goals are normally restricted to a reasonable 
number in order to establish the organisation guidelines and provide a common base for 
programmes and activities. Goals are often expressed by means of short sentences: for instance 
"to become the leader in the sector" is a typical goal of a company R&D program. 
 
The three FP5 priority criteria (and their nine points) can be regarded as suitable examples of goals 
(see A1). 
  

Definition of the operative objectives 
 

While the middle management normally has just a consulting role in the R&D strategic planning 
phase, its role becomes essential in this phase. The realisation of the activities includes:  
 

• the drawing up of the R&D operative plan (budget). Goals are broken down in objectives to 
project level; more appropriate technical indicators are defined, heavily involving the 
management that has to set the budget;  

• the commitment to the middle management to lead activities that have to be done, consisting of 
a set of decisions to be taken at an operative level.  

 

An objective is a measurable statement concerning the end result that a project is expected to 
accomplish in a given period of time. Objectives should be directly related to the goals of a program 
or to a general goal of the organisation. 
 
Unlike goals, objectives are specific, quantified and time-based statements of accomplishment or 
outcome. Objectives emphasise the results of R&D actions and point to performance measures 
(indicators) that need to be tracked. 
 
There is always at least one objective for each stated goal and at least one performance measure 
for each objective. Here are some examples of objectives, with reference to FP5 criteria: 
 

• improve workplace safety, avoiding X accidents per year, thanks to the use of new 
technologies;  

• save X life years avoiding premature deaths caused by serious illness that involve Y people per 
year.  

     

Priority setting and ex post control of the results 
 

The definition of the criteria that set priorities to the different research projects is the last preliminary 
stage: the same indicators (performance measures) developed during this step will be used to 
monitor ex-post results as well. 
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In general, performance measures should measure the same phenomenon during a given period of 
time, using available data on a continuous basis, thus showing changes and improvement achieved 
and using terms that are easy to be understood by decision makers.  
 
While prior to this stage, practices used for private and public-founded researches are identical, 
performance measures are quite different: this issue will be explained in the following paragraph. 

   

B1.2 Evaluation differences between private and public funded research 

 
The difference, rather than between private and public funding, can be referred to: 
 
• R&D expenditures for production activities: the result of research produces a sale revenue; 
 
• R&D expenditures for non-profit activities, typically carried out by public authorities, 

corporations and foundations, whose aim is to directly satisfy human needs, using goods and 
services taken from others sources. In this case there is no sale revenue. 

  
Profitability indicators for productive R&D investments: the capital budget methods 

 
R&D investments are expenditures to be recovered with economic, financial or other advantages, 
normally delayed along years. For example: considering an investment for a new product, we have 
expenditures during the development, the engineering and the market launching phases 
(investment), that afterwards will be recovered by the profit margin (proceeds minus costs) 
produced from sales (return of the investment). If we want to evaluate decision effectiveness, the 
most commonly adopted methodologies consider the cash flows (expenditure or gain) relevant to 
the whole life-cycle, from the beginning of expenditure to the time when effects of that expenditure 
terminate. 
 

 
 
The investment convenience is measured by indicators that compare positive and negative cash 
flows, using different complementary techniques: all of them make use of the so-called "discounted" 
cash flows, that takes into account that an amount available at present is more valuable than the 
same amount available one year later. 
 
Net Present Value (NPV): it is the algebraic progressive sum of the annual cash flows; an 
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investment is positively evaluated when its NPV is positive and higher than the ones calculated for 
alternative investments. 
 

Return on Investment (ROI): it is a rate indicating investment profitability, which relates the 
medium yearly cash flows and the initial expenditure amount (in the figure above, ROI is 25% per 
year). ROI is a way to choose and compare alternative investments in a rational way, and it is an 
ex-post indicator of the expenditure effectiveness. 
 

Pay back period: it measures the time needed for the progressive sum of the positive cash flows to 
be equal to the initial negative cash flow. It is a very common indicator used by companies for its 
immediacy and simplicity. 
  
These evaluation practices, traditionally used by companies, nowadays are very often criticised, 
because they disregard results which cannot be directly expressed in monetary terms. Anyway 
those results are often very important for the wealth and the future of the company, like the image 
perceived by customers, its market share and so on: they are the indicators of company 
competitiveness in the market. 
 
For this reason, RTD expenditure effectiveness evaluation practices are currently leading to use a 
complex set of indicators, that includes monetary and non-monetary indicators to consider the 
impacts on all the result areas. 
 
The set of competitive capability indicators refer to strategic goals and objectives, representing 
the company strength or weakness in comparison with the value of the same indicators for its 
competitors, such as: 
• reduction of sale price in comparison with market average price 
• increase of product-service quality  
• increase the service level (capability to meet delivery time) 
• market share 
• wideness and diversification of set of product-services 
• wideness and diversification of portfolios of customers and suppliers 
 
Goals and results achieved by the company are quantified connecting every indicator to the best 
competitor’s performance (benchmarking). For example: 
 

INDICATOR COMPANY BENCHMARK 

Market average price -5% -10% 

Quality for the customers high High 

Respect of delivery time 90% 98% 

Market share 10% 20% 

Number of products 100 150 

 
Every expenditure policy decided by top management aims at maintaining or improving such 
performances: its effectiveness can thus be evaluated on the success or failure to achieve this goal. 
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The balanced scorecard method 
 
On the basis of these considerations, Robert Kaplan and David Norton (199242, 1993 and 1996a,b) 
recently elaborated the balanced scorecard method (BSC), tailored on company features (but it has 
been applied by public bodies as well43).  
 
Their idea is that traditional financial measures (like NPV, for example) should be supplemented 
with operational measures concerning customer satisfaction, internal processes and the ability to 
innovate. Therefore, performance measures can be divided into four domains: 
• financial achievements  

• customer orientation  

• effectiveness and efficiency of internal processes  

• innovation and learning.  

 

Table B1.2.1: the BSC-approach (Kaplan and Norton, 1992) 

 
 

These four measures would assure future financial results, and drive the organisation towards its 
strategic goals while keeping all four perspectives in balance. All these measurements (evaluations) 
are framed in a strategic management system that drives improvement and that allows to prepare 
for the future. To do this, the method uses the three-layered structure previously described: goals, 
objectives, measures. 
 

                                                 
42 Kaplan, R. and Norton, D., "The balanced scorecard - measures that drive performance", Harvard 
Business Review, January-February 1992.  
43 For instance at the Massachusetts Special Olympics. 
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Table B1.2.1 gives an example of the BSC-technique applied to a company as a whole. 
 
Each of these perspectives has to be translated into corresponding metrics and measures that 
assess the current situation. These assessments have to be repeated periodically, and have to be 
confronted with the goals that had been set beforehand. The measures used are generic, because 
each corporate mission and each corporate set of objectives requires its own specific measures. 
The BSC is currently applied by some large corporations to evaluate R&D expenditures (see B2). 
  
Performance measures for non profit activities (public authorities and others) 

 
Performance measures for non profit activities are of particular interest for the purposes of this 
study, as the European Parliament belongs to this category. The main difference with R&D for 
productive activities is that the public body does not receive an income by the sale of the developed 
products/services. 
 
Three main methologies can be identified: 
• cost-effectiveness analysis  
• social cost-benefit analysis  
• multi-criteria analysis  
 
Cost-effectiveness analysis 
 
This is the simplest and most intuitive method to assess the economic perspective of research 
projects (ex-ant and ex-post). Once the prime target has been identified, the evaluation concerns 
two dimensions: achievement of the objective and resources mobilized. 
 
For instance, cost-effectiveness analysis compares and evaluates projects aiming to raise 
employment in terms of "cost per newly created job"; similarly research projects concerning the 
medical field are evaluated in terms of "cost per year of saved life" and so on. This kind of analysis 
have been performed in numerous cases44, leading to results similar to the ones shown in the table 
below.  
 

                                                 
44 A practical application by the National Center for Policy Analysis (USA) is described in C. 
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The drawback of cost-effectiveness evaluation is its emphasis on a single criterion. Unfortunately 
this drawback is quite remarkable: the criticality related to the use of traditional evaluation methods 
exclusively focused on financial aspects have already been pointed out. Like in industrial 
organisations, a wide number of objectives is present in non-profit organisations (for instance, FP5 
has 9 critieria): therefore cost-effectiveness analysis is too limited. 
 
Cost-benefit analysis (Dasgupta and Pearce45)  
This method is more complex than cost-effectiveness analysis, because it allows benefit 
measurement without focusing on a specific criterion, but taking into consideration all targets of the 
research programme. 
 
To sum the values related to the different criteria and therefore to be able to compare the overall 
result with research expenditure, this method translates all measures in monetary terms. Evaluation 
is based on capital budgeting methods, traditionally used by companies and already discussed 
(NPV, IRR, Pay-back). 
 
An interesting application of cost-benefit analysis is used at NIST(USA)46, based on the separation 
between private and social return.  
 

                                                 
45 Dasgupta A. K., Pearce D. W. (1978), Cost-Benefit Analysis: Theory and Practice, Macmillan, London. 
46 See B2 part  
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This approach is suitable when used to evaluate industrial R&D projects (NIST is a public body that 
finances shared-cost industrial R&D projects). 
 
A key difficult encountered in this approach is the evaluation of the social costs and benefits. Social 
costs (such as the loss of an area of outstanding natural beauty) and social benefits (such as a 
reduction in road traffic accident) usually have to be measured by some indirect indicator and 
converted into monetary values, so that a comparison can be made with private costs and benefits. 
Despite important difficulties, this method has been widely used. Some uncertainty remains on the 
validity of the monetary quantification of saved life years, making reference, for instance, to the 
annual income47. 
 
Multi-attribute analysis 
 
The multi-attribute analysis48 technique considers many evaluation criteria without expressing them 
in monetary terms. It has been widely applied in environmental impacts assessment.  
 
The objective of this techniques is to allow decision makers to build up a representative model to 
single out the impacts of different investment options on their strategic objectives (goals) and on 
external variables (environmental impact: acoustic pollution, polluted emissions, solid rubbish, non 
recyclable consumer goods)  
 
Those techniques possess a kind of maieutics characteristic, as they stimulate decision makers to 
become aware of aspects outside their own organisation and consequently control capability of all 
the causes which can have an influence on the result of the investment. A model would include a 
high number of variables, and several could be defined "arbitrary" because of their qualitative 
nature. 
 
Above all it has to be stressed the difficulty lying in the choice of indicators representative of the 

                                                 
47 NIST, 2-Methodology  
48 Described in C - Technical files 
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strategic goals (or the environmental impact), considering also that those objectives should be 
shared with the community represented by policy-makers. 
 
