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1. Executive Summary 
 

The following survey provides the European Parliament with practicable solutions for raising 

substantially the efficiency of publicly funded academic research. The survey makes 

recommendations for raising efficiency  

 

• in experimental research using biotechnology as an example, 

• in the operation of research infrastructure and 

• in technical research processes. 

 

To this end, knowledge gained from commercial production processes is applied to research 

processes. In this regard it is essential to introduce new ways of thinking where research is 

concerned: 

1. In many areas, research facilities function in a similar way to commercial enterprises. 

2. For this reason value-creation is pursued also in research facilities. 

3. Individual research processes are comparable with value-creation steps in the 

commercial economy. 

4. Certain research processes and the deployed infrastructure contain significant potential 

for efficiency optimisation. 

 

To access this efficiency optimisation potential three tangible solutions are presented: 

 

1. Scientific Methods Server (SMS) = raising efficiency through methods 

availability  

The SMS is a server that makes biotechnology research methods available online in such a 

way that it is possible to use the resource without additional experimental and/or 

informational searches. The SMS optimises efficiency and effectiveness of publicly funded 

research as well as “private sector research” and lowers the costs of research in general.  

 

2. Research Lines = raising efficiency through automation 

The aim of automating repeated central research processes is to achieve greater efficiency and 

thereby greater value creation. 
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3. Efficiency Tools (ETs) = presentation and transparency as part of raising 

efficiency 

ETs are parameters that optimise the efficiency of research processes. These include, for 

example, 

• Production costs for scientific publications 

• Documentation of all machines, automated systems and robots 

• Capacity utilisation of machines, automated systems and robots 

• Fault recovery times in research processes 

 

The suggestions are designed to adapt the research infrastructure in the European research 

field to the requirements of the 21st century. They might also possibly help to bring the 

European research field a step closer to achieving the targets set by the Lisbon strategy. 
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2. Introduction and assignment 

If the European Union (EU) intends to achieve the a im it set for itself in the year 2000 of 

becoming “the most competitive and dynamic knowledge-based economy in the world by 

2010” it needs to create the basic prerequisite: from the existing knowledge base it needs to 

create a knowledge base accessible to all. The following example demonstrates the difference 

between these two types of knowledge base: the world hunger problem is not one of too little 

food in the world but rather that the food is not everywhere available. 

 

The USA has acknowledged the difference between the existence and the availability of 

knowledge. In response to this situation, knowledge has been made available by way of the 

market-leading high-performance search engines Google, Yahoo and MSN. In the area of 

research and biotechnology research, the USA has created a database research tool that is 

used every month over 50 million times and in about 160 countries around the world. 

 

It is clear: if the EU is to compete with the USA it needs to make its knowledge available and 

create its own knowledge tools such as high-performance search engines and databases. It 

should seize the initiative and build its own comparable infrastructure. The National Center 

for Biotechnology Information (NCBI) of the U.S. Department of Health and Human 

Services has, for instance, created a database
1
, which, among other things, publishes PubMed 

and PubMed Central
2
. By introducing these databases, the US Government has created a free 

informational and technical resource for biotechnology science. The following state 

institutions participate in the databases:  

 

• ncbi  = National Center for Biotechnology Information 

• nlm  = National Library of Medicine 

• nih  = National Institutes of Health 

 

                                                     
1
 Referred to as the NCBI database in the rest of this document.  
2
 www.ncbi.nlm.nih.gov 
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Europe has neither an  

• ecbi  = European Center for Biotechnology Information nor an 

• elm  = European Library of Medicine nor an 

• eih  = European Institute of Health, nor a high performance database for 

  biotechnology 

 

To catch up with and ultimately overtake the USA, European research needs to generate 

significantly greater value through much higher efficiency. This means that Europe must 

create extremely efficient, but at the same time cost-intensive high tech research and 

development jobs. The current trend in many European states is exactly moving in the 

opposite direction, however, namely to low skill and low-wage jobs. This will certainly not 

close the "the innovation gap between the US and EU" (European Commission, 19.11.2004) 

and will not enable the EU to overtake the USA.  

 

In general the following causes are cited for the lack of innovation in Europe: 

 

► Poor general conditions and/or innovation-arrestive environment 

► Under-financing of research 

► Legal regulations that hinder research 

► Escalating bureaucracy  

 

These are factors that affect research from the outside, so-called exogenous factors. On the 

other hand, what has not been appreciated until now is the endogenous performance factor for 

which research is responsible, namely the "efficiency" of internal research processes. This is 

where research needs to make its own contribution to optimising the overall system. 

 

On October 11, 2004 the European Parliament issued a mandate to investigate how science 

and research efficiency could be optimised. Since the mandate-issuing party represents all 

segments in European society, this survey is not permitted to represent special interest groups. 

In other words: in their investigation of the efficiency of science and research and in their 

recommendations for optimisation, the compilers of this survey are not permitted to give 

consideration to historically evolved structures. 
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The survey deals with publicly funded experimental research, primarily the technology and 

organisation of research processes. The focus is on publicly funded research because this is 

easily accessible to state intervention and performs a high basis and multiplication function. 

 

Publicly funded research carries out the basic function through the education of scientists. 

Scientists transfer university-learned research over to research facilities in society at large and 

thereby performed a multiplicating function.   

 

As an example we have selected the biotechnology sector. 
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3. Definitions 

3.1. Efficiency / Effectiveness 

► Efficiency (Latin faciens (present participle of facere) = making) 

Efficiency always refers to a process and describes how a process operates. Examples might 

be production, administration or transport processes. The meaning of high efficiency is that, 

besides the operator's expertise, all requisite methods, instruments, machines and equipment 

are available for the process and that all process components function error-free and the 

overall system is secured through optimal redundancy. Efficiency in the sense used in this 

survey refers to the extra-cerebral research process (please refer to Section 3.4.).  

 

► Effectiveness (Latin factus; -a; -um (past participle of facere) = made) 

 

Effectiveness is concerned with the results of processes. During so-called evaluations, the 

attempted aim of research is to measure effectiveness. To this end parameters are used such 

as  

 - the number of patent applications or patents awarded 

 - the level of third party funding raised 

 - the number of publications  

 - the number of promotions 

 

High efficiency is one among several prerequisites for a high level of effectiveness.  

 

3.2. Experimental research 

Experimental research is research that works on animate or inanimate material with the help 

of devices, machines, automated systems and robots
3
. It encompasses natural sciences, 

engineering sciences, medicine and agricultural sciences. 

 

                                                     
3
 The concepts devices, machines and robots will be summarised in the rest of this survey as 
"equipment". 
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3.3. Research infrastructure 

Research infrastructure refers to tools that provide essential services to the scientific 

community for basic or applied research. These may concern the whole range of scientific 

and technological fields, from social sciences to astronomy, through genomics and 

nanotechnologies. Examples include libraries, databases, biological archives, clean rooms, 

communication networks, research vessels, satellite and aircraft observation facilities, coastal 

observatories, telescopes, synchrotrons and accelerators. They may be single-sited, distributed 

or virtual (European Commission, March 2005).  

 

3.4. Research process 

Two types of research process should be distinguished: 

 

► The intra-cerebral research process: 

 The research scientist thinks about the search for, and development of, new processes and 

products. This is brain (Latin cerebrum) working. 

 

► The extra-cerebral research process: 

 In an analogous way to an industrial production process, the extra-cerebral research 

process utilises equipment to search for new processes and products. These processes and 

products are then developed further and/or confirmed. This can be described as a 

technological quality.  

 

3.5. Publicly funded academic research 

Publicly funded academic research is research carried out in public institutions (universities, 

colleges, research institutes, scientific societies and organisations) partially or wholly funded 

with public funds. 

 

3.6. Private sector research 

Private sector research is research carried out in the private economy (industry, private 

colleges, economic research institutes) partially or wholly funded with private funds. 
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3.7. Scientific methods 

In the following survey scientific methods refer to documented working instructions for 

research processes.  

