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I.  Introduction
The National Institute of Biomedical Imaging and Bioengineering (NIBIB) recently celebrated its fifth anniversary. As the Institute moves into the second half of its first decade of existence, the NIBIB finds itself at an appropriate juncture to evaluate how it will continue to support technology development and identify future directions for developing new biomedical technologies. Given the current budget climate, it is prudent for the Institute to assess critically its program portfolio to determine whether the current mix of programs is optimal to achieve the broad goals of its mission. This evaluation study of the P41 Biomedical Technology Resource Center Program is the first step in a process to develop a strategic vision and management plan for the role of various programs and funding mechanisms in achieving the broad goals of the NIBIB. 

The Biomedical Technology Resource Center (P41) Program supports novel, cutting-edge, multidisciplinary technology research and development targeting a range of biomedical applications. Each NIBIB P41 Center focuses on a particular experimental or computational technology or suite of technologies in a topic area. The NIBIB program currently supports 20 P41 Centers, with associated annual costs totaling approximately $20 million. This program has been active since the Institute was established in 2000, when a group of 19 P41 grants related to imaging and bioengineering were transferred from the National Center for Research Resources (NCRR) to the NIBIB. 

The five program goals of the P41 Centers program include conducting and providing the following: 

(1)
Core research projects to develop or improve biomedical technologies; 

(2)
Collaborative research projects with investigators from other organizations to develop new applications for the Centers’ technology for use in biomedical sciences; 

(3)
Service to provide biomedical researchers with access to the technology developed at the Center; 

(4)
Training for collaborators and service users through hands-on laboratory experience, seminars, lectures, symposia, and the like; and 

(5)
Dissemination of information on the Centers’ technologies and research through publications, presentations, conferences, and the like as well as the dissemination of research resources or products in some instances, such as software.

Critical to the evaluation of any research program is the development of metrics to assess outputs (i.e., measurable products or services) and outcomes (i.e., broader goals or purpose). This study seeks to ascertain if (1) reasonable measures can be obtained from existing records, including grant applications, summary statements, and the most recent progress reports; (2) the Center program is being conducted as planned; and (3) Centers are producing expected outputs in terms of developing and disseminating new biomedical technologies. 

This study consists of three activities:

(1)
Abstract and review extant information about the P41 Centers, using the most recent solicitation document, applications, summary statements from review, and most recent progress reports. 

(2)
Prepare a written report summarizing the information. 

(3)
Convene a working group of the NIBIB Council, none of whose members have had a P41 Biomedical Technology Resource Center grant, to review the report and to provide feedback to the NIBIB concerning whether the P41 program is operating as it was intended and the extent to which the program achieves its outputs. 
II.  Methods

A.
Topics and Questions 

The five program goals form the substantive focus of this study. The primary question to be answered in this study was whether the P41 Centers were meeting these program goals. More specifically, this study looks at conformity to programmatic guidelines and measures of center output relating to each program goal.

(1)
Technological Research and Development Core Projects:

· Do Centers have three or more core projects?

· Do core projects involve multidisciplinary science?

· Based on peer reviewers’ critiques in the summary statements, are the core projects conducting cutting-edge research?

· Are core projects productive in terms of publications in the past reporting period? 

(2)
Collaborative Research Projects:

· How many collaborative research projects were active in the past year?

· Are Centers conducting at least four collaborative projects with at least three institutions other than the grantee institution?

· Do Centers with competing renewals (i.e., those receiving support for more than 5 years) have significantly more collaborative projects than new Centers? 

· How many different institutions are involved?

· Are collaborative projects productive in terms of publications in the past reporting period?

(3)
Service:

· What types of technology (e.g., instrumentation, equipment, software) were made available to others in the past year?

· How many requests were fulfilled during this time?

· Is capacity an issue for any Center in terms of meeting demand for service?

(4)
Training:

· How many hands-on laboratory training sessions were conducted in the past year?

· How many people received training in the past year?

· How many seminars, lectures, short courses, symposia, and/or workshops were conducted during that time?

· Were other training activities conducted?

(5) Dissemination:

· How many publications were reported in the past year?

· How many books or book chapters related to the Center’s work were published in the past year?

· How many meeting presentations were made in the past year?

· How many research resources were distributed?

B.
Source Documents, Data, and Design

The following source documents were used to provide information about each Center: The most recent application and summary statement and the most recent progress reports. National Institutes of Health (NIH) grants policy, the solicitation document instructions, and the NIBIB instructions to Center PIs regarding progress reports call for investigators to provide data associated with most—if not all—questions listed above. 

The design of this study calls for abstracting data from the most recent progress report. Because P41 Centers have existed for varying periods of time, it was felt that the most recent report would afford more recently funded Centers the maximum time and therefore the best opportunity for achieving progress and perhaps the opportunity to reach steady-state progress that can be found in more mature Centers. 

For this initial effort, it was not possible to verify the data provided in the source documents. For example, while a PubMed search for publications associated with key personnel is possible, it is generally difficult to tie a specific publication to a specific project or individual grant. The NIH policies pertaining to grantees reflect a fundamental trust in honesty and complete disclosure. However, it is recognized that the data abstracted from extant records may be incomplete. For example, some publications or patents may not have been included in the progress report. Nevertheless, there is no reason to suspect that such incompleteness is systematic or that the data are inherently biased. Thus, before conducting this study, the NIBIB believed the source documents would provide data of sufficient quality to warrant an assessment in this pilot study but recognized that a systematic assessment of the data provided by this study was needed to inform future efforts. 

