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Preface


T

he ESRC Research Programme The European Context of UK Science Policy ran between 1993 and 1999. Its aims were to contribute to a greater understanding of the relationship between the UK and wider European research systems which are key to the setting of public policy on the contribution of R&D to wealth creation, and to the assessment of its effectiveness. These objectives reflected public policy concerns, and consequently the research requirements developed after an extended period of discussion with UK users and European academics as to possibilities and priorities. 

As the result of the assessment of a first set of exploratory projects in 1993/94, the Programme set specific targets which were to improve understanding of:

· the interaction between the science base and European regulation
· human resource and labour market issues in European science and technology

· establishing a more robust base for the evaluation of European collaboration and networking in science and technology

Each of these issues was seen as an aspect of a wider challenge to better understand the

· management of knowledge sources and expertise for innovation in Europe.

This volume presents a synthesis of the principal findings from 25 projects grouped under these four themes. The work is put in the context of wider studies, including direct follow up studies by members of the research team - a number funded by UK government departments or the European Commission because of their interest in the original results - and related work funded by the Commission under the FP4 Targeted Socio-Economic Research (TSER) Programme. The success of the research team in winning contracts in the open and competitive process of TSER funding led to £1.4m of related work being funded by the Commission, just above the £1.3m the ESRC had initially invested.  We see this European funding as a powerful confirmation of the wider significance of the targets we had set and the innovative approaches which the research team brought to them.

The syntheses themselves are largely the work of four colleagues who worked on specific projects, but whose wider perspective on the work led to their taking a key role at the user workshops which presented work from each theme, before undertaking this job. Thanks are due to them, but also to all those who worked on the programme, and all those potential research users – whether as academics, policymakers or practitioners - who gave us feedback in five London and two Brussels programme workshops and numerous more specialised meetings.

I hope that you will enjoy this report and gain useful insights from it. If you know others who would benefit from a copy, please let us know, or direct them to the programme website (details below), where the text can be downloaded in pdf format. Contact details are given to the researchers, as well as full references to publications, and they or I will appreciate any follow up, questions or comments; or of course any research commissions to exploit the expertise which the programme helped develop. 

Peter Healey

Programme Director

Science Policy Support Group (SPSG)

1 Birdcage Walk

London

SW1H 9JJ

Tel:
(+44) (0) 20 7799 3335

Fax:
(+44) (0) 20 7799 3336

e-mail: Peter.Healey@spsg.org
website: www.spsg.org/eurocon/
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1.
SUMMARY AND INTRODUCTION

W

hat common lessons can be learnt from studies of pharmaceutical and agrochemicals regulation, environmental services and compliance activities, and the development of digital TV standards? At first sight it might appear not much. However, on closer inspection, it can be seen that each reflects an area of European regulatory activity that is placing ever increasing demands on the science base. From setting standards for consumer goods to environmental safety, the ability of the science base to meet regulatory demands and the ways in which regulation shapes science and technology are of key significance. This is not a new issue, in that Science and Technology Policy studies have long discussed the ways and extent to which regulation restricts or stimulates innovation. Nevertheless, given the sheer range, scale and diversity of regulatory frameworks in the new European regulatory context, it is appropriate to consider in what ways European regulation (in both its design and implementation) impacts on the European science base and vice versa.

In this programme, six projects were funded to examine various aspects of the relationship between European regulation and the science base. As will become clear from the discussion in the following pages, if there is one common message it is that it is necessary to move beyond the crude dichotomy of simply considering whether regulation is good or bad for innovation. Instead, it is clear that regulation interacts with the science base in many complex ways, impacting on the scientific and technological infrastructures, practices and outputs in both the private and public sectors. Second, given the changing focus from a national to trans-national frame, it is essential to address these issues at the European level in order to explore evolving patterns of regulatory development and outcome.

The projects were funded as distinctive studies of different aspects of European regulation and the science base. As will become clear in the subsequent pages, however, there are four common themes throughout the projects.

The science base, regulatory design and standard setting

As regulation places increasing demands on science, often at the cutting edge of knowledge, where and how is knowledge developed to meet these demands? For example, what is the distribution of activities amongst the private and public sectors across Europe, such as industrial and other commercial organisations, universities, government bodies, and independent organisations? How is this complex infrastructure changing in response to regulation: which parts are better able to meet demands than others, is there a growth of new European based institutional arrangements or are they remaining fixedly national? What kinds of science-based activities are being stimulated to meet regulatory demands and how are they feeding into the regulatory process. And finally, what are the forces driving these activities forward and what are the forces holding them back?

Regulatory implementation and compliance

The second theme is that of regulatory implementation and compliance – in the broadest sense taken to cover those activities undertaken by the state and commerce to ensure that products and processes comply with regulatory requirements. In particular, how are public and private sector infrastructures, processes and activities developing to meet regulatory demands at both the European and national levels? All the cases discussed in this summary start from the premise that European regulation has the formal aim of creating a level playing field. Yet as discussed in detail in the cases of pharmaceuticals, agrochemicals and environmental regulation, many of these regulatory frameworks have national facets, particularly in implementation, that are not automatically superseded by European regulation. For example, even though regulatory approval processes may be harmonised, there may be national variation in implementation in relation to regulatory capacities, priorities and compliance philosophies of regulators and commerce, and the established institutional relations with and between regulatory bodies and the private sector.

Regulation and innovation

The third theme concerns the relationship between European regulation and innovation. At what points does regulation impact on innovation, how are these impacts distributed between the earliest stages of innovation and speculative research and more compliance orientated stages? By the same token to what extent is regulation shaped by innovatory activity, and to what extent do innovatory activities feed forward into regulatory design? Equally, what kinds of organisational arrangements and relationships are emerging in the public and private sectors to respond to regulatory demands?

Openness and transparency

Finally, the fourth theme concerns the widely discussed pressures for openness and the impacts on effective and efficient regulation and innovation. Issues of transparency of procedure and accountability have been most acute in relation to the regulation of industries whose products and processes present risks to third parties - particularly, health and safety risks to the public and threats to the environment. What kinds of pressures are there for openness, both from outside and within regulatory systems, and where are the pressures most acute? How do regulatory systems meet demands for more openness and what are the implications for industrial innovatory activity? And finally, are there unintended consequences of greater openness in regulatory systems?

The following projects examine these themes from different perspectives. Irwin, Rothstein, Yearley and Mc Carthy consider the development of EU pesticide registration regulations and their impacts on the institutional distribution of regulatory scientific activities and services in the public and private sectors. This study also examines the character of such activities and their impacts on regulatory development and practice. Abraham, Charlton and Lewis consider EU pharmaceutical regulation and examine regulatory impacts on toxicology, the performance of European and national marketing authorisation procedures, and the costs and benefits of the new European system as judged by regulators, industry and consumer organisations. Gouldson and Murphy undertake a cross-national comparison of compliance activities of industry in the Netherlands and the UK in relation to environmental regulation. They focus on enforcement philosophies and styles, studying the impact of EU mandatory and voluntary environmental regulation on the imperatives and capacities of industry to meet regulatory demands. Miles and Kastrinos explore the growth of environmental services in relation to environmental regulation and in particular analyse the dynamic forces shaping the industry and some of the forces holding it back. And lastly, Cave, Cowie and Shurmer examine the development of EU standards for digital television, looking at the relationship between corporate and other regulatory actors in driving forward R&D programmes within a framework of common standards. The concluding section brings together the major themes of the research findings from these projects and draws a number of conclusions and policy implications.

2
THE STUDIES

2.1
Agrochemicals regulation
Agrochemical regulation is a relatively well established field of regulation within the larger EU Member States. Agrochemical regulation, however, represents perhaps one of the most complex systems of risk regulation, encompassing a wide variety of regimes including market approval, residues in food and drinking water, environmental pollution and health and safety. These include numerous regulatory agencies, bodies and commercial intermediaries with often overlapping responsibilities. This sector also presents some of the classic dilemmas faced in science-based regulation - namely that many of the problems it poses require answers from the very frontiers of contemporary knowledge and have to be made ‘policy-friendly’ within a policy environment that is dominated by concentrated private interests and general public concern. The evolution of a new EU based regime, therefore, puts considerable stress on the development of what many commentators in other contexts have characterised as ‘regulatory science’, or scientific knowledge produced or used for specific policy purposes. Focusing on just one aspect of this system, namely product approval, the study by Irwin et al looked at the demands placed on the science base by European agrochemical regulation, in particular documenting and analysing the development of the institutions generating regulatory-scientific information, how such information is used and its role in regulatory practice and development.

The study produced three main findings. First, it is clear that regulatory science is a complex and many-sided activity which cannot be defined simply on the basis of content or context. At least five distinct types of activity have been identified, namely: Speculative Research; Development and Validation of Regulatory Tests; Regulatory Compliance Testing; Investigative Problem-Solving; and Regulatory Submission (Irwin et al 1997, 1998). Each of these aspects of regulatory science present distinct patterns of scientific and policy activities often characterised by high degrees of hybridity as well as patterns of cross-institutional working.

Key detailed findings include the recognition that the growth of regulatory science has been accompanied by the development of specialised contracting and consultancy facilities and by changes in the intramural management of research in firms. This results in a multi-disciplinary team approach which integrates scientists with other sections of companies, such as marketing, throughout the innovation process. Universities have proven themselves less well adapted for participation in regulatory science than might have been anticipated at the outset. Though firms operate in a European or even global market, regulatory scientific capacity is strong at the national level both because regulation is actually enacted by national authorities and because relations between firms, regulatory authorities and contractors (in the UK at least) have continued to be based on familiarity and trust. Accordingly, close institutional relations have developed between firms, particular contract labs and even government agencies. 


Agrochemicals Regulation 
Key Findings
· The growth of regulatory science has been accompanied by the development of specialised contracting and consultancy facilities and by changes in the intramural management of research in firms. This results in a multi-disciplinary team approach which integrates scientists with other sections of companies, such as marketing, throughout the innovation process. 

· Universities have proven themselves less well adapted for participation in regulatory science than might have been anticipated. 

· Though firms operate in a European or even global market, regulatory scientific capacity is strong at the national level both because regulation is actually enacted by national authorities and because relations between firms, regulatory authorities and contractors have continued to be based on familiarity and trust. 

· The harmonisation of regulatory rules does not lead to the even dispersion of regulatory science throughout the EU, but has tended to concent

· rate testing in certain countries. There appears to be an emerging European division of labour appearing with different countries' institutions "specialising" in different regulatory-scientific activities. A company may make policy decisions in one country, conduct R&D in another, seek regulatory clearance in a third country and concentrate marketing of a product in a fourth; whilst non-governmental organisations and consumer advocacy groups may favour targeting different national authorities.

The second main finding concerns the character of regulatory science at the EU level. It appears that the harmonisation of regulatory rules does not lead to the even dispersion of regulatory science throughout the EU, but has tended to concentrate testing in certain countries. The explanation rests on three socio-cultural factors (Rothstein et al 1999, Rothstein and Irwin 2000). Some countries have high concentrations of the industry, and so have good reasons to do a lot of testing on "Europe's behalf"; certain countries are the preferred locus for what is seen as "authoritative testing"; and certain countries' agencies have taken a high profile role in the international politics of test development. In relation to these points, the commercial obligations of many member state agencies, including the UK’s Pesticides Safety Directorate, are widely believed to have encouraged them to adopt an entrepreneurial role and effectively enter into a competitive market for regulatory assessments. 

Lastly, and relatedly, there appears to be an emerging European division of labour appearing with different countries' institutions "specialising" in different regulatory-scientific activities. A company may make policy decisions in one country, conduct R&D in another, seek regulatory clearance in a third country and concentrate marketing of a product in a fourth; whilst non-governmental organisations and consumer advocacy groups may favour targeting different national authorities. 

The researchers suggest that as regulation extends its remit over ever more areas of risk, increasing attention should be paid to the origin and production of knowledge informing such developments. Firstly, regulation cannot rely on the traditional science base as the sole provider of critical information to aid policy and decision-making. Secondly, as demands for greater public accountability and transparency put policy institutions under ever increasing pressure, careful attention should be paid to the vulnerability of the developing regulatory-scientific infrastructures as prime sites for conflict. Lastly, whilst EU harmonisation was expected to bring about a level playing field for regulatory scientific activity, attention needs to be paid to early indications that there has been, in practice, an asymmetrical development of activities, expertise and trust within and between regulatory scientific institutions across member states.



Agrochemicals Regulation 
Issues for the Future



· As regulation extends its remit over ever more areas of risk, increasing attention should be paid to the origin and production of knowledge informing such developments.

· Regulation cannot rely on the traditional science base as the sole provider of critical information to aid policy and decision-making. 

· As demands for greater public accountability and transparency put policy institutions under ever-increasing pressure, careful attention should be paid to the vulnerability of the developing regulatory-scientific infrastructures as prime sites for conflict. 

· Whilst EU harmonisation was expected to bring about a level playing field for regulatory scientific activity, attention needs to be paid to early indications that there has been, in practice, an asymmetrical development of activities, expertise and trust within and between regulatory scientific institutions across member states.
2.2
Pharmaceuticals regulation

Pharmaceuticals regulation has several objectives, namely: safety and efficacy; control of government expenditure; promotion of innovation; and efficient and competitive supply of pharmaceuticals. Taking a similar approach to Irwin et al in their study of agrochemicals regulation, (a sector regularly used as a comparison both by regulators and industry) Abraham and Charlton, and in a separate study, Abraham and Lewis, have studied the evolving European pharmaceuticals approvals regime in relation to the first of these objectives, i.e. safety and efficacy. The studies focused particularly on regulatory impacts on toxicology, the performance of European and national marketing authorisation procedures, and the costs and benefits of the new European system as judged by regulators, industry and consumer organisations.

Since the mid 1970s, EU drug regulatory policy has been designed to reduce duplication in regulatory work and to limit divergent regulatory decisions within the Union - a movement significantly driven by industry’s transnational agenda to drive down drug development time and costs. At the same time, just as agrochemicals regulation is stimulating particular areas of environmental science (see Irwin et al 1997), according to Abraham and Charlton a similar pattern is occurring with pharmaceuticals regulation, such as the stimulation of research into new more efficient methods for testing the chronic toxicity of compounds and pharmaco-vigilance techniques (Abraham and Charlton 1995). Whilst this has increased regulatory-scientific activity, the promotion of scientific co-operation has benefited the industry, easing the transition to, and implementation of, new procedures for obtaining marketing authorisations in the EU. 

