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Abstract

Objectives: The paper reviews how R&D collaborations in the medical life sciences sector are structured to facilitate the creation and transfer of knowledge across organisational boundaries. 

By examining the logic of differing collaborative structures choice in the design of innovation-promoting initiatives is made explicit.

Prior work: The paper applies the perspective of resource-based and relationship theories and is informed by the research of Powell (1996, 1998)

Approach: The focus of the research lies in how human capital connects with the structuring of knowledge-producing collaborations between R&D and commercialising organisations. A conceptual model of the functional infrastructure of the R&D collaboration is developed and the deployment of different types of human capital appropriate to the requirements of the model is clarified. This model guides a comparison of three case studies of R&D collaborations supporting the creation of new life sciences knowledge benefiting drug development and treatments in healthcare. The collaborations are located in Scotland and feature Scottish institutions. Each case study differs.  One, the Dundee-Kinases Consortium, involves a research centre participating in a research consortium with several international pharmaceutical companies and the Medical Research Council; the second, the Translational Medicine Research Collaboration, involves a single international pharmaceutical company collaborating with several universities and NHS clinical research institutions; and the third, ITI Life Sciences, describes the relationship of a public-funded company commissioning R&D in research centres and biotechnology firms.  

Results: The case studies serve to identify how the structuring of functions and linkage with human capital facilitates decision-making and collaborative learning. New knowledge in these configurations is the outcome of processual (Mintzberg, 1994) interaction yielding learning drawing upon human networks with accumulated experience and understanding. Experimentation, organised within projects, is a central learning practice.  However, the identification and selection of project subjects and the evaluation of project results also are essential elements of the collaboration’s learning cycle.  Different types of human experience and skills are required for each of these activities.  

Implications: The paper assesses how well the strategic considerations of commercialising partners to access specialised human capital networks are met by the design of infrastructure established to facilitate R&D collaboration.

Value: The value of the paper lies in informing how pre-commercial R&D collaborations can be effectively resourced, structured and directed.
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1.0
Objectives of the paper
This paper is concerned with formally structured collaborations between organisations undertaking R&D.  These differ from single purchaser-supplier transactions in that in the collaboration there is two-way interaction in the production of knowledge and agreement that knowledge will be shared. These collaborations are often large-scale in terms of their membership and by way of resources committed.  

From a social constructionist perspective, knowledge creation depends upon connecting people to people and knowledge to knowledge. (O’Leary, 1998)  Thus new knowledge requires the genius of people and builds upon current knowledge. For the intent of the collaboration to be realized, the engagement of relevant human capital and their knowledge networks in an appropriate configuration of activities and decision-making is required.

R&D builds upon existing platforms of scientific and technical knowledge. It involves three key activities.

· Identifying knowledge gaps and prioritizing between research objects

· Undertaking research inquiry

· Evaluating the value of research output and facilitating knowledge transfer 

All these activities require accessing appropriate individuals and their knowledge networks. This paper asks two questions:

· What functions do different types of knowledge-holders provide?

· What configurations of collaboration structuring are used to engage knowledge-holders in relevant activities?

Three case studies of particular R&D collaborations which operate in Scotland will be examined. As these collaborations are developed within the same national innovation system, it can be assumed that external influences upon the collaborating partners will be similar. 

This is a discussion paper.  The R&D collaborations cited in this paper are ongoing and investigation of their operation continues. The present paper sets out the perspective of this research, and begins to address the research questions. 

2.0 Theoretical Context
Resource-based Relationships and Transactional Exchange

From a resource-based view of the organization competitive environment success depends on a firm’s capabilities for knowledge creation and its ability to apply that knowledge to innovation (Barney, 1997; Grant, 1991; Teece et al., 1997). Many organizations in knowledge intensive sectors choose to leverage inter-organisational relationships as an important source of creativity and innovation (Gorman et al, 1996; Powell et al, 1996). Leverage offers collaborating organizations strategic flexibility (Sanchez, 1993, 1995, 1997) by enhancing their ability to redefine and expand their knowledge resource chains.  However, learning from partnering much depends upon the extent to which the organizations possess “absorptive capacity” (Cohen and Levinthal, 1990), the ability to recognize the value of the new knowledge and the dynamic capabilities (Teece et al, 1997) required to change routine practices. An increasing number of organisations with differing but requisite knowledge and capabilities are collaborating in order to innovate and compete.  