A contractor was hired to abstract and summarize data from the extant sources. Using a standardized data collection template, the contractor produced a master file for each Center. The master file covers areas enumerated in the questions listed above. Quantitative data were abstracted from source documents (i.e., number of publications, number of presentations, number of key personnel, and the like), and a database was created. Descriptive information was also abstracted on more subjective variables, such as technology under development and summary statement comments to assess the cutting-edge nature of these tools. Data were first analyzed for all P41 Centers. Then analyses were stratified by technology category, age, and level of financial support to try to understand variation in performance across Centers. The limited number of Centers and incomplete data for several variables do not afford sufficient power to conduct quantitative comparisons across technologies categories or multivariate analyses. Hence, the results presented below are largely descriptive. 

C.
Key Measurements

The key metrics of Center performance focus on the five program requirements, as stipulated in solicitation documents. Additional information was also abstracted on administrative characteristics of the Centers from grant applications for the most recent competitive continuation. Administrative measures included number of years of continuous operation, program code for the technology under investigation, administrative structure, as well as other information regarding administrative operations. Descriptive information was also collected on the technology or technologies under development at the Centers.
Core Research

Each Center is required to have at least three core projects involving multidisciplinary science. These projects are intended to develop and apply new or improved biomedical imaging and/or bioengineering technologies to advance basic research and/or medical care. It was the job of reviewers to assess the quality of the research proposed in applications as well as the cutting-edge nature of the science and technology. It is the responsibility of program to assess progress made in achieving the aims as stated in the application. In this pilot study, we are assessing whether the Centers are meeting the program guidelines as specified in the NIBIB solicitation document. Thus, the section on core research focuses on the following questions: Do Centers have three or more core projects? Do core projects involve multidisciplinary science? Are core project productive? How many published papers resulted from core research in the past year? 

Centers are required to take a multidisciplinary approach to research and technology development in the core projects. Indices of multidisciplinarity used in this pilot study include number of disciplines represented in key personnel working on core research projects as well as the number of departments and institutions represented in core projects. 

This study focuses on key personnel to enumerate disciplines involved in core research because they represent the stable source of expertise in Centers. It is recognized that individuals other than key personnel make important contributions to the ongoing activities of the Centers. However, while other personnel may come and go, depending on the research being conducted or the resources required, key personnel constitute the constant intellectual base of the Center. Key personnel are participants in a grant or application who contribute substantively to the scientific development or execution of a project. Biographical information (the NIH biosketch) and participation in other research activities (other support) must be included in grant applications for all key personnel. Grantees are required to notify the NIH if the PI or key personnel withdraw from the project or will be absent from the project during any continuous period of 3 months or more or will reduce time devoted to the project by 25 percent or more from the level approved at the time of the award. For the purposes of this report, we did not include office administrators and students (i.e., individuals with education less than a Ph.D.) as key personnel unless they were research coordinators responsible for facilitating research, training, or service. We did include engineers and technicians who play a critical role in operating and maintaining the technology at their Center as well as investigators, consulting investigators, and postdoctoral fellows when listed as key personnel in the application or progress report. 

Data on institutional and department affiliation and training were abstracted from the NIH biosketches that were included in the most recent applications and progress reports. Data on training included the disciplines represented in master’s and doctoral degrees as well as postdoctoral training for all core key personnel. When individuals had appointments at more than one department or institution, all were included. Thus, there are more departments and institutions than there are key personnel in some Centers. It should be noted that a few individuals (e.g., scientists working in industry) did not provide information on department affiliation, but that was relatively rare. The goal of looking at institutions and departments represented among key personnel is to get a sense of the core projects’ outreach or penetration within and across institutions. 

While most of the institutions participating in core research were located in the United States, some foreign institutions were involved, and even domestic institutions could be located far from the Center. While keeping the project work “local” facilitates the logistics of the research, the NIBIB recognized that some core projects may not be physically located at a single site. Work with more distant sites can be accomplished successfully if attention is paid to the logistics and operational challenges. If more than one site was being proposed, the NIBIB asked that the application provide solid evidence of strong communication across sites in the Center’s administrative plan. Almost all Centers (N = 18) provided a plan for the administration of core projects in their applications. However, with one exception, Centers did not provide information in progress reports on specific actions taken to deal with administering core research projects in different sites. This perhaps reflects the fact that guidance for the preparation of progress reports does not require such information.
In terms of assessing productivity, the NIBIB guidelines noted two kinds of products expected from the Centers’ core research: Publications and patents. It was not possible to ascribe patents to specific projects. Thus, this study includes an enumeration of patents for each Center as a whole. In their progress reports, all Centers provided a list of manuscripts published or accepted for publication during the previous year. However, it was not always possible to attribute publications to core or collaborative projects. Nevertheless, we were able to establish a list of publications from core and collaborative research projects for 13 Centers. On the face of it, the inability to attribute publications to core or collaborative projects may appear to be a deficit. However, the commingling of core and collaborative publications in progress reports may be evidence of how tightly integrated these efforts are. 

Because the project periods for the Centers span the entire calendar year and the start of project periods are staggered throughout the year, this project enumerated all publications for the year that the progress report was submitted and the previous year since the month of publication is not provided in citations. Not included in this enumeration were manuscripts submitted but not accepted for publications and abstracts.
Collaborative Research
The NIBIB expects each new Center to have at least four collaborative projects, three of which are with investigators outside the P41 Center’s host institution. For Centers submitting a competing renewal, the NIBIB expects the number of collaborative projects to increase significantly, with the majority being from outside the host research institution.

Ideally, collaborative research projects take the technologies and methods developed in core research projects and apply them to a range of biomedical issues and problems. In developing new applications for research tools developed at the Centers, collaborative research can amplify the investment made in the Centers. One Center described the criteria they use for selecting collaborative research projects for their Center. Collaborative projects must (1) address important problems in biology or medicine, (2) result in the expansion of the Center’s research areas, (3) demonstrate the utility of the Center’s techniques in biomedical research, and (4) challenge the methods developed in the core projects. Any collaborative project that does not meet these criteria is dropped or becomes a service activity. At this Center, publications resulting from collaborative projects are typically coauthored by the collaborating researchers and Center personnel. Projects that do not require significant scientific input from Center personnel in terms of hypothesis generation and interpretation of results are placed in the service category. Most of the collaborative projects at this Center do not last 5 years. Thus, new collaborative projects are continually added as old collaborative projects are phased out. 