The choice of the measure scales to quantify those indicators is critical as well. In fact, all 
objectives (economic, social, technical, environmental), are considered one by one and expressed 
by suitable measurement units (that is in non-monetary terms). In order to make those values 
comparable, we will proceed to their "normalization" (by using methods like Battelle or Cassitto, 
NWF’s E Q Index, Lanzavecchia, and so on) which reports all values on a common non-
dimensional scale (normally referred to a 0:1 scale). For example, indicator for air quality impact of 
a project can be quantified as follows: 

 
 
 

Therefore an investment evaluation matrix can be built, reporting the set of indicators in the rows 
and the different investment alternatives in the columns, to choose the best one: 
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At this point the values could be added by column and the different investment alternatives could be 
ordered on the basis of this result; often, before this stage the weights, reflecting the importance 
that every decision-maker attributes to each indicator, are normally assigned (through methods like 
Zeppetella, Clark, Battelle, Bresso, etc.). This is a typically political stage, requiring an interaction 
between those who carry out technical and decision-maker, experts, social groups involved (the 
Delphi method is useful in these kind of decisions).  
 
Now evaluation matrix takes on its final aspect: 
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A C

1

2

3

4

1

10,7

0,8

0,8

B

1

1

0,6

0,5

0,8

0,6

0,4

Weight

(1)

(1)

(0,6)

(0,5)

Total 3,3 3,1 2,8  
 
In the example above, the decision should be addressed to choose the project in the alternative A. 
The achievement or failure to accomplished those estimated values should be measured to 
evaluate successfulness of the project. 
 
A good practice of this methodology always advises to make a sensitivity analysis which indicates 
how decisions could change by changing forecasts and assigned weights. 
 
Multi-attribute analysis has also been used in the EU context in the case of the Structural Funds49: 
in the future EP decision makers could compare the effectiveness of Structural Funds Programmes 
versus FP5 effectiveness, if this methodology were applied to R&D activities evaluation as well.  

 

 
B2 – Existing assessment practices 

 
B2.1 The Commission 
 
The RTD management structure at the EU Commission is well established and consolidated: 
evaluation procedures have been put in place and regularly adapted. However the present scheme 
does not fully satisfy increasing demand for economic impact assessment. This paragraph deals 
with the evolution of assessment practices in the Commission and with future orientation of the 
evaluation function related to the Framework Programmes. 
 
The First Framework Programme covering RTD activities funded by the European Community 
represented an outstanding leap for the culture of the whole European research community. Within 
a single programme, interaction and co-ordination of identified objectives were assured, thanks to 
the establishment of higher level priorities, to be achieved by means of specific programmes related 
to a particular research area50.  
 
As RTD activities progressively evolved into a more complex framework, the needs for deeper 

                                                 
49 MEANS Handbook n° 4 on Applying the Multicriteria method to the evaluation of Structural 
Programmes. 
50 Detailed information of the genesis of FPs can be found in STOA, Strategic Options for the evaluation 
of R&D Programmes of the European Union, 1998. 
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analysis and evaluation of the fulfillment of objectives arose. However, even if a centralised 
Evaluation Unit had been created since the early 80s, evaluation practices were not consolidated 
within a systematic overall approach. They were essentially based on peer review studies 
elaborated by panels of independent experts, which mainly provided mid-term or end-of-program 
assessments dealing with scientific quality of research51 outputs: improvements in evaluation 
methodologies had been built on an incremental approach, but the introduction of an overall 
scheme for evaluation could not be delayed further.  
 
A major development, resulting in the introduction of a new evaluation scheme, occurred in 1994; it 
was induced by the legal framework (the Decision on the Fourth Framework Programme), which 
requested to the Commission further systematic evaluations to be performed with the assistance of 
external experts, requiring annual and multi-annual evaluations.  
 
To comply with evaluation regulatory requests the approach taken by the Commission was based 
on the implementation of the following structure52:  
 
• Annual monitoring at both Framework and Programme level; its aim is to provide timely feed-

back information to the management, in order to ensure the success of taken actions (projects) 
as well as the best use of RTD funding. Furthermore, these annual monitoring exercises are the 
basis for long-term evaluations.  

• Five-year assessments of RTD activities, at both Framework and Programme level, scheduled 
every four years to ensure continuity; these assessments comprise a final assessment of the 
previous FP, a mid-term evaluation of the current FP and contributions to preliminary discussion 
for the next one. One of the primary purposes of this assessment is to provide guidance to 
political decisions and planning for future RTD frameworks.  

 
Panels of experts have been established on a regular basis to perform these evaluation activities. 
 
The evaluation exercises are complemented by various studies specifically dealing with projects 
and/or programmes.  
 
The preparatory works for the Decision concerning the establishment of the Fifth Framework 
Programme started in 1997: the involved parties based their reflections on results and impacts of 
past and current activities and programmes on different sources, including the following reports: 
 
• The Annual Reports on RTD activities of the European Union53 (Article 130p Report) up to 

1997;  
• The Annual Monitoring Reports of Framework programmes and Specific Programmes up to 

1997;  
• The first 5-Year Assessment of the European Community RTD Framework Programmes54, 

published early in 1997  
 

                                                 
51 A complete overview of problems related to evaluation issues have been clearly defined in STOA, 
Strategic Options for the evaluation of R&D Programmes of the European Union, 1998. 
52 G. Fayl et al., Evaluation of Research and Technological Development Programmes: a tool for policy 
design, Research Evaluation, Volume 7, N° 2, August 1998. 
53 Annual Report on RTD activities of the European Union; COM(97)373. 
54 5-Year Assessment of the European Community RTD Framework Programmes; COM(97)151 final. 
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A list of available information in such reports is summarised in part C4. Actually, very little 
information at programme level on impacts produced or at least that could be expected by R&D 
programmes are provided. This kind of data is published on reports concerning specific 
programmes: this is the case, for instance, of the Brite-Euram programme and Craft projects. 
 
Particularly used on that occasion was the 5-Year Assessment report, carried out by the panel of 
experts chaired by Viscount Davignon, that covered the period from 1991 to mid-1996. It comprises 
a final assessment of FP3, a mid-term evaluation of FP4 and guidelines for future orientation of the 
Framework Programme. It explicitly declares that analysis is intentionally focused on strategic 
advice for future decisions, "rather than offering a detailed evaluation of the past"55.  
 
Few quantitative information on outputs and impacts of FP3 and FP4 are provided, while the Panel 
focused on recommendations that should help the forthcoming FP to be more adherent to the goals 
of the European Union, identified in "the twin pillars of scientific excellence and social and economic 
relevance"56. Future decision for program selection should be based on the latter and on European 
Added Value.  
 

However, the absence of quantitative data highlighted in the report, that should strengthen the 
belief for the development of an appropriate system of output data collection at program level.  
 

 

 

 

 

Comments about the evaluation reporting system 

 
The CREST opinion on the Five Year Assessment57 was that the reports have provided a useful 
contribution to discussions on FP5. Anyway, CREST recommends that the next exercise should be 
further strengthened paying more attention to the results and impact of the RTD programmes on 
economic and societal objectives, including scientific quality and the European added-value.  
 
Regarding the monitoring process, CREST noted that the exercise has developed into an integral 
part of the Framework Programme and that it has proven useful in a number of ways when 
developing the overall implementation of Community RTD activities58.  
 

Comments on the annual reporting 
 
Similarly, the 1997 Annual Report on RTD was sent to the European Parliament and examined by 
the Committee on Research, Technological Development and Energy (CERT), which criticised that 
that report "contains gaps which prevent full and proper scrutiny and assessment by Parliament and 
so does not fully satisfy the reporting requirements"59 and that it "confines itself in many sectors to a 

                                                 
55 5-Year Assessment of the European Community RTD Framework Programmes; COM(97)151 final, p.9. 
56 5-Year Assessment of the European Community RTD Framework Programmes; COM(97)151 final, 
p.10. 
57 European Union, 15 Dec. 1997, Scientific and Technical CREST/1217/1/97 rev 1 Research Committee. 
58 Scientific and Technological Research Committee, CREST/1215/98, 24 Nov. 1998. 
59 Report on the 1997 annual report on the research and technological development activities of the 
European Union; (A4-0031/98), p.6. 
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statement of fact, and only in very few cases does it contain a well-founded analysis"60.  
 
The report presents helpful information for the evaluation process. This information, nevertheless, is 
incomplete and not homogeneous across the different programmes, and therefore seems finally 
difficult to be understood and applied. 
 
The CERT invited the Commission to elaborate a reporting system providing more information61, 
pointing out the contribution of the whole Framework Programmes to the achievement of 
Community goals as regards European value added as well as economic and social objectives. 
Thus, the evaluation and reporting activities performed by the Commission could become a 
fundamental instrument able to provide reliable advice in political decisions concerning allocations 
to alternative areas of Community funding.  
 
Continuous improvement of the evaluation system  
 
These remarks were elaborated contextually to the debate on the Commission proposal for the Fifth 
Framework Programme. In January 1998 the Commission presented to the Council the proposal, as 
modified to take into account suggestions made by the European Parliament, on which the Council 
came to a common position confirming FP5 structure but reducing the proposed budget from 
16.300 to a maximum of 14.950 million ECU. 
 
One of the causes related to this reduction can be ascribed to the opinion expressed within the 
Council that the countries mostly benefiting from RTD are the richest ones. The lack of concrete 
data on positive impacts generated by RTD on the less-favoured regions and scarce co-ordination 
with cohesion policies prevented from adequately contesting this statement. 
 
It has to be pointed out that the Commission had been carrying out efforts on a continuous basis to 
improve the overall evaluation system, in order to answer to pressing expectations of demonstrating 
RTD contributions to the European value added as well as the achievement of social and economic 
objectives at macro-level.  
 
These efforts have to be considered in the light of the increasing attention the Commission as well 
as the Council (CREST) have been paying since the mid-90s to the evolution of evaluation 
practices: 
 
• Regarding the overall approach within the Commission, the Sound and Efficient Management 

(SEM) 2000 initiative was launched; it establishes systematic evaluation to be carried out for all 
EU programmes: its aim is to promote an overall evaluation culture and policy-related guidance 
for evaluation;  

• Regarding evaluation of RTD programmes the following initiatives have been taken:  
• CREST established a Standing Evaluation Sub-Committee to help producing advice on RTD 

programme evaluation related issue; all Member States are represented in this Sub-Committee;  
• The Commission’s DG XII Programme Evaluation Unit has taken the following initiatives: i) an 

Inter-service Group on monitoring and evaluation has been set up within the Commission 

                                                 
60 Report on the 1997 annual report on the research and technological development activities of the 
European Union; (A4-0031/98), p.9. 
61 Report on the 1997 annual report on the research and technological development activities of the 
European Union; (A4-0031/98), p.6, 9. 
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Services, involving 11 DGs62, with the aim to promote the best methodologies, to support the 
adoption of an harmonised approach, and to co-ordinate at the RTD Framework Programme 
level programme evaluation; and ii) a RTD Evaluation Network has been created among 
evaluators in order to spread best practices at EU level. All Member States and a few other 
countries participate in this Network. Moreover, an informal dialogue started with the US 
Federal Agencies, notably the National Science Foundation, in areas with importance for RTD 
programme evaluation. So far, two meetings were held (Washington DC, 1997 and Vienna, 
1998), the next meeting is scheduled for later this year.  

