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Purpose

The objective of this study was to investigate how to measure the performance of research and technology collaborations and to subsequently improve the management of university-industry collaborative projects.
Methodology

A literature review has been carried out on the performance measurement of collaborative relationships and this has been augmented by research involving interviews with thirty-two relevant stakeholders.
Findings

The study has allowed a new performance measurement tool to be developed that is based on a conceptual model of research collaboration as a transformation process.  This process incorporates the key findings from the literature and empirical studies, viz. the need for technical, project, business and social inputs as well as knowledge and sustainability process outputs.
Research limitations

The research focuses on university-industry collaborations and although the performance tool may be applied to other forms of collaboration, there may be elements specific to the application under investigation.
Practical implications

The new performance measurement tool can be used by academic faculty and professional services staff within universities to improve the management of research collaborations as well as by industry to help manage interactions with universities.  Both types of organisation can use the tool to help inform business and technical strategy.
Value

The performance tool incorporates key requirements identified in the literature review together with the findings from consultation with a diverse group of highly experienced stakeholders; therefore, it provides a rigorous assessment of the issues and requirements for the management of research collaborations.
Introduction

A number of studies have highlighted the benefits of firms utilising knowledge from external sources (Sammons, 2005; Grevesen and Damanpour, 2007), such as universities (Fabrizio, 2006) and the positive contribution to innovation that can be derived from this knowledge acquisition (Ding and Peters, 2000).  In this regard industrial organisations may seek to partner with public sector research organisations or universities that supply research services (Rafols, 2007).  
This form of technology-driven innovation has been rising in recent years (Calvert and Patel, 2003; Iuan-Yuan et al., 2007) and in the case of university-industry interactions is leading to a need to develop an improved understanding of how to optimally manage research collaborations (Kirkland, 2005).  In this matter, the lack of process-based methodologies (McAdam et al., 2006) is likely to have hampered the improvement of R&T (research and technology) management.  Potential areas requiring improvement for such R&T collaborations include establishment of more effective negotiation practices (Burnside and Witkin, 2008) as well as development of rigorous performance metrics (Frey et al., 2006).

This R&T could involve university and industrial organisations undertaking joint collaborative projects (D’Este and Patel, 2007) that may either be funded by the industrial entity or alternatively involve both organisations receiving funding from a third party, such as a government funding agency.  However, this form of industrial-academic interaction can be regarded as being distinct from technology transfer activities (Van Den Berghe and Guild, 2007), such as the commercial exploitation of intellectual property or the creation of ‘spin out’ companies (Pries and Guild, 2007). 

Measuring performance

The literature includes a number of articles that focus on the broad requirement to measure contractual relationships and many focus on the measurement of supply chain performance.  Supply chains can be regarded as more generalised forms of contracting, where university-industry collaborations could be a specific sub-category. Furthermore, university-industry collaborations can be viewed as transactional processes where information flows between collaborators (Kirkland, 2005) and this information channel is governed by an appropriate contracting mechanism.  Therefore, in order to investigate the measurement of collaboration performance it is useful to first review the measurement of general contracting processes, i.e. supply chains.   
In relation to supply chain management, Bhagwat and Sharma (2007) have proposed an analytic hierarchy process that is a multi-criteria decision-making tool, which provides a systematic approach to assessing performance at the strategic, tactical and operational levels.  Similarly, a collaboration index has been developed in order to measure supply chain collaboration (Simatupang and Sridharan, 2005) and this includes three inter-related dimensions, which are information sharing, decision synchronisation and incentive alignment.  All three of these dimensions were found to contribute to supply chain performance.  
An alternative framework has been developed by Giannakis (2007) to help measure the performance of supply chain relationships and this is based on a number of perception gaps.  Conversely, Alfaro et al. (2007) have focused on the development of a process-based approach that seeks to relate supply chain performance at the activity level through to the enterprise level.  A key stage in this development is the establishment of the individual parameters at each level and the collection of data to support this process is identified as a potential difficulty.  These studies of supply chain performance collectively highlight both the importance of social interactions as well as the need for rigorous process-based approaches and consequently the development of performance metrics for research collaborations should take account of these factors.
The success of research collaborations between companies and universities can be highly contingent on the performance of information flow between the collaborators (Sampson, 2007).  Consequently, the efficiency and effectiveness of information flow will be a key metric for measuring the performance of collaborations.  Furthermore, research undertaken at both universities and public sector research organisations has been found to generate both new ideas and contribute to existing industrial technology-based projects (Cohen et al., 2002).  This study highlighted that a number of activities can facilitate the information flow from universities to industry, such as published journal articles and conference proceedings as well as informal information exchanges (Thursby and Thursby, 2001).  Consequently, performance measurement for collaborative activities should take account of information generation and dissemination.  It should be noted though that whilst research collaborations involve the flow of information between collaborators, this can be regarded as being the general case, where the specific field of technology transfer refers more closely to the area of technology licensing and the formation of university ‘spin out’ companies (Siegel et al., 2004; Thursby et al., 2001).