It should be noted that one Center reporting 34 collaborative projects was not able to distinguish collaborative research from service, lumping all 34 into a collaborative/service category. For the purpose of this analysis, all 34 projects are considered to be collaborative research projects, not service, because of the relative independence of the collaborating investigators, who the PI reports are doing their own analyses using software developed at the Center upon the request of these “users.” Unfortunately, the PI at this Center did not separate publications by core and collaborative research categories, so it was not possible to assess the role of Center staff in the authorship of collaborative publications, which is another index for distinguishing collaborative research from service. 

Collaborative research projects in other P41 Centers appear to have a shorter lifespan than core projects as well. In the review of source documents for this pilot study, many of the collaborative projects proposed in the application were not mentioned in the progress report. They presumably had been completed and replaced by a new cadre of projects, which were listed in the progress report. Because there was variation in information provided by the Centers, depending on the time interval between the most recent application and the progress report, this study uses only the data on collaborative projects listed in the progress report to ensure greater comparability across Centers. There was also less detail in the information provided on collaborative than core research projects. For example, NIH biosketches were not available for key personnel involved in the collaborative research projects active during the reporting period, and many Centers did not enumerate all key personnel working on each collaborative project. No data on training history, disciplines, and departmental affiliations were available to assess multidisciplinarity in collaborative research projects.
Service
Collaborative research and service share several common characteristics. For example, both involve Center investigators working with scientists from other parts of their organization or different organizations, and both require sharing expertise and resources of the Center. Several Centers appeared to have a problem distinguishing collaborative projects from service activities, melding them into an amorphous category of work, as noted above. According to information provided by several Centers, the characteristics that distinguish service and collaborative research are the level of involvement of Center personnel in the research and authorship of papers. Those Centers that did have clear operating guidelines and definitions for collaborative research and service distinguished between the two on the basis of involvement in the design, conduct, analysis, and publication of the projects. When Center personnel were substantially involved in these activities, the project was considered to be a collaborative one; when they were not, it was a service project. One Center reported that routine operation of its instrumentation is counted as service if it does not meet the “push-pull” requirement for collaboration. Core research should provide technology and new capabilities to collaborators, but the collaborators should also provide feedback to the Center and assist in improving the core technology, establishing a “push-pull” dynamic. Service lacks the “push-pull” interaction found between core and collaborative research. Unfortunately, not all Centers had such clarity in their conceptualization of their various activities that include service.

The fact that service comprises many diverse activities made it difficult to quantify in this study. Examples of service provided by Centers included provision of reagents and technologies, access to equipment and technology, assistance with research design and data analysis, and consultation on a range of scientific issues. Unfortunately, Centers don’t keep a service log. None of the Centers reported the number of service requests received, and, in several cases, it was difficult to determine a precise number of requests fulfilled. We were able to abstract and quantify service data from 17 Centers. However, the numbers varied significantly across Centers, reflecting an underlying diversity in what constitutes service. 

Not only does the substantive nature of service vary across Centers, but the process of providing service varies as well. Some Centers receive specimens or data and return information to the requester. In other Centers, service requesters come to the Center and work with Center staff to generate the information needed. In these instances, the provision of service often includes training. In other instances, Centers send resources (e.g., software) to laboratories requesting service, which can create confusion between service and dissemination. Yet other Centers have hybrid models of service. For example, service projects at one of the Centers include those where samples are sent to the Center as well as those where individuals came to the Center with their samples. Other Centers have a bidirectional service component, with the Center receiving materials for its own research and sending Center resources to the organization seeking service.
Related to service is the concept of capacity. Is the demand for service exceeding the capacity of Centers to provide it? Because none of the Centers appears to have a service log that enumerates requests made for services and those fulfilled, it is not possible to know at this time whether or not the Centers have reached research capacity with respect to service. No Center described problems encountered during the reporting period fulfilling service requests. Only one Center addressed this issue hypothetically; the PI noted that when the demand for collaboration and service time exceeds the ability to provide it, the PI and the scientific advisory board will prioritize use.
Training 
As described in the NIBIB guidelines, training consists of two types of activities: Hands-on training in the laboratory and didactic training in seminars, courses, and workshops. This study reviewed source documents for data on both types of training. Not included was the enumeration of graduate and other students working in the Centers. It is understood that many Centers provide valuable training opportunities for students, but such training is not a specific function of the P41 program. 

The information provided in the progress reports presented significant challenges to quantifying training. Information regarding hands-on training was provided in different units or metrics of enumeration. Some investigators counted individuals trained, others reported the number of hours spent working with equipment, and yet others provided information that permitted counting sessions of training. However, many PIs provided no quantitative information. Similarly, it was difficult to quantify didactic training. Only a few investigators enumerated the number of individuals attending courses or workshops, and even fewer counted the number of people attending seminars or lectures. It was even difficult to count the number of seminars convened. Often the PI would mention a seminar series in the progress report but would not report on the periodicity of meeting, making it impossible to count the number of seminars in which that Center participated. Thus, the information on training presented in the findings section on training is uneven and less than complete, but it does provide a descriptive sense of the training that is ongoing in the P41 Centers.
Dissemination
It was the intent of the NIBIB solicitation guidelines that the P41 Centers inform the scientific community about the accomplishments of and technology available in the Centers through various channels and to share some resources generated, such as software, applying for patents, and exercising licenses as appropriate. Thus, dissemination comprises several different activities, including publishing manuscripts and book chapters, making presentations at meetings, convening conferences, and distributing resources generated at the Centers. All Centers are required to have a Web site, and all are in compliance with this requirement.  

