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by A. MacĴ achlan 
Appendix F: Oak Ridge National Laboratory Case: History and Presentation 

NOTE: Appendices not mailed to those attending. Call to request, if needed. 

Draft October 25, 1995 



.SENT. BY: 10-29-95 ; 5:05PM ; SANDIA NATL LAB.- ;# 3/16 

ER R&D Evaluation Workshop Rcpon 

R&D Evaluation Workshop Report 
September 7- 8,1995 

U.S. Department of Energy, Office of Energy Research 

Executive Summary 

• The workshop, sponsored by the U.S. Department of Energy (DOE) and Office of Energy 
Research (ER), met its primary objective - to promote discussion among evaluation experts 
and DOE research managers on developing approaches for assessing the impact of DOE basic 
research upon the DOE energy mission, applied research, technology transfer, the economy 
and society. 

• R&D evaluation is a difficult yet timely issue. This was evidenced by the press the workshop 
received. "DOE Researchers Sec a Challenge in Developing Project Assessments" appeared 
in ftiside Energy (September 11,1995), and "Evaluating Basic R&D is Hairy But Necessary, 
DOE Forum Finds" appeared in the Federal Technology Report (September 14,1995). 

• The two day session was attended by 80 persons, including both evaluation experts and a 
cross section of the research community. Participants found that it was a valuable workshop 
which brought people together to find common ground. Many gained a better grasp of the 
complexity of this issue, new ideas came out of the workshop, and the participation of DOE 
management demonstrated commitment to this issue. The speed at which ER will implement 
measurement of appropriate performance measures for its programs was increased by the 
workshop. 

• In a questionnaire, most, participants concluded that, the information learned at the workshop 
will be valuable in their own work environment. On a scale of 1-5, with 5 being excellent, 
overall performance was rated 4. Respondents were, in general, satisfied with the 
performance of the facilitators and experts in attendance, as well as the introductory panel. 
Very good marks were given for the Breakout Sessions on Thursday, however, respondents 
were more satisfied with their performance on Friday. 

• During the workshop participants learned about what is already being done to address the 
issue of R&D evaluation. Discussion with evaluation experts on innovative evaluation 
methods was begun, particularly in the area of case studies. Most of the discussion, however 
centered on the audience and purpose of evaluation and what measures were appropriate. 

Draft October 25,1995 I 
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• Although participants recognize the need for more accountability and the need to 
communicate the value and impact of ER programs, there is concern about increased 
bureaucracy and the burden of data collection. There is concern that information be collected 
and presented with care because it can be misinterpreted and misused. 

• What ER is trying to do is veiy complex. ER must measure for multiple purposes 
(communication to public and program improvement) and multiple expeeted audiences, in 
varied context, multiple time frames, and for several types of R&D programs. 

• ER should account for the value of innovation and risk. It must be recognized that a climate 
which encourages discovery and innovation can only be achieved by a bold willingness to 
underwrite risk. It is also important to distinguish between the value of research that is badly 
designed (which has little nr no value) and research that is well-designed (winch always has 
value, whether it yields "positive" or "negative" results). 

• It is important to determine what level or unit to evaluate and report - office, program or 
project. The preferred unit was unclear during the workshop and no agreement was reached. 
The unit and the measurement will be different for different evaluation purposes and target 
audiences. 

• Determining the evaluation methods will be relatively straight forward once ER has decided 
on the minimum set of measures needed (keeping in mind the potential data collection 
burden). A balance of quantitative and qualitative data is necessary for the chosen "cafeteria" 
of measures. There is no universal solution and each method has strengths and weaknesses. 

• The next step is to have more clear direction from ER management on who the audience is 
and what measures are likely to satisfy those audiences. In a facilitated session managers 
could develop a "performance framework". In determining the performance framework, ER 
should start with the DOE strategic plan and the existing set of ER measures as defined in 
Contract reform documents. The framework should include the universities and facilities in 
the discussion and be the basis for an integrated measurement system. 

• The recommendation was made to hold a workshop in January 1996 with the September 
participants to continue the discussion on evaluation o r the impact of ER programs. The first 
morning, presentations would develop a common understanding of performance measurement 
planning and selected evaluation methods. Then breakout sessions would confirm and 
further define the measures provided by ER management, review current data collection for 
what can be discarded and what must be added, and discuss evaluation strategy and methods 
for collecting the additional data required. 

Draft October 25,1995 u 
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R&D Evaluation Workshop Report 
September 7- 8,1995 

U.S. Department of Energy, Office of Energy Research 

Workshop Objectives, Attendance, and Format 

• The objective of the workshop was to promote discussions between experts and research 
managers on developing approaches for assessing the impact of DOE's basic energy research 
upon the energy mission, applied research, technology transfer, the economy, and society. 
The purpose of this impact assessment is to demonstrate results and improve ER research 
programs in this era when basic research is expected to meet changing national economic and 
social goals. 

• Attending the workshop were the F.R Director, the Deputy Undersecretary for R&D 
Management, ER Associate and Division Directors, representatives of DOE laboratories, 
field offices, and applied research and technology partnership and policy offices, and 
members of the Panel on the Value of Basic Research. The workshop was moderated by the 
Director (Acting) of the ER Office of Basic Energy Sciences (OBES). Project managers and 
the Technology Steering Group of the OBES Center of Excellence for the Synthesis and 
Processing of Advanced Materials were present. Special guest at the Thursday evening 
reception was Mary Good, Undersecretary of the U.S. Department of Commerce. 

• R&D evaluation experts present included: Francis Narin, Susan Cozzens, Harvey Avcrch, 
Albert Link, George Tcather, Barry Bozeman, J. David Roessner, Ronald Kostoff, and 
Maria Papadakis. Representatives of other federal agencies and the National Academy of 
Sciences also attended. A press round table was held during the workshop. 

• The workshop approach was to combine R&D evaluation and R&D management expertise 
to come up with practical suggestions for meeting current needs and for a longer term 
strategy. 

• The workshop was divided into a number of sessions. The first session gave participants a 
common frame of reference. Panels presented an overview of the current, evaluation efforts 
and an OBES-sponsorcd Oak Ridge National Laboratory (ORNL) research project that 
exemplifies the research environment and impacts. Breakout sessions followed with 
participants placed in groups with mixed evaluation and R&D expertise. Each addressed the 
same three questions with emphasis on two evaluation methods. There were also breakout 
sessions the second day, and integrated sessions thai gave the participants the chance to share 
their findings with the entire workshop. The second afternoon a smaller group summarized 
shared concerns and recommendations. 

Draft October 25. 1995 1 



SENT BY: 10-29-95 ; 5:07PM ; SANDIA NAT'L LAB.- ;# 6/16 

ERR&D revaluation Workshop Report 

• The questions addressed were: 
- By what criteria and metrics does Energy Research measure performance and evaluate its 
impact on the DOE mission and society while maintaining an environment that fosters basic 
research? 

- What combination of evaluation methods best applies to assessing the performance and 
impact of OBES basic research? The focus will be upon the following methods: Case studies, 
User surveys, Citation analysis, TRACES approach, Return on DOE Investment (ROI)/ 
Econometrics, and Expert panels. 

- What combination of methods and specific rules of thumb can be applied to capture impacts 
along the spectrum from basic research to products and societal impacts? 

R&D Management Presentations 

Martha Krebs, Director, Office of Energy Research 
"Performance Measurement, Getting it Right" 

• ER has several initiatives underway to meet increasing requirements for accountability. It is 
important to move quickly to meet the challenge of measuring the performance of ER 
programs in a consistent and effective way. The purpose of measurement is to demonstrate 
the scientific quality and value of ER research and collaboration and to find predictors of 
success so ER can make belter informed research investments. 

Al MacLachhin, Deputy Undersecretary for R&D Management 
"Evaluation of Research Can Be More Than An Archeological Expedition" 

• His experience from years in industry is that evaluation of research must be done in context, 
using predominantly qualitative, not numerical data. The context for research includes the 
management structure, the infrastructure, the mission, motivation, and opportunities for 
collaboration. 

Iran Thomas, Director (Acting), ER Office of Basic Energy Sciences 
Workshop Moderator 

• OBES only funds 1 in 15 research proposals, thus program managers must make decisions 
among them. Tlus competitive selection, along with peer and program review ensures the 
quality of the science. However, the hope is that, this workshop will help improve this 
decision process and provide insights on how to predict the impact, of research without 
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damaging the environment for quality research. OBES has undertaken several nssearch 
activities in R&D evaluation to learn better how to measure and communicate impact on the 
economy and other national goals. The emphasis is on simplicity, less is better. One docs not 
have to look at every leaf to know if the tree is healthy or sick. 

Panel Presentations 

Example Case - Nickel and Iron Aluminides 
Linda Horton, Peter Angelini, Ron A. Bradley, Rod Judkins, and C.T. Liu of Oak Ridge 
National Laboratory (ORNL) 

• Linda Horton, ORNL project manager, and some of her associates presented the history of 
this OBES program that started as basic research many years ago and has subsequently 
blossomed with practical applications. In 1980, researchers at ORNL became interested in 
how grain boundaries in alloys influence strength, and OBES agreed to partly support their 
work, with the rest of the support coming from laboratory-directed funds. Funding for the 
research was not tied in any way to expectations for a practical product. The team doing the 
research was entrepreneurial, however, and unusually aware of developments going on 
elsewhere. A Japanese language publication, noting that adding small amounts of boron 
eouid make these alloys more ductile, provided a crucial link that allowed the researchers to 
connect very rapidly work at the level of fundamental understanding to the world of economic 
relevance. 

• The results are impressive. The number of papers on intermetallics of all sorts continues to 
increase from a few per year before the work started to several hundred per year. Thirty 
invention disclosures and 16 patents have emerged at ORNL, and 12 licenses have been 
negotiated with industry. Ten cooperative research and development agreements (CRADAs) 
between ORNL and industry have their origin in intermetallic research or its spinoffs. Today, 
about fifteen years after the research started, we are seeing the first significant routine 
industrial applications of the new material. At least twenty prestigious awards and fellowships 
to ORNL and the researchers as individuals actually preceded the wide-spread use of the 
nickel and iron aluminide materials. 

• The sustained funding of OBES, even after success in the applied research arena, was noted 
as important to continued success. There were multiple funding sources and success didn't 
happen quickly. Succesb occurred at basic and applied levels nearly simultaneously in this 
case. The key elements of success were a good idea, partnerships m R&D, and a multi 
disciplinary approach. 

Draft October 25,1995 3 
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Existing Evaluation Efforts in ER: Panel Discussion 

ER Office of Basic Energy Sciences 

• Iran Thomas noted that in addition to the other activities the workshop will hear about, OBES 
has a measurement pilot with OMB on facility use. For this ER is tracking three simple 
measures that will alert us if a problem exists that wc need to investigate further. The three 
measures and the major question each addresses are as follows: Number of hours available 
compared to total possible hours (arc we providing enough funds?), Number of hours 
scheduled compared to the number available (is there demand for the facility?), and Reliability 
of the equipment. The later varies across facilities so this will be determined by questionnaire. 
Common definitions for collection of the first two have been agreed upon. ER is also 
tracking conventional data such as the number of users and institutions, and is designing a 
short survey to be completed at the end of use of the facility by each client. 

Panel on the Value of Basic Research 

• Panel member John Stringer of Electric Power Research Institute spoke for Panel Chairman 
John Moore (George Mason University). The Panel was organized by the Basic Energy 
Science Advisory Committee at the request of the Office of Energy Research Director Martha 
Krebs. The Panel is charged to provide estimates of the impact or value of the research to 
society in a report due in Spring 1996. Quantitative measures are heavily supplemented by 
various qualitative assessments. Panel research inquiries include studies of patents that rely 
on OBES research, a survey to estimate value to industry, and contributions to the education 
of trained researchers. A scries of site visits have been conducted. Of particular concern is 
looking at. what is meant by "value" of basic research and how to assess the value of both 
success and the null result. 

ER Administration Activities 

• Phil Stone of ER Science and Technology Affairs, noted that the requirements for 
performance measurement are coming from many directions. An early effort within the 
context of DOE "Contract Reform" injects performance measures into contracts with national 
laboratories as those contracts come up for renegotiation. With input from industry and 
stakeholders, ER determined that four areas of qualitative measures should become standard 
across ER. The four areas are: Quality of the basic science, Relevance to DOE missions and 
national needs, Construction and operation of research facilities that meet user needs and 
requirements, and Effectiveness and efficiency of research program management. 

Draft October 25,1995 4 
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• The office is also developing a systematic way to gather and aggregate data and to do DOE 
laboratory appraisals using this basic set of measures. In response to a Galvin Commission 
Report recommendation the office is also investigating ways to bring uniformity to the lab 
technical review process. 

Innovative Case Studies for OBES 

• For OBES, Barry Bozeman and J. David Rocssner of the Georgia Institute of Technology 
have completed three test case studies using the R&D Value Mapping technique. This 
technique combines case studies and quantitative techniques. Using a common protocol for 
all cases it is possible to make statistical inferences across cases about what managerial 
arrangements yield a higher proportion of desired outcomes. They have proposed to OBES 
that they complete 50-60 case studies using this method, 10 of these randomly selected and 
the rest with known impact on industry. 

• A problem is how to set boundaries on the cases. Synergies exist and arc good, but make it 
difficult to allocate credit to particular researchers or sources of research support. It is often 
difficult and perhaps futile to be portioning results between DOE and the company, yet it is 
required. Sometimes, undercounting occurs in the attempt to separate out benefits. Finally, 
it is hard to find either a cold trail or one with "a thousand flowers". 

DOE Office of R&D Management 

• Bill Valdez staled that the Office of R&D Management (formerly the Office of Technology 
Partnerships) is trying to develop a framework to systematically show the value of overall 
DOE research to the taxpayer. Reports of a few-high .impact projects and other individual 
case studies are necessary but not sufficient. The office has three initiatives: Development 
of an integrated framework for metrics on partnerships that includes the Integrated 
Technology Transfer System (I.TTS) database to track and trend performance indicators like 
CRADAs; development of customer satisfaction surveys used in an integrated manner to ask 
the value of products and services such as CRADAs; and a task force to look at M&O 
contracts and tie them to categories of basic metrics. A desirable fourth effort would be to 
better communicate the value of cooperative R&D to funders, press and public. 

Group Discussion 

• Susan Cozzens, principal author of recent publications on the Government Performance and 
Results Act (GPRA) as it relates to research, stated that the GPRA does not just ask for 
measurement of program outcomes. It requires definition of strategic goals, with measures 
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used to demonstrate annual progress toward those goals. It requires reporting at a broad 
level, that is at the ER level, not at the level of the ORNL example case. 

• Group discussion pointed out differences in approach to evaluation of research. Scientists 
want to be more accurate and have detailed studies like the OBES case studies. In contrast, 
others are satisfied with questionnaires and estimates of economic impacts with no validation. 
It is not clear what the Congress and its public constituency wants. 

• The discovery and innovation processes originate with the seminal insights and creative ideas 
of our scientific community. The return on our investment in basic science is critically 
dependent on ourselectivityoftho.se explorations, concepts and individuals that we chose to 
support. 

• Longevity of the researcher's experience in the area appears to be valuable so he/she can take 
advantage of opportunities for success. However, there have been sensational results from 
young investigators and new research programs. In contrast, programs that arc dying tend 
to be accompanied by a loss of technical leadership, loss of synergism and productivity. 

• Some attendees believe that old-fashioned gut-level management is most reliable and stated 
that one can tell the successful projects by walking down the halls of the research lab. 

• It is important that both basic and applied researchers be cognizant of both basic and applied 
complementary research that relates to their own research. This understanding can often be 
derived from participation in professional society meetings and symposia, especially those 
which arc neither exclusively basic or applied in program composition. It is also important 
to encourage the publication of original research findings in peer reviewed scientific journals 
for several reasons: quality assurance, added value to the published findings, results broadly 
disseminated and subjected to the maximum amount of scrutiny by the entire scientific 
community, 

• The direction and creativity of both basic and applied research are dynamic evolutionary 
processes. They both require freedom to make decisions at the project level. Successful 
research will always be evolutionary in nature, with approaches and solutions being 
continuously created and either eliminated or set aside. 

Draft October 25. 1995 6 
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Breakout and Integrating Group Discussions 

Focus of Breakout Session Discussion 

• The groups began discussion with the three questions presented on page 2 above. Thursday's 
integrating session narrowed the focus of discussion for the second day breakout sessions to 
what measures and methods are needed for "Communication - by ER and OBES -to various 
stakeholders (DOE, OSTP, OMB, Congress) -of 

(1) impact of basic research on more applied research 
(2) impact of basic research on industry/economy and society 
(3) effective management of research 
(4) impact/importance of "no" answers and taking risk 

Case Study and TRACES Approach Group 

• The TRACES approach used in-depth case studies, thus the group considered the two 
methods as one. Case studies can add credibility to anecdotal stories, can be short and 
descriptive or in-depth (30 pages) and analytical. Both types can help ER communicate value 
and improve programs. Case studies can answer, or at least provide some guidance on, 
subjects such as what worked and why, what is the actual or potential impact, what were 
costs, what was the influence on "applied" programs, etc. Case studies can be current or 
retrospective. Managers often gets credit for good management practice for doing case 
study evaluation even if the resulting insights are not used. Weaknesses of case studies are 
that they arc expensive (often $10,000 or more), time consuming, and bother researchers 
excessively if poorly managed. Retrospective studies provide more certainty and accuracy 
but usually provide little data useful for current decisions at the project level. 

• In-dcpth case studies often use multiple lines of evidence, including citation analysis and 
surveys. Multiple studies, chosen in an organized process using multiple methods and 
common protocol, could make inferences across studies and investigate predictors of success. 
In this way, case studies could also help determine what metrics wc should be monitoring 
instead of what we are already gathering. 

• Case studies could be done as part of a long-term plan to communicate value and 
effectiveness. OBES could collect data needed for possible future case studies on a routine 
basis, and "beef up" existing success stories with in-depth studies. Topics for case studies 
might be chosen in two ways. ER could look broadly at measures and stories for "markers", 
or indications of success or problems, and pick a few to investigate further. Or ER could 
select a "top 10", perhaps major innovations, in a portfolio to demonstrate ER/DOE value. 

Draft October 25. 1995 7 
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L$urveys and Return on Investment/Econometrics Group 

• First ER and OBES must articulate the mission in terms of a set of measurable goals and then 
determine metrics that help provide evidence of progress toward those goals. Measures are 
highly user dependent, thus it is essential to define the audience and then speak to that 
audience be it research managers or policy people. We can't just ask scientists what measures 
are important. Metrics should be designed to aid in communicating program merits as well 
as to improve performance. 

• A hierarchy of methods may be the best approach. For example, counting CRADAs and 
licences demonstrates improved transfer of knowledge. Citations and efficiency measures 
demonstrate significant advance in understanding fundamental science, while cost/benefit 
analysis links R&D costs and advances with improved national well being. Joint and 
interdisciplinary interactions demonstrate relevance of research to the mission while peer 
review demonstrates quality of science. Customer surveys demonstrate the advance of 
knowledge/support of core competency and may also be able to provide information to help 
measure the social and economic returns. 

• Wc need to phase evaluation studies and measures to the project life cycle. The time factor 
will affect what measures one chooses. It is also important to anticipate what would have 
happened without the research and what effects other R&D had on the impact being 
investigated, that is, to determine (to the extent possible) a baseline or reference case. There 
is no one rule book, and in most cases expert judgement is needed. 

Citation Analysis and Expert Panels Group 

• The focus of evaluation is two fold, to answer tlie questions, "Is it Good Science?" and "Does 
it have application to science, the economy, health, the environment and other national 
priorities?" We must define the programmatic level and stage of a project which we are 
measuring, and the purpose of the indicators. The "Foresight" process and watching 
international trends might help identify areas of "relevant" research. Who would do the 
foresight analysis and how it should fit into the evaluation are topics that need consideration. 

• Measuring and communicating the value of research depends partially on addressing 
communication issues between basic and applied research and the management of research. 
There needs to be co-operative definition of the contribution of basic and applied research to 
a solution. ER needs incentives to measure in an integrated manner. 

• We can do quantitative retrospective studies such as TRACES and patent citations, with their 
inherent time lags. We can use measures to communicate how and why general research 
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areas are chosen. We need a combination of methods, with expert opinion supported by 
quantitative measures. We should account for the value of innovation and risk, and avoid 
using the term "failure" for research that results in a "no" answer or "dead end". It must be 
recognized that a climate which encourages discovery and innovation can only be achieved 
by a bold willingness to underwrite risk. It is also important to distinguish between the value 
of research that is badly designed (which has little or no value) and research that is well-
designed (which always has value, whether it yields "positive" or "negative" results). 

Conclusions or Shared Points of View 

• The workshop did a good job of explaining the "why we must measure". Now must have 
more clear direction from DOE management on who the audience is for the measures, what 
measures are likely to satisfy those audiences, and the level at which the data is to be collected 
and reported. 

• It is important to determine what level or unit to evaluate and report - office, program or 
project. The preferred unit was unclear during the workshop and no agreement was reached. 
The unit and the measurement will be different for different evaluation purposes. 

• Information must be collected and presented with care because it can be misinterpreted and 
misused. We can minimize abuse by preparing for misinterpretation. 

• Participants recognized the need for more accountability, but shared concern that there not 
be increased bureaucracy. Management should try to offset the data collection burden, 
concentrating efforts on a minimum set and integrating data requests. 

• It is particularly difficult to measure and motivate measurement in these times of prolonged 
ambiguity, with no grand mission shared among DOE offices, or between small and big 
science. 

• DOE is doing a better job than it is communicating. Small changes in way data is collected 
may allow for better communication of collaboration, joint costs, and impacts. 

• What DOE is trying to do is very complex. We must measure for multiple purposes 
(communication to public and program improvement) and multiple expected audiences, in 
varied context, multiple time frames, and for several types of R&D programs. 

• F,R efforts are aimed at the long run goal of having an information performance 
measurement/managemenr system. Start with an experiment to test various methods, 
and learn how to measure more efficiently and better. 
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• In the short term ER needs better communication of the value and impact of research. The 
long term need is robust data to improve performance. Can the same measures and 
measurement system provide answers for both purposes? 

• Determining the evaluation methods will be relatively straight forward once wc have decided 
on the minimum set of measures needed. A balance of quantitative and qualitative data is 
necessary for the chosen cafeteria of measures. There is no universal solution and each 
method has strengths and weaknesses 

• Two aspects of research that should be measured and/or communicated better: the positive 
contributions of "no" answer and the essential ingredient of success - people. 

Recommendations for Next Steps 

• The recommendation was made to hold a workshop in January J 996 with the September 
participants to continue the discussion on evaluation of the impact of ER programs. The fi rst 
morning, presentations would develop a common understanding of performance measurement 
planning and selected evaluation methods. Then breakout sessions would confirm and 
further define the measures provided by ER management, review current data collection for 
what can be discarded and what must be added, and discuss evaluations strategy and methods 
for collecting the additional data required. 

• Before the next workshop, senior managers should meet to answer the basic questions of who 
is the audience, what is the purpose of performance measurement, and what are priorities for 
measurement (what is the minimum set of measures). A facilitated session with senior 
managers could develop more clear answers to these basic questions, resulting in a 
"performance framework" for ER. 

• A good measurement system would have as guiding principles the use of multiple lines of 
evidence or indicators, so long as these indicators are converging to demonstrate progress 
loward key goals. Measures must be communicable and measurable, reliable and valid, and 
are as likely to be qualitative as quantitative. Qualitative measures include issues addressed 
by expert panels and surveys. There should be a cafeteria of measures from which program 
mangers choose those that apply to their programs. The strengths and weaknesses and 
cost/benefit of the measures should be investigated and methods for deleting, adding and 
modifying measures on a regular basis be set up. 