Inter-organisational alliances are entered into for strategic motives including risk sharing, to access new markets and technologies, to speed product development and commercialisation, and to pool complementary knowledge and skills (Kogut., 1989; Kleinknecht and Reijnen, 1992; Hagedoom, 1993; Eisenhardt and Schoonhoven, 1996; Powell, 1998; Robbins-Roth, 2001, Tidd et al, 2005). It is the understanding of the process of relational contracting between multiple organisational partners and how this interaction is successfully managed that is critical to enhancing the innovative capability of biotechnology.  

Collaboration may be viewed in transactional terms as an exchange of resources (Williamson, 1975) or as a process of cross-boundary interaction between more than one communities of practice. This processual view (Mintzberg, 1994) of collaboration is concerned with the relationship capability of the partnering firms.  Routines of practice describe the behaviours and customs between individuals and facilitate flows of tacit and explicit information (Nonaka and Takeuchi, 1995; Nooteboom and Six, 2003).  

An evolving balance must be achieved between the transactional contract and relationship practice if collaboration is to be successful (Powell et al, 1996; Powell, 1998).  However, there needs to be an ongoing functional order and systems of control to maintain the flows of information allowing organizational learning. 

R&D activities & knowledge creation

It is intellectual asset-rich organisations possessing in-demand scientific and technical competences and organizational capabilities that make attractive R&D collaboration partners. These are intangible assets. Competences depend upon “the collective learning in the organisation, especially how to coordinate diverse production skills and integrate multiple streams and technologies” (Prahalad and Hamel, 1990: 64). 

The aim of the R&D collaboration is to access technical competences and to mobilize organizational capabilities in exploratory interactions the primary purpose of which is organizational learning (Powell, 1990; Gibbons, 1994). This is not a linear process, but rather an episodic process.  It requires direct and intense interaction between individuals with relevant knowledge and expertise taking place within a socially embedded network (Swan, 2001).

More-over, innovation in the R&D collaboration is highly dependent upon specific capabilities of key individuals. Three such capabilities are required; networking capabilities to draw upon wider knowledge domains relevant to and informing the R&D activity; entrepreneurial capabilities to think strategically when selecting potential promising research projects and later to evaluate the value of research results; and project management capabilities to carry out R&D projects.  Individuals routinely exercising these personal capabilities play nodal parts in the innovation process (Best, 2001).

Knowledge networks 

The effectiveness of R&D collaborations depends on how well the partners understand each other. In the advanced sciences and technologies, conceptual skills and cognitive abilities are honed in professional cultures of learning.  Such “embrained” and “encultured” expertise informs platforms of research practice that are “embedded” in specific sets of routines and “encoded” by way of distinctive scientific language (Blacker, 1995).  

University education has equipped global “communities of practice” (Wenger, 1998; Hildreth et al, 2000) in the sciences and technologies with understanding and practice-skills in the positivist research paradigm.  In the medical and life sciences there are over-lapping language systems allowing these specialized communities to share meaningful interpretations of the ‘object’ world.

Emergent learning arises through interaction in social networks and communities of practice sharing similar socially agreed ideas and skills (Brown and Duguid, 1991; Gredler, 1997; Swan and Newell et al, 1999). When such interactions confront uncertainties and unknowns, new understandings are realised through “the building of conceptual structures through reflection and abstraction” (Von Glasersfeld, 1995). 

Experimentation

In science and technology, uncertainties and unknowns are addressed by the practice of experimentation.  The latter is undertaken within the structuring form of a research project.  Although projects teams are relatively self-managing, nodal players influence the subject-choice of the project, offer advice and evaluate the value of emerging new knowledge.

Projects

The organization of research activity into projects enables complexity to be “chunked” into more manageable parts, thus limiting risk. The project provides for attention to be paid to unravelling detail complexity (Senge, 1995). The project itself forms a temporary community of practice, locally managed, operated flexibly and able to use expertise and know-how in intense interaction. Projects are what Garrety and Badham (2004) describe as “boundary objects’”.  They are means by which knowledge can be re-worked and developed by participants to acquire a meaningful direction – solutions are established from what was problematic. 