In progress reports, Centers are asked to provide a list of manuscripts published in the reporting period. Some Centers reported publications in the core and collaborative research sections of their progress reports, as noted above. Others provided a list of publications associated with service and training activities as well. All published manuscripts and those accepted for publication are included in the pilot study analysis, which is presented below. Some Centers included manuscripts submitted for publication and abstracts. These are not included in our analysis. Because the budget periods for the Centers are staggered and because citations do not include the month of publication, for the purposes of this pilot study we have included all manuscripts published or accepted for publication in 2006 and 2007. Manuscripts submitted for publication or in preparation were not included since it is unclear which ones will be published and when. An attempt to identify high-impact publications from other publications was stymied by the diversity of scientific areas the Centers operate in. There was no single unifying domain of high-impact journals that would reasonably be expected to publish the findings of all Centers. 

Book chapters were counted separately from manuscripts because they are different from manuscripts in several respects. Chapters are more likely than manuscripts to go beyond findings of a specific study or set of experiments to provide an overview of a scientific area, although exceptions can be found. Often, individuals who are perceived to be leaders in a given area are asked to write chapters for a book in their area of scientific inquiry. Because of the different focus and perhaps authorship of books and manuscripts, this study has counted separately these types of written materials produced by the P41 Centers. 

Another important dissemination activity is meeting presentations. Quantifiable information on meeting presentations made by Center staff during the previous year was provided in the progress reports of 15 Centers. Some PIs aggregated meeting presentations and abstracts; others did not. To increase the comparability of data across Centers, abstracts were not included in our list of meeting presentations. Similarly, presentations made at seminars and lectures were not included here because they were included in training data. 

Scientific conferences also represent an important venue for disseminating information about the Centers and their research and technologies. The term “conference” is used in different ways by different people. In its most classical form, conferences bring to mind a large gathering of like-minded people to learn about a topic of common interest. Scientific societies convene annual conferences, as do other organizations. These provide an efficient mechanism for disseminating information. However, those who have organized and produced a conference know that it takes a lot of time and effort. The term “conference” is also used to describe smaller gatherings to disseminate information and appears to be interchangeable with the term “workshop.” In the review of progress reports, we found that the Centers included both large and smaller gatherings in reports on their conference activities. Both are included in the enumeration of conferences in this pilot study.

Patents and licenses are important routes for ensuring dissemination and use of technologies developed at a P41 Center. Similarly, obtaining FDA approval for clinical use of a technology is an important stepping stone on the path to increased utilization. This study enumerated all patents, licenses, and FDA approvals described in progress reports. 

Some Centers took a creative approach to outreach and dissemination, including the establishment of booths at scientific meetings to present live demonstrations of software and instrument capabilities. One Center conducted outreach to kindergarten through 12th grade students through an interactive science museum exhibit. 

Finally, it should be noted that some performance measures were not applicable to all Centers. For example, some Centers do not produce research resources for dissemination. Large, heavy, complex instruments are more amenable to sharing than to dissemination. In other instances, the PIs did not provide the required information.
D.
Working Group of NIBIB Advisory Council

The NIBIB assembled a working group of Council to review the compilation report and to provide their global assessment of the P41 program, including whether or not the current program guidelines for the P41 Centers are optimal. The working group consisted of six current and former NACBIB members with expertise in the technologies represented by the P41 Centers. 

Working group members received a copy of the compilation report prior to meeting. They are asked to consider two broad questions:

(1)
How well are the P41 Centers operating with respect to the five program goals specified in the solicitation documents? 

(2)
How does the P41 program fit into the overall technology portfolio of the NIBIB? 

The second question sets the P41 Centers in the larger context of the NIBIB portfolio and, for now, primarily serves as a placeholder for framing future deliberations since baseline data and benchmarks for other programs do not yet exist. Nevertheless, the results of this working group may inform subsequent requests for applications for P41 Centers as well as future program evaluations and, ultimately, decisions on balancing the overall NIBIB portfolio between Centers and research project grants. 

Working Group Roster

Ronald Arenson, M.D. (Chair), Alexander R. Margulis Distinguished Professor of Radiology, University of California, San Francisco

Rebecca Bergman, Vice President, Science and Technology, Medtronic, Inc. 

Richard Ehman, M.D., Professor of Radiology, Mayo Clinic

Don Giddens, Ph.D., Lawrence L. Gellerstedt, Jr., Chair in Bioengineering, Georgia Institute of Technology

Norbert Pelc, D.Sc., Professor, Radiology, Stanford University School of Medicine

Rebecca Richards-Kortum, Ph.D., Stanley C. Moore Professor of Bioengineering, Rice University

III.  Summary of Panel Discussion

(1)  How well are the P41 Centers operating with respect to the five program goals?

Core Research
· Do the technologies under development in the P41 Centers represent an appropriate mix? Are there important technologies that are not represented?

One panelist commented that the list of technologies represented by the current NIBIB P41 grant portfolio was not expected to be encyclopedic, and it should not be surprising to find areas missing that could be seen as next-generation technologies, as the list should be continually evolving over time. If looking at individual programs, there appears to be a nice variety of technologies, but one area not well represented is drug delivery/intervention.

Another panel member observed that technologies related to biological engineering outside of medicine also are not well represented; for example, those related to agriculture and food. NIBIB staff clarified that the Institute’s mission must be focused on biomedical aspects, although other biological systems might fall within the purview of other institutes; e.g., the National Institute of General Medical Sciences (NIGMS). Another panelist observed that the NIBIB is well positioned to interface with the National Science Foundation (NSF) and the Department of Defense in areas where the natural sciences overlap or intersect with medicine.

