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Purpose

To improve the understanding of university-industry research collaboration through the development of a new process model.  

Methodology

A literature review was carried out on collaborative partnering and supporting factors namely social capital and the role of knowledge.  Empirical research involved a series of thirty-two structured interviews with relevant stakeholders, with subsequent grouping and conceptualisation allowing common themes to be identified and a new process model to be proposed.  

Findings

There is a lack of integrative frameworks for the management of research collaborations.  Through building on the suggested best practice described in the paper, application of the model to the management of an engineering research programme has allowed the benefits of this approach as well as some of the underlying issues to be explored in detail.
Research limitations

The research focused on university-industry research collaborations and although it may be applicable to other forms of collaborations, e.g. industry-to-industry, there could be features that are particular to the area under investigation.

Practical implications

A model has been proposed, which is a logical methodology that can be utilised by practitioners from both academia and industry in order to improve the process of research collaboration and facilitate more effective transfer of knowledge.

Value

The model builds on previous literature on alliance and collaboration management but crucially is based on an innovative new process-based methodology, which provides practitioners with a ‘route map’ of how to develop and manage research collaborations.  The model uses a holistic approach to collaboration through capturing process, knowledge and social elements.

Introduction

Purpose
Universities traditionally provide teaching and research services but an increased focus on undertaking research for companies is leading to a requirement to improve the process of research management.  This requirement includes a need to increase the likelihood that research proposals that are submitted to industry are successful and result in the award of a contract (Tucker, 2007).  Furthermore, large international companies, such as those from the oil and gas, pharmaceutical and aerospace industries, which traditionally provide significant levels of funding for university research are increasingly accessing universities on a global basis and are less likely to be restricted to traditional academic partners in the home country.  This is leading to a much greater level of competition between certain universities in order to gain research funding from these corporations.  

As a consequence of such competition and also due to other factors, such as rapid advancements in technology, the environment for university-industry research is evolving and new challenges are being created.  In this regard, there is an increased need for universities to develop more commercially oriented management practices, which are able to deliver the required research outputs in order to add value to industrial technology programmes.  This focus is driving the need for more effective process-based models that can help both universities and companies to undertake contract research programmes to satisfy their respective requirements.  Moreover, Dooley and Kirk (2007) have reported that university-industry collaboration can help build and sustain new technology capabilities and that partnering can be promoted by the establishment of supporting routines that facilitate the interface process between academic and industrial collaborators.  
The purpose of the research reported in this paper is to gain an improved understanding of how university-industry collaborations are initially developed and once they have been initiated how they can be managed effectively.  This improved understanding will be used to produce a new conceptual model that can be utilised by collaboration practitioners, in both academia and industry, in order to help facilitate new collaborations, improve technical innovation and the transfer of knowledge.  It should be noted that the focus of this paper is on contract research and not ‘technology transfer’ (Van Den Berghe and Guild, 2007), which more often relates to the commercialisation of technology.  For example, involving the commercial exploitation of intellectual property rights (IPR) through activities such as licensing deals (Horwitz, 2007), or the creation of ‘spin-off’ companies (Gübeli and Doloreux, 2005; Pries and Guild, 2007).  

Background

Industrial organisations are increasingly concerned with the subject of technical innovation (Dodgson and Rothwell, 1994) as a way to sustain their competitive advantage through the development of improved products and services.  Consequently, technology and innovation management is receiving significant attention in the academic literature (Nieto and Navas, 2006).  This requirement is being supported by the ever increasing complexity of industrial activities (Frizelle and Richards, 2002) caused by rapid developments in technology and especially information technology (IT).  In order to support these technological activities, companies are undertaking research programmes that are focused on delivering an appropriate technology advantage when compared to the operations of competitors and which also provide access to specialised knowledge (Dodgson, 1993). 
Traditionally, this research may have been conducted at the companies in-house research laboratories and certain large companies still have adequate resources to undertake such activities.  However, other companies are being driven by economic pressures to reduce costs and consequently have outsourced non-core activities (Buehler and Haucap, 2006), historically in areas such as IT and human resources but this is now being extended to include research (Collins, 2003), e.g. in the area of biotechnology (Kenney, 1986).  Although outsourcing of research is providing fertile ground for academic researchers from universities to develop collaborative research programmes with industrial organisations, it also presents certain challenges associated with managing such cross-boundary interactions (Johnson, 2007; Woods et al., 2004) as well as deriving value from technical innovation and the transfer of technology.  Clearly this environment provides an economic driver for industry to collaborate with universities but, of course, the value gained from access to new ideas and innovation through involvement in collaborative research continues to be a major incentive for industrial companies to partner with universities. 
Process models have previously been developed in order to facilitate the overall process of innovation and technology management, such as the framework by Gregory (1995), which provides a cyclic process involving key areas of technology management, viz. exploitation, protection, identification, selection and acquisitions issues.  A complementary model has been put forward by Rothwell (1992), which seeks to identify certain success factors for innovation, such as idea generation, prototype production and successful marketing and sales.  
These frameworks provide useful approaches to understand innovation at the enterprise level but they do not relate to the management of collaborative research and technology (R&T), which can be viewed as an important enabler of innovation.  Consequently, a number of studies have explored the issues related to university-industry research interactions (D’Este and Patel, 2007; Perkmann and Walsh, 2007) in order to improve associated management practices (Kirkland, 2005; Siegel et al., 2003).  
Therefore, the author’s objectives for this paper are to build on the literature reported above through providing a new process-based model for collaboration development and management.  This model will describe some of the key elements required for collaboration and the model’s features will be related to the literature review as well as empirical research results.
Collaborative partnering

Whilst there have been cautionary remarks on collaboration (Porter, 1990) and there has been confusion reported over the terminology itself (Littler, 1993), there are a number of articles in the literature that discuss the merits of collaboration and partnering in the area of research and technology (R&T).  Klein et al. (2007) have described partnership and innovation in the life sciences and identified critical success factors for effective partnering, including organisational structure, operational management, leadership, the need to develop supporting organisational capabilities and an appropriate enabling environment to support partnering.  This analysis also identified how partnering can contribute to improved innovation in research.

Other studies (Manley et al., 2007) have focused on the broader reasons for partnering and the role that culture plays in supporting partnering between different organisations.  Conversely, cultural differences and clashes are perceived as a major blocker for partnering.  A number of basic assumptions are described, which provide a platform for collaborative partnering and these include:

· A view that cooperation is more productive than confrontation.

· The positive role played by trust in partnering.

· In order for partnerships to be successful, there is often a need for new attitudes to support the partnership.

· An awareness of people’s differences can help in the management of partnerships.

This research clearly highlights the importance of social and cultural processes in the viability and success of partnering, which is essential for collaborative research projects.  However, should an organisation find that it does not have a supporting culture for partnering, then it may consider attempting to adapt the culture using a framework such as the cultural web (Johnson, 2000), although such cultural change programmes are notoriously difficult and time-consuming to implement (Bate, 1996).

Although there are discussions in the literature highlighting the reasons for partnering and collaborating, McAdam et al. (2006) report a lack of process studies, especially involving university science parks.  Implicit in the activity of collaborative partnering is the need for knowledge and technology transfer between such partners.  Indeed Autio and Laamanen (1995) have observed that there is a lack of process indicators for technology transfer processes but instead there is a prevalence of configuration focused literature that highlights the role of factors, such as organisation design and geographical location, in technology transfer processes.

Hitt et al. (2003) have generated a useful conceptual tool for alliance development and management.  This describes the development and management of alliances as a critical management capability that is supported by an appropriate resource configuration, optimisation and exploitation framework.  Strategic alliances are viewed as cooperative arrangements that allow the sharing of resources by two or more organisations (Ireland et al., 2002).  Furthermore, alliances can allow organisations to partner on collaborative programmes in order to develop new technologies but they also provide a mechanism to share risks through each collaborating organisation having access to a larger pool of resources and capabilities (Pfeffer and Salancik, 1978).

Review of the literature has highlighted the reasons for collaborative partnering as an enabler for technology innovation.  Partnering and alliance building are increasingly being viewed as a mechanism to allow organisations to gain access to additional R&T capabilities, thereby contributing to improved competitive advantage.  Therefore, the development of processes and methodologies that can help facilitate such partnering will be offer practical benefits to such organisations.  It is useful to extend the literature review further and to focus on two distinct areas that contribute to collaborative partnering, namely social factors and the role of knowledge.