Knowledge brokers

Engwall (2004) reminds us that “no project is an island.” R&D collaborations may be viewed as networks of projects (Sydow, 2006), which connect with external knowledge networks. The knowledge and organisational boundaries between scientific and technical disciplines are crossed by nodal players who are research leaders who have gained status as “knowledge brokers” (Hargadon, 2003). They provide what Granovetter (1976) termed “weak ties” between networks. However it would be wrong to under-estimate their influence within the R&D collaboration (Cummings, 2004). They are technical leaders able to make sense of the dynamic complexity of wider nexus (Senge, 1995). Knowledge brokers as “boundary spanners” (Tushman and Scanlan, 1981) are individuals who have come to comprehend the multiple dimensions of the sector, absorb the often diverse strands of others’ knowledge, to combine this and draw fresh ideas. These nodal players in networks of knowledge have distinctive capabilities in market sensing, market relating and anticipatory strategic thinking (Best, 2001). They initiate learning activities between and within their organizations and establish new networks exchanging information and knowledge.  Thus knowledge brokers connect the R&D activity with wider scientific and institutional networks (Powell et al, 1996; Murray, 2002).  As organizational leaders they are influential figures within the infrastructure and the inter-organisational structure of the R&D collaboration. 

That people interact and communicate intensively is critical for acquiring knowledge and learning (Hansen, 1999). How in the R&D collaboration such exchange is directed through the role of knowledge brokers and how learning is facilitated by the design of the organisational infrastructure, these are the critical issues of interest in this paper.  

3.0
Biotechnology as a knowledge environment
Biotechnology encompasses a collection of technologies, using biological systems, to make rapid advances in the products and processes in all life sciences (Chiesa and Chiaroni, 2005).  Developments in biotechnology remain highly dependent upon the ideas and life sciences understanding which flows from academic research. 

R&D in medical biotechnology is a global activity influenced by macro-environmental forces and constraints which stem from competitive global industry pressures, the advance of the life sciences, and influences and controls internal to national innovation systems (Swan et al, 2007).  R&D collaborations may be viewed as knowledge seeking strategies extending biotech firms beyond the constraints of their internal specialization and enabling them to explore and later exploit promising scientific and technological advances.  The importance to biotech firms of gaining access to such knowledge cannot be over-stated. The dominant business model in the pharmaceutical industry remains the commercial exploitation of new drugs and diagnostics marketed under monopoly patents. The development pipeline must continuously replace products with expiring patents by new protected offerings. The knowledge diversity of medical life science makes it impractical to consolidate the span of expertise within the single organization (Powell et al, 1996). The R&D collaboration provides the biotech firm with privileged access to knowledge-holders and producers that is not otherwise possible using open-systems information flows or market transactions. 

Powell’s analysis of R&D collaborations involving biotech firms identifies the importance of inter-organisational networks in enabling firms to keep pace with promising scientific and technological advances. This imperative extends beyond the acquisition of intellectual property, it requires building organisational competences to be able to combine the ‘know-why’ and ‘know-how’ from which innovations arise. R&D collaborations are founded around specific areas of scientific inquiry which relate to market opportunities and where there is potential for achieving synergies between the researcher and the product producer. Medical biotechnology draws upon a diversity of specialised knowledge. The development of pharmaceuticals embraces the practices and techniques of biotechnology in the phases of early stage R&D and testing. Increasingly the research scientist is interfacing the medical clinician. Translational R&D, in which clinicians are provided with new diagnostics and therapeutic treatments arising from basic research and assess their impact, seeks to integrate these hither-to separate knowledge-seeking communities.  

The early stages of bio-medical R&D involve scientific discovery, the recognition of potential applications, and initial pre-clinical and clinical appraisal. 

· “Discovery” research expands scientific knowledge. In the life sciences most basic research is undertaken by university research institutions attracting public funding.  When basic research is additionally supported by commercialising firms the expectation is that a larger critical mass of researchers will produce and share a greater research output sooner. 

· Development (translational) research aims to develop better diagnostic and therapeutic treatments of disease. The specialist services of the researcher and medical clinician assist R&D firms when testing for technical proof of concept.

· Intellectual property is sought as a benefit of research. Collaboration with researchers offers pre-publication disclosure of new knowledge which then may then be codified in a patent format and legally protected with the rights to exploitation negotiated.

These knowledge producing and sharing activities are essentially complementary. R&D collaborations in biotechnology often involve the alliance of university research centres and biotech or pharmaceutical firms. The early stages of the innovation value chain requires integrating knowledge and expertise developed in academic research labs with commercial R&D organizations and stretches to include feedback from clinical practice.  