Panelists questioned the origins of the NIBIB P41 program. NIBIB staff clarified that it has not to date issued any P41 program announcement for specific biotechnology areas. Discussion ensued about the tension between targeting specific areas versus relying on an investigator-initiated process. While panelists did not reach consensus about this issue, there was sentiment to keep the process informal, avoiding issuance of any announcement requesting specific technologies but having program staff encourage applicants to submit on topics that NIBIB staff consider less well represented. It was noted that targeting requires identification of target areas, and there were no recommendations about what the target area(s) should be. 

There was consensus between panel members that the review process should be the primary driver for the selection of P41 center technologies.

· Are P41 Centers developing and using cutting-edge technologies of importance to biomedical research? 
This was the original expressed goal of the P41s, but panelists found it difficult to assess this for the existing P41 grants without greater specific knowledge about individual P41 grants and because of the difficulty in judging what is “cutting-edge.” At some level, peer reviewers are relied upon to determine if research has been cutting-edge or not. The metrics that are generally used include number of published papers, a service aspect, and product dissemination. Published papers can provide a sense of collaboration and productivity but are less helpful for determining the degree to which a work is cutting-edge. Although panelists considered inventions, patent filings, and licenses generally good metrics for identifying novel technologies, the record of these among P41 grantees has not been very impressive.
NIBIB staff invited suggestions about other mechanisms, outside of the usual annual progress reporting, to capture certain kinds of information to improve the assessment process; for example, a survey. One panelist suggested that in the future, it may be helpful to restructure the progress report to help assess “cutting-edge.” Panelists suggested collecting citation data on published papers as the number of citations was viewed as a potentially useful indicator of the excitement or significance associated with the work. 

One panelist commented that a key measure of impact is whether the Center-developed technologies are put into use. While this may be difficult to quantify, usefulness in some sense is a major goal – especially for cutting-edge technologies. A great technology is of relatively small value if it is not employed in some way. 

· Is the number of core projects (N = 3) appropriate for P41 Centers? In the context of the overall goals of the program, should a minimum number of core projects be required, or should the optimal number be determined on a case-by-case basis? 

Most of the current programs are fulfilling the numerical requirements in most of the areas. Panelists recognized that P41s are characterized by more than one core project and a multidisciplinary nature but were hard pressed to say what the optimal number of core projects should be since the optimal number depends on the area being pursued. 


There was a general sense that having multiple cores is important and that an essential component of the P41 is that the research of the core projects is motivated by the collaborators. In general, the panelists thought the P41s are doing this well. Panelists observed that a number of collaborations are heavily centered on a particular piece of equipment or a particular approach. 

In discussing relationships with outside institutions, panelists distinguished between collaborations and dissemination. Although panelists did not support requiring outside collaborations, there was a sense that dissemination should be outside the institution. A true collaboration is when different parties are contributing with synergy to the whole. It is very different from having one institution develop a research tool that is then shared with others.

· What alternative parameters may be considered to gauge whether a critical mass of core research projects exists in a P41 Center such that a significant number of collaborative projects may emanate from the core? 

Panelists expressed the opinion that the current peer review process for competing renewals, involving site visits, is quite extensive. It is important to rely on the assessment of reviewers who are experts in the particular technology being developed by the P41 applicant and can spend a lot more time reviewing the specific P41 application. That said, panelists believed that any type of collaboration—whether multidisciplinary, within the same institution, or with outside institutions, including the private sector—could be positively received. These types of collaborations should be encouraged but not required.

· Might inadequate quality or quantity of core projects be considered a basis to sunset a Center or decline funding for a new Center? 

Quantity is not as important as quality. One can easily imagine one core with a very important strategic objective that would not necessitate additional cores, but deviating from the idea of multiple cores would certainly change the flavor of the P41 program.

When asked to define the criteria for quality, panelists mentioned publications, expert judgment about progress, and whether there is room to push the field forward or in new directions. 

Panelists saw the P41 as unique in having its cores link to collaborations. If potential collaborators are not beating down their door to have technology developed, that would be a reason to fault the centers. Thus, if and how the technology is used by others is a good indicator of P41 success. 

Collaboration is often linked to issues of dissemination and service. Collaborators need to be involved to have a successful program. It is therefore difficult in some cases to distinguish among collaboration, service, and dissemination.

· What is a reasonable index for multidisciplinarity in the P41 Centers? 

This is a difficult question—relevant information might include the presence of M.D./Ph.D.s and research focus. Panelists offered that the P41s should be judged by their final productivity, quality of work, and impact on the field, including success in bringing together different disciplines. The best measure is outcome based—were they successful?  

Although the number of publications with authors from different disciplines was suggested as an index, this would be difficult to tally since it would require knowledge about the disciplinary background of all authors. Perhaps more manageable and enlightening is to look at the types of journals people are publishing in. If all publications are in journals from one discipline, this would suggest less reach and impact with other disciplines. One measure of success might thus be publications about the same work appearing in journals prominent in different disciplines. If there are patents, it would be interesting to see what they are, who has filed them, and if collaborators from different disciplines are named on the patents, which would be a real test of interdisciplinary work.

· Is it useful to have publication counts for specific categories of research, such as core research projects, or is the total number of publications per Center an adequate measure of productivity in the aggregate?

Sheer numbers are not as valuable as drilling down to look at citations, diversity and quality of journals, and authorship by collaborators in different disciplines. If there were very few publications and/or the PI was not the lead or final author on papers, that would probably be a red flag. It was noted that pathologists or biostatisticians who are PIs on a core would be expected to be developing new technologies and be productive in terms of publications. This is distinct from work as part of a service core providing biostatistics or pathology services.

It would be difficult and counterproductive to try to allocate publications to core or collaborative projects since work in the core is supposed to be motivated by the collaborations.

Collaborative Research
Collaborative Research Projects are a critical component of a P41 Center.  It is important that “Collaborations” be properly defined and distinguished from Service and Dissemination.  A critical aspect of Collaborations within a Center is that they should motivate or guide the technology development performed within the Cores.  Thus, the collaborations should not only use the developed technology (since Service users do so as well) but in addition (and more importantly) be the uses of the technology that guide development. 
In some Centers it may be difficult to distinguish between Dissemination and Service, and some might argue that these functions should be combined.  However, it should be straight-forward to distinguish Collaborations from both Dissemination and Service using the test that the Collaborations should motivate or guide new technology development.