The measurement of cooperative processes has been found to be complicated by the relational characteristics of different positions and persons within the cooperating organisations.  In this regard, O’Brien (1968) has used social psychology and structural role theory to help measure cooperation, through consideration of collaboration and coordination as distinct basic forms.  This research highlights the difficulties of attempting to measure the social interactions that are involved in these processes, especially when developing numerical indices.  
Nevertheless, the goal remains to develop measures for collaboration and Hurmelinna et al. (2005) have reported on the role of asymmetry on research and development (R&D) performance, where asymmetry is related to resources, capabilities, power and cultural parameters.  This study finds that the development of trust has a major bearing on the success of R&D collaborations and as such proposes a series of descriptive statistics that can be used to measure trust, contracting and the asymmetry term.  This empirical analysis provides a further attempt to numerically measure collaboration performance, although application of the model in the working environment may first require a simplification of the methodology in order to improve ease of use.
The need for improved performance metrics is being influenced by universities becoming increasingly accountable to their stakeholders (Papenhausen and Einstein (2006) and the balanced scorecard has been used to address this need for process-based metrics to measure the performance of a university business school.  The balanced scorecard (Kaplan and Norton, 2001) is an established performance management and strategy tool that is based on the use of four complementary areas of measurement, which are the financial perspective; customer/stakeholder perspective; internal process perspective; learning and growth perspective.  The merit of the balanced scorecard approach is that organisational strategy can be integrated with a balanced portfolio of measurements, thereby helping to translate strategic objectives into operational activities. 
The Papenhausen and Einstein study provides a strategy map that details how intangible assets, such as human, information and organisational capital can be translated into tangible and financial outputs.  They also emphasise the importance of gaining the support of senior management as well as active participation of all staff involved.  The incentive being that regular use of the balanced scorecard can provide timely feedback and useful information on performance so that continuous improvement and opportunities for personal growth can be realised.  This study successfully puts forward a broad and comprehensive view of how to establish a measurement system for university business schools but it is felt that a more focused approach is required for the measurement of R&T collaborations between universities and industry.
Research findings on collaboration performance
Following on from the literature review that focused on performance measurement, specifically in the area of university-industry collaboration, research was undertaken involving interviews with thirty-two people involved in R&T collaboration.  Stakeholders were selected according to their involvement with university-industry research collaborations but they were also chosen to provide diversity in their background.  The stakeholder set included seven members of academic faculty from Imperial College, thirteen members of staff in the area of business management, contracting and technology transfer from Imperial College as well as twelve personal contacts of the author from industrial organisations involved in R&T collaborations.

The interview process involved the author asking stakeholders to describe the collaboration activities with which they have been involved and to identify and describe how the performance of research collaborations could most effectively be measured.  Responses from the interviewees were recorded and then grouped together according to similarity.  
This process was facilitated by the interview responses being written on cards, which were then sorted according to similarity.  Through a simple visual inspection of the sorted cards it was possible to elucidate common themes from the interview responses.  In order to illustrate these themes, the following commentary provides a representative sample of the interview responses and these comments are grouped accordingly.
The need for basic performance data

A number of the interviewees commented on the need for basic performance data that can be used to measure the success of research collaborations.  This requirement was articulated by a member of academic faculty and a manager from an external company as follows:  
“I would like to use a system that helps me track the basic academic measures of collaboration success, such as the number of journal articles and conference proceedings as well as other measures, for example, relating to the level of project performance” (Professor 1).
“I need to see a simple and easy to use set of performance metrics that can help me justify the business case to invest in external research at a university” (Business Manager 1).

Clearly there are a number of basic measures that can be used to capture the performance of collaborative projects.  These simple numerical measures are likely to be routinely undertaken both within universities and at the companies.  However, whilst they provide an initial analysis of some of the performance attributes they do not provide a holistic assessment of the collaboration and the wider implications.