Conceptual Framework 

The preceding platform of theory and concepts and the description of early stage R&D in the medical life sciences identified key components and motives characterising R&D collaborations in the sector. A conceptual framework of the functional elements of the R&D collaboration and the roles of the players in the organisational configuration can now be drawn.

Organisational configuration 

The configuration of R&D collaboration has an internal infrastructure which supports knowledge production, and an inter-organisational structure providing for knowledge transfer. 

Powerful individuals in representative capacities are decision-makers in inter-organisational structure. The latter structure, additional to administrative and financial coordination, facilitates the transfer to sponsors of knowledge generated in innovation activities. The inter-organisational structure includes practices for establishing legal protection of research findings and the ownership of intellectual property arising.

The internal infrastructure describes the configuration of structuring arrangements and practices supporting the identification, selection and control and evaluation of R&D projects. The internal infrastructure harnesses knowledge brokers and research teams, and mobilizes organizational capabilities and technical competences into R&D projects.  The infrastructure provides the locus for organizational learning.

R&D collaboration activities

The internal infrastructure organizes and connects three key activities:

· Identifying and selecting between R&D proposals

· Executing R&D projects

· Evaluating and transferring knowledge

Swan and Scarbrough (2001) identify these as recursive and overlapping episodes of agenda formation, selection, implementation and routinisation. 

It is in the practice of these activities that the interaction of human capital with the requirements and constraints of the infrastructure are most evident.  

The selection of projects depends on what criteria and interpretations dominate. Criteria including financial, technical, developmental and organizational can be expected to be applied. However, the weighting of criteria will reflect the perspectives held by influential collaboration leaders.

The execution of projects is a localised activity. The coordination of human and organizational capital to the R&D task will be more or less self-managing but there will be monitoring and advice provided by experienced others.  

Evaluating and learning from R&D projects is the final activity contained within the infrastructure. This activity involves judgment by experienced others.

Linkage of human capital to R&D processes

The linkage of human capital to the key processes and systems of the R&D collaboration are illustrated in the figure 1.

 
Figure 1: Linkage of human capital to key R&D activities 

The design of the configuration responds to the pressures that shape the R&D collaboration.  Important amongst these are: the width-span of the collaboration; the difficulties associated with problem-solving; the connectivity to network; the presence of individuals with high level organizational and networking capabilities; the form of structuring at inter-organisational, infrastructure, and project levels.

The width-span of the biotech collaboration defines the extent across the drug development value chain of the R&D focus. Whether this is limited to a narrow objective (a research consortium seeking a better understanding arising from basic research) or is expansive and seeking to achieve development and clinical feed-back objectives. 

R&D projects encounter difficulties associated with uncertainties, whether outcomes are predictable or not, and the implications of complexity which complicate understanding/resolution of the problem. Powell (1998) recognises the value of knowledge-seeking strategies citing “when uncertainty is high, organisations interact more, not less, with external parties in order to access both knowledge and resources. Hence, the locus of innovation is found in networks of learning, rather than in individual firms.” 
The connectivity of networks is important for assessing the value of R&D projects and their outcomes. The availability of networks differs to the extent that relevant information and knowledge is obtained and disseminated by way of public, open networks, or whether the networks are private with restricted access and constrained with regard to the diversity of content.

Individuals with organizational and networking capabilities are important influencers and decision-makers in R&D collaborations. 

The form of structuring adopted affects how information is disseminated between individuals and groups and how decisions are made. At the extremes it distinguishes between whether the structuring is bureaucratic and hierarchical, or is informal and decision-making is devolved, localised and self-managed.

5.0 Methodology

This conceptual framework suggests where and how human capital inter-faces with the functional structure of the R&D collaboration. The framework provides a standard checklist to examine any collaboration. To test the value of the framework for identifying how structuring and relational aspects of collaborations are linked, three case studies of R&D collaborations are presented. The case studies identify the knowledge management activities of three major R&D collaborations: the Dundee-Kinase Consortium; the Translational Medicine Research Collaboration (TMRC); and the ITI Life Sciences.  Each of these collaborations organise early-stage R&D. The case studies are presented in summary form.