• Measures will vary by time frame (short, mid find long term), by purpose and expected 
audience (program improvement or reporting to Congress), and by context. Since the 
audience will change, it would be best to build a robust system that covers most bases. 

Draft Oelober 25. 1995 10 
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ER U&D Evaluation Workshop Report 

• ER should try to keep the data collection burden low by determining a small set of key 
measures, and consider ways to offset the cost of data collection. 

• It is important for ER to keep communication open about performance measurement activities 
within ER (programs and adminLstralion), and between ER, the technology offices, and R&D 
management. 

Draft October 25. 1995 H 
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R&D Evaluation Workshop, DOE Office of Energy Research, September 
7, 1995 

Holiday Inn Capitol 
500 C St. S. W. Washington, D.C. 

Evaluation of Research Can Be More Than An Archeological 
Expedition 

by A. MacLachaln 

My background is industry, During my years in DuPorit, 
most of which was in research, although I did have 
several stints in marketing and planning, I saw what I 
believed was good and bad research. I now think I was 
wrong in the conclusion that there was good and bad 
iresearch, rather what I think was the matter was good 
.i.iid bad context for research. This conclusions leads 
m&. to the view that evaluation of research per se 
while potentially quite valuable is not the complete 
story. We must also look at the context. This is 
just as true for basic research as all other kinds of 
research. I for one am extremely skeptical that one 
can evaluate research in any direct numerical manner. 
Once more I don't even think you have to. 

The title I used for these remarks was to create an 
ixoage of what I see when someone says they are going 
to evaluate research. Why? What do you do when you 
evaluate something? You look at it in its current 
state or after the fact. That's archeology to me. 
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Now I'm not knocking archeology. In fact thinking of 
evaluation of research as archeology can definitely 
lead to some great incites. I'm going to give a few 
case studies I was involved in myself to illustrate 
the point that looking at the context in which 
research is done should be a fruitful endeavor and may 
be a better predictor of impact than many other 
methods. Looking at and evaluating context is also 
something that is here and now rather than after the 
fact. 

Before we start to evaluate research we have to decide 
what kind of research we are talking about. Some 
think it's easy to evaluate incremental research; The 
kind one does in industry when one makes improvements 
on current products and processes. On the surface it 
does seem easy, because you generally get a rapid 
market response. You can even fool yourself into 
thinking you can put an accurate dollar value on this 
kind of research. You can get interesting sounding 
numbers to show the CEO, but how do you know you got 
all that was on the table? How sustainable is the 
advantage you just created? How quickly will your 
competition follow? How much innovation was really 
involved? Was it just catch-up, or are you keeping 
ahead? How much did marketing and manufacturing 
contribute to the success? 
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I've been, in several businesses where we beat the 

.f 
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pants off competition with somewhat inferior products. 
But, a combination of novelty in our product offerings 
and spectacular marketing and technical service gave 
us a growing market share and good profitability for a 
long period. Does that mean the research was bad? 
Not at all, it was just a case of reality and using 
and optimizing all the assets of a business to win in 
the market place. 

I've also been in a business where a customer bought a 
product from us/ improved it with some novel 
technology and threatened to be more profitable in the 
market place than we were with this product line. 
Does that show poor research? Not necessarily, in 
fact, in this case this was an example of oppressive 
management that forbid research in the areas that our 
customer/competitor explored. Our management did this 
because they thought their research organization was 
spending too much money and had to be reigned in. 
This was undoubtedly true, but the approach was wrong 
and wrecked the business for a long time. 

In the latter case I just described, the research was 
not the problem. The problem was the context in which 
the research was done. 

I can give some very positive examples as well. One 
of the most interesting times in recent years in 
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DuPont research was the conversion from the possible 
ozone destroying refrigerants to the new ozone 
friendly two carbon materials. 

For years we had been one of the major suppliers of 
these marvelous chemicals. They were perfect for the 
job of a heat transfer agent in refrigerators. But, 
scientists had showed there was a growing body of 
evidence that they were damaging the ozone in the 
stratosphere. This was just an average business in 
DuPont. When the need to phase out became clear, we 
seriously considered abandoning the market. After 
all, to stay in the business meant massive new 
investment, an unknowable amount of research, and a 
mad scramble by very capable competition to win in the 
new market. The new market was also quite indefinite, 
because we were already seeing customers eliminating 
use of the current materials in as many applications 
as possible. For example, certain printed circuit 
cleaning operations were being converted to non-
fluorocarbon processes. However, it was clear there 
was still a big refrigerant market, and someone would 
fill it eventually. 

We decided we would try, even though there was 
recognition the competition would be intense. For the 
first time in many decades we were in a horse race. 
The Chairman said very clearly he wanted to win this 
one and that R&D could have anything within in reason. 
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We did not hear the reason part. A few ground rules 
were laid down. They were: We should try to utilize 
as much of the current plant investment as possible, 
we should create processes that produced essentially 
no waste, and we should do this in a way that we can 
announce withdrawal from the current products as far 
ahead of the mandated deadlines as we could. 

He was true to his word. There was a tremendous sense 
of excitement in the entire companies research 
community, Right from the beginning the business 
leadership acted as though the entire company was 
available as resources. Pilot plants scheduled for 
other things in other business lines were requested, 
and amazingly they were made available. Researchers 
from all around the company were commandeered, and 
joined the task force with delight. Corporate 
research was asked to participate as a full partner, 
something that had not happened since the days of 
Nylon scale-up. Within months a whole bunch of novel 
routes were being investigated simultaneously, 
theoretical, chemists were inventing ways to model 
plants and' thermodynamic behavior of processes and 
compounds we did not yet have, and universities and 
national labs were brought in to help us in these and 
other areas. In four years we went from start to 
manufacture of the first compounds. Research climbed 
from a few million dollars a year to more than $30 
million at the peak, and we had plants built before we 



6 
had fully tested the processes in the pilot stage. 
Lots of things went wrong. But nothing delayed the 
schedule. People worked together across all kinds of 
disciplines. Basic research was integrally coupled to 
all the information that was needed. DuPont announced 
its intention to withdraw from the old compounds a 
year ahead of the mandated schedule. During that 
whole development time there was an intensive 
involvement with customers to help them get ready for 
the very different new compounds. The new routes were 
able to use large parts of existing facilities, but 
the new investment still exceeded $500 million, and 
will eventually top a billion dollars. The processes 
developed operate at 98 to 99 % yield. We even 
invented a novel process to quantitatively convert 
this 1-2% waste back to starting material. A whole 
new realm of catalyst structures and technology was 
opened up, which has other potential uses. The total 
cost of the research was far less than had been 
originally estimated. 

One might well evaluate this whole effort as 
excellent. It was. But, it was not the research that 
really carried the day, it was the context in which 
the research was done. These researchers had been 
around the company. Some had very good reputations, 
others not so good. When one looks at the innovations 
and accomplishments , however one sees no differences 
among them in this program. Clearly it was the way 
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things were done. The people were always good, some 
had just not been plugged in properly until this 
project came along. 

We can't have such a grand challenge every time, but 
there were many other aspects of this program that 
were notable contributors to the positive context of 
the research. It was clear management was really 
behind the program. There was no game playing or 
politics. All parts of the company were asked to 
contribute assets if they had any that would ensure 
success. Information was always available to anyone. 
The people in corporate research knew as much about 
the business goals as they did about the technical 
status. They were invited, and in fact expected to 
attend all planning and strategy meetings. No one had 
to order them to do this. They wanted to because they 
fsit they were welcome and vital partners in the 
•andeavor. What's more, they would decide what work 
they would do. They were not given just the 
contingency work. They were invited to do whatever 
work they thought they were uniquely able to do. Once 
they committed they were depended on by the business 
organization to deliver. And deliver they did. They 
led the computer simulation work for thermodynamic 
properties of the new materials and their 
intermediates. This was vital to selection of the 
compounds for manufacture, and the manufacturing 
process designs themselves. New catalysts were 
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invented at an incredible rate. All kinds of problem 
solving sessions were held with everyone baring their 
soles. No one cared which organization they came 
from. Only the science and engineering mattered. 

Now , I imagine most of you are thinking, what has 
this to do with evaluating the effectiveness of basic 
research? Well, I think it has every thing to do with 
the subject this meeting. In recent times almost all 
companies have questioned the value of their basic 
research organizations, or corporate labs as they are 
called. They want to understand what they were 
getting for this investment. And for sure they wanted 
to get more for that investment. 

Let me draw on my experience at DuPont and from my 
study of several other companies who distinguished 
themselves over the years through research 
accomplishments both in direct support of their 
ongoing businesses and in basic research. 

Great companies like General Electric, IBM, DuPont, 
3M, Shell, Philips and many others have outstanding 
records in research, and were known for their great 
central labs. In recent times, however, almost all 
companies have questioned the relevancy of their 
corporate labs. Some have gone so far as to eliminate 
them. Some have tried to understand the problem and 
have made adjustments. Those that have chosen this 
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route will reap great rewards, because they recognize 
that the ability to hire the best people, and give 
them the ability to do leading edge science holds the 
key to long term success. However, these same 
companies were not happy with the contribution of 
their corporate labs and recognized they needed to 
change. 

But what was the problem? In DuPont's case I am of 
course very familiar with the situation. On the 
surface, things did not look too bad. The publication 
quality in peer reviewed journals were at the upper 
end of many of the best universities. The corporate 
labs had no trouble hiring excellent people. We had 
the best university consultants, and didn't even have 
to pay top dollar for them. They often got as many 
ideas from DuPont scientists as we got from them. The 
university world complimented company management 
profusely on their labs. Every time there was a 
murmur within the company that perhaps the corporate 
labs should contribute more, our university friends 
started writing letters to the chairman about the 
great damage that was about to be done. The 
management of corporate labs was skillful at 
stonewalling any ideas for change, especially change 
that pulled the corporate labs closer to the 
businesses. When I was in the corporate labs of 
DuPont in the early 60's there was an unwritten rule 
that one did not suggest taking a sabbatical to any 
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business unit in the company. To go to a university 
was of course highly acceptable. 

The management of companies during the 60's and 70' s 
became ever more concerned about the corporate labs. 
Their costs were escalating rapidly as was all R&D, 
but the problem was more related to the growing 
complaints from the businesses. The chief complaint 
being lack of interest in helping the businesses. 
This was exacerbated by a growing sense of arrogance 
and animosity between corporate management and some of 
their professionals and the scientists and engineers 
in the business units. To counter these complaints a 
number of actions were taken by the corporate lab 
management. 

For example to answer the assertion that nothing was 
coming out of the labs, corporate management 
established the red and black book practice. I'm not 
sure which color represented which, but one was to 
document technologies that were discovered in 
corporate and offered to the businesses. Generally 
speaking, these offerings were made by corporate 
management going to the business management and 
insisting that they take a look at the new technology. 
Almost inevitably the returned without and commitment, 
and simply told the corporate organization that the 
business organization was shortsighted. The other 
book was a list of technologies that had been 
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transferred, and the commercial successes that had 
transpired. Everyone in corporate hated the annual 
call for new entries, and few in the businesses ever 
knew the books existed. The books were dragged out at 
the annual show-and-tell for the Board of Directors. 
Eventually their use waned because they were 
contributing no real understanding to the problem. 

In the late 80's I studied these books and concluded 
there was a lot of great accomplishments listed that 
were real and valuable to the company. But, they were 
pretty much ad hoc, and certainly did not look like 
the best that could have been done with such an array 
of great people. I even developed some concepts for 
improvement by discerning that the corporate labs 
seemed to do their best work when asked for help by 
the businesses and when the businesses involved them 
in the reasoning for the need. I'll get back to this 
strange conclusion shortly. 

Publications and patents were another measure used to 
prove the value of the corporate investment. The 
number of patents per million dollars spent of R&D was 
by far the best in the company, and as we subsequently 
learned much better than our competition. Our patents 
were often seminal discoveries and attracted a 
tremendous level of citation. But, nobody seemed to 
care about all these metrics. Post docs and 
professors continued to apply to work in our labs, but 
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here again the business people were indifferent. 

There were many other attempts by both corporate and 
business management to improve the perceived value of 
the corporate labs. Once, during the 70's it was 
decided to split the labs into two organizations. One 
would continue to do basic science in the way they had 
done for decades, and the other would try to 
commercialize the new findings. Within weeks, the 
basic people stopped talking to the newly ordained 
applied folks. The latter were viewed as somehow 
instantly inferior. This experiment lasted a few 
years and collapsed. There were some attempted 
business starts, but for the most part they were 
incompetent and horrendously costly. Without any real 
business expertise, the amateurs in the corporate labs 
learned the hard way how tough it is to introduce a 
new product into the marketplace. 
How did the corporate labs get this way? That's an 
interesting question. If one looks at their history, 
one can see that they all evolved from the view that 
in the early days of their companies, it was necessary 
to get more science into what they made. In the case 

- of DuPont, the need for science was articulated most 
effectively by an Executive v.p. named Charles Stine 
in the mid 1920's. 

This led to the founding of the corporate labs in 
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1926, and the hiring of some great scientists and 
engineers including Wallace Carothers. Within two 
years of the establishment of the labs, synthetic 
rubber and Nylon were discovered and on their way to 
commercialization. The corporate science and 
engineering labs were deeply involved in all aspects 
of this and contributed mightily. Carothers himself 
did not like the discipline of commercialization but 
was enormously creative nevertheless, because he was 
right in the middle of all the needs, and couldn't 
help but be intrigued. 

From that spectacular beginning, DuPont launched the 
polymer era and many new businesses were created. 
Business units were formed. Each set-up its own R&D, 
and did extremely good research. The wrote the books 
on polymer theory, production plant engineering design 
principles, hazardous materials safe handling and 
processing and so on. The business units also told 
the corporate research labs to keep out of their area 
and do basic science. In effect, go and find some 
more Nylons, if possible, but for certain keep out of 
our hair. 

• So, while initially corporate research was extremely 
effective because of the quality of the people and the 
total immersion in the business needs, it grew ever 
more isolated, and lost its mission. It became 
obsessed with new and exotic science and less and less 
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tried to select areas for research based on possible 
company needs. Rather, where was the most interesting 
new science that would produce a lot of publications? 
As you would expect, there were many collaborations 
with scientists in the business units, but these were 
ad hoc and only existed because the collaborators 
liked to work together. Little or no business 
information and needs were transmitted by these. 
relationships. 

In the late eighties, almost all companies that had 
corporate labs decided something had to be done to 
make the corporate labs more valuable to the company. 
Some, in frustration eliminated them. There were many 
in DuPont that would have been glad to see that 
course. 

It was hard to find a business unit head that thought 
corporate contributed value to the company. The R&D 
function heads in the businesses were little different 
in their opinions of value. Fortunately, several 
members of the DuPont Executive committee had 
different ideas. The saw that the problem was not the 
labs, but the context in which we operated the labs. 

They saw that the labs were too insulated from the 
company, even though they were headed by excellent 
scientists. Unfortunately these same corporate lab 
leaders had no knowledge of business, and in fact were 
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taught to scorn business. And, because of the long 
history of benign animosity were ignored by the 
businesses. 

A number of us were involved in trying to decide how 
to approach the problem. We never questioned the 
quality of the research being done. A number of us 
were also very strong on the view that telling the 
corporate organization what to do and what to drop if 
anything was not the way to proceed. That had been 
suggested by many of the business R&D management who 
themselves were not versed in how R&D organizations 
actually function. 

Some companies decided the way to get the corporate 
organization more integrated with the business needs 
of the corporation was to change the funding 
mechanisms. The idea was to make the corporate lab 
sell their programs to the businesses. At DuPont, 
corporate science research was historically 90%, and 
corporate engineering research 25% as a tax on 
earnings. The latter used to be more than 50% but 
concern that it was not business driven led to the 
change twenty years ago. But, by the 1990's it was 
apparent to many of us that the engineering people 
were now more interested in selling programs to the 
businesses than in looking for real breakthroughs. 
They were on their way to becoming mediocre. 
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We clearly- saw that the problem lay in the isolation 
of the corporate labs. We also realized that the fix 
had to be significant and based on a thorough 
understanding of the needs of the research community. 

We approached the isolation problem at multiple 
levels. Many things were done simultaneously. Here 
are the major actions we took over a three to five 
year period. 

The head of the corporate research department was 
moved upstairs, and given an operating director of the 
labs who was a business R&D v.p. Initially this was 
met with concern in the corporate labs and by their 
supporters from the university community. However, 
this concern melted fast when it was observed how 
helpful the new laboratory leadership was in creating 
interfaces with the businesses R&D organizations. 

We then took advantage of this new relationship and 
worked with the business R&D v.p.'s to see where we 
might work better together without destroying each 
others capabilities. This quickly led to formation of 
corporate centers of excellence. These were groups 
formed in the corporate labs that focused on important 
science and engineering areas by having the best 
facilities and an adequate critical mass of 
outstanding personnel. Professionals from the 
business R&D labs were often transferred to the 
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corporate centers of excellence and had the 
opportunity to work side by side with the basic 
scientists and engineers in their areas of new 
knowledge needs. They got to know and respect each 
other. The centers were managed by corporate, but 
sometimes the management was imported from the 
businesses. Often this was for a prescribed period 
only, but the infusion of new thinking was dramatic in 
effect. Thsse centers were things like computer 
science, microwave engineering, catalysis, fluoro 
chemistry, e,rxzymology basic polymer science and 
characterization and so on. 

By this tiir<a *:hfs R&D lie ads from the businesses and 
corporate had form«d themselves into a Corporate 
T.̂ rjhnology Council, and was working together to make 
:$.«« integration even stronger. The principal job of 
chi.K council which taê ts aaonthly, is to get more than 
the sum of the parts from the companies total R&D 
organizations. They drive issues like computer 
standards, setting up of cooperative centers of 
excellence, and technology networks, adoption of best 
practices to improve R&D, and even shepherd the 
development of technology management personnel. 

The next major thing done was for the businesses to 
commit to having the management and appropriate 
professionals from corporate be an integral part of 
their business R&D planning. This meant that 
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corporate ̂ people were shown the most intimate needs of 
the businesses. This had a tremendous effect. Not 
only were the corporate labs management now aware of 
the tough technology needs of the businesses, but they 
often also contributed freely to the ideas of how to 
solve current major problems. Naturally when they ran 
their groups in the corporate labs they were much more 
able to talk about these interesting and challenging 
problems. 

This effect rapidly led to the formation of networks 
of technology specialists throughout the company. The 
e-mail system became the key support structure for 
this activity. Today DuPont has more than 150 such 
networks in just about every science and engineering 
discipline you can imagine. A scientist or engineer 
in DuPont has no hesitancy in consulting people all 
over the company for ideas and help. The ability to 
find the best person in the company is only a few 
keystrokes away. Ten years ago such scientists and 
engineers lived largely in isolation within there own 
business units and sometimes even within their own 
labs at plant sites. Consulting with one another was 
a rare practice. Today DuPont's more than fifty labs 
all over the world are in constant communication via 
individuals using the network directories. 

As we evolved the management of the corporate labs we 
also made a deliberate attempt to swap management with 
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the business units, and to bring in business astute 
technology managers from the businesses to lead the 
major units of the corporate labs. 

As a metric of success in this transformation, I can 
cite the great turnaround in attitude towards the 
corporate labs by the business management and the 
Chairman. Today the corporate labs are judged vital 
in DuPont. They have in fact grown significantly in 
the last several years, as more activities were 
consolidated into centers of excellence that corporate 
was asked to oversee for the company. This, during 
tough downsizing of almost all organizations within 
the company. In addition, both the science and 
engineering labs are 100% corporate supported. That's 
a customer satisfaction metric if there ever was one. 

Other companies have done things to improve their 
labs. Some appear as good ideas to me, some are a bit 
naive. But one constant in all these effort are a 
series of actions to better integrate the corporate 
labs into the information flow that helps a 
corporation better link all its elements with the 
overall mission. No one in the business units is 
telling the corporate scientists or engineers what to 
do. They are simply exposing them effectively to 
planning and strategy sessions devoted to the future 
needs of the businesses. They do this in all kinds of 
formal and informal ways, many of which I have just 
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mentioned. However, the management across the company 
is driving this culture change. 

There are many other example I could list, but I think 
you get the drift and what I mean when I say that an 
important element of evaluation for a basic research 
organization is to examine how it is linked with the 
total information stream that is part and parcel of 
the organization and mission it is expected to serve. 
It's also clear that we need to start with a clear 
statement of the mission of basic research before we 
can start to design the metrics to evaluate its 
context. 

In DOE we have been charged to do a better job with 
this linkage. Many critics have told us they do not 
believe we are doing a good job in the integration 
process. These include, the recent Galvin and Yergin 
studies, the GAO and several studies before these. We 
cannot continue to do business in the same way as the 
past and hope that this will all go away. I was in 
industry for over thirty six years and saw many things 
come and go. The recent changes responded to a 
transition that we all recognized was different from 
the earlier transient ones. I think it's the same 
with the need that this conference is supposed to 
address. 

And the DOE is taking actions. One of the most recent 
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is the formation of the Energy Cluster. This is made 
up of the?heads of Fossil Energy, Energy Efficiency 
and Energy Research. No real actions have yet come 
from this combination, but it is a powerful group who 
could make real progress in one of our major mission 
with respect to more effective integration. A second 
major initiative under way is the collaboration of 
Energy Research and Environmental Management to plan 
research to improve the basic understanding of 
environmental cleanup problems. And finally, we have 
formed a Research Council that will work across all 
the Program areas in DOE to achieve better integration 
between basic research and the applied programs. I 
have been asked to chair this group, which is composed 
of all the appropriate Program heads and their chief 
deputies. This is a very similar group to one I 
headed in DuPont. In DuPont the idea was to integrate 
the corporate labs more effectively with the business 
needs of the company. I have a lot of enthusiasm for 
this new structure. 

This gets me back to today's subject, the evaluation 
of basic research. I think the integration activities 
I have just mentioned are key to predicting the 
success of research. It is important to do case 
studies, develop and use more innovative econometric 
models, and strive for ways to measure impact. Our 
critics are crying for this. But, as I tried to 
illustrate by my remarks, I think the context of 
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research is really what matters most. If the context 
is poor the research will be inefficient, ad hoc, and 
at times downright poor. All the peer reviews in the 
world can not overcome a poor context. 

Consequently, I hope you have and will continue to 
spend at least some of your thinking time trying to 
frame the evaluation questions and metrics that look 
at the context of research here in government. It 
seems to me we have not spent enough time doing this 
as an intellectual community. We keep promising 
numbers, but we don't deliver numbers that anyone 
Tool ■; w o e o r cares about. Perhaps this is telling us 

..y. In the DOE we are trying to develop more 
mechanism that involve the basic and applied 
organizations in genuine information exchange in the 
context of the DOE's mission. Simply put, if we 
understand the mission, then we ought to be able to 
icvise context improving mechanisms that are 
appropriate to improve the effectiveness. These 
should also be measurable but they will not look like 
what the accountants and other critics expect. 

We who understand research will have to educate them 
rather continuing to pretend we can give them numbers 
that predict the value of basic research. They are in 
a real way like customers of a company. They think 
they know what they want, but if you simply give them 
what they want without innovation, you will disappoint 
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them time and time again. 

Some thoughts in closing that come to my mind that you 
may wish to think about to help evaluate the health of 
the context for basic research in DOE are: 

Does the mission of basic research usefully 
prescribe parameters of appropriate scope? 

How can we evaluate the degree and quality of co-
planning that is actually done in the DOE between 
the basic and applied programs? What are the best 
mechanisms to do this and to track improvement? 

How much mutually funded collaborations should the 
applied and basic programs do to achieve optimum 
integration? 

Does the DOE have networks of professionals that 
self organize and help each other? If not, what 
are the barriers? 

What kind of relationships do the management of 
the applied and basic programs have with each 
other? How can this be measured and improved? 