As is the case with agrochemicals regulation, however, Europeanisation has also entailed localisation and difference. Whilst there has been considerable effort to harmonise scientific assessments, the system has had only limited success, with most applications for marketing authorisation being characterised by member state dissension (Abraham and Charlton 1995). Abraham and Charlton suggest that this stems from the contrasting assessment philosophies, function, resourcing and organisation of the national agencies of member states. Given this pattern of activity, pharmaceutical manufacturers have been careful to choose rapporteur Member States with whom they have 'good relations' to assist in getting wider European authorisation. As a consequence it is suggested that in effect the rapporteur member state can become a sponsor of the manufacturer within European regulatory procedures. Furthermore, Abraham and Lewis suggest (again like Irwin et al in the context of agrochemicals) that these informal industry-agency relationships are fostered by the dependency of many of the national agencies on industry fees for their income, driving the agencies into competition with each other for regulatory work from industry (Abraham and Lewis 1999).


Pharmaceuticals Regulation
Key Findings


· Pharmaceutical manufacturers have been careful to choose rapporteur Member States with whom they have 'good relations' to assist in getting wider European authorisation. As a consequence it is suggested that in effect the rapporteur member state can become a sponsor of the manufacturer within European regulatory procedures.

· These informal industry-agency relationships are fostered by the dependency of many of the national agencies on industry fees for their income, driving the agencies into competition with each other for regulatory work from industry.
· Industry scientists believe that regulatory standards have improved with the adoption of European regulatory procedures, ascribing dissension in evaluations between member states to differences in regulatory agency competence and culture. Regulators, however, are concerned with the possible lowering of safety standards due to EU imposed assessment time limits and increasing competition between national authorities. It is impossible, however, to verify either view because of the secrecy surrounding European medicines regulation.

· There is little prospect for much more than a modicum of improvement on public information disclosure about licensing decisions.

· Internal transparency within the system has improved, with regulators suggesting that products marshalled through the EU procedures receive greater attention as a result of more than one competent regulatory authority being involved in the assessment.
Changes have been made recently to the approval procedure arrangements to reduce the opportunities for member state dissension, such as the removal of national approval routes and the strengthening of the EU expert advisory committee by making its recommendations binding on all member states. Abraham and Lewis suggest that whilst this has prompted intense debate in the industry on appropriate corporate strategy, evidence to date suggests that member states' authorities are showing increasing willingness to recognise authorisations granted by other states, with only a few marked by dissension (Lewis and Abraham 1998).

These issues prompt the question as to whether European harmonisation has led to a general ‘levelling-up’ or ‘levelling-down’ of safety standards across Europe. According to Abraham and Lewis, industry scientists believe that standards have improved, ascribing dissension in evaluations between member states to differences in regulatory agency competence and culture. Regulators, however, are more circumspect, concerned with the possible lowering of safety standards due to EU imposed assessment time limits and increasing competition between national authorities. It is impossible, however, to verify either view because of the secrecy surrounding European medicines regulation.

Transparency and accountability issues are a major concern for consumer organisations. The research suggests that there is little prospect for much more than a modicum of improvement on public information disclosure about licensing decisions (moreover, the current liberal Swedish regime is likely to lose out as it becomes integrated with the European system) (Abraham and Lewis 1998). Abraham and Charlton do point out, however, that internal transparency within the system has improved, with regulators suggesting that products marshalled through the EU procedures receive greater attention as a result of more than one competent regulatory authority being involved in the assessment.


Pharmaceuticals Regulation

Issues for the Future

· Transparency and democratic accountability need to be significantly improved so that the regulatory goal of public protection and the promotion of public health is given higher priority than the rapid approval of new drugs. Such a shift would put much more emphasis on the qualitative aspects of new drug regulatory review by asking questions about how to raise safety standards and about whether the new drugs are actually needed by patients - an issue now addressed in the UK by NICE. 

· An increase in transparency would benefit industrial toxicology and regulatory efficiency, as indicated by the current use of the US freedom of information laws by European toxicologists to obtain information that assists in understanding mechanisms of toxicity. By lowering costs it may also promote innovation.
In policy terms, Abraham, Charlton and Lewis suggest that new arrangements should be made for reassigning rapporteur countries following any dissension in approval. This would prevent special relationships between companies and certain rapporteurs distorting regulatory priorities. They also suggest that transparency and democratic accountability need to be significantly improved so that the regulatory goal of public protection and the promotion of public health is given higher priority than the rapid approval of new drugs. Such a shift would put much more emphasis on the qualitative aspects of new drug regulatory review by asking questions about how to raise safety standards (as opposed merely to rationalising them) and about whether the new drugs are actually needed by patients (as opposed merely to being marketable). An increase in transparency would not only be welcomed by consumer organisations, but also would benefit industrial toxicology and regulatory efficiency, as indicated by the current use of the US freedom of information laws by European toxicologists to obtain information that assists in understanding mechanisms of toxicity.

2.3
Industrial environmental regulation

The transboundary nature and increasing political salience of environmental pollution has placed environmental regulation at the heart of EU regulatory programmes. A key aspect of environmental regulation has been concerned with the development and use of environmental technologies and techniques by regulated companies. Gouldson and Murphy in their project, focused on the implementation and impact of EU industrial environmental regulation on industrial practice on how different regulatory structures and styles affect practical outcomes. Taking the EU’s Integrated Pollution Prevention and Control (IPPC) Directive as an example of mandatory environmental regulation, and the EU’s Eco-Management and Audit Scheme (EMAS) as an example of voluntary environmental regulation, they studied their impacts in two national contexts - the UK and the Netherlands.

In both the Netherlands and the UK, environmental regulation has undoubtedly been able to promote the development and implementation of integrated clean technologies and techniques. This has been a significant advance on the adoption of reactive control technologies, and represents increased efficacy and efficiency in the industrial response to regulation. The central finding of the study, however, has been that the development and implementation of environmentally effective and economically efficient technologies and techniques is critically dependent upon two factors, namely:

· the establishment and maintenance of appropriate imperatives for environmental improvement in regulated companies; 

· the development and utilisation of appropriate capacities for environmental improvement in regulated companies. 


Industrial Environmental Regulation
Key Findings

· The establishment of environmental imperatives and capacities is intimately related to the manner of implementation of regulatory frameworks - a factor which has particular national characteristics. Netherlands, for example, has maintained the imperatives for environmental improvement in regulated companies better than the UK, through the national framework of targets and performance measures. The UK has, however, more consistently enhanced the capacity of regulated companies to pursue effective and efficient environmental improvement than the Netherlands.

· Capacities to innovate can best be increased where a sustained process of interactive learning takes place between relatively expert regulators and industry.

· Potential adverse effects on the maintenance of innovation imperatives can be balanced by a transparent framework of environmental improvement targets both for regulatory agencies and individual firms.
The establishment of imperatives and capacities, however, is intimately related to the manner of implementation of regulatory frameworks - a factor which has particular national characteristics. The Netherlands, for example, has maintained the imperatives for environmental improvement in regulated companies better than the UK, through the national framework of targets and performance measures (Gouldson and Murphy 1997a). The UK has, however, more consistently enhanced the capacity of regulated companies to pursue effective and efficient environmental improvement than the Netherlands, through the co-operative and close working relationship between relatively expert regulators and industry (Murphy and Gouldson 1997).


Industrial Environmental Regulation
Issues for the Future
· Regulations could be made more effective and efficient, and regulatory processes could be made more transparent and accountable, if a composite approach is adopted that not only imposes standards but also raises the capacity of regulated actors to respond to those standards.
Gouldson and Murphy conclude that regulation is best able to stimulate innovation where it both raises the capacity to innovate and introduces regulatory imperatives that oblige companies to draw on these capacities (Gouldson and Murphy 1998). Capacities to innovate can best be increased where a sustained process of interactive learning takes place between relatively expert regulators and industry - a process aided by flexible and co-operative relationships between regulators and regulatees. Such relationships can have converse impacts, however, as their lack of transparency can risk regulatory capture with the effect that imperatives to innovate are lessened. Gouldson and Murphy suggest these potential adverse effects on the maintenance of innovation imperatives can be balanced by a transparent framework of environmental improvement targets both for regulatory agencies and individual firms.

In terms of future policy-making, therefore, the implication of this research is that regulations could be made more effective and efficient, and that regulatory processes could be made more transparent and accountable, if a composite approach is adopted that not only imposes standards but also raises the capacity of regulated actors to respond to those standards. Care, however, needs to be taken in avoiding unintended consequences of particular regulatory styles.

2.4
Environmental Services

In contrast to the focus of the study by Gouldson and Murphy, Miles and Kastrinos have studied the development and nature of technological knowledge in environmental services firms in the context of European regulatory frameworks and their impacts on industrial innovation. This sector has as yet received little academic attention, despite the likelihood that it will have experienced a growth in recent years given increasing regulatory demands. On the basis of a series of surveys, Miles and Kastrinos were able to identify four functional groups of services in the “environment industry” (Kastrinos and Miles 1996). These were:

· Traditional information services (e.g. insurance, financial services, training, awareness);

· Professional diagnostic services (e.g. environmental management consulting, audits, reports, Environmental Impact Analysis, analytical services);

· Technical problem-solving consultancy services (e.g. waste management consulting, monitoring systems design, process plant design, eco-design);

· Physical environmental services (e.g. waste management services, clean-up and remediation services).


Environmental Services

Key Findings

· Whilst regulatory developments are clearly the main reason for the emergence and growth of environmental services firms, the firms themselves rarely attempt to second-guess or influence future regulatory developments. The firms are instead broadly reactive to regulatory developments.

· The main reason cited by the firms and policy-makers for this has been that the firms are too distanced from the regulatory process, being too small to count in regulatory decision-making. 

· Policy-makers instead have focused on services’ clients, and the environment industry is assumed to respond rapidly and automatically to regulatory changes.
The environmental services firms vary considerably in R&D intensity and technological expertise, but include a number of very substantial performers on both counts. Research is pursued for a variety of reasons, including development of own (service) products and processes as well as providing inputs to clients’ technological choices and activities. Whilst regulatory developments are clearly the main reason for the emergence and growth of these firms, the firms themselves rarely attempt to second-guess or influence future regulatory developments. The firms are instead broadly reactive to regulatory developments. The main reason cited by the firms and policy-makers for this has been that the firms are too distanced from the regulatory process, being too small to count in regulatory decision-making. Policy-makers instead have focused on services’ clients, and the environment industry is assumed to respond rapidly and automatically to regulatory changes.

This pattern of development means that the environmental services sector has poor links with the regulatory processes that have prompted its growth. A large and varied pool of technical knowledge of environment-related issues has been established, but policy-makers are more inclined to speculate benignly about the employment potential of these activities than to consider the sector as a distinct industrial actor. To date these services have mainly been supplementing industrial R&D activities in their clients, rather than substituting for them. There may be changes on both fronts - there are moves towards more self-organisation and proactive working within the environment industry, and some vanguard firms are developing strategies for outsourcing their R&D. These developments, however, are yet to make much of an impact on environmental services in the UK. Despite some criticism of the quality of individual service providers, it is likely that there is a substantial under-exploited resource here (for further discussion see Miles 1996; Miles and Green 1996).


Environmental Services
Issues for the Future
· Within environmental service firms a large and varied pool of technical knowledge of environment-related issues has been established, but policy-makers are more inclined to speculate benignly about the employment potential of these activities than to consider the sector as a distinct industrial actor. Despite some criticism of the quality of individual service providers, it is likely that there is a substantial under-exploited resource here.
2.5
Digital television standards

The regulation of television services is broadly focused on broadcasting policy and standard setting and has historically been nationally based. The emergence, however, of advanced television services such as HDTV and digital television across Europe, has presented significant challenges for European regulatory frameworks in managing a sector of rapid technological change. Cave, Cowie and Shurmer, in their study of this sector, focused on the interrelated dynamics of European standard-setting processes and firms’ business and innovation strategies (see Cave 1994, 1995, 1997).

At present television services within Europe rely almost entirely on analogue broadcasting technology, which provides only relatively poor quality pictures and is not economical with spectrum. In recent years, terrestrial channel scarcity has been relieved by two sources - cable and satellite delivery. The uptake of these systems across Europe, however, has been variable, and they still rely on analogue technology. Over the next few years, however, all terrestrial, cable and satellite systems are likely to switch to digital because of the opportunities for more channels and attracting higher quality funding. Managing this transition is, therefore, a major project for governments, broadcasters and equipment suppliers.

At the heart of these prospective changes lies the issue of standards. Analogue terrestrial television world-wide uses three standards. In the mid 1980's, the European Commission and certain Member States with substantial equipment manufacturing industries sought to promote a new high definition standard, but the effort failed miserably through technological obsolescence and lack of a market. Since 1993, however, European governments, broadcasters and equipment manufacturers have come together to develop digital broadcasting at the European level, which combined with more specialised national groupings, illustrates a new approach to co-operative R&D in the field of standard-setting.

Now that the pre-competitive phase is complete, the broadcasting industry is engaged in bringing the new technologies to market. Cave et al, have identified a series of five successive vertical stages which must be combined before new analogue or digital services can be provided. These are: 

· Programme acquisition

· Programme packaging

· Delivery

· Customer reception

· Revenue generation

Throughout Europe, companies are seeking to form alliances which bring these elements together. In France and the UK, the existence of dominant suppliers of pay television (Canal+ and BSkyB respectively) gives them a considerable first mover advantage, subject to the difficulty of migrating analogue customers to digital services.


Digital Television Standards
Key Findings

· A series of five successive vertical stages must be combined before new analogue or digital services can be provided. These are: 

· Programme acquisition

· Programme packaging

· Delivery

· Customer reception

· Revenue generation

· Throughout Europe, companies are seeking to form alliances which bring these elements together. In France and the UK, the existence of dominant suppliers of pay television (Canal+ and BSkyB respectively) gives them a considerable first mover advantage, subject to the difficulty of migrating analogue customers to digital services.