Social factors

The development of social capital as part of alliance development can be related to the underlying concept of social capital theory (Adler and Kwon, 2002) and can therefore be regarded as an application of the theory.  Indeed Thune (2007) has specifically addressed university-industry collaboration from a social capital perspective.  This study finds that social capital resources, such as familiarity, trust, a common understanding, as well as long-term commitment to collaboration, can have a significant bearing on the formation and management of university-industry relations.  The implication of this analysis would be that creating new collaborations between previously unconnected organisations can be difficult as the lack of connectedness gives rise to deficient social capital resources.
Hitt et al. (2003) have promoted the role that social capital plays in facilitating strategic alliances and partnerships.  In this study, social capital is regarded as the ‘advantage gained through access to social networks and corresponding relationships’.  As part of the alliance development process, social capital, in the form of information sharing, trust and norms of reciprocity, is viewed as leading to the creation of value, such as through facilitating learning, building new resources and capabilities and strengthening external networks between organisations.  
Social interactions have also been described in regard to the generation and exploitation of knowledge (Yli-Renko et al., 2001).   This study identified that social interactions (i.e. the extent of social relationships between firms) can help to improve the knowledge acquisition process.  The authors also highlight that greater levels of social interaction can improve a firm’s understanding of customers’ needs and therefore, social capital can be regarded as an important factor when developing collaborations.  Indeed the ability to build social capital would appear to have a direct relationship with a firm’s success in establishing new collaborations.  

Trust, commitment and integration have all be found to contribute to successful university-industry collaborations (Plewa and Quester, 2007).  This study produced a conceptual model that linked trust, commitment and integration to levels of satisfaction and the intention to renew the collaboration.  Interestingly, while trust was the found to be the strongest driver for satisfaction, it was the level of commitment that was the strongest predictor of the intention to renew the collaboration.  Clearly trust and the levels of commitment between partners are social-based factors and as such this study further highlights the essential and positive contribution that social capital plays in the development and management of collaborations.  Therefore, in order to be of benefit to managers and researchers who are involved in university-industry collaboration, any proposed model will need to include the need for social capital and also propose how it is developed and deployed.  
The role of knowledge
Through building on the resource-based view (RBV) of strategy (Grant, 1998), the knowledge-based view (KBV) emphasises the role of internal firm-specific knowledge, by adding value to tangible inputs to the firm that are to be found externally (Spender, 1996).  Consequently, the firm’s performance will be a function of its ability to integrate such knowledge successfully (Spender and Grant, 1996).  Moreover, in the context of technology intensive industrial sectors, such as the pharmaceutical, aerospace & defence and ICT (information and communication technology), a firm’s success can be directly linked to its ability to acquire, integrate and deploy knowledge in support of the development and management of new technologies and corresponding products (Su et al., 2007).  
Knowledge management, which includes both explicit and tacit knowledge (Jasimuddin et al., 2005), can therefore play an important role in collaborative technology programmes.  In this regard, the knowledge-based perspective has been applied to university-industry collaboration (Santoro and Bierly, 2006).  This study highlighted a number of facilitators, such as social connectedness and the need for trust as well as more formalised aspects, such as intellectual property policies and technology capabilities and relatedness.
Sampson (2007) describes the challenges associated with research and development (R&D) collaborations in relation to the need to share knowledge across organisational boundaries.  This paper highlights the need for firms to create new knowledge and corresponding capabilities that meet the market’s needs.  However, there can be a lack of understanding of how to implement collaborative strategies in order to achieve this goal.  The study found that the success of collaborative alliances between organisations can depend on both the level of shared technological capabilities as well as the alliance structure.  In the former case, where partners have some shared technological capabilities then there is greater success but where they share too many capabilities, then the scope for collaboration and learning falls.  The research also highlights some of the different variables that can have an impact on R&D alliances and some of the associated difficulties in facilitating the transfer of information and in particular embedded or so called tacit knowledge (Watson, 2006).

The acquisition of both tacit and explicit knowledge through university-industry alliances has been reported by Sherwood and Covin (2008).  This study found that the level of trust built up by the alliance partners can influence the transfer of tacit knowledge but not explicit knowledge.  Whereas, both forms of knowledge transfer are influenced by partner familiarity and the extent of communications between the technical experts from the alliance organisations.  The managerial implications of this research would clearly be that successful research alliances should be based on trusting relationships that involve regular dialogue between the technical communities from the partners.
Collaborations between industry and universities are fundamentally underpinned by the generation and flow of information between the collaborating partners.  Through describing the findings from a number of articles, the role of knowledge in collaboration and alliance management has been explored.  Consequently, in order to help improve university-industry collaboration any model that is proposed will need to adequately reflect the role of knowledge. 

Research methodology

The literature review highlighted some of the features of university-industry collaboration and also the positive role that social capital and knowledge can play.  However, there is a distinct lack of process models that can help practitioners and researchers who are involved with setting up and managing these collaborations.  Therefore, in order to investigate further the contributing factors to successful university-industry collaborations, a series of structured stakeholder interviews were undertaken.  Each interview lasted around 30-40 minutes.  The stakeholders interviewed, who are all based in the United Kingdom, included the following groups:

· Seven (7) academic faculty staff from Imperial College London, including staff from different faculties at the university, namely Engineering, Natural Sciences and the Business School.
· Thirteen (13) professional services staff from Imperial College London, including business development, management and contracts staff.

· Twelve (12) business contacts of the author from external organisations including small and large technology companies.
Gathering perspectives from this group of stakeholders ensured that a broad range of views were captured.  In order to help facilitate the interviews, a survey instrument was developed, which acted as a basis to discuss the key issues and as a record for the comments.  A preliminary survey format was used for the first two interviews and this was then refined in order to improve the quality and flow of the questions.  The survey instrument contained the following seven questions:

1. From your perspective and thinking about a collaboration you have been involved with, can you describe the key elements needed to establish a new collaboration?

2. What resources are needed to set up a new collaboration?
3. When setting up a new collaboration, who do you think are the key people involved?

4. Once a new collaboration is in place, what are the key factors that make it successful?

5. What are the problems that can arise?

6. Managing collaborations involves different organisations.  What activities are needed to manage across organisations?

7. How can you measure the success of collaborations and partnerships?

The survey was designed in order to elicit information that would be of benefit to collaboration practitioners and would therefore provide the basis for recommended activities to be undertaken as well as an indication of the likely issues to be addressed.  The seven questions included within the survey therefore sought to ascertain the interviewees comments on both the initiation of collaborations (questions one to three) as well as the management of collaborations (questions four to seven).
The structured interview process was found to be a highly effective approach to gain stakeholder perspectives and the author was able to easily elicit many different ideas and comments from the stakeholder group during the course of the interviews.  The stakeholder comments were recorded on the survey instruments, however, due to the success of the interviews there was a significant amount of information to interpret.  Consequently a sorting process was carried out, in an analogous manner to cluster analysis (Aldenderfer and Blashfield, 1984), in order to help structure the information.  
The responses obtained from the interviews were written on cards and these cards were then grouped or sorted according to similarity.  The cards were grouped according to the factors that contribute to successful collaborations and in this regard the multivariate analysis was based on three main sets of variables, which were: process, knowledge and social factors.  Table 1 provides selected comments from the interviews according to these three contributing groups of factors.

Table 1
Analysis of the interview comments in Table 1 clearly highlights that there were many common responses to the questions in the three categories.  Whilst it is recognised that the selection of variables can have a significant impact on the outcome of the sorting process, this limitation to the approach was minimised through the aforementioned literature review, which identified that process (McAdam et al., 2006), knowledge (Sampson, 2007) and social criteria (Hitt et al., 2003) can all influence collaboration between organisations.  
Process-based model for collaboration
The sorting process allowed interview responses to be grouped together and this empirical approach demonstrated the role of process, social and knowledge factors in collaboration.  In order to build on these findings and to derive a conceptual model, the grounded theory by Strauss and Corbin (1998) was used.  Through using this approach, which involves comparative analysis followed by ‘conceptualisation’, it is possible to generate a conceptual model (see Figure 1) by integrating the common characteristics from the structured interviews with the findings from the literature review.
Figure 1

This process-based framework provides a top-level architecture relating to the key stages that contribute to successful research and technology collaborations as well as other supporting elements that help facilitate the process.  The process function of the model is based on a linear sequence of groups of activities, which involves the following five stages: 
1. Terrain mapping.