How knowledgeable are the basic and applied 
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program management about each others needs? My 
recent interviews with most of them convinces me 
we are not in best possible shape. Certainly, 
within a modern company, the status would be 
deemed unsatisfactory. 

I recognize that many will say these are all input 
measures, but I guarantee that they are also critical 
indicators of the value being produced. If these 
things are done well and continuously improved, the 
other measures you develop and follow will also be 
much improved. Good companies know this. What makes 
us so different? 
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Speaker: Erich Bloch, Distinguished Fellow, Council on Competitiveness 

1:30- 3:30 Breakout Sessions — expert discussion of assigned questions 
• Session 1: Case studies and TRACES approach 
• Session 2: User surveys and ROI/Econometrics 
• Session 3: Citation analysis and Expert panels 

1:30 - 2:45 Press Briefing Roundtable, M. Krebs, I. Thomas, A. MacLachlan, 
J. Moore 

3:45 - 5:00 Integrated Session - expert discussion of emerging themes 

DAY 2 

8:30 - 9:30 Perspective of cooperative research development — Al MacLachlan, 
Deputy Undersecretary for R&D Management 

9:30 -11:30 Breakout Sessions - expert discussion of assigned questions 

11:30 - 12:30 Summarize preliminary findings of workshop 

12:30- 1:30 Lunch 

1:30 - 4:00 Experts discuss questions, road map for future research 

4:00 PM Adjourn 
c\filcs\snl\ohcs\worksliap\agcnda.doc 
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U.S. Department of Energy 
Office of Energy Research (ER) 

R&D Evaluation Workshop 

Date and location: Thursday and Friday, September 7 and 8 
Holiday Inn Capitol, 550 C Street SW, Washington, DC 

Objective: To promote discussion between experts and research managers on assessing the impact of 
DOE basic energy research upon the energy mission, applied research, technology transfer, the economy, 
and society. The purpose of this impact assessment is to demonstrate results and improve ER research 
programs in this era when basic research is expected to meet changing national economic and social 
goals. Experts will discuss innovative methods as they could be applied to an example case: research in 
intermetallic alloys, funded by the Office of Basic Energy Sciences (OBES) beginning in the 1970's. 

Specific questions to be addressed include: 
1. By what criteria and metrics, considering internal and public uses of the information, can OBES 

measure performance and evaluate its impact on the DOE mission and society while maintaining an 
environment that fosters basic research? 

2. What combination of evaluation methods, including innovative techniques, best applies to assessing 
the performance and impact of OBES basic research? The focus will be upon these methods: 

• Case studies • Return on DOE investment, econometrics 
• Citation analysis • TRACES approach 
• User surveys • Expert panels 

3. What combination of methods and specific rules of thumb can be applied to capture impacts along 
the spectrum from basic research to products and societal impacts? 

A tentative agenda is attached. 

Special Invited Guests: 
Staff Directors of House and Senate Committees on Science and Technology 
Representatives of Office of Science and Technology Policy, Office of Management and Budget 
Representatives of the National Academy of Sciences 
Representatives of other Federal agencies 

Participants in Expert Discussion 

Research Managers Invited: 
• ER Associate and Division Directors 
• Representatives of DOE laboratories and applied research and technology partnerships offices 
• Members of the Panel on the Value of Basic Research 
• Project Managers and Technology Steering Group of the OBES Center of Excellence for the 

Synthesis and Processing of Advanced Materials 

R&D evaluation experts to be invited: (* indicates confirmed attendance as of 8/3/95) 
Francis Narin* 
Susan Cozzens 
Len Lederman* 
Keith Pavitt 
Harvey Averch* 
Edwin Mansfield 
Albert Link* 
George Teather* 

c:\filcs\snl\obes\workshop\proposal.doc 
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Zvi Griliches 
Anthony F.J. Van Raan 
Barry Bozeman* 
J. David Roessner* 
Ronald Kostoff 
Julia Melkers 
Maria Papadakis 
Darvl Chubin 
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PRELIMINARY DRAFT OUTLINE - Basic Energy Sciences R&D Evaluation 

I. Purpose of study 

II. The Role of Evaluation 
A. Very brief survey of literature on evaluation techniques for federal research 
B. Multiple purposes of evaluation 

1. Program improvement 
2. Public support 
3. Meeting requirements (GPRA, OMB) 

III. DOE research goals and objectives 
A. Goals 
B. Criteria for success 
C. Environment for innovative research 

IV. Current practices in evaluation within DOE 
A. Program manager review 
B. Peer review, expert and advisory panels 
C. Performance measures (contract reform, pilot study) 
D. Case studies (OBES) 
E. Citation analysis, Surveys 
F. Return on Investment (Sandia study) 
G. Do we satisfy requirements? 

V. What would comprise an ideal evaluation system? 
A. What decisions will be made possible or be improved, and how will this 

effort make R&D more effective? 
B. What are the right questions to ask? What performance measures and 

evaluation questions are priority? 
C. What innovative combinations of methods can be applied, at what 

frequency, and at what level ofprogram? 
D. Are there conflicts between good practice and mandates? 

VI. Suggestions for action 
A. Rules of thumb for moving toward an ideal system 
B. Advantages and disadvantages of these rules. Minority views will be 

recorded. 
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Today, well over 50 companies incorporate 

features of these new techniques in their own ce
ramic processing facilities. The sizes of their in-
house programs on the new processing techniques 
range, in some cases, to more than 100 people. 
Published papers and reports indicate that foreign 
firms are also applying these concepts. 

Ceramics fabricated by these methods and 
their extensions are now being used in a variety of 
applications. These include automobile turbo-
chargers (rotors), microelectronic circuits, high-
temperature energy converters, engine parts, com
puters, televisions, aircraft, and vital defense 
weapons, among others. 

More generally, many varied ceramic compo
sitions with fine grains can now be fabricated. 
Major improvements in the mechanical and electro
magnetic properties of ceramic formulations have 
been reported as a result of better processing. Pre
viously unrecognized avenues of materials fabrica
tion , such as layering of different ceramic materials, 
have been opened up, and totally new electronic 
components and devices are now possible as a 
result. 

The original decision to eschew further tin
kering with recipes and to proceed, instead, with 
more fundamentally oriented research into the 
chemical processing of ceramics led directly to 
these results. In this way, Basic Energy Sciences 
provided the seed money and critical initial spon
sorship of a risky venture. This work, in turn, 
generated the concepts and the experimental verifi
cation that allowed others to appreciate the advan
tages of the new approach and encouraged them to 
pursue practical applications. 

NICKEL ALUMINIDE 

The continuing quest for improved efficiency in the 
use of combustible fuels is often limited by the 
properties of the materials used to make up the fuel 
burning engines. In theory, higher operating tem
peratures make possible higher efficiencies. In 
practice, the physical limitations of materials call 
for moderation to ensure engine reliability and lon
gevity. 

Recently, Basic Energy Sciences researchers 
contributed significantly to the emergence of a new 
metallurgical alloy, called nickel aluminide, which 
promised to combine the best of both worlds. It is 

'0 v> xV^n^V^Vv^.v^ \\t 
made up of nickel and aluminum, combined in a 
ratio of about 3 parts to 1. with trace amounts of 
boron added. When properly prepared, il exhibits 
extraordinary properties. 

For example, nickel aluminide is much 
stronger than steel. In contrast to most other mate
rials, it actually increases in strength with higher 
temperatures, up to about 1300°F. It then maintains 
this strength to more than 1600°F. It is also light
weight and strongly resists corrosion by oxidation. 

Important for fabrication and durability, it is 
malleable and ductile. This makes the material easy 
to form into different shapes and forgiving to shock 
and stress. Yet, with the addition of certain other 
elements, it can be made to resist strongly perma
nent deformation and rupture at high tempera
tures—two common modes of metal failure. 

The mechanical properties of nickel aluminide 
provide significant advantages over many currently 
available heat resistant materials in a number of 
important applications. These range from machine 
tools and boilers to parts for the automotive and 
aerospace industries. For example, at 1500°F, a 
temperature well within the operating temperature 
ranges experienced by most metal parts in today's 
gas turbines, jet engines, and diesels, nickel alu
minide is four times stronger than most high-tem
perature speciality steels. 

Because of its high strength and resistance to 
oxidation at these temperatures, the alloy is now 
being examined under exclusive license by 
Cummins, Inc., a major United States manufac
turer of heavy diesel engines. While more expen
sive than most ordinary steels, nickel aluminide 
promises to be cost competitive with other spe
cialty materials, such as heat resistant alloys made 
of nickel, titanium, chromium, and cobalt. 

An initial application under investigation is its 
use in strengthening exhaust valves. This part of the 
engine, which is subjected to high temperatures, 
corrosive environments, and repeated pounding, is 
often the first part to fail. Extending valve life with 
an improved material would increase the engine's 
reliability, stretch out maintenance schedules, re
duce costs of repairs under warranty, and make the 
entire engine more competitive in international 
trade. Ultimately, new designs may capitalize on 
the added strength, raise combustion temperatures, 
and improve fuel efficiency. 
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A more recent area of emphasis is its use in 
strengthening the rotor blades in so-called "turbo-
charger*" gas compressors. Propelled by the iiot 
exhaust gases of combustion engines, turbo-
chargers compress intake air and boost signifi
cantly overall engine efficiencies. Nickel aluminide 
not only stands up to the extreme heat of the 
exhaust gases, but also exhibits a much longer life 
before failing due to cyclic stresses and fatigue. It 
also costs less than competing "superalloys" and 
other high-temperature withstanding materials. 

Because the alloy is made partly of aluminum, 
it is 10 percent lighter than steel. Also, because of 
its strength, a part made from the alloy can be 
designed smaller, further reducing its weight. 
Hence, the alloy also has potential applications in 
the aerospace industry as a substitute for heavier 
materials now required for strength, such as fas
teners, rivets, and certain structural components. 

Finally, another valuable property of the alloy 
is that once it has formed an initial, protective layer 
of aluminum oxide, it is nearly impenetrable to 
further corrosion and oxidation. Its corrosion resis
tance has been measured at 1,000 times better than 
competing steels. As a result, it is now being inves
tigated for use in heat processing equipment 
subjected to fouled environments, such as steam 
boiler tubes and hot exhaust gas heat recovery 
equipment in industry. 

Technically, nickel aluminide is part of a larger 
family of materials known as "ordered" in
termetallic alloys, so named because of the precise 
ordering and interweaving of the atomic structures 
or lattices of the two metals. This particular situa
tion, called alow "free energy" condition, makes it 
difficult to remove an atom from its position in the 
lattice, which gives the material its strength and 
chemical stability. 

Intermetallic alloys were well known in the 
1950's and 1960's for their extraordinary strength. 
Unfortunately, the problem with them in the past 
had always been that they were too brittle for most 
practical applications. Although single crystals of 
some of these alloys were known to be ductile, bulk 
quantities in polycrystalline form fractured, like 
glass. 

The basic problem was with the microscopic 
interfaces, called grain boundaries, where the crys
tals which constitute the bulk material join to
gether. It is at these interfaces where the crystals 

tended to pull apart or slip against each other under 
stress, causing the material to break. 

This problem could be solved, it was hypothe
sized. if means were found for increasing the adhe
siveness of these surfaces. Perhaps the addition of 
small amounts of alloying elements, to be used as 
"impurities" in the larger matrix of nickel and 
aluminum, could somehow cause a strengthening of 
metal-to-metal bonding at these surfaces. Little 
knowledge was available to guide this search, how
ever, and progress in solving the brittleness prob
lem slowed. 

In the late 1970"s, Basic Energy Sciences re
searchers were working on a seemingly unrelated 
problem. In retrospect, this work laid a foundation 
of basic knowledge and improved laboratory 
capabilities in the use of a key instrument. Both 
investments later helped to explain a startling new 
discovery and set into motion a resurgence of re
search activity on ordered intermetallic alloys. 

These researchers were studying the effects of 
neutron radiation damage on certain types of stain
less steels used in nuclear reactors. They would 
stress the steel until it would break. Then they 
would study the chemical and atomic composition 
of the fractured surfaces. 

They found that, while the steel had remained 
in solid polycrystalline form, certain alloying ele
ments, such as phosphorus, tended to migrate to the 
intergranular fracture surfaces and concentrate 
there in amounts much larger than normal bulk 
proportions would predict. Further, they deter
mined that other alloying elements, such as carbon, 
oxygen, and chromium, did not exhibit this mi
grating phenomenon, suggesting atomic selectivity. 

Importantly, the researchers increased their 
capabilities in the use of one special research tool 
called Auger electron spectroscopy. This instru
ment bombards the top few layers of atoms on a 
given surface with low energy electrons. This tem
porarily disturbs the equilibrium nature of the elec
tron shells of these atoms, ultimately resulting in 
the emission of an identifying spectrum of elec
trons, whose abundance and energies can be de
tected and measured. From this spectrum, the con
stituent elements of the top-most surface layers of a 
material, including their relative atomic propor
tions, can be accurately inferred. 
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Further, the instrument can "raster" the ob
served surface with argon ions, blasting off the top 
few layers of atoms like a machine gun. This then 
allows subsequent analyses of the underlying lay
ers. Through repeated cycles of this process, com
parative analyses of one layer after another can be 
made. This reveals the depth of impurity segrega
tion on the intergranular surfaces and portrays a 
good picture of surface chemistry and its effects on 
bulk material properties. 

In 1979, Japanese researchers reported a re
markable discovery. They found that the addition 
of small amounts of boron to nickel aluminide in
creased its ductility. Following this lead, research
ers at Oak Ridge National Laboratory, using Ex
ploratory R&D funds, determined that this 
phenomenon only worked under a highly specific 
condition. Thiswas when the total number of alumi
num atoms, compared to the total number of nickel 
atoms, was just slightly less than that dictated by its 
natural or stoichiometric ratio. In nickel aluminide 
(Ni3Al), the natural atom ratio of nickel to alumi
num is 3 to 1, or in other terms, 75 to 25 atom 
percents. 

In 1982, Basic Energy Sciences researchers 
applied their earlier gained knowledge about grain 
boundaries, intergranular surfaces, and impurity 
migration to the problem of understanding what 
was going on. Once again, a key element of their 
research involved the capabilities of Auger electron 
spectroscopy. 

In a report published in 1985, Basic Energy 
Sciences researchers presented their findings and 
offered an explanation of the ductility phenome
non. Under conditions where the relative abun
dance of aluminum, compared to nickel, was 
slightly less than the natural ratio in pure Ni3Al, say 
24 atom percent rather than 25, boron atoms mi
grated in droves to the grain boundaries. They ac
cumulated there in the top two or three atom layers 
of the surface. They concentrated themselves in 
numbers far outweighing, by 60 times or more, their 
bulk proportion of, say, 0.1 percent. 

Under these circumstances, boron acts as an 
electron donor in the lattice structure. This is be
lieved to add to the electron bonding potentials of 
nickel atoms between the intergranular surfaces. 
This makes the surfaces adhesive, lending ductility 
to the polycrystalline bulk material. 

Other impurities, by contrast, such as sulfur or 
phosphorous, were found to migrate strongly to 
open cavities and voids, and to a much lesser degree 
to the grain boundaries. This was fortunate, be
cause these elements act as electron captors, be
lieved to diminish the bonding strength between the 
intergranular surfaces, encouraging fracture and 
adding to embrittlement. 

Specifically, Basic Energy Sciences research
ers showed that the solubility limit of boron in Ni3Al 
was about 0.3 weight percent; that ductility of Ni3Al 
increased dramatically from near zero to over 50 
percent elongation with the addition of boron up to 
about 0.1 weight percent; that boron migration to 
the grain boundaries was highly dependent on the 
existence of slight deficiencies in the relative abun
dances of aluminum atoms compared to nickel; that 
grain boundary boron segregation strongly affected 
grain boundary cohesion and related atomic ar
rangements, which affected ductility; and that dis
tribution of other impurities remained unaffected 
by the existence of slight variances m alloy stoichi-
ometry (relative atom abundances). 

All of this led to a much clearer understanding 
of the boron-ductility phenomena which, in turn, 
led to more broadly-based research on other mem
bers of the family of ordered intermetallic alloys. It 
also provided much needed specificity to guide the
oretical work on the role of atomic arrangements 
and electron structures in metal-to-metal bonding 
at grain boundaries. Finally, it encouraged engi
neers to pursue practical applications by lending 
predictability to various metallurgical procedures. 

The discovery of the boron-ductility effect, ac
companied by this detailed understanding, was piv
otal in the development of a whole new field of 
research. It precipitated much follow-on and con
tinuing research by both Government and industry 
on nickel aluminide. As one measure of industry's 
interest, over a half a million dollars in research 
money was provided by private companies to the 
Oak Ridge National Laboratory in 1985 to investi
gate related production and processing methods. 
The research earned an IR-100 Award from 
Research & Development magazine (formerly 
Industrial Research), and the alloy is now subject to 
extensive patent and licensing activity by industrial 
firms throughout the United States. 
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INDUSTRIAL TECHNOLOGIES 

A merica's industries consumed 39% of the nation's end-use energy m 1990. A small 
number of major manufacturing groups (primary metals, petroleum refining, chemicals, pulp 
and paper) account for about 70% of this industrial energy use. or about 21% of the nation's 

total energy use. The DOE/EE Office of Industrial Technologies (OIT) has begun an initiative to work 
with these industries to cut their nonproductive energy use and environmental costs. Called "Industries 
of the Future," the initiative is targeted at the steel, aluminum, foundr)', petroleum refining, chemicals 
production, pulp and paper, and glass industries. The research programs will be developed by the 
industries and will be jointly executed by industry, universities, and national laboratories. 

ORNL has made technological advances that are contributing to improved industrial efficiency 
through decreased energy consumption, improved product quality, reduced equipment downtime, and 
decreased waste streams. As industry expenditures on nonproductive costs decrease, resources are 
made available for market expansion and investment in plant and capital equipment. ORNL's goal in 
research for the DOE/EE Office of Industrial Technologies is to assist U.S. industry in capturing and 
maintaining global market share through technological improvements. 

ADVANCED MATERIALS AND MANUFACTURING TECHNOLOGIES 

Advanced Industrial Materials. The Advanced Industrial Materials (AIM) Program devel
ops new and improved materials and manufacturing technologies leading to more efficient use of en
ergy in support of the Industries of the Future initiative in the Office of Industrial Technologies. High-
temperature intermetallic and metallic alloys with high ductility, corrosion resistance, and strength are 
being developed. Metal-bonded composites are being developed for optimal use at temperatures be
tween those of currently available alloys and ceramics. Coatings and engineered porous materials are 
being evaluated for various applications. Microwave technology is being pursued because it offers new 
and exciting potential for materials with unique properties. Recently, ORNL has participated in an 
activity focused on performing materials needs and opportunities assessments for the pulp and paper 
industry. This effort-which includes participants from industry, universities, institutes, other national 
laboratories, and DOE-has resulted in projects aimed at developing improved materials to meet the 
identified needs of the pulp and paper industry. 

One of the most successful ORNL inventions resulting from the AIM Program is ordered inter
metallic alloys, which were developed in a cooperative project with the DOE Office of Basic Energy 
Sciences. Ordered intermetallic alloys are different in atomic structure from conventional alloys, and 
the atomic structure can be optimized for specific applications. One of the most successful of the 
ordered intermetallic alloys is nickel aluminide. Seven industrial firms have held exclusive and 
nonexclusive licenses to the material, and optimization for commercial applications is the subject of 
several CRADAs (see the highlight "Nickel Aluminide Alloy Finds Commercial Application in the 
Steel and Die-Making Industries"). 

A project at the Georgia Institute of Technology has successfully demonstrated the feasibility 
of producing monosize hollow spheres of many ceramic compositions on a production basis. The me
chanical strength and thermal conductivity of the spheres have been documented, and mathematical 
modeling of the sphere-forming process has been successful. The technology, trademarked 
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NICKEL ALUMINIDE ALLOY FINDS COMMERCIAL APPLICATIONS IN THE STEEL 
AND DIE-MAKING INDUSTRIES 

In a CRADA with a small business 
called Metallamics. nickel aluminides are be
ing developed as roller material in heat-treating 
furnaces used in the production of plate steel. 
The objective is to produce a roll material that 
will prevent scratching of the plates as they move 
over the rolls and offer longer service life than 
current materials. Field trials in a steel mill fur
nace are being conducted with promising results: 
Metallamics expects to fully commercialize the 
technology by June 1996. ORNL is aware of at 
least four steel companies that are waiting to 
install the rolls when they are available. The 
companies expect to recoup their investment in 
nickel aluminideTolls through decreased furnace 
downtime, improved product quality, and energy 
savings. 

In a CRADA with Rapid Technologies, 
Bimac, and the DOE Office of Basic Energy Sci
ences, nickel aluminides are bemg made into 
walking-beam furnace rails. The rails must re
sist oxidation and have good high-temperature 
strength. Commercialization is expected by the 
end of 1995. Bimac and Rapid Technologies 
expect that the increased operating temperatures 
possible in furnaces through use of nickel 
aluminides will save 1 trillion Btu of energy over 

2 years, with attendant decreases in carbon di
oxide emissions. 

Fixtures for use in carburizing heat-treat
ing furnaces are being made from nickel 
aluminides. A CRADA with General Motors fo
cuses on fixture manufacture and testing under 
production conditions, and commercialization is 
expected by June 1996. If the trial results con
tinue to be encouraging, General Motors plans 
to completely replace its current furnace fixture 
material with nickel aluminide. In addition, sev
eral other companies have expressed interest in 
the application. 

A more unusual application for nickel 
aluminide is as a die material for rare-earth mag
nets. Magnet disks are hot-pressed from the dies; 
nickel aluminide is the only material known to 
possess the required high-temperature strength 
and to be compatible with the rare-earth com
pound. This application has been fully commer
cialized in cooperation with General Motors and 
Metallamics (the rare earth compound, NdFeB, 
was developed at General Motors). The dies are 
part of a license that General Motors offers to 
other companies, and they have been licensed 
to companies in Germany. 

FURNACE COMPONENTS 
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AerospheresIM. makes it possible to form 
hollow spheres from dispersions ol in

expensn e ceramic powders, engineer the 
sphere wall to minimize heat conduciion. 
and bond the spheres into structural 
monoliths, such as the example shown 
here. Applications include structural in

sulation. radiant gas burners, liquid metal 
filters, low mass kiln furniture, and par

ticulate filters. Significant discussions 
are ongoing with the Gas Research In

stitute in the area of radiant burners and 
with an electronics company for kiln fur

niture. In addition, tests with a major 
electronic equipment supplier have 
shown that aerosphere insulation works 
well in the vacuum/corrosive gas envi

ronment used for thin film continuous 
vapor deposition. 

Continuous Fiber Ceramic Composites. The Continuous Fiber Ceramic Composite (CFCC) 
program focuses on development of processing methods for fabrication of CFCC components for in

dustrial applications. CFCCs offer hightemperature stability, corrosion resistance, and light weight; 
and they have the potential for providing significant energy and environmental benefit to U.S. industry. 
Highefficiency, hightemperature heat exchangers and gas turbines made with CFCCs could save U.S. 
industry as much as $2 billion per year in energy costs. Annual nitrous oxide emissions from industries 
could be cut as much as 917,000 tons, and annual carbon dioxide emissions by 118 million tons. 

The CFCC development program is being implemented through joint projects with industry. 
ORNL provides technical assistance in project evaluation and industry interaction, as well as an R&D 
program that provides improved technologies for the design, development, fabrication, and character

ization of composite materials to meet different needs, including the development*of methods for test

ing these new materials. An example of one of these joint projects is provided in the highlight "Ad

vanced Ceramic Composite Material for Industrial Gas Turbine Combustor LinersThe GE Team's 
Approach." 