 
The dialogue between the CREST and the Commission and within the Commission Services has 
been leading to the harmonisation of evaluation practices (monitoring exercises and 5-year 
assessments) across all RTD programmes.  
 
In 1995 a "Common Methodology for the Evaluation of RTD Results" (COMEVAL) has been 
developed by the Commission. It is a software based method using a set of more than 300 
indicators, that can be adapted to the different features of specific programmes. This method, which 
was abandoned because it was too complex and difficult to implement, supported nevertheless 
further work in this area.  
 
Since 1995 the need for more harmonised data (i.e. common to all Specific Programmes) 
measuring RTD programmes performance had led the Commission Services and CREST to identify 
a minimum set of core indicators.  
 
These core indicators have been developed using a bottom-up approach: they provide information 
aggregated at programme level starting from data gathered at project level. They mainly concern63:  

 

• selection procedures  
• management of programmes  
• general characteristics of projects/special measures  
• outputs  
• dissemination/utilization of results  
 

These data are systematically collected and assembled in data bases by the Commission staffs 
from projects participants and other programme-specific information. This information is provided to 
experts in charge of monitoring and assessment activities. For the 5-year assessment, the data are 
combined with case studies on successful projects, interviews with programme participants, 
qualitative considerations forming the basis for the elaboration of programme and FP monitoring 
reports. 
 
As the core indicators were first introduced at the initial stage of FP4 and focused on input and 
process data, this orientation prevented them from representing a meaningful appreciation of the 
results and impacts of programmes.  
 
In order to eliminate this gap, core indicators and their collection procedures are constantly under 

                                                 
62 It involves all DGs participating to Framework Programmes and DGs responsible for financial and 
budgetary issues. It is chaired and co-ordinated by the Evaluation Unit of DG XII. 
63 Interservice Group on Monitoring and Evaluation, Reflection on the monitoring and five-year 
assessment under the Fifth Framework Programme, February 1999. 
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review, with some being eliminated and new ones added, particularly in the key area of data on 
results and impact. 
 
There is awareness within the Commission services of the need for linking these indicators and the 
overall evaluation system more closely to the broad goals and priorities stated by Framework 
Programmes64, which nevertheless requires the availability of basic data from the very beginning of 
the programme’s life cycle (for instance the intended and expected exploitation of the results by 
projects applicants). This process of integration could be facilitated for example by linking the drive 
towards better output data collection with the development of project quality indicators (detailed 
below).  
 

To achieve this objective, a number of studies by external experts have been initiated, with the aim 
of elaborating a more solid basis for an overall evaluation methodology able to provide peer review 
with more significant quantitative data. 
 
To reach this aim, the following steps have been taken by the DG XII Evaluation Unit: 
 

• a brainstorming organised with experts to discuss impact assessment (December 1997);  
• a study on "The Nature and Scope of RTD Impact Measurement" (February-May 1998)65;  
• the international workshop on "Measurement of RTD Impact/Results" (May 1998)66;  
• the study on "Options and Limits for Assessing the Socio-economic Impact of European RTD 

Programmes" by ETAN (European Technology Assessment Network) (May 1998-January 
1999);  

 
 
This study clearly points out difficulties and limitations related to a correct and complete 
identification of socio-economic impacts brought about by RTD, caused by: 
 
• the imperfect knowledge of the cause-effect relationship between RTD and various types of 

impact;  
• the temporal delay of impact evidence in comparison with the engineering stage;  
• the difficult aggregation of the impacts resulting from more projects (the overall impact of a 

program is no doubt different in comparison with the simple aggregation of the projects);  
• the need to devote higher resources to reach the aim.  
 

The ETAN study does not limit itself to a clear exposition and explanation of problems, but it also 
proposes an enhanced evaluation scheme67 that, at present, the Commission is implementing in the 
context of the 5-year assessment stipulated in the FP5 Decision. On the basis of the ETAN 
guidelines and follow-up reflections, the Commission recently launched several initiatives: 
 

• a study about output/impact data to be collected from the projects participants (under 
development);  

                                                 
64 Y. Dumont et al., Evaluate Programme Impact: a means to address new challenges and meet human 
capital needs, paper presented at the third European Evaluation Society Conference, Rome, 29-31 
October 1998. 
65 By Laurent Bach and Luke Georghiou. 
66 With the participation of 120 evaluation experts from all Member States. 
67 Part C5. 
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• a study about "identifying the constituent elements of European Added Value of the EU RTD 
programmes (under development);  

• a questionnaire68 distributed to projects participants, requiring comments and evaluations on 
projects results (replies will be made available to the panel of experts that will carry out the 5-
year assessment that will be used as an input to the decision concerning the 6th Framework 
Programme);  

 

Available information for future assessment activities  
 
To date, this continuous process of revision and refinement of the evaluation has been leading to 
shape a new system, shown in fig. C5, which should progressively be applied to FP5 depending, on 
the technical level, on the development and implementation of suitable information programmes 
systems.  
 
It will be based upon the complementary set of information detailed below, to be gathered at project 
level across the whole FP: 
 
• The contract database: at project level, detailed information will be gathered from participants 

since the very beginning, concerning basic information, to be gathered in the database for 
assembling and elaboration at upper levels.  

 
• The project quality indicators: it is a coherent set of 15 indicators to be used to assess project 

performance throughout the lifetime and the follow-up period of projects. These indicators are 
grouped in 5 categories, explicitly related to the three selection criteria of FP5, to S&T 
excellence and to project quality management. To ensure consistency and comparability, these 
criteria are applied at various stages of the project life cycle (proposal evaluation, contract 
negotiation, mid-term review, final assessment, evaluation of finished projects and of the 
impacts after the end of the contract69)  

 
• The Technology Implementation Plan: detailed information (provided at or before the end of the 

project by participants) on the planning of results exploitation provide qualitative information on 
the expected impact on society. In the context of the FP5, the submission of the Technology 
Implementation Plan at the beginning has become a contractual obligation.  

 
The long-term objective in terms of the development of a suitable management information system 
is that standardised information will be aggregated in a common central datawarehouse system, 
which should allow comparisons over time and programmes: the datawarehouse will filter the most 
relevant data, which will be made available to evaluation experts (core information). Other 
information which can be accessed by the experts will be listed in the information catalogue, so that 
experts involved in evaluation and monitoring will be able to supplement the core information with 
specific information concerning the different programmes.  
 

In 1999 evaluation activities to be performed concern: 
 
• the annual monitoring, which will deal with FP5 launch and initial stages of implementation and 

with follow-up of FP4 activities under completion; problems could arise in linking the FP4 results 

                                                 
68 Part C4. 
69 DG XII, Guidelines for the implementation of a quality management plan, (draft) 
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to the evaluation criteria established for FP5, therefore probably leading to the use of a "light" 
version of the set of core information discussed above; 

• the five-year assessment, which will mainly present an analysis of the results achieved since 
1995 as regards: important FP3 results, their dissemination and impact; main FP4 results, their 
dissemination and identifiable impact; progress in implementation of FP5; and 
recommendations for future orientation; 

• input and process performance: this evaluation is based on past Annual Monitoring Reports, 
which have progressively collected these information 

• impact and result: output data available at programme level on completed projects will be re-
organised and updated by means of a questionnaire, that will produce also data comparable at 
FP level. 

  
 

B 2.2 – Evaluation practices in some Member States 

 
From a general point of view, the Member States are not ahead the Commission in the evaluation of 
socio-economic impacts of research programmes. 
Actually, the most widely used method is peer review, generally directed to assess scientific quality 
of research. 
 
In the United Kingdom70 basic research is almost entirely carried out by universities and research 
institutes and the majority of funds comes from the government and the charities. The level of funds 
granted to individual departments is heavily influenced by five-year assessments of their 
international research reputation.  
 
Merit review criteria, which combine assessment of scientific quality, relevance (by means of the 
Foresight process71) and value for money lie at the basis of decision making. The Foresight process 
in particular is considered fundamental to emphasise the role of fundamental research and to 
establish the link with society needs.  
 
Assessment of research achievements is undertaken by means of peer review, but the most widely 
used method to evaluate scientific output is bibliometric analysis: even if its limits are recognised, 
many varieties of this method are applied (citations, relative citation impact, shares of world 
publications and so on). 
 
Moreover, highly skilled and trained people are considered one of the ultimate goals of basic 
research, but evaluation of quality of scientists poses serious challenges; despite this difficulty, the 
UK Office of Science and Technology (OST) and the Research Councils recently concluded a study 
of career paths of students supported by the Research Councils themselves. 
 
In Italy72, government responsibility for research and higher education lies with the Ministry for 
Universities and Scientific and Technological Research (MURST). The Minister oversees the 
university system as a whole, supervises the public research establishments and manages the 
instruments provided under the legislation directing and supporting industrial research. The figure 

                                                 
70 OECD, The Evaluation of scientific research: selected experiences, 1997. 
71 Part C6. 
72 Interview with Mr. Andrea Lapiccirella, General Director of the Department for Scientific Activities, CNR. 
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below provides an overview of the distribution of public research funds among the most important 
research institutions73.  
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CNR (Consiglio Nazionale delle Ricerche) is the most important Italian research centre. Research 
activities are evaluated only in terms of scientific quality, using the "impact factor" (IF) that, despite 
the promising term, belongs to the category of bibliometric indicators as well. It measures the 
citation frequency of the average article in a given journal in a given year. The IF can be looked at 
as a measure of the diffusion of a specific journal, therefore the same value can be referred to the 
paper published in that journal, in order to proxy the potential number of readers of the article itself. 
However, great attention has to be paid in using the journal IF as proxy of citation obtainable by a 
single paper published in the review itself. 
 
CNR is also investigating the possibility of tracking a relationship between papers and patents; this 
link, however, could improve the measurement of scientific quality, but it would not provide 
information on the economic impact of research. The General Director interviewed declared that, to 
date, it is not CNR’s aim to develop further analysis on economic impacts of RTD. In CNR’s opinion, 
the relationship between patents and new products successfully launched on the market is still 
obscure and in order to explore it relevant investment would be necessary, actually not sustainable 
by a single institution. 
 