· The principal bottlenecks in control are over essential sports rights and (to a lesser extent) film rights, and in the encryption or "conditional access" systems necessary for broadcasters to generate revenues.

· The DVB project represented a major advance in standard setting in broadcasting, as a result of speed of operation, the participation of broadcasters and equipment manufacturers, and its focus on the marketability of the final service, rather than on engineering developments.

· However, participants in the project were unable to cope with the major point of commercial conflict between existing pay broadcasters and potential entrants, namely, the status of proprietary technology in the conditional access system.

These developments have attracted the attention of European governments, and of the EC. If in the 1980's, pressure on government policy came primarily via equipment manufacturers, within the framework of policies to promote national champions such as Philips and Thompson, in the 1990's policy has been more concerned with the issue of sustaining competition. Among the activities essential for broadcasting identified above, it appears that the principal bottlenecks in control are over essential sports rights and (to a lesser extent) film rights, and in the encryption or "conditional access" systems necessary for broadcasters to generate revenues. Concern about the latter provoked the Directive on Advanced Television Services passed by the European Parliament and Commission in 1995, which mandated access to conditional access systems, which were also required to be licensed. The legislation has not, however, required the use of "multicrypt" set-top boxes, capable of implementing a variety of propriety conditional access technologies. The bottleneck thus remains, but it is regulated. The legislation also applies only to digital services, leaving existing analogue encryption technologies subject only to competition law. It also fails to cover related services such as electronic programme guides (EPG).

Cave et al have identified a number of significant implications for policy from their study. Their study suggests that the DVB project represented a major advance in standard setting in broadcasting, as a result of speed of operation, the participation of broadcasters and equipment manufacturers, and its focus on the marketability of the final service, rather than on engineering developments. However, and not surprisingly, participants in the project were unable to cope with the major point of commercial conflict between existing pay broadcasters and potential entrants, namely, the status of proprietary technology in the conditional access system. Resolution of this matter was left to the European Directive on Advanced Television Services incorporated into such national legislation as the Broadcasting Bill 1996 (although the adequacy of this legislation from a competition policy standpoint has yet to be assured). Given the variety of potential delivery technologies for digital entertainment services (cable, digital terrestrial, digital satellite and video on demand over standard telephone lines) and the uncertainty surrounding the nature of demand for the project, Cave et al conclude that government policy, as well as incorporating standard competition policy concerns about access to bottlenecks, should be strictly neutral among competing delivery technologies (see Cave and Cowie 1998).


Digital Television Standards
Issues for the Future
· Government policy, as well as incorporating standard competition policy concerns about access to bottlenecks, should be strictly neutral among competing delivery technologies.
3.
CONCLUSIONS

The projects as presented here have considered several specific topics from a range of disciplinary perspectives. What further themes for academic analysis and policy reflection do they suggest? At this point, some concluding comments will be offered in the spirit of encouraging discussion and debate.

The science base, regulatory design and standard-setting

First of all, these studies suggest the depth of challenge being presented to science and technology by European regulation. A striking feature of many of the projects is the relative absence of traditional public sector scientific institutions - particularly universities - in regulatory-scientific activities. Whilst universities provide some role in feeding into innovatory and regulatory developments in nascent fields such as ecotoxicology, or providing expertise for regulatory assessment, there is a significant concentration of regulatory-scientific activities in the private sector. Even in producing standards, where it might be expected that state regulatory institutions would be leading developments, the private sector plays a significant knowledge-brokering role. In the case of agrochemicals, for example, new regulatory developments have substantially relied on expertise from within the agrochemical industry, albeit with knowledge often supplied through intermediary professional organisations (a pattern observed in other fields such as the EU regulation of a number of air pollutants).

When it comes to regulatory compliance activities - at least in the cases of agrochemicals and pharmaceuticals - the private sector is dominant as regulatory trials are understood to be the responsibility of industry. This has led to a growth of in-house regulatory-scientific capacities and contract facilities (a parallel development to that observed in the Miles and Kastrinos study of environmental services). Whilst this institutional aspect of regulatory compliance has typically been ‘black-boxed’ by regulators in considering regulatory design (again suggested by Miles and Kastrinos), this is clearly an important development in considering the forces shaping the development of the science base in response to regulatory demands. Of particular surprise is the development of cross-institutional working between public and private sector, where private sector contract labs that serve the needs of industry, are contracting for regulatory assessment work from the state. Combined with a trend towards a competitive market in regulatory assessment (observed both in agrochemicals and pharmaceuticals), the blurred boundaries between the private and public sector suggested by such developments in particular demand further research.

Regulatory implementation and compliance
The studies presented here provide important insights into the dynamics of the relationship between international standardisation and local/national difference. Quite clearly, moves towards European regulation have not eliminated national styles and methods of operation (nor were they all necessarily intended to do so). Gouldson and Murphy in their study of the implementation of environmental regulation found quite different compliance philosophies between the Netherlands and the UK - both having their own virtues and vices but both the product of particular national and cultural contexts. Both Irwin et al and Abraham et al in their respective studies of agrochemical and pharmaceutical regulation found that scientific practices and judgements had specific national characteristics even within international regulatory contexts. These were closely related to embedded local institutional arrangements, relationships, politics and culture. Regulators often regard the character of the regulatory-scientific infrastructures as of secondary importance to regulatory implementation and consider that national differences of scientific judgement are cynically motivated. However, these studies suggest that national differences may be more deeply embedded in the local character of regulatory scientific infrastructures than previously thought and that more care should be taken to examine this aspect of regulatory practice.

It follows, therefore, that we cannot view international standardisation as a straightforward ‘ironing out’ of national systems of regulation and innovation. However, the existence of both ‘localising’ and ‘globalising’ pressures raises questions of the best balance between these with regard to technical issues. For example, to what extent can international systems recognise local regulatory networks and local environmental conditions without establishing barriers to free trade? In many of the areas reported upon here, the balance between centre and periphery as a locus of control is still under negotiation. These studies suggest that it is possible to reflect usefully across policy domains on the relationship between the local and the centrally-coordinated - but also that there is considerably greater scope for analysis and empirical investigation regarding this cross-domain comparison.

Regulation and innovation

Thirdly, this research has characteristically emphasised the overlapping relationship between ‘scientific’ activities at European level and economic and political factors in particular. Regulation can represent a stimulus to innovatory activity - and detailed regulatory requirements need to incorporate this point. In all of the projects discussed in this report - digital television, agrochemicals, pharmaceuticals and clean technologies as well as the environmental services sector- regulation has been an important motivating influence on innovation. However, as the studies also show, the effectiveness of regulatory influence is critically dependent on a number of factors. The study of digital television suggests that it may be more effective to enhance the conditions for technological development and marketing final services rather than to back particular engineering developments and delivery technologies. Gouldson and Murphy make a similar point in relation to the adoption of clean technologies, emphasising the enhancement of the capacities and imperatives of companies to innovate rather than specifying particular control technologies. Their study is particularly important in pointing out the significance of regulatory culture in the stimulation of innovatory activity. However, as Miles and Kastrinos also point out, as industrial sectors become more distanced from the regulatory process, responses tend to be more ‘off the back foot’ (or simply reactive), with less opportunities to effectively and efficiently stimulate innovation and exploit resources. The cases of pharmaceuticals and agrochemicals show broadly similar patterns, and are indeed often seen as sister industries. These cases, in particular, suggest the mutual interdependency of organised private interest (in particular multi-national interest) and regulators in shaping both the development and practices of EU regulatory frameworks and in shaping innovatory trends within the parameters set by those regulatory frameworks. By the same token, this entails risks to less well-organised commercial concerns that perhaps serve niche markets.

Regulation can also reflect the balance of political and economic power across the EU. One clear finding from the studies is that smaller and less-industrialised countries sometimes struggle to maintain an equal technical input to negotiations. The national biases introduced both at the stages of regulatory design and implementation (e.g. in specifying compliance tests, or the credibility of information sources or professional judgements) can have a significant impact on the operation of regulatory systems and, by the same token, patterns of commercial innovatory activity. In many of the cases explored within this programme, the ‘technical’ and ‘social’ dimensions have been inseparable and for good reason. One major contribution of the projects has been to identify and open for discussion the economic and political dimensions of this ‘technical’ activity.

Openness and transparency

At a time when regulatory regimes are generally coming under increasing pressure to maintain public credibility, it is inevitable that wider questions will be asked about the quality of scientific judgement and procedural transparency and accountability. The studies discussed in this report suggest that there are pressures for openness at different points in a variety of regulatory regimes. Irwin et al in their study of agrochemical regulation suggest that although Europeanisation of agrochemical regulation has led to a more liberal public disclosure regime (at least from a UK perspective), relatively closed systems of scientific review are still vulnerable to demands for more open external scrutiny. In the pharmaceuticals sector, Abraham et al argue that whilst Europeanisation has brought about an increase in internal transparency within the regulatory system, progress towards external public transparency has been much slower. They argue that just as the increase in internal transparency has benefited the quality of regulatory assessments, so an increase in external transparency could improve regulatory efficiencies as well as stimulating public debate about the priorities accorded to the promotion of public health and the approval of new drugs. Gouldson and Murphy in their study of regulatory compliance activities, however, point out some of the dilemmas of openness. They argue that whilst more transparent compliance styles enhance the imperatives for environmental improvement, it can be at the expense of improving capacities for environmental improvement. Likewise, whilst more flexible and opaque compliance styles improve capacities, it can be at the expense of maintaining imperatives. 

Such findings pick up some of the traditional concerns about the impact of openness on the effectiveness of regulatory systems, and whether they can cope with expressed needs for greater transparency and responsiveness. Yet given apparently increasing public demands for consultation and democratic engagement, the key question is how regulatory institutions can respond to, and meet such demands, how their responses will impact on regulatory activities (both substantively and procedurally), and (as pointed out by other commentators see Hood and Rothstein 1999) whether there are any unintended and potentially negative consequences for regulatory outcomes.

Future Research

Looking to the future conduct of research in this area, it is very clear that the areas of reflection and empirical investigation reported on here would benefit from greater international cooperation and collaboration. In particular, the UK location of these studies has inevitably led to an orientation towards that nation and its distinctive relationship to European regulatory matters (although many of these studies developed an international comparative focus from that base). It would be fascinating now to gather a perspective on the UK as seen from its European partners and to extend the comparative nature of these studies - especially so as to incorporate countries of the Southern area of the EU. There seems considerable potential for future research of this kind. This would not simply be a matter of building up further comparative data but would also consider the theoretical and policy issues which emerge from a wider array of national perspectives on European regulation. Do the issues look similar or different when viewed from Portugal, Greece or Spain?

Secondly, research in this programme has begun to open up intriguing overlaps and resonances between work in a sociological/institutional tradition and studies grounded in an economic framework. Thus, discussion over the need for greater transparency and openness of regulatory processes engages interestingly with economic arguments concerning the need for open technological competition with minimum government intervention. Both perspectives imply the value of a free flow of information between interested parties (including industrialists and public groups) and a minimum of (to put it at its most negative) collusion between insiders to the policy process. It may also be that both perspectives suggest the economic, as well as democratic and scientific, benefits of transparent process open to external scrutiny, challenge and peer review. Future research which explicitly aims to debate and synthesise these disciplinary perspectives on regulation would be extremely valuable.

Finally, this research opens up questions of the best relationship between research of this kind and the policy process. Many of the projects enjoyed considerable success in gaining access to government, industry and pressure group representatives - and in so doing often helped develop a common agenda for discussion and practice. Whilst all the projects have offered particular policy recommendations, the need is apparent to build more durable links between researchers and policy audiences. As evidenced by these studies, such a link could be especially useful in encouraging wider reflection about the indirect and longer-term consequences of current patterns of European regulatory development.
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1. 
Introduction

E
uropean policy-makers have sought to encourage a high level of cross-border mobility by highly qualified scientists and engineers (QSE) for two main sets of reasons. Firstly, the development of genuinely trans-European markets for certain categories of labour would make a strong contribution to the development of the wider Single European Market. Secondly, increased cross-border mobility of QSE is expected to have particular benefits for the dissemination within Europe of the tacit knowledge, experience and personal networks of contacts possessed by these individuals, and thus potentially enhance innovative performance within the EU. 

In fact, high-level occupations such as QSE are among the few occupations where it is even worth considering the possibility that a trans-European labour market may be developing. As highlighted by Ermisch (1991), many European countries are characterised by a high degree of labour immobility even within national borders. For many people in low-income and medium-income occupations, the prospective benefits of obtaining employment outside their home regions are often insufficient to justify the costs of uprooting homes and families. The anticipated costs and difficulties of changing countries for employment reasons are naturally even greater in the case of cross-border moves which involve surmounting linguistic and cultural barriers and obtaining due recognition for skills, experience and formal qualifications gained in different national contexts. 

However, such difficulties are conceivably more likely to be overcome in the case of highly-qualified occupations than in any other type of occupation, particularly if the cross-border movement takes the form of job changes within particular multi-national enterprises. Hence, it was a declared objective of several research projects carried out under the programme to investigate the extent to which a fully European labour market for QSE is now coming to fruition. This paper summarises the main findings of this research programme in the following areas of study: cross-border movements of science and engineering students and cross-border recruitment and employment of QSE; inter-country comparisons of QSE mobility between enterprises and public laboratories; and inter-country comparisons of the relationship between QSE labour mobility, knowledge transfer and innovative performance. 

2. 
Does a ‘European’ labour market for QSE’s exist?

Consider the actual extent and reach of EU research fellowships and educational exchange schemes designed to promote the cross-border movement of university students in science and engineering subjects. In spite of practical barriers to student exchanges such as bureaucratic delays and mismatches between academic calendars, Stein and Kurtz (1994) report a high level of enthusiasm among science and engineering students and academic staff for schemes such as Comett and Erasmus. Foreign experience of this kind can only increase the linguistic skills of students and expand their personal networks of contacts in such a way as to increase the likelihood that their future careers will not be confined to their home countries. 