6.0 Case Studies

Case1: Dundee-Kinase Consortium

Scope of Collaboration

The Dundee-Kinase Consortium is a long-running major collaboration between the University of Dundee’s life sciences faculty, the UK Medical Research Council (MRC) and a group of international pharmaceutical companies (pharmas).  At the heart of the Consortium is the DSTT (Division of Signal Transduction Therapy). 

This organisation undertakes three related activities: 

· Discovery research and specialised materials into signal transduction involving protein kinases

· The provision of ancillary scientific services in particular screening novel compounds

· Communication of research findings to and interaction with the participating pharmas 

The Consortium supports the operating costs of the DSTT with the aim that the latter accelerates the production of new knowledge about cell signalling processes and novel drug targets relating to the causes and treatment of serious diseases. The DSTT additionally provides pharmas, on a confidential and individual basis, with scientific services testing the specificity of compounds produced by pharmas as cell-signalling inhibitors. 

The DSTT is public-funded by the MRC and is located in Dundee, Scotland.  The involvement of the pharmas contributes additional financial gearing to meet the costs of the Division’s activities. The collaboration was established in 1998, and renewed in 2003 with an enlarged representation of major pharmas. The five-year agreement provides for the pharmas to contribute £15.2 million and additionally £5.0 million by way of services fee income. This funding has enabled the DSTT to develop becoming the world’s largest centre for the study of protein phosphorylation.

Inter-organisational structure

Inter-organisational business is essentially conducted through strong high-level personal relationships. The Consortium pivots around the person of Sir Philip Cohen, co-director of the DSTT.  He leads the Consortium’s Planning and Management Committee; he maintains accountability for the development and implementation of research plans to the MRC securing their funding; he maintains confidential links with the research directors of the partnering pharmas.

The critical purpose of the inter-organisational structure of the Consortium is to provide for flow of research results.  The flow of information and learning within the Consortium at the stage of discovery research is two-way and open between Consortium members. However, the development of ideas from this learning is conducted through confidential channels. Whereas the DSTT houses discovery research and screening capabilities for the Consortium, each pharma has internal organisational capabilities to generate and develop ideas for novel drugs.  Knowledge gained from the DSTT informs development work by individual pharmas. 

Infrastructure
The infra-structure of the DSTT organises two inter-dependent activities, namely basic life science research and the provision of key support services.  

The DSTT represents a large discovery research organisation. There are 13 research teams funded through the Consortium. This provides a flexible resource of researchers flexible in response to research ideas and results. The ancillary scientific services are under the control of two managers.  

The activities of identification and selection of research, execution, and evaluation of results is made as follows:

Identification and selection: Philip Cohen regularly discusses, in confidence, informally and on a one-to-one basis, with research directors of the pharmas the scientific areas of interest to both parties. However, the companies do not determine the direction of the research.  The research agenda is determined within the DSTT. The DSTT research plan is agreed periodically with the MRC and the latter’s funding requires evidence of research excellence and a coherent research strategy.

Execution of projects: Discovery research is conducted by research teams within the DSTT, and the scientific services are provided internally.  The development work for individual pharmas is not exposed in the Consortium.

Evaluation of results: Project findings, expressed in terms of research papers intended for academic publication, are the key information outputs of the research teams. However, in the DSTT evaluation is not a concluding event but takes place within a process of regular interactions which parallels the execution of project research. 

Leading this interaction are the regular meetings which provide the central channel for research information flow between the DSTT research teams and with the pharma partners.  The meetings realize a continuous, high quality exchange of information and knowledge.  Meetings between research team principal investigators and pharma liaison scientists are held in Dundee every four months. These intensive three-day meetings involve the research teams presenting on research progress. Additional to these scientific meetings, the research leaders are in ongoing informal contact with pharma scientists. To gain tacit know-how of technology advances, scientific staff from the pharmas can use ‘bench-space’ in the research labs.  Aiding communications is a closed DSTT intranet hosting data, presentations, pre-publications and re-agent catalogues which is accessible to the companies. Finally, the Consortium pharmas have pre-publication access to research papers. 

Additional to such evaluation of discovery research the DSTT also has direct interaction with individual partners. 

On an on-going basis the DSTT’s specialised services unit, on a fee basis, works with client companies in providing required scientific services to test the specificity of their lead compounds. All DSTT data is maintained to agreed industry quality standards. The Consortium companies also negotiate technical know-how through semi-exclusive licences.  This then is transaction-based interaction associated with phramas development activity.