In the Netherlands74, the Dutch public science system comprises, apart from its 13 universities, 
various bodies75. The evaluation of disciplinary research and research in specific areas of societal 
importance is quite extensive. These processes are related to research programming and priority 
setting as well as foresight exercises. As regards evaluations of research institutes and groups, the 
Dutch government does not carry out these practices on its own, establishing that they are under 
the responsibility of the research organisations themselves.  
 

                                                 
73 Source: Ministry for Universities and Scientific and Technological Research. 
74 OECD, The Evaluation of scientific research: selected experiences, 1997. 
75 The Netherlands Organisation for Scientific Research (NWO), The Royal Netherlands Academy of Arts 
and Sciences (KNAW), The Netherlands Organisation for Applied Scientific Research (TNO), The 
Agricultural Research Service and a number of institutes for fundamental and applied research, or the so-
called GTIs. 
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The typical model for such evaluations is based on external assessments usually undertaken by 
independent peers, often preceded by internal or self-evaluations. Sometimes peer reviews are 
backed up by bibliometric analyses. The assessment is about scientific quality, scientific 
productivity, relevance, long term viability of the research; a five-point scale (poor/unsatisfactory 
/satisfactory/ good/excellent) applies on each criterion. 
 
As regards NWO, a five-year evaluations are performed by means of peer review, sometimes 
backed up by bibliometric analyses. The scope covers aspects like: vision; strategy; scientific 
quality; R&D; HRM and financial management; quality and coherence of the institute programme; 
infrastructure and housing; position of the institute; size and quality of so-called third-party funding; 
follow up of previous recommendations.  
 
The assessment of socio-economic impact does not appear to be particularly advanced. 
 
In Germany, the Max Planck Society76 for the Advancement of the Sciences e. V. is an 
independent, non-profit organisation, which promotes research in its own institutes. Max Planck 
Institutes carry on basic research in service to the general public in the areas of natural science, 
social science and the arts and humanities. Max Planck Institutes complement the work of the 
universities with particular reference to new and promising directions in research that the latter 
cannot easily undertake because of its interdisciplinary character or because the costs for 
personnel and facilities that it demands are beyond the universities’ means.  
 
An important concern of the Max Planck Society in the 1990s has also been the further 
development of its evaluation system, especially that of its Scientific Advisory Boards, that 
constitute the central instrument of the self-supporting scientific external evaluation. The 
appraisement of the Institutes by the Scientific Advisory Boards occurs regularly every two years. 
Moreover, scientific projects and their results are monitored and evaluated at regular intervals by 
committees manned by professionals in their respective fields.  
 
The Federal and State Commission (Bund-Länder-Kommission) for Educational Planning and the 
Promotion of Research have decided to have the Max Planck Society evaluated. In particular, the 
evaluation intends to clarify whether or not, if compared on an international scale, the principles, 
methods, and possibilities the Max Planck Society places at the disposal of its Institutes for new 
establishments, restructuring measures, and closures - even while ensuring standards of quality - 
are suitable, and successfully applied. The evaluation has to determine that its collaboration with 
other partners of the research system functions - especially with technical universities (to promote 
young talent and structural development) and with partners in the economic sector (for the purpose 
of innovation).  
 
Moreover, that Commission is supposed to build systematic bridges to the current evaluation of the 
individual Institutes and projects. Besides this, instructions for a regular, systematised audit are 
desired. An international Commission comprising 10 members is going to undertake the task of 
evaluating the system. These individuals, from companies, foreign universities and scientific 
organisations, are all familiar with the state of affairs regarding German scientific facilities and their 
special requirements.  

  
                                                 
76 The overview is mainly based on the contents available on the Max Planck Society website 
(http://www.mpg.de) 
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B 2.3 – International Agencies 
 
This paragraph presents evaluation methodologies practised by two international agencies: the 
former places itself at the forefront of basic research, while the latter deals with statistical analysis 
concerning also economic development and R&D indicators. 
 

CERN77 is the European Laboratory for Particle Physics, whose business is basic scientific 
research into the fundamental laws of matter: it is the world's largest particle physics centre, 
building and operating facilities for particle physicists to do their experiments. CERN research 
projects are mainly evaluated by means of peer-review. All particle physics are regularly reviewed 
by external experts, who mainly assess the quality of the projects undertaken. It is considered a 
highly reliable method to measure R&D performance in order to review global concepts, to study 
performance of prototypes, to comment resource and schedule estimates and to advise on 
problems. Peer-review is considered an important instrument to exchange ideas, experiments, 
technologies and results.  
 
To date, CERN does not systematically evaluate projects and programmes form a cost-benefit point 
of view in order to measure the economic impact of research. This kind of analyses is only 
sporadically performed, where outstanding outcomes arise. In relation to CERN’s experience, the 
serious gap existing among basic research and economic deployment of innovation is 
demonstrated by a worldwide known example: the Internet. It was originally conceived and 
developed for the large high-energy physics collaborations which have a demand for instantaneous 
information sharing between physicists working in different universities and institutes all over the 
world. The European IT industry did not catch its potentiality, and it was then exploited by the USA. 
 

OECD78 is the lead international organisation for the development of harmonised S&T standards 
and the compilation of policy relevant internationally comparable statistics and indicators. OECD 
Secretariat, through the Directorate for Science, Technology and Industry, investigates trends in 
S&T input and activities and their impacts on economy and society.  
 
A large part of OECD’s statistics have been included, for instance, in the Commission’s report on 
S&T Indicators. One of the roles of the OECD Secretariat, and more particularly of the Directorate 
for Science, Technology and Industry (DSTI), is to define a methodological framework in which 
economic concepts related to innovation are translated into S&T indicators. DSTI’s work consists in 
transforming the data provided by Member countries into homogenous and internationally 
comparable data sets79.  
 
  
 

B 2.4 Non European countries 
 
The paragraph presents some information on the two major competitors of the EU in the field of 

                                                 
77 Interview with Mr. Hans Hoffmann, Head of unit "Education and Technology Transfer Division", CERN. 
78 B. van Pottelsberghe de la Potterie, Assessment of the Belgian S&T statistical system and priorities for 
development work: an OECD perspective, STI Working Papers. 
79 See macro-economic indicators summarized in A1 and A3 parts. 
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RTD, the USA and Japan. Finally, New Zealand’s research system is shortly described, for its 
similarities with the current organisation of EU RTD. 
 
USA 

 

In the USA, the National Science Foundation and basic research accounts for about 20% of 
federal support to academic institutions for basic research and invest over $3.3 billion per year in 
almost 20,000 research and education projects in science and engineering. 
 
NSF carries out its mission (promoting the progress of science; advancing the national health, 
prosperity, and welfare; securing the national defence) primarily by funding research projects to be 
carried out by third parties; proposals and awards are managed through eight programmatic 
organizations. The involvement of independent peers in the review of proposals is the keystone of 
NSF's proposal review system, which mainly evaluate scientific quality and expected impact of 
proposed projects80.  
 
NSF has developed descriptive standards to assess performance goals for results of NSF’s 
investments in research and education. The descriptive standards characterize successful and 
minimally effective performance. The stream of data and information on the products of NSF’s 
awards provides the basis for assessing NSF’s performance through annual reporting processes 
and the expert judgement of independent external panels.  
 
Use of descriptive standards for the measurement of outcomes in research and education allows for 
human judgement to consider both quantitative and qualitative information on performance and 
weigh it in a balanced assessment. The descriptive performance goals are designed to be used as 
tools in NSF’s management process through a combination of internal self-assessment and review 
by external panels managed through the directorate advisory committees. Members of these 
committees are highly credible experts in their fields. Because of the need for the judgements of 
potential users and international perspectives on quality, committee membership will evolve to 
provide enhanced independence of judgements.  
 
As a basis for NSF’s annual performance report, each directorate will develop an annual self-
assessment, articulating achievements, collective progress, and expectations for the future in 
understandable terms. The first two of these elements will provide means of assessing the 
performance of past NSF investments; the last, a means of assessing the characteristics of the 
current investments, with a focus on the likelihood of strong performance in the future. 
 
External experts take this self-assessment to address both strengths and weaknesses of the 
directorates. NSF management, working with the advice and guidance of the National Science 
Board, will integrate the advisory committee recommendations into the GPRA81 performance report.  
 
Another remarkable experience is the one of NIST (National Institute of Standards and technology), 
one of major American Institutes involved in applied research, working with industry to develop and 
apply technology, measurements, and standards, through the launch of research and technology 

                                                 
80 NSF, Report to the National Science Board on the National Science Foundation's Merit Review System 
Fiscal Year 1998, 1999. 
81 The Government Performance Review Act (GPRA) requires that all federal agencies report annually to 
the Congress on their strategic plans and performances. 
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development projects, funded by means of share cost public-private. 
 
Well-defined assessment practices of the economic returns of the projects funded by ATP 
(Advanced Technology Program) have been established. Evaluation is carried out by NIST 
Economic Assessment Office, which utilizes the assistance of academic and consulting 
economists, in addition to its internal staff. Evaluation activities include planning, developing 
evaluation models and methods, collecting data and constructing databases, and conducting micro- 
and macro-economic case studies, statistical and econometric analyses, and other forms of 
assessment and inquiry. 
 
The ATP funds projects that are expected to: 
• make significant contributions to the scientific and technical knowledge base;  
• lead to new technologies that the awardees will take into the marketplace using non-ATP 

sources of funding;  
• and, in the long-run, yield substantial national economic benefits beyond those going directly to 

ATP-award recipients.  
 
The ATP funded research projects typically last from 2 to 5 years. The commercialization phase 
generally takes at least several years further. The widespread diffusion of the technology across 
and within industry sectors takes yet more time. The bottom line is that ATP’s evaluation program 
must track the short-term results, as well as the medium-to long-term economic impacts for the 
nation.  
 
Because ATP's mission is economic in nature, its evaluation plan emphasizes the economic 
impacts of the program, calculating several of the most common indicators: NPV (Net Present 
Value), BCR (Benefit-Cost ratio), SRR (Social Rate of Return)82.  
 
The evaluation model is based on a three dimensions system83 (see figure B2.4.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B2.4.1: ATP’s Three Dimensions 

 

                                                 
82 These indicators are defined in A3.  
83 (Spender, The Three Dimensional Model of the Advanced Technology Program, NIST report in draft, 
October, 1996). 
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The vectors mapped by OTPQ in the figure B2.4.1 describe a fully successful ATP project that 
delivers a combination of high-risk technical accomplishments, positive net private benefits, and 
positive net spillover benefits. 
 
The three dimensions of ATP represented in figure B2.4.1 suggest funding projects that (1) add to 
the scientific and technical knowledge base, (2) result in and hasten technology-based 
commercialized products and processes, and (3) ultimately yield widespread economic benefits 
beyond the direct awardees -- condition and inform ATP's evaluation plan.  
 