Nonetheless, the same authors also report that exchange schemes of this kind cover only a small minority of EU students. Furthermore, they identify several important differences between EU countries in the extent of encouragement for Europeanisation of science and engineering education, partly reflecting unresolved issues about where responsibilities lie for meeting the costs of cross-border student movements. While countries such as the Netherlands and France explicitly encourage and subsidise the entry of students from many European countries to their universities, in Germany and Belgium student inflows are most likely to come from neighbouring countries. At the same time, in Italy and Britain the emphasis of science and technology policy on reforming university courses to meet the needs of national employers has apparently led to a relatively low priority being placed on cross-border student mobility within Europe. Indeed, in the case of the UK, governments and universities have given more attention to recruiting non-EU foreign students (who pay full tuition fees) than to EU students who are eligible for public subsidies (Stein and Kurtz-Newell, 1995). 

Inter-country differences within Europe also appear to dominate in respect of QSE employment and career patterns. Stein et al (1996) report that, although large employers across Europe are increasingly experimenting with recruitment of foreign national QSE’s (eg through foreign advertising or Internet job listings), overall recruitment patterns still show a marked preference for students from home country universities. An important reason for this is employers’ familiarity with national qualifications, degree courses and the reputations of individual universities in home countries. Student mobility between EU countries increases the chances of host country employers recruiting foreign national engineers and scientists after they have graduated from universities with which they (employers) are familiar. However, this is a slow and gradual process. 

These findings demonstrate why continuing efforts to achieve wider accreditation and recognition of different countries’ science and engineering qualifications are not in themselves sufficient to prompt a sharp increase in cross-border recruitment. Within individual countries such as Britain, many QSE employers are now devoting more time and resources than ever to building up relationships with selected university departments on which their recruitment efforts will be targetted (Mason, 1999). In France and Germany such close relationships between home country employers and universities are already well established due to the requirements that initial university degrees include periods of formal work experience and employment-based training (stages in France; Praktikum in Germany). Furthermore, foreign-owned companies in these and other EU countries are very likely to give preference to recruitment of host country nationals in order to help gain access to local networks of companies, universities and individual QSE. 



Does a ‘European’ labour market for QSE’s exist?
Key Findings
· There is a high level of enthusiasm among science and engineering students and academic staff for schemes such as Comett and Erasmus. Nonetheless, exchange schemes of this kind cover only a small minority of EU students.

· Although large employers across Europe are increasingly experimenting with recruitment of foreign national QSE’s (eg through foreign advertising or Internet job listings), overall recruitment patterns still show a marked preference for students from home country universities. 

· Student mobility between EU countries increases the chances of host country employers recruiting foreign national engineers and scientists after they have graduated from universities with which they (the employers) are familiar. However, this is a slow and gradual process.

· While transnational employment and recruitment of scientists and technologists is increasing, most EU countries will continue to rely heavily on domestic supplies of high level scientific and engineering skills for the foreseeable future.
· The finding that QSE labour markets in various EU countries are linked in important ways to non-EU countries casts doubt on the existence of a specifically ‘European’ labour market. 

· The extent and nature of cross-border movement within the EU is restricted by important differences between EU nations in the structure and organisation of their higher education systems and in the funding and organisation of knowledge transfer institutions such as public sector and private, non-profit research institutes and laboratories.
· The extent of interactions with non-national QSE in national laboratories in Britain, France and Belgium reflected differing policies on the operation of those labs.
However, it is important to note that the geographical context for cross-border movement and recruitment of research centre staff was far from limited to the EU. On the contrary, the highest proportion of non-national R&D staff (one third) was found in Switzerland, apparently reflecting the large proportion of pharmaceutical companies in that country as well as its multilingual culture. At the same time the most important nationalities represented among non-national staff were two other non-EU members, namely, the United States and China (ibid). This finding that QSE labour markets in various EU countries are linked in important ways to non-EU countries casts doubt on the existence of a specifically ‘European’ labour market. 

Other reasons for doubting that the bulk of QSE in EU countries are effectively participating in a trans-European labour market derive from the distinctively different characteristics of national labour markets for QSE within Europe. In particular, the extent and nature of cross-border movement within the EU is restricted by important differences between EU nations in the structure and organisation of their higher education systems and in the funding and organisation of knowledge transfer institutions such as public sector and private, non-profit research institutes and laboratories. 

For example, the split in German higher education between Universities and Fachhochschulen – with degree courses of different lengths and different balances between theoretical and practical education – has no parallel in countries such as Britain and France. At the same time initial university degrees at Bachelor degree level in Britain are typically completed within three to four years as compared to five-six years for initial university degrees in Germany and France. In general, French and German university degrees are more comparable in standard and length of study with British (and US) Masters degrees (Mason and Wagner, 1994). Differences of this kind help to explain why many employers in EU countries have difficulty in assessing the standard and worth of non-national qualifications and, more importantly, in judging the reputations of all but the most well known foreign universities. 

Similarly, Lawton Smith (1995, 1997) found that the extent of interactions with non-national QSE in national laboratories in Britain, France and Belgium reflected differing policies on the operation of those labs. ‘National’ labs here refer to research labs which ‘operate under the aegis of public authorities even though they may not be directly funded from the public purse’ (1995: 43). Since many of the labs in question had their origins in defence and nuclear energy research, the proportion of non-national research staff has historically been limited in all three countries for national security reasons. However, in recent decades some divergence has developed in respect of international contacts as a result of inter-country differences in the extent and nature of diversification of research activity. In general, non-national research visitors were much more common in Belgian and French labs than in Britain, partly reflecting the relatively sharp cuts in employment experienced by British labs together with greater pressure to generate short-term commercial income than had been imposed on their Belgian and French counterparts. However, consistent with the IES survey of research centres described above, Lawton Smith points out that the foreign interactions in French and Belgian labs were not confined to EU member countries and indeed often involved US researchers. 

Although the fieldwork for the studies reported above was carried out in the mid-1990’s, there have been few signs of radical change since then in the predominantly national orientation of QSE labour markets. Indeed, some later studies to which we now turn have drawn attention to yet more distinctively different characteristics of national labour markets within Europe, namely, systematic differences in QSE career patterns and mobility between enterprises which have important implications for knowledge transfer and relative innovative performance. 

3. 
QSE mobility and knowledge transfer 

Recent cross-country comparisons of QSE recruitment and deployment within the EU have focussed on the electronics industry in Britain, France and Germany. This industry was chosen for examination because of interesting trends in relative performance among European countries in the last two decades. While both the German and French electronics industries have many strengths, since the early 1980’s the trends in performance measures such as patenting and net trade balances have been largely in the British favour. For example, over this period the German advantage in electronics patenting over Britain has been more than halved while the French: British patent ratio of 2.4:1 in 1979 has gradually declined to a point of near-parity in 1995 and 1996. This British catch-up in electronics patenting reflects, firstly, rapid growth in patenting by foreign-owned companies based in Britain; and secondly, a levelling off in the number of new patents granted each year to both foreign-owned and domestically-owned electronics companies in Germany and France (Mason and Wagner, 1999; Mason, Beltramo and Paul, 1999).


QSE mobility and knowledge transfer

Key Findings
· Comparison of electronics establishments in Britain, France and Germany suggest that the underlying reasons for these recent trends in measured innovative performance may well include the differing extent and nature of QSE mobility and knowledge transfer processes in the three countries.

· Two thirds of all graduate-level RD&D staff recruited in the previous three years in British sample establishments had prior experience of full-time employment in other companies. By contrast, in the German sample more than 90% of research engineers and scientists taken on in the previous three years had been recruited directly from university,

· In British firms external recruitment of experienced ‘new blood’ was widely regarded as a powerful means of bringing in ‘new ideas’ and new approaches to technical problem-solving. The regular infusion of professional engineers and scientists with experience of working in other companies also greatly assisted the development of in-depth technical relationships along the supply chain. The arrival of the experienced newcomer expands their new firms’ capacity to identify external knowledge sources and to respond quickly to rapidly changing opportunities to develop new collaborative relationships.

· The ability of German enterprises to identify and respond to similar opportunities is weakened by the much lower mobility of individual researchers between German firms. 

· A broad conclusion is that the relatively high mobility between enterprises of British QSE – together with their greater scope for trans-Atlantic networking and knowledge transfer - has contributed to the British industry’s greatly improved innovative performance relative to Germany in recent years. 

· Similar conclusions emerged from a later comparison of matched samples of British and French electronics establishments which also found systematic differences between countries in the workings of QSE labour markets.

· The cross-country electronics comparisons have highlighted several distinctive ways in which the QSE labour market in Britain differs from equivalent labour markets in France and Germany.

· Inter-country differences in QSE labour market conditions of this kind illustrate very clearly why, in spite of rapid growth in cross-border movements of both students and qualified scientists and engineers, a single European labour market for QSE is unlikely to develop in the near future.

Detailed comparisons of matched samples of electronics establishments in the three countries suggest that the underlying reasons for these recent trends in measured innovative performance may well include the differing extent and nature of QSE mobility and knowledge transfer processes in the three countries. 

For example, in the British-German comparison, two thirds of all graduate-level RD&D staff recruited in the previous three years in British sample establishments had prior experience of full-time employment in other companies. By contrast, in the German sample more than 90% of research engineers and scientists taken on in the previous three years had been recruited directly from university, often with a view to fanning out into other departments of each firm within a few years of starting work. The German reliance on newly-qualified graduates partly reflected a preference for post-graduates with ‘up to date’ theoretical knowledge and recent contacts with research programmes at their former universities. However, hiring experienced personnel from direct competitors in Germany is also hindered by a specific clause in individual employment contracts (Wettbewerbsklausel: HBG §§74ff) which restricts the movement of employees to rival firms (as well as limiting individuals’ ability to start up new businesses in the same product area as their present or former employers).

In British firms external recruitment of experienced ‘new blood’ was widely regarded as a powerful means of bringing in ‘new ideas’ and new approaches to technical problem-solving. At the same time interviews with British managers suggested that the regular infusion of professional engineers and scientists with experience of working in other companies also greatly assisted the development of in-depth technical relationships along the supply chain. As well as adding to the stock of tacit knowledge in each firm, the experienced newcomers bring with them their own personal networks of contacts in other companies, universities and other organisations. Their arrival thus expands their new firms’ capacity to identify external knowledge sources and to respond quickly to rapidly changing opportunities to develop new collaborative relationships with prospective clients in the course of new product development. By implication, the ability of German enterprises to identify and respond to similar opportunities is weakened by the much lower mobility of individual researchers between German firms. 

In the particular branch of electronics under consideration, knowledge flows between British enterprises and between those enterprises and other external organisations are also stimulated by the relatively high level of foreign ownership of R&D facilities, much of it from the United States. The personal networks of British-based engineers and scientists working for foreign multi-national firms are often expanded by being integrated into trans-national networks of R&D centres and universities – involving regular cross-Atlantic travel as well as telephone and E-mail contacts – and also by periods of foreign work experience within the parent companies concerned.

Mason and Wagner (1999) note that German performance in electronics stands in marked contrast with ‘mature’ branches of manufacturing such as mechanical engineering where its lead in trade and innovation performance over Britain is well established and still growing. German success in incremental innovation in more ‘settled’ technologies such as those underpinning machinery and chemicals reflects close long-term relationships between companies, research institutes and universities which are based on years of co-operation and ‘mutual reputation building’. In addition, ‘intermediate’ research institutes such as those operated by the Fraunhofer Gesellschaft -- intended to play a bridging role between the academic science base and industry -- play an important role in both the provision of technical advice to small and medium-sized enterprises and, more generally, in gaining access for such firms to relevant expertise and equipment in academic science base institutions (Mason and Wagner, 1994). 

In the light of international comparisons, however, the highly developed German system of knowledge and technology transfer in mature industries can also be seen as a form of compensating for the relative lack of knowledge exchange which in other countries such as Britain takes place through the mobility of individual researchers between enterprises. The same can be said of the high rates of attendance at exhibitions and trade fairs in Germany which expand the opportunities for employees – otherwise ‘locked into’ internal labour markets -- to acquire (and exchange) technical and market information relevant to their employment. 

But it is by no means clear that compensatory mechanisms of this kind are sufficient to meet the needs of German industry in fast changing high-tech industries where knowledge acquisition and exchange play a vital role in innovation processes. Very few electronics enterprises in either Germany or Britain had formal research linkages with intermediate research institutions which were widely viewed as ‘behind the pace’ in terms of technological developments relevant to the industry. Intermediate research institutions appeared to have particular difficulty in developing relationships with their designated constituency of SME’s in the electronics industry (Mason and Wagner, 1999). 

These findings support a broad conclusion that the relatively high mobility between enterprises of British QSE – together with their greater scope for trans-Atlantic networking and knowledge transfer -- has contributed to the British industry’s greatly improved innovative performance relative to Germany in recent years. Similar conclusions emerged from a later comparison of matched samples of British and French electronics establishments which also found systematic differences between the two countries in the workings of QSE labour markets. 

In contrast to most recruitment practices in Britain, French managers stated a strong preference for recruitment of relatively young graduates in order to ‘form’ [train and develop] them in ‘enterprise culture’ and in order to benefit from their up-to-date academic knowledge and training. Other advantages cited were their youthful enthusiasm and their close personal contacts with the institutions from which they had graduated. French managers exemplified the preference noted in Section 2 for recruitment from home country higher education institutions with which they were familiar. While the largest and most well-known French companies represented in the sample drew heavily on ‘privileged links with Grandes Ecoles’ for most of their recruitment, other companies preferred to recruit from a broad mix of French institutions with which they had various forms of contact such as providing industrial placements (stages) for students. These contacts typically included Grandes Ecoles without being confined to them. 

In the largest French companies, as in their German counterparts, R&D was often seen as an ‘entry department’ for graduates, many of whom would go on to make careers in other departments and in general management of the same company. ‘Career stability’ was valued and external labour turnover was expected to be low. However, in contrast to German recruitment practices, the proportion of graduate recruits in the French sample who had been taken on directly after completing their higher education (38%) was not much higher than in Britain. In spite of appearances, this did not contradict the stated preference for recruiting relatively young engineers since in most cases what the larger French companies were looking for was QSE with no more than about two years’ experience who would then be recruited in to a narrow set of ‘entry positions’ in each company. As described by one French manager: ‘Mobility between the big telecoms companies is low….. [However,] mobility from other companies towards the big ones is high’. 

