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Abstract

The challenges to conducting valid and complete outcome evaluations of cooperative research activities, like the National Science Foundation Industry/University Cooperative Research Centers Program, are daunting. In fact, many of the qualities that make these arrangements promising investments represent evaluation challenges including the diverse and heterogeneous portfolio of research, the possibility of short and downstream payoffs for multiple sponsors and the possibility of educational and other collateral benefits (Gray, 2000).

While these outcome evaluation issues are usually discussed in the context of government stakeholders, they have at least as much salience for industrial participants. Every year industry members must decide whether or not to renew their investment in various cooperative research partnerships. However, private stakeholders participating in cooperative research activities continue to struggle with the task of developing defensible methods and metrics for assessing the value of these important but complex investments. The current proposal tries to make a small but important contribution to this area by attempting to develop quantitative estimates of one center benefit – R&D cost avoidance.

Cost avoidance will be operationalized as R&D costs industrial members would have incurred but did not (because they participated in a university-based industrial consortia) minus the costs of belonging to their consortia. Data is currently being collected from industrial board members (IAB) from four NSF Industry/University Cooperative Research Centers in the U.S. Cost avoidance estimates from members of one IUCRC will be reported at the conference.

Problem Statement

Since the advent of the Government Results and Performance Act (GPRA) in the late 1990s, federal R&D agencies have had to grapple with a challenge many other government agencies have had to confront for many years – developing defensible estimates of program results. While outcome evaluation is difficult in any programming area, it is particularly difficult when dealing with R&D activities (Organization for Economic Co-Operation and Development, 1987). This is because many of the benefits of R&D activities (e.g., patents, product and process improvements, profits) are affected by the complexities of the innovation process and are physically and temporally removed (sometimes decades later) from the activity that produced or at least contributed to that outcome

The challenges to conducting valid and complete outcome evaluations of cooperative research activities, like the National Science Foundation Industry/University Cooperative Research Centers Program, are even more daunting. In fact, many of the qualities that make these arrangements promising investments represent evaluation challenges including the diverse and heterogeneous portfolio of research, the possibility of short and downstream payoffs for multiple sponsors and the possibility of educational and other collateral benefits (Gray, 2000). 

While these outcome evaluation issues are usually discussed in the context of government stakeholders, they have at least as much salience for industrial participants. Every year industry members must decide whether or not to renew their investment in various cooperative research partnerships. The situation for the National Science Foundation’s Industry/University Cooperative Research Centers (IUCRC) Program is a useful case-in-point. In the IUCRC Program roughly ten percent of members choose not to continue their participation each year (Gray, 1999). However, it is not clear how well informed these decisions are. An analysis of open-ended comments from IUCRC industry representatives indicated that many members felt ill-prepared in this area and wanted help in documenting and interpreting the value of the benefits they were obtaining from the center (Gray & Peterman, 1998). 

In short, public and private stakeholders participating in cooperative research activities continue to struggle with the task of developing defensible methods and metrics for assessing the value of these important but complex investments. The current proposal tries to make a small but important contribution to this area by attempting to goals to develop quantitative estimates of one center benefit – R&D cost avoidance.

Significance of the Problem

There are several reasons why there is a need to develop a better understanding of the benefits of participating in the IUCRC and similar programs: 

1. The GPRA requires federal programs to monitor their success in achieving their goals. Gaining a better understanding of the benefits that accrue to members would help the IUCRC and similar programs fulfill this mandate;

2. Firms that belong to IUCRCs and similar programs must evaluate the value of their membership. An improved understanding of the benefits of membership might help these organizations make more informed decisions about the benefits they receive from belonging to a center;

3. The existing literature continues to debate what the benefits of cooperative research are and whether they can be meaningfully quantified.  Progress in this area would constitute an important contribution to the literature.

Literature Review

A Brief Overview of IU Center Evaluations

While a comprehensive review of the literature on cooperative research outcome evaluation is beyond the scope of this paper, a brief overview of the outcome evaluation strategies typically used should help lay a foundation for the current study. 