With respect to measuring economic impacts, the NIST’s approach distinguishes between initial 
impacts resulting from the commercial activities of the awardees and subsequent impacts 
resulting from spillover effects.  
 
The ATP has adopted the method of E. Mansfield, e.g. a sort of cost-benefits analysis that translate 
each return of the project (and spillover as well) in monetary terms. Obviously it is not possible to 
apply this method to all projects, since it is too expensive and time consuming; therefore, 
Mansfield’s approach is used for the evaluation of case studies. Nevertheless, its utility is clear, as 
demonstrated by the First ATP Report, where it underlines that, over 38 funded projects, the three 
evaluated projects with Mansfield’s method alone produce a profit overcoming the total fund of the 
38 projects. 
 
To square the urgent demands in the short run for evaluation results with the reality that patience is 
required to realize and validate empirically long-run program outcomes, the ATP has adopted a 
time-dimensioned, multi-component evaluation strategy to be applied to the evaluation of its 
projects. 
 
Its main components include (1) descriptive (statistical) profiling of applicants, projects, participants, 
technologies, and target applications; (2) progress measures derived principally from surveys and 
ATP's "Business Reporting System;" (3) real-time monitoring of project developments by ATP's 
staff; (4) case studies that focus in depth on project developments and results over defined periods; 
(5) projections of expected long-term impacts; (6) methodological research to improve the tools of 
long-term evaluation encompassing spillover effects; (7) special-issues studies to inform program 
structure, operations, and evaluation; and, ultimately, (8) empirical assessment of long-term project 
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and program outcomes. 
 
The "Business Reporting System" is a key component of ATP's data compilation in support of 
project evaluation. These data, compiled by electronic survey of individual project participants, are 
used to track the evolution of projects towards achieving their business and economic goals. The 
Business Reporting System consists of five parts: An initial report on planned application areas for 
the technology and planned strategies for eventual commercialization; quarterly short reports on 
major interim business developments; an annual report on progress towards implementing the 
commercialization strategies and on short-term economic impacts of the projects, including, but not 
limited to, early sales revenues, shortening of R&D cycles, collaboration effects, intellectual 
property creation, and early job creation; a close-out report which completes the reporting of 
developments during the course of the research project and updates future plans for 
commercialization; and a post-project report which updates progress and is to be administered 
three times (every other year) over the period following project completion. A recent ATP report 
draws from this extensive database to summarize project-, company-, and application-specific 
progress of over 200 projects added to the reporting system between 1993 and 1995 (Powell, 
October 1997, draft). Those project participants in the reporting system had identified more than 
1,000 applications of the technologies under development and provided commercialization plans for 
almost 800 of the applications by the end of 1996. The Business Reporting System database has 
considerable potential for serving the needs of evaluation research. 
 
To gain a detailed understanding of the effects of the ATP at firm level, the ATP also carries out 
project case studies. While microeconomic case studies provide detailed analyses of projects, 
macroeconomic models can provide projections of national economic impact of ATP-supported 
technologies. The ATP has experimented a regional econometric model and is examining others. 
 
Within the activities of NIST, it has been promoted the Harvard Life-Saving study, a method 
applying the cost-effectiveness analysis to a set of projects focused on health and wellbeing of the 
citizens (a case study is summarized in tool 5 of A1 part). 
  
JAPAN84  
 
In recent years Japan has been reshaping the institutional framework of the science and technology 
administration85. The Science and Technology Basic Plan was formulated to promote Japan's 
science and technology in a planned manner comprising action plans for 5 years from fiscal year 
1996 to 2000, foreseeing about 10 years in order to realize comprehensive policies, in which 
Special Coordination Funds for Promoting Science and Technology (SCF) are the funds managed 
and distributed by the Science and Technology Agency86 (STA) for promotion of important research 
in accordance with the policy set forth by the Council for Science and Technology87.  

                                                 
84 The major part of this overview has been based on both SPRU, The relationship between Publicly 
Funded Basic Research and Economic Performance, 1996 and the Prime Minister of Japan, "National 
Guideline on the Method of Evaluation for Government R&D", 1997. 
85 The Science and Technology Basic Law was enacted in 1995, with the aim of promoting science and 
technology and enhancing Japan's position in these fields; it also required the establishment of a Science 
and Technology Basic Plan. 
86 STA has been planning, formulating, and implementing basic S&T policies, and coordinating the 
science and technology policies developed by other administrative bodies. In addition, the agency has 
been advancing large-scale projects dealing with pioneering fields of science and technology. 
87 The Council for Science and Technology was established as a consultative organization of the Prime 
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To date the major part of basic research in Japan is carried out in universities and in other 
government institutes, funded by the various ministries. 
 
Investment levels and expected development of the scientific and technological framework are 
carried out by means of Foresight exercises, managed by different organisations, both public and 
private (ministries such as MITI, the Science and Technology Agency, industrial associations and 
research institutes). 
 
As regards evaluation practices of the R&D national systems, objectivity generally plays an 
important role and therefore assessment heavily relies upon external evaluation performed by third 
party evaluators in order to maintain objectivity, fairness and reliability of the evaluation.  
 
In the case of large-scale, important national projects such as mega-science, evaluation is generally 
carried out at each stage, before, during and after a project, by an independent body, including the 
assessment of economical efficiency. The results will be taken into account in selecting a R&D 
subject and in deciding whether or not to continue a project. 
 
If evaluation concerns research in a university, it is particularly centred on the perspective of 
academic significance in response to the discipline, purpose and character of the research, while 
taking into account such perspectives as the contribution to society, the economy and culture, and 
the efficient execution of research budgets. Such improvement will include consideration on 
introducing evaluation by outside experts, while respecting its autonomy as well as other 
characteristics of research at colleges. 
 
National research institutions are evaluated for the purpose of creating conditions to maximize their 
research abilities, and to produce satisfactory research results. To this end, regular evaluations are 
to be conducted at each institution, or relevant ministries and agencies, and by seeking the opinions 
of outside experts88. Each research institution will decide on the specifics of the evaluation methods 
in light of its individual nature, then incorporate them into internal rules as well as taking other 
necessary measures.  
 
The evaluation results must be reflected on improvement of management of the institution 
concerned as a whole in implementing institution evaluation, numerical indices of research results 
can be utilized effectively as reference materials for the evaluation. Furthermore, the response to 
specific social and economic needs, the ability to create new disciplines and methods of research, 
the flexibility to appropriately handle changes at the front line of research, and the efficient 
management of the institution are important indices, and the evaluation that comprehends all of this 
in response to the mission and the duty of the institution under evaluation is required. 
 
As far as quantitative evaluation techniques in place, the most widely used indicators are actually 
the same used by Western countries89, but the importance of a comprehensive assessment taking 

                                                                                                                                                             
Minister within the Prime Minister's Office, in order to contribute to the comprehensive promotion of the 
government's science and technology policies. 
88 The objectives of the evaluation are: proper management of the organization and personnel; selection 
of R&D fields and subjects; construction and/or intensification of facilities/equipment, information 
infrastructure, and a research supporting system; promotion of exchanges including joint research; and 
overall better management. 
89 "Traditional" indicators used are the number of published papers, the number of times they are cited, 
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into account both quantitative and qualitative aspects of R&D activities is clearly stressed.  
 
Macro-analysis dealing with the impact of RTD on economic and social aspects are managed by 
NISTEP, (a national research institute affiliated with Science and Technology Agency) which 
conducts theoretical research and survey-based research on matters that would become the basis 
for developing science and technology policy. In line with this basic thinking, NISTEP is moving 
systematically ahead with research to lay a theoretical basis for policy innovation and with actual 
survey research for current policy issues from a long-term and international perspective. 
 
NISTEP has been conducting various researches such as S&T indicators, technology forecast, 
trends of technology trade, research on regional S&T, economic effects of governmental R&D 
investment, relations between S&T and society, and human recourse in S&T. One of these 
research90, in particular, pointed out the relationship between the increase in RTD government 
investment and growth rate of economy, based on the elaboration of a complex model. 

  
B2.5 THE INDUSTRY 
 
The chemical industry 
 
An interesting survey91conducted on 62 chemical companies all over the world in 1997, presents an 
overall picture of evaluation practices widespread in the sector. However, these do not seem to be 
particularly innovative: most companies make use of qualitative metrics (more than 25% of 
interviewed companies uses "employees morale index and surveys" and 15% adopts peer review). 
As regards quantitative metrics, more than 1/3 evaluate R&D output on the basis of the number of 
patents applied and slightly less adopt NPV. Balanced scorecards and other integrated methods 
appear to be practised by a very limited number of chemical companies.  
 
BASF Pharma92  
BASF Pharma has a well developed effective management of R&D: this is essential, due to the 
huge amount of invested resources, to the long time required for drug development and to the high 
failure rate of projects in identifying exploitable new products. Intermediate phases of a project 
concern test on thousands of patients and registration: they are managed by means of decision 
tree, to identify if a project is to be proceeded or stopped. The decision is taken calculating project’s 
NPV, derived from its expected cash flow. Cash flows are forecasted in details for the following 
years and discounted with cost of capital. Timelines are added and costs per phase are determined 
(derived from number of FTEs and external costs), together with probabilities (derived from 
predefined target profiles). Balanced scorecard is then applied to monitor standardised goals’ 

                                                                                                                                                             
the number of patents, the state of implementation of patents, the degree of contribution to international 
standards, and so forth, have a given objectivity, and those numerical indices can be utilized effectively as 
reference material for evaluations. 
90 NISTEP Study Material n.44, "How much R&D is needed to achieve a targeted rate of economic 
growth?", 1996 (in Japanese). 
91 John Everett, The application of IT for R&D performance measurement, presentation at 14th 
International Conference on Performance Measurements for R&D, Geneva, 29th-30th June 1999. 
92 Roland Maier, "Measuring R&D performance in an outsourcing and collaborative business 
environment", presentation at 14th International Conference on Performance Measurements for R&D, 
Geneva, 29th-30th June 1999. 
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achievement.  
 
General Motors93 
 
The General Motors has adopted the balanced scorecard method to tie performance 
measurement to R&D strategic plans. In order to create shared understanding and enable groups to 
see their contribution to the whole, all measures are linked through a hierarchy to overall goals: 
starting from corporate aspirations, scorecard are consequently established at all levels (corporate, 
business unit, division and specific frontline manager). For each detailed set of initiatives, goals and 
milestones (lower and upper bounds) are identified and their accomplishment is measured by 
means of a formalised performance review process (quarterly 1-hour meetings), which allows to 
compare actual performance to targets.  
 
At an operational level, cross-functional teams design scorecard (to which functional managers 
have to attain to) and performance objectives are consequently linked to; 3-5 years targets are 
adjusted as assumptions behind them change. 
 
