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I.  ABSTRACT

The purposes, principles, practices, and protocols of research program peer review are described. 
While the principles are fundamentally generic, and apply to peer review across the full spectrum of
performing institutions, as well as manuscript/ proposal/ program peer review, the focus of this
report is peer review of proposed and ongoing research programs in federal agencies. 

Following the self-contained Executive Summary of factors for high-quality peer reviews, the
report addresses potential implications of the implementation of the Government Performance and
Results Act of 1993 on federal agency research program peer review practices.  Then, the report
describes strengths and weaknesses of major peer review components and issues, including:

Objectives and Purposes of Peer Review;
Quality of Peer Review;
Impact of Peer Review Manager on Quality;
Selection of Peer Reviewers;
Selection of Evaluation Criteria;
Secrecy (Reviewer and Performer Anonymity);
Objectivity/ Bias/ Fairness of Peer Review;
Normalization of Peer Review Panels;
Repeatability/ Reliability of Peer Review;
Effectiveness/ Predictability of Peer Review;
Global Data Awareness;
Costs of Performing a Peer Review;
Ethical Issues in Peer Review; and
Alternatives to Peer Review. 

The report then presents different federal agency peer review practices, and sample protocols and
processes for conducting a successful research program peer review.  Some peer review variants,
such as the Science Court and Network-Centric Peer Review, are described, and research
requirements to improve peer review are discussed. The final section is an extensive bibliography
of over 3000 references that includes not only text references but related references for further
reading as well.
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II.  EXECUTIVE SUMMARY - PEER REVIEW PRINCIPLES

The Government Performance and Results Act of 1993 (GPRA, 1993) requires federal agencies
to develop strategic plans, annual performance plans, and performance measures to gauge
progress in achieving their planned targets.  A precursor paper in Science (Kostoff, 1997b)
recommends that peer review be the dominant metric GPRA applies to basic research.  However,
for research program peer review to be used effectively and efficiently for GPRA, it must be
understood, developed, and standardized well beyond its present status.  Program peer review
should also be integrated seamlessly into an organization's business operations evaluation
processes in general, and in particular into its peer review processes. It should not be
incorporated into management tools as an afterthought, which is today’s common practice, but
should rather be part of the organization's front-end design.  This allows optimal matching
among requirements for generating, gathering, and reviewing data.  It helps avoid the present
practice of force-fitting evaluation criteria and processes to whatever data are produced from
non-evaluation requirements.  This report focuses on the underlying principles necessary for
high-quality peer review.  Although targeted toward research program peer review, most of the
principles this report enunciates apply to many kinds of peer review.  The author's experience,
based on examining the peer review literature, conducting many peer review experiments (e.g.,
Kostoff, 1988), and managing hundreds of peer reviews, leads to the following conclusions about
the factors critical to high-quality peer review (Kostoff, 1995, 1997a, 2001b): 

1) Senior Management Commitment
Senior management’s commitment is the most important factor in the quality of an
organization’s S&T evaluations.  The relevant senior positions are those with evaluation decision
authority, and their most significant contributions lie in the rewards and incentives they institute
to encourage high-quality evaluation..  Senior managers’ commitment should include not only
assurance that a credible need for the evaluation exists, but also a strong desire that the
evaluation be structured to address that need as directly and completely as possible.

2) Evaluation Manager Motivation
The second most important factor is the operational evaluation manager's motivation to perform
a technically credible evaluation.  The manager:

a) sets the boundary conditions and constraints on the evaluation's scope;
b) selects the final specific evaluation techniques used;
c) selects the methodologies for how these techniques will be combined, integrated, and
interpreted, and
d) selects the experts who will perform the interpretation of the data output from these
techniques. 

In particular, if the evaluation manager does not follow, either consciously or unconsciously, the
highest standards in selecting these experts, the evaluation's final conclusions could be
substantially determined even before the evaluation process even begins.  All the evaluation
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processes considered (peer review, retrospective studies, metrics, economic studies, roadmaps,
data mining, and text mining) need experts, and this conclusion about expert selection holds for
every one of them.

3) Statement of Objectives
Third most important is transmission of a clear and unambiguous statement of the review’s
objectives (and conduct) and its potential impact and consequences to all participants.  This
statement should occur at the very beginning of the review process.