 

3.8. Value creation 

"The difference between the selling price of a company's product and the cost of the bought-

in components, that is, the value that a company adds to a bought-in product by its own 

efforts" (Goede, 2003). 
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4. Comments on Europe's aims, on the status quo and 

recommendations on how to achieve targets from political, 

economic and scientific points of view  

High technology economies require high technology research with a high level of 

effectiveness. For this reason the following chapter contains comments from the fields of 

politics, economics and science on the role of science and research in Europe.  

 

4.1. Research is the key to Europe's future 

“Scientific research, technological development and innovation are at heart of the knowledge-

based economy, a key factor in growth, the competitiveness of companies and employment” 

(European Commission, 16.06.2004). “The importance of innovation as a cornerstone of 

European industrial competitiveness policy has been emphasised in the Communication of the 

Commission‚ Industrial Policy in an Enlarged Europe” (European Commission, 2003). The 

former Research Commissioner Philippe Busquin saw things in a similar light: “Science has 

been the mainspring of European development” (Busquin, 05.04.2004). Science and Research 

Commissioner Janez Potocnik emphasises the basis function of scientific knowledge and at 

the same time the importance of technology platforms for Europe as follows: “This will lead 

us to the answer that the basis is in knowledge: knowledge creation, knowledge 

dissemination, knowledge use. (...) The new features of FP7 will be the European Research 

Council (ERC) and technology platforms.” (Potocnik, February 2005). 

 

The Organisation for Economic Cooperation and Development (OECD) comments: “Science 

and technology activities are a major driver of productivity and economic growth.” (OECD, 

03.04.2003). Regarding the effects of research and development on the employment situation 

Dr. Daniel Malkin of the OECD writes: “The OECD has looked into the area of R&D 

(research and development) and employment creation and has proved that the two are 

linked.” (Malkin, 03.06.2002).  

 

4.2. The innovation gap between the USA and the EU 

“The European Innovation Scoreboard 2003 confirms the specific European weakness in 

patenting: the gaps for all four patent indicators remain negative. This means that the US is 

patenting more actively in Europe, than Europe itself. The situation is even worse for high-
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tech patents, which is the most important segment for innovation.” (European Commission 

2003). Four years after Lisbon, the USA still hold a leading position in terms of patent 

announcements at the European Patent Office, as the following table illustrates.  

 

 European Patent Office high-tech patent applications per million population 

 

Year EU USA 

2001 17.9 29.5 

2002 27.8 49.5 

2003 31.6 57.0 

2004 30.9 48.4 

 Table 1: The innovation gap between the EU and the US (European Commission 2001, 

European Commission 2002, European Commission 2003, European Commission 

19.11.2004)  

 

A report prepared by an independent high level study group at the request of the former 

Commission President Romano Prodi outlines: “The Group views Europe’s unsatisfactory 

growth performance during the last decades as a symptom of its failure to transform into an 

innovation-based economy” (Cordis focus, 08.09.2003).  

 

“It was during the Lisbon European Council in 2000 that EU Heads of State and Government 

pledged to transform the European Union into the world‘s most dynamic and competitive 

knowledge-based economy by 2010. Yet, as the halfway point in that processes approaches, 

both the Commission and the European Council admit that too little has been done to achieve 

this objective” (Cordis focus, 03.05.2004).  
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4.3. Recommendations on how the situation can be improved 

The former President of the European Commission, Romano Prodi, stressed that not only 

spending more but also spending better in both research and education was a key requirement 

(Prodi, 24.02.2003). The Research Commissioner Philippe Busquin claimed that a focus on 

grand projects with value added for the Union should be adopted, which implicitly 

acknowledges that smaller projects will be diminished (Busquin, 24.02.2003). The Research 

Commissioner Janez Potocnik is calling for new research infrastructures in future that go far 

beyond what is possible at the level of individual member states: “ (...) Thirdly, said Mr. 

Potocnik, to build the new research infrastructures of the future that go beyond the reach of 

single Member States” (Potocnik, March 2005). Under the heading “Continuity, with a new 

impetus for Lisbon” the European Commission is calling for, among other things, “New 

infrastructures of European interest, ensuring a service to the scientific community and 

industry at European level”, (European Commission, 06.04.2005). 

 

The OECD has the following comment: “As the contributions of basic scientific and 

technological research to innovation, economic growth and other social objectives become 

clearer and constraints on government budgets for public research grow, governments are 

seeking greater efficiency and accountability in public R&D spending.” (OECD, 2002).  

 

Charles Wessner from the National Academy of Sciences in the USA: “We need an efficient 

and well oiled research machine.” (Wessner, 2003). 
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 1 European Commission, 2004 ●   

 2 European Commission, 2003 ●   

 3 Busquin, 2004 ●   

 4 OECD, 2003 ●   

 5 Malkin, 2002 ●   

 6 Potocnik, 2005 ●   

 7 European Commission, 2003  ●  

 8 CORDIS focus, 2003   ●  

 9 CORDIS focus, 2004  ●  

10 Prodi, 2003   ● 

11 Busquin, 2003   ● 

12 Potocnik, 2005   ● 

13 European Commission, 2005   ● 

14 OECD, 2002   ● 

25 Wessner, 2003   ● 

  ∑ 6 3 6 

 Table 2: Science and the economy in Europe: aims, status quo and recommendations in 

selected publications 

 

 

The comments from the world of politics, economics and science demonstrate: greater value 

creation and an increased level of innovation will be required if the goals of Lisbon are to be 

met. This will require new research infrastructures and "well oiled research machines”, that 

is, higher research efficiency. Chapter 5 sets out new approaches that can lead to greater 

efficiency in research. 
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5. The contribution of research efficiency optimisation to 

realising the Lisbon strategy 

5.1. Europe’s Lisbon strategy 

By the year 2010 the EU intends to become the most competitive and dynamic knowledge-

based economy in the world (Conference of Heads of State and Government Leaders in 

Lisbon 2000). The Lisbon strategy is even more urgent today as the growth gap with North 

America and Asia has widened (...). One of the most disappointing aspects of the Lisbon 

strategy to date is that the importance of R&D remains so little understood and that so little 

progress has been made.” (Kok Report, 2004).  

  

To catch up with and overtake the USA will require great effort. An overtaking manoeuvre 

like this cannot be carried out with the European conventional research technology of the 

20th century. Europe requires new research technology of the 21st century that is 

characterised by significantly higher value creation. This will only happen if the efficiency 

and subsequently the effectiveness of research is raised substantially. The internal processes 

of research need to function optimally, that is, with a high degree of efficacy. This is 

especially important, since investments in research can not be increased without limits. 

Therefore the existing budgets must be used with the utmost efficiency and effectiveness. 

This report will treat research rather like a patient, the object of both diagnosis and therapy. 

 

5.2. New approaches in research 

5.2.1. The product of research is know-how 

Research is comparable to production, even if at first research scientists are not inclined to 

agree with this analogy. Both areas produce something: in the commercial economy it is 

tangible products such as cars or televisions and in research the intangible product “scientific 

information” is produced. Industrial production entails production processes. Research entails 

research processes. 
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5.2.2. The production of know-how is value creation 

The product of research, “scientific information”, is primarily an object of intangible value. 

For example: the holder of the formula for a cancer cure possesses something of enormous 

intangible value. If the formula then becomes a pharmaceutical product, it results in a high 

tangible value. On a per worker basis, research produces added value with a relatively high 

multiplication factor.  

 

5.2.3. Value creation requires critical mass among research units 

If a research unit reaches a sufficient minimum dimension, economies of scale can be 

exploited and costs lowered. In addition, technical requirements demand that complex 

enquiries can only be carried given a research unit of a certain size and standard of 

equipment. This allows for higher quality and faster research. On this subject the Boston 

Consulting Group has the following to say: “The complexity of enquiries and the analytical 

and experimental tasks will continue to rise by comparison with genome research. 

Consequently, it will only be possible to conduct many interesting biomedical experiments as 

large-scale research projects (...).” (Boston Consulting Group, 2001). 