Thus the majority of French QSE are employed in large companies operating internal labour markets which rely on low rates of external mobility while emphasising internal mobility between departments and internal promotion to senior positions. These companies were unable to benefit from regular infusions of highly experienced QSE in the same way as British firms who positively welcome opportunities to bring in new ideas and ‘ways of thinking’ into their companies. In the words of one British manager: ‘The main thing is that experienced people see problems from a different perspective…. We realise we have been blinkered…. They help us avoid a “Not Invented Here” attitude, they ask “Why are you guys doing things this way?” ’ Small electronics producers in France were also poorly placed compared to their counterparts in Scotland who saw it as a particular advantage of their location that, when moving for the first time into high-volume production of new products, they could recruit from a pool of qualified engineers with relevant experience in the manufacturing operations of multi-national electronics enterprises based in Scotland (Mason, Beltramo and Paul, 1999). 

In summary, the cross-country electronics comparisons have highlighted several distinctive ways in which the QSE labour market in Britain differs from equivalent labour markets in France and Germany. The ability of British-based employers to recruit highly experienced engineers and scientists on the open market partly reflects a relatively high degree of ‘voluntary mobility’ resulting from long-established patterns of individuals seeking to improve their career prospects through changes of employer. By contrast, the leading French and German companies have no tradition of recruiting staff away from each other and large proportions of French and German engineers thus have a greater propensity to build their career within particular enterprises than do their British counterparts. Higher rates of voluntary staff turnover in Britain compared to France and Germany mean that, at any given rate of unemployment, British employers are likely to receive proportionately more job applications from experienced researchers than their French counterparts. Inter-country differences in QSE labour market conditions of this kind illustrate very clearly why, in spite of rapid growth in cross-border movements of both students and qualified scientists and engineers, a single European labour market for QSE is unlikely to develop in the near future. 

4.       Policy implications

In spite of the above pessimistic assessment of the scope for QSE labour mobility within Europe, there are several reasons for continuing to promote cross-border mobility of science and engineering students within the EU. In particular, such mobility is likely to have a long-term positive impact on cross-border knowledge flows and QSE network building and, ultimately, on the innovative performance of several EU countries. The projects reviewed in this paper have highlighted several areas in which there is room for improvement, for example, in providing students with better information about opportunities for foreign study, in making further progress with cross-border recognition of qualifications and in resolving issues about how the costs of international education should be distributed between home countries, host countries and employers.

      The European QSE Labour Market - Issues for the Future
· There is room for improvement, for example, in providing students with better information about opportunities for foreign study, in making further progress with cross-border recognition of qualifications and in resolving issues about how the costs of international education should be distributed between home countries, host countries and employers.

· The UK has been found to be rather less committed to the process of ‘Europeanising’ science and engineering activities than many other EU countries. 

· The results of cross-country comparisons presented here suggest that the UK’s relative lack of involvement in cross-border student mobility and knowledge flows within Europe is more than offset by the impact of non-EU foreign investment in the UK together with the advantages to internal knowledge transfer which arise from high levels of QSE mobility between enterprises. In this context UK government decision-makers need to weigh the advantages of directing further resources to support for trans-European student mobility against the advantages of increased support for specific, targeted internal programmes. 
In this context the UK has been found to be rather less committed to the process of ‘Europeanising’ science and engineering activities than many other EU countries. In particular, the logic of the UK’s university finance régime tends to promote the recruitment of non-EU foreign students (who pay full tuition fees) against recruitment of EU students who are eligible for public subsidies. Furthermore, one of the many consequences of the greater pressure on British national laboratories to generate short-term commercial income -- at the expense of involvement in basic and strategic research -- has been a reduction in the laboratories’ interactions with non-national QSE. 

However, in terms of British performance in high-tech industries such as electronics, the results of cross-country comparisons presented here suggest that the UK’s relative lack of involvement in cross-border student mobility and knowledge flows within Europe is more than offset by the impact of non-EU foreign investment in the UK together with the advantages to internal knowledge transfer which arise from high levels of QSE mobility between enterprises. In this context UK government decision-makers need to weigh the advantages of directing further resources to support for trans-European student mobility against the advantages of increased support for specific, targetted internal programmes focussed on the training and development of science and engineering students, for example, the Teaching Company Scheme (which subsidises the employment of new graduates and post-graduates on industrial company-based research projects) and Postgraduate Training Partnerships (which promote the involvement of PhD students in industrially relevant research projects). Similar choices about the deployment of scarce resources presumably need to be made in other EU countries as well. 
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1.
Introduction and background

T
he focus of this group of studies under the programme was on innovation collaboration and networking within a primarily UK policy perspective. Although the studies were diverse in their approach and focus, elements within the studies can be grouped under two broad strands. The first set centres specifically on the nature and characteristics of innovation collaboration and networking itself in terms of its functioning, performance and growth. The second strand of work centred on examining how these collaboration and networks interact within a wider socio-economic, geographical and technological framework. This in turn included the issue of how innovation networking is influenced by, and how they in turn may shape, these wider environments. These macro environments include: the role of regulation and governance on the way collaborative networks operate; the role of governments as funders and purchasers of research and research outputs; as well as the impact of networking on national and regional embeddedness and the formation of wider socio-economic relations.

The crucial issue here is why innovation collaboration and networking represents an important topic for study, particularly within a European dimension? There are three main reasons why innovation collaboration and networking is such an important phenomenon for study. 

Firstly, it is a growing phenomenon
. A range of studies have highlighted the growth in the use of external research and technical resources by firms and why firms should seek to collaborate or contract out their R&D, design and engineering needs (see, for example, Pisano et al 1988; Thomas 1988; Pisano 1990; Arora and Gambardella 1990; Hagerdoorn 1990; Hagerdoorn and Schakenraad 1990; Freeman 1991; Dickson et al. 1991; Charles and Howells 1992; Häusler et al. 1994; Katz and Martin 1997; Chen 1997). Associated with this, firms have become increasingly concerned about when and how they should become involved in external collaboration and networking. The nature of the innovation process within advanced industrialised economies as a result is also changing. Innovative activity is becoming more distributed amongst firms and organisations through research and technology externalisation, collaboration and networking (Coombs and Metcalfe 1998).

Secondly, as innovation collaboration and networking has grown it has had an increasing impact on the wider social, economic and technological environment, as noted above. It leads to a wider networking and embedding of firms and institutions within localities, sectors and nations. Networking can also support the development of wider innovation infrastructures, institutional capacity and ‘social capital’. In national and regional terms it can help contribute to the establishment of ‘associational economies’ (Morgan and Cooke 1997). Sometimes in a more negative way policies designed to encourage international collaboration can harm or disrupt potential or existing national or regional circuits of innovation networking. In addition, as noted above, it has also been associated with the changing way technological innovation takes place in modern economies, away from a single organisation focus to a more distributed inter-firm process. 

The third reason for the importance in innovation collaboration and networking is its policy context (Hughes with Christie 1995). Member states and the European Commission have provided substantial funding to support linkages amongst firms, universities and research establishments. This has been to help support the costs and risks of R&D, expanding the knowledge base of participants through complementary talents and capabilities and through improving innovation and competitiveness in an increasingly globalised economy (Assimakopoulos and Macdonald 1999). The question here is how effective has this intervention been and are there ways that such collaborative and networking policy mechanisms can be improved? However on top of this, governments are often more than just supporters of these networks, they also more directly fund research within these networks and act as major consumers of their output, namely new innovations. This is most apparent in relation to the defence industry in Europe (Gummett and Stein 1995), but also occurs in other sectors of the economy, such as health and medicine.

2
The growth and dynamics of innovation collaboration and networking  

Before exploring in the process of innovation collaboration and networking in more detail it is useful to outline why there has been a growth in innovation externalisation, collaboration and networking within advanced economies.

What are the factors underlying these fundamental shifts in the internal-external balance of R&D and technical work in and beyond the firm? Such explanations can be broken down to a number of key ‘meta’ parameters, namely changes in the:

· nature of R&D and technical work;

· the emergence of a functioning research and technology ‘market’ and new collaborative and institutional arrangements of innovation; and

· macro innovation environment associated with the life cycles of technologies and industries. 

There have clearly been factors associated with changing nature of the research process that has encouraged outsourcing of these activities. The most frequently cited factors here are the increasing complexity of the research process and the cost and risks of R&D. As many of the simpler scientific and technical discoveries have now been made, companies are increasingly having to deal with much more difficult and intractable scientific problems. Products are also becoming more sophisticated catering for these new more complex problems and consumer demands. The number of technologies per product (TPP) is therefore increasing in many consumer and business products. An oft cited example here is the shift from mechanical to electro-mechanical systems in the automobile industry (Miller 1994, 30). Most companies simply do not have the necessary scientific resources to cope with additional burdens and seek outside support to overcome internal technical limitations (Haour 1992). Many of these new (fundamental) research issues cover several scientific and technical disciplines further encouraging collaboration between organisations with strengths in different fields. This growth in the need for interdisciplinary research has been reflected in the shift from what Gibbons et al. (1994) have termed Mode 1 to Mode 2 research operations. 

The increasing complexity and inter-disciplinary nature of the R&D process in turn has increased the cost of research. Research may therefore become less attractive without partners to share the cost. More simply the firm may lack the financial resources to undertake research even if it remains an attractive proposition. Associated with this, the traditional barriers between scientific and technical disciplines are being broken down, as the interchange between basic research and development work grows. In the field of semiconductors basic research is undertaken with a view to future applications right from the outset. This pressure to improve the interface between basic research on the one hand and applied and developmental work on the other also stems from the pressure to reduce innovation cycle times. Scientific and institutional inertia may also play a key role. Pisano et al. (1988, 191-3) have, for example, outlined the defensive response by many major pharmaceutical companies in the 1980s, grounded in chemistry, sought links with new biotechnology firms and universities to gain research expertise in biotechnology.

The above have described mainly ‘push’ factors associated with firms seeking outside research and technical support, but there are also a number of key 'pull' factors encouraging such the trend towards further external R&D collaboration. These cover the relative attractiveness of external sources of expertise over internal firm resources which the firm may not possess or only very inadequately. Such factors also covers other motives such as the desire to enhance the scope and testing of in-house scientific and technical activities, as a general scanning mechanism of technological opportunities existing outside the company and as a means to network with other organisations and to enable in-house staff to be part of a wider 'invisible college' within the specific research community. Lastly, there are government policies and incentives to participate in collaborative research and technical projects (Hughes with Christie 1995; Macdonald 1997). These push factors have been emphasised in Ringe's (1992, 28-9) survey of selected UK firms which found that the desire to gain specialist expertise was the most frequently cited motive for seeking external R&D support , together with access to specialist techniques or equipment. The need to tap additional manpower was the third main factor, followed by the ability to gain tight control of R&D timescales and budgets, in order to get the job done. 

More specifically for small firms external collaboration provides a means for companies to complement and supplement their own in-house efforts. External linkages provide the possibility of an income stream enabling the extension of in-house R&D, a means of commercialising innovations, access to the ‘complementary assets’ of marketing and distribution and the ability of large firms to deal with complex legal and regulatory issues. Partnerships with large firms can also help improve the credibility of the small firm with present and future customers, bankers and staff (Dodgson 1993; Dickson et al. 1997a). 

On a conceptual level, there have been two main strands of work that have sought to explore these shifts from internal to external sourcing of new knowledge and technology. The first of these is the transaction-cost model developed by Williamson (1975; 1979; see also Ouchi 1980) which has sought to explain why there has been a shift from an in-house vertical and hierarchical provision of goods and services, including research needs, towards a more external, market mediated approach. More recently, Williamson (1996) has reworked the transaction cost model moving away from the crude bi-polar distinction of hierarchy or market. He has noted that there has been a plethora of new forms of firm collaboration emerging within the economy. There are therefore many more types of hybrid arrangement that firms can find themselves in aside from in-house work (hierarchy) or simple subcontracting (market-based) forms. This is evident more specifically within the field of research and technology relationships where these hybrid forms range from, for example: collaboration without equity participation; cooperation with equity participation; joint ventures with or without prior ‘exit’ strategies and varying degrees of equity stakes between the two partners; complex ‘multi’ ventures involving more than one firm; project specific collaborative networks with varying participants apportioned different intellectual property rights (IPRs) and commercialisation rights. Some of these relationships are time or project specific, others are more open-ended. Other collaborations may be centred around a technology or a specific innovation; other cooperative agreements have research and technology as a more indirect outcome of the collaboration which may be based on ‘market’ access, industrial or financial considerations. Even aside from the middle of the governance spectrum, both ‘ends’ also involve more complex arrangements

The other main conceptual framework that has been used in analysing research and technological collaboration and outsourcing is that provided by Winter (1987) and Prahalad and Hamel (1990) in relation to their respective and related notions of 'strategic assets' and 'core competences' of the firm. Both approaches emphasise that firms have key assets or competencies that have resulted from previous rounds of investment and from learning-by-doing. These core competences can be seen as 'resources' (Hall 1992) as well as capabilities which are accumulated over the long term which firms seek to both develop and deploy to gain competitive advantage (Penrose 1959; Richardson 1972). Nonetheless the core competences model is a valuable conceptual approach in that it provides a more holistic and structured framework from which managers can make a priori judgements regarding the internal/external technology boundaries of the firm and a posteriori make evaluations about their success (Coombs 1996).

However, care must be taken when emphasising both the benefits to firms of such trends towards R&D and technical collaboration and the implications of such a shift in terms of in-house research and technical effort. Thus Coombs (1996, 354), suggests why firms may be over-reaching themselves in their desire to decentralise and outsource their R&D portfolios, ultimately weakening their core technological competences (although this view is somewhat at variance with researchers who have sought to highlight the 'virtual organisation' (Chesbrough and Teece 1996) and more especially the virtual organisation of R&D activities (Chiesa and Manzini 1997)). Häusler et al. (1994) have also emphasised that current literature tends to give a rather positive image of external research links, even though there are good reasons against cooperation. MacPherson (1997) in his study of producer service outsourcing more generally (including research and technical services), has noted that the ‘necessity effect’ (where a firm has an urgent need but no in-house resources to satisfy that requirement) was the most single important factor motivating outsourcing for firms in New York State (see also Oliver and Blakeborough 1998). There may be firm size effects here, with more smaller firms experiencing this problem (see Rothwell 1991, 105).