Advanced Bioprocessing Concepts. ORNL investigates the separation and processing of in

dustrial chemicals using advanced bioprocessing concepts. The focus is on innovative bioprocesses 
that can exploit renewable resources such as corn sugars, woody biomass, or even carbon dioxide or 
water, for the production of fuels and chemicals. These advanced bioreactors can be used in aqueous, 
gaseous, and nonaqueous systems. Columnar bioreactors have the potential for significant increases in 
volumetric productivity, perhaps as much as a tenfold increase over conventional technologies (see 
highlight "FluidizedBed Bioreactor Economics Look Good"). 

Much of the work on advanced bioprocessing concepts takes place in the Bioprocessing Re

search and Development Center and employs the equipment of the Bioprocessing Research User Facil

ity described in Chapter 1. The center was established in 1991 to capitalize on ORNL's pioneering 
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multi-program laboratories, 10 single-
purpose laboratories, 11 smaller special-
mission laboratories, and a wide range of 
special user facilities critical to U.S. 
industry's global competitiveness. 

In fiscal year 1994, the Federal 
Government's total funding for research and 
development was $72 billion, spread across 
24 agencies. The Department of Energy's 
share of this research, $7 billion, is the 

fourth largest and represents almost 10 
percent of the total Federal spending. 

Recent breakthroughs emanating from the 
Department's system of laboratories include: 

• The world's record in photovoltaic 
energy conversion efficiency at the 
National Renewable Energy Laboratory. 

• The world's record for fusion power 
levels produced at the Princeton Plasma 
Physics Laboratory. 

• The world's most powerful source of 
"soft" x-rays at the Lawrence Berkeley 
Laboratory. 

The Department has extended its basic 
science with a new emphasis on applied 
research and partnering with industry. This 
is best exemplified by the Clean Car 
Initiative, a Cooperative Research and 
Development Agreement, negotiated with 
General Motors, Chrysler, and Ford to 
develop efficient, clean vehicles that are 
practical and affordable. Other examples of 
innovative partnerships include DOE 
defense technology that is now being used 
to reduce medical radiation doses and 
provide better images of mammograms, a 
broad-based partnership with the integrated 
textile industry (AMTEX), and a new 
process for soldering printed circuit boards 
that eliminates the use of ozone-depleting 
chemicals while saving energy. 

We are die leading Federal agency in patent 
applications with more than 1,000 from 

1990 to 1992, as well as the leading agency 
in licenses granted with more than 400 
during that same period. As an example, 
the Los Alamos National Laboratory 
developed and patented an acoustic resonant 
ultrasound spectroscopy technology to 
detect defects in aircraft wheels and that is 
now being used to determine the structural 
integrity of bridges throughout the Nation. 

In 1993, die Federal Government received 
34 "R&D 100 Awards" given annually for 
the most important inventions—DOE won 
26 of them. An example of an award from 
1992 is the solar water detoxification system 
which has become part of a Cooperative 
Research and Development Agreement with 
industry. The system uses sunlight and a 
nontoxic catalyst to destroy hazardous 
organic substances in groundwater and 
industrial waste water. 

O U R M I S S I O N 

We possess the human and physical assets to 
achieve the mission that follows: 

The Department of Energy, in partnership 
with our customers, is entrusted to 
contribute to the welfare of the Nation by 
providing the technical information and 
the scientific and educational foundation 
for the technology, policy, and institutional 
leadership necessary to achieve efficiency in 
energy use, diversity in energy sources, a 
more productive and competitive economy, 
improved environmental quality, and a 
secure national defense. 

V I S I O N 

By the turn of the century, the Department 
of Energy through its leadership in science 
and technology will continue to advance 
U.S. economic, energy, environmental, and 
national security by being: 



• A key contributor in ensuring that die 
United States leads the world in 
developing, applying, and exporting 
sustainable, clean, and economically 
competitive energy technologies. 

• A key contributor in maintaining U.S. 
global competitiveness through 
leadership in environmentally-conscious 
materials, technologies, and industrial 
processes. 

• A major partner in world class science 
and technology through its national 
laboratories, research centers, university 
research, and its educational and 
information dissemination programs. 

• A world leader in environmental 
restoration, waste management, and 
pollution prevention. 

• A vital contributor to reducing the 
global nuclear danger through its 
national security and nonproliferation 
activities. 

• A safe and rewarding workplace that 
promotes excellence, nurtures creativity, 
rewards achievement, and is results-
oriented and fun. 

CORE V A L U E S 

The Department will succeed only through 
the efforts of its people. How well we 
perform individually and collectively is a 
function of the beliefs and values that 
motivate our behavior. The employees of 
the Department of Energy have chosen the 
following core values to serve as guideposts 
and our conscience in fulfilling our mission 
and achieving our vision. 

1. We are customer-oriented. 

2. People are our most important resource. 

3. Creativity and innovation are valued. 

4. Wc arc committed to excellence. 

5. DOE works as a team and advocates 
teamwork. 

6. We respect the environment. 

7. Leadership, empowerment, and 
accountability are essential. 

8. We pursue the highest standards of 
ethical behavior. 

T H E T O T A L Q U A L I T Y 
P H I L O S O P H Y 

Our core values will define our culture. Our 
culture will help us achieve our vision to fuel 
a competitive economy. A philosophy of 
total quality management and continuous 
improvement will serve as the foundation to 
meet the needs of our customers and allow 
us all to maximize our potential and make 
work rewarding. 

Total quality will be achieved through 
customer satisfaction, leadership 
commitment, continuous improvement, 
labor/management partnering, and employee 
involvement. Our journey towards total 
quality has already begun, and there are 
many important efforts underway that 
support this new approach. Examples 
include customer service plans, process 
improvement teams, leadership training to 
support our core values, and implementation 
of total quality guidelines. 

Employees and management working 
together on these key initiatives will 
empower all of us to improve customer 
satisfaction, focus our energy on value-added 
products and services, and make our jobs 
more rewarding. 

D O E ' s F I V E B U S I N E S S E S 

In response to world changes and today's 
new challenges and priorities, we took a 
fresh look at our business lines. What we 



found were mission areas that operated in a 
vacuum from one another. There was litde 
synergy or integration of departmental 
assets. In general, little communication 
across organizational lines occurred. We 
found an organization structured to meet 
demands and challenges that were no longer 
relevant. We recognized that our science 
and technology capabilities had not been 
strategically leveraged. We decided to 
fundamentally reorient both the nature of 
our businesses and how they were managed. 

Through our strategic planning efforts, we 
identified five businesses that most 
effectively utilize and integrate our unique 
scientific and technological assets, 

engineering expertise, and facilities for the 
benefit of the Nation. These new businesses 
which directly affect the security and the 
quality of life of every American, are: 

Industrial Competitiveness: Promote 
economic growth and the creation of high-
wage jobs through research and 
development partnerships with industry, 
drive products into the domestic and 
international marketplace, and help 
industry become more competitive by cost-
effectively shifting from waste management 
to resource efficiency and pollution 
prevention. 

Energy Resources: Encourage efficiency 
and advance alternative and renewable 
energy technologies; increase energy choices 
for all consumers, assure adequate supplies 
of clean, conventional energy, and reduce 
U.S. vulnerability to external events. 

Science and Technology: Use the unique 
resources of the Department's laboratories 
and the country's universities to maintain 
leadership in basic research, increasingly 
focus applied research in support of the 
Department's other business lines, and 
maintain world technical leadership 
through long-term, systemic reform of 
science and mathematics education. 

National Security: Effectively support 
and maintain a safe, secure, and reliable 
enduring stockpile without nuclear testing, 
safely dismande and dispose of excess 
weapons, and provide the technical 
leadership for national and global 
nonproliferation activities. 

Environmental Quality: Understand and 
reduce the environmental, safety, and 
health risks and threats from DOE facilities 
and decisions, and develop the 
technologies and institutions required for 
solving domestic and global environmental 
problems. 

The Department Has Fundamentally Reoriented Its Business Unes For The Benefit Of The Nation. 



• By 1995, determine a long-term waste 
repository program funding policy and 
profile, rebaseline the Yucca Mountain 
site suitability effort, and, by 1996, 
define the departmental role regarding 
nuclear spent fuel.interim storage at 
reactor sites and in the Federal waste 
management system. 

• Increase in percentage of U.S. market 
share in the export of clean energy 
technologies. 

G O A L 4 

Promote economic and regional equity for 
all Americans through changes in the 
systems of energy production, delivery, and 
end-use. 

S T R A T E G I E S 

• Develop tax policies and fund programs 
that ensure universal access to affordable 
energy services. 

• Develop policies that eliminate 
disproportionate adverse environmental 
effects of energy systems on geographic 
regions, minority and low-income 
groups, and local communities. 

S U C C E S S I N D I C A T O R S 

• Increase in percentage of public utility 
commission decisions giving explicit 
recognition to equity issues. 

• Increase in number of low-income 
households weatherized. 

• Decrease in ratio of energy system costs 
to benefits, by population groups. 

• Inctease in equity considerations in the 
siting of new energy systems. 

S C I E N C E A N D 
T E C H N O L O G Y 

First-class basic and applied science are 
needed to advance industrial competitiveness, 
clean energy resources, national security, and 
environmental quality through technolog)' 
leadership. The Administration's technolog)' 
plan of February 23, 1993, recognizes this 
by setting a key goal for the Nation of 
world leadership in science, mathematics, 
and engineering. 

V I S I O N 

Science and Technology provide the 
knowledge that drives our future. World-
class scientists and engineers; working in 
world-class facilities on leading-edge 
problems will spawn the knowledge that 
revolutionizes technology—the knowledge 
and technology that others need to achieve 
their vision. 

G O A L I 

Provide the science and technology core 
competencies that enable DOE's other 
businesses to succeed in their missions. 

S T R A T E G I E S 

• Maintain and validate program 
excellence and balance in basic science 
and applied science that supports the 
energy, environment, national security, 
and industrial competitiveness missions. 

• Fully utilize research facilities, as 
appropriate, to reduce unit costs. 

• Develop innovative options for funding 
R8cD partnerships. 

• Build on and nurture appropriate DOE 
core competencies. 

• Encourage ,flexibility in research 
programs. 



DOE's advanced photon source will provide research opportunities that could lead to higher quafity products that last 
longer. When experiments begin in 1996, it will produce x-ray beams one trillion times more brilliant than conventional 
x-ray machines, joint research teams from industrial, university, and government labs will build and operate research 
facilities at the site. 

• Improve communications and establish 
partnerships among suppliers, 
customers, and stakeholders. 

S U C C E S S I N D I C A T O R S 

• Quality of science, as indicated by 
favorable outside peer reviews and 
judgments of expert advisory 
committees. 

• Closer linkage of energy research 
programs to DOE's energy, national 
security, and environmental technology 
programs. 

• Maintain or improve the performance 
and preeminence of the Department's 
large research facilities, as indicated by 
the reliable and cost-effective operation 
and maintenance of world-class research 
facilities and endorsements from the 
research users. 

• Increase in DOE's influence in 
developing the information 
superhighway. 

G O A L 2 

Provide new insights into the nature of 
matter and energy, address challenging 
problems, and create a climate in which 
bteakthroughs occur. 

S T R A T E G I E S 

• Maintain and validate program 
excellence and balance in high energy 
and nuclear physics and other 
fundamental sciences. 

• Ensure a flow of knowledge into societv 
by striking a reasonable balance in 
support of principal investigators, new 
facilities, and existing facility operations. 



• Parmer with universities and the 
international scientific community to 
maximize benefits. 

• Ensure adequate support for priorities 
by utilizing management systems that 
reflect state-of-the-art business practices. 

• Earn confidence by making realistic 
claims and delivering on what is 
promised. 

S U C C E S S I N D I C A T O R S 

• Quality of science and innovativeness of 
research, as indicated by favorable 
outside peer review and expert advisory 
committee reports. 

• Sustained achievement in advancing 
knowledge, as indicated by the impact 
of knowledge gained in other scientific 
and technological fields, and the number 
of publications, citations, and awards 
generated by DOE-supported research. 

• Optimal operation of major 
experimental facilities, as indicated by 
operating efficiency and performance 
benchmarking. 

• Development of new technologies that 
advance fundamental research 
capabilities and reduce costs, as 
indicated by new scientific and 
technology programs that emerge from 
the research. 

G O A L 3 

Construct leading-edge experiments and user 
facilities on schedule, within budget, and in 
a safe and environmentally responsible 
manner. 

S T R A T E G I E S 

• Ensure that all facilities are "best-in-
class" by using total quality management 
benchmark processes and state-of-the-art 
management information systems. 

• Develop an oversight process that 
involves affected parties in a team 
approach to facility review. 

• Employ risk-based cost benefit analysis 
to help set priorities and make decisions. 

• Involve the international community to 
develop a global research facility 
network. 

• Use innovative technologies to reduce 
costs. 

S U C C E S S I N D I C A T O R S 

• Preeminence of facilities, as indicated by 
support by DOE and users, comparison 
with other facilities worldwide, the 
nature and extent of university and 
industrial involvement, and investment 
by users in the facility. 

• Improved performance of facilities, as 
indicated by meeting original target 
performance plans and meeting 
expectations of users. 

• Achieving construction cost and 
schedule milestones, as agreed upon 
prior to construction. 

• Establishment and documentation of 
methods for determining and ensuring 
the level of and compliance with 
environmental, safety, and health 
standards. 

G O A L 4 

Add value to the U.S. economy through the 
application of new and improved 
technologies. 

S T R A T E G I E S 

• Strengthen alignment between DOE 
programs and industry needs. 
Adequately plan and fund partnerships 
with industry. 

• Streamline and improve the technology 
transfer process and learn how to work 
better widi small businesses. 



• Provide adequate funding for 
partnerships with industry. 

• Provide adequate support for applied 
research and technology development. 

• Forge links with other agencies and 
academia to leverage research benefits 
and avoid duplication. 

• Sttengthen links between laboratories. 

• Establish national laboratories as 
regional centers to stimulate industrial 
competitiveness. 

S U C C E S S I N D I C A T O R S 

• Increase in number and magnitude of 
cooperative activities with industry. 

• Increase in technologies developed and 
deployed as a result of partnerships with 
industry. 

• Increase in number of new projects at 
companies and problems solved or 
avoided that can be attributed to 
interactions with DOE programs. 

• Increased leverage of government dollars 
with private sector funding. 

G O A L 5 

Help provide a technically trained and 
diverse workforce for the Nation and 
enhance American scientific and technical 
literacy, especially in energy, the 
environment, and the impact of science on 
the economy. 

S T R A T E G I E S 

• Increase DOE participation in pre-
college mathematics and science and 
continuing education programs. 

• Increase DOE programs for teachers 
and students in the Department's 
laboratories. 

• Support and encourage greater 
involvement by DOE science and 

technology staff in educational and 
community outreach programs. 

• Expand opportunities in science at an 
early age for traditionally under-
represented groups. 

• Provide scientific and technical energy 
information through dissemination 
mechanisms responsive to customer 
needs, such as teacher networks, use of 
electronic networks, public television, 
and outreach vans and buses. 

S U C C E S S I N D I C A T O R S 

•Improved scientific literacy of the 
American public and workers and 
increased participation of traditionally 
under-represented groups in technical 
education programs. 

• Improved technical effectiveness of 
DOE and contractor employees, as 
indicated by work performance and 
community outreach. 

• Increases in level of customer demand 
for departmental information resources 
and more positive feedback from 
information users. 

N A T I O N A L 
S E C U R I T Y 

For almost fifty years, our national security 
has relied on the deterrent provided by 
nuclear weapons. The diminishing strategic 
military threat, due to the end of the Cold 
War and break-up of the Soviet Union, has 
provided the oppoitunity to redirect 
priorities from weapons production activities 
to other critical missions. At the same time, 
the Nation continues to rely on its nuclear 
deterrent, including nuclear powered 
warships, to fulfill critical national security 
missions. Their continued safe and effective 
operations are essential to national security. 

U&!<9 
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ASSESSMENT OF PROGRAMS IN THE CONTEXT OF THE GOVERNMENT 
PERFORMANCE AND RESULTS ACT (GPRA) 

This paper discusses fundamental science program evaluation in light of GPRA's 
requirements. It provides a general overview of GPRA, examines the requirements it 
places on research agencies, and then looks at specific perfonnance indicators that 

.agencies.might jisein responding, to meijERA-requir^ment^i^mnjiiar^indicators.. 

OVERVIEW OF GPRA 
In the summer of 1993, Congress passed the Government Performance and 

Results Act (GPRA). Its purpose is "to improve the efficiency and effectiveness of 
Federal programs by establishing a system to set goals for program performance and to 
measure results."1 Because the Act shifts how federal agencies manage programs "from 
an input focus to an emphasis on performance and results,"2 it supplements the call for an 
emphasis on results in the National Perfonnance Review.3 GPRA grew out of several 
related government management practices, including the trend toward use of program 
goal-setting and performance measurement in state and local governments, and at the 
national government level in several foreign countries.4 The Chief Financial Officers Act 
of 1990 also acknowledged the need for more attention to perfonnance measurement.5 

Senator William Roth, who first introduced a similar bill in 1990 and who now heads the 
Governmental Affairs Committee which oversees its implementation, calls GPRA "the 
single most important piece of the puzzle" in improving government performance.6 

1 Report of tie Committee on Governmental Affairs, United States Senate, to accompany S. 20, 
Government Performance and Results Act of 1993, USGPO, June 16,1993,103rd Congress, 1st Session, 
Report 103-58, p. 2. [hereafter, "Seriate report**] 

2Leon E. Panetta, "Memorandum for the Heads of Executive Departments and Agencies," M-94-2, 
Executive Office of the President, Office of Management and Budget, October 8,1993. 

3 Vice President Al Gore, "From Red Tape to Results: Creating a Government that Works Better and 
Costs Less," report of the National Perfonnance Review, Washington, DC, September 7,1993. 

4 Senate report, p. 9. 
5 SerateTCrx)rcprorHrjwever,'3gThg1eg^^ CFOs Act 

itself, nor its legislative history, provides elaboration on the phrase "systematic measurement of 
performance," and the instructions about performance measures in the Act refer only to financial measures 
for agencies with substantial commercial functions. Thus, the Senate report on GPRA concludes that"... 
the annual financial statement will provide a limited basis for addressing program performance," and that 
"... the CFOs Act provides insufficient emphasis for extending performance measurement across the full 
range of agency program activities." (Senate report, p. 6) 

6 Senator William V. Roth, Jr., "Improving Government Performance " speech given at the 
Brookings Institution, March 22,1995. 
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The GPRA legislation 
GPRA lists five purposes, briefly stated as 
• improve the confidence of the American people in their government, by 

holding Federal agencies accountable for achieving program results, 
• initiate program performance reform, 
• promote a new focus on results, service quality, and customer satisfaction, 
• help Federal managers improve service delivery, 

. • improve Congressional decision making with better information on the. 
effectiveness and efficiency of programs, and 

• improve internal management of the Federal government7 

To achieve these goals, GPRA calls for a consultative, iterative process of 
strategic planning and assessment of progress. It requires agencies to 

• develop strategic plans prior to FY98, consulting with Congress in the 
process; 

• prepare annual plans setting performance goals beginning with FY99; and, 
• report annually to OMB and Congress on actual performance compared to 

goals. The first report is due in March, 2000. 
The law attempts to improve program management direcdy through the process of 
producing performance goals and measures, and to improve budget allocation by taking 
performance information into account It does not set up performance budgeting across 
the government, although it does require pilot attempts in a few agencies to specify the 
levels of results expected at different budget increments. 

Under GPRA, by September 30,1997 (that is, with the FY99 budget submission), 
each federal agency is required to submit a strategic plan to OMB. The strategic plans 
are to include: 

• a comprehensive mission statement; 
• general goals and objectives for the agency's major functions; 
• a summary of the resources, systems, and processes that are critical to 

achieving these goals; 
• a description of how the general goals and objectives will be achieved; and 
• —a-desefiptien-of key ex-tesaal-faetora -that-eeuld-affec-t-aohievement of these 

general goals. 
Also included is a description of how program evaluations are used in establishing goals, 
along with a schedule of future evaluations. The strategic plan is to cover at least five 

7 Government Perfonnance and Results Act of 1993,103rd Congress, 1st session, Report 103-106, 
Part I, p. 2. [hereafter, "GPRA"] 



years forward from the fiscal year in which it is submitted, and is to be updated at least 
every three years.8 

Beginning with FY99, the Act requires federal agencies to prepare annual 
performance plans for each program activity. A "program activity" is defined in the Act 
as "a specific activity or project" as listed in the Federal budget9 The annual 
performance plans are derived from the strategic plan and set specific performance goals 
for a fiscal year. The individual agency performance plans will be used to prepare a 
federal government .performance plan. This.overall.plan.is.lo..b£4mrt.of.the..annual . 
Budget of the United States Government10 

In the annual performance plan, performance goals are generally to be expressed 
in an "objective, quantifiable, and measurable"11 form, through performance indicators 
that measure or assess the relevant outputs, service levels, and outcomes of each program 
activity. The plan must also describe the means used to verify and validate the measured 
values.12 If a performance goal cannot be expressed in an objective and quantifiable 
form, an alternative descriptive form may be used. But the indicators must provide a 
basis for comparing actual program results with the established performance goals.13 

The Act establishes some common vocabulary for discussion of program 
performance. Implicidy, GPRA treats government activities and spending as inputs to a 
chain of activities that eventually produce benefits for the public. Government inputs are 
intended to produce both short-term outputs and longer-term outcomes. 

• The Act defines an output measure as the tabulation, calculation, or recording 

of activity or effort 
• An outcome measure, as defined in GPRA, is an assessment of the results of a 

program activity compared to its intended purpose. 
To use the example given in the legislative report on the Act, eligible clients completing a 
job training program are outputs; an increase in their rate of long-term employment is an 
outcome. 

The guidance accompanying the Act explains that "output measures are often 
intermediate, in that they assess how well a program or operation is being carried out 

8 TJiisr/aragraph-istakenvirujaUy^eTbatmi-fim^ ciL -
9 GPRA, op. ciL See next section for examples from research agencies. OMB has further identified 

a "program activity" as a major function or operation of an agency, or a major mission-type goal that cuts 
across agency components or organizations (Philip Lader, "Nomination of Pilot Projects," OMB 
memorandum, October 13,1993) 

10Panetta, October 8,1993, op. ciL 
11 GPRA, p. 3. 
12 Senate report, p. 30. The use of audits is explicidy not required 
13 GPRA, p. 3 
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during a particular time period... Output measures in performance plans should 
emphasize those used by agency officials in day-to-day operations and program 
management"14 The report also acknowledges that "outcome measurement cannot be 
performed until a program or project reaches either a point of maturity (usually at least 
several years of full operation for programs continuing indefinitely) or at completion. 
Another prerequisite for measuring outcomes is the existence at the outset of a clear 
definition of what results are expected from the program or project While recognizing 
that.outcome measurement is often difficult.andisinfeasil^jrx£ . 
the Committee views outcome measures as the most important and desirable measures, 
because they gauge the ultimate success of government activities."15 

Outputs and outcomes, then, are the short- and long-term indicators of program 
performance. 

• A performance goal, as defined in the Act, is the target level of performance 
expressed as a tangible, measurable objective, against which actual 
achievement can be compared. For example, a performance goal for a student 
reading program is to have 2.3 million-Students receive an average of three 
additional hours of reading instruction per week during the 1990 school 
year.16 

• A performance indicator is a particular value or characteristic used to measure 
output or outcome. In the previous example, the indicator is hours of reading 
instruction per week. 