The new perception is: research must be a high-level production process with high value 

creation. The prerequisite for this is high efficiency, delivering the following benefits: 

 

• Lower costs (as in automotive manufacturing, for example) 

• Optimisation of effectiveness 

• Both on the hardware and on the software side a new industry is being developed that 

produces better performing research tools. The FDA comments: “Better tools are 

needed” (Food and Drug Administration, March 2004)  

 

The efficiency of European public research can be made transparent on a sustained basis and 

optimised using the Scientific Methods Server (SMS) described in Chapter 6 and the 20 

Efficiency Tools. 

 

5.3. Europe’s Lisbon Strategy: basic prerequisites for reaching its aims 

Research is the first step in value creation and therefore the motor for all high technology 

economies. Despite this, research is accorded a lower priority than the commercial economy 
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in public policy-making. Whereas the media provide constant flow of information regarding 

the efficiency, effectiveness and value creation of the commercial economy, this is only partly 

the case with academic research. In the Federal Report on Research 2004 carried out by the 

Government of the Federal Republic of Germany the central factors for success, 

► efficiency 

► effectiveness  

► value creation  

 

were not even mentioned in the list of contents (Federal Ministry for Education and Research, 

Federal Republic of Germany, 2004). Even in the “Statistics on Science and Technology in 

Europe 2003” published by the European Communities the “efficiency” performance factor is 

not mentioned (European Communities, 2003).  

 

Research evaluation as currently practised in the European research sphere also shows no 

indications of a “measurement system for the efficiency of public science and research.” The 

European Commission has endeavoured rather, as part of its evaluation of research, to 

identify those indicators that provide information on research performance and are polled and 

contributed by all member states (Kuhlmann and Heinze, 2003). This consists solely of 

indicators geared to implemented resources (for example personnel, publications, patents, 

reputation; Daniel, 2001) and not to research processes as presented in this report.  

 

This means that the EU-25 invest a total of around € 178 billion (as of 2001) in a system 

without knowing anything about the efficiency of this system. It is the opinion of the author 

of this report that this is a serious deficiency. As a result, the available resources are not being 

used to their best advantage. 

 

In 2001, of the approximately € 178 billion invested overall in research by the EU-25, about € 

61 billion was invested in publicly funded research (European Commission, Key Figures 

2003-2004). The share of this publicly funded research allocated to experimental research 

encompassed the disciplines of natural sciences, engineering sciences, medicine and 

agricultural sciences. The amounts invested by the EU-25 for this area are not available, 

according to the European Commission (European Commission, 26.05.2005). 
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The following figures are available for Germany for the year 2001: approximately 79% of 

university funding research and development was allocated to the above-mentioned 

disciplines of natural sciences, engineering sciences, medicine and agricultural sciences. 

Imputing 79% to the EU-25 funding amount, a notional figure for publicly funded 

experimental research emerges of € 47 billion, available for research facilities in 2001 

(Federal Ministry for Education and Research, Federal Republic of Germany, 2005). 

 

Almost nothing is known about the efficiency of these research installations, which is an 

alarming state of affairs from a budgetary and economic standpoint. 

 

Basic prerequisites for meeting the Lisbon Strategy aims: 

 

1. The efficiency of publicly funded research must be gauged and optimised. This objective 

forms the subject matter of this survey. 

2. Publicly funded research must be measured by its value creation. 

 

5.4. Why has the optimisation of efficiency in publicly funded research 

not been recommended earlier? 

All award systems are primarily concerned with research results. For this reason the German 

"Future Award” (Deutscher Zukunftspreis) calls for “applicable innovations” and 

“unrestricted marketability of the innovations announced, in the form of patents”. This refers 

to completed technologies characterised by applicability and high potential commercial value. 

To the best knowledge of the report author, there is no established competition in publicly 

financed research whose theme is the technology and organisation of research processes. For 

this reason there is lack of a stimulus to tackle and optimise technical and organisational 

research process cycles intensively and across disciplines.  

A further reason why the “optimisation of publicly funded research” has not been 

recommended to date is that the optimisation of research processes requires in-depth 

knowledge. In biotechnology, for example, such in-depth knowledge would refer to the 

disciplines of biology, technology and economics.    

 

In productive private sector research the situation differs: here competition forces participants 

to constantly adapt production processes, in other words, to an optimal utilization of available 

resources. This is the reason why there are established competitions in this sector such as the 
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“Industrial Excellence Award”, organised by the Wissenschaftliche Hochschule für 

Unternehmensführung (WHU) in Vallendar, Germany and the Institut européen 

d‘administration des affaires (INSEAD) at Fontainebleau, France, in cooperation with the 

German weekly business journal ‘Wirtschaftswoche’. This competition evaluates such things 

in the participating companies as operational flexibility, average production time, number of 

retoolings per machine per week and the annual budget for the development of production 

processes, tools and equipment for new products.  

 

Publicly funded research in organisational terms consists of many isolated applications with 

the emphasis on individuals or small groups of people. These individuals or small groups of 

people do indeed work together in one form or other, but always retain their organisational 

and technical insular boundaries. By contrast, in a high value-added area such as 

pharmaceuticals or automotive manufacturing individuals adopt more of a background role to 

the benefit of the high value end product.   

 

 

 Illustration 1: The function of academic research in high-tech economies and efficiency 

controlling in science and the economy 

 

Illustration 1 shows the basis function of academic research in high technology economies. 

The sloping dividing line between academic research and industry research demonstrates that 

academic research acts both indirectly via industry research as well as directly on the higher 

High-tech economies:  
Efficiency controlling at different levels 
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levels. It also makes clear that distinct controlling mechanisms are in place in the commercial 

economy, whereas this is not the case with science.  

This report suggests how to optimise the efficiency of this basis research (publicly funded 

experimental research). 
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6. Optimisation of research efficiency tools 

6.1. Introduction 

As described in Chapter 5.2, experimental research employs value-creating processes in the 

form of research processes, in a similar manner to production. In this connection Sapir et al. 

speak of the “production of new knowledge” and of “productivity of R&D” (Sapir et al., 

2003).  

 

Illustration 2 shows a comparison between a “production process” and a “biotechnology 

research process” (according to Specht and Balderjahn, 2005).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Illustration 2: The parallelism between production processes and research processes 
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6.2. Scientific Methods Server (SMS): availability of methods 

 

 

 

 

 

 

 

 Illustration 3: Efficiency optimisation at the input 

 

A short digression into the practices of the industry: 

Commercially-minded organizations have realized that it is costly to start every development 

from scratch. Also, development it is rather inefficient, if every designer uses his or her own 

style. In an attempt to reduce complexity and thus costs, the industry has invented the 

platform concept, which entails to declare once-proven components to standards and re-use 

them whenever possible. This method became widely know, when VW and Porsche 

developed a common platform for their automobiles, which was then used by VW to set up 

their TOUAREG and by Porsche to set up their CAYENNE. 

The platform concept is also used for less spectacular developments. A well stocked library of 

standard components enables developers from various fields to re-use existing parts or at least 

take advantage of similar standards, rather than starting from scratch. 

 

SMS aims at a similar goal: 

Comparable to making use of standard components, the point of SMS is to maintain a library 

of proven standard methods. The methods have to be described exhaustively and detailed, to 

give researchers an overview and provide them with a good idea about specific characteristics 

and issues regarding the method. Unfortunately, this degree of detail is not yet commonly 

found in the scientific literature. 

 

6.2.1. Scientific Methods Server = SMS  

At the start of every research process a suitable methodology must either be available or be 

developed. This requires extensive enquiry entailing a great deal of time and cost. For this 

reason, we suggest the use of the SMS. The SMS provides online the research methods of a 
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specialist area, such as biotechnology, in such a way that a fellow research scientist from the 

same academic field can use it with ease. The SMS significantly minimises the expense 

entailed in obtaining information regarding the latest research methodology developments.   

 

The establishment of the SMS naturally requires investment. However, the considerably 

higher efficiency realised can to a large extent offset these costs. The Lisbon Strategy cannot 

be fulfilled without high-level technology investments.  