2. Proposition.

3. Initiation.

4. Delivery.

5. Evaluation.

Whilst it is recommended that all five stages are followed, it is recognised that this may not always be possible.  For example, a new research project may arise through a direct approach from industry to a university and in such a case the resulting collaboration process could be a simple and short process that does not require a systematic approach to be implemented.  Furthermore, small research projects that only involve a few people, or alternatively projects of low financial value, again may not require the full rigours of the suggested process model.  
This sequence of activities is supported by two information or knowledge elements: the technical mission and business mission, which allow the collaboration to be related to these underpinning information areas that are essential parts of the process and are also related to value creation.  The technical and business missions allow the collaboration process to be linked to the strategic management activities undertaken both within the university and industrial organisations.  Therefore, activities associated with these missions will be occurring prior to, as well as during and after, the identification and subsequent management of any specific research collaborations.  Moreover, the integration of business and technical knowledge into the development of any organisation’s strategy process is of obvious and fundamental importance.  It is through the business and technical missions that collaborations can therefore contribute to and influence the strategy of both companies and universities.  
The model also includes social capital, which is an attempt to capture the necessary social interactions that are required for collaboration.  The development of social relations is a complex matter that in reality is very difficult to attempt to manage.  Indeed the process model is focused on the need to build social capital through capitalising on existing interactions between individuals as well as through maximising the chances of generating new social capital.  The model does not dictate how social capital is to be managed.   
The final element of the model is the collaboration agent, which is a role or individual who personally drives forward the collaboration and is responsible for achieving the required objectives in order to initiate and deliver the collaboration.   Clearly the collaboration agent has an important role to play in regard of the need to build social capital.  However, many others will also contribute to developing social relations and the collaboration agent is best perceived as a co-ordination point that ensures supporting activities are undertaken in the required timeframe and that the underlying issues are addressed.  Moreover, implicit within this co-ordination role is the need to be an effective communicator since many of the supporting activities, such as contracts review or technical proposal writing, will be undertaken by other people.  The collaboration agent is therefore heavily reliant on his or her abilities to liaise and work with colleagues, both internally and externally with the collaborative partner.
According to the Strauss and Corbin (1998) grounded theory technique, when developing a new management paradigm, if the dynamic and changing nature of events is to be reflected in the model, then both the structure and process aspects need to be considered.  Therefore, the new process-based model has at its centre the linear process for collaboration but is supported by the structural elements, namely the technical and business missions, social capital and collaboration agent.  Furthermore, in order to highlight both the literature and empirical basis for the model, Table 2 provides supporting evidence for the key features.
Table 2

The evidence reported in Table 2 seeks to demonstrate how the new model is related to both the literature review described in this paper as well as the comments that were most frequently raised during the structured interviews.  The aforementioned approach of conceptualisation that followed the sorting process was the technique used in order to derive the collaboration process model from the evidence reported in the Table.  Consequently, the model has a clear foundation in both the literature and from real world observations and suggested best practice.

The model can be used as a tool by collaboration practitioners from both academia and industry in order to help facilitate new research collaborations, enhance the transfer of the resulting technology and improve the level of innovation and value creation arising from the technology.  Moreover and as a pictorial aid, Figure 2 provides example collaboration activities and issues that may arise through following the model’s linear sequence of stages.  

Figure 2

The model has been generated in order to provide a practitioner-oriented ‘route map’ for the development and operational management of university-industry collaborations.  It is recognised that there are many different forms of collaboration, that span different types of organisations; are based on different linkages (e.g. informal alliances, contract research, joint bidding and proposal development, etc.); and are different in size and scope (i.e. in the number of people involved or financial value).  
Consequently, the process-model is not supposed to be overly prescriptive but it does provide a set of best practice activities that are recommended together with discussion of many of the supporting issues.  These activities and issues were identified during the structured interviews carried out with collaboration stakeholders, who collectively have in excess of three hundred years experience in university-industry collaborative activities.  Therefore, it was viewed as being of benefit to those involved in research collaborations, both from universities and from industrial (or government) research sponsors, to provide the following descriptions of the underlying issues and suggested activities.

Technical mission

The technical mission relates to the priority that is placed by universities on the academic pursuit of knowledge as well as the technical requirements which need to be achieved by the company.  Fulfillment of the technical mission will create value for the university as well as for the collaboration sponsor and consequently all stages in the process should relate to this requirement.  The technical mission is a reference point and information conduit that emphasises the importance of acquiring and effectively deploying technical knowledge at each stage in the collaboration.  In this regard the research needs to be aligned to both the academic area of expertise and the industrial requirement whilst also possessing an adequate level of intellectual rigour.  If this is not the case, then ultimately the collaboration is not creating value for either the university or the company.  
The technical solution needs to provide the necessary outputs that meet the industrial requirement for research and this has to be maintained throughout the five stages of the process model.  Implicit within the technical mission is the need to understand the current linkages between the collaborators and to build up knowledge and experience of the research interactions, which can act as a knowledge base and source of best practice for collaboration processes.  The technical mission can also help reduce uncertainty and technical risk through gathering knowledge and the development of a common technical strategy.

Business mission

The business mission relates to the need for industry to acquire technology solutions that contribute to products and services with improved performance, thereby allowing the company to improve its competitive advantage and hence business performance.  The business mission also makes reference to the university’s need for funds to undertake research through the employment of postgraduate students and postdoctoral researchers.  Therefore, all the collaboration stages need to relate to the business mission requirement.  The business mission is similar to the technical mission in that it is also an information or knowledge element of the model and both elements contribute to value creation. 
Successful projects need to be attractive to industry and be able to demonstrate that they contribute to development of the company’s asset base.  Consequently, investment by a company in new technologies will need to be carefully aligned to the company’s innovation strategy.  Therefore, research is likely to only receive financial support within the company when there is a clear technology exploitation pathway available that ultimately leads to an improved competitive advantage for the company.  The business mission is therefore complementary to the technical mission and these two information or knowledge platforms need to be addressed in a complementary manner, for example, through the use of techniques, such as ‘technology roadmapping’ (Gindy et al., 2006; Probert and Shehabuddeen, 1999), which can be used to plan and chart technology development towards an eventual product or service application.
Social capital

Social capital has an important part to play in the establishment and maintenance of any collaboration and consequently can be viewed as an ingredient that binds the whole collaboration process together.  In order for trust to be developed between collaborators, social capital needs to be developed and regular communications that are open and honest and which are based on social interactions are essential in this regard.  Social capital between the collaboration partners can be built through a number of different activities, such as regular dialogue and meetings as well as attendance of collaborators at events that are hosted by the other partner, e.g. lectures, seminars and working dinners.

Social capital extends beyond purely the need for social interactions and the building of trust; it also pertains to the need for the collaborators to essentially ‘speak the same language’.  Clearly there is a need for linguistic compatibility between collaborators but even where the same language is spoken there is a need for a common understanding of the technical issues.  If one of the collaborators has only a superficial understanding of the technical issues and the other party has a deep understanding of the relevant research and technology area.  There maybe a lack of common understanding of the technical intricacies and this could potentially lead to a breakdown in communications; clearly, such a situation would not be conducive to effective collaborations.  Therefore, new collaborations need to establish common frames of reference, such that both collaborators are comfortable dealing with an appropriate level of technical complexity.  This does not mean that both collaborators need to have the same level of technical understanding but they do at least need to be able to understand the underlying technical issues and key activities that need to be undertaken in order to address the technical challenges. 
Collaboration agent

The collaboration agent provides both enthusiasm and momentum so as to ensure the collaboration is implemented and managed effectively.  The collaboration agent can be viewed as a facilitating role and is therefore not necessarily always the same person.  The important requirement being that the role is undertaken by the most appropriate person.  However, for continuity during the collaboration process it may be beneficial for the collaboration agent to be the same person.  Invariably the collaboration agent could be a bid manager or business development professional but this role could equally be fulfilled by a technically-focused individual (e.g. in a university environment this could be a member of the academic faculty) who has the appropriate skills to facilitate the overall collaborative process.  The collaboration agent has a central part to play in the progression of collaborations through the terrain mapping, proposition, initiation, delivery and evaluation stages.  The agent therefore can be viewed as a driving force that ensures key activities are undertaken in a timely fashion, such as the formulation of the statement of work, contract negotiation and award, through to production of project deliverables, etc.  