OMB has informed agencies that while the goals and indicators should be primarily those 
used by program managers to determine whether the program is achieving its intended 
objectives, they should also include measures that will be useful to agency heads and 
other stakeholders in framing an assessment of what the program or activity is 
accomplishing.17 

GPRA stresses multiple performance indicators, and emphasizes outcome, rather 
than output, measures of performance. The report on the bill states "The Committee 
believes agencies should develop a range of related performance indicators, such as 
quantity, quality, timeliness, cost, and outcome. A range is important because most 
program-aetivities-req«ke-maflag«rs-te-bato 

14 GPRA, p. 3. 
15 House report, p. 19. 
16 Senate report, p. 32. 
17Leon E. Panetta, "Memorandum for the Heads of Departments and Agencies Designated at Pilot 

Projects under P.L. 103-62," Executive Office of the President, Office of Management and Budget, March 
3,1994. 
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sub-goals.... While the Committee believes a range of measures is important for program 
management and should be included in agency performance plans, it also believes that 
measures of program outcomes, not outputs, are the key set of measures that should be 
reported to OMB and Congress."18 

The challenge in responding to GPRA is that indicators are always partial, 
capturing some aspects and not others of the phenomenon of interest Even a set of 
perfonnance indicators provides only an approximate representation of a program's 

.. acEal performance^Later parts of. this-paper.discussJhecijiiesprjaidfinceJaetween . .. 
research performance indicators and research program performance. 

The legislative report on GPRA considers the issue of the cost of implementing 
the Act Most witnesses in hearings on the bill testified that the cost need not be 
burdensome, but the Act includes a requirement that costs be tracked and reported to 
Congress. An interagency group developing performance measures for research programs 
recommends that the data to be gathered should be valuable enough to program managers 
themselves that they are willing to spend what is needed. GPRA offers a reward in 
exchange for the effort invested in performance reporting. Eventually, in exchange for 

" greater accountability, agencies will be allowed to waive administrative requirements and 
controls to provide greater managerial flexibility. 

Relationship to program evaluation 
GPRA distinguishes between the system of annual performance reporting it 

mandates and another, related activity, program evaluation. 
• A program evaluation is an assessment, through objective measurement and 

systematic analysis, of the manner and extent to which Federal programs 

achieve intended objectives.19 

The legislative report on the Act explains that "while most often aimed at assessing the 
degree to which a program's stated objectives are being or have been realized, program 
evaluations are also frequendy used for measurement of 'unintended effects,7 good or 
bad, that were not explicidy included in the original statement of objectives or foreseen in 
the implementation design. Thus, they can serve to validate or find error in the basic 
purposes-and-T^mises-thirtTnTdertey-^ro rather than 
mandates, that an agency has an active effort underway in program evaluation. 

18 House report, p. 17. 
19 GPRA. 
20 House report, p. 20. 
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Federal program evaluation-has a history of several decades.21 In this tradition, 
program evaluation is a set of management practices that go far beyond performance 
plans and reporting. According to Elinor Chelimsky,"... program evaluation is the 
application of systematic research methods to the assessment of program design, 

implementation, and effectiveness."22 Six general categories of program evaluation have 
been distinguished: 
- . r Front-end analysis (preinstallation, context, feasibility analysis), which confirms, 

ascertains, or estimates needs, adequacy.of cjDnception,^r^ratiQnalieasibility».e.tc, _ _ 
of the program. 

• Evaluability assessment, including activities undertaken to assess whether other 
kinds of program evaluation efforts should be initiated. 

• Formative (developmental, process) evaluation, which tests or appraises the 
process of an ongoing program in order to make modifications and improvements. 

• Impact (summative, outcome, effectiveness) evaluation, which finds out whether a 
whole program works,-and is intended to provide information useful in major 

. decisions about program continuation, expansion,- or reduction. 
• Program monitoring, ranging from periodic checks of compliance with policy to 

relatively straightforward tracking of services delivered and counting of clients. 
• Evaluation of evaluation (secondary evaluation, metaevaluation, evaluation 

audit), ranging from professional critique of evaluation reports to reanalyses of 
original data to summarize results across individual evaluations.23 

In these terms, GPRA primarily calls for program monitoring and impact assessment—or, 

in the GPRA terminology we use in this paper, reports of output and outcome measures. 
In GPRA, program evaluation plays a different role from performance plans and 

indicators. Program evaluations are more in-depth studies of program results, and are 

therefore usually done less frequently and more selectively than performance reporting. 

21The published literature on general program evaluation is voluminous. One good recent overview 
is provided in Shadish, William R., Jr., Thomas D. Cook, and Laura C. Leviton, Foundations of Program 
Evaluation: Theories of Practice, Newbury Park, CA, Sage Publications, 1991. Cook and Shadish have 
also written an excellent short summary of the lessons learned from several decades of program evaluation: 
"Evaluation: The Worldly Science," Annual Review of Psychology, VoL 37, pp. 193-232. Program 
evaluation nruie government contExrtescritied^i^-Ray-&redr, -Program Evaluation and the 
Management of Government: Patterns and Prospects across Eight Nations, New Brunswick, NJ, 
Transaction Publishers, 1990; and in Wye, Christopher G., Evaluation in the Federal Government: 
Changes, Trends, and Opportunities, San Francisco, Jossey-Bass, 1992. 

22E. Chelimsky, "Old Patterns and New Directions in Program Evaluation," in Program Evaluation: 
Patterns and Directions, E. Chelimsky, ed., Washington, DC, American Society for Public Administration, 
1985, p. 7. 

23Taken almost verbatim from Peter H. Rossi (ed.). Standards for Evaluation Practice, San 
Francisco, Jossey-Bass Inc., 1982, pp. 9-10. 
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Program evaluation develops the knowledge base within an agency about outputs and 
outcomes of its programs, and thus helps research managers and agency executives assure 
that the agency's programs are effective mechanisms for reaching its goals. Program 
evaluation often develops output and outcome indicators, but interprets them in a 
descriptive framework. Agencies can draw GPRA summary indicators from among those 
developed in detailed program evaluation. But because GPRA performance indicators 
are aggregated across programs and need to be gathered and reported annually, as a 

_ .practical .mattenlhey cannot reflect as .much-depth, as the..data,andmformation nsedibr-a 
full-blown, detailed program evaluation. 

OMB Guidance and the GPRA industry 
GPRA mandates that the General Accounting Office monitor and report on the 

implementation of GPRA, and assigns responsibility for the implementation itself to the 
Office of Management and Budget A small staff at OMB provides general guidance and 
facilitates discussions on the details of implementation, such as report formats. One of 
the first jobs of this staff was to designate GPRA pilot projects, as required in the Act 
The Act specified that several sets of pilot projects were to be undertaken over the late 
1990s, including a set to. test and demonstrate to agencies how to produce annual 
performance plans and reports 24 The Act calls for the pilot projects to be representative 
of major government functions and activities. The first set of designated pilot projects 
included programs from twenty agencies. Interaction with agencies on the pilot projects 
has been left in the hands of individual budget examiners, who will also be the first point 
of contact on full GPRA reporting reqviirements. 

The first set of performance plans submitted under the GPRA pilot projects was 
an important learning experience for OMB P Twenty percent of the plans were 

exemplars, demonstrating that measurable, quantitative performance goals could be set in 
advance. Another twenty percent, however, "lacked goals or measures with sufficient 
substance to be useful in managing a program, measuring performance, or in supporting a 
budget request Put another way, if this were CY 1997 [when the whole government is 
required to submit plans], little or nothing worthwhile could be salvaged by OMB from 
agency-plans-stich-as-thesernrA-repeat-of-^^ be a 

24 Research and development is among the 30 major programs, functions, and activities OMB 
identified for the purposes of judging whether its set of pilot projects was balanced (Lader, op. ciL). Three 
research-relevant pilot projects are discussed below. The summary and information on pilot projects are 
from Panetta, October 8,1993, op. cit. 

25 Walter Groszyck, "Assessment of FY 1994 GPRA Pilot Project Performance Plans," OMB 
memorandum, August 10,1994. 
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major blow to successful implementation of GPRA." The conclusion from this exercise 
was that "...the rest of the government needs to be engaged early-on if useful plans are to 
be forthcoming in 1997." OMB has therefore included GPRA-like activities in its spring 
review for the Fiscal Year 1997 budget, an exercise which is now beginning. It has asked 
agencies to designate "key programs," and will discuss performance measures and the 
availability of data on those programs with the agencies. The key programs will be 
expected to report performance measures with the FY97 budget request in September, 
1995. In .addition, with the FY97 .budget, agencies areasked .to_name_perf brmance. 
measures, although not to set performance goals, for all their programs. 

As OMB's activity around GPRA has increased, attention to the Act has spread, 
and GPRA-related activities have sprung up within and outside government A listing for 
February throughJuly, 1995, for example, includes 47 activities, ranging in cost from $0 
to $1795 per person.26 The Office of Personnel Management hosts a GPRA Interest 
Group monthly, the Federal Quality Institute is offering a variety of classes, and a range 
of private groups are advertising specialized sessions on GPRA and related topics. 

- GPRA AND RESEARCH PROGRAMS 

Program evaluation in research agencies 
The evaluation of federal research programs has historically not been closely 

linked to the larger stream of government program evaluation, but has instead grown up 
as an independent tradition. Research program evaluation, like general program 
evaluation, is a learning process involving both program participants and other 
stakeholders in an in-depth look at how a program is working. It analyzes the objectives, 
priorities, and customers for the program; examines the structure of the program's 
portfolio; and considers the costs of the program in relation to its results. Good research 
program evaluation is done by independent evaluators, and includes assessors with 
relevant technical expertise and experiences in the type of research being evaluated as 
well as assessors from outside the research community. It gathers systematic evidence on 
program performance and relies on multiple lines of evidence to draw its conclusions, 
which arei«p^rted-to-progi*am-managere-and7partiei^ and the 
public.27 

26 "Update on GPRA-related meetings and conferences, 4/7/95," Management Systems 
International, Inc., Washington, DC. 

2 7 This paragraph is drawn from: Practitioners* Working Group on Research Evaluation, 
"Evaluation of Fundamental Research Programs: A Review of the Issues," prepared at the request of the 
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U. S. research agencies have generally followed one of two approaches in their 
evaluations.28 One is technical review by a panel of external experts, always including 
researchers and sometimes including users of research results as well. For example, since 
the 1950s, the intramural programs of the National Institute of Standards and Technology 
have been evaluated with extensive site visits by expert panels organized by a Board of 
Assessment which is a branch of the National Research Council. In the same spirit the 
Office of Energy Research has a highly structured retrospective process of expert 
assessment at the project level, with, panel scoring on, preset criteria^ .The scores are 
aggregated at program level and reported within the agency. 

A second approach to research program evaluation relies more extensively on data 
gathering by external contractors. Such evaluation studies, which draw more directly on 
the general program evaluation tradition, often use mail or telephone surveys or 
publication-based indicators, sometimes in combination with expert judgments of various 
sorts. An example is the National Science Foundation's mail survey of participants in its 
Research Experiences for Undergraduates program. Similarly, to assess prospects for 
collaboration with industry, the National Institute of Dental Research conducted an 

~ extensive study in the area of restorative dental materials research, using publication-
based indicators, patent indicators, surveys, and case studies. 

Evaluation studies, however, are relatively rare, and are concentrated in the 
fundamental science agencies, NSF and NTH. Most of the assessment of federal research 
programs is descriptive, and far removed from the sort of quantification of performance 
GPRA is seeking. A large array of quantitative tools for evaluation has been described in 
the literature,29 but few of them are used in practice. To respond to GPRA, research 
programs and agencies thus face the challenge of either choosing among an array of 
options they have largely avoided in the past, or developing new ones. 

GPRA reporting units 
The option chosen for level of reporting will depend on agency goals and 

structures. In research, the range of activities covered under GPRA will be quite diverse 
and the level of aggregation for GPRA reporting will vary widely. As discussed earlier, 
GPRA requifes-ageneies-te-set-performanee-^^ for 
"specific activities or projects" as listed in the annual U.S. budget, but leaves the option to 

Office of Science and Technology Policy, August 1,1994. Available from the Critical Technologies 
Institute as part of the Metrics of Fundamental Science projecL 

28 See Susan E. Cozzens, "U. S. Research Assessment at the Crossroads," Part I of a final report on 
NSF Grant SBE-9220059, AugusL 1994. 

2 9 We discuss these measures in the last section of this chapter. 
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"aggregate, disaggregate, or consolidate program activities, except that any aggregation 
or consolidation may not omit or minimize the significance of any program activity 
constituting a major function or operation for the agency."30 For research programs, the 
choice of aggregation approach may be critical to the issue of developing realistic 
performance concepts. 

The default option for units of aggregation is the budget line item; that is, 
agencies would prepare performance plans and report performance indicators for each • 

. item that appears as a line item.in the.government hndget_Budget line items submerge. 
research functions thoroughly into larger units in some agencies, but in others pit one 
program against another.31 For example, at the Department of Defense, basic research, 
applied research, and development for the Department as a whole appear as line items in 
the Department's budget Thus, under the default, Defense would need to present 
aggregate indicators for basic research in all three service branches together. Within each 
branch, research results would also be included in performance indicators for the service 

as a whole-that is, for example, as part of the Department of the Army for the Army 
Research Laboratory ($210 million), and as part of the Navy for the Office of Naval 

~ Research ($425 million). At the Department of Energy, performance indicators would be 
presented for the combined total of Atomic Energy Defense Activities, General Science 
Programs, and Energy Programs ($1.6 billion in basic research), but not separately for 
Basic Energy Sciences ($619 million). The Agricultural Research Service, which is a 
separate line item ($672 million, including $363 million in basic research) at Agriculture, 
would report its own indicators.' 

The three other large research-supporting agencies report more detail in their 
budgets. Therefore, if the default option is taken, at the Department of Health and 
Human Services, the National Institutes of Health would report in terms of its individual 
institutes (Cancer, Eye, Aging, etc.).32 Likewise at NASA and NSF, programs in various 
areas of science would appear side-by-side in the performance indicators." For NASA, 
space science ($1.9 billion), life and microgravity science ($608 million), and Mission to 
Planet Earth ($1.3 billion) would each report indicators, as would NASA's academic 
programs ($104 million). At NSF, the various directorates-geological sciences and 
biologicd-scie«je^-,̂ «F-exaHiple-($434-miUion-and $314-frtiHien respectively)—would 
report indicators, as would the Social and Behavioral Sciences Directorate ($96 million), 

30 GPRA. 
31 These numbers are based on FY95 budget authority and the Budget of the United States for that 

year. 
32 This discussion is based on data from the FY95 budget, and dees not reflect any reorganization of 

HHS after the departure of the Social Security Administration. 
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which includes the division that handles international programs and the one that produces 
science statistics. 

Alternatives can be proposed, however. The National Science Foundation is 
considering reporting in "portfolios" of programs and activities that have similar 
performance concepts, for example, NSF's entire portfolios of centers, facilities, or 
project grants.33 To make a statement about how effective NSF as a whole is, it is easier 
to summarize sets of unique indicators for such areas than to sum up across discipline-
based directorates. .As.mentioned earlier, QMB-has also-opened the rinor for agencies to 
report on "missions" that cut across their functional units. So, for example, if it chose to 
do so, the National Institutes of Health could report on its entire cancer effort, intramural 
and extramural, located in and funded out of many different institutes, ranging from 
fundamental molecular biology to clinical trials. The only level of organization 
seemingly ruled out for GPRA purposes is cross-agency programs, since performance 
reporting is at the agency level. But agencies may elect to report on their contributions to 
interagency initiatives, and such reporting may be required for other purposes, such as 
OSTP's response to requests from the Senate Appropriations Subcommittee (discussed in 
another paper prepared for this project). 

This discussion of levels of aggregation for performance indicators illustrates . 
again the differences between regular program evaluation and performance reporting 
under GPRA The default units of aggregation are much too broad to be the object of 
program evaluation, which would focus instead on more coherent sets of activities further 
down in the organization. Some of the alternative units suggested here might be the 
focus of a special evaluation, but this would certainly not happen on an annual basis. 
Thus we see again how program evaluation and GPRA-type performance indicators 
complement each other in the overall research management process. 

Research performance concepts 
The fundamental difficulty for research programs in responding to the 

performance reporting requirements.of GPRA, especially at such broad, summary levels, 
is the character of research goals. The outputs of research programs are tangible and 
measurablerbtnvmer^titeemes-are4ess-s«:--^^ the two 
varies widely, even among federal programs of fundamental research. Therefore, in 
performance indicators, one size is unlikely to fit all. 

For all science programs, the primary goal is to produce knowledge that will be 
used in service to society. But the programs vary a great deal in how close or far away 

33 See discussion below of NSF's pilot project in facilities indicators. 
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their research activities are from practical application. At one end of the spectrum, the 
National Science Foundation's primary mission is to "enable the United States to uphold 
a position of world leadership in all aspects of science, mathematics, and engineering."34 

NSF's research, therefore, must first and foremost be of world-class caliber, and also 
balanced among fields. At another point on the spectrum, the Agricultural Research 
Service mission is to "develop new knowledge and technology needed to solve technical 
agricultural problems of broad scope and high national priority... "35 ARS's research 
must therefore first .and foremost contribute ta^olving agricultural problems, in.holh _ . 
cases, the knowledge outputs of the programs take the same form: research results, 

. communicated to various audiences through workshops,-conferences, reports, and 
publications. The outcomes to which the research results contribute, however, are quite 
different—world leadership versus agricultural problem solving—and call for different 
kinds of performance indicators. 

At the same time, research programs build technical capacity by investing in 
human resources. Within a mission-oriented government laboratory like the Army 
Research Laboratory or the National Institutes of Standards and Technology, human 

- resources are appropriately treated as an input to the research process. But agencies that 
primarily support extramural research develop human capital as a generic national 
resource: trained people are an output in these cases. NTH and NSF are prime examples. 
By supporting research at universities, these agencies invest in two sets of people: the 
principal investigators themselves, who are kept at the frontiers of knowledge through 
research activity; and also new Ph.D.s and the other professionals trained in part by the 
Pis, for example, medical students taught by NIH-supported investigators, or 
undergraduate engineers taught by NSF-supported engineering Pis. The expertise 
embodied in these people is employed in service to society far away from the funding 
organization, in transactions that are not necessarily connected to the grant the 
organization provided. So for example, an ecologist supported by NSF early in her career 
may eventually head a branch of the Forest Service, or a neuroscientist supported by the 
National Institute on Aging may contribute to drug development by consulting with a 
pharmaceutical firm years later. While trained people are visible outputs of the research 
projects the^geiicies-stippr3rtrthe--longer-term-euteomes «f-those- investments- are seldom 
visible, especially at the end of the project period. 

To summarize, outcomes produced by both increases in understanding and 
investments in human capital are frequently long-term, and they are mediated through 

34 National Science Foundation Strategic Plan, February 1995. -
35 Agricultural Research Service Program Plan, October 1991. 
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institutions which use the knowledge base and trained people the program produces. 
Outcomes could be tracked over a long period of time starting from individual programs, 
but by the time many of them appeared, the direct effects of the program would have 
interacted with many other factors. The problems of connecting research to outcomes are 
shared across fundamental research programs.36 

The GPRA requirement for regular program evaluation at a more detailed level 
only partially alleviates this problem. Program evaluation can go into more depth, use 
more indicators, and .construct a more.complex_picttirej3f.the.program fhan-an annual . 

summary performance report can. It can draw on knowledge of long-term processes 
produced from retrospective studies, like the ones described in Section IV of this report 
Program evaluation also inevitably involves interpretation of indicators by people who 
are knowledgeable about the program and how it works: program managers, evaluation 
staff in agencies, steering committees organized specifically for the evaluation, and 
agency decision makers. In this context, the use of quantitative indicators appears both 
rational and wise, since they can supplement descriptive expert judgment without 
supplanting i t 

In the context of an annual summary performance report, however, the descriptive 
elements may fall away. The readers of the report are likely to know much less about the 
program, and will not be able to supply the descriptive information themselves. For 
summary performance reports, then, indicators have to be chosen with special care, and 
packaged as much as possible with the other kinds of information necessary to understand 
the program. The interagency group discussing research performance measures has 
therefore stressed that to minimize the likelihood of misinterpretation, the indicators 
should always be reported in narrative form, and examples of research advances will 

generally be necessary to supplement quantitative indicators.37 

An example of how to package such information comes from the other side of the 
Atlantic. To convey performance information to its relevant ministry, one Swedish 
research council has developed a one-page format that meets the description offered by 
the U.S. interagency group. The Swedish Board for Technical Development (NUTEK), 
responding under a law very much like GPRA, has chosen to prepare one-page, two-
column ̂ bstxacteHfcr-eachtriHts-pregi2mis;^m goals (in 
4-5 lines of description), the actual work done under the program, the number of projects 

36 W. Herman and M. Bosin of the Food and Drug Administration have distinguished usefully 
between quantitative input-to-outcome models and nonquantitative (logic-flow) models in the analysis of 
outcomes from research programs. They have presented this work to the Roundtable on Research 
Performance Measures, and have viewgraphs available. 

37 See minutes of Roundtable on Research Performance Measures. 
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supported, steering committee members, outputs (including doctorates awarded, 
publications, start-up companies, new lines of research in existing companies, etc.), and 
NUTERVs subjective views on future outcomes of the program. The experience thus far 
is that such reports are enthusiastically received at the Ministry, where a brief, readable 
.format for solid information about the program is useful for several purposes.38 The 
reports also increase the likelihood that quantitative indicators will be used in context 
rather than alone. 

GPRA R&D PILOT PROJECTS 
The R&D pilot projects under GPRA are. already struggling with the tensions 

inherent in the tasks the Act requires. While it is not yet clear whether all the efforts 
under the pilot projects will translate into usable summary performance indicators at 
agency level, much has been learned in the pilot project process. 

The National Science Foundation houses four pilot projects, but one focuses on an 
_ administrative activity and will not concern us here. The other three represent three 

different kinds of NSF programmatic activity: 
• the Science and Technology Centers Program, representing a funding mode 

that contributes to three different NSF strategic goals 
• a set of user facilities (telescopes, synchrotrons, etc.) in the Mathematics and 

Physical Science Directorate, and 
• the High Performance Computing and Communications strategic area. 

The Army Research Laboratory, which supports fundamental and applied research, was 
included as a second round pilot 

NSF's Science and Technology Centers 
NSFs Science and Technology Centers (STC) program activity provides stable, 

long-term support to 25 university-based research centers.39 As an experimental mode for 
federal support of scientific research, the activity seeks to establish the potential benefits 
of stable long-term support for interdisciplinary research and activities in a center setting. 
Its goals are 

•* to addressinterdiseiplinary-researeh -problems •beyond-the -capabilities of single 
investigators or small research groups; 

38Cozzens interview with Torbjom Winqvist, NUTEK, September 1994. 
information here provided to this project by David Schindel. STC Program Manager, September 

1994, and drawn from the STC pilot project proposal. 
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• to promote partnerships with states, industry, and national research laboratories, 
for knowledge and technology transfer from academia to other sectors; and 

• to produce graduates at all levels with unique interdisciplinary science and 
engineering training. 

As a GPRA pilot project, the STC program had the advantage of drawing on a workshop 
held in January, 1992, at which center directors and professional evaluators explored the 
topic of appropriate performance indicators for center programs. To develop its first pilot 
project.performance.plan, then, the STC drew, on the.perforjnance.concepts.carefully.. . . 
developed in this context, and convened an in-house advisory group of program 
evaluation specialists who contributed ideas and helped to refine the pilot project's FY 
1994 performance plan. The performance indicators that were proposed are shown in 
Table 2.1. The program proposed to verify and validate these indicators through the use 
of an independent evaluator and expert panels. 