The new guidelines for P41 make a strong differentiation between collaborations within the host institution versus ones between the Center and another institution.  This is completely artificial and not constructive. Some institutions may have sufficient breadth of science within them to provide excellent collaborations for the Center while in other institutions investigators may need to establish extramural collaborations.  The Center should be judged on the impact of their work and on the science that is facilitated by the technology that they develop.  Whether the collaborations that motivated the technology that they develop were within the host institution or not is not very relevant.

· Is the number of collaborative research projects appropriate? How many collaborative projects are enough?

There should be enough collaborations to guide and motivate the new technology development, and enough collaborations + service + dissemination to demonstrate that the technology developed has impact.  Certainly the Center needs at least as many Collaborations as Cores.

· Is it possible or even desirable to define a “significant increase” in number of collaborative projects for Centers submitting a competing continuation? 

The Center should be judged on the impact on science.  The impact of the Center should increase over time, but this may not require an increase in the number of collaborations.  For example, the number of collaborations could stay the same but continue to provide excellent motivation/guidance.  If the impact of the center as measured by publications, users, broad adoption of their technology, etc. increases, then they are being successful.

· Is there such a thing as too many collaborative projects? If so, how many is too many? 

The cores should not be diffuse, and too many collaborations probably means that some are not real or not getting enough attention.  This is hard to judge numerically and should have quite a bit of latitude.

· Might an inadequate number of collaborative projects be considered a basis for sun-setting a Center?

While an inadequate number of collaborative projects can indicate that the community is not interested in the work of the Center, the Center should be judged by the impact on science, not on the number of collaborators.  

· Is the number of institutions involved with collaborative research appropriate?

The requirement that a majority of collaborations be with outside institutions may be ill advised.  Similarly, measuring the number of institutions involved in collaborations may be meaningless.  It is perhaps appropriate to look at whether the impact of the center spreads outside the home institution but that impact does not have to be through collaborations and could be through dissemination and service.

· Are collaborative projects productive? If not, should the NIBIB consider alternative funding mechanisms other than the P41 mechanism to support core projects?

Collaborations can be productive and an excellent way to motivate/guide the development of new technology.  That said, other funding mechanisms can also be effective and technology development can be an appropriate primary goal in R01 and R21 grants.  However, the P41 has a unique capability to perform collaboration-motivated technology development and to make the technology available through dissemination and service.

Service
· Are the types of services offered by the Centers useful to the scientific community?
The panel was asked to consider several aspects of service and of dissemination, two of the requirements of a P41 grant, which engendered discussion over the definitions of these terms. The panel tended to view dissemination as essentially a “one-way” activity (e.g., one in which results from the core and collaborative projects and are “distributed” to others) with relatively little bidirectional interaction. Service, in contrast, was viewed as more of a two-way activity, e.g., there would be interactions to and from the P41 and other people or entities. On the other hand, the degree of actual research and development on the part of the P41 would be minimal in either a dissemination or a service activity.

There is a broad spectrum of what constitutes service. Service, as defined by the P41 program, is about providing the infrastructure necessary to support people using the developed software or technology. Service is considered to be more meaningful and substantial than dissemination; i.e., providing more extensive support for users, inviting researchers to learn from project personnel on site, or making relatively minor modifications in a software or technology to render this more adaptable to a user. Because often collaborators are using the technology but also advancing it and contributing to its development, service can at times border on collaboration.  However, with collaboration there is a significant exchange of knowledge and sometimes assistance on both sides. 

Training

· Are Centers providing adequate amounts of training?

The panel noted that a description is needed for how training is conducted and what metrics can be used to capture the amount of training (both didactic and hands-on) being performed by a Center. Specific metrics can include counting the number of users and compiling feedback by trainees via evaluation forms. 
Dissemination

· Are Centers achieving reasonable success with respect to dissemination of information?

The panel felt that dissemination is absolutely important for a P41, as this can be a key method for distributing technology and software so as to magnify the impact of the grant. The products being disseminated, of course, must be relatively user-friendly and require minimal interactions with P41 personnel.  It should be relatively easy to share developed tools, without being judgmental about the quality of the research users wish to pursue. Providing instructions on a Web site, answering a phone call or two, etc., would be categorized as dissemination.

Service and dissemination are similar to each other in that they do not require additional technology development, whereas collaboration could lead to more technology development. In some cases, service and dissemination may be just as valuable as collaboration. Making fruits of the P41 development available is absolutely critical and is a major motivation for the NIBIB to pursue technology development in the first place. While most service and dissemination activities will be outside the institutions creating the technology, these functions can also occur within the institutions.

As reflected in the pilot study report, there is great variability in the amount of service and dissemination provided by P41 awardees, which is due to many good reasons, including the differing ages of the centers. Some of the younger ones have not yet developed tools to share. However, one panelist observed that there is no strong correlation between longevity and dissemination; some of the younger P41s have done very well.

(2)  Overall Assessment of the P41 Program and how does the P41 program fit into the overall technology portfolio of the NIBIB?
· Is the P41 mechanism the best way to achieve the P41 program goals, or are there other alternatives that are more effective and efficient?

Panelists recognized that the P41 program is unique because of the structure of multiple cores and the nature of collaborations. If the ability to fund such mechanisms is important, then the P41 program must be considered important. To some, the more relevant question was whether the cores themselves are synergistic to advance the biotechnology area faster than if they were funded separately. 

· Are the five P41 program goals optimal for developing and disseminating new technologies? 