The collaboration agent can act as the ‘internal champion’ for the collaboration and where this relates to a strategic new activity then there is often a very important need for someone to lead the initiative and to provide a focus point, especially in regard to managing the interactions and expectations of senior management.  Implicit within the role of the collaboration agent is the ability to be able to deal with multiple stakeholders, both internal and external, as well as the need to be able to manage multidisciplinary teams.  This multidisciplinary approach can be viewed in terms of the need for the collaboration agent to co-ordinate four levels of engagement between collaborators and the corresponding activities.  These levels are as follows:
1. Technical level: focused on achieving technical goals.
2. Business and programme level: focused on achieving programme targets, project milestones and sales revenues.
3. Contracts and commercial level: focused on legal, contractual terms and conditions (e.g. IP clauses) and financial issues.
4. Leadership level: focused on strategic implications as well as overall financial issues.
Each of the above levels and the people that reside within them have a strong focus on their own core areas and whilst they may acknowledge the importance of the other areas and respective objectives they will inevitably pay closer attention to their own area of responsibility.  It is therefore vital that the collaboration agent has the appropriate skills and experience to be able to effectively integrate together these different levels and corresponding groups of people so as to ensure the collaboration proceeds smoothly.  
In order to ensure the collaboration progresses satisfactorily, the collaboration agent should also act as a focus for periodic reviews that are undertaken throughout the different stages.  For example, before any contract is signed for a new collaboration project, the collaboration agent should effectively carry out a ‘due diligence exercise’, so as to ensure the collaboration will produce the required deliverables for the industrial sponsor as well as generate the intended tangible and intangible benefits for the university.
Terrain mapping stage
Terrain mapping is the initial process stage where industry and market analysis is undertaken in order to develop a detailed understanding of the ‘collaboration opportunity landscape’.  This analysis should initially be broad-based but as requirements are understood in more detail this should lead to more focused activities.  Explicit knowledge on industrial trends and market opportunities will need to be collated from different information sources, such as industry federation and government reports, journal articles, websites and third-party proprietary databases.  
Where possible, this information gathering exercise should be extended to include so called ‘tacit knowledge’, e.g. information on industry’s current strategies for research funding that has been gained through person-to-person interactions and networking.  The capture and codification of such information can be challenging but nevertheless significant value on the emerging research opportunities can be derived from this source of knowledge.
During the terrain mapping stage it is crucial to develop an understanding of the ‘technical problem space’ and to fully appreciate the current and likely future technical challenges.  Moreover, the development of a detailed understanding of the external requirements for research and technology (R&T) needs to be complemented by a comprehensive assessment of the organisation’s internal resources and capabilities.  The process of matching these internal research strengths with the external requirements is central to the terrain mapping stage and therefore the information gathering and processing activities need to be aligned effectively in order to achieve this.  
This information-intensive stage can be augmented by participation in a number of networking activities, such as attendance at conferences and workshops, including presentation of research results; membership of sector specific groupings and industry-focused consortia as well as related activities.  Through the terrain mapping stage, a view can be formed on which potential sponsors of research can be approached and this leads into the next stage, which is the proposition.

Proposition stage
Central to the proposition stage is the need to align a university’s research offering to the company’s strategy and specifically to the technology development plans for the relevant products and services that are delivered by the company.  Where the proposition relates to a significant research opportunity, then high-level strategic support will be needed within both organisations and this is especially important if the collaboration is to be sustainable.  This high-level support needs to be based on a clear recognition and subsequent management of the needs of the key stakeholders for the proposed collaboration.  
Significant collaborations could potentially require new entities to be created within the university organisation, together with the recruitment of key personnel to staff the new collaborative initiative.  These activities may require change management practices to be utilised and clearly in such a case, the full support of senior management is mandatory if the collaboration is to be a success.
Generation of the value proposition rests on an ability to demonstrate that the research outputs will add value to the industrial sponsor’s competitive advantage.  However, approaching the company with a specific technical offering will only be possible once the terrain mapping stage has been undertaken and consequently the proposition stage can essentially be viewed as a marketing activity.  During this stage it is important that a detailed client engagement strategy is developed and this will involve identification of the ‘key industrial players’, which may include technical staff as well as more senior leadership and management staff who may be the research budget holders.  
This form of client engagement and proposition development is likely to benefit from a phased approach where outline propositions can initially be validated through review by personal contacts in industry.  This can then lead to refined propositions that can form the basis of more substantive technical solutions.  Such a phased approach also allows key market requirements to be incorporated into the proposition so that there is a greater likelihood that the technical solution will be attractive to the potential industrial sponsor.  Successful collaborations are also likely to be based on interactions between organisations that have complementary capabilities and therefore avoids excessive competition through having similar resources and skills.  Complementary capabilities also offer the potential for more clearly defined areas of responsibility and the corresponding division of work; something that can be important in order to avoid possible disagreements over the project responsibilities and deliverables in the later stage of delivery. 
The proposition stage may also involve the more traditional contract tendering activities such as submission of expression of interest against initial requirements as well as the generation and submission of fully costed proposals against invitation to tender (ITT) documents.  Selection of the preferred supplier can also often involve post-proposal submission contract negotiations and these activities then lead into the next stage, which is initiation.

Initiation stage
The initiation stage involves the collaboration start-up and therefore this part is crucial to the establishment of a positive working relationship between the collaboration partners.  Before the delivery stage can start the project scope needs to be defined.  This activity can be based on the generation of a ‘statement of work’, which is essentially an outline management plan for the research project that follows on from the original proposal, which was developed in the proposition stage.  Initial agreement between the collaborators on the definition of the collaboration and also the statement of work then allows negotiation of the contractual arrangements to be undertaken.  
Initiation activities for more substantial collaborations may also include the formulation of an appropriate governance system for the collaboration, such as the establishment of a research advisory board or steering committee that may even include the participation of third-parties in order to provide independent scrutiny and benchmarking of the collaboration.  

Negotiation of the contract terms and conditions (T&Cs) is an important feature of the initiation stage and there is potential to encounter significant problems during this activity.  Consequently, so that the negotiation process can proceed smoothly it is important to have early agreement on the collaboration aims and objectives.   Accordingly, an agreement between the collaborative partners on the respective outcomes that they seek should allow clarity during the negotiation stage.   This is especially important in respect of the negotiation of intellectual property rights (IPR).  For example, where one party will own the resulting foreground IPR, it can often be important that the other party has certain access rights to the IP, e.g. through commercial exploitation under ‘fare and reasonable terms’ that are to be determined on a case-by-case basis.
Where the collaboration is between two organisations that have not worked together before then the contract is likely to be a simple ‘one-on-one contract’ between two parties.  Conversely, where the organisations have previously collaborated and they are seeking to build on the current level of collaboration, then it may be more appropriate to move towards a more streamlined contracting process, e.g. an enabling arrangement.  Such a contract, sometimes known as a ‘call-off’ or ‘tasking contract’ offers the possibility for the terms and conditions to be agreed from the outset as part of negotiation of the enabling contract.  Then individual projects or tasks can be placed on the contract easily without the full negotiation process occurring each time.  
This arrangement can be extended even further as part of a strategic alliance or partnering process where organisations seek to have stronger contractual interactions with preferred partners.  In these cases, the collaborators can form such strong interactions with partners that they can sometimes be treated almost as if they were just another team within the same organisation, or even part of the same team.  This enhanced organisational connectivity can be of significant benefit for improving information sharing and the stimulation of innovation as well as the generation of new ideas; which is, of course, of central importance to successful research collaborations.
Delivery stage
The delivery stage involves the operational management of the collaboration and delivery of research results.  There should be periodic and effective communication between the collaborative partners and consequently regular meetings should be held to review collaboration progress. Progress can also be monitored through the production of regular reports such as monthly, quarterly (every three months) and annual reports.  The level of reporting will depend on the size (e.g. financial value, number of people involved, level of risk, etc.) and scope of the collaboration.   In the case of highly complex and very large research programmes, then there may be a need to have project and risk management systems in place together with appropriate configuration control procedures.  Clearly small projects would not necessitate such systematic approaches to project management.  
The success of any collaboration can be related to the level of management skills that the collaborating partners possess.  This may include the need for effective project management skills and experience in order to ensure that the collaboration project is managed according to financial budget, project schedule and quality (i.e. performance) requirements.  The collaboration needs to generate the required deliverables in order to meet the stated requirements but there are additional supporting activities that also need to be carried out in a timely fashion, such as invoicing; administration of any sub-contracts; purchase of materials as well as the recruitment of any new staff that are required to undertake research.
As part of the delivery stage for collaboration, it is important to ensure the most effective mechanisms for the transfer of knowledge and technology are considered.  This could include the provision of training materials, organisation of workshops and joint publications between collaborators, such as journal articles, conference proceedings or patents.  Clearly where patents are to be applied for there will also need to be agreement between the partners on the allocation of IPR.