Outcome evaluations are evaluations that attempt to examine proximal and/or distal outcomes or impacts of some program or initiative.  Although most center programs rely on grantee-generated information to evaluate their performance as part of their peer-review process, by most standards IU Centers have been subjected to fairly ambitious outcome evaluations.  Most of these efforts have involved regularly scheduled or ad hoc sponsor surveys (GAO, 1986; GAO, 1988; SRI, 1997; Scott and Schaad, 1994; Gray and Rudolph, 2000). 

These surveys usually ask representatives of the member firm to provide quantitative or qualitative estimates of technology transfer and other benefits (Gray, 2000). Quantitative estimates might be in the form of a likert-style rating of impact (no impact to big impact) or actual quantitative estimates of sales figures. Qualitative estimates usually involve attributing some of the credit for new or improved products or processes to the center.  In general, these studies have used a center or program-level of analysis.  That is, they have aggregated benefits for all the firms in a center and/or a whole program. 

At least one evaluation has focused on the firm level. Adams and his colleagues (Adams, 2000) examined various measures of R&D productivity (e.g., patenting rates) for firms that were involved or not involved in IU Centers.  Although they found higher productivity rates for firms that join centers, these differences disappeared when they controlled for firm size and R&D intensiveness. 

While these studies have provided global evidence that some firms are benefiting from participation in IU centers (Feller, 1997), the level and nature of benefit realized is difficult to interpret. A number of factors appear to contribute the lack of precision.

Obstacles to Evaluating the Benefits of IU Center Membership

Although a variety methods have been used to assess the benefits or outcomes of participating in IU centers and similar organizations, a number of practical and methodological problems hamper our ability to develop a complete and accurate estimate of outcomes.  These factors include the following:

The Benefits of Membership Are Multiple and Diverse

One of the selling points of an IU center is the variety of benefits that one might obtain from participation. For instance, one author lists the following potential benefits: window on current advances in science and technology; help in solving specific problems; cost-effectiveness in leveraging the research budget; access to trained personnel; access to specialized resources; enhanced corporate prestige; enhanced public relations (Schumacher, 1992). While the diversity of potential benefits is certainly a practical advantage it also complicates the evaluation task. While economists debate the value of a single criterion versus a multiple criteria approach to evaluating the public accountability of research programs (Link, 1996), the likelihood of tradeoffs among various dimensions would probably argue for a multiple criteria approach to evaluating centers.

The Value of Benefits is Difficult to Assess

Unfortunately, even if one can identify specific R&D-related benefits, the task of estimating the value of research benefits or outcome can be very challenging and is the subject of a fair amount of debate in the economics literature. 

For instance, while the value of a specific product patent can usually be estimated, the value of a single process patent in a large complex production technology may be very difficult to parse. While the value of saving six-months development time on a project can be estimated, the value of an idea that stimulated a research team to take a new and productive path will probably be impossible to quantify. According to Link (1996), tangible benefits can be assessed by one of three methods: revealed preferences (implied by what consumers are willing to pay), expressed preferences (expressed in consumers preferences consistently and truthfully) and hedonic (expressed in quantifiable characteristics or attributes of the output of the research). It is also acknowledged that some benefits are intangible and cannot be objectively valued.

There appears to be problems with each of these methods. While economic theory seems to value expressed preferences, relevant data for research outcomes is very difficult to come by. Further, while one can attempt to come up with quantifiable estimates of outcomes, the importance of an outcome to a particular customer probably varies. For instance, Santoro and Chakrabati (1999) have argued that there are three types of IU center participants: collegial players, aggressive players and targeted players, each with different expectations. 

Another complicating factor in this kind of research is the need to select the correct level of analysis for the assessment (Tornatzky & Fleischer, 1990). For instance, a center might have an impact on an individual’s work group and/or division, at the firm-level, the industry level or for society as a whole. Mansfield’s (1995) well known research is an example of the latter.