A methodology for project selection has been recently developed by the decision analysis team, 
based on in-house modified NPV function, whose factors where estimated by project leaders, 
implementers and executive managers (by means of interviews and questionnaires). The major 
finding of this exercise is related to the discovery that in each "research area" (i.e. an identified 
group of project) projects of minimal or negative value could be found. This under-optimisation of 
resources was mainly due to unawareness of management’s strategic intent. As a result of this ex-
ante evaluation exercise, a reorganisation to fill this gap took place. 
 
Bayer Consumer Care Division  
 
The R&D activity in Bayer Consumer Care Division is focused on two main fields, directly linked to 
the product families: over-the-counter remedies and household insecticides. A general procedure 
regulating the presentation of R&D projects for selection was introduced a couple of years ago: the 
funding decision is based on the analysis and evaluation of a formal document, which gathers 
detailed information on the following issues: 
• General goals (for instance: to increase a market segment, to become leader on a product 

family, etc.)  
• customer concept: solved problems and benefits transferable to the consumer  
• product appearance and performance: technical elements, concerning product specifications 

(e.g. the stability of the new product in different regions all over the world)  
• application/handling of the product  
• efficiency  

• safety and consequences for the environment  
• legal aspects  
• manufacturing aspects (problems, new investments required, …)  
• project and production costs  
• marketing coordination at international level  
• success target, providing:  

                                                 
93 Dr. Robert Bordley, "Keynote presentation using the balanced scorecard to tie performance measures 
to R&D strategic plans", presentation at 14th International Conference on Performance Measurements for 
R&D, Geneva, 29th-30th June 1999. 



 
 

 80 

 

• the target sales  
• the Net Present Value: this indicator is measured considering the estimated additional cash 

flows generated by the new product; the estimated costs refer to the costs of the project, 
marketing expenditures and manufacturing costs  

• time-to-market in the different countries  
• hurdles of the project  
 
The selection of the project is performed every 2-3 months by a committee that decides what 
projects have to be funded; the main aspects taken into account are: 
• NPV  
• time-to-market,  
• strategic considerations, taken by the information of the formal document; it deals with mainly 

qualitative indicators, which are evaluated on the base of the information of the strategic plan.  
 
Normally, the ongoing research projects are more or less 35 for each of the two divisions.  
 
The same committee monitors some of the projects in progress, chosen on the basis of the project 
update. Nevertheless, since the system is operating just since two years, the ex-post evaluation of 
the first projects financed under this procedure will take place next year. It will rely on the analysis 
of effective data for NPV, sales, time-to-market, market share, etc. 
 
 
CSELT (Centro Studi e Laboratori Telecomunicazioni)94  
 
CSELT is a company of Telecom Italia group, whose main activities are applied research and 
experimentation in ICT to develop innovative services, advanced applications and integrated 
solutions. It was founded in 1964 and, at the end of 1998 its staff was composed of around 1200 
persons. CSELT income was slightly above 300 billion £., representing 0.6% of the overall group 
revenues. Its main clients are Telecom Italia and TIM (the company managing mobile 
telecommunication), which contribute to around 80% of CSELT income. 
 
CSELT contributes to the development of future technology scenarios in the various sectors of 
interest to Telecom group, linking University and applied research. It applies a broad distinction 
among RTD projects, in relation to the foreseen horizon of application and to the presence of an 
explicit commitment form a customer: short-term and mid-term projects. 
 
For the short-term projects, undertaken in response to an explicit commitment of a customer 
(around 75% of activity), two different but complementary methods of evaluation are applied: 
• internal audit: introduced three years ago, in order to verify the consistency of project’s 

management with guidelines for effective and efficient project direction, with particular reference 
to budget;  

• customer satisfaction: evaluated on the basis of certain parameters, such as: achievement and 
quality of objectives; delivery time respect; costs and benefits of the project for his organisation; 
documentation accuracy.  

 
Some short-term projects can be easily evaluated because their output can be measured in 
quantitative terms. An example is provided by the automatic answer phone service developed for 

                                                 
94 Interview with Mr. Fulvio Faraci, Mr. Francesco Carraro, Mr. Giancarlo Pirani (CSELT). 
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the Italian railway company (Ferrovie dello Stato). The introduction allowed an increase of 5 million 
answered phone calls in its first year of introduction, with improved customer service for the public 
and consequent higher turnover for Telecom Italia.  
 
For the mid-term projects undertaken in view of expected evolution in ICT (only 25% of CSELT 
activity) there is still no systematic assessment of value created by research projects, probably as a 
result of the monopoly situation the Telecom had benefited for years, which has therefore led to a 
scarce perception of the need for systematic evaluations. 
 
In order to fill the gap of value assessment, a project to identify a methodology to assess the value 
of research projects in partnership with the University of Pisa. 
 
ELF95  
 
ELF supports three broad categories of R&D projects: 
• Strategic business aligned (85%): integrated projects on the group business strategy  
• Technology support (10%): small-sized projects aiming at improving methods, laboratory 

practices,…  
• High risky (5%): projects to anticipate technical breakthroughs  
The identification of final users is the first step to measure R&D performance: indicators are defined 
on the basis of the main objectives and have to take into account short and long-term projects. 
 
The most important indicator is represented by deliverables: final recipients certify whether a 
prototype has a real application and the responses are weighed, on a 0-4 scale (at the lowest level 
there is immediate test failure, at the highest immediate application). A contract and a stretch 
targets are set up with the research team, in terms of quantity (total weighed deliverables) and of 
quality (average). 
 
Three other indicators, for which annual contract and stretch targets are defined as well, are 
measured to assess performance: 
• ELF image, measured by the number of publications/presentations  
• Customer satisfaction survey, defined using internal measures: it is based on six questions 

concerning the way research is handled during the year, with possible notes on a 1-5 scale  
• Office cost  
 
The four indicators have compensation weights (deliverables’ weight is established at 40%). 
  

B 2.6 SECTORAL EXPERIENCES 
 

TNO96 (The Netherlands Organisation for Applied Scientific Research) 
 
The primary task of TNO is to carry out technical and scientific research serving the central and 
lower authorities, the business sector and other social groupings, including government 

                                                 
95 Dr. Jean-Marc Fontaine, "Measuring R&D performance in an outsourcing and collaborative business 
environment", presentation at 14th International Conference on Performance Measurements for R&D, 
Geneva, 29th-30th June 1999. 
96 OECD, The Evaluation of scientific research: selected experiences, 1997. 
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departments. TNO functions independently from the government. 
 
TNO runs 16 institutes in the fields of industry, nutrition, health, environment and energy, transport 
and infrastructure, construction and defence research, besides which the organisation undertakes 
policy studies. More than half of TNO budget is covered by funds from clients which award contract 
research (private sector, government, international bodies). The rest of TNO funding is provided by 
the Ministry of Education, to fulfil the purpose of fostering the knowledge base (exploratory research 
in an early stage of development and research in new fields); other resources come from various 
Ministries for specific multi-year research programmes. 
 
The TNO Act requires that the TNO Institute has to draw up a strategic plan every four years that 
should be based on the evaluation of past, present and future performance; to attain to these 
provisions TNO started to audit its institutes, according to the principles outlined in Exhibit B2.4.1. 
  
B2.4.1: TNO Institute  

Evaluation of TNO Institutes 
Technical set-up 

• Institute evaluation is closely linked to the "Technology Portfolio System". 
• Through this system TNO monitors its research on specific themes, relevant to the market, in order 

to foster its strategic knowledge base. 
• This knowledge base is defined in terms of "expertise nuclei" ("We know how to....."). 
• Technologies are rated in terms of their stage of development, the strengths as compared to 

technologies of competitors; and "market attractiveness". 
• Each technology is "anchored" in a research group. 
• Each technology turnover is monitored. 
• International committees review the institute portfolio on the basis of an external audit, which looks 

both at quality and market relevance. 
• Portfolios are also discussed twice a year by the TNO Board and institute management teams. 

TNO Board uses audit results as an input for defining R&D strategy. 
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C. Technical files 
 

C.1 Further details on Cost-Benefit Analysis 
 
There are several reasons to undertake a cost benefit analysis: 
• To Make a Business Case. A business case in the public sector context is a bit "new" in that it 

borrows a private sector style to justify a public sector proposal. It presents an subject 
expressed in terms of value for money, with value measured in savings, social benefits, 
reductions in future costs or simply the ability to cope with the future.  

• To Present a Funding Plan. Projects have to be funded; in this era of program budgeting and 
devolution of financial control it is often difficult to convince business areas to put up the capital 
to fund an idea - even if everyone agrees that the idea is a good one. A Cost Benefit Analysis 
can show who will receive the benefits and when. 

• To Evaluate Success. A business case can be used to plot actual costs and benefits after the 
event, to ascertain the overall value of a project. 

 
There are practical problems to be overcome in preparing a business case. The most important is 
putting a price on benefits. It can be very difficult to put a dollar value on "better information", 
"improved policy", "increased quality of decision making", "faster response to Minister's requests". 
In these situations, it is easier to convert them to saved person hours - for example forget the true 
worth of a "quality decision" and think about the hours saved not having to revisit decision records, 
handle client complaints, explain the reasons behind decisions, etc. The person hours saved 
through enhancements and productivity increases can be converted to a dollar value.  
 

C.2 Discussion about Cost-Effectiveness  
 
The technique of cost-benefit analysis (as opposed to cost-effectiveness analysis) calculates the 
trade-offs by measuring the cost of consumed resources, but also placing a dollar value on the 
years of life saved and on other benefits as well. It implies that if the monetary benefits exceed the 
costs, the program should be implemented. While cost-benefit analysis is theoretically sound, 
offering a way to trade off all effects of an intervention using a single metric, techniques for 
monetizing health and other benefits are in their infancy. The cost-effectiveness analysis defines 
costs in a similar manner, but "effectiveness" is defined simply as "life-years saved." Of course this 
has the disadvantage of ignoring any other benefits of health promotion interventions. The 
advantage is that it temporarily sidesteps the need to place a dollar value on a year of life. 
 
Confusion often surrounds discussions of cost-effectiveness analysis. Some people wrongly believe 
that a health promotion intervention that is "cost-effective" actually saves money or is at least quite 
inexpensive. Others use the phrase "cost-effective" when they want to convey that an intervention is 
very effective or benefits a large number of people. Each of these uses leads to miscommunication 
and can result in bad policy decisions.  
An intervention is not always more cost-effective simply because it affects large numbers of people. 
For example, compare the current practice of banning asbestos in brake blocks (the braking 
mechanism inside vehicle wheels) to protect exposed workers with the proposed policy of installing 
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seat belts on school buses to protect children. Banning asbestos benefits only those few people 
exposed in the workplace, while school buses are ridden by millions of children each year. Yet at 
approximately $29,000/life-year saved, banning asbestos in brake blocks is far more cost-effective 
than installing seat belts at $2.8 million/life-year saved. This is, in part, because asbestos exposure 
is always hazardous, but fatal school bus accidents are quite rare.  
 