During the delivery stage, there may be disagreements over the collaboration project deliverables, for example, the sponsor may feel that a technical report does not provide the required information analysis. In such cases, it can be important to have an effective conflict or dispute resolution procedure in place so that both parties can resolve the situation satisfactorily.  

Evaluation stage
The evaluation stage is the post-delivery review that can lead to a number of outcomes, such as sustained collaboration through either contract renewal or the generation and submission of new proposals.  This collaboration extension will involve feedback to a previous stage.  Feedback to the proposition stage may be needed where a more radically different solution is offered, whereas feedback to the initiation or delivery stages may involve continuation of the research along a more consistent technology trajectory.  The evaluation can, of course, also lead to termination of the collaboration and there are many cases when this may occur, such as when both collaborators’ priorities have shifted to a new direction and consequently there is no longer an alignment of objectives.  Alternatively the collaboration may not have been successful and one or both of the collaborators no longer recognise the merit in working together further.  Figure 3 shows the available pathways that may result from the evaluation stage.

Figure 3
The evaluation stage needs to be based on a robust set of performance metrics, which adequately captures both tangible and intangibles benefits arising from the collaboration.  From the company’s perspective, tangible benefits include an appropriate return on investment (RoI) for the industrial organisation through the value created from the technology generated and in some cases this can be quantified into a financial value.  
From the university perspective, benefits may include the level of income generated from the initial collaboration as well as from any resulting or follow-on projects, including income from commercial exploitation of any intellectual property (IP); as well as the number of publications arising from the research.  Intangible benefits include the provision of application-specific data, information and scenarios from the sponsor to the research provider, which can provide an industrial focus for the research; and the improved knowledge base in the sponsor organisation associated with the results from the research.
An effective evaluation stage should in some cases seek to establish how a stronger relationship can be built between the collaborating partners, e.g. through the establishment of an organisation level partnering or enabling agreement, as described in the initiation stage, which can be used to facilitate broader level interactions.  However, where the collaboration is not delivering the required benefits, then it is important that the evaluation stage has provision for termination of the collaboration.  This should give both parties the opportunity to channel resources into other collaborative ventures that may deliver the benefits being sought.  
The evaluation stage represents a significant and comprehensive review of the collaboration situation, issues and results but it does not replace the more routine collaboration reviews that need to occur throughout the normal processes of collaboration.  For example, in the delivery stage, there will often be review points in order to assess progress of the collaboration against key milestones and the production of project deliverables.  The evaluation also stage needs to draw on all the relevant data and information that is available.  This may include gathering feedback from the key participants of the collaboration, through, for example, the use of customer satisfaction surveys, as well as through collecting information from knowledge repositories, such as CRM (client relationship management) systems and management accounts, which provide data on the financial status of the collaboration.  

Initial application of model
In order to demonstrate the utility of the new process-based model it was applied to a collaborative research programme, which the author manages and involves collaboration with an engineering sector company.  In order to help illustrate some of the key collaboration issues from the case study and how they relate to the model, Figure 4 provides a ‘rich picture’, which is derived from the soft systems methodology (Checkland and Scholes, 1990).

Figure 4

The case study includes reference to early stage activities that were more strategic in nature and involved assessment of a broad range of potential R&T collaborations and consequently also involved interactions with different companies.  As the collaboration development process progressed forward this allowed activities to become more focused, eventually leading to collaboration between the university and a single engineering company.  The collaborative programme undertaken involved electrical engineering research (e.g. development of new networking protocols and data fusion algorithms) as well as systems engineering research (e.g. development of power generation system architectures).  

The author’s own position is a programme manager, with responsibility for managing both the business development as well as the programme delivery phases for engineering research.  Therefore, he was well placed to deploy the process model on the development and management of university-industry research collaborations.  The following descriptions provide some of the key activities that were undertaken through the application of the model together with consideration of how the model helped overcome the difficulties encountered.
Technical mission

The initial focus of the technical mission at the university was to investigate possible application areas for the engineering research, which provided sufficient intellectual rigour and where there was the potential for funding to be secured.  Early in this investigation an industrial collaboration opportunity did arise, however, it was decided not to apply the research area to this requirement due to a lack of technical complexity.  Consequently, this approach helped to maintain the academic quality of the university research.
As knowledge was built up of the potential industrial applications, it was possible to present technical propositions to potential industrial research sponsors, which were based on research that had a clear alignment to the industrial engineering requirements.  In the particular engineering area these industrial requirements were directly influenced by government procurement strategies.  Therefore, an improved understanding also had to be gained of government’s needs for such new equipment, which in turn drove the requirement for R&T solutions to feed into future equipment development.  In this regard there was a need to understand how government viewed the appropriateness of research and technology through a mechanism called technology readiness levels or TRLs (Mankins, 1995).  This is a system used for measuring the maturity of technologies and is sometimes used to assess whether a particular technology area is mature enough in order to transition to the next development phase, e.g. becoming part of a technology demonstrator programme.  Therefore, knowledge was acquired through reading government reports and journal articles as well as through consulting with industrial contacts so that the research areas under development were able to be described in terms of the required TRL.
As the collaboration developed and the process moved into the delivery phase, it was important that focus was maintained on the academic mission, including attendance by the academic staff and researchers at the annual research conference organised by the industrial sponsor as well as the publication of journal articles and conference proceedings.  Indeed as the collaboration transitioned to the evaluation stage, the industrial sponsor conducted a review of the academic output for the research collaboration and evidence had to be supplied that an adequate number of technical publications in reputable journals had been achieved.
Business mission

The technical solutions that resulted in successful research projects had a clear alignment to the company’s equipment areas and supporting technology strategy, which in turn linked to the government procurement needs.  This alignment helped the company to justify the investment through identifying how the research outputs could potentially be commercially exploited in the future.  Whilst it was acknowledged that fundamental research is inherently risky and often does not result in new products or services, it was still important to be able to chart a potential value stream that could be achieved from the research investment. 

There was a clear need to ensure that the proposals and subsequent funded projects included high quality science and engineering research solutions, which is required to maintain the technical mission.  However, such proposals had to also offer value for money investment for the industrial sponsor and therefore it was necessary to develop an understanding of the ‘market rates’ for such research.  Before this approach was used, however, some problems of affordability for the sponsor were encountered when proposals that were put forward for extensive projects were very expensive.  Refinement of the project scope and more focused studies were then presented to the sponsor, which viewed the research proposals as more affordable and representing an attractive investment case.  This ability to be flexible on the technical scope and the corresponding price of the research projects was found to be essential in order to ensure proposals were successful.  This is due to the highly competitive market for industry funded academic research where there are many universities competing for limited funds.