In the latter context, the increase in external collaboration and networking of research and technical activity does not imply that there is necessarily a contingent decline in-house R&D activity (Mowery 1983, 369). Thus, Arora and Gambardella (1990, 373-4) have indicated that external collaboration of research is complementary to, rather than a replacement for, in-house research activity. Such views have also been supported by Lowe and Taylor (1998) in the relation to the purchase of existing technology through licensing from other firms, where no decline in in-house technological activity was revealed.

3.
Patterns of success and lessons learnt? Innovation collaboration and networking

A new era in terms of research and technical competences and collaborative patterns for firms therefore does now seem to be emerging as companies seek a more balanced and holistic approach to their research and technical requirements. Firms have increasingly come to accept that they need in-house capacity to adequately appraise, select and then use ‘brought in’ research and technical elements. They also recognise the need to retain certain core technological competences within the firm because they can to undertake it more effectively on a hierarchical, non-contractual basis, including here reasons associated with secrecy, trust and appropriability.

The boundaries within and between these different hierarchy-market based forms is therefore becoming more blurred as firms learn about collaboration and governance strategies. With the increasing range and diversity of these options firms are more likely to find the right ‘fit’ encouraging them to externalise their R&D and technical effort whereas before they may have decided that it was better to ‘play safe’ and retain the project or technology in-house. Moreover the more they experiment and learn from these external forms of technology sourcing the more comfortable they feel in making future external R&D relationships.

Much of the literature on innovation collaboration has tended to focus on a highly formalised set of relationships. This is despite recent research on R&D collaboration between manufacturing firms which has shown the strong informal and non-contractual relationship ties existing between firms which are research partners (Dickson et al. 1993). Innovation collaboration and networking is often not undertaken in strict market governance situations, but rather under more relational and quasi-market conditions. Even where contracts are strictly laid down, as Macdonald et al. (1999, 5) stresses, the inherent deficiency in any formal agreement is “basically that, no matter how carefully they are compiled, they cannot cover every eventuality.” In many cases formal collaborative agreements are 'put under the table' and were frequently not referred to again. Although the parties involved could therefore, in extremis, refer back to them if serious problems occurred and no agreement could be found, generally they were ignored and more informal discussions and bargaining took place to resolve difficulties. Formal, contractual documents often bear very little relation to the usual and day-to-day contacts that were the 'real' research and technical links between parties (Howells 1999a).

In part, this misrepresentation may reflect much of the literature which has discussed more routine supply of service activities, where costs and efficiency criteria can be readily assessed under more predictable outcome conditions. It may also reflect the fact that a snapshot, on an individual basis, of a particular research and technical link between a firm and a contract research and technology organisation tends to ignore the wider 'envelope' within which the relationship may be part. The partners may have links stretching back decades, with close personal and informal links between them. The routines of the two organisations may also be very familiar to staff from both sides.  

The importance of the informal in networking has been highlighted by the work of Macdonald and his colleagues. Studies and policies in the past have tended to concentrate on the formal aspects of networking and collaboration, although the real effectiveness of networks lies in their informal nature and in particular the informal sharing of information. As Assimakopoulos and Macdonald (1999, 14) note:

 “The nature of information means that it cannot be traded as other economic goods, and that institutional links are unlikely to be able to overcome the barriers presented by these characteristics. Formal networks cope well enough with packaged and codified information of the sort which can be most easily labelled and valued, but they struggle to cope with irregular and tacit information from unusual sources. Here the informal information network comes into its own. Not only does it effect information transactions more efficiently than institutional networks, but it deals with the tacit information which cannot be captured in contracts and yet is fundamental to innovation.”   

Dickson et al. (1997, 3) go on to stress “successful management of inter-firm R&D projects is largely learnt by experience.” In short, successful collaboration and networking is a learning process based on past behaviours and routines (Georghiou and Barker 1993). However, this obviously represents a ‘Catch 22’ situation for firms, especially SMEs, who have had no prior experience of innovation collaboration and networking either independently or in association with EU and member state programmes. As noted in the previous section, an important, but neglected aspect in the nature and performance of innovation networking is the role of informal and personal information flows (Macdonald 1997; Macdonald et al. 1999). 

What are the main factors are therefore associated with successful collaboration? What parameters should be considered when setting up collaborative networks? Several studies funded under the Evaluation of Collaboration and Networking in European Science and Technology programme have indicated a range of success factors in innovation collaboration and networking.

These include:

· Previous experience of collaboration (Bruce at al. 1995; Dickson et al. 1997a, 3).

· Prior contact with prospective partners (Håkanson 1993) and time spent to know each other before commitment to collaboration (Assimakopoulos and Macdonald 1999, 18).

· Understanding the business culture of the collaborative partner(s) (Dickson et al. 1997a, 5). 

· Using collaboration as a ongoing learning experience and process to gain specific skills for the future management of other collaborations (Georghiou and Barker 1993, 358; Dickson et al. 1995, 19)

· Flexibility and adaptability in collaboration (Szarka 1990, 15; Georghiou and Barker 1993, 359).

· Vertical rather than horizontal links and networks (Szarka 1990, 18).

· Trust and mutual understanding (Dodgson 1992; Mohr and Spekman 1994; Bailey et al. 1998; Macdonald et al. 1999, 5).

· Frequent and open communication between partners (Dickson et al. 1997a, 5).

· Importance of personal and informal ties in networks (Assimakopoulos and Macdonald 1999, 9; see also Macdonald 1997; Burt 1992).

· To be proactive, rather than reactive, in collaboration and networking (Dickson et al. 1997a, 7)

· Companies need to adapt their internal organisation and management to facilitate good collaboration (Dickson et al. 1995, 17); thereby improving their ‘absorptive capacity’ for new ideas and technology.

· Overall number of network partners: the number of organisational participants may effect the overall performance of the collaborative networks (Cunningham et al. 1996, 43).

A whole range of factors are therefore associated with successful innovation collaboration. More specifically, Dickson et al. (1997b) have highlighted a number of critical factors that firms and other organisation should consider if their collaboration is to be successful


Critical Factors in Successful Collaboration. 

Compatibility

The corporate style of a firm affects its ability to collaborate.
Control


A firm must feel it has adequate control over a proposed project.
Commitment

Collaboration requires support from management in both firms.
Contracts
There must be a level of flexibility between formal agreement and informal operations.

Communications
The need for open and regular communications which can lead to increased trust and reciprocity.
Common Aims

Need to be defined and agreed.
Contingencies
Appropriate arrangements must be agreed in case the situation changes.
Conclusion

Each firm needs a clear idea of its expectations of the project’s 

outcome. 

Source: Dickson et al. (1997b), 274

4.
The wider context: innovation collaboration and networking from a policy perspective

Other studies associated with the programme have sought to view innovation collaboration and networking within a wider context. This can be seen from a number of levels:

· the impact of regulation on innovation and collaboration;

· the role of governments’ as funders and purchasers of research via collaboration; 

· the influence of the local and regional on innovation networking; and

· the impact of policy-supported innovation collaboration and networking schemes on existing innovation links

1)
Regulation, Governance and Innovation: The Meaning of Policy
As part of the policy process, the European Commission and member state’s governments have sought to introduce policies and programmes which directly or indirectly provide important frameworks for innovation policies (Barry 1996). Thus technical harmonisation was considered central to the formation of the Single Market following the signature of the Single European Act (Barry 1994). Matters associated with the issue of technical harmonisation were widened to include more rigorous and harmonised forms of monitoring and evaluation of research funding. Thus a network, the Support Programme for Evaluation Activities of Research (SPEAR), was specifically established to disseminate and develop best practice in research evaluation across Europe to help this process (Barry forthcoming; see also Barker 1993). The establishment of wider regulatory and governmental structures within Europe have therefore been seen important in providing adequate frameworks from which innovation collaboration and networking policies can flourish, but also be properly judged. Despite this the notion of common European policies failed to recognise that research programmes, industrial policies and technical standards simply do not have the same implications in different places.

     Regulation, Governance and Innovation: The Meaning of Policy
Key Findings
· Networks can cut across national boarders space and can be collapsed, and reworked; allowing the European Union to operate at a lower level than national governments. The complexity of applying and operating research programmes across Europe can potentially be overcome using networks as a policy mechanism. 

· The complexity of the science of technology is encouraging, and being reflected in, the complexity of government that seeks to support it. The Commission and individual member states are therefore having to devise new mechanisms by which they can develop and apply European-wide innovation policies.

Thus, in one way, network policies have also more fundamentally been seen as a way by which the Commission and member state governments have sought to deal with the more general issue of diversity within the European Union (Barry forthcoming). Networks have also allowed more social questions to be introduced into the development of technology. Networks can therefore cut across national borders, creating pan-European structures, but also in containing fewer elements can be much more localised in application than many nation-state policies (Strathern 1995). Thus space can be collapsed, and reworked; allowing the European Union to operate at a lower level than national governments (Barry forthcoming). There are two important conclusions here. The first is that the complexity of applying and operating research programmes across Europe and how this can potentially be overcome using networks as a policy mechanism. The second is that the complexity of the science of technology is encouraging, and being reflected in, the complexity of government that seeks to support it. The Commission and individual member states are therefore having to devise new mechanisms by which they can develop and apply European-wide innovation policies.

 2)
The Role of Government in Defence Research Collaboration 

European defence activities and concerns have undergone radical change since the late 1980s. The military strategies and force structures that were deployed to defend the onslaught of massed attacks from the East have now largely lost their relevance. European defence procurement policies and associated with funding that supports military research activity have also undergone change. However, this change has been less significant in terms of changing the requirements for new military equipment and hence research funding and collaboration to support this goal (Gummett and Stein 1994, 4). The downturn in European defence expenditure and the restructuring and competitive advantages of the US defence industry has led European companies, often reluctantly, to accept that collaboration and merger is the only way to survive.  However, the enthusiasm for collaboration is not uniformly distributed across Europe (Gummett and Stein 1995) whilst those alliances, collaborations and joint ventures that are in place still represent highly fluid coalitions of opportunity between divisions of the main defence firms spread across Europe (Walker and Gummett 1989; 1993). The overall turbulence of defence policy is in addition making it difficult for firms to decide what research collaborations and coalitions they should be involved and which they should ignore. 
 

The Role of Government in Defence Research Collaboration


Key Findings 
· European defence activities and concerns have undergone radical change since the late 1980s. However, this change has been less significant in terms of changing the requirements for new military equipment and hence research funding and collaboration to support this goal.  The downturn in European defence expenditure and the restructuring and competitive advantages of the US defence industry has led European companies, often reluctantly, to accept that collaboration and merger is the only way to survive.
· Recent moves such as the recent Aérospatiale Matra and Dasa (part of Daimler-Chrysler) merger together with BAe’s acquisition of GEC’s defence activities will undoubtedly help consolidate the European defence industry, but uncertainty still remains.
· A comprehensive European wide strategy in this field is still lacking and thus uncertainty remains high in the way research collaborations are sought and entered into.
Recent moves such as the recent Aérospatiale Matra and Dasa (part of Daimler-Chrysler) merger together with BAe’s acquisition of GEC’s defence activities will undoubtedly help consolidate the European defence industry, but uncertainty still remains. Corporate strategy both towards the industry overall and more specifically in relation to research spending and collaboration remains intimately bound up with national procurement programmes and national agendas. These problems remain despite the establishment of pan European research programme in defence called the European Cooperation for the Long Term in Defence (EUCLID) in 1990 and wider European groups in defence such as the Western European Armaments Group (WEAG) and the Independent European Programme Group (IPEG). A comprehensive European wide strategy in this field is still lacking and thus uncertainty remains high in the way research collaborations are sought and entered into. 

There are a number of issues of central concern to innovation collaboration and networking as it relates to government support and control. The issue of alignment of research funding to actual realities and requirements of the scientific and technical output is one. The other is the relationship between research funding and alliances and wider industry restructuring and collaboration; the two may, or may not, have direct causal links. Certainly research collaborations may be entered upon for non research issues. The last is the wider uncertainty that government attitudes and policies can create for company in their attitude towards other companies. How far should a company opt for collaborations with firms within a particular country because their own government favours such collaborations and may show this through its purchasing and funding arrangements rather than for focus strictly on the qualities of the potential partner alone?

The Role of Government in Defence Research Collaboration


Issues for the Future
· There are a number of issues of central concern to innovation collaboration and networking as it relates to government support and control. The issue of alignment of research funding realities with the requirements of the scientific and technical output is one. Another is the relationship between research funding and alliances and wider industry restructuring and collaboration. 

· Research collaborations may be entered upon for non research issues. 

· How far should a company opt for collaborations with firms within a particular country because their own government favours such collaborations, and may show this through its purchasing and funding arrangements, rather than for focus strictly on the qualities of the potential partner alone? 
3)
Innovation Networking, Small Firms and the Local Milieu 
Cooke and Wills (forthcoming) have emphasised the important performance benefits when Small- and Medium-sized Enterprises (SMEs) engaged in inter-firm collaboration and networking. They also sought to emphasise the wider role of social capital
 in supporting successful innovation networks (see also Cooke and Morgan 1997).

This work has stressed the two-way relationship between networking and social capital: environments with good social capital improved the performance of networks, but more importantly for policy, innovation networking supported the generation of newly-formed social capital, in turn improving business performance within SMEs and firms more generally (Cooke and Wills forthcoming). However, the way that SMEs responded to EU linkage programmes was shown to vary widely depending on where the firms were located. Thus Welsh firms showed more antipathy to such programmes vis-à-vis national schemes than firms from Ireland, who responded strongly to the international openness that the EU programmes provided.
Lastly, the reaction by SMEs to the opportunity presented by networking programmes was not always straightforward. Although they gained benefits from the collaborative programme itself they also saw such programmes as a ‘bridge’ in order to get access to the innovative potential of other firms (Cooke and Wills forthcoming, 24). For other firms the ‘innovation’ element in the network was less important than what else the network provided in terms of being able to help support the long term survival and growth of the firm.

4)
International Collaboration and National and Local Links
Pike and Charles (1995) have sought to highlight the potential displacement effects of EU policies on existing nationally-based collaboration networks. University research linkages have taken on a more collaborative nature due to rising costs of research, so that numerous partners, often geographically disparate areas have been brought together into consortia for particular projects (Charles and Howells 1992; Howells et al. 1998). The project here focused on university-industry relations and how the EU Framework Programmes might be influencing collaboration and commercialisation patterns within the UK.