In its response to this first performance plan, OMB pressed the program to choose 
indicators that were more quantitative in nature. OMB also raised the question of how a 
baseline for measuring future performance can be established with indicators of this sort, 
and wanted to know how to judge a good versus a poor level of performance on these 
indicators. In preparing the pilot project's FY 1995 performance plan, the program then 

decided to follow an alternative path offered in GPRA GPRA states "if an agency, in 
consultation with the Director of the Office of Management and Budget determines that 
it is not feasible to express the performance goals for a particular program activity in an 
objective, quantifiable, and measurable form, the Director of the Office of Management 
and Budget may authorize an alternative form. Such an alternative form shall— 

(1) include separate descriptive statements of— 
(A) (i) a minimally effective program, and 

(ii) a successful program, or 
(B) such alternative as authorized by the Director of the Office of 

Management and Budget, 
with sufficient precision and in such terms that would allow for an accurate, 
independent determination of whether the program activity's performance meets 

• • the-criteriaof-&e-deseription.";-Gr- . . . 
(2) state why it is infeasible or impractical to express a performance goal in any 
form for the program activity40 

The FY 1995 Performance Plan that was proposed by the STC pilot project and 
adopted is in fact very complex, but follows two simple principles. 

40 Government and Performance and Results Act of 1993, Public Law 103-62, Section 4. 
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• First, the plan describes "significant progress" and "outstanding progress" 
with regard to two indicators in each of three program goal areas (research, 
education, and knowledge transfer). The Center is considered to have 
reached a particular goal if it is making outstanding progress on one of the 
two performance indicators, or significant progress on both indicators. 
The two levels are in general distinguished by different adjectives, for 
example, one of the performance indicators for the goal of knowledge transfer 

_ ... .Jbcusesjon.collaborative parmersMps^Significantprogres.s using this ._ 
indicator is defined, in part, as having a center "open to and used by at least a 
modest number" of researchers from other institutions, whereas in 
"outstanding progress" requires, in part, that such collaborators are "routinely 
integrated" into the center and "constitute a visible and regular component of 
the Center's population." For its central research indicator, "significant 
progress" is defined in terms that are not readily quantifiable: a majority of 
the Center's research products "appear in the field's most respected peer-
reviewed vehicles." But "outstanding progress" is achieved through 
breakthroughs, when several of the Center's research products "are counted 
among the most influential contributions affecting the current direction of the 
field." For these and other indicators, the judgment of specialists from outside 
the Centers themselves is utilized. 

• Second, the plan treats the set of centers supported under the program as a 
portfolio, and sets performance goals for the program in the form of the 
percent of centers that match certain performance characteristics. 

For example, the program would be considered minimally if half its constituent centers 

are successful in reaching two or more goals or 80% are successful in reaching one goal. 

The program would be fully successful if 90% of the centers reach one goal, 75% reach 

two, or 20% reach three. Treating the center program as a portfolio encourages risk-

taking and creativity. The program can succeed even if individual centers fail-

Table 2.1 

Performance indicators Proposed 

for the Science and Technology Centers Program, NSF 
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Goal 1: Address interdisciplinary research problems beyond the capabilities of single 
investigators or small research groups. Indicators: 

• amount, quality, and interdisciplinary nature of research products, such as 
publications and collaborations; 

• novel integrative approaches to research problems; 
• use and development of unique research instruments and facilities; 
• size and duration of collaborative research projects; and 

.. •. ^ponsorsMp.ofJeadership-andcoordinatmg-actLvitiesJbn^ 

Goal 2: Promote partnerships with states, industry, and national research laboratories, 
for knowledge and technology transfer from academia to other sectors. Indicators: 

• creation of mechanisms for knowledge/technology transfer: alliances, contractual 
arrangements, organizational structures 

• tangible products of knowledge/technology transfer such as 
• amount, nature, and quality of joint research and personnel exchange; 
• patent disclosures, licensing arrangements; 
• new products, spin-off companies; 
• use and acquisition of shared research instrumentation; and 
• reciprocal training programs and hiring practices. 

Goal 3: Produce graduates at all levels with unique interdisciplinary science and 
engineering training. Indicators: 

• number of students trained, including minorities and females; 
• mter-departmental/interdiseiplinary nature of advising committees; 
• career tracks of graduates; 
• creation of interdisciplinary courses, curricula, majors, programs. 

NSF facilities pilot 
NSF is also using the portfolio concept in its pilot project on facilities, although in 

a different format than in the STC pilot The Foundation supports a number of user 
facm^es;--such-as-teleseGpes-aiid-aeceferate^ 
directorates. The facilities have a common purpose: as phrased in the NSF strategic 
plan, "to enable the United States to uphold a position of world leadership" in selected 
fields of science. Each facility is planned in response to needs in a specific field, and 
each one starts from a different technical baseline. In the first performance plan, the 
participants in the pilot project developed five generic goals for their facilities, but had 
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difficulty translating them into practical performance measures and indicators. When 
facilities directors were asked to produce whatever data they thought was useful in 
relation to these five goals for the project's first performance report in relation the first 
plan, some interesting ideas emerged. The pilot project leader then called the group 
together, along with some representatives of other major facilities NSF supports, and the 
group developed a dozen generic performance indicators under three broad performance 
concepts, as indicated in Table 2.2. 

The key, to the plan was to.tlunk.aboutlheuperforinance_measiirft.s in terms pf... . 
percentage change from a baseline. The baseline number could be different for each 
facility, and even measured in. different metrics. To help standardize, the group had to 
invent a term, "user units," to refer generically to entities like beamtime and observing 
hours. In the end, however, the percentage change from each facility could be folded 
into a percent change for the whole portfolio of facilities. As with the STC pilot, the 
portfolio concept allows for variation among the facilities in their indicators for any 
particular year. When an individual .facility experiences bad weather, for example, its 
figures may drop; but that individual variation, will play only a small role in the 

" Foundation-wide average. 
Tlunking in terms of the portfolio concept was a major challenge for the group 

because NSF normally devotes so much attention to the evaluation of individual facilities. 
The performance indicators for the individual facilities would of course be available to 
program managers and site visit teams, but when used at that level they would be 
interpreted in context, with regard to the performance expectations for that particular site. 
At the same time, improving the generic, aggregate performance characteristics of the 
portfolio can become a goal for the Foundation as a whole. 

Table 22 
Illustrative Performance Goals 

from the NSF Facilities Pilot 

Goal A: Efficiency of Operations 

Facilities operate efficiently by ensuring that construction, upgrades, maintenance, 
acquisition and development of major instrumentation remain on schedule and within 
budget... 

- Fraction of total originally scheduled user units [e.g., beam time, observing 
hours] lost due to breakdowns or other circumstances considered within the 
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control of the facility. The objective is that this fraction not exceed 5% of the 
total originally scheduled user units. 
- Percentage change in the cost per available user unit from the previous year 
(calculated in constant dollars). The objective is that this percentage change be at 
least-1%. 

Goal B: Effectiveness of Operations — Scientific User Community 

Facilities serve a broad user community effectively by providing for the 
development of major research instrumentation and facility upgrades that broaden 
research opportunities and encourage technology breakthroughs. The facilities remain at 
the cutting edge through their research and instrumentation development programs. 

- The demand on the facility by users as indicated by the over subscription rate on 
the facility services and the percentage change from the previous year. This rate 
will be calculated as the fraction of user units requested compared to the total 
number of user units available. Our initial objective is to see the over 
subscription rate decrease through increases in capacity or in efficiencies of 

■ equipment.- The fraction of user units used by industry compared to the total 
number of user units available and the percentage change from the previous year. 
Our initial objective is for this percentage to increase. 

Goal C: Effectiveness of Activities — External Community 

Research carried out in whole or in part through the facilities is demonstrably world 
class, with broad promotion of the potential uses of the research results and any 
technology brealcthroughs. The facilities are substantively involved in the education and 
training of science and engineering smdents, and enhance-the public awareness of science 
and the goals of scientific research. 

- The fractional number of undergraduate and graduate smdents using the facility 
compared to the total number of users conducting research on the facility and the 

• percerrta^e-cteuTge îxnn-me ptcriwsy&KrOaTimtiaivbjectivewfo^ 
percentage to increase. 
- Number of accesses to the facility's World Wide Web service, and percentage 
change from the previous year. Our initial objective is for this percentage to 
increase. 

The High Performance Computing and Communications pilot 
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The third NSF pilot project illustrates the difference between GPRA-type 
performance indicators and the "milestones" commonly requested under inter-agency 
programs. HPCC has been designated by the National Science Foundation as "strategic 
research in an area of importance to the nation." HPCC simultaneously combines 
activities in different NSF directorates, and contributes to an inter-agency initiative of the 
same name. The pilot project includes activities of several different kinds: 
• fundamental research and cutting-edge technological development, both of which 
_ -build a.worldrclass.knowledge.base^boutjcompnting^ndxommnnination.s, and their 

utilization by the research and education communities; 
• networking activities that focus on the very high bandwidth requirements of the 

research and education communities; and 
• educational activities, focusing on special training at multiple levels at the cutting 

edge of computing knowledge. 
At the core of HPCC activities is the effort to increase the nation's storehouse of 

computing science and information processing knowledge, and human capital. An 
important, but secondary aspect is the advancement of the irifrastructure that enables the 
goal. 

Some HPCC goals can therefore be phrased explicitly in terms of increased 
technical capacity. For example, in its FY95 performance plan, the program expected to 
"increase bandwidth of vBNS to about 600 Mb/second within two years," starting from a 
baseline of 155 Mb/second. Such goals are classical "milestones": they imply that the 
program has set a direction andprovide concrete measures that can indicate whether it 
has moved toward i t 

The development of more powerful computers is another example where techmcal 
capability can be increased and measured. The original Federal HPCC program for 
example has as a goal the demonstration of a sustained teraflop on Grand Challenge 
problems. However, a recent report from a National Academy of Science study on 
HPCC, recommended that teraflop computing should be treated as a direction, not a 
destination. 

Thus, performance indicators for the program cannot focus only on increasing 
technical capacityrlest^ey-ctmeeal-me-nme-importa^ such as 
increasing the pool of computing science and information processing knowledge, and 
human capital. The HPCC pilot project therefore includes a range of indicators, intended 
to capture both the fundamental increase in knowledge and the increasing 
technical capacity, and calls attention to the importance of unexpected results. 
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The Army Research Laboratory pilot 
Like the NSF Science and Technology Centers, the Army Research Laboratory 

(ARL) had a head start on the problems posed by GPRA, in the sense that it had recendy 
gone through a serious business planning process and had a strategic plan in hand with 
which to set performance goals.41 ARL was eager to participate as a pilot because of the 
flexibility incentives GPRA offers in exchange for increased accountability. ARL 
thought that flexibility, particularly on personnel matters, would help it cope with the 
major downsizing it is experiencing, anticipated..to.be..clo.seja4f)4)etc^nt.iri^rsonneL . 
over the 1990s. Over the last 20 years, study after study of Defense Department 
laboratories has called for greater flexibility and authority for laboratory management, to 
deal with a bureaucratic personnel and procurement system. ARL hoped that GPRA 
might be the mechanism for responding to these 20 years of concerns. 

ARL rated the conventional tools of research evaluation as follows (see Figure 
2.1). Long time-frame retrospective studies (like Project Hindsight which tracked the 
origins of a set of Defense technologies in the 1970s), provide the most meaningful, but 
least timely information. Retrospective peer review provides meaningful, timely 
information that is limited in scope. The usefulness of metrics of inputs, surrogates, and 
outputs is timely, but varies in meanmgfulness. Thus retrospective peer review, metrics, 
and customer satisfaction surveys all were seen to have different strengths and 
weaknesses. 

ARL therefore decided to combine the methods in .their plan. Their indicators list, 
shown in Figure 2.2, included 27 non-personnel indicators and 13 personnel indicators in 
early 1994. As with NSF, after seeing the first performance plan, OMB asked ARL to 
reduce the number of indicators. ARL first experimented with combining their list into 
aggregate measurements by asking higher level Army managers to assign weights, which 
were to be fed into a combination algorithm.42 They are now moving toward more 
emphasis on retrospective peer review of a descriptive kind.43 

Figure 2.1—The ARL Performance Evaluation Construct 

Figure 2.2—Laboratory Performance Metrics 

41Information here provided by Edward A. Brown, ARL, in a briefing for the Federal Research 
Assessment Network in May, 1994. 

42TJL. Saaty, "The Analytic Hierarchy Process, McGraw-Hill International, 1980. 
43 Susan: check Roundtable notes on this. 
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THE CHALLENGE OF SUMMARY PERFORMANCE INDICATORS 
If agencies choose the summary indicators option in GPRA (rather than the 

alternative format), then responding to GPRA will require selecting a judicious 
combination of indicators based on short-term program outputs that are significant 
because of their connection to longer-term processes. For constructing summary 
indicators, all available evaluation methods have both strengths and limitations. Many of 
the indicators of research program outputs could find useful applications in the context of 

. . afull-blownprogram£valuation,Jbuthay.e.more severe.limitations for use.as.GPRA .. 
summary performance indicators. For example, a full-blown evaluation can take into 
account descriptive analysis of interview data, complex models of program operation, or 
sophisticated citation analyses. All of these can provide performance-related information 
to inform an evaluation report, but do not match GPRA's requirements for simple 
performance indictors. 

By definition, the primary goal of any research program is to increase 
understanding of a physical,.social, or technological phenomenon. While understanding 
itself is hard to quantify, knowledge production has proven to be at least in part 

~ measurable. Three aspects of the knowledge produced under research programs are 
generally of interest to agency program managers: quantity, quality, and importance. 
This section reviews indicators of these three concepts, and mentions indicators of other 
aspects of the performance of research programs. 

Quantity of Knowledge 
Publications. Publication, counts are by far the most widely used metric of 

knowledge production in science, finding applications from individual evaluation for 
promotion and tenure at universities to national science indicators.44 European 
evaluations of university units have routinely included publication counts as one type of 
productivity index for a decade or so. In the British system, researchers asked for these 
more objective indicators to be included in the evaluation system to counteract arbitrary 

^For detailed explanations of bibliometrics, see: A. F. J. Van Raan, 1993. "Advanced Bibliometric 
Methodsto AssessrREsearch Perfbrnianreand^aerctificBevelopinenc-Basic Principles and Recent 
Practical Applications," review report based on invited paper. University of Leiden Report CWTS-93-05, 
August; Susan E. Cozzens, 1989. "Literature-Based Data in Research Evaluation: A Manager's Guide to 
Bibliometrics,** report to the National Science Foundation; Francis Narin, Dominic Olivastro, and Kimberly 
Stevens, 1994. "Bibliometrics/Theory, Practice and Problems." Evaluation Review, Vol. 18, No. 1, 
February, pp. 65-76; A. F. J. Van Raan, 1993. "Advanced Bibliometric Methods to Assess Research 
Performance and ScientiGc Development: Basic Principles and Recent Practical Applications," review 
report based on invited paper, University of Leiden Report CWTS-93-05, AugusL For individual 
bibliometric methods, see notes on following pages. 
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judgments by parochial peer reviewers in a first round of university evaluations.45 In the 
United States, publication counts were among the first evaluative indicators assembled at 
the National Institutes of Health and National Science Foundation.46 Technical 
evaluation panels are often given publication lists for the researchers they are evaluating, 
for example, at the Office of Naval Research and in the evaluation process for intramural 
research at NTH.47 Even programs that carry out no other evaluation activities often 
include number of publications in their lists of achievements.48 

_.- . Theusaof.publications.as.ametric.ofJjiowledge.outputhas a long and respected.. 
history. It rests on a sociological theory that maintains that the norms of science require 
researchers to share their results with others in order to get credit for them.49 However, 
differences in incentive and reward systems among the sciences and among research 
settings call for modifications in this theory. For university researchers, the norms of 
publication are undoubtedly strong. For those in other settings, publication may not be 
encouraged or may even be actively discouraged. 

Some disciplines are also more publication oriented than others. Computer 
scientists, for example, often claim that programs are their major output rather than 

" publications. Publication counts are also limited in their applicability to cross-field 
comparisons because the "least publishable unit" varies among fields of science. Earth 
scientists publish their work in large chunks, incorporating great swaths of data in models 
and theoretical arguments. Laboratory scientists, from engineers through molecular 
biologists, may carve out smaller slices from their flow of work to publish. .Social 

45A. J. Phillimore, "University research performance indicators in practice: The University Grants 
Committee's Evaluation of British universities, 1985-86," Research Policy 18 (1989): 255-271; Ben R. 
Martin and Jim E. F. Skea, "Academic Research Performance Indicators: An assessment of the 
possibilities," Science Policy Research Unit, UK, March 1992. The UK funding councils recently decided 
to limit publication lists submitted by universities in resource allocation processes to the four best papers 
individuals in departments have published over the last three years. [See Claire O'Brien, "Quantity No 
Longer Counts in Britain," Science 264 (24 June): 1840,1994.] It is now not the publication counts that 
figure in the resource allocation decisions, but rather the quality of the best publications, as judged by 
peers. 

^NSF sponsored the first handbook in this area: F. Narin, Evaluative Bibliometrics, report on NSF 
contract'C-637;1vlarch 31rl976rNlHi)uUran-extensive"bibliometric database related to its programs in the 
1970s and 1980s, reported in a series of institute-by-institute program evaluation reports. 

47See R. N. Kostoff, "Evaluation of proposed and existing accelerated research programs by the 
Office of Naval Research," IEEE Transactions in Engineering Management 35:4, Nov. 1988; Report of the 
External Advisory Committee of the Director's Advisory Committee, National Institutes of Health, "The 
Intramural Research Program," Final Draft, April 11,1994. 

48For example, NASA's Micro-gravity Research Program. 
49This is a brief statement of the theory of publication and reward put forward by Robert K. Merton 

and elaborated by his students. 
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scientists may wait and publish a book.50 Collaboration patterns also affect the number of 
publications that appear in a field. Finally, the use of publication counts as performance 
indicators may skew the numbers upward, as researchers respond to this reward system. 

As an output measure for research programs, then, publication counts may be a 
reasonable choice if the publication habits of the scientists supported by the program are 
fairly similar to each other, and if there is a stable core of researchers who work in 
settings that encourage publication. Programs that choose to use publication counts as 

.indicators often place.boundaries around .the.setofpublicatiQns ihey .will choose.to count .. 
They may, for example, limit the data to papers that appear in peer-reviewed journals, 
asking investigators to provide this information. Or they may choose only high-impact 
journals in the field, or only journals indexed in a prominent indexing service with good 
coverage.51 Steps like these assure some homogeneity in the units being included in the 
metric. 
Even after these caveats and corrective measures have been taken into account however, 
there are inherent limitations in how much publication counts can say about the 
knowledge outputs of research programs. Fundamentally, publication counts are an 
activity measure, and leave out other important characteristics of the growth of 
knowledge among researchers supported by a program. 

Other Output Measures. Other less widely applicable measures of activity or 
output are also sometimes used with regard to research programs, when they are deemed 
appropriate by program managers and participants. These include patents, devices, 
computer programs, and other signs of invention. ARL's list of indicators, for example, 
includes patents and invention disclosures. For research programs, such data are 
generally treated as a supplement to knowledge output indicators, but not the major 
indicator. When patenting activity resulting from basic research programs has been 
examined, the level of activity is often low.52 Since small numbers are relatively 
unstable, including such a count in an aggregated set of performance indicators for a 
research agency is a risky strategy. In the context of detailed program evaluation, 
however, where a richer set of indicators is examined by a more knowledgeable group of 

50John Ziman, 1994. Prometheus Bound: Science in a Dynamic Steady State. (Cambridge: 
Cambridge University Press); p. 104. 

51The Engineering Research Council (TFR) in Sweden follows this strategy. One Dutch study also 
focused on the publications that appeared in top-ranked journals, rather than total publications, as an 
indicator of quality (Henk Rigter, "Evaluation of Performance of Health Research in the Netherlands," 
Research Policy, Vol. 15,1986, pp. 33-48. 

52For an example, see Research Corporation, "Study of Patents Resulting from NSF Chemistry 
Program," final report on NSF Contract EVL-8107270, New York, 1982. 
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people, even small levels of patent activity may be a relevant sign of certain kinds of 
important connections between research and the marketplace. 

Quality of Knowledge 
Researchers are usually more concerned with the scientific quality of the 

knowledge produced under a program than with its sheer quantity. Two major 
approaches to measuring quality appear in the literature: technical review and citation 

._. .counts.-Eachis.discussed below.. Fortunately,.in aJarge.number of smdies^eir results.. 
have been found to be correlated for aggregates of publications (see discussion below). 
Awards and honorific positions have also been used as indicators of the quality of 
researchers supported by a program, and thus mdirectiy as an indicator of the quality of 
the knowledge they produce.53 

Technical Review. Expert review is the most widely used approach in research 
evaluation, both in the United States and around the world. "The Nordic Model" of 
research evaluation, pioneered in Sweden and also used frequentiy in the other 
Scandinavian countries, uses small panels of international" reviewers, "who judge the 

" national effort in a narrow field of science based on a week of site visits to the major 
laboratories.54 Research managers have valued these visiting panels more for the place 
they fill in an overall research management system than for their specific results. For 
example, in a small country, a peer review panel that judges proposals can become 
ingrown, or be too soft on researchers who are no longer productive. An external panel 
that looks at the quality of the projects supported, or even the knowledge that an external 
panel will at some point be convened, can keep national review panels on their toes and 
strengthen their resolve with regard to weak research teams.55 The Swedish research 
councils, however, have recendy decided that they have learned about as much as they 
can from that system for the time being, and are experimenting with more comprehensive 
reviews of larger fields.56 For over a decade, the European Community has also relied 
heavily on technical review to evaluate its programs. But as experience has accumulated, 

53For an example, see "Sources of Financial Support for Research Prize Winners," National Science 
Foundation, h"SFin^.~7tiU^m&catrjrs1istmdudessignifi^ presentations, and 
prestigious posts such as journal editorships and officer ships in professional societies. 

54E. Ormala, "Nordic experiences of the evaluation of technical research and development," 
Research Policy 18:313-42,1989; E. Ormala, "Impact Assessment: European Experience of Qualitative 
Methods and Practices." 

55T. Luukkonen and B. Stable, "Evaluation of Research Fields: Scientists' views," Nord 1993: 15, 
Nordic Council of Ministers, Copenhagen, 1993; Cozzens interviews with Swedish Research Councils, 
September 1994. 

56Interview with Annette Wiklund, Swedish Natural Sciences Research Council, September 1994. 
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the system has come under criticism for relying too heavily on basic researchers to 
evaluate applied research programs, and the Community is now considering changes.57 

In the United States, technical review varies among agencies from very informal 
assessment processes to highly structured retrospective quality control mechanisms. For 
example, at the informal end of the spectrum, the Agricultural Research Service examines 
the results of various aspects of its programs with workshops in various laboratories, 
attended by outside scientists and some users of research results. At the formal end (as 

..-mentioned .earlier), theOffice .of Energy.Research.auheJ3epartment of. F.nergyjcuns. 
highly structured peer assessments of selected programs, evaluating hundreds of projects 
each year. In these assessments, the format is pre-established, and the reviewers rate the 
projects on standard categories. (See Figure 2.3) Within one review, then, the process 
transforms the descriptive judgments of peers into quantitative ratings, which can be 
compared across projects to identify those that need improvement 

There are known difficulties in structuring and using technical assessments, even 
for internal program evaluation purposes. There is no objective entity "quality" which 

. can be measured objectively, as GPRA requires. Quality is a collective perception, and 
peer review panels have certain well-known limitations as representations of collective 
perception. In particular, the results of the evaluation are highly dependent on the choice 
of reviewers,58 and cognitive particularism has been demonstrated—that is, biases of 
reviewers toward work of the type they are doing.59 The practice of organizing a good 
technical review is designed to counteract these problems. Discussions of the state of the 
art in picking reviewers tend to stress first, getting a breadth of competence that matches 
the program well, and second, getting well-respected people so that the credibility of the 
review is established beyond doubt Independence of reviewers is also considered 
essential for this purpose. Even after care is taken with these matters, however, technical 
review remains essentially a process of judgment 

Technical judgment processes would encounter additional difficulties if they were 
used to produce summary performance indicators to respond to GPRA requirements for 
annual summary indicators. One is their cost and intrusiveness. Current best practice for 
technical review involves face-to-face interaction between researchers and reviewers at a 

^Hans Skoie, "EC Research and Technology Policies: Some Characteristics of Its Development 
and Future Perspectives," Institute for Studies in Reseaich and Higher Education, Oslo, Norway, 1993; plus 
a recent communication with the Commission of the European Communities in Washington. 