Social capital

In the early stages of the process, contact was made with the prospective sponsor organisation at the technical level.  Establishing dialogue with key technical staff in the industrial organisation allowed a greater appreciation of the technology requirements to be developed.  This knowledge could then be fed into the proposition stage so that the research solutions had a clear match to the requirements.  An example in this case was that an industry technical contact explained that the research would be more attractive to the company if any software developments were based on so called ‘open source applications’, which would then allow further developments of the software to be undertaken.  In this example, of course, any intellectual property rights (IPR) generated from new software would still be protected by the contractual documentation, which contained the required IPR clauses.
As part of the process of developing relations with the sponsor company, there was a need to gradually build up social capital and initially this was achieved through attending networking events with industrial organisations from the particular engineering sector.  Also, as collaboration opportunities were qualified and they progressed to the proposition and initiation stages, there was a need to develop greater social capital in order to ensure industry understood the benefits from funding the research and how the research results could be linked to their technology needs.  
As the process developed it was possible to establish broader relations with the company, including non-technical staff, such as the contracts and programme managers.  This was particularly important during the initiation stage due to the significant delays encountered at this point.  These delays were caused by a period of indecision over possible contract award by the government programme office, which was the eventual sponsor of the research.  In fact in order for the university to receive a contract for the collaborative research, a contract first had to be awarded by the government to the company, i.e. placement of the ‘prime contract’.  
During this stage the industrial contracts manager became the main point of contact for the emerging collaboration.  This was especially valuable since there were many information requests and points of clarification issued by the government programme office and the responses had to be channelled back through the company’s contracts manager.  Having good relations with this individual meant there was early notice of these information requests and consequently all the required information was communicated in a timely manner.  A failure to achieve this could have potentially resulted in the collaboration not progressing to the delivery stage, i.e. not being awarded.  
Collaboration agent

Throughout the different stages of the process, it was essential that someone acted as the champion for the research opportunities in order to maintain the momentum and to co-ordinate the interactions between the university and the company.  The author undertook this role and was able to co-ordinate both the technical and commercial activities (carried out by academic and contracts staff respectively), where other staff provided more detailed and specialist knowledge.  In this capacity the author found that it was essential that all the information requests issued by the company were responded to in a timely manner.  Indeed where such situations were not monitored the collaboration momentum slowed, which emphasises the need for such a co-ordination role.  
The initiation stage was a very lengthy part of the process for the reasons mentioned previously.  During this stage, a problem occurred where a number of academic staff began to become exacerbated with the process and they were beginning to consider withdrawing from the proposed collaboration.  At this point, it was essential that the collaboration agent spent significant time explaining the situation to the academic staff, in order to maintain enthusiasm and to ensure their continued support.  This highly consultative approach allowed the support of the academic staff to be maintained during this crucial period and also ensured that the sponsor requirements and information requests were addressed in a timely fashion.
Through building on the relationship with the sponsor organisation, the collaboration agent was able to identify additional research funding opportunities that could be reported back to the university’s academic staff.  This approach allowed the university to participate on an entirely separate research programme that was managed by a different division of the company.  This would have probably not occurred had the collaboration agent not been able to link the academic staff with the different company representatives at an early stage when the new research programme was being initially planned. Indeed the author found that participation with the industrial organisation in technical planning activities and being able to align the university’s research to the company key drivers for growth can be the ideal route to build long term collaborative research programme.  The key, of course, is being able to establish such good links with industrial organisations and this is how social capital comes into play.

Terrain mapping stage

This stage was predominantly knowledge focused; it involved gathering and interpreting information on industrial requirements or internal research capabilities; as well as communicating this information internally to academic colleagues, or externally to industry contacts.  Attendance at sector specific technical conferences in the UK, continental Europe and USA provided the author with ideal conditions for networking with key stakeholders from the engineering sector.  This allowed an early indication of the industrial requirements and how they were related to the corresponding technology needs.  The author also secured membership of government backed industrial committees and forums, which were focused on specific technology areas related to the engineering sector.  Attending these meetings allowed knowledge to be built up of the sector and the specific technical problem areas where research solutions are required.
Internal technology audits were conducted that identified key academic groupings and research areas that were aligned to the particular industrial sector requirements.  This included interrogation of internal databases in order to identify current research contracts undertaken in support of industry and government requirements in this sector.  Developing social capital with the external industrial community was clearly important but it was also crucial to build up social capital with the academic faculty during the terrain mapping stage; so that their support and enthusiasm could be gained as well as the required information collected for subsequent use in the development of research propositions.
Proposition stage

In order to help support the proposition stage and raise the profile of the university research areas, a number of marketing related activities were undertaken and these included the following:

· Marketing materials were generated, including brochures and leaflets and these were sent to key industrial stakeholders.  
· Articles were written and published in trade journals in order to raise the profile of the research and the track record of the university in the sector.
· A website presence was developed that brought together different research areas but instead of being grouped together according to academic departments, they were described in terms of the key sector requirements.  This translated the research competencies into the sector specific requirements and enabled the technical research details to be more accessible to the industrial parties.

Information gathered from the terrain mapping stage allowed specific technical propositions to be delivered to potential partners, initially on an informal basis and then via more formalised submission of costed technical proposals.  This gradual approach allowed the key drivers for industry to be directly addressed by the research proposals, thereby increasing the probability of success.  Gaining the informal input from industrial contacts was highly dependent on their being the necessary social capital in place and so consequently this was only possible after a period of several months, during which a good level of contact has been established with technical staff from the industrial company.
Initiation stage

An early agreement on the proposed statement of work for the new projects allowed the smooth negotiation of contractual terms and conditions for a series of projects in a defined programme area.  As part of this process a full set of contractual documentation was negotiated with the sponsor organisation, including a non-disclosure agreement (NDA), business contractual agreement and individual task contracts for each project.  This approach allowed all contractual matters to be addressed in a co-ordinated and timely manner.  During the initiation stage the collaboration agent had to ensure co-ordination of the different activity areas, including the contracts and legal reviews of the documentation; the financial reviews of the costed proposals, including any amended costs; and the submission of additional technical information and any refinement of the proposals such as clarification on project deliverables.
Although the actual negotiation of contractual documentation proceeded well, as explained above in the collaboration agent section there were significant delays experienced in the initiation stage.  During this part of the process there was the possibility that the academic staff could have withdrawn from the whole process.   There was also a need to stay in regular contact with the contracts staff from the industrial company.  This regular contact ensured that when further information requests were issued to the university they could be responded to quickly.
Delivery stage

Upon signature of the contractual documentation, the individual projects were assigned to dedicated project managers who were responsible for delivery of the individual collaborative research projects and to meet the corresponding customer requirements.  During the delivery stage the collaboration agent would oversee the overall financial management of the collaboration, e.g. ensuring the individual projects did not ‘overspend’ and also making sure the contract invoices were issued and paid in a timely fashion.  In the first year of the collaborative programme there was a problem with the invoicing and the company was not receiving the correct invoices on time.  In this case an early intervention by the collaboration agent helped ensure the correct invoicing schedule was implemented.
As part of the management of the individual research projects, although the necessary university processes for the administration of research contracts were followed, there was no specific requirement for the use of a more formalised project management methodology.  Studies have been reported in the literature on the use of such approaches in a research environment (Gist and Langley, 2007).  However, it was felt that the research projects required a flexible approach involving close contact between the university and industry staff and that implementation of an overly systematic approach for project management could hamper this process. 
Evaluation stage

After completion of each annual delivery stage, an evaluation was undertaken with the industrial sponsor that resulted in the renewal of the collaboration contract.  As part of this sustainability review, there was a need to demonstrate the commercial exploitation routes available for the research as it matured.  In fact this requirement became more important as the collaboration progressed.  After the first year, the evaluation was mainly centred on the quality of the research (i.e. number of publications, etc.), however, in subsequent years there was a greater focus on being able to demonstrate how the specific technical outputs could be linked to eventual equipment applications.  
The evaluation was undertaken on the basis of whether or not the project deliverables had been achieved to time, quality and cost specifications.  However, the evaluation did not include the broader benefits achieved and especially the less intangible aspects, such as the improved knowledge base in both organisations as well as the value of any arising intellectual property.  
Reflecting back on the above application of the framework has highlighted how linking together the various elements of the process model can help contribute to successful collaboration development and management.  The programme referred to resulted from a year long sales and marketing campaign and produced an industry funded three-year research programme that received multimillion pound investment from a leading UK engineering company.  It is likely that the contract will be extended for an additional three years and an active use of the model is helping to facilitate this goal.  
Analysis of the case study reveals the integrated nature of the collaboration process and that in order to achieve an optimal outcome (e.g. successful research proposals, contract renewal or the transfer of knowledge to the company) there is a need to consider the issues relating to all the different parts of the model.  Moreover, many of the model’s elements are inter-related.  For example, whilst the collaboration agent was able to co-ordinate the different collaboration activities, this is highly dependent on there being an open and honest relationship with the company (and university) staff, thereby representing the presence of social capital.  
As the collaboration developed, the social capital position improved, through the strengthening of the relations with the contracts manager as well as the insight that gave rise to participation on a whole new programme.  Furthermore, as part of this developing relationship, there was a concomitant extension of the technical mission.  In this regard through developing an improved understanding of the government and company-based metrics for assessing technology, such as TRLs or technology roadmapping, it was possible to focus future proposals so that they directly related to the company’s R&T needs.
Use of the model has also demonstrated the importance of gaining access to supporting IT systems that can be utilised by the various people involved in the collaboration process, thereby allowing interrogation for the required data and information.  These systems included the following: 
· Market and industrial requirement databases (terrain mapping stage).
· Information repositories for internal research capabilities (terrain mapping stage).
· Opportunity management system (terrain mapping and proposition stages).
· Contracts management system (initiation stage and delivery stages). 
· Financial management system (delivery and evaluation stages).