Human capital

The DSTT is a remarkable academic research community offering exceptional world-class competences and capabilities which allow pharmaceutical companies to advance their understanding of the science base and to speed novel drug development.  

The attractiveness of the offer lies in the strength of the internal researcher resources, their specialised knowledge, their scientific competences, and the uniqueness of the scientific services available.

However, there is an additional vital factor, namely leading scientist, Sir Philip Cohen.  Cohen is the world-class scientific leader in protein phosphorylation research.  His team of world-class research leaders directs the scientific work of the DSTT. 

Case 2: ITI Life Sciences

Scope of R&D Collaboration

The ITI is a public-funded R&D fund, established as legal entity in 2005 to exploit life sciences R&D competences in Scotland. It undertakes the profiling of global market opportunities; funds pre-competitive R&D; and manages the resulting intellectual asset, primarily licensing IP. The aim is to fund R&D projects which exploit ideas arising from discovery research and develop their commercial application. The early-stage R&D is commissioned by the ITI from research centres and R&D companies.  It is able to take a long-term investment perspective. Already the ITI has committed £50m to market driven R&D projects in the life sciences.

Inter-organisational structure

The ITI is organised to distinguish marketing-addressing from the investment-related activities. (An operations hub provides HR, Finance, ICT, Legal and Knowledge Management services.) The function of the ITI Life Sciences is to be market-addressing and to generate development projects which in time create exploitable assets.  The ITI Life Sciences is a membership organisation, setting a modest annual subscription, and providing members with news of development opportunity profiles and research proposal calls, etc. Thus the organisation maintains critical information links to both its operations hub and to member organisations.

Infrastructure

The ITI Life Sciences can be viewed as essentially an infrastructure connecting with external markets and R&D organisations relevant for these markets, and actively managing project identification, selection, execution and evaluation activities.

It has a small industry-experienced, professional team which engages with three types of external stakeholder:

· A Scientific Advisors Group, the members of which include world-class life scientists and international industry directors.  

· Consultancy services: The ITI out-sources for much of its intelligence-gathering, analysis and evaluation requirements. 

· Prospective R&D organisations capable to execute R&D projects.

Accessing appropriate external human capital to supplement the expertise of the professional team is of central importance to the ITI. Inevitably there is some dependence upon consultancy transactions.  However it is the relationships which the ITI establishes with R&D organisations that are fundamental to achieving development outcomes.

Infrastructure activities

Identification and selection:  The ITI team out-sources market and technology intelligence-gathering. The networks and knowledge of the Advisors Group are helpful in this process and future development areas are confirmed by the latter. Thematic market-addressing programmes are defined; communicated amongst ITI members; R&D proposals are invited.  Proposals are assessed by the ITI team using appraisal filters assessing scientific competence and technical capabilities.

Execution of the project: The ITI team commissions selected R&D organisations, public or private, to undertake development projects. The process of appointment and project management is closely managed. In effect, the ITI team injects industry-based R&D project management capabilities into the execution of projects where the development team has technical competences but is short on management.  Such relationships have to be close, powerful and active.

Evaluation of the project output: The ITI team applies a defined business model when evaluating project results, looking at the viability, risks and returns of the commercialisation strategy.  Exploitation rights to assign commercialisation licences are agreed when commissioning the R&D organisation.

Human capital 

The ITI is a young organisation, itself in a learning process of practice. It is commissioning projects with small R&D companies and with academic research centres.  These are organisations with limited international industry experience.  Inevitable during the bedding-down of a young organization, staff turn-over within the small professional ITI team, somewhat handicaps relationship-building with R&D organizations.

Case 3: TMRC

Scope of collaboration

The TMRC is a collaboration of ten partners: four Scottish Universities, four Scottish National Health Services Boards, Scottish Enterprise (SE) and Wyeth Research (the latter is part of the international Wyeth pharma).  Formed in 2006, the Collaboration establishes a focused research network specialist in the development and validation of biomarkers.  

The Collaboration will facilitate the development of biomarkers to achieve the early development of novel therapeutic agents via biomarker discovery, validation and implementation.  The model of translational research linking basic research and early clinical trials underpins the strategy of collaboration.  The motive, by developing biomarkers, is to speed the development of new drugs and to reduce the costs of clinical-stage R&D.