The research revealed that in some cases EU funding created a disjunction between UK industry and UK universities. UK universities are increasingly working in international consortia with firms which are outside the UK due to EU project funding regulations (Pike and Charles 1995). UK universities have therefore become more attractive, yet elusive, to UK companies. Research links within the UK have been recast and some have been included in collaborative networks to heighten the chances of securing funding, although the establishment of international networks and structural barriers to SME involvement have also precluded their involvement in certain cases (Pike and Charles 1995, 274).

Innovation Networking, Small Firms and the Local Milieu 

Key Findings 

· Environments with good social capital improved the performance of networks.
· Innovation networking supported the generation of newly-formed social capital, in turn improving business performance within SMEs and firms more generally. 
· The way that SMEs responded to EU linkage programmes was shown to vary widely depending on where the firms were located. Thus Welsh firms showed more antipathy to such programmes vis-à-vis national schemes than firms from Ireland, who responded strongly to the international openness that the EU programmes provided.
· Although they gained benefits from the collaborative programme itself they used such programmes as a ‘bridge’ in order to get access to the innovative potential of other firms.
· For other firms the ‘innovation’ element in the network was less important than what else the network provided in terms of being able to help support the long term survival and growth of the firm.
Although these conclusions may highlight the fairly unique position of UK-owned industry which has undergone much restructuring and downsizing during the 1990s and its poor track record of funding R&D, they do underpin more general criticisms that have been levelled at the Framework Programme. These criticisms centre on its over-emphasis on pan-European collaboration and neglect of the need to develop local innovation capacity and partnerships.

The studies under the this theme have also suggested more general policy guidance on innovation collaboration policies. These suggestions and comments pick up and extend some of the collaboration characteristics noted in Section 3, but specifically focus on policy issues. 

5.
Conclusions

Innovation collaboration and networking is an increasingly important phenomenon in advanced economies as technological innovation is becoming more distributed in nature. Government policies across Europe have in turn sought to support the growth and development of networks not only as a effective policy tool in its own right, but also as a way of dealing with the complexity of Europe and in providing policy ‘reach’. Moreover governments have sought to provide effective and harmonised institutional and regulatory structures so that innovation collaboration can operate that more efficiently. In certain sectors, governments’ also remain important funders of research and purchasers of the outcomes of such research. What governments do, or not do, in this area can also have a major impact on the nature and success of such collaborations. 

Within the context of innovation collaboration and networking itself, research has shown that collaboration involves an important informal and tacit element that tends to get overlooked within formal schemes. Other parameters associated with the wider ‘envelope’ of the collaboration or network are also important in the individual performance and success of collaborative projects. Successful collaboration is associated with a learning process that can then be used and implemented in subsequent networks or schemes. 

Lastly, innovation collaboration and networking have wider impacts and consequences outside the schemes themselves. Even within the same schemes, the consequences of innovation networks and collaborative programmes can vary between member states and even between regions of member states. Such programmes also can have important displacement effects on existing networks that are not always necessarily beneficial to local technological and institutional circuits of competence.

     

International Collaboration and National and Local Links 

Key Findings
· In some cases EU funding created a disjunction between UK industry and UK universities. UK universities are increasingly working in international consortia with firms which are outside the UK due to EU project funding regulations (Pike and Charles 1995). UK universities have therefore become more attractive, yet elusive, to UK companies. 

· Research links within the UK have been recast and some have been included in collaborative networks to heighten the chances of securing funding, although the establishment of international networks and structural barriers to SME involvement have also precluded their involvement in certain cases (Pike and Charles 1995, 274).

· These conclusions underpin more general criticisms that have been levelled at the Framework Programme. These criticisms centre on its over-emphasis on pan-European collaboration and neglect of the need to develop local innovation capacity and partnerships.

     Collaboration and Networking in European S&T 

General Policy Conclusions 

· Innovation performance of the collaboration or network is likely to be better if participants already know each other (Macdonald, Assimakopoulos and Marschan-Piekkari 1999) and that participants are willing and eager to learn about collaboration as a mechanism for acquiring new knowledge and technology (Georghiou and Barker 1993).

· However, extending the innovation network is important in widening the access and dissemination of programmes and brings with it wider socio-economic benefits (Cooke and Wills forthcoming, 27). 

· Resolving these two conflicting issues above, in terms of preserving and enhancing existing network efficiencies and widening participation creates a policy problem. One way round this is to deploy a much wider dissemination of information on the factors found to contribute to the success of such collaborative ventures to novice collaborators at the outset (Dickson et al. 1997, 281).

· Another way to extend participation in collaborations and networks is to reduce application costs (Dickson et al. 1997); this still remains a heavy burden for SMEs entering such schemes.

· Policymakers need to take a wider perspective on the collaborative programme in terms of the relationships of the participants outside the policy supported collaborative programme or network (Macdonald, Assimakopoulos and Marschan-Piekkari 1999).

· Adequate and harmonised institutional frameworks are required for pan-European innovation networks to work effectively (Barry forthcoming).

· The impact of governments more generally as funders and purchasers of research and research outputs needs to be recognised in terms of their impact on the nature, operation and performance of collaborative networks of innovation (Gummett and Stein 1994). 

· A better understanding of participant motives in collaborating in a programme is required. Funding is bound to be a factor in encouraging collaboration and this undoubtedly influences the subsequent innovation networking process (Macdonald, Assimakopoulos and Marschan-Piekkari 1999).

· The benefits of longer support for networks has been noted (Dickson et al. 1997, 281), although equally short-run transitional programme funding can be valid to ‘kick start’ certain initiatives (Macdonald, Assimakopoulos and Marschan-Piekkari 1999).

· Programmes that enhance a wider international perspective are beneficial (Dickson et al. 1997, 281) enabling firms, especially SMEs, to develop strategies outside their home base (Cooke and Wills forthcoming, 29), although this should not be at the expense of the formation of local and regional networking (Pike and Charles 1995).
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1.
Summary

T
his paper provides a synoptic review of the three projects that comprised the 'managing sources of knowledge for innovation' theme that formed the final set of projects in the ESRC's European Context for UK Science Policy Programme. The key results of each project are given and their wider implications discussed.  The theme itself was prompted by the need to explore the new demands that both public and private sector organisations face in managing knowledge. While forms of knowledge management have always existed, and to that extent we should be wary of overplaying the novelty of demands today, there are some changes which do indeed require analysis and which pose new challenges to effective knowledge management. These relate to the pace of change in technologies, the impact of non-sectoral enabling technologies, the resources required for market entry, the contrast between stable and emergent knowledge-bases, and the appropriate forms of regulation and control over science-based innovation. The three projects address all of these core concerns and show how knowledge is sourced, transformed and mobilised within and between different organisations and wider knowledge constituencies, at a number of levels, viz., the trans- organisational, the trans-institutional, and the transnational.

2.
Introduction

This paper provides a review of some of the key results that arose from the three projects that comprised the 'managing sources of knowledge for innovation' theme that formed the final set of projects in the ESRC's European Context for UK Science Policy Programme. The three projects were:

Knowledge Articulation and Utilisation: Networks and the Creation of Expertise Donald Hislop, University of Leeds, Jacky Swan, University of Warwick, Sue Newell, Nottingham Trent University and Harry Scarborough, University of Leicester;

Knowledge Sourcing and Foresight: Public and Private Agencies in the Health and Life Sciences, Nik Brown, Annemiek Nelis, Brian Rappert and Andrew Webster, SATSU, Anglia University (now relocated to the University of York);

Managing Knowledge and Expertise in Innovative Drug Testing, John Abraham, University of Sussex.

'Knowledge Management' is a well-established term in the lexicon of corporate management. There are many business conferences advertised today which declare the need to explore knowledge management practices in order to 'leverage' and so ensure a faster return on their most valuable resource - knowledge. One recent conference call lists its themes as ' decision-support systems, just-in-time knowledge delivery systems, electronic performance support systems, information retrieval, interest profiles, information filtering, automatic text understanding, searching the world wide web, personal web agents...exploration of data spaces, visualisation tools' and so on.
 
As the various titles of the projects suggest, however, managing knowledge for innovation is only partly about securing the necessary technical and related infrastructural search and research needs that translate new product ideas into innovation and market take-up. At least as much depends on the more social, economic and political contexts which frame, give direction to and foster or constrain innovation - such as networks, expertise, foresight planning, and product regulation.  Sourcing knowledge goes beyond the particular science and technology inputs innovation requires, to embrace wider constituencies within and between organisations and the wider innovation system.  As the terms on which people promote and engage with innovatory products change - through, for example, e-commerce - so the complexity of and new demands associated with knowledge sourcing will increase.

Previous research on the socio-economic dynamics of innovation has been extensive and has demonstrated the importance of a number of crucial dynamics at work, such as path dependency and technological lock-in (Arthur, 1994), processes shaping innovation adoption and diffusion (Rogers, 1995), the importance of understanding producer/user relations in the design and mobilisation of new technologies (Miles et al, 1994; Woolgar, 1994) and the need to relate innovation to what has been called the 'socio-technical regime' within which it is found (Rip, 1995), where the organisational, social and economic shaping of technical design occurs. Such regimes push innovation in certain directions and prevent or restrict alternative innovation paths.  From another perspective the social and the technical need to be 'aligned' so that stabilisation around a particular technology can be secured (Silverstone and Hirsch, 1994; McLaughlin et al. 1999) has also been explored.

The three projects reported on here, build on this work but offer new results which will strengthen the contribution that the social sciences can make to knowledge management and innovation policy in Europe. They vary in their empirical and analytical focus, the first examining the role of knowledge management at the level of the organisation, the second at the sectoral and wider national institutional level, and the third at the trans-national regulatory level.

3.
Main Findings

Each of the projects has produced a detailed summary of findings and generated a large volume of papers. Here, only the main results will be reported, before the cross-project implications are discussed.

Hislop et al. took as their empirical focus the ways in which companies manage the implementation of new IT based information management systems. The implementation process was shown to depend on the play of both internal and external networks and the types, location, accessibility and use of knowledge deployed during implementation. The study examined ten organisations from the manufacturing and financial services sectors in four European countries.

Those companies that were found to be more effective in implementing new IT systems were able to do so through stable and strong internal networks, typically found to be more important than those outside the firm, and where horizontal networks between IT and business divisions were strong, implementation was particularly successful. In regards to knowledge, the research found that the implementation of change through IT systems depends on an effective knowledge integration and not simply acquisition process.  

Rather than emphasising knowledge transfer, the research team argues that we need to focus on and differentiate between types of knowledge required for implementation - technical/IT knowledge; organisational knowledge; and business/market knowledge.  The ways in which these are integrated and the relative significance they carried varied across organisations and determined whether and in what way implementation was successful.  Moreover, these types of knowledge can be expressed in different forms - as tacit, embodied knowledge, organisationally embedded knowledge, and explicit codified knowledge. Knowledge integration occurs across types and forms and is more or less secured through internal and external networks. 

Among their case studies, the project team examined the introduction of an intranet in one of Europe's largest banks designed to create a truly global networked organisation: knowledge management was central to this initiative, known as 'Vision 2000'.  However, rather than generating an IT system that encouraged knowledge sharing, departments in the bank established in a rather ad hoc manner their own local intranet projects which ' reinforced existing functional and geographical boundaries with what could be described as "electronic fences"' (Newell et al. 1999, p.6): rather than integrating knowledge, the intranets 'actually advanced the sedimentation of existing localised and distributed knowledge communities' (ibid, p 14).  Given the current drive towards intranet systems in many firms, this is an important finding. It has two implications which together throw up a very difficult problem for knowledge managers: first that intranet systems can only really function effectively where localised communities of practice invest them with meaning and value at the local level, and that this has to be recognised in any attempt to construct a globalised network. Secondly, however, while respect for and even some accommodation of local, relatively closed networks do, of course, make for easier knowledge management, they can inhibit diversity and constrain innovation in the longer term. 
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The importance of this project lies in its detailed and rigorous analysis of the character and location of knowledge communities and networks within and between organisations. It points to the difficulties in treating knowledge as a resource that can be leveraged for added-value. Clearly, its value as a resource is often highly localised and contextualised: this means that leverage strategies would only make sense where they accommodate these differences rather than trying to iron them out.

This focus on localised constituencies with discrete knowledge competences and interests provides a useful link into the second project to be reviewed here, undertaken by the Science and Technology Studies Unit (SATSU)
. The principal objective of this project was to compare the way in which two distinct innovation networks in public and private health address the shared problem of sourcing knowledge and managing that knowledge to build what each perceives to be appropriate 'scenarios' for the future. It asks how these priorities relate to those set by the Foresight programme, specifically those recommendations made by the UK Health and Life Sciences Panel.

Fieldwork was carried out in both the UK and the Netherlands, focussed on both public and private sector constituencies in two health sectors, genetic diagnostics and health informatics. These constituencies included the Foresight Health and Life Sciences Panel, the OST, MRC, NHS (e.g.  Central R&D Committee), Local Health Authorities (Cambridge, Suffolk, East Norfolk, North West Anglia), pharmaceutical firms and industry groups, and equivalent organisations in the Netherlands, including the Health Council, National Board of Health, OCV (Foresight) Steering Committee, the Ministry of Economic Affairs and the Dutch Research Council (ZON). 

The crux and the essential difference of this project compared with most other studies of foresight activities ( e.g. Martin and Irvine, 1989), is that although it recognises the policy context of foresight, this is not take it for granted, nor limited to a description of foresight as only a policy tool. Foresight exercises are only part of a wider category of future oriented co-ordination activities that shape innovation management, and which fall outside of the formal domain of government planning. The project developed a conceptual model for understanding the factors that affect the uptake and uses of Foresight through mapping its relation to: other forms of future-oriented co-ordination activity (FOCA), transinstitutional configurations in health, the scientific and technological maturity of fields, and innovation management at the level of the organisation. These four together constitute the broad innovation system found in any one country. Differences between the UK and Dutch health innovation systems - and so of the role of Foresight therein - can be identified and explained through this model (see Chart 1). 
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Within the context of this wider innovation system, data on genetics and informatics sectors was secured. Developments in genetics and information technology (IT) both promise and threaten to destabilise existing structures in the provision of health care. As such there are significant uncertainties about the future of these technologies and what organisational arrangements are needed to realise their potential whilst minimising their negative implications. Chart 2 shows the results of the analysis of the two sectors in relation to just one of the four dimensions of the innovation system, namely, 'configuration'3 .