Limitations of process models 

Fundamentally there are many underlying reasons why collaborations may succeed or fail (Dodgson, 1992) and this is a feature of the complexity of the collaboration process.  For example, whilst marketing can have a beneficial affect on a firm’s ability to generate new collaborations, simply increasing a firm’s marketing budget will not guarantee an increased level of success in collaborations.  There will be other factors that can also contribute to collaboration in a positive manner, such as the motivation of staff; the IT systems used by the firm to manage operations; the technical complexity of the products and services offered by the firm, etc.  The production of the process model in this study is therefore an attempt to manage the aforementioned complexity and reduce the risk of collaboration failure, or optimise the chances of collaboration success.  
As described previously, a management paradigm or model should take account of process as well as structure considerations (Strauss and Corbin, 1998).  An inability to achieve this can result in the model failing to capture dynamic and changing conditions.  The model reported here includes a clear and concise linear process as the ‘backbone’ to the conceptual framework.  This process is supported by a number of elements that essentially seek to provide description of the structure of collaborations, i.e. through describing information flows (both technical and business knowledge); the role of social capital and how it facilitates collaboration; as well as the benefits of having clear leadership of the process through the participation of the collaboration agent.  The features of the model can be clearly related to research reported in the literature as well as the empirical findings from the structured interviews.   Through integrating both the literature review and the empirical findings, the resultant conceptual framework is logical and has a lack of inconsistencies.
Despite the model’s foundation, as described above, there are, however, certain challenges and potential problems associated with process models in general.  Langley (1999) has reported on the difficulties in analysing process data from organisational contexts and these are as follows:

1. The data relates to sequences or events which researchers are less familiar with.
2. Due to there being multiple levels of analysis the boundaries for the study can be ambiguous.

3. The temporal nature of the data can vary according relevance as well as precision and duration.

4. Process data can be eclectic through being based on subjective comments, thoughts and feelings on events and situations.
In order to overcome these challenges and to put develop a new process model, the author sought to utilise a systematic methodology to collate and analyse the qualitative data and subsequently build a theoretical construct.  In this regard and as Langley suggests, theory building can involve three processes, namely:
1. Induction.  In this matter the author used a sorting process and the grounded theory (Strauss and Corbin, 1998) for making sense of the empirical findings.
2. Deduction.  A broad literature review on collaborative partnering and alliance management was conducted, followed by a funnelling down, leading to a more focused review on university-industry R&T collaborations as well as supporting areas, such as social capital and the role of knowledge.  This approach allowed theory-driven analysis to be undertaken.

3. Inspiration.  Through building on the author’s ten years experience in the initiation and management of collaborations, from both the industrial and university viewpoint, the author was able to draw on insight and creativity in order to integrate the induction and deduction findings and to produce a new conceptual model.

In addition to the above challenges, linear process models may appear as overly simplistic; they may infer a lack of feedback or control; or may fail to properly capture the inherent complexity of a dynamic or adaptive process.  Furthermore, Busby and Williams (1993) have reported on the limitations of using process models to describe the manufacturing organisation.  They found that process modelling can by its nature be normative, i.e. the analyst does not separate what he/she says about how something is happening from how he/she believes it should be happening.  This indicates the subjective nature of such process modelling, which can be compounded by a lack of quantitative data.  The author recognises these difficulties and has attempted to address such concerns through the use of structured approaches, such as the sorting process and conceptualisation by comparative analysis as well as through the integration of both literature and empirical research.
Conclusions
The studies reported in this paper have revealed the need for more process-based methodologies to help in the development and management of university-industry collaborations.  This requirement has been placed in the context of the continuing drive to achieve improved levels of innovation within industry and the corresponding need to collaborate with universities.  A literature review has been carried out on partnership and alliance management as well as university-industry collaboration management.  This review then focused down on two important areas in relation to research collaboration and these are social capital and the role of knowledge.
The research findings reported in this paper have been described and through integration of the empirical results with the literature review, it has been possible to synthesise a new process-based model, which has been applied to an initial case.  Whilst the model builds on previous theories it maintains a clear process-based focus, thereby providing a logical methodology that can be utilised by practitioners engaged in the development and management of university-industry research collaborations.  Consequently, a major differentiator of the university-industry study reported in this paper is the practitioner-oriented approach, together with the descriptions of suggested activities for the different elements of the process model.  Conversely, other studies, such as Sherwood and Covin (2007) and Santoro and Bierly (2006) have concentrated more on the underlying reasons why universities and industry collaborate as well as the knowledge implications.  Such an approach provides a useful exploration of the role of knowledge transfer and the commercial implications, however, it does not lead to an improved understanding of how the development and management of real-world research collaborations can be improved, which ultimately, if achieved, will also improve knowledge transfer processes.
The case study and initial application of the model described in this paper has revealed that many of the elements of the collaboration model (and supporting process) are highly dependent on each other, e.g. the role of the collaboration agent and the development of social capital, or progression through the linear process and the accompanying improved technical mission.  Considering further the case study, it can be observed that the key stages of the linear process mainly represent the operational management of the collaboration, whilst the other four supporting elements are more strategic in character.  The exception to this operational/strategy mix is the terrain mapping stage, which needs to consider both long-term strategic requirements for R&T as well as more operational aspects, such as collecting information on the technical needs of a particular company ahead of the submission of a proposal.  
As the collaboration transitions from the terrain mapping stage to the proposition stage then activities will be focusing down on more specific research opportunities and whilst there will still be strategic input at this point, the actual activities, such as the submission of technical propositions and obtaining feedback on research ideas, will be more operational in nature.  Clearly the collaboration agent will have a significant part to play in co-ordinating such activities but there will also be involvement of a number of other stakeholders.  In the terrain mapping stage, which includes a significant strategic perspective, there may need to be contributions from senior stakeholders, such as the university’s Head of Department or Pro-Vice Chancellor for Research (or equivalent post).  However, such input will, of course, depend on the strategic value of the research area and the potential industrial sponsors.  Consequently, for smaller collaborative projects, which may be of low value, such stakeholders would not need to be involved.  Conversely, where the university intends to improve its level of collaboration with, for example, a global pharmaceutical company, in order to ensure success, the involvement of senior stakeholders will be essential.
It is useful to also consider strategic implications in relation to the technical and business missions for both of the collaborating partners, which will be outputs of the corresponding organisational strategies.  For example, an aircraft manufacturer will no doubt have a strategy that allows improved competitive advantage to be gained from, say, more fuel efficient aircraft as well as improved passenger comfort.  As part of its strategic planning process, the company would have identified the research and technology required in order to contribute to this fuel efficiency, such as lighter structures composed of composite materials.  Furthermore, this planning may have extended to include assessment of universities that have leading capabilities in such materials.  Consequently, in order for both universities and companies to develop fruitful collaborations that are well aligned with their respective strategies, there would appear to be advantages in linking the strategic features of the new process model (such as the technical and business missions; terrain mapping stage; as well as developing social capital with strategically important research sponsors or providers) to the periodic planning activities that underpin organisational management.
Industry is attracted to academia on the basis of academic strength, quality of innovation and level of creativity as well as the specific area of expertise but any such attraction should ideally be based on a degree of funding, which could be from the industrial partner or alternatively from a third-party or government source.  Ultimately it is this funding that allows research programmes to progress and application of the process-based model can be regarded as a methodology to help both universities and companies to optimise their respective collaborations.  The model can also be viewed in terms of the need to establish positive behavioural routines that contribute to effective collaboration and which underpin the process.  Such routines are likely to be influenced by the cultural dynamics of the organisation and where the culture is not supportive, any widespread adoption of the model or similar approaches is likely to require careful change management in order to influence the cultural dynamics and introduce the required behavioural routines. 