Cost-effective interventions are not necessarily those interventions which are most effective. For 
example, tripling the wind-resistance capabilities of new buildings to protect the occupants in the 
event of a hurricane would save an average of 4,616 life-years annually. Thus it could be said to be 
highly effective. However, because the $12 billion annual cost would be exorbitant, the cost per 
year of life saved would be $1.3 million. On the other hand, although sickle cell screening for black 
newborns saves fewer years of life -- 961 annually -- this intervention is much less costly and 
therefore relatively more cost-effective, at $236 per year of life saved. "There is no relationship 
between what is cost-effective and what is implemented."  
 
Just as cost-effectiveness does not always imply that the benefits are high, it also does not always 
imply that the costs are low. For example, screening women for breast cancer every three years 
from the age of 50 to 65 and treating any cases discovered would consume $26.1 million in 
resources annually. Yet because mammography is relatively accurate in older women and 
treatment is effective when breast cancer is caught early, this intervention would save 9,764 years 
of life annually. Thus it is quite cost-effective at approximately $2,700 per year of life saved. In 
contrast, the cost of radionuclide emission control at surface uranium mines is much less at about 
$1 million annually. Yet the benefits are minuscule: only 0.24 years of life saved annually (or 1 year 
of life saved every 4 years). Thus the cost-effectiveness ratio is high at $3.9 million per year of life 
saved.  

 

C.3 The approach to the Multi-Attribute analysis 
 
This methodology considers each objective one by one, expressed by indicators that maintain their 
characteristic units of measure (it means that they are not translated into monetary terms). 
 
To decide between alternative investment projects, the following steps are required: 
• to calculate the amount of each indicator in each alternative;  
 
• to classify the alternatives on the basis of the efficiency criterion of Pareto, that permit to 

eliminate all the projects that are “dominated” by another project: for instance, a project A is 
dominated by a project B when it shows, for all objectives taken into account, a performance not 
better than that one of B and for one of the objectives at least a worse performance. 

 
• Assign relative weights to the attributes: unlike the cost-benefit analysis, that gives just one 

solution, the multi attributes analysis produces a group of efficient solutions, whose intrinsic 
conflicts are put in evidence: the final decision, that always comes out from the subjectives 
evaluations of the decision makers themselves and from compromises between conflictual 
interests, can be regarded as a political, not technical, fact. There are many ways to do this. 
When many decision-makers are involved, an effective way is the Delphi Method. 
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• Combine weights and evaluations: this part is easy. The overall evaluation of an alternative is 
the sum of each of its attribute evaluations, multiplied by that attribute's weight. The alternative 
with the highest evaluation is the one that you should choose. 

• Sensitivity analysis: an important question is: How sensitive is this recommendation to the 
numbers we used? If we changed the ranks of some attributes, would we still get the same 
recommendation? If we changed our evaluation of some attributes for some alternatives, would 
we get the same recommendation? Sensitivity analysis proceeds by doing exactly those kinds 
of things: considering places in the analysis where values might not be exact, and varying them 
to see what happens to the final recommendation. If the final recommendation is insensitive to 
these changes, it's said to be "robust". 
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C.4 The Commission questionnaire to collect 
information for the second 5-Year Assessment 
 

Five Year Assessment of the Third and Fourth Framework  

Programmes 

 
This questionnaire is not part of a study conducted for the European Commission. Your co-operation in answering 

the questions is kindly requested. All individual answers and comments will be treated as strictly confidential and 

non-attributable. 

 

Please use a separate questionnaire for each project in which you are involved. 

 

In addition, unless otherwise specified, please answer for your organisation's participation in each project, 

and not for the project as a whole. 

 
NAME OF RESPONDENT ____________________________________________________________________ 

 

FUNCTION IN PROJECT   Technical Contact Point 

 
    Administrative Contact Point  

 

    Other (please specify)   ____________________________ 

   

NAME OF ORGANISATION    _________________________________________________________________ 
 

 

      ADRESS       Street Name   _______________________________   Street Number ___________  

     

    Post Code  _________  City   __________________ Country  _______________ 

 

   TEL     ____________________________________________________________________  

 

   FAX     ____________________________________________________________________ 

 

             EMAIL    ___________________________________________________________________ 

 

             

     ROLE IN PROJECT Co-ordinator/Main Partner                     Partner     Associate Partner 

 

EMPLOYMENT IN ORGANISATION  ___________________________________________________________________ 

 

     TYPE OF ORGANISATION         University                     Large Enterprise 
             
             Research Institute/Centre            Public Authority 

  
       SME              Other (please specify below) 

 

               ________________________ 
 

  PROJECT TITLE  ___________________________________________________________ 
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CONTRACT  NUMBER      __________________________________________________ 

 
       RTD PROGRAMME   NAME   ____________________________________________________________ 

 
FRAMEWORK PROGRAMME   FP3 (90-94)          FP4 (94-98)  EURATOM (94-98)   

 

 

Please fax me the completed questionnaire to [ORGANISATION] on [FAX NUMBER]. Alternatively you can mail it to 

[ORGANISATION] at [ADDRESS]. 

For further information please contact [CONTACT PERSON] at the above address, or by telephone on [TEL-NUMBER]. 

Alternatively, speak to [EC CONTACT] at DGXII. 

(TEL-NUMBER; FAX NUMBER; EMAIL) 

 

A.      YOUR PROJECT 

  

 1. Please indicate the Start Date and Duration of your project.      Start Date _____ Duration (in months) _____ 

2. Please indicate the Project Type. Shared Cost   Concerted Action    

3. Please indicate the EC Funding. For your organisation’s participation      __________ECU 

     For the project as a whole                      __________ECU 

4. Please indicate the Total Funding.          For your organisation’s participation       __________ECU 

                  For the project as a whole         __________ECU 

5. Please indicate the number of organisation participating in your project. 

            Universities                              Large Entreprises 

      

            Research Institutes/Centres  Public Authorities 

     

           SMEs    Other (please specify below) 

     

        _____________________________ 

 
B.      YOUR PARTICIPATION IN THE  PROJECT 

 

1. Please indicate the strategic importance of this project to your organisation. 

   Minor importance      Major importance 

 

2.  Did you participate in the project primarily as a provider or user of project results? 

   Provider          User         Both         Other (please specify)         ______________ 

 

3. Was this your first participation in the programme? 

 

First participation of your organisation  Yes   No   
First participation of your team   Yes  No 
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4. Was the project co-ordinated or linked with other projects within your own company or organisation? 

 

  Yes  No   

 

5. Did your project contain: 

 

Partners with whom you have worked before   Number of known teams 

 Partners with whom you have not worked before  Number of new teams 

  
6. What was the primary focus of your participation in the project? 

 

   Basic Research (research to answer serious fundamental questions) 

Applied Research (research to answer questions which have a particular application or use in view) 

  Experimental Development (work building on research and leading up to design specifications) 

  Development (the work needed to meet the design specifications) 

  Systems Integration (a form of development which calls for mature components to be integrated) 

  Applications Engineering (a process characterisation stage prior to full implementation) 

Feasibility Studies and Field Trials (typically of proposed new products and processes) 

  Testing and Standardisation (e.g. the routine testing and analysis of materials, components, etc.) 

 Demonstration and Awareness Activity (involvement in attempts to promote the use of new 

technology) 

 Technology Transfer (involvement in the acts of supplying, transmitting and absorbing new 

technology) 

 Innovation Support (help of various sorts typically offered by professional intermediaries to 

SME’s) 

  Other (please specify) _______________________________________________ 

       
7.  Please tick each of the following scales to characterise the nature of your organisation’s participation in the 

    project 

Low cost             High cost 

 

Low risk                High risk 

 

Technically trivial            Technically complex 

    

            Mundane                 Exciting 

 

                                                                     Necessary                 A luxury 

 

             Short-term                 Long-term 

 

          Fundamental                 Applied 

 

      Curiosity-driven                  Mission-oriented 

 

         RTD-oriented                   Diffusion-oriented 

 

     Product-oriented     Process-oriented 

 

           In a core technology area for your org.                In a peripheral area for your org. 
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          Feasible without collaborators                 Only feasible with collaborators 

 

 

C.      MOTIVES, GOALS, OUTCOMES AND ACHIEVEMENTS 

 

1. For your organisation’s participation in this project: 

 . How important were the following as motives and goals? 

.To what extent were expected outputs and outcomes   MOTIVES  OUTCOMES and 

  and outcomes achieved?                     and GOALS                   ACHIEVEMENT 

   

 

 

 

 

 

 

 

                                                                                                       1 2 3 4 5                1 2 3 4 5  
Knowledge-oriented goals and achievements  

                       Enhancement of existing knowledge base  

                    Maintenance of expertise in a research area 

                                      Exploration of new, alternative technology paths 

                                                                                   Acceleration of RTD 

                                           Deeper understanding in core technology area 

                         Reorientation of RTD portfolio towards longer-term RTD 

             Development, evaluation or improvement of tools and techniques 

                                                          Production of publications, PhDs etc. 

                                                                       Enhanced skills of RTD staff 

                                                              Increased number of research staff 

 

Network-oriented goals and achievements  

                                             Access to complementary sources of expertise 

       Overcome failure to locate appropriate national partners and expertise 

                 Formation of new European research partnerships and networks 

                                        Formation of new, longer-term business alliances 

                                                               Monitoring of competitors’activity 

                          Better co-operation with universities and research institutes 

                                                                       Better co-operation with firms 

                                                                 Better co-operation with suppliers 

                                                               Better co-operation with customers 

                                                        Follow-on entry into other programmes 

Follow-on entry into RTD and business collaborations in the private sector 

                                                                     Enhanced reputation and image 
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Exploitation-oriented goals and achievements 

 Reorientation of RTD portfolio towards shorter-term RTD 

                                   Production of demonstrators, prototypes, pilots etc. 

                                                             Production of patents and licences 

                                         Development or improvement of new products      

                                        Development or improvement of new processes 

                                           Development or improvement of new services 

                                Development or improvement of European standards 

       Learning to work in new markets 

                 Improved competitiveness 

                                        Increased turnover, market share or productivity 

                                                     Improved protection of the environment 

 

Strategic Management goals and achievements 

                                                                           Access to additional funds 

                                             Reduction of in-house contribution to project 

                                                                    Cost-sharing between partners 

                                                                               Financial risk-reduction 

                                                                       Technological risk-reduction 

 
D. OUTPUTS AND IMPACT 

 
1. How important are each of the following outputs in assessing the success of your participation in the 

project? 