 

To make the SMS manageable, it should not initially provide comprehensive coverage of 

research methods from natural sciences, engineering sciences, medicine and agricultural 

sciences. Since biotechnology exercises a type of cross-section function, the author of this 

survey recommend to start with making biotechnology research methods available with the 

SMS.  

 

6.2.2. Main features of the SMS 

The preparation for a research process (see also Illustration 8) consists of  

 

► the search for a method 

► the selection of a method and  

► the optimisation of the method 

 

Applying the current deficient methodology, the preparatory steps for a research process are 

too time-consuming, too inefficient and therefore not cost efficient. Since these methods form 

the basis of all research, however, there is a requirement for them to be freely available for 

everybody in the European Research Area. To date this accessibility has not been achieved. 

 

This shortcoming can be addressed through a European, public "Scientific Methods Server" 

(SMS) on which all relevant research methods are stored in their entirety and systematically. 

Of particular importance in this regard is a powerful free text search function and in addition 

an intelligent systematisation adapted to all scientific disciplines that allows rapid and 

successful access (for example the International Patent Classification (IPC)). In the 

construction phase, such a system requires considerable resources in terms of manpower, 

financing and hard- and software. 
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In this connection, we should like to differentiate between the existence and availability of 

information. The best research methods are of little use if they are not freely available for all 

research scientists to use. This means that the optimal availability of all research methods 

obtained with public funds secured via the “Scientific Methods Server” (SMS) constitutes an 

extremely efficient informational infrastructure for research. 

 

An “open letter” signed by 25 Nobel prize winners and addressed to the US Congress of 

August 26, 2004 demonstrates the importance of the information infrastructure in research: 

“As scientists and Nobel laureates, we are writing today to express our strong support for the 

House Appropriations Committee’s recent direction to NIH to develop an open, taxpayer 

access policy requiring that a complete electronic text of any manuscript reporting work 

supported by NIH grants or contracts be supplied to the National Library of Medicine’s 

PubMed Central. We believe the time is now for all Members of Congress to support this 

enlightened policy.” The 25 Nobel Prize winners went on to comment on the current situation 

of information policy in science and research: “There is widespread acknowledgement that 

the current model for scientific publishing is failing us.” (An Open Letter, 2004). 

 

The European Parliament may also be able to identify the importance of scientific methods by 

the fact that the respected scientific journal ‘Nature’ has been publishing the journal ‘Nature 

Methods’ since October 2004. This demonstrates the need for action with regard to the 

“availability of research methods”. 

 

► Methods must be defined  

 

The current status: 

Every scientific publication also describes the methodology employed in the study. These 

descriptions, however, are mostly “in brief” so that the methods often cannot be reproduced. 

Third parties wishing to implement these methods must conduct their own experiments to 

close the description gaps, which entails a great deal of time and money. Often slight but 

important details of the methodology (e.g. temperature, time) are missing. 
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► Methods must consist of standardised elements 

 

The current position: 

In current practice, descriptions of methods lack standards and systematisation. In this 

respect, the author of this report would like to emphasise the following: scientific correctness 

requires that methods are not simply described but also defined using graphics, standards, 

specifications and instructions. In laboratory diagnostics this is now a matter of course. In 

their ‘Manual of Diagnostic Tests and Vaccines for Terrestrial Animals’ the Organisation 

International d’Epizootologie writes: “The purpose of the Manual is to contribute to the 

international harmonisation of methods for the surveillance and control of the most important 

animal diseases. Standards are described for laboratory diagnostic tests and the production of 

biological products (principally vaccines).” (Organisation International d’Epizootologie, 

2004).  

 

► Method collections must be complete 

 

The current situation:  

State research departments, for example, have limited collections of methods. However, these 

are insular solutions that do not serve research.  

 

► Methods must be documented 

 

The SMS defines and documents complete research methods in a more detailed way than 

hitherto available in publications. It is possible to systematise content according to specialist 

areas using International Patent Classification (IPC) and Good Labor Practice (GLP). In the 

area of biotechnology, complete compatibility would be ensured in this way between the 

SMS (biotechnology) and the respective patent systems and related resources. How far 

methods derived from pure fundamental research can be classified using the IPC will form 

the subject of a separate study.  

 

The “Directive 2004/9/EC of the European Parliament and of the Council of  February 11, 

2004 on the inspection and verification of good laboratory practice (GLP)” does not describe 

specific biotechnology methods. A specific biotechnology method is, for example: how can 
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the hormone insulin be extracted from the pancreas? What equipment is required? What is the 

process cycle? How long does the process take? What does the isolation cost?  

 

► Collections of methods must be available online 

 

The current situation:  

In Europe there is no “documentation defining scientific methods”, the prerequisite not only 

for the "European Research Area" but also for the scientific cooperation between the EU 

member states, as well for purposes of cohesion. There are a few insular applications or 

databases, which only provide abstracts, however. 

A future European Scientific Methods Server (SMS), in a similar way to the NCBI database, 

would be available to all research scientists via the Internet. Potential access limits would be 

at the discretion of the European Parliament. In its first extension phase the SMS would cover 

biotechnology. Depending on the extent of expansion it would constitute an instrument to 

optimise efficiency in natural sciences, engineering sciences, medicine and agricultural 

sciences.     

 

6.2.3. Differentiation of the SMS from similar installations 

Besides the insular applications already mentioned there are two installations similar to the 

SMS: Nature Methods and the NCBI database.  

 

The SMS and the Nature Methods differ in the following points: 

 

1. Nature Methods is available only to subscribers/buyers. In contrast, the SMS as well as the 

NCBI database are available to all research scientists online free of charge.  

 

2. Nature Methods aims to publish innovative methods, “(...) the dissemination of innovative 

research methods (...)”, (Nature Methods 1, 2004). 

The SMS would be a documentation of all established methods employed in biotechnology 

research. 

 

3. Nature Methods describes methods primarily in verbal form. By contrast the SMS is a 

complete documentation that not only describes methods but also defines them. These 
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definitions consist of verbal descriptions, drawings, standards, specifications, flow diagrams 

and instructions. 

 

Additional special aspects of the SMS are: 

 

► The SMS is an IT system available 24 hours a day online 

► The SMS, in contrast to similar installations, would be an IT system made available free of 

charge for European research. 

 

The SMS is a research infrastructure. There are infrastructures offered by profit-making 

organisations. In addition, there are also infrastructures that must be made available by non-

profit organisations. This is demonstrable: as a model country for private initiative and profit 

maximisation the USA have recognised this and made the biotechnology NCBI database 

available in the form of a non-profit organisation. After the US Government has made 

biotechnology science publications available with the NCBI database, scientific methods are 

now to be made available with the SMS. 

 

6.2.4. Implementation of the SMS 

The implementation of the SMS can be more efficient and effective if use is made of the 

experience of the US Department of Health and Human Services, the creator of the NCBI 

database (currently recording a monthly 50 million visits from around 160 countries). This 

will require cooperation with this Department. The decision regarding such cooperation is a 

political question and not the subject of this expert report. 

 

The possible functions of the European Parliament in the case of the SMS are:  

 

► the establishment and procurement of the SMS 

► the implementation concept 

► a potential cooperation with the US National Center for Biotechnology 

     Information and 

► access rights to the SMS 

 

The high-speed research network GEANT2 (320 Gigabits per second) could be utilised, 
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which currently counts some 3 million users in 34 countries.  

The SMS has the following main parameters:  

 

1. No proprietary components, only standard components, will be used 

2. High system availability 

3. Scalability 

 

► Costs 

 

Within the framework of this report, the following figures are provided solely as estimates. 

More precise figures can be generated as part of an orientation study. 

 

Investment costs incl. software (5 years)     c. € 4 million 

Operating costs / year (operation with ca. 40 scientists)   c. € 4 million  

          c. € 8 million  

 

It is recommended that the operation commence with a large number of personnel in order to 

build critical mass quickly. 