58Stephen Cole, Jonathan R. Cole, and Gary A. Simon, "Chance and Consensus in Peer Review," 
Science, Vol. 214,1981, pp. 881-886. 

59G.D1. Travis and H.M. Collins, "New Light on Old Boys: Cognitive and Institutional 
Particularism in the Peer Review System," Science, Technology, and Human Values, Vol. 16, No. 3,1991, 
pp. 322-341. 
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fairly detailed technical level. If this method were applied annually to all, or even a 
sample of, federal research programs, the price in reviewer time alone would be 
enormous,60 and would surely violate the principle of keeping GPRA implementation 
costs to a minimum. 

In some cases, ratings might be gathered at no additional cost from expert panels 
already doing retrospective evaluation of projects or programs. Such retrospective peer 
review is quite common with regard to federal intramural laboratories and facilities 

. supported .extramuraUy. For example, NSF.could.ask the .panels that evaluate its facilities 
for renewal funding to fill out forms rating the facilities on various performance 
characteristics and giving a summary rating. These ratings could be aggregated into a 
portfolio measure and added to the other data that the facilities have suggested reporting 
(see discussion of NSF facilities pilot project above). Then, instead of simply telling 
OMB and Congress that its facilities are evaluated by such teams, NSF could report the 
aggregate rating of the facilities examined in any particular year on a scale, perhaps from 
"world class" to "of marginal use." Such a rating would probably not convey new 
information to the facility or its program manager, but it might communicate the value of 
the facility better to outside audiences. At the very least, its marginal costs would be low. 

Using peer ratings to perform comparisons across fields, however, raises as many 
methodological problems as the equivalent use of publication counts. Given the 
sensitivity of technical evaluations to the particular set of individuals involved on the 
review panel, the reliability of ratings from one year to the next in an annual process 
would be open to question under any circumstances. In the context of the budget process, 
however, where the GPRA performance indicators will be reported, the quantitative 
ratings provided by technical panels may be even less reliable. When technical reviewers 
are asked to produce ratings that lead to more or less money for their fields, they tend to 
skew their ratings upward. NTH has experienced this sort of rating inflation with regard 
to peer review ratings of proposals, and in fact experimented for a time with 

normalization systems to correct for such biases. Because of this potential problem, it 
would be risky at best to set baselines (as GPRA requires) or do comparisons between 
broad scientific programs (for example, among the three science areas NASA is likely to 
report on) based-en-teehnieal-review-ratiflgs alone. — ■ 

The qualifications about technical review raised in this discussion relate only to 
constructing quantitative summary performance indicators for GPRA. The caveats here 
need to be carefully distinguished from the pros and cons of using descriptive technical 

60Kostoff gives a generous estimate of the full costs of a typical technical review in his "Research 
Impact Assessment: Where are we now?" Summer 1994. 
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judgments either as part of the summary performance report for agencies, or in the full 
detailed program evaluation process. In both those other applications, expert judgments 
are considered essential. 

Citation Analysis. It is against the background of limitations to quantitative 
technical review ratings that counts of citations to publications take on an appeal among 
some research evaluators. Again, a theoretical framework underpins the use of these 

counts. The same norms of science that call on researchers to provide public access to 
their results in the form ofLpublication are thought .also. to. demancLthat.those who. receive... 
the results repay the originator with citations. Citations from one paper to another are, in 
this view, a form of intellectual debt-paying.61 Whether or not one believes this argument 
in its entirety, it is clear that the conventions of scientific writing indicate that citations 
should show some relationship of use or dependence between one article and another. 

In this understanding, citations are taken to be in essence an unobtrusive form of 
wide-scale peer review. Certainly, they add some information to a pure publication 
count, by indicating whether the work represented in the publications is attracting 
attention from others in the field. Citation analysts carefully use the word impact, rather 
than quality, to refer to what citations count, but they point out that citation counts have 
been shown in many instances to correlate with peer judgments of quality. One study at 
the level of individual articles, for example, found that citation counts predicted (in the 
statistical sense) the quality ratings of each of two technical experts better than the 
experts' ratings predicted each other.62 For individual scientists, peer ratings showed 
correlations with citations in the-.6 to .9 range in psychology, physics, and chemistry, 
although the correlation dipped as low as .20 in sociology, in a set of studies reviewed in 
the classic volume Evaluative Bibliometrics.63 At the level of university departments, in 
biology, physics, chemistry, and mathematics, peer rankings and citations showed .67-.69 
correlations.64 

However, a litany of objections has been voiced over the years to equating high 
citation counts to scientific quality. 

61R. K. Merton, The Sociology of Science: Theoretical and Empirical Investigations, Chicago: 
University of Chicago Press, 1973; W. O. Hagstrom, The Scientific Community, New York: Basic Books, 
1965; N. Storer, The Social System of Science, New York: Holt, Rinehart and Winston, 1966. 

62Julie A. Virgo, "A Statistical Procedure for Evaluating the Importance of Scientific Papers," The 
Library Quarterly, Vol. 47, No. 4,1977, pp. 415-430. 

630p. ciL, Chapter V, pp. 82-121. 
^Warren O. Hagstrom, "Inputs, Outputs, and the Prestige of University Science Departments," 

Sociology of Education, Vol. 44, Fall 1971, pp. 375-397. 
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• A small share of citations are negative. Studies in the 1970s showed that the 
share was negligible,65 but high levels of citation to the disputed cold fusion 
results have raised fears again that locally, the influence of negative citations 
could be strong. 

• Citation numbers are highly dependent on field of science, much more so than 
publication counts. Biochemists, for example, use an average of about thirty 
references per article, while mathematicians use only about ten. This effect 

_.can be-normalized in some.kinds .of anRlysis,-buLdoing^o takes.aw.ay.the 
simple, intuitive interpretation of citation statistics. 

• In many fields, experimental work tends to be cited more frequently than 
theoretical, and occasional methods papers achieve extremely high levels of 
perfunctory citation. Citation counts may thus under-value growth in 
understanding and over-value sheer experimental activity—just the opposite of 
what one would hope for them as a measure of knowledge quality. 

• Because the Science Citation Index includes references only from journals, in 
fields where books are a major publication oiidet (including the social 
sciences), citations undercount even impact 

The differences in citation patterns in different fields of science rule out their use 
as aggregate performance indicators if any comparison across fields is to be done—for 
example, if NSF were required to report performance for each of its seven research 
directorates. Within a field, however, since the limitations are likely to apply with equal 
force over time, citation counts may be useful for setting baselines of visibility for 
aggregates of publications. Comparison groups can also be constructed for any aggregate 
of publications based on matched journal sets, to show where that set of publications 
stand in comparison with others in the same fields. These are kinds of information that 
technical ratings cannot provide. The NSF directorates, for example, might determine 
their baseline citation rates and set as a performance goal to keep fluctuations-from those 

rates within certain limits, or to stay 25 percent above the average citations for articles in 
the same journals. Since citations peak two to three years after publication, citation 
information may lag the award of grants by only five to six years, much less than the lag 
for true outcome-imHeatorsT-P^tentiaHyrthenrthey-eould provide useful information for 
research management purposes, and serve as one among several performance indicators. 

Mixed Methods. The strengths and weaknesses of peer review and citation 
counts appear to be complementary, and evaluators generally advocate using the two 

65D. E. Chubin and S. D. Moitra, "Content Analysis of References: Adjunct or Alternative to 
Citation Counting?' Social Studies of Science, Vol. 5, 1975, pp. 423^41. 
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together for detailed program evaluation purposes. A technical review panel's judgments, 
for example,- can be challenged by requiring it to study and respond to literature-based 
data on the program being evaluated.66 Conversely, professional evaluators can 
incorporate both citation measures and peer ratings into an overall evaluation report.67 

These combinations have many advantages, for program evaluation purposes, where 
dialog is possible in the evaluation process. 

For summary performance reports as well, a consensus seems to be emerging that 

descriptive information can fruitfully be combined with performance indicators. As. 
mentioned earlier, the interagency group developing guidelines for research perfonnance 
indicators agrees that indicators should.always be embedded in a narrative, to avoid the 
worst problems of misinterpretation. Reference to technical review processes within a 
perfonnance report also seem appropriate, as long as this is not used to sidestep the 
responsibility of developing some meaningful indicators. If a goal cannot be quantified 
but the agency checks its performance on it carefully and regularly through technical 
review, it is perhaps more appropriate to call attention descriptively to the goal and how it 
is judged, rather than to discard i t 

Importance of Research Results 
Program managers and participants often perceive the most important 

characteristics of the knowledge produced by research programs in terms of factors that 
go beyond both quantity and quality. In disciplinary programs, the theoretical 
significance of the knowledge is-frequently the paramount consideration: Have the 
researchers in the program enriched the whole field through their insights? Have they 
developed concepts, methods, or models that apply widely? In mission agencies, a prime 
consideration is the relevance of the knowledge produced to the practical goal of the 
program. We refer to both theoretical significance and mission relevance together in this 
section as importance. 

User Evaluations. From the standpoint of program evaluation, the key question 
in judging importance is who does the assessing. Next-stage users are often involved in 
this judgment When importance is judged with regard to bodies of scientific knowledge, 
researchers -must-judge-that-quality—but-net theiesearchers-supported-by-the-program, nor 
those who chose the projects it supported. Instead, the next-stage users in this case are 
researchers outside the program, in the areas where the program's work is claimed to have 

^Joe Anderson, "New Approaches to Evaluation in U.K. Funding Agencies," SPSG Concept Paper 
No. 9, Science Policy Support Group, London, October 1989. 

67The Mitre Corporation, "Evaluative Study of the Materials Research Laboratory Program," MTR 
7764, September 1978. 
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an impacL Agencies that create generic knowledge resources and human capital, as 
discussed earlier, can in addition identify stakeholder groups for the resources they 
produce—that is, groups that use the bodies of knowledge and talent pools that the 
agencies develop, although not the immediate knowledge outputs of specific projects. 
Such groups can be involved in detailed program evaluation processes. 

In mission-oriented programs, next-stage users work in the areas of practice where 
the knowledge is intended to be useful. Thus, it is quite common to find industrial 
representatives on evaluation teams; ONRinvolves.DOD technology transfeiLagentsi.and.. 
the Agricultural Research Service invites large farmers to its evaluation workshops. ARL 
even included end users—the soldiers who would work with the weapons being developed 
—in its strategic planning process, opening the door to the inclusion of other end users in 
research management processes elsewhere. 

The state of the art in research program evaluation has not developed effective 
ways to translate the descriptive knowledge that users bring to the program evaluation 
process into performance indicators. Nor has it needed to, since users could be involved 
alongside technical reviewers in any fully developed program evaluation. For GPRA 
purposes, however, next-stage users may need to be treated as the "customers" for a 
research program and surveyed for their satisfaction. This would be a step toward 
evaluating the results, rather than merely the activity, of research. Appropriate survey 
instruments and samples could undoubtedly be developed. The Army Research 
Laboratory, for example, includes customer satisfaction ratings in its summary 
performance indicators, gathering them on a simple customer feedback form sent out with 
all final project results. 

It is well to keep in mind, however, that there are conflict of interest problems in 
user ratings of research programs. Next-stage users are the recipients of a free service 
provided by the federal government, and have a stake in expressing high satisfaction with 
the programs that benefit them, without regard to their efficiency. 

Literature-based Tools. Some sophisticated literature-based techniques have 
been proposed to give strategic overviews and provide background information for 
judgments of the strategic contributions of program participants.68 Even advocates do not 
claim, howe\^rrth^t-stieh-teehnie^es-ean-be--usedindepNefldentty interpretation 
by technical experts; and they are in fact so complex that they have rarely been used in 

68See M. Callon, J. Law, and A. Rip (eds.), Mapping the Dynamics of Science and Technology, 
London: Macmillan, 1986; H. Small and E. Garfield, 'The Geography of Science: Disciplinary and 
National Mappings," Journal of Information Science, Vol. 11, 1985. pp. 147-159. 
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practice.69 No simple GPRA performance indicators based on these methods suggest 
themselves." 

Contributory Goals 
Research programs are also generally expected to contribute to certain broad, 

federal goals, even when these are not listed as among the program's specific objectives. 
Indicators of performance in relation to these goals should also be included for program 

-evaluation purposes,-unless-they are-not-applicable-in a-particular-case-<for-exarnple, -
undergraduate training goals in relation to a national laboratory's research program). In 
theory, indicators on these criteria could be included in GPRA performance plans and 
reports as well. Examples of such indicators appear in Table 2.2. All the items on the list 
represent output indicators, which could be gathered from principal investigators at the 
completion of research projects and aggregated at agency level. Partnership indicators 
can also be gathered from the published literature. If such data were collected in final 
project reports, however, it would be important to communicate the portfolio concept 
clearly to both investigators and program managers. When the projects are gathered into 
a portfolio, not every project needs to produce each of the outputs on the list, even though 
in the aggregate, fundamental science agencies expect to create desired outcomes through 

these routes. To convey any other message would be to limit the flexibility needed for 
creative work 

Table 2.2 

Illustrative Indicators for Contributory Goals 

Graduate training 
Doctorates earned with support from the program 
Number of recent Ph.D.s who have entered research careers 
Number of recent Ph.D.s who have entered professional practice. 
Professional training provided to non-Ph.D.s by researchers in the program. 

Undergraduate training and informal science education 
Undergraduatesinvolvedin the research 
Undergraduate course enhancement based on research results 
Informal science education activities 
Popular diffusion of research results 

69Peter Healey, Harry Rothman, and Paul K. Hoch, "An Experiment in Science Mapping for 
Research Planning," Research Policy, Vol. 15.1986, pp. 233-251. 
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Partnerships 
Cross-disciplinary partnerships 
Cross-sectoral partnerships 
Cross-national partnerships 

CAUTIONS, CAVEATS AND NEEDS FOR FURTHER RESEARCH 
. From this, discussion, it should.be.abundandy.clear.that thejmethods.available.for 

examining the results of research programs may be quite reasonable to use in the context 
of program evaluation, where multiple indicators are the rule and knowledgeable people 
are available to integrate them wisely into an assessment Cautions and caveats about 
such use have been discussed in the preceding subsections, and are already embodied in 
the practice of research program evaluation, particularly in the use of multiple indicators 
and their combination with technical review. In responding to the GPRA requirement for 
a few summary indicators, however, agencies will apparendy need to pare down this full 
data set to its essential elements. A different set of cautions applies in this situation. 

A frequendy voiced fear about GPRA is that it will encourage agencies to 
measure what is easy and neglect what is important One can easily picture the indicators 
that would fill this description and satisfy possible administrative requirements for a 
limited, objective, quantitative set, with which one could set baselines and compare later 
performance: 

• publication counts (year of review) 
• citations per publication (lagged three years; compared with average for 

journals where they were published) 
• doctorates produced 

• entering research careers 
• entering careers in practice 

• undergraduates involved 
• user involvement and satisfaction ratings (in-science users for some programs, 

outside-science users for others) 
The problem-with-the-set-ef-eeureeris-thatit leaves-eut-virtually all-of what researchers 
themselves find important about their work. One could have a government full of 
programs that performed beautifully according to these indicators, and still be at the 
trailing edge of every scientific frontier. 

The key to responding intelligentiy to GPRA may therefore lie not in the 
indicators themselves, but in the larger effort in program evaluation in which they are 
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embedded-and which the Act requires. The indicators, preferably reported in context as 
the Swedish example above illustrates, can provide a bare-bones description of whether 
the program is producing the basic expected outputs, and can point toward programs that 
are particularly in need of evaluation. But the more detailed information that is needed 
for general program planning and resource allocation, including descriptive judgments 
and analysis, still needs to come from the more intensive and interactive process of 
detailed program evaluation. 

Many .of the key issues with regard to implementation of .GPRA, however, he 
outside the control of agencies, and in the hands of those who receive and use the 
performance measures. Optimists about GPRA claim that it will revolutionize 
. government management by focusing program.attention intelligendy and diligendy on 
results. Pessimists fear that it will create busy work number-generating, then put a 
simple-minded tool in the hands of decision makers who already pay too litde attention to 
the programs they expand, cut, and re-arrange. 

In a recent speech, Senator Roth, GPRA's co-sponsor, said: 
Imagine what you could do if you combined the kind of program 
performance information envisioned by GPRA with ... program cost-
accounting information. We could track the cost-per-unit of activity, and 
the results of the activity. ... We could have a sophisticated pay-for- -
performance system that said, "If you achieve all of your program's 
managerial goals, and do it under-budget, you will get a significant bonus 
out of the savings you have created."70 

Where the actual result falls—probably somewhere between the extremes the 
optimists and pessimists describe—will depend first on what the Office of Management 
and Budget encourages and requires of agencies as it collates their responses into 
government-wide performance plans and reports, and second on how the indicators are 
used in Congress. The first set of results will not be in Congressional hands until March, 
2000. If the election trends of the early 1990s continue, most members of that future 

Congress have not yet been elected, and therefore probably have not yet begun thinking 
about how they will react to the indicators the research community is now beginning to 
prepare for their perusal. 

70 Roth, March, 1995, op. cit., p. 6. 
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A Case Study for the DOE/ER R&D 
Evaluation Workshop 

Linda L. Horton 
Metals and Ceramics Division 
Oak Ridge National Laboratory 
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Today, Nickel and Iron Aluminides are Major 
Areas of Research and Development 

• Background 
- Not a major area of R&D in the 1970s 
- Part of an alloy class called Ordered Intermetailics 
- Good high temperature properties but poor room 

temperature properties 
- Intermetallic phases strengthen superalloys used in jet 

engines and other high temperature applications 
• What caused today's interest in intermetailics as a stand

alone alloy? 
- Good scientific basis for improving properties 
- Technological advances in alloy fabrication and related 

technologies 
- Industrial interest and commercial products 



What are the Key Elements for the Success of 
Nickel and Iron Aluminides? 

• A good idea... and the freedom to pursue it 
- Seed Money, BES 

• Partnerships in R&D 
- BES, Division of Materials Sciences 
- Fossil Energy Advanced Research and Technology 

Development Materials Program 
- Energy Efficiency, Advanced Industrial Materials (AIM) 

Program [and its predecessor Energy Conversion and 
Utilization Technologies (ECUT)] 

- Industrial partnerships, including CRADAs 
• A multidisciplinary approach 

- Basic research on understanding properties 
- Alloy design and properties improvement 
- First principles theory through continuum mechanics 
- Advanced analytical techniques for characterization 
- Processing and fabrication research (including casting 

and welding) 



ORNL-DWG93M-14819 

DEVELOPMENT OF NICKEL AND IRON ALUMINIDES 
HAS REQUIRED PARTICIPATION OF SEVERAL 

PROGRAMS AND INDUSTRY 

ENERGY EFFICIENCY 
Alloy Development for High-
Temperature Strength, 
Oxidation Resistance, and 
Corrosion Resistance 

INDUSTRIAL CONTRIBUTIONS 

• Identification of Applications 
• Alloy Scale-Up 
• Application Testing 

SEED MONEY 

Discovery of Ductillzlng 
Effect of Boron 

BASIC ENERGY SCIENCES 
• Mechanism of Boron Effect 
• Importance of Stolchiometry 
• Deformation and Fracture 
• Mechanism of Environmental 

Effects 

TECHNOLOGY APPLICATIONS 

• Alloy Scale-Up 
• Data Base Development 
• Near-Net Shape Forming 

FOSSIL ENERGY 
Alloy Development for 
Application In 
Sulfidizing Environments 

CRADAs 

• Application Specific Fabrication 
• Scale-Up and Testing 
• General Motors 
• Metallamics 

LICENSEES 
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Total Funding for ORNL Nickel and Iron 
Aluminides Research: $21M 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 



ORNL is the Key Laboratory in the International 
Nickel and Iron Aluminides R&D Community 

• Over 200 R&D collaborations with academia, industry and 
other national laboratories 

- Alloy Behavior and Design 
- Theory and Modeling 
- Welding and Joining 
- Corrosion 
- Processing 

• Over 100 Interactions with industries 
• Organization of nearly 40 symposia and meetings 
• ORNL research has involved 15 postdoctoral fellows and 25 

graduate students 
• Involvement in editor/editorial boards of 3 journals 

- New Journal of Intermetailics 



Fe3Al 

Major areas of work on intermetailics as indicated by number of papers 
published in the five MRS High-Temperature Ordered Intermetallic 
Alloys proceedings. (Courtesy of Randy Bowman and Michael Nathal of 
the NASA Lewis Research Center, Cleveland, Ohio.) 



ORNL Nickel and Iron Aluminide Publications 
Have Averaged 40 per Year Since 1988 

50 -, 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
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ORNL Nickel and Iron Aluminides Research Has 
Generated over 30 Invention Disclosures and 

16 Patents Since 1983 

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 



Since 1985, There Have Been 12 Licenses for 
Nickel and Iron Aluminides Technology 

Iron Aluminides 
Ametek, Inc. (1990) 
Cast Masters Division, CT Manufacturing Corp. (1992-93) 
Harrison Alloys, Inc. (1990-94) 
Hoskins Manufacturing (1991) 

Nickel Aluminides 
Hoskins Manufacturing (Armada Corp.) (1987) 
Armco, Inc. (1987) 
Ametek, Inc. (sub-license under Armco) 
Cummins Engine Co. (1985-94) 
Harrison Alloys, Inc. (1990-94) 
Metallamics, Inc. (1987) 
Rapid Technologies (1994) 
Valley Todeco Division, Lamson and Sessions Co. (1988) 



Six CRADAs Involve Nickel or Iron Aluminides 
Total Value of Over $3M 

Development of NJ3AI Heat-Resistant Assemblies for Heat-Treating Furnaces 
General Motors - Saginaw; EE/AIM-support; 1992-96; $1.9M 

N13AI for Use as Transfer Rolls in the Hot Processing of Steel 
Metallamics; EE/AIM-support; 1992-95; $400K 

Use of NisAI-Based Alloys for Walking Beam Furnaces 
Rapid Technologies; ERLTA-support; 1993-95; $100K 

Development of Corrosion-Resistant Surface Protection for Fossil Power 
Systems 
ABB Combustion Engineering; Fossil Energy-support; 1994-97; $360K 

Development of Filler Metals for Welding of Iron Aluminide Alloys 
Devasco International; Defense Programs-support; 1993-95; $100K 

Development of Commercial Applications of FAPY Alloy 
Hoskins Manufacturing; Fossil Energy-support; 1994-97; $200K 



Four CRADAs Represent Spin Off Work From 
the Base Aluminides Program 

Shape Memory Application Material 
Eaton & Johnson Controls; EE/AIM-support; 1991-92; 
$1.0M 

Development of a High Temperature Shape Memory Alloy 
Teledyne Wah Chang; ERLTA-support; 1994-95; 
$100K 

Alloy Design of Nd2Fei4B Permanent Magnets 
Delco Remy, GM, ERLTA-support; 1995-97; $1.2M 

Development of Isotropic, Micro-Toughened Titanium-Base 
Intermetailics for High Temperature Service 

United Technologies, Pratt & Whitney Div., Defense 
Programs -support; 1993-95; $4.5M 



Several Commercial Nickel and Iron Aluminide 
Products are in Use and Under Development 

• Dies 
- glass manufacture 
- fabrication of "super" magnets 

• Furnace trays 

• Transfer rolls for re-heat furnaces in steel manufacture 

• Furnace rails 

• Filters for fossil energy applications 

• Turbochargers for diesel engines 

• Pressure reduction valves (petroleum applications) 



Nickel and Iron Aluminide Research Has 
Received Significant Recognition 

3 R&D 100 Awards 
E. O. Lawrence Award 
Humboldt Award (Germany) 
Professional Society Fellows: TMS; ASM (4) 
Buehler Technical Paper Merit Award (Best paper of the year) 
Scripta Metallurgica Outstanding Paper of the Year 
Jennings Memorial Award, American Welding Society 
3 Federal Laboratory Consortium Special Awards for 
Technology Transfer 
3 DOE/BES Materials Sciences Awards 
2 Martin Marietta Jefferson Cups (Inventor and Scientist of 
the Year) 



New Areas of Research Have Opened or are 
Opening 

• Magnetic materials 
- Nd2Fe14B "super" magnets 
- FeCo 

• Nickel and iron aluminide ceramic composites 

• Titanium aluminides,silicides,... 