£50 million of operating costs over five years are met by SE and Wyeth. Additionally the Universities contribute in-kind, and Wyeth Research contracts project research through TMRI Ltd. 

Inter-organisational structure

There are parallel structures to link the participating institutions. 

A legal entity, TMRI Ltd, incorporates the nine Scottish partners as shareholders and board members.  TMRI is established as the primary administrative vehicle for cooperation between Scottish partners and contractually with Wyeth Research.  The company aims to develop as an access point for large-scale collaborations and projects based on translational medicine expertise. It is intended to become a delivery and exploitation vehicle.

The (TMRC) Collaboration, including Wyeth Research, has a Steering Committee drawing on senior representatives of all the partners (with the exception of SE); a Scientific Review Board; and a Core Lab group (management board).  Each Scottish partner is represented on the TMRC Steering Committee. They hold high-level positions in their institutions and are individuals with distinguished medical life science backgrounds often linking basic and clinical research.  The Scientific Review Board comprises individuals with high reputations in basic and clinical research drawn from the collaborating institutions. The Core Lab Group again comprises individuals with acknowledge reputations in basic and clinical science. Most also have experience in the pharmaceutical industry. There is considerable cross-membership across these decision-making boards.

An explicit agreement covers rights and uses of “background” IP and new “foreground” IP, including understanding about cross-licensing. Royalty sharing agreements are in place.  The arrangements provide a clear route for institutions to release value from exploited IP.

Infrastructure

The infrastructure provides for the generation of project proposals and the support of research projects. It has a “hub and spoke” arrangement. The TMRC has its Core Lab in Dundee and has a satellite network of Centres of Excellence in the four major Scottish cities.

The three key activities are progressed as follows:

Identification and selection

Focused workshops, on all-partners basis, are held highlighting key translational issues in Wyeth platforms and serve as a forum for multi-disciplinary discussion. Selection between project proposals is made by the Scientific Research Board conducting the scientific review of applications generated by workshop calls.

Execution of projects

The infrastructure activities of discovery research and clinical testing of the TMRC are distributed between discovery and clinical research teams located in partnering university and medical institutions. Selected project teams working in the institutions collaborating with the “Centres of Excellence” are funded from the Wyeth-funded Translational Programme. The Core Lab is responsible for screening and delivery of high quality biomarkers for the clinical research trials.  A private IT network, harmonised management procedures including for regulatory compliance, national scale experimental studies and clinical trials provide integrative mechanisms. Project research is closely linked with the Centres of Excellence. 

Evaluation of projects

The findings from funded project research are accessed by the Core Lab for development and application. 

Human capital

The Collaboration involves high-level individuals with extensive knowledge networks guiding the development of the Collaboration at institutional-level and the project levels. The Steering Committee, Scientific Review Board and management of the Core Lab all involve high-reputation individuals. 

A Core Lab is located in Dundee to develop and validate research assays that are originated by participating life science research teams to the standards required of biomarkers and /or diagnostic tests. The Core Lab, jointly funded by TMRI and Wyeth Research, is a mix of Scottish and Wyeth staff. It additionally provides leading-edge technical services to collaborators across Scotland.

The “spokes” of the infrastructure are “Centres of Excellence” established in the four Universities. These have a translational research purpose and link locally based scientists in basic life science and clinical research active in the research projects. The “hub and spokes” configuration provides necessary standardisation across the Scottish partners.

7.0 Discussion

Structuring

The three case studies are all large-scale and multi-partner R&D collaborations, operating on five-year funding agreements. 

Inter-organisational structures are distinct from infra-structure arrangements in each case.

Their infra-structures support the identification and selection between research proposals and the execution of projects and evaluation of project results. In each case-study there is a central locus controlling these activities: the strategic apex of the DSTT, the Core Lab of the TMRC, and the ITI life Sciences professional team.  

The infrastructures exhibit functional differentiation. The “motors” of the collaborations are the various projects funded by sponsors, and there are specialised scientific services centrally available. (In the ITI these are purchased from outside by the professional team.)  The use of projects provides flexibility, and the specialised services help ensure quality standardisation.