Tangible and intangible measures

The need for tangible and intangible measures was a subject that was mentioned by several interviewees, including two managers, one from Imperial College and one from a company:
“Performance measurement needs to take account of both tangible and intangible benefits; tangibles should include financial measures and intangibles should identify enhancements in knowledge and social development” (Business Manager 2).
“I would like to see performance measures across traditional business and technical areas as well as the less tangible aspects of collaboration, such as improvement in social networking between the collaborators” (Business Manager 3).
This quote brings out the need for a broader set of measures that include numerical parameters as well as measurement of intangible parameters, such as improvement in tacit knowledge (Howells, 1996) or customer satisfaction (McColl-Kennedy and Schneider, 2000).  However, due to their very nature, intangibles are difficult to measure (Johanson et al., 2001) and this represents a performance measurement challenge.  
A proposed mechanism that can be deployed in such cases is based on a process involving the review of an initial state and assignment of a relative numerical measure against it, e.g. the level of knowledge of a particular technology held by an individual or group is rated as being three out of ten.  Then after the collaboration activity has been undertaken, or at a predefined point during its lifetime, a similar measurement is taken, e.g. the level of knowledge is now assessed as six out of ten.  In this case the ‘knowledge improvement index’ would show an improvement of three points.  
This method does allow an intangible to be quantified but there are still some difficulties, such as the need for impartiality in the assessment.  If the assessment is undertaken by the individual involved in the collaboration, how is the measurement independently verified and validated?  A possible solution is to employ an assessor, who does not necessarily verify all the measurements but could verify a representative sample to check for evidence relating to the change in ‘knowledge improvement index’.  
Another problem, however, is that there is still a need to identify actual measurements to be taken, in order to justify the change in perceived knowledge.  In this case, a solution could be to develop some form of test for the individual(s) concerned in order to measure the level of knowledge improvement; however, it may not be practical to routinely test individuals for this purpose.
Collaboration sustainability

The need for R&T collaborations to achieve a degree of sustainability was a subject that many interviewees focused on, including a member of academic faculty and a manager from Imperial College:
“Longevity and the collaboration renewal is the ultimate measure of success, where the best measure is the achievement of a sustainable collaboration” (Professor 2).
“Money alone is not a true measure: Making a quick buck is not a good sign for a long-term and sustainable collaboration” (Business Manager 4).
These comments highlight the importance of being able develop collaborations beyond their initial funding term, since this is not likely to occur unless the collaboration has been successful.  From the industrial perspective, if a university has not delivered the research outputs to the required standard then it is highly unlikely that the collaboration will be renewed.  Achieving a sustainable form of research collaboration therefore represents the ultimate measure of performance.  It is possible, of course, that a successful collaboration may not be renewed for a number of reasons, such as because of a change in the company’s strategy or because the research has successfully addressed and resolved all the technical problems that the company is facing.  Nevertheless, and subject to there being a continued need for research collaboration, the ability to achieve sustainability still represents a major indicator of success or failure.
Process-based framework for measuring collaboration performance
Through integration of the findings from the literature studies on measuring performance with the research results from the thirty-two interviews it is possible to develop a process-based methodology that can be used to help measure the performance of research collaborations involving universities and industry.  Consequently, Figure 1 provides a conceptual representation of research collaboration as a transformation process that incorporates the key findings from the literature and empirical studies reported in this paper.
“take in Figure 1”
We can develop this framework into a performance measurement tool that is based on a matrix incorporating both the inputs and outputs of the transformation process plus including provision for basic performance data as well as both tangible and intangible measures.  Table I provides an initial view of the tool, with the particular areas to be measured described in top-level terms.
“take in Table I”
This performance measurement tool offers a number of benefits over existing methods, including simplicity and ease of use; it has the capacity to capture numerical technical, project and business measures as well as social aspects; it places research collaboration in a process-based context that reflects key goals or outputs, involving knowledge generation and dissemination as well as the need to develop sustainability.  The tool is based on the premise that metrics should adhere to the SMART principle, i.e. where appropriate they are specific, measurable, achievable, realistic and timed.  
It is suggested that the knowledge sharing and improvement column in the matrix could focus on shorter term requirements for the research collaboration and the sustainability column would inevitably focus on longer term requirements.  In order to consider specific measures, the tool has been populated with twenty-four recommended metrics through consideration of an industry-funded engineering research programme at Imperial College that the author manages.   Table II details these individual metrics according to the parameters described previously.
“take in Table II”
Conclusions
This paper has proposed a new conceptual view of research collaboration as a transformation process, which has been formulated into a goal-oriented performance measurement tool that can be used both in the management and improvement of R&T collaborations.  The tool has been initially populated with twenty-four specific metrics across the six main cells of the matrix and these have been generated through consideration of an existing engineering research programme at Imperial College.  Tracking and comparison of the individual metrics over time would provide in a clear and concise format a holistic view of collaboration performance as well as identifying areas for improvement.  
Although the tool includes tentative suggestions for specific measurements, in some areas further refinement may be required in order to produce actual numerical measures that can be incorporated into the matrix.  However, it is envisaged that implementation of the tool will be contingent on the prevailing organisational circumstances and therefore, there is scope to modify some of the metrics to adapt to any changes, whilst still retaining the overall structure and merits of the measurement tool.  
It is suggested that the tool will be particularly useful in the management of large and complex R&T programmes, or alternatively may be used by universities to establish a sector or channel management strategy, i.e. managing collaborative projects according to different industrial sectors, e.g. pharmaceutical, defence and aerospace or the ICT (information and communication technology) sectors.  Although the proposed performance metrics should be beneficial for the management of complex R&T collaborations, care has been taken to ensure that an excessive number of metrics have not been specified and also that the suggested matrix can be easily viewed and interpreted.  This is because it is unlikely even for large research programmes that overly complicated performance measurement and management systems would be adopted since time-consuming administrative processes can be difficult to implement.  Clearly in this regard a trade-off would be required where the benefits acquired from improved performance measurement can be balanced against any increase in the administrative burden that is placed on the management process. 
The tool has been developed primarily to help universities to manage research collaborations with industry but it is envisaged that the tool, when populated by universities, could also be used by companies to help improve the collaborative process from the industrial perspective.  In common with the Papenhausen and Einstein (2006) study, it is expected that any implementation of such an approach will require the widespread support of both university administrative staff and academic faculty. 