 

► Loading the SMS 

 

There are three methods for the acquisition of research methods:  

 

• When research funds are granted, the research scientist enters into a commitment 

according to which he/she delivers the methods he/she has developed free of charge to 

the SMS 

• Extraction of research methods from existing scientific publications, while at the same 

time providing the author's name. It needs to be clarified how the additional level of 

detail in the method description can be delivered  

• There are scientific societies that have a methods collection for their specialist field. 

Methods can be acquired from these societies through cooperative arrangements 

 

It is recommended the SMS be funded and administrated by the European Union.  
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6.2.5 The benefits of the SMS 

Three scientists from various departments of the Technische Universität München provided 

comments on the necessity of the SMS: Prof. Dr. Peter Böni, Department of Physics E21; 

Prof. Dr. Jürgen Polster, Department of Bioscience Fundamentals, Specialist area: Physical 

Biochemistry and Prof. Dr. Oswald Rottmann, Department of Animal Sciences, Animal 

Biotechnology. 

 

The comments can be summarised as follows:  

As important as research results may be, the methods take precedence over the results. This is 

particularly true in today's interdisciplinary research, where, for example, in cancer research 

methods from neighbouring disciplines and extraneous areas are applied.  

In the current research operating environment the availability of research methods is sub-

optimal: the search for research methods is disproportionately time-consuming and, as a rule, 

publicly funded research results cannot be reproduced because a precise record is not 

available. 

However, research methods, which have been developed with the help of public funding and 

are not immediately and directly available via modern IT technology, represent lost 

investments. Similar to a database, a “method-base” is urgently required. Such a research 

instrument would raise research operating efficiency significantly. All in all, the three experts 

regard the SMS as a valuable, efficiency-raising instrument for research (see appendices).  

 

The SMS  

► represents technology transfer 

► represents a technology platform 

► represents knowledge dissemination 

► represents research infrastructure of the future 

► makes research available to society and creates a high level of transparency that  

  is particularly valuable for medium and small companies 

► promotes the European Research Area (ERA) 

► promotes cohesion among the member states 

In this way, the SMS corresponds to the requirements of the EU Science and Research 

Commissioner Janez Potocnik (Potocnik, February and March 2005).  
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6.2.6 The opportunity the SMS represents for Europe  

Finally, in the opinion of the author of this report, the SMS represents a strategic instrument 

to compete with the USA, Japan and China. It significantly raises research efficiency and is 

thereby capable ensuring competitive advantages. In order to leverage these strengths, the 

possibility of a selective access mechanism should be explored.  

 

For Europe this also represents the question whether there should be a counterpart to the US 

activities or whether the US should be the only one to develop and control such powerful 

tools. In the UK there was already such a discussion: “We should learn from the USA, who 

have funded a central national facility NCBI (…), which has become a world leader for 

management of biological information. However there is a serious economic and political risk 

in allowing one country to take sole charge of such an important resource. It is also important 

for there to be serious competition to NCBI to maintain quality and responsiveness in a 

changing field.” (Durbin, 2000). 

 

The author of this report recommends the European Parliament to support the visionary 

suggestion of creating a SMS and seize the opportunity to raise the efficiency of research.  

 

As early as 1991, a German consortium consisting of  

• DAIMLER-BENZ AG, Stuttgart 

• MBB, Munich 

• SIEMENS AG, Munich  

• Universität Ulm 

• Technische Universität Dresden and  

• Technische Universität München 

 

suggested to the European Commission, DG XII, that scientific information be made 

available electronically in the form of a large-scale database. 

 

The project was suggested again to the European Commission, DG XII, in 1993. The newly 

formed consort consisted of the following members: 
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• DAIMLER-BENZ AG, Stuttgart 

• DEUTSCHE AEROSPACE AG, Munich 

• SIEMENS AG, Munich  

• SPRINGER Verlag GmbH & Co. KG 

• Technische Universität Dresden 

• Technische Universität München 

• Universität Ulm  

• University of Utrecht, Netherlands and 

• University of Chieti, Italy 

 

While both suggestions were declined, the U.S. Department of Health and Human Services 

decided in 1996 to create the NCBI database. With this database, the U.S. Government took 

the opportunity of making biotechnology scientific publications available: today the NCBI 

database records around 50 million hits per month from around 160 different countries. 

 

In view of the fact that the U.S. Government has hosted biotechnology scientific publications 

on a database platform, the plan is now to make scientific methods available via the SMS. 
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6.3. Efficiency Tools (ETs): optimisation of research processes 

 

 

 

 

 

 

 

 Illustration 4: Efficiency optimisation in research operations 

 

Since, as described in Chapter 5.4, “efficiency” is not yet a factor in management decision-

making in research, there is no such thing as efficiency parameters, efficiency diagnoses or 

efficiency optimisation. In addition, research staff has very different expectations of what can 

be achieved using automated or partly automated research processes. 

 

In order to optimise the efficiency of research processes, transparency is required in the 

presentation of individual activities. “Only what can be measured can be improved.” For this 

reason three groups of efficiency parameters (Efficiency Tools) are suggested. 

 

6.3.1. Quantitatively measurable Efficiency Tools 

 

1. Production costs for a research product unit (= scientific publication) 

Drawing up a cost efficiency calculation for research is always problematic. On the other 

hand, production costs for university publications can be obtained without a problem. 

These production costs can be used to benchmark against other universities in order to 

identify deficiencies and address them.   

Measurement: € / scientific publication 

 

2. Documentation of all existing machines, automated systems and robots
4
 

It is only possible to work on research efficiency if the inventory of hardware and 

software is known. To the best of our knowledge, there is no documentation available 
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regarding an inventory of equipment that, in the European research field, has an 

aggregate value of several billion Euros. Consequentially, nothing is known about the 

lifecycles of technical equipment. This alone renders impossible a quality evaluation and 

quality assurance of the overall equipment of “publicly funded research”, a situation that 

cannot be justified in relation to taxpayers. A documentation of hard- and software in 

publicly funded research needs to be compiled.  

Measurement: number of items of equipment 

 

3. Capacity utilisation of equipment 

In a manner analogous to production processes, technical research processes are subject 

to the economic law of implemented means. To be able to evaluate and optimise this 

economic productivity, data regarding capacity utilisation of the entire machine park are 

required. It should be clear that in research, where there is a high share of specialist 

machines, there cannot be a capacity utilisation of 100%. That is also not required. 

Capacity utilisation of five identical machines at one location of 15% each is, however, 

not justifiable. The capacity utilisation of the machine park used in publicly funded 

research must be determined and maximised. 

Measurement: operating time of the equipment as a % of its operating availability  

Aim: approaching 100% 

 

4. Error recovery times for equipment 

The overall functionality of research processes can be seriously disrupted and the 

duration of research can become untenably long if equipment malfunctions or fails. This 

can have several reasons, such as poor quality of hard- or software, poor maintenance 

and/or servicing errors. In particular, efficiency suffers where multi-stepped research 

processes are involved. If one step in a ten-step process fails, the cost of maintaining the 

other nine steps is a lost investment. Error recovery times for equipment are of great 

importance to the professional system of procurement because in this way the price-

performance relationship of the hardware components on offer can be better determined. 

Error recovery times for machine, automated systems and robots used in publicly funded 

research need to be determined and minimised.  

Measurement: Number of days on which the equipment fails due to technical 

shortcomings or utilisation errors 

Aim: Minimisation 
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5. Error recovery times in research processes 

Aside from equipment, in research processes other errors can occur which include faulty 

operating resources (poor water quality, enzymes whose useful life has expired, 

erroneous concentrations), erroneous configuration of hardware components, 

malfunctioning due to erroneous or outdated operating instructions.  

Measurement: Days and hours / research process 

Aim: Minimisation 

 

6. The length of time required to implement the published research methods of other 

research scientists 

The implementation of third party published research methods into another research 

process is often very time-consuming. The time required for implementing published 

methods should be calculated. At the same time, this time expenditure represents a 

quality parameter for publications.  

Measurement: Days / research method 

Aim: Minimisation 

 

7. Throughput times 

When multi-stepped research processes are implemented, throughput times of research 

products are important. Throughput times need to be minimised through optimising sub-

processes, which leads to decisive cost reductions. 