• Hydrogen storage materials 

• Back to superalloys 
- apply alloy design principles 



"Metrics" of Importance in Evolution of Nickel 
and Iron Aluminides Research 

• Scientific and technological progress 
- Advances in understanding 

» Hard to measure 
- Invention disclosures and patents 

• Creativity 
- Recognition of new, important needs and opportunities 
- Redirection of research to tackle scientifically important 

problems 
- Requires "freedom" 

• R&D Partnerships 
- Among research supported by BES and Applied DOE 

Programs 
- Among national laboratories, universities and industry 

» Postdoctoral fellows and students 



"Metrics" of Importance in Evolution of Nickel 
and Iron Aluminides Research 

• Scientific leadership 
- Awards 
- Journal editorships 
- Symposium organization 

• Collaborations 
- Throughout the technical community 

• Publications and presentations 
- Peer review 
- Peer recognition 

• Industrial interactions 
- Collaborations, licenses, subcontracts, CRADAs, 

industrial fellowships, etc. 

• Multidisciplinary research 

• Utilization of user facilities 



R&D Evaluation Workshop 
,,,̂ ifllMilWffM^ 

R&D Measures 
Getting it Right 

Dr. Martha Krebs 
Director, Office of Energy Research 

September 7,1995 



Why Are We Here? 

• BESAC Review of Laboratory 
Research and Technology Transfer 

• BESAC Review of Economic Value 
of BES Research 

• Secretarial Review of Energy 
Research Goals and Measures 



Other Drivers 
• Government Performance and 

Results Act of1993 
• Clinton Administration - Reinventing 

Government 
• DOE Commitments: 

- Performance Based Contracts 
- Strategic Alignment 
- Process Re-engineering 
- Continuous Improvement 



Expectations for the Workshop 

Identify Effective Evaluation 
Methods 
- Scientific Quality 
- Success of Collaboration 

Identify Predictors of Success 



Lessons Learne 

• What satisfied the industrial 
collaborators? 

• How do we measure the 
economic value of collaborations? 

• What can this mean: 
- for improving BES program? 
- for improving other ER programs? 
- for integrating basic research and 

technology programs ? 
?if!M^|^&M*WtwMl 



OAK RIDGE NATIONAL LABORATORY 
MANAGED BY LOCKHEED MARTIN ENERGY SYSTEMS O A K ^ r P TFNNP^P IT IW, R « -
FOR THE U. S. DEPARTMENT OF ENERGY 0 A K R I D G E - TENNESSEE 37831-613, 

TELEPHONE: (615) 574-5081 
FACSIMILE: (615) 574-4066 
E-MAIL: hortonll@ornl.gov 

Date: September 1, 1995 

To: Participants in the DOE OER R&D Evaluation Workshop 

From: Linda L Horton tf&TU&U 
Associate Director, Metals and Ceramics Division 

Subjec t : Background Information on Intermetailics 

In the package that you recently received from the DOE R&D Evaluation Workshop, 
there was some information on intermetailics research. Unfortunately, some of this 
was outdated and inaccurate information. We have compiled the enclosed information 
on the nickel and iron aluminides subset of the overall intermetailics research effort. 
We hope that this provides a focused summary of the history of this research as 
background reading for the workshop. 

I look forward to seeing you in Washington. 

mailto:hortonll@ornl.gov


NICKEL AND IRON ALUMTNIDES 

The continuing quest for more efficient, environmentally-friendly processes and technologies often 
requires the use of materials at high temperatures in hostile environments. In theory, higher 
operating temperatures make possible higher efficiencies and lower pollution. In practice, the 
physical limitations of materials call for moderation to ensure reliability and longevity of the 
equipment. 

Basic Energy Sciences researchers have contributed significantly to the emergence of new 
metallurgical alloys, called nickel and iron aluminides, that have great commercial promise. These 
alloys are made of nickel or iron and aluminum, with trace amounts of boron and other alloying 
additions. When properly prepared, these alloys exhibit extraordinary properties. For example, 
nickel aluminide is much stronger than stainless steel at elevated temperatures. In contrast to most 
other materials, it actually increases in strength with increasing temperature, up to about 1300°F. It 
then maintains this strength to more than 1600°F. Iron aluminides have tremendous resistance to 
oxidation and sulfidation, important properties for applications involving fossil fuels. 

Technically, nickel and iron aluminides are part of a larger family of materials known as "ordered" 
intermetallic alloys, so named because of the precise ordering and interweaving of the atomic 
structures or lattices of the two metals. This particular situation, called a low "free energy" 
condition, makes it difficult to remove an atom from its position in the lattice, which gives the 
material its strength and chemical stability. 

Intermetallic alloys were well known in the 1950s and 1960s for their extraordinary strength. 
Unfortunately, the problem with them at that time was that they were too brittle for most practical 
applications, especially at room temperature. Although single crystals of some of these alloys were 
known to be ductile, bulk quantities in polycrystalline form fractured like glass. 

The basic problem was with the microscopic interfaces, called grain boundaries, where the crystals 
which constitute the bulk material join together. It was at these interfaces where the crystals tended 
to pull apart under stress, causing the material to break. This problem could be solved, it was 
hypothesized, if means were found for increasing the adhesiveness of these surfaces. Perhaps the 
addition of small amounts of alloying elements, to be used in the larger matrix of nickel/iron and 
aluminum, could somehow cause a strengthening of metal-to-metal bonding at these surfaces. 
Little knowledge was available to guide this search, however, and progress in solving the 
brittleness problem slowed. 

In 1980, researchers at Oak Ridge National Laboratory (ORNL), using Laboratory Directed 
Research and Development and Basic Energy Sciences/Materials Sciences funds, began work to 
understand grain boundary brittleness and to find metallurgical ways to solve this critical problem. 
In 1981, the ORNL researchers found that Japanese researchers had reported a remarkable 
discovery in the Japanese journal "Nippon Kinzozu Gakkaishi," published in 1979 and written in 
Japanese. This publication reported that addition of small amounts of boron to nickel aluminide 
increased its ductility. However, the mechanism underlying this increase was not understood at 
all. Detailed BES studies of the boron effect revealed strong boron segregation to grain boundaries 
that enhanced grain boundary cohesion. Most importantly, the ORNL researchers discovered that 
the ductilizing phenomenon only worked under a highly specific condition. This was when the 
total number of aluminum atoms, compared to the total number of nickel atoms, was just slightly 
less than that dictated by its natural or stoichiometric ratio. In nickel aluminide ( l^Al) , the natural 
atom ratio of nickel to aluminum is 3 to 1, or in other terms, 75 to 25 atom percents. 



In a series of papers first published in 1982, Basic Energy Sciences researchers presented their 
findings and offered an explanation of the ductility phenomenon. Under conditions where the 
relative abundance of aluminum, compared to nickel, was slightly less than the natural ratio in pure 
Ni3Al, say 24 atom percent rather than 25, boron atoms migrated to the grain boundaries. They 
accumulated there in the top two or three atom layers of the surface. They concentrated themselves 
in numbers far outweighing, by 60 times or more, their bulk proportion of, say, 0.1 percent. 
Under these circumstances, boron acts as an electron donor in the lattice structure. This is believed 
to add to the electron bonding potentials of nickel atoms between the intergranular surfaces. This 
makes the surfaces adhesive, lending ductility to the polycrystalline bulk material. 

Other elements, by contrast, such as sulfur or phosphorous, were found to migrate strongly to 
open cavities and voids, and to a much lesser degree to the grain boundaries. This was fortunate, 
because these elements act as electron captors, believed to diminish the bonding strength between 
the intergranular surfaces, encouraging fracture and adding to embrittlement. Specifically, Basic 
Energy Sciences researchers showed that the solubility limit of boron in Ni3Al was about 0.3 
weight percent; that ductility of N13Al increased dramatically from near zero to over 50 percent 
elongation with the addition of up to about 0.1 weight percent boron; that boron migration to the 
grain boundaries was highly dependent on the existence of slight deficiencies in the relative 
abundances of aluminum atoms compared to nickel; and that grain boundary boron segregation 
strongly affected grain boundary cohesion and related atomic arrangements, which affected 
ductility. 

All of this led to a much clearer understanding of the boron-ductility phenomenon which, in turn, 
led to more broadly-based research on other members of the family of ordered intermetallic alloys. 
It also provided much needed specificity to guide theoretical work on the role of atomic 
arrangements and electron structures in metal-to-metal bonding at grain boundaries. Finally, it 
encouraged engineers to pursue practical applications by lending predictability to various 
metallurgical procedures. 

The discovery of the boron-stoichiometry effect on the ductility of aluminides has been pivotal in 
the development of a whole new field of research. It precipitated much follow-on and continuing 
research by both Government and industry on nickel aluminide. Beginning as early as 1983, 
following the initial discovery of ductile nickel aluminides at Oak Ridge, research funded by 
Energy Efficiency (Advanced Industrial Materials) and Fossil Energy (Advanced Research and 
Technology Development Materials) Programs has focused on development of intermetallic alloys 
for multiple applications, as well as addressing a host of issues in casting, welding, and related 
fabrication technologies. A number of companies have been involved in the commercialization of 
nickel and iron aluminides through licenses, cooperative research and development agreements, 
and other collaborations. These include Metallamics, Rapid Technologies, Valley Todeco Division 
of Lamson and Sessions Co., Hoskins Manufacturing Co., Ametek, Armco, Cummins Engine 
Co., Cast Masters Division of CT Manufacturing Corp., Pall Corp., General Motors, and ABB 
Combustion Engineering. In 1983, the research earned an IR-100 award from Research & 
Development (formerly Industrial Research) magazine. 

Important in the success of the nickel and iron aluminides has been ongoing R&D from both the 
basic and applied perspectives. Ongoing fundamental studies of atom ratios, boron segregation 
and environmental embrittlement have provided information critical to understanding the 
mechanisms governing brittle fracture in nickel and iron aluminides and other ordered intermetallic 
alloys. Perhaps the best example is the resolution of the reasons for persistent embrittlement 
problems in iron aluminides. The discovery of "environmental embrittlement" in iron aluminides 
sparked a new direction in basic research that has led to the startling conclusion that iron and nickel 
aluminides are not "inherently" brittle as suspected for decades. Instead, these alloys are brittle due 
to interactions with the hydrogen in the moisture found in air. Arriving at this understanding 



involved an in-depth investigation of the mechanisms behind the mechanical failure of the alloys, 
atomic imaging of the structure, first principles theoretical calculations, use of ion implantation and 
characterization to determine "where is the hydrogen?", and a host of well-defined experiments 
correlating environment and fracture. In addition to providing basic scientific insights that are 
being applied to other intermetallic alloys, the knowledge of the mechanisms of environmental 
embrittlement has been used to guide alloy development for application of these alloys. 

Today, commercial applications of nickel aluminides include industrial products and dies supplied 
by Metallamics for the production of magnets. These dies are used to hot press magnets into the 
desired shape in air at high temperatures. At one factory where these new dies are used, General 
Motors Company (GM) - Magnequench, over 1,000,000 magnets are produced each month. The 
lifetime of the nickel aluminide intermetallic die is about 100,000 magnets, a 5- to 10- times 
increase compared to earlier components composed of Inconel 718, a strong nickel-based 
superalloy. 

Nickel aluminides have proven to be an effective material for furnace applications. Three major 
furnace components (large rolls, trays, and rails) are currently in full-scale testing at industrial 
manufacturing facilities. Major users include steel mills, automotive heat-treating facilities, and 
preheating furnaces for near-net shape forgings. GM - Saginaw Division and ORNL are working 
cooperatively to develop improved, longer life, heat-resistant assemblies made from nickel 
aluminides for heat-treating furnaces that have a carbon-bearing atmosphere. These assemblies 
contain the parts to be heat-treated and consist of trays, support posts, and fixtures. This work is 
under a Cooperative Research and Development Agreement (CRADA) funded by the Energy 
Efficiency Advanced Industrial Materials Program. These components, which are currently under 
testing at GM, will enable a more energy-efficient manufacturing process for producing automotive 
parts and an increase in throughput from the improved lifetimes. 

Under another Energy Efficiency Advanced Industrial Materials CRADA, Metallamics and ORNL 
are evaluating the potential of nickel aluminide alloys for transfer rolls in heat-treating furnaces and 
slab reheating furnaces used during the normal hot processing of steel ingots into rolled products. 
The use of nickel aluminide may lead to rolls with longer operational life, improved high 
temperature oxidation resistance and mechanical properties, higher quality rolled steel products, 
and improved energy and operational efficiencies in the hot processing of steel. The goal of this 
CRADA is to successfully test the nickel aluminide transfer rolls in order to improve process 
efficiency, minimize waste by virtue of producing rolled steel of higher quality and to enhance the 
competitiveness of U.S. based steel producers. Nickel aluminide rolls are currently being tested at 
a major steel manufacturing plant in the United States. 

Rapid Technologies, Inc. is now using nickel aluminide technology for walking beam furnace 
components. Walking beam furnaces are used to convey parts through several heat-treating steps. 
These furnaces require materials with a high melting point, resistance to oxidation and 
carburization, high-temperature strength, and ease of castability. Prior to the use of nickel 
aluminides, the rails at the entrance to the furnace had to be replaced at an unacceptable rate. Under 
a CRADA funded by the Energy Research Laboratory Technology Transfer Program and 
cooperation with the Energy Efficiency Advanced Industrial Materials Program, the application of 
nickel aluminides was evaluated and this technology was subsequently adopted by the company. 
Today, nickel aluminide components are listed in the Rapid Technologies catalogue under the alloy 
trade name of RTI-2000™. 

Several energy-related commercial applications of iron aluminides are being pursued. In a Fossil 
Energy CRADA, ORNL and Hoskins Manufacturing Company are developing iron aluminide 
alloys for industrial and domestic heating element applications. ABB Combustion Engineering and 
ORNL are working on another Fossil Energy CRADA that will demonstrate the use of iron 



aluminide alloys as a protective weld overlay in fossil energy power systems. The first large-scale 
use of iron aluminides is for porous hot-gas filters in coal gasification power plants. This is a 
collaborative development between ORNL, Ametek Specialty Metals Division (a licensee for iron 
aluminides alloy powders) and Pall Corporation for filter manufacture. 

Beyond the commercial and economic implications, this joint research by Basic Energy Sciences 
Division of Materials Sciences, Energy Efficiency Advanced Industrial Materials, and Fossil 
Energy Advanced Research and Technology Development Materials programs has set into motion a 
resurgence of research activity on ordered intermetallic alloys. Today, attendance at intermetallic 
alloy symposia at major scientific meetings is typically in the hundreds. The number of 
publications in this field has grown to the point that a successful international journal entitled 
"Intermetailics" was established in 1993. Support for intermetailics research has grown on an 
international scale with major R&D programs in place in Japan, Europe, and a growing program in 
China. Within the United States, research for specific intermetailics alloys is now funded for 
defense as well as energy applications. This worldwide effort is focused on further development 
of intermetallic alloys for structural use at elevated temperatures in hostile environments. The 
emphasis on intermetailics can be illustrated by the observation that one out of four of the papers 
presented at the Japanese Institute for Metals meetings (>2,000 papers) are related to intermetallic 
alloys. In addition, the 1994 Intermetailics Symposium at the Materials Research Society Meeting 
had the largest number of proceedings papers in the history of the meeting. Intermetailics have 
been clearly established as a major new area of alloy research and are evolving as a major 
commercial material. 
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Implementation Plan 
1995 Performance Measurement Pilot 

Center of Excellence for Synthesis and Processing of Advanced Materials 

Background 
The 1995 Performance Measurement Pilot is a research project sponsored by the U. S. DOE 
Office of Basic Energy Sciences (OBES) for the purpose of testing an approach for ongoing 
performance measurement of basic research that supports future assessment of the impacts on 
industry and DOE technology programs. A model will be documented for possible transfer to 
other OBES programs. 

With increasing competition for a smaller pool of basic research funds, and increasing 
opportunities for basic research and R&D to impact U. S. global competitiveness, measuring the 
economic performance and progress of basic research has become essential. There are 
requirements for performance measurement from the National Performance Review, the 
Government Performance and Results Act of 1993, the Office of Management and Budget, the 
DOE Secretary's Performance Agreement, and from the Assistant Secretary for Energy Research. 

Expected Outcomes 
Outcomes of this research are (1) compliance with current and future DOE, White House and 
Congressional measurement requirements, (2) improved understanding of techniques for 
measurement of OBES R&D, (3) development of useful decision-making infinnation for internal 
and external stakeholders, and (4) cost-effective data collection. 

Description of the Objectives and Approach of the S&P Center 
The DOE Office of Basic Research formed the Center of Excellence for Synthesis and Processing 
of Advanced Materials in 1993. The Center is a collaboration of a dozen DOE and university 
laboratories, the objective of which is to support quality, multi-disciplinary, multi-laboratory, 
basic research with a clear relationship to DOE and industry technology applications. 

The Center forms partnerships with industry and with DOE technology program offices. With 
existing and potential partners, the Center promotes collaboration in research, exploring and 
sharing information on new avenues with persons from other reseaich fields, laboratories and 
industry. Exploration leads to selection of those collaborative research projects that meet Center 
criteria for funding and support The Center's research projects result in peer reviewed 
publications exchange visits, among others. In the short term, the quality and relevance of 
research can be measured. Only in the longer term are potential or actual economic impacts 
measurable. Center collaboration activities add value that can be measured by increased 
interaction among the partners, formal agreements, effective use of teams, and value as reported 
by partners in a survey. 

A diagram of the activities, related representative outputs, and expected outcomes of the Center's 
performance shown in "Performance Map for an Energy Research Collaborative" attached. 
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S&P Center 1995 Performance Measures 
Center Research Project coordinators have chosen a small set of 1995 performance measures that 
address the quality of their research, the value-added of Center activities, and the impact of 
research on industry and DOE technology office partners. Recognizing that results may not be 
f ormcorning in all areas because Center activities are just beginning, the criteria for evaluating 
the success of 1995 Center performance are (1) Scientific and technical excellence, (2) Effective 
Collaboration among the laboratories, (3) Increasing partnerships with industry and DOE 
technology programs, and (4) Positive impact on industry and DOE technology programs. 

Performance measures and evaluation questions have been identified, along with sources of data 
and evaluation methods, for each of these 1995 performance measures. A table is attached which 
summarizes the measures and data sources. 

Data Collection Plan 
Data collection will take three forms, (1) expert panel reviews of each project every three years, 
(2) tracking selected common performance indicators, and (3) a Center user survey. 

Expert Panel Review Protocol 
The primary purpose of project expert panel reviews is to examine research quality. However, 
relevance to mission, economic and technology goals, and technical risk may also be considered. 
Project coordinators will agree on a recommended protocol for the reviews, with the intention 
that projects will be reviewed similarly. The protocol will cover selection of panelists, issues to 
be addressed and rating schemes, if any, based upon best practice and current reporting 
requirements. 

Tracking Common Performance Indicators and Attendance at Events 
Tracking common performance indicators will be incorporated into routine Center 
communication. For example, the annual Field Work Proposal Executive Summaries produced 
in December each year contain accomplishments, publications, invited presentations, and 
cooperative agreements. These will be collected as they are prepared for other reporting 
purposes, at least annually. Preliminary data collection forms have been developed and are 
attached. 

As they occur, projects will provide attendance and invitation lists from Center events, and 
information on informal interactions, visits and assignments. This information will be 
summarized at least semi-annually, and the names will be compiled for the Center User 
Survey. 

Simple Information System 
The measurement pilot will develop a temporary, simple tracking and information reporting 
system for the Center's 1995 performance measures. The information and reporting system will 
be accessible to all project coordinators, capture common performance measurement data and 
generate summary statistics and graphics for Center performance reports. It will be user-friendly 
and run through common windows-based software. 
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The first rounds of data collection will be on paper forms. To the extent they can be anticipated, 
the temporary information system will be designed with consideration for future modifications. 

Center User Survey 
The measurement pilot will design, complete, and report findings from, a Center User Survey. 
The Center pilot User Survey will assess the impact of the Center reseaich on DOE technology 
partners and industry partners mcluding the value of the collaboration to the next stage user, 
perception of relevance to industry or DOE technology research, effectiveness in forming and 
using interdisciplinary teams, effectiveness in setting and changing milestones, research direction 
or funding, and spin off projects, if any. 

The User Survey will be conducted from a representative sample of those attending or invited 
to Center events during FY 1995. Interviews with project coordinators and a few users will 
provide direction for survey design, such that the survey will measure what is important to users. 

Analyzing Data and Reporting Performance 
The measurement pilot will draft, for thorough review by Center coordinators, a strawman FY 
1995 Center Performance Report based upon chosen measures. DOE and Center project 
coordinators will clearly determine the uses and distribution of the FY 1995 pilot Performance 
Report, but it is anticipated that the 1995 report will be for internal use only. The intention is 
that the Center Performance Report will synthesize and summarize performance measures, along 
with results of the User Survey and any Expert Panel Reviews. A final version of the 
performance report will be written after project coordinators and DOE managers have commented 
on a December 1995 draft report 

Preliminary briefing slides for a Center Performance Report are attached. 

Documenting Lessons Learned and a OBES Model 
The measurement pilot will document the Center pilot as a possible model for DOE Office of 
Basic Energy Reseaich. This documentation will consider the findings of an independent review 
of the 1995 process. Further review of the model will be solicited from R&D evaluation experts. 
Lessons learned specific to the S&P Center will be shared with the Center in time for 
improvements for FY 1996 Center performance measurement. 

Provide an R&D Evaluation Workshop 
Sandia proposes to plan and implement an OBES (co-sponsored) R&D Evaluation Workshop. 
At this one day workshop R&D evaluation experts and practitioners, including OBES research 
program management, will meet to discuss current R&D performance measurement and 
evaluation issues. The workshop will be held Summer 1995, in Washington, DC or at Georgia 
Tech. 
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1995 performance measures have been drafted 
and sources of data and evaluations identified. 

:uccess Criteria and Performance Indicators 

IclentlflcfTechnical Excellence 
• Number of peer reviewed publications 
• Number of patent disclosures/applications 
• Number of Invited presentations 
• Report of expert panels (each project every 3 years) 
- Reports of Industrial Steering Group, DOE technology managers 

pollaboratlon Among the Laboratories 
- Number of Joint publications, patents 
- Number of exchange visits and assignments 
- Effectiveness In forming and using Interdisciplinary teams 

Increasing Partnerships with Industrv/DOE Technology Offices 
- Number and total funds of Joint projects, CRADAs, and other 
formal Interactions 
- Workshops: % attending that are DOE and Industry 
- Number of Informal Interactions/collaborations 
- Number of lab visits and assignments by Industry and DOE 
technology representatives 
Positive Impact on Industry and DOE Technologies 
- Feedback from these customers (next stage and potential) 
-■ Number of licenses 

Data Source(s) 

- Center tracking from lab reports 
_ » » 

- Expert Panel Reviews 
- Center User Survey 

- Center tracking from lab reports 

~ Center User Survey 

- Center tracking from lab reports 

- Event Attendance Lists 
- Center tracking from lab reports 

- Center User Survey 
- Center tracking from lab reports 
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