Thus, it is important to realize that the economic assumptions that are built into our value estimates, the level of analysis we choose, the expectations of the organizations involved, and the source of our information will have a major impact on the findings. With all of these complexities, it should come as no surprise that some authors have caution against trying to quantify research benefits (Roessner, 2000).

An Approach to Quantifying Specific IUCRC Benefits
While the task of trying to develop more precise estimates of the value of IUCRC benefits is fraught with challenges, we believe we can make some progress in this area. Based on our brief review of the IU Center outcome literature and the debate in the economics literature about the most appropriate way to value the research benefits, we believe the keys to making progress in this area include the following:

1. Given the variety of benefits that might accrue, a benefits assessment should focus in on specific rather than global benefits.

2. Given the large number of potential benefits and the difficulties inherent in quantifying some of them, top priority in these efforts should be given to benefits that appear to be readily quantifiable and large in impact.  

3. Given the lack of consensus among economists on how to estimate the value of R&D investments, value estimates should be based on a relatively straight forward yet defensible economic model.

These principles are the basis for the small scale feasibility study described in this paper.

The approach involves comparing the productivity of center participation versus alternative investments. This production function approach which is used by Link (1996) will allow us to estimate “relative value”. That is, through this approach it is not necessary to know the “absolute value” of center participation.  All that is required is a “relative value” that shows that when some (but not all) benefits are taken into account, center participation is more beneficial than alternative investments. This approach can be used to evaluate costs or benefits or a combination of both. 

For center membership evaluation this means determining how much it would have cost with alternative projects to reach a similar output as the output achieved by center membership. In other words, this is a comparison of cost structures for alternative ways to reach the output. Link and Scott (1998) use what they call the ‘counter factual evaluation model’ to achieve this goal. This model attempts to determine the required input from a hypothetical alternative strategy
. In the case of an IU Center this might involve calculating the cost of membership for a firm and comparing it to what it would have cost the member to conduct those same projects conducted by the center’s researchers (or some subset of these). This counterfactual cost is then treated as the benefits that have been received because these were private costs that were avoided. Thus, it is not necessary to actually determine the ‘total benefit’. In a publicly supported technology initiative all that is needed is to determine that the private costs avoided are larger than the public cost. If this is the case, then the public investment was worth the effort. 

Although this ‘counter factual evaluation model’ is used by Link and Scott for economic assessment of a technology-based public institution (they evaluate the public benefits), this model can also be used for private firms. However, since the counterfactual measure of cost is used as a proxy for benefits, it can only be used if the particular firm also valued the benefit (i.e. it was sought). Once this has been done at the firm-level, center-level benefits could be estimated by summing across members.

Methods

Goal

To estimate the relative value of a firm’s membership in an IUCRC

General Strategy

Structured interviews will be used to collect data from industry members of IUCRC centers. Respondents will be asked to evaluate center research projects by indicating, if the center did not conduct that project, would their firm have conducted that project. Estimates of industry’s cost structure will be used to calculate relative benefit based on cost savings or avoidance. 

IUCRC Model

The IUCRC model is a thirty year old cooperative research program that was pioneered by and continues to be supported by the NSF. A detailed description of the IUCRC program and typical policies and practices can be found elsewhere (Gray & Walters, 1998). In brief, the IUCRC is a university-based industrial consortium. Research is performed primarily by faculty and graduate students. Member firms pay an annual membership fee which entitles them to a seat on the center’s industrial advisory board (IAB) and various rights to the research performed by the center. 

Data Collection, Sample and Respondents

During 2002, approximately 50 IUCRCs were supported by NSF in a variety of technical and scientific areas. Approximately 700 industry memberships supported approximately 600 faculty and 800 graduate students. The current study represents a pilot study and will involve data collection from all industry members within 6 IUCRCs. A purposive sample will be created that involves a mix of centers focused high technology or mature technology (e.g., manufacturing) applications. Initial data collection is scheduled to begin October, 2002 and be completed by December 2002. Data from the first two centers will be reported during the conference presentation.