Panelists commented that the five P41 program goals seem reasonable, and the collaborative research component is important. One of the panelists also noted that P41 cores and collaborations are also invaluable training resources. This is a way to have more post-doctorates and students involved in “cutting-edge” programs. 

It is difficult to distinguish between dissemination and service. Service, as defined by the P41 program, is about providing the infrastructure necessary to support people using the developed software or technology. Although dissemination is absolutely important, it is relatively easy to share developed tools, without being judgmental about the quality of the research users wish to pursue. Providing instructions on a Web site, answering a phone call or two, etc., would be categorized as dissemination. Service is considered to be more meaningful; i.e., providing more extensive support for users, inviting researchers to learn from project personnel on site. There is a broad spectrum of what constitutes service. Often collaborators are using the developed technology but also advancing it and contributing to its development. In collaboration, there is an exchange of knowledge and sometimes assistance on both sides. Service and dissemination are similar to each other in that they do not require additional technology development, whereas collaboration would lead to more technology development. In some cases, service may be just as valuable as collaboration. Making fruits of the P41 development available is absolutely critical and is a major motivation for the NIBIB to pursue technology development in the first place.

· What are current technology development needs, and what are the best ways to address them?

There was discussion about the advisability of targeting topics each year. One panelist urged that whatever categories are identified be ones that the NCRR does not fund. Another added that there should be focus on under-represented program areas such as drug delivery. A third panelist was less enthusiastic about targeting, preferring instead to see innovation and promise of technology as the primary criteria; i.e., let scientific advances be based on investigator initiative rather than program attempts to steer science. 

NIBIB program staff suggested that they can encourage areas of high priority in a more informal way. Panelists were not comfortable advocating this approach as the primary way to steer research, nor were they prepared to recommend use of a formal program announcement. They noted the need for Council members to have a more comprehensive view of the P41 program to help them assess each new proposed P41 for funding and suggested that it might be worth considering a consensus meeting to identify the big technology needs that the P41 can help address. 

One working group member asked the panel for other ideas about how to modify the P41s to truly stimulate new technology development, other than through use of targeting. One approach might be to adopt the idea of a center of excellence that asks participants to work on a particular topic for which they will be funded for 10 years. That would be a true targeting—pushing an institution and set of collaborators to apply for a 10-year opportunity. Big developmental efforts are very time consuming and risky. The P41 is considered unique in its dynamic ability to adjust its priorities and focus. The panelists did not identify another mechanism that could do the same thing. Panelists believed that the P41 grantees should be receptive to the appearance of new technology needs in their field and to developing them for people who need them to further their research. New challenges are likely to come from the collaborations, and the most successful P41s will learn to adapt and continue to innovate.

One panelist commented that many PIs do not consider applying to the P41 mechanism because of the high overhead associated with preparing a full proposal, and the uncertainty that new P41s will be funded. The use of a pre-proposal competition could lower the burden of initial application for those who are considering the mechanism for the first time. Forcing the existing P41s to compete in the pre-proposal round may also provide a way to compare the innovative nature of the technology for both existing P41s and potential new P41s at the onset. This is very similar to the competition process for the NSF IGERTs.

In the end, the panel concluded that the current pre-proposal process for new applications (a white paper review by staff and based on that review, applicants are invited to submit a full P41 proposal) is functioning well and sufficient for the program. 

· What unique opportunities do the P41 Centers provide to meet new challenges in the development and dissemination of biomedical technologies?

Panelists were unaware of any other mechanism with the same characteristics as the P41, in particular the strong linkages between cores and collaborations, with collaborations driving the technology development. The P41 is not funded to do science but to do technology development. Sometimes small science projects take place, but these are not the emphasis. If interesting scientific results are generated, it will be primarily through the collaborations. The productivity of the P41s should be judged on the provision of new capabilities for people to do science. Their value rests on whether others are using the new technology. 

· Do the technologies in the P41 Centers represent an appropriate mix in context of the overall NIBIB program portfolio? Are they cutting-edge technologies of importance to biomedical research? Are there important technologies that are not represented? 

The panelists appreciated the importance and breadth of the NIBIB P41 portfolio and did not reach consensus about the need to target topics. They again expressed the need for some better way to define and to assess “cutting-edge,” especially at renewal time. They suggested asking the applicant to justify that their technologies really advance methodology of science; explain why they believe their project is cutting-edge and pushing the frontier; and comment on how the technology being developed is advancing understanding of diseases, advancing the health of our Nation, and improving patient care. They recognized that the proposed work may be very important and cutting-edge but not necessarily as closely linked to disease or patient outcomes or population outcomes. It could be for some that they are too early in the process. Some panelists did not consider reduction of healthcare costs to be an appropriate an evaluative criterion. 

· Should there be a provision for sun-setting P41 Centers? What additional information and criteria would be needed to support this policy change?

NIBIB staff pointed out that due to limited funds, it is impossible to fund new centers in future years without considering replacement of old Centers. They sought panel input on how to develop a reasonable and rational process for accommodating a natural change in portfolio mix, including criteria (e.g., inventions, publications, reports) to help judge productivity and candidates for sun-setting. In response to a question about whether any P41s have been sun-setted, NIBIB staff reported that three were encouraged to apply as R01s, primarily because of a perceived lack of innovation in the proposed technology for development.

NIBIB staff proposed a plan to implement a fifteen year P41 grant cycle. New awards, or competing awards made to Centers that have already been funded for less than ten years, will be restricted to a total of fifteen years. An additional review criterion for renewal of the Center in the eleventh to fifteenth year of the grant is a transition plan outlining how the technology developed through year ten will be translated into clinical and/or commercial application, or distributed as a research tool. Current P41 Centers that have already been funded for greater than ten years will be allowed one final competing renewal that will include development of a transition plan.
It was emphasized that a sun-setting policy does not mean termination of support for the line of research being pursued by the center grantees. Instead, it should be considered as a punctuation point for assessing the progress of technology development and determining whether the P41 grant is still the most appropriate mechanism for support of the research.