Measurement: Days and hours of continuous research process 

Aim: Economically justifiable throughput times 

 

8. Equipment redundancy 

Costs can be lowered very significantly if downtimes for technical facilities are reduced 

to a minimum. An important instrument for this is optimal redundancy of individual 

tools, since not every hard- and software breakdown can be quickly remedied online. 

Naturally, all redundancy requires higher investment levels. Commercial methodology 

must be employed to determine the break-even point between costs and savings potential 

through redundant availability of research technology.  

Measurement: “Double equipment redundancy” 
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Aim: High availability 

 

9. Determination of process corrections during development of a method 

To a greater or lesser extent every development of a method requires process corrections. 

The better the description used for the initial method and the more descriptive variables it 

contains, the fewer process corrections are required during the method development. 

Measurement: Number of process corrections during process development  

Aim: Minimisation 

 

10. The degree of facility availability 

The installation of a quality assurance system for entire hard- and software systems 

ensures optimal functional security of technical facilities. With optimised restart times, 

technical and organisational parameters of all research facility components result in a 

defined facility availability. The degree of facility availability needs to be determined and 

maximised, if high investments for high tech facilities are to be worthwhile.  

Measurement :  Days / Year 

Aim: Maximisation 

 

11. Critical size of research facilities 

Independent research facilities today are often too small. This shortcoming of the system 

significantly reduces efficiency and, at the same time, research performance. There are 

four reasons why the smallest of the research facilities should be significantly enlarged: 

► Research facilities are increasingly becoming high tech operations Research  

     processes must be automated as far as possible Automation of research  

     facilities, however, only makes sense given a minimum facility size  

► For this reason, 21st century research facilities require correspondingly high  

     investments that are only economically worthwhile in large research facilities 

► Interdisciplinary research is not possible if the self-sufficiency boundaries of  

     neighbouring disciplines need to be constantly surmounted to allow co- 

     operation between research scientists from different disciplines. This gives  

     rise to deficits, for example, in resource provision and timing 

► Only relatively long value-creation chains that are characterised by  
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     “continuous processes” provide sufficiently high value creation.  

     The importance of “continuous processes” without system breakdowns is  

     evident in all high performance systems. 

 

Analogous to industrial production processes, research processes should be large enough 

to allow for continuous research processes from basic research through to applied 

research. “Thus, the scientific problems of brain proteomics cannot be solved with the 

resources of single laboratories or groups.” (Meyer, 2003). 

Measurement: Number of technical and research staff  

 

12. Lifespan of facilities 

The aim is to reach an optimal lifespan, a factor that depends on the technological 

development. 

Measurement: Years 

Aim: Maximisation 

 

 

6.3.2. Semi-quantitatively measurable Efficiency Tools 

 

13. The fit of individual process components 

The fit and interfaces between individual process components needs to be determined, 

analysed and optimised in a collaborative effort between research personnel and process 

engineers.  

Parameter: Personnel and technical expenditure for the fit of individual 

process components 

 

14. The fit between systems engineering and construction technology 

A central theme that stands at the fore of research but has often been neglected until now, 

is the role of construction technology in research. Change is required: research 

technology and systems engineering have first priority. Research technology must lead 

construction technology, and not the reverse. 
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15. The degree of research process automation  

The great importance of the degree of technical process automation can be seen in the 

area of automotive production: if cars were built by hand, their price would be exorbitant. 

The degree of automation of technical facilities in publicly funded research needs to be 

increased significantly. 

 

 Number of actual automation functions 

Measurement: 

 Number of maximum possible automation functions 

 

 

6.3.3. Organisation Efficiency Tools 

 

16. Use of process engineers 

Process engineers develop methods and approaches and determine tool specifications. At 

the same time, they have the task of servicing facilities and locating, analysing and 

correcting errors. When errors occur in research processes during operation, they should 

be remedied as quickly online as possible for reasons of cost. An “emergency group” 

needs to be in place to rectify errors as far as possible while the process is running. This 

is essential so that the expensive resources, already consumed in the research process 

prior to the fault occurrence, are not wasted.   

 

17. Separation of research staff from process engineers 

Process engineers carry out the procurement, testing and release of tools, the 

modification and improvement to process cycles, as well as define and monitor 

interfaces. Process engineers and research staff together coordinate the planning and 

preparation of research processes. In private sector research as well as in publicly funded 

research, it makes little sense to have high level machines repaired by, for instance, 

biologists.  
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18. Delineation and cooperation between in-house and external process engineers 

Highly complex machines, automated systems and robots as well as their connection to 

high value-creation research processes, requires close delineation and cooperation 

between in-house process engineers and those of equipment suppliers.   

 

19. Validation and documentation of all research processes 

The documentation of research processes is as important as the documentation of 

research results. It serves the reproducibility of research results and thereby quality 

assurance. If there is no documentation, the produced know-how is lost at significant 

cost. Research processes must be documented. 

 

20. Establishment of a professional procurement system 

Given the high degree of complexity of capital and expendable goods as well as 

operating resources required in research, a professional system of procurement is 

required. Only in this way, combined with the benefit of economies of scale, can optimal 

price-performance relationship of acquired goods be ensured.  

A professional procurement system must be installed that, for example, consists of the 

following individual functions: 

► Formulation of allocation strategies through analysis of international  

     procurement markets 

►  Tenders providing the basis of focussed supplier selection 

► Product assortment selection including compilation of allocation suggestions 

     based on a comprehensive overview 

►  Pricing and closing negotiations with corresponding delineation of objectives  

►  Ongoing monitoring of supplier capabilities and performance 

 

6.3.4. Benefits of Efficiency Tools 

 

If research efficiency is to be optimised, a diagnosis of this efficiency must first be generated. 

This diagnosis is possible using Efficiency Tools 1-15. On the basis of this diagnosis and in 

connection with Efficiency Tools 16-20, the requisite optimisation of research efficiency can 

be realised. 
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6.4. Integration: concept of a Balanced Scorecard for research 

institutions 

6.4.1. General objective-setting of the Balanced Scorecard 

The index system used in the Balanced Scorecard (BSC) is based on work by Robert S. 

Kaplan and David P. Norton, who criticise the pure past-based orientation of traditional index 

systems (Kaplan et al., 1996). The BSC does not attempt to measure past commercial success 

as the pure observation of realised facts does not enable options for action. On the contrary, 

the BSC concerns itself with measuring the performance of input factors for the (subsequent) 

commercial success, in order to counteract errors at the earliest possible juncture. These often 

non-monetary operating levers are derived top-down from corporate strategy in direct cause-

effect-relationships. Decisive is that the BSC is preset in top-down form but can also be 

reviewed bottom-up by the operating staff of a company as to its efficacy and correctness - 

that is, the system is constantly calibrated by the market. This knowledge then flows into the 

next strategy search process so that the BSC is particularly characterised by the counter flow 

principle of the planning. 

 

The BSC groups its indices in the classical industry approach into areas relating to finance-, 

customer-, process- and staff perspective. Customer perspective indices are regarded as the 

input factor for the finance perspective, as only satisfied customers form the basis of future 

sales. Process perspective indices reflect the quality and efficiency of internal company 

processes and affect the customer perspective significantly. Since all company activities are 

carried out by staff, this perspective is concerned with the satisfaction of employees and the 

extent to which their potential is being realised. Within each perspective the BSC 

concentrates on the key indices (about 5-6 per perspective), in order to provide a targeted 

management cockpit. A pure analysis of target/actual index divergences is not enough, 

however, as only concrete and realised performance improvement measures ensure long-term 

company success. In this way, if index targets are not met, measures incorporating clear lines 

of responsibility and schedules are defined. The results of the measures are followed up in 

fixed reporting cycles. The coupling of the measures to the BSC indices and, thereby, to the 

corporate aims, enables focussed action. 