Data will be collected from Industry Advisory Board (IAB) members. IAB members are very knowledgeable about the firm’s R&D goals, priorities and portfolio of projects and serve as the firm’s representative to the center. One of the important responsibilities of IAB members is to review and evaluate proposed and ongoing research projects. In fact, member project ratings are used to decide which projects will be funded. As a consequence, members are very knowledgeable about the project’s goals, methodology, etc. and about the progress made and results obtained for funded projects and are in a perfect position to evaluate the relative value of the center’s research portfolio. 

Questionnaire

The following information will be obtained from IAB representatives. Data will be collected in the following variable domains:

Member Characteristics: Size of firm (e.g., number of employees, stock value, annual R&D budget, etc.); number of years member; SIC code.

Respondent Characteristics: Number of years involvement in the center; functional group (e.g., management, engineering, development), role (IAB member or technical monitor); years employed in firm; years employed in R&D); position.

Research project: Status of project reviewed (newly funded project; project underway but not completed; completed project); cost of project.

Likelihood of sponsor carrying out project within next two years (assuming project will not be carried out by center): certain, very likely, likely, unlikely

Relative Value: The project’s main outcome measure will be perceived relative value. During IAB meetings, while members are conducting their normal project reviews and evaluations, they will asked to rate each center-funded project in terms of relevance and likelihood that the organization would invest its own resources addressing this topic/issue. IUCRC projects will be placed into one of three categories and their appropriate subcategories.

1. This project is relevant to my firm’s current R&D goals

a. In my opinion, if the center did not carry out this project, my firm would have considered this issue a top priority and carried the project out ourselves sometime within the next two years. (cost avoidance)

b. In my opinion, if the center did not carry out this project, my firm would have considered this issue a priority, however, our ability to conduct this project would have been determined by budget constraints and the priority attached to other research issues. (cost avoidance).

c. In my opinion, if the center did not carry out this project, my firm would have considered this issue a low priority, and expected that a university would eventually address this issue with government funding or an unrestricted industrial gift. (university gift avoidance). 

2. This project is not relevant to my firm’s current R&D goals but addresses issues or areas we consider competing technologies and/or that we might consider exploring in the future. 

a. In my opinion, if the center did not carry out this project, my firm would have considered this topic a high enough priority that we would hired a consultant and/or assigned our staff to keep us informed on this issue. (research reconnaissance avoidance)

b. In my opinion, if the center did not carry out this project, my firm would have considered this topic a low priority that did not warrant time or money invested in keeping up-to-date.

3. This project has little or no relevance to my firm’s current or future R&D goals.

Project Cost: In addition to ascertaining the actual cost to carry out the project within the university, respondents will be asked to estimate how many scientist months the project would take to carryout within their organization. Estimates of the fully burdened cost of a scientist month in that industry will also be obtained. This information will be used to estimate how much the project would have cost if carried out by industry.

Analysis

Analyses will focus on addressing the study’s major research goal, “To estimate the relative value of a firm’s membership in an IUCRC”.  Specifically, projects that are rated 1a or 1b (cost avoidance) will be identified. Cost avoidance for these projects will be calculated by estimating how much these projects would have cost to conduct by the firm minus the cost of membership in their consortia. Industry cost will be calculated by getting getting estimates of number of full-time scientist months these projects would take in industry x fully burdened scientist/month cost for that industry). In addition, the actual cost (university cost) of the projects placed into other categories will be calculated. Estimates of average member, center-level and IUCRC program cost avoidance will be calculated. Member characteristics, respondent characteristics, and research project characteristics will be used to see if cost avoidance varies according to these factors. 
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� Essentially, they calculate whether public investments were more or less efficient than private investments. This is done by calculating counterfactual rates of return and related to benefit-to-cost ratios. The counterfactual costs of industry are then used as a lower bound estimate of the industry benefits (cost avoidance). In the I/U centers case we do not compare public and private investments, but compare center investment (membership fee) with counterfactual private investment. The difference in counterfactual private investment and membership fees is then the added value.
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