The location of the infrastructure differs between the case studies appropriate to the type of knowledge-product emphasised in the collaboration. In the case of the DSTT, the infrastructure is housed within the structure of the research-producing faculty. The TMRC and the ITI have core units which are separate from the research-producing faculties, however the infrastructure of the TMRC sustains “spokes” in the form of “Centres of Excellence” within the research-producing partner universities. This separation of research producers from the scientific and development services reflects the greater organisational complexity and variety (the involvement of multiple research producers) of the TMRC and the ITI. 

The selection of R&D projects 

In the collaborations there is the use of networks and experts to undertake the identification of research areas, the development of research proposals and the selection between these.  In the DSTT research planning is shaped by the networks managed by the DSTT director, Philip Cohen. The TMRC and the ITI the opportunities to propose projects are communicated within the collaboration’s memberships.  Proposals are encouraged from self-identifying teams. Final selection involves high-level knowledge brokers in the shape of the Selection Board/Advisory Board.

The execution of R&D projects

In the culture of scientific research, experimental projects are relatively self-directing and localised. However autonomy is limited by dependence upon complementary resources and control systems. 

In the DSTT research projects are internally defined, there is internal direction and reliance on internal scientific services. However, this cloistered environment is connected with industry sponsors through the routines of presentation and discussion at the regular meetings of the Consortium. Thus awareness of progress is shared and indirectly network influence is exerted.

The translational projects of the TMRC are self-directing against a commissioned specification. However they rely upon the provision of scientific services of the Core Lab for the provision of test materials, etc. More-over the “Centres of Excellence” by developing the capabilities of local research teams, gain close awareness of project progress and emphasise the use of network influence.

The ITI R&D projects are again self-directing against a commissioned specification. However, unlike the DSTT and the TMRC, scientific support is not available within the ITI infrastructure.  Specialised scientific services, not internally accessible within the research team’s parent organisation, must be “bought in”. There is then a greater reliance on supervision and networking mediated through the professional ITI team.

The evaluation of resulting novel knowledge

R&D projects establish technical proof of the veracity of the application of new knowledge by testing.

The DSTT’s screening service and the TMRC’s Core Lab provide in vitrio scientific services to confirm technical proof of concept. The DSTT scientific services provide confidential feed-back to individual pharma sponsors. There is feedback from TMRC’s Core Lab. The ITI has no internal verification capacity and relies upon contracting specialists services to assure verification. Expert power is the prime determinant of all evaluations in this activity.

Human capital

It is evident that human capital infuses the structural configurations of the case studies and that key decision-making in each case study is much influenced by the availability of knowledge brokers drawn from expert networks. 

High-level networking knowledge brokers participate in institutional-level decision-making and they are engaged in selection, monitoring and evaluation activities of the infrastructures.

The case studies highlight how information and knowledge enters and flows through the collaborations. The ITI provides profiles market opportunities, the TMRC hosts thematic workshops, the individual pharmas brief the DSTT director. Exploratory experimenting, as the research practice which characterises the three case studies, provides an early feed-back of findings. How far this feed-back is disseminated and is used to flex activity determines the organisational learning gained from the R&D collaboration.  DSTT’s regular three-day meetings and the “Centres of Excellence” of the TMRC infrastructure can be seen as mechanisms linking research project teams into the fuller translational human capital networks and as opportunities to practice “double-loop learning” (Argyris & Schon, 1978).

Judgments about the potential value of research project results involves scientific assessment, estimating the potential to establish IP rights, the development costs, the extent of clinical and other regulatory risks, and the possible market returns. These are areas of uncertainty.  The advice of knowledge brokers who are able to contribute experience of aspects to this process of judgement is invaluable. 

In each of the three case studies access the scientific experience of the high-level knowledge brokers and industry leaders, the latter offer a commercialising interpretation of the technical knowledge. The pharmas have in-depth internal experience of the non-technical aspects of commercialising such knowledge. The ITI has the experience of its internal professional team and access to wider networks through its advisory group. 

In the case studies the structuring configurations have addressed issues of organisational complexity and use a mix of knowledge-building through research projects and knowledge-interpretation by way of central units to progress the aims of the collaborations. It is also evident that human capital, particularly the involvement of high-level knowledge-brokers, is pervasive at institutional and infrastructure levels.  Finally it is clear that collaborating industry sponsors have positioned within the configurations effectively to be able to identify and capture intellectual assets with exploitable potential. But this is not at a cost to the research-driven partners, for all involvement in the operation of the activities within the infrastructures of the collaborations results in organisational learning.
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