There are inevitably limitations with all research and the findings reported in this paper are no exception.   Although the elements of the new process model have been described in relation to both the university and industrial perspectives, due to the author working in a university, the emphasis is naturally focused more on this perspective.  Consequently, the management best practice described is likely to be more applicable to universities than companies, however, it is believed that industry will also find the activities described useful.  Since having an awareness of the key issues and when they are likely to occur will be of benefit to both universities and industry.  Furthermore, the model seeks to integrate both the strategic and operational management activities associated with university-industry collaborations.  It is felt that if the strategic parts are separated from the operational parts of the model then this will introduce a barrier that potentially weakens the integrated nature of the process.  Consequently, whilst it is useful to consider the strategic and operational nature of the different elements of the model it is suggested that in order to directly link operational collaboration management activities to the development of organisational strategy that the model retains this integrated nature.
The model reported in this paper is clearly based on a linear process that is supported by additional elements and whilst application of the model to different collaboration situations is suggested.  It is recognised that this model will not be suitable for all scenarios.   Furthermore, a particular research collaboration could arise for a number of reasons; for example, through a personal contact or through a chance meeting.  Alternatively a research project may be a short and simple study that does not require a comprehensive management framework to be implemented.  In such cases, the process model clearly would not need to be deployed but nevertheless in these scenarios, there may still be merit in adapting parts of the model, e.g. ensuring the research collaboration is initiated properly through timely negotiation of the contract, or that good social relations are developed with the company’s main points of contact for the project.
 
It is useful to list the final concluding remarks in terms of the implications for managers arising from this research and from development of the proposed model for university-industry collaboration:
· The structured interviews revealed there was a strong need for more systematic approaches to help in the initial strategic development and then operational management of research collaborations.  In order to be of benefit to practitioners there was also significant interest in the provision of ‘best practice’ activities that could be referred to.

· Both the literature review and the interviews highlighted the major role that knowledge plays in collaboration as well as social capital.  In the case of knowledge, the new model is underpinned by the technical mission and the business mission, which seek to ensure these aspects are fully addressed throughout the collaboration process.  In the case of social capital, the model views this as an essential ingredient that binds the whole collaboration process together.

· The collaboration agent described in this paper does not have to be the same person throughout the collaboration process.  Indeed it could be a business manager or a member of the university’s academic staff, or it may be a member of staff from the industrial organisation.  The key requirement for the collaboration agent is that they are able to integrate together the different knowledge areas required to establish a new collaboration, manage the delivery and then take forward and initiate further collaborative research.  Such a person will need to have good communications skills and be able to understand how the research area relates to wider, external needs for technology and to understand the ‘current thinking’ within industry on the development of technology.  This understanding may often need to involve significant knowledge and possibly experience of the particular industrial sector, e.g. pharmaceutical, aerospace or ICT (information and communications technology).

· There is no guaranteed formula for collaboration success but application of the process-based model is proposed as a mechanism to help optimise the probability that research proposals are funded by industry and that industry gains the required research and technology solutions to incorporate in future products or services.

Future research
It is suggested that future research should be undertaken through the application of the new process-model to additional case studies.  It would be useful to apply the model to research collaborations in different industrial sectors and also to collaborations that vary in terms of scope, i.e. different numbers of people or financial value.  Application of the model to this broader selection of scenarios will allow more thorough assessment of the value and limitations of this approach to be carried out.  

Future research is also suggested on the development of a robust performance measurement system for research collaborations.  This study has highlighted the possible tangible and intangible benefits of collaboration but more effective measures need to be developed that adequately capture the broader implications of undertaking research collaborations, e.g. any change in the employability or job prospects of students arising from the industrial interactions.  Performance metrics will need to consider financial criteria as well as softer aspects, such as people development, and therefore an approach such as the balanced scorecard (Kaplan and Norton, 1998) may offer merit in this regard.

Whilst applying such a process model to a specific research programme can be undertaken, of much greater difficulty would be to incorporate the process model into an organisation’s business or enterprise management system.  Admittedly, universities do not have as well developed or sophisticated business management systems as many industrial organisations but they are nevertheless building their own commercial processes and systems.  Any such objective would require a significant and sustained change management programme that would be completely reliant on as much a demonstration of the value created from the process as it would from a substantial and continued level of support from the universities’ senior management, including both academic and non-academic leadership.  Gaining such support may be a difficult task, however, the implementation of a structured framework for collaboration development and management could be of great benefit to those involved.  Such benefits may include:

· An increased probability of proposals being successful and resulting in funded projects.

· Improved academic output through journal articles and conference proceedings, i.e. fulfilment of the model’s technical mission.

· Improved commercial prospects for the company resulting from access to new R&T, i.e. fulfilment of the model’s business mission. 

· Increased customer (sponsor) satisfaction leading to repeat orders, i.e. achieving a level of sustainability for the collaboration). 
· Improved knowledge transfer between the collaboration partners.
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	Process factors
	Knowledge factors
	Social factors

	Negotiation of contractual matters can often slow the whole process down
	Technical knowledge needs to be shared
	Someone should be responsible for making things happen

	We find it frustrating when universities submit proposals that don’t meet our stated requirements
	To develop an alliance you have to link together technology, business and people aspects
	To guarantee success you have to maintain everyone’s interest

	There should be clear frameworks in place to allow universities to manage the different aspects of collaborations: finance, legal, research activities as well as reporting the results
	We publish a lot of information about our company objectives and we wonder why don’t universities use this to formulate better proposals
	Collaboration is a form of a business, which is conducted between people; it’s people that make it happen

	We don’t seem to learn from our mistakes and if we could review progress more efficiently then hopefully our proposals would be more successful
	To support high value initiatives, we conduct substantial market and industry analysis.  We then feed this into the academic teams to help them write the proposals 
	Developing mutual benefits for both parties is important, both at the start and during the collaboration

	It would be useful to have a step-wise process that we could follow in order to work up our proposals and then manage the project delivery
	There is no point collecting and analysing background information unless it is going to add value and you improve your chances of success
	When there is a breakdown in trust, it can be very difficult to rescue a collaboration

	Regular communication, good dispute resolution, periodic meetings; setting up these kinds of activities helps collaborations to be successful
	When you manage a collaborative project, you need timely information on research progress and financial updates; you don’t want an overly bureaucratic reporting system though
	My research helps industry through bringing out the additional learning benefits above the existing connections

	When we deliver research to a company, we try and explore new and complementary areas; what we really want is a sustainable and long-term collaboration
	Our company needs to understand the commercial exploitation pathways for research and we need to build up our knowledge through activities such as technology roadmapping
	As an academic I clearly think the technical folk are important but the business and commercial people are also very important

	Early identification of any problems helps us to keep our projects on track and to deliver the research on time
	The first stage is to understand the company’s business, then you can relate your own research area to their priorities
	When starting a new collaboration, I first think about building up trust and rapport with the company’s technical people

	I try and build up a project portfolio, through grouping together related research areas and then looking at the synergies
	I make sure my staff attend research conferences so that they understand the latest developments as well as network with universities 
	If there was a single person who would co-ordinate all the collaborations with a single company it would really help us

	When we put together multidisciplinary proposals we need stronger management to make sure we sign the contract
	When commercialising technology you need to analyse both the technical and commercial positions
	I find that managing the expectations on both sides is really crucial


Table 1: Selected comments from the structured interviews
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Figure 1: Process-based model for collaboration
	Model feature
	Literature references
	Interview findings

	Process-based
	This is a requirement identified in the literature (Gregory, 1995; McAdam et al., 2006; Woods et al., 2004)
	Many interview responses indicated the need for more collaboration processes that link together initial information gathering stages to the proposal development and project management stages

	Technical and business missions
	Studies point towards a need for the acquisition and deployment of the required knowledge in order to achieve competitive advantage (Sampson, 2007; Sherwood and Covin, 2008; Barney, 1991; Wernerfelt, 1985)
	A common response was to highlight a need for research collaborations to add value in terms of business objectives as well as furthering the intellectual goals and addressing technical objectives

	Social capital
	The model builds on social capital theory (Adler and Kwon, 2002; Nahapiet and Ghoshal, 1998; Sahaym, 2005)    
	Many people emphasised the need to gradually build up trust and commitment between the partners

	Collaboration agent
	This innovative feature does not appear in the literature but Woods et al. (2004) do indicate the need for leaders and project co-ordinators
	A number of people indicated the benefits from having a person who will ‘drive forward’ the collaboration and ensure that momentum is maintained


Table 2: Literature and empirical basis for model features
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Figure 2: Example collaboration activities and issues 
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Figure 3: Evaluation stage outcomes
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Figure 4: Rich picture of collaboration issues from the case study
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