It is suggested that future work is focused on integrating the performance measurement tool with other technology and innovation management methodologies, such as those described by Gregory (1995) and Phaal et al. (2006), so as to provide collaboration practitioners with an improved ‘tool box’ for the management of research and technology. 
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Figure 1: Conceptual model for performance measurement of the research collaboration process
	
	Knowledge sharing and improvement
	Sustainability 

of collaboration

	Technology
	· The need to share technical knowledge is obviously central to R&T collaborations (as revealed by the literature review).
· This cell needs to capture the knowledge generated by the research and how it adds both academic and industrial value.
	· Building on existing research collaborations and realising a sustainable relationship remains a long-term goal for many industrial and academic collaborators (as highlighted by the stakeholder interviews).

· This cell measures the level of sustainability; both from the university and company perspectives.

	Project and Business
	· The stakeholder interviews indicated that successful collaborations should be based on a robust business case.
· This cell measures basic performance against project and business requirements.
	· The stakeholder interviews revealed that sustained investment in research requires continued focus on project performance.

· This cell needs to address the long-term value generated from the research and how it is aligned to university and business performance.

	Social
	· Both the literature and the empirical research revealed the positive role of social interactions.

· This cell should identify the level of ‘social capital’ that is generated.
	· This cell measures the long-term improvements in the level of social networking that underpin the wider engagement between collaborators.


Table I: Initial view of the new performance measurement tool
	
	Knowledge sharing and improvement
	Sustainability 

of collaboration

	Technology
	· The number of publications in scientific journals and peer reviewed conference proceedings.

· Quality level of research publications, including relevant citation index.

· Numerical measure for the ‘knowledge improvement index’, derived from an independent assessment of the level of knowledge enhancement.
· The number of students associated with the collaboration, including postgraduate masters and PhD levels.


	· Extent of adoption of research results in new products and services developed by company.
· Results from a survey of company representatives to measure the value of technology improvements delivered associated with the research collaboration.

· Measurement of how knowledge developed by the collaboration is being incorporated into the CPD (continuing professional development) framework for both the university and company staff involved. 

· Level of third-party recognition of the collaboration results, e.g. number of awards.

	Project and Business
	· The financial value of projects according to sponsor and sector, including measures for growth or decline and market share.
· The number of project milestones or deliverables that were achieved to time, cost and quality requirements.

· Measurement for relevance of research to company’s business objectives.

· Efficiency measure for contract management, e.g. submission of invoices.
	· The value of follow-on work and ‘spin-off’ projects that have arisen as a consequence of the initial funding.

· The value of any intellectual property (IP), including patents and licence agreements, arising from the collaboration.

· Percentage alignment of research to organisational strategy, for both university and company perspectives.

· The level of long-term return on investment accrued from the research investment.



	Social
	· The number of staff exchanges and student placements.

· Percentage attendance at key events, such as customer and milestone reviews and invited lectures.
· Measure of increased profile generated for both collaborators with wider stakeholders, e.g. value of press coverage from high profile collaborations.

· Satisfaction levels for students, academic staff and industrial contacts involved in the collaboration.
	· Numerical measure for the extent of personal relationships between company and university resulting from the collaboration.

· The number of students from the university recruited as new staff into the company.
· Level of interactions between senior levels of the collaborators, especially at the company board level and senior academic faculty level.

· Level of influence by university members of faculty on company’s corporate strategy.



Table II: Application of the new performance measurement tool
1