Panelists asked for examples of other programs that have used fixed terms and any evaluations of those programs to better understand the implications of such a change. NIBIB staff provided the following examples:

· The NIH Roadmap projects are funded as incubator projects for no more than ten years with the understanding that they should be able to be mainstreamed within that time.

· The NBIB Bioengineering Research Partnership (a special R01) has a ten-year term, but so far, none of the BRP grantees have completed a ten-year run.

· The Engineering Research Centers (ERCs) are funded by the National Science Foundation and have fixed ten-year durations. This is a long running program and ERCs have an extensive transition phase in their second five years to spin off successful components. 
One panelist commented that one criterion to consider for assessing the overall productivity of a center is whether the center is still pursuing cutting-edge research. How can we best evaluate whether the research output is cutting-edge in quality? Another criterion may be if the technology is not implemented in the research or clinical community after ten years, then consider sun-setting the center.

Another panelist added that one aspect of cutting-edge is where a technology sits on the maturation curve - is the area still considered transformative with significant invention on the critical path, or is it at the point where improvements are more incremental. This does not mean that incremental improvements are not important, but they are not necessarily enabling "new to the world" capabilities. A sun-setting policy with the option of re-applying would let the natural selection process take care of some of this tricky question of cutting-edge.
A third panelist added that under the current process, longstanding P41 centers may also have an unfair advantage compared to new applicants. In order to avoid inertia, the NSF ERC program encourages a spin off strategy for centers to become self supporting at the end of ten years. At the time of the tenth year application, NIBIB staff should also consider partnering with the disease/organ ICs for co-funding or to transfer the grant to facilitate the translation process. After fifteen years, companies should be in position to adopt and take over distribution and continue with incremental improvements of the technology.

While the majority of panel members supported a sun-setting policy, one panelist felt that it may be unnecessary and potentially harmful. The rationale was that while some technologies might mature in 15 years or less and no longer need a Research Resource, others might be vibrant far longer and a sun-setting policy could introduce a negative impact on their viability, harming the research programs that depend on the Center. The goal of identifying and funding the most compelling Research Resources should be achieved through the peer-review system and the actions of the NIBIB Advisory Council, and should not be artificially set by a calendar.  Study sections should be instructed to have high expectations of the performance of mature Centers and the NIBIB Council should ensure that new programs proposing innovative technology centers are nurtured.

In the end, the majority of the panel supported a sun-setting policy with flexibility, i.e. at ten years, if meritorious as described already, a five year transition period would be funded with a clear mandate to evolve the Center over those five years into something else.  While resource centers for broad technologies may remain relevant for longer periods of time, there are significant benefits in requiring a significant degree of focus in these Centers and that in the majority of cases it would be healthy to plan for some kind of transition after fifteen years of support. It could another different P41 or some other funding mechanism but there should be significant changes to receive further funding.  

IV.  Summary of Panel Findings
P41 Program Goals

Core Research
· A wide range of biomedical technologies are represented in the current NIBIB P41 portfolio but not all NIBIB programs are included. New P41 centers funded by the NIBIB have been in areas not traditionally supported by the NCRR.
· Meaningful assessment of P41 Center performance requires further refinement of measures for what is considered cutting-edge research.

· The quality of the core research project(s) is more meaningful than a minimum requirement for the number of cores.
· Longevity should be trumped by productivity when assessing core research project performance. Some new Centers have shown very high productivity in comparison to some Centers that have been in operation for many years.
· Citation data for publications could be an additional useful data point in assessing cutting-edge and importance of the core research.
· If and how core technologies are used by collaborators and through dissemination are key to the program success.
· Although collaborations with outside institution are important, over-emphasis could be counter-productive.
· Multidisciplinarity is best assessed by expert reviewers and not just by numbers of names and departments. Publications in journals from different disciplines would be a positive finding.
Collaborative Research
· The P41 program is unique in having its core research linked to and motivated by collaborations.
· If and how the technology is used by others is a good indicator of a center’s success.
Service
· Service, dissemination, and training share characteristics and can overlap.
· There is a need to clarify definition and scope of each for meaningful assessment and accountability of Centers.
· There is great variation in the amount of service and dissemination reported by P41 grantees.
Training
· The cores and collaborations of P41s present an opportunity for cutting-edge training
Dissemination

· There is no apparent strong correlation between longevity of a Center and the amount of dissemination.
V.  Conclusions and Recommendations
· In general, the NIBIB P41 Centers are functioning well and the five program goals are reasonable objectives.
· The panelists appreciated the importance and breadth of the NIBIB P41 portfolio and did not reach consensus about the need to target specific areas. There was however general agreement on keeping the selection process informal, avoiding issuance of any announcements requesting specific technologies but having program staff encourage applicants to submit on topics that NIBIB staff consider less well represented. The review process should be the primary driver for the selection of P41 Center technologies.
· The current pre-proposal process for new applications, which utilizes a white paper review by staff and based on that review, applicants are invited to submit a full P41 proposal, is functioning well and does not require modification.

· A sun-setting or phased transition policy/process is recommended to allow active management of the P41 portfolio due to limited budget for allocation across programs. The panel majority supports an NIBIB plan to implement a fifteen year P41 grant cycle. New awards, or competing awards made to Centers that have already been funded for less than ten years, will be restricted to a total of fifteen years. An additional review criterion for renewal of the Center in the eleventh to fifteenth year of the grant is a transition plan outlining how the technology developed through year ten will be translated into clinical and/or commercial application, or distributed as a research tool. Current P41 Centers that have already been funded for greater than ten years will be allowed one final competing renewal that will include development of a transition plan
· Since technology development is also supported by the NIBIB through other mechanisms, e.g. BRPs (R01), the role of P41s need to be assessed from a strategic perspective for effectiveness and efficiency.
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