 

                                                                                            Minor importance                   Major importance 

                                                      

                                                         New services                       

                                                        New products 

                      Demonstrators, prototypes or pilots 

                                                     News processes 

                                            New methods or tests 

                                             Norms and standards 

                                                  Software or codes 

                           Publications in refereed journals 

                                                 Other publications 

                                                             PhD theses 

                                                 Patent applications 

                                                      Patents granted 

                                                         Licences sold 

                                              Spin-off companies 

                                   Other (please specify below)          

         

 

                                    _______________________________________________ 
 

 

2.  Please indicate whether you expect the outputs or results of your organisation’s participation in this 



 

 89 

 

project to be demonstrated, evaluated, developed further or used regularly in the following settings. 

 

                           Demonstrated Evaluated         Developed further          In regular use 

                        Own RTD unit 

Own production/business unit 

                   Partners in project 

                 Other organisations 

 
3. Who are the subsequent users of the results of  your work in this project? 

                       Intermediate user          End user 

       Manufacturing industry 

Service sector 

Scientific community 

National/regional administrations 

European Commission 

International agencies 

Other (please specify) 

               
4.   Please indicate whether or not the project has already led        No returns          Significant 
        to significant commercial returns for your organisation.          Yet          returns 

               1    2    3    4   5 

 

 
5. Does your organisation have any plans for the future commercial         Yes            No 

exploitation of project results?         

 

 

6.    What impact has participation in this project had on your organisation? 

      Negative impact       No impact   Positive impact 

Scientific and technological standing    

Competitive position 

Employment levels 

 

7.    Please characterise the expected impacts of your organisation’s participation in the project over the next 

ten years at regional, national and European levels. 

Regional National European 
              Scale of likely impact    Scale of likely impact   Scale of likely impact 

       Low High  Low High  Low High 

              12345                         12345                       12345 

Improved employment situation 

   Improved quality of life and health 

  Improved preservation of the environment 
  Improved economic development and growth 

    Improved competitiveness 
    Improved scientific and technological capability 
    Establishment of critical RTD masses 
    Development of standards 
    Implementation of Community goals in general 
    Other (please specify) 

 

__________________________________________ 
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8. Please provide a breakdown of your organisation’s staffing of the project. 

 

Total number of           Number recruited             Number leaving 

                                                                    personnel involved in       specifically for this                 during/after 

                                                                               project       project        project 

     Male    Female             Male         Female             Male           Female 

Research staff 

Technical staff 

Management and administration 

Other staff 

TOTAL 

 

 

 
9. What happened/will happen at the end of your project? Your organisation’s project team will: 

 

Be dissolved 

Abandon research efforts in the area 

Continue the research in another EU programme 

Continue the research with own resources 

Pursue the research with other funding (e.g. within national programmes) 

Begin new collaborative ventures with (some of) the same partners 

Begin new collaborative ventures with other partners 

Begin commercialisation of project results 

Other (please specify) __________________________________________ 
 

10. What would have been the impact on the impact on the project as a whole if your organisation had 

not received EU funding support? 

 

                       Project would not have been undertaken by any of the partners 

 

         Your organisation would not have participated in the project 

 

         Your organisation would have participated, but: 

 

With reducted objective     With reduced funds                          

With longer time scale     With fewer partners  

With international collaboration   Other (please specify) 

_________ 

 

 

 

 

 

 

 

11. Please provide scores for the project as a whole against each of the following issues. 
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1   2    3   4   5 

           Low High 

The initial relevance of the project to world scientific and technological developments 

The initial relevance of the project to EU RTD policy goals 

The initial relevance of the project to your organisation 

The initial relevance of the project to other participating organisations 

 

The overall performance of the project research team 

The adequacy of project resources (human, financial, technical) 

The timeliness of project results and outputs 

The quality of project results and outputs 

The utility of project results and outputs 

 

The impact of the project on world scientific and technological developments 

The extent to which the project succeeded in addressing Eu RTD policy goals 

The impact of the project on your organisation 

The impact of the project on other participating organisations  

 
12. Overall, how do the costs and benefits associated with your organisation’s participation in this 

project balance out? Please tick one of the following boxes. 

 

Costs outweigh benefits   Costs equal benefits  Benefits outweigh costs 

 

 

 

 
 

THANK YOU FOR TAKING THE TIME AND TROUBLE TO COMPLETE THIS QUESTIONNAIRE 

-3 -2 -1 0 +1 +2 +3 
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C.5 Evaluation scheme proposed by ETAN (European Technology 

Assessment 

Network)
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Explanation to the suggested model: assessment of the FP impact. 

Activity Priority* Function 

Framework Programme 5- 
year assessment 

Core Panel convened to produce legally required 
report on Framework Programme on the basis 
of Commission’s proposals for FP4 & FP5 

Review of 5 year 
assessments of Specific 
Programmes 

Core input Ensuring that the findings of these assessments 
are systematically analysed, validated and 
synthesised by the FP-level panel 

Review of Monitoring efforts Core input Ensuring that the findings of Monitoring Panels 
are systematically analysed, validated and 
synthesised by the FP-level panel 

Review of changes in 
environment 

Core input Through consultation, review, (optional) studies 
and experience the panel should identify the 
main changes in the landscape affecting RTD in 
Europe, including policy, economy, industrial, 
social, legal & regulatory 

Econometric study of R&D in 
Europe 

Core input To provide evidence of the meso- and macro 
level of impact of the FP as a complement to the 
bottom- up information collection of the other 
evaluation activities 

Comparison with other 
international RTD policies 

Core input With great care some aspects of administrative 
efficiency may be benchmarked in comparison 
with other programmes. Features such as 
priorities may also be compared 

* Core input = indispensable element of every assessment 

 Recommended input = important element of assessment 

 Optional input = useful, but not indispensable, element of assessment 
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Explanation to the suggested model: assessment of the specific programmes impact. 

Activity Priority* Function 

Specific Programme 5-year 
assessment 

Core Panel convened to produce legally required 
report on Framework Programme on the basis of 
Commission’s proposals for FP4 & FP5 

Results of monitoring efforts Core input Ensuring that the findings of these assessments 
are systematically analysed, validated and 
synthesised by the Specific Programme-level 
panel 

Questionnaire to ongoing 
projects (participants) 

Core input Questionnaire with generic questions to allow 
aggregation across programmes and specific 
questions which take account of the particular 
nature of the programme area and issues of 
concern to panel. Emphasis on strategy and 
management given incomplete nature of projects 
at this stage. 

Questionnaire to participants 
 in previous two Framework 
Programmes 

Core input Short questionnaire focused entirely on economic 
and social effects for/from participants. For 
previous FP wiIl normally be focus on outputs 
while returns from the FP before will provide 
concrete evidence of impacts. 

Stakeholders/users/ 
beneficiaries views 

Core input Either through direct contact by panel or more 
extensively through supporting study, aim is to 
identify views of relevance of programme for this 
group. Could be industrial, policy/regulatory, or 
social groups depending on programme aims. 

Socio-economic impact 
studies on selected 
projects/participants (case or 
statistical studies) 

Recommen
-ded input 

Recognising complexity of tracing effects, this 
module focuses either on case studies or on 
statistical samples identified through data bases. 
In depth information should be collected either by 
interview or by elaborated questionnaires. 

Sectoral studies of new 
technology, employment, etc. 

Recommen
-ded input 

Using indicators to establish landscape in which 
programme is operating as aid to judge 
appropriateness of research strategy for that 
sector. 

Scientometric studies of 
sector 

Recommen
-ded input 

Examining performance of programme through 
citation performance. Also variety of other 
indicators including co-authorship, citation to 
patents and mapping of research landscapes. 
Most relevant for scientifically-oriented 
programmes. 

Comparison with other non-
participants 

Optional 
input 

Seeks to identify positive and negative 
externalities arising from programme, e.g. 
diffusion of technology or displacement of 
competitors. Difficult to implement. Alternative 
approach to examine performance of highly-rated 
but failed applicants as partial additionally test. 

* Core input = indispensable element of every assessment 

 Recommended input = important element of assessment 

 Optional input = useful, but not indispensable, element of assessment 
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C.6 National Technology Foresight studies97 

 
Technology Foresight may be defined as a systematic attempt to look into the long-term future of 
science, technology, economy and society. Its aim is to identify the areas of strategic research and 
the emergence of generic technologies likely to yield the greatest economic and social benefits 
(Martin, 1995). 
 
The function of foresight, as a recognised advisory activity, should be seen in terms of providing 
one set of useful inputs (out of the many necessary) to the decision-making process. 
 
The methodology used in Technology Foresight exercises consists of making experts interact by 
means of different techniques. These include Delphi surveys, panel discussions, brainstorming, 
scenarios, commissioned studies and expert networks. 
 

 

                                                 
97 From the “European Report on S&T Indicators”, 1997. 



 

 96 

 

C.7 The 7 programmes of the Fifth Framework 
Programme 

The Fifth Framework Programme budget funds 7 dedicated programmes, each of them 
organised in key actions, wherein the projects have to be realised (as summarised in the table 
below). 
 

THEMATIC PROGRAMMES 
1. IMPROVING THE QUALITY OF LIFE AND THE MANAGEMENT OF LIVING RESOURCES 
(i) Food, nutrition and health  
(ii) Control of infectious diseases  
(iii) The ‘cell factory’ 
(iv) Environment and health 
(v) Sustainable agriculture, fisheries and forestry, including integrated development of rural 
areas 
 (vi) The ageing population 
2. CREATING A USER-FRIENDLY INFORMATION SOCIETY 
(i) Systems and services for the citizen 
(ii) New methods of work and electronic commerce 
(iii) Multimedia content and tools 
(iv) Essential technologies and infrastructures 
3. ENERGY, ENVIRONMENT AND SUSTAINABLE DEVELOPMENT 
(i) Sustainable management and quality of water 
(ii) Global change, climate and biodiversity 
(iii) Sustainable marine ecosystems 
(iv) The city of tomorrow and cultural heritage 
4. PROMOTING COMPETITIVE AND SUSTAINABLE GROWTH 
(i) Innovative products, processes and organisation 
(ii) Sustainable mobility and intermodality 
(iii) Land transport and marine technologies 
(iv) New perspectives in aeronautics 
HORIZONTAL PROGRAMMES 
1. CONFIRMING THE INTERNATIONAL ROLE OF EUROPEAN RESEARCH 
2. PROMOTION OF INNOVATION AND ENCOURAGEMENT OF SME PARTICIPATION 
3. IMPROVING HUMAN RESEARCH POTENTIAL AND THE SOCIOECONOMIC 

KNOWLEDGE BASE 
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Tel (352) 4300.22511;    or Tel (32-2) 284.3812 

Fax (352) 4300.22418 or 24167   Fax (32-2) 284.49.80 or  9059 
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