Configuration refers to the relation between expectations and patterns of linkage between various actors and the perceived changes which actors expect are necessary if a technology’s future is to be assured. A configuration will vary according to differences in the sort of binding rules, constraints and sanctions that affect the expectations actors have of one another, as well as upon the formality of relationships between key actors. This may be considered in terms of the relative firmness of shared agendas. The durability of relationships, measured in terms of the relative permanence of inter-actor relations, will also impact upon whether relationships prevail over time and beyond a the time frames of a specific innovation area. Characteristics also include resource dependencies between actors and institutions. This may include patronage networks and funding arrangements but may also involve more symbolic resources such as the political legitimacy and representations of the support of different constituencies
The chart summarises the key features that distinguish genetic diagnostics from telemedicine in respect to the four sub-dimensions of configuration. Two sets of results can be commented on in detail here. First, with regard to the formality of the actors and the way in which this impacts on future co-ordination, the research showed that the patterns of alignment vary in emphasis between a focus on recruiting patients and the wider public on the one hand and clinical professionals on the other. Neither of the innovation areas discussed here are tied exclusively to the enrolment of one constituency or another but, more correctly, differ in emphasis on how crucial different target constituencies are. For telemedicine, in the context of wide-ranging re-organisation and sweeping health service reforms, it is the enrolment of health care professionals which determines the future shape of the sector. When enrolment shifts towards patients and the public it is in respect to considerations of acceptable standards of confidentiality and the public’s likely satisfaction with new telemedically mediated service arrangements. For genetic diagnostics however, if there is a key constituency who are at risk of stepping out of alignment and refusing the technology’s future, it is thought to be patients. Successful enrolment of end users here depends upon careful co-ordination of a predictive technology, the personal and familial consequences of which are far more pressing than is the case with telemedicine.

Chart 2.
Two sector analysis by ‘Configuration’

GENETIC DIAGNOSTICS
TELEMEDICINE

Formality of a set of actors

Binding rules

Resource dependencies

Durability of relationships
Emphasising alignment with  patients and publics

Pre-existing large-scale industrial actors with scope for niche activity for SMEs

Extensive R&D networks developing novel research areas


Emphasis on alignment with the clinical professions

Greater diversity of commercial activity; more open user-supply chain

R&D networks are extensive but more characterised by purchaser / supplier relations


Proprietary controls:  formal IPR extensive but not necessarily barrier to linkage

Social and ethical uncertainties are central to the mobilisation of actors

Focused on manufacturing new ethical and social prescriptions for managing new developments


IP secured by primarily by technical mean

Quality and standards relatively more central to the mobilisation of actors

Characterised by adapting existing heterogeneous rules into a common framework to manage a wider variety of actors and activities.


Standards actively being shaped so innovation taken up

Resource intensive - highly concentrated in narrow networks
Standards needed to take forward, both enabling and constraining

Resource extensive - distributed broadly between more numerous actors


Long-standing

Network Linkage - Extensive diversity in the formality and informality of their links
Relatively new

Linkage involves smaller actors and is more task / applications oriented

Secondly, the data also show that the strength of the binding rules through which the configuration of a sector emerges are roughly proportionate to the relative novelty of an area and the type of uncertainties with which it is associated. Such binding rules set mutual obligations between various actors and generate new arrangements to distribute rights, duties and responsibilities. Where, as in the case of genetic diagnostics, there is a high degree of uncertainty about an area, negotiation around binding rules may be intense though relatively open and revisable over time. The imperative here is to manufacture new ethical and social prescriptions for managing relatively unprecedented developments. Where, as is the case in telemedicine, there is a greater degree of consensus over the future, negotiation will tend to focus on the adaptation and extension of existing rules which are relatively less revisable over time. Here adaptation is driven by the need to generate a common framework to manage the activities of a much wider variety of actors than previous service arrangements had been required to accommodate. 

Through this analysis the project has been able to map the differences between the two sectors with regard to the capacity of the actors involved to mobilise particular futures in order to stabilise expectations and introduce, what we might call an 'expectation path-dependency'. But crucially, the play of the four dimensions found in the wider innovation system does not all work in one direction. Thus, on the one hand, with regard to the relative maturity of the two fields' scientific development, the acute uncertainties and the novelty of genetic diagnostics presents formidable problems for actors seeking to mobilise future alignment, arguably constraining such opportunities. This is somewhat less the case in telemedicine developing incrementally and in the context of some degree of familiarity. Taken as it is, we might say that diagnostics expresses a lesser and telemedicine a greater capacity to mobilise future alignment.


Implications for Foresight
Key Findings
· Foresight cannot assume the internal uniformity of an innovation field. This may suggest the need for niche Foresights that discriminate between such dimensions whilst also seeking to understand their relationship to one another. 

· Foresight might conceivably have a stronger role to play as a knowledge sourcing tool in heterogeneous networks like telemedicine where there is less novelty but more fragmentation. 

· The same innovation field may not exhibit the same pattern of relations when one moves from one country to another, from the UK to the Netherlands, for example, since the play of the four innovation systems dimensions is likely to vary nationally. Therefore, the translation of Foresight agendas and priorities across countries is likely to have highly uneven uptake.

On the other hand, in terms of relational characteristics found in the configuration dimension  the story is somewhat reversed. Relationships are much more homogeneous, stable and enduring in genetic diagnostics  thus promoting opportunities for sharing information and co-operating to mobilise alignments in the future. The heterogeneity and recency of the relationships in telemedicine may be said to reduce such opportunities. Therefore, innovation areas can not be reduced to having either a greater and lesser capacity for future-oriented co-ordination. Such capacities will always vary within the innovation area itself according to whether we are talking about the pace of change, the relationships between actors or strategies for co-ordination within an organisation. 

From the policy perspective, these and other results of this project not only emphasise the usefulness of looking at sector attributes from different analytical angles in assessing differing future oriented capacities but they also suggest certain possibilities for innovation agendas like Foresight. First, Foresight cannot assume the internal uniformity of an innovation field. Science and technology development properties may differ in their uncertainties from the relational attributes evident in configuration. This may suggest the need for niche Foresights that discriminate between such dimensions whilst also seeking to understand their relationship to one another. In the light of this, Foresight might conceivably have a stronger role to play as a knowledge sourcing tool in heterogeneous networks like telemedicine where there is less novelty but more fragmentation. Secondly, the same innovation field may not exhibit the same pattern of relations when one moves from one country to another, from the UK to the Netherlands, for example, since the play of the four innovation systems dimensions is likely to vary nationally. Therefore, the translation of Foresight agendas and priorities across countries is likely to have highly uneven uptake.

The third project to be reported is that of Abraham's research which focuses on the management of knowledge and expertise within the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) in relation to innovation. The ICH process aims to harmonise the standards of drug testing across North America, the European Union (EU) and Japan with a view to making drug development more efficient and innovative. The most central participants to the ICH are scientists from the pharmaceutical industries and their regulatory authorities in the EU, Japan.

The research aimed to characterise the sources of knowledge and expertise utilised in the ICH process and examine its relationship to innovation; and consider the implications of the ICH rationalisation process for the pharmaceutical industry, regulators and ‘innovation in the public interest’. This is a timely endeavour because the ICH completed its first stage in 1998 and the official rhetoric of the secretariat of the ICH implies that one ambition is to contribute to drug innovation in the public interest. Indeed, a significant justification for government regulators’ involvement in ICH is that the rationalisation process entailed will contribute to pharmaceutical product innovation in the public interest.

The ICH process has made considerable progress in harmonising scientific standards for testing drugs prior to marketing authorisation across the three regions of North America, the European Union and Japan. As it has involved substantial commitments of time and resources from governmental regulatory authorities, it should aim to generate harmonisation in the public interest as distinct from the narrow institutional interests of either pharmaceutical firms or regulatory agencies. There are two ways in which the ICH harmonisation process could serve the public interest. Either by directly raising regulatory standards of the quality, safety and efficacy of medicines or by rationalising the regulatory requirements for drug testing so as to stimulate innovation in the public interest. 

Some of the developments at ICH show potential for contributions to drug product innovation via the development of harmonised pharmacovigilance data systems and non-clinical drug testing. However, the knowledge flows have been far too limited for an effective contribution to product innovation. Within the ICH process the main knowledge flow has been from industry to regulators with industry tending to set the agenda. In response to that agenda some knowledge has also flowed from regulators to industry. Innovations are likely to have been limited by this narrow sourcing of knowledge and expertise. In particular the relative lack of participation by academic scientists, the medical profession and experts in consumer organisations has meant that there has been an absence of challenge from these groups about existing scientific, technological and regulatory paradigms.

On the other hand, process innovations in drug testing, such as tests for the cancer-inducing potential of drugs or for toxicity in non-rodents, have been achieved by ICH partly because of the convergence of interests between industry and regulators on these aspects. Yet, the narrow sources of expertise involved in the framing of these innovations in testing raises important questions about whether they are in the public interest. Scientists in industry and regulatory authorities often argue that the discussions about such innovations are too technical for consumer organisations or doctors to be involved. However, Abraham's research reveals that scientific uncertainty is so extensive in some of these fields that the decision-making frequently involves political considerations and is by no means limited to technical matters. The absence of a wider constituency of interests may direct innovations in drug testing towards industrial goals of deregulation that raise the threshold of risk to which patients are exposed.

A further consequence of the lack of challenge to an industrial agenda within ICH is that the commitment to product innovation in the public interest has been weak. This is not merely a matter of knowledge flows from medical practice to drug development being neglected. There is also the more fundamental problem that industry is inclined to translate the savings in R & D resulting from reduced drug testing requirements into the development of more drug products, such as ‘me-too’ drugs, which may not be innovative at all. The ICH process has not made any attempt to build institutional structures or monitoring which might help to translate companies’ reduced R & D costs into the discovery and development of innovative drugs that provide new therapeutic advantages for patients. Hence, product innovation is seen as a potential spin-off from ICH, which can be left to the commercial calculations of pharmaceutical firms. This seriously undermines the commitment of resources made by regulators to the process.

In short, Abraham's study shows how the ICH regulatory activity has been more oriented to cost-reducing rather than innovation enhancing with regards to drug development (ie more me-too drugs). Here, therefore, the unintended effect of the regulatory regime has been to stabilise innovatory agendas around existing drug paradigms and products. The effect on this for knowledge management within and between organisations is to favour particular types of knowledge sourcing that can leverage what is regarded as being appropriate forms and levels of regulation by the ICH. In addition, the project shows that contrary to the claims made by many that harmonisation would foster more effective and new types of drug, in practice other agendas were at work. He clearly points to the marginalisation of other voices from the harmonisation debate and a process of social closure around a particular position which had no real basis in the science of drug testing.

4.
Implications

What are the broad implications that might be said to derive from these three projects? there are a number that can be suggested, including:

•
knowledge uncertainties are qualitatively distinct today and so people's capacity to handle what is possible will be important; paradoxically, given the prevalence of uncertainty, it is more likely to be the case that an attempt to overmanage people and organisational resources will be likely to be counterproductive

•
knowledge management and debates over how best to leverage this resource need to attend to the question of how uncertainty (rather than certain knowledge) is managed; the projects point to the ways in which uncertainties are managed through configuring and enrolling other actors and networks in the innovation system, which may, of course, involve the marginalisation of some rather than others

•
at a wider cultural level, knowledge management needs to address the broad institutional, cultural and political ecology within which new product markets are sought. An awareness of prevailing trans-organisational and trans-institutional dynamics and ethical discourses  that might shape market receptivity is crucial, since this would ensure that firms and public sector organisations would not seek to export their products into an institutional ecology (within or between countries) which is radically distinct from their own

•
scenario and foresight planning is increasingly commonplace and will need to take account of the mutuality of technical and institutional relations, revealed particularly clearly in the future variable impact of genetics and informatics in health delivery as one moves from one country to another

•
the relationship between knowledge and the wider innovation infrastructure is changing: when we ask 'how people do their knowing' and 'what it is that they seek to know?' we can identify a number of ways in which the form and substance of knowledge sourcing and management differ: these relate to differences expressed in terms of networks and knowledge-based activities. Knowledge management is most demanding and uncertainty at its greatest where emergent knowledge-based activities are coupled with an engagement with emergent networks.

•
there is no single 'best practice' model for knowledge management: instead, we need to ask what mechanisms are there through which expectations about future knowledge needs can be mobilised across networks, in order that these can become shared, and that, thereby, levels of socio-technical uncertainty reduced or at least stabilised. At the same time, it should be stressed that knowledge management mechanisms need to build in levels of trust and accountability, and to avoid forms of exclusion.
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� The aim of these contracts is that specific firm know-how and secrets cannot be easily transferred to a rival or utilised by a person who sets up his own business. In these contracts the employer agrees to compensate employees for their agreement not to make use of firm-specific experience and knowledge in a competitor’s business for a period up to a maximum of two years. These restrictions are drawn up to suit individual circumstances and have to be closely specified, for example, with regard to the regional area in question or the types of industries or products which are covered (see Neue Wirtschaftsbriefe, Zeitschrift für Steuer- und Wirtschaftsrecht, 1997, Fach 26). 


� Although not necessarily a new phenomenon (see, for example, review by Howells 1999c).


� Social capital is defined here as “a communal property involving civic engagement, associational membership, high trust, reliability and reciprocity in social networks.” (Cooke and Wills, forthcoming).


� Although it is important to stress here that European funds have generally not been considered as a substitute for nationally-funded schemes because they have sought to address different aspects of the innovation process (Dickson et al 1997a, 281).


� See 'Third International Conference on Practical Aspects of Knowledge Management', 30-31 October 2000, Basel,     Switzerland.


� SATSU is now based at the University of York, having moved there from Anglia University in 1999.


3 For a complete account of all four dimensions relating to genetic diagnostics and telemedicine see Brown, N. and B. Rappert (1999) Putting the Future in its place: Comparing innovation moments in genetic diagnostics and telemedicine, Human Genetics and Society Society  Vol 2, No 1, 2000
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