A BSC for research processes is presented below as an example. This should above all clarify 

the methodology of the BSC development. The research facility itself needs to develop 
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concrete designation of perspectives, aims, their prioritisation and so on, as only the research 

facility has the specific knowledge required for this. The creation of a BSC can be divided 

into different phases. First, the aims of the company or project are defined. All further 

activities or indices must be oriented to these. Measurable indices, whose data availability is 

ensured, are developed for each BSC perspective in a brainstorming process. The indices that 

emerge are then prioritised according to defined company or project aims. For each index, 

target values and tolerance thresholds are then developed. 

 

6.4.2. Aims of the EU research efficiency project 

The aims of the EU research efficiency project are presented according to target groups in 

Table 3 below. 

 

Target group / 

Group affected  
Aims 

EU Parliament • Lisbon Strategy: the European Union aims to become the most 

dynamic and competitive knowledge-based economic area of 

the world by 2010 

• Economic and cost-efficient implementation of public resources 

for research 

• Increased effectiveness of implemented resources 

• Criteria for the allocation of public resources for research 

• National / 

federal 

• Parliaments 

• Strengthening national research and the national economy 

• Economic and cost-efficient implementation of public resources 

for research  

• Increased effectiveness of implemented resources  

• Criteria for the allocation of public resources for research  

Research-

promoting 

institutions 

• Benchmarking of publicly funded research facilities 

• Optimisation of technical research installations by research 

institutions 

• Increased effectiveness of implemented resources  

• Criteria for the allocation of public resources for research  

Research-intensive 

industry 
• Availability and utility of results (methods and products) of 

publicly funded research 

• Benchmarking of publicly funded research facilities 

Research facilities 

(publicly funded) 
• Generation of utilizable results (methods, products, patents) for 

research-intensive industry 

• Optimisation of proprietary research installations 

• Economic and cost-efficient implementation of public resources 

for research  

• Benchmarking of publicly funded research facilities 

 Table 3: Aims of the EU research efficiency project according to target groups 
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In the following remarks and in simplified form a primary objective is considered, the 

realisation of efficiency potential within research facilities, since most of the aims 

presented in the table above can be derived from the attainment of this aim.  

 

The limitation to efficiency, as a first step, consciously leaves out of the consideration of 

social and qualitative aspects. The BSC can, however, be expanded consistent with the same 

methodology to include these target measurements. 

 

6.4.3. Groupings of research efficiency key indicators  

(BSC perspectives) 

The classic BSC perspectives need to be adapted for research processes. Research facilities 

do not strive to maximise profit per se, but they regard limitations in available financial 

resources in an analogous way to other resources such as buildings, rooms, machines etc. For 

this reason, an individual perspective was created that highlights the limited scope for action 

of research facilities. A separate “research quality” perspective ensures that efficiency 

improvements do not arise purely at the expense of quality. Rather, efficiency should be 

maximised with the same output of research processes. The process perspective reflects 

internal process efficiency at the research unit in an analogous way to the standard BSC. 

Besides straightforward employee satisfaction, the employees’ perspective also takes into 

particular account research via innovation and training key indicators. 

 

6.4.4. Development of research efficiency key indicators and prioritisation for each 

perspective  

By way of example, key indicators for the two perspectives “Finance and Resources” and 

“Processes” are developed below. These two perspectives are significantly involved in the 

measurement of efficiency. Moreover, the “research quality” key indicators are readily 

available via external rankings; those of the “staff perspective” are similar to those of a 

standard BSC. 

In the case of each key indicator, attention should be paid to clear measurability and data 

availability. If data are not currently available, the costs of preparing data should be set 

against the additional benefit in terms of comprehension of key indicators. The retrieved key 

indicators should be categorised as to their individual degree of susceptibility to the unity of 

research and its importance for the target system of a perspective.  
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By way of example, the following illustration shows the result of a development of key 

indicators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 4: Example of key indicator development  

 

 

The transfer of the key indicators to a coordinates system with the axes of “influence of key 

indicator” or “effect of the key indicator on the project objectives” (see illustration 6) allows 

the key indicators to be prioritised (cf. target area). The best input values are those that exert a 

large effect on the target system and are at the same time susceptible to influence through the 

research facility. 
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 Illustration 6: transfer of the key indicators to a coordinates system 

 

 

6.4.5. Key indicators reporting 

 

The degree to which the targets of the individual key indicators have been met should be 

recorded in a standardised report. The information user requires at a glance a statement 

regarding target and actual values, as well as the resultant divergence. Graphic summarisation 

in the form of a warning light or speed indicator can be used to good effect in this instance. 

It is decisive that the reporting be a reflection of living experience. For this reason, all 

employees should participate in the origination and configuration of the reporting.  

 

 

 

 

 

 

 



HOW TO OPTIMIZE THE EFFICIENCY OF SCIENCE AND RESEARCH 

 - 40 - PE 364.044 

 

 

 

 

 

 

 

 

 

 

 Illustration 7: Example: capacity utilisation of a machine 

 

 

6.4.6. Controlling of measures 

The BSC reporting must not be allowed to remain at the stage of a simple analysis of 

deviations from targets. The insights should rather translate into activities. In this connection, 

there can be several activities pertinent to one target or one activity can serve several targets. 

What is decisive in this regard is responsibility for each activity in terms of establishing time 

and milestone plans as well as reporting in fixed cyclical patterns on the part of the person 

responsible. 

 

 

Measure 

Degree to 

which target 

achieved 

(BSC Key 

indicator) 

Person 

resp. 

Budget / Budget 

utilisation 

Start / 

End 

Next 

report 

Documentation of 

all research 

facility machines 

and determination 

of actual capacity 

utilisation 

Capacity 

utilisation of 

each machine 

Mr. 

Müller 

€ 1,000 / € 800  July 05/ 

August 

05 

July 15, 

2005 

 Table 5: Example: Reporting in fixed reporting cycles 
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6.4.7. Pitfalls of the BSC 

The following risks to project success have emerged from the introduction of the BSC in 

numerous instances.  

 

 

Risk Risk elimination 

Non-acceptance by employees 

 

Starting from the first phase of the project, 

management must communicate the advantages of 

the BSC project to all employees. 

Low measurability or availability 

of data 

 

Only what can be measured can be improved. If the 

target and actual values cannot be measured or are 

not available on time, real insights are impossible. 

For this reason, attention should be paid to data 

preparation as early as the time of key indicator 

selection. 

Lack of limitation to a few key 

indicators 

 

Those responsible should limit each perspective to 

5-6 key indicators.  

Attempted aggregation of 

individual key indicators into an 

overall key indicator (pseudo-

precision) 

 

 

The BSC is derived from corporate strategy via 

cause-effect relationships and these connections also 

exist between the key indicators. An arithmetic 

summarisation should be avoided since the 

influences are too ramified and cannot be quantified 

precisely. 

No connection of the BSC with 

controlling of measures  

 

Care should be taken that deviation analysis of key 

indicators leads into precise activities for which 

there are precise responsibilities. 

 Table 6: Pitfalls when introducing the BSC 

 

 

6.5. Automation of research processes: research lines 

As an outlook the author wants to go even one step further: Research processes need to be 

automated and operated with Standard Operating Procedures (SOP) as far as possible. The 

automation  

► reduces research time 

► reduces research costs 

► raises research quality 

► raises the reproducibility of research results and  

► raises the value-creation of research processes  
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This means: multi-stepped, automated research processes need to be created in the form of 

research lines analogous to multi-stepped, automated production processes. 

 

Such research process automation naturally represents a restructuring and a challenge to 

research, the research equipment industry and last, but not least, human ingenuity. For cost 

reasons, research lines require work in shifts.  

 

Opponents of research lines argue that research processes are so extremely dissimilar that 

research lines do not constitute suitable research instruments. The counter-argument is that 

the variability of assembly lines has become so great that, in arithmetic terms, up to 10
17 

variants of car model can be produced (BMW Group, 2004). 

 

Research processes such as: 

► Analysis ► Selectivity testing  

► Fermentation ► Separation  

► Modelling (“chemical optimisation”) ► Synthesis 

► Preparation  

are all very well suited to automation. In protein chemistry alone there are, for example, 

recurring basic processes such as protein removal, protein extraction, protein concentration, 

protein digestion and protein capture.  

 

Research lines with high flexibility enable high capacity utilisation (see chapter 6.3.1.) and 

thereby render facilities very economical. It is known from the economics of production that 

the capacity utilisation of facilities grows in proportion to the flexibility of facilities. The 

economic importance of production flexibility is so great for efficiency as well as 

effectiveness, that professional shareholders occupy themselves intensively with this success 

factor. For this reason, the Westdeutsche Landesbank presented a study in 2004 on 

"Flexibility as a competitive advantage " (WestLB, 2004). Analogous to industrial 

production, a minimum critical mass of research facilities is, however, the prerequisite for 

research lines without system breakdowns (see chapter 6.3.1.).  
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It need not be separately discussed that the capacity utilisation of an assembly line in an 

automotive plant is different to that of a research line at a university. In contrast to, for 

example, car production, research generally only has pilot series. The control of an automated 

research process is therefore incomparably more complex than the automated production of 

cars. However: assembly lines in the automotive industry certainly do not continually produce 

the same product. Of the 430,000 cars produced every year at the Mercedes plant at 

Sindelfingen in Germany, for instance, only 2.2 cars, statistically, are identical to each other 

in construction (WIRTSCHAFTS-WOCHE, 06.09.2001). 

 

The necessity of research lines can be explained using the following example: the proteome 

(= totality of proteins) of a mouse’s brain contains 8,767 different proteins. If, for example, 

protein number 6000 from this collection of 8,767 proteins is required exclusively, then this 

protein must be extracted by preparation process without damaging it. Such a preparation 

consists technically of, for example, 7 sub-processes: 3 ultra-centrifugation steps and 4 

chromatography steps. In these 7 sub-processes 20 parameters, such as solution 

concentrations, temperatures, processing times, pH values etc., are applied. We assume that 

each of the 20 parameters has 4 steps. In order to find out the parameter combination in which 

the quantity of “protein number 6000” is greatest and its quality best, theoretically 10
12
 

different runs must be carried out. In actual fact, however, perhaps only 10
8
 runs must be 

carried out since certain parameter combinations are a priori implausible. These 10
8 
runs can 

also not be carried out with conventional, slightly automated research technology. The result 

is non-optimised protein preparations. Non-optimised methods are the most expensive 

methods.   

 

In order to implement the “research lines” innovation and direct industry to this market 

opportunity, the author of this report suggests that the European Parliament commissions a 

full study on the subject of “automated research lines”.  

 

Europe needs to meet the challenge of research lines. The 20th century was the century of 

production automation. The 21st century must become a century of research automation. 
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7. European research: the opportunity presented by Scientific 

Methods Server and Efficiency Tools 

Databases constitute strategy instruments in the sensitive areas of security, research and 

economy. They raise high-level information from the level of mere existence to the level of 

availability. Through availability, high-level information becomes a security, research or 

economic factor.  

 

In this way, the SMS research database would have strategic importance in the competition 

between the high tech economies of the EU, USA, Japan and China and would be governed 

by public policy-making. 

 

An economic efficiency calculation for the SMS is only to a limited extent possible due to its 

strategic importance for science and the economy. For example, how should the economic 

efficiency of the NCBI database, which currently records a monthly 50 million hits from 

approximately 160 countries, be calculated? 

 

The SMS and the establishment of the 20 Efficiency Tools will allow biotechnology research 

processes to become faster, less expensive and more reliable. Using protein isolation as an 

example, as carried out hundreds of thousands of times in this or similar ways in 

biotechnology, we hope to show the extent of time-saving resulting from the implementation 

of an SMS and the Efficiency Tools “Automation of research processes”. At the same time it 

should be emphasised that these figures are estimated values derived from research practice 

so that variations from these figures are of course possible.  
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 Illustration 8: Time-saving through the Scientific Methods Server (SMS) and the 

automation of protein purification 

 

The preparation of a research process consists principally of three steps: 

► Search for a method 

► Selection of a method and 

► Optimisation of a method 

 

In the example in Illustration 8 the SMS reduced times for the  

► Search for a method c. 25% to c.15% 

► Selection of a method and c.   5% to c.  3% 

► Optimisation of a method c. 30% to c. 25% 

 

The research process itself consists of four main steps: 

► Organization starting-material 

► Organization of hardware 

► Organization of operation resources  

► Process operation  
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In the example in illustration 8, automation reduced the times for  

 

► Organization of hardware from c. 10% to c.   7% 

► Process operation c. 20% to c. 15% 

 

In the biotechnology research process used as an example, the implementation of the SMS 

and of automation led to a timesaving of about 25%. Every rationalisation and process 

optimisation naturally incurs a certain expense. The US Department of Health and Human 

Services funded this expense through the creation of the NCBI database.  

 

 

► For large segments of public life the principle of competition is a good instrument for 

delivering success. However, this principle of competition must be underpinned by a 

systematised and coordinating system. This is practised in economic policy, for example, 

with the unified euro currency. In research, with its pluralist working patterns, a 

systematised and coordinating system is even more important. In the area of U.S. 

biotechnology, this role has been adopted by the National Center for Biotechnology 

Information (NCBI), a governmental organisation: NCBI creates public databases, 

conducts research in computational biology, develops software tools for analysing genome 

data, and disseminates biomedical information.  

  

► Methods and results developed with publicly funded research must be made available to 

the public in an adequate manner using information technology. This also forms part of 

U.S. research policy: Dr. Elias Zerhouni, director of the National Institutes of Health, 

formulates this as follows: “With the rapid growth in the public’s use of the Internet, NIH 

must take a leadership role in making available to the public the research that we support.” 

(Zerhouni, 2005). 

 

► Information bases, whether of scientific methods or results, are strategic instruments. It is 

for this reason understandable that the NCBI database, despite repeated enquiries, does not 

provide more detailed information about its technology. 
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Regarding the production of pharmaceutical products, the former head of the U.S. FDA, Mark 

McClellan, comments: “In many areas the pharmaceutical industry is still using production 

techniques that are a quarter of a century old. For this reason, many experts believe 

production costs can be cut by 40% or even more.” (McClellan, 2003).  

 

Europe needs to develop new methods to raise the performance of research. On the other 

hand, it should not be expected that a so-called “self-healing process” or the free play of 

markets will solve the problem. The competitiveness that Europe requires must be worked 

hard for. It is dangerous to wait for the solutions to appear of their own accord. 

  

If Europe wishes to become “the most dynamic and competitive knowledge-based economy” 

in the world, then it must produce the very best. The very best can only be created with a high 

performance infrastructure and highly efficient research. 
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8. Outlook 

In addition to the creation of a Scientific Methods Server and the establishment of the 20 

Efficiency Tools, the following measures are suggested: 

    

• European research requires a public forum for articulation, at which the efficiency 

of research can be discussed as a factor for success. For this reason, it has been 

suggested that a printed or online forum for “Research Efficiency” should be created. 

 

 

• The creation of an “Expert Group for the Appraisal of Efficiency in Publicly 

Funded Research”. It should compile an “Annual Research Efficiency Report”. This 

institution would be analogous to the German Expert Group for the Appraisal of 

Macro-Economic Development (“Sachverständigenrat zur Begutachtung der 

gesamtwirtschaftlichen Entwicklung”), founded in 1963. 

 

 

• Innovations do not always result in patents. One reason can be that innovations have 

commercial potential but are not fit for being patented. Another - more important - 

reason can be that innovations would actually be fit for being patented, but are not for 

whatever reason. These innovations are thus only known to a limited circle of 

academics. Consequently, an application in the industry, which can often happen in a 

field quite different from the original one where the innovation was developed, does 

not happen. Thus, a large potential is not being put to use. For this reason, the authors 

of this report recommend that the European Parliament create a “European Innovation 

Scouting Agency” for the area of science and economy. The task of the agency is to 

scout for promissing innovations and to bring forward their application, especiall in an 

intersectoral manner. 

 

____________________________ 
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