4) Competency of Technical Evaluators
Fourth most important factor is the quality of the technical evaluators themselves, specifically
their role, objectivity,  and competency.  While the requirements for experts in peer review,
retrospective studies, roadmaps, and text mining are obvious, there are equally compelling
reasons for using experts in metrics-based evaluations.  Metrics should not be used as a stand-
alone diagnostic instrument (Kostoff, 1997b).  Like lab tests in a medical exam, even quantitative
metrics results from suites of instruments require expert interpretation to be placed into proper
context and gain credibility.  Evaluation resembles diagnosis more than it resembles accounting. 
The metrics results should make a subordinate contribution to an effective peer review of the
technical area being examined. 

Thus, this fourth critical factor consists of the evaluation experts' competence and objectivity. 
All the experts should be technically competent in their subject area, and the competence of the
total evaluation team should cover the multiple S&T areas critically related to the present
interest.  The evaluation team's focus should not be limited to disciplines related only to the
present technology area (that tends to reinforce the status quo and provide conclusions along very
narrow lines).  It should be broadened to disciplines and technologies that have the potential to
impact the overall evaluation's highest-level objectives (that would be more likely to provide
equitable consideration to revolutionary new paradigms).

5) Selection of Evaluation Criteria
The fifth most important factor is selection of evaluation criteria (Delcomyn, 1991; Sutherland,
1993; Weinberg, 1989).  These criteria will depend on the:

• interests of the audience for the evaluation,
• nature of the benefits and impacts,
• availability and quality of the underlying data,
• accuracy and quality of results desired,
• complementary criteria available and suites of diagnostic techniques desired for the complete

analysis,
• status of algorithms and analysis techniques, and
• capabilities of the evaluation team. 

For evaluating basic research proposals, the three main criteria are research merit, research
approach, and team quality (DOE, 1982; Kostoff, 1992, 1997a).  For research sponsored by a
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mission-oriented organization, a fourth criterion related to mission relevance is useful.  To ensure
that this mission relevance criterion does not filter out the more basic research oriented
proposals, a very liberal interpretation of mission relevance is necessary.  For basic research, a
nearer-term relevance criterion, such as transition or utility, correlates better with overall
proposal quality score than does a longer-term criterion (Kostoff, 1992).  Use of a fifth criterion
for overall research quality is essential, and makes it possible to incorporate the effects of
unlisted criteria that the reviewer feels is important for considering a specific proposal.  For
example, reviewers might feel that an agency proposal is more appropriate for sponsorship by
industry than by government. In this case, the proposal could receive a low overall rating, even
though the listed component technical criteria were rated very high.

6) Relevance of Evaluation Criteria to Future Action
Almost every metrics briefing the author has attended—in government agencies, industrial
organizations, and academic institutions—has violated a principle of evaluation selection criteria.
Although stated in terms of metrics-based evaluation, it applies to all evaluation techniques:

Every S&T metric, and its associated data, should answer a question that contributes to
forming the basis for a decision.

Metrics and associated data that do not perform this function become an end in themselves.  They
offer no insight to the central questions of a well-structured study or briefing, and they contribute
nothing to decision-making.  They dilute any study, and over time they devalue the worth of
metrics in credible S&T evaluations.  Because of:

1) the political popularity and subsequent proliferation of S&T metrics;
2) the widespread availability of data; and
3) the ease with which these data can be electronically gathered, aggregated, and displayed,

most S&T metrics briefings and studies are immersed in data geared to impress rather than
inform.  While metrics studies provide the most obvious examples, this conclusion can be easily
generalized to any of the evaluation methods.
  
7) Reliability of Evaluation
The reliability or repeatability of an evaluation is also crucial.  To what degree would an S&T
evaluation be replicated if a completely different team were involved in selection, analysis, and
interpretation of the basic data?  If each evaluation team were to generate different evaluation
criteria, and in particular generate far different interpretations of these criteria for the same topic,
then what meaning or credibility or value can be assigned to any S&T evaluation (Cole, 1981)? 
To minimize repeatability problems, a diverse and representative segment of the overall
competent technical community should be involved in the construction and execution of the
evaluation.

8) Evaluation Integration
A sound evaluation processes should in general be seamlessly integrated into the organization's
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business operations.  Evaluation processes should not be incorporated in the management tools as
an afterthought (which is typical practice today), but should be part of the organization's front-
end design.  This allows optimal matching between data generation, gathering and evaluation
requirements, as opposed to the present practice of force-fitting evaluation criteria and processes
to whatever data are produced from non-evaluation requirements.

9) Global Data Awareness
Also important is data awareness (Kostoff, 2003).  Placing the technology of interest in the larger
context of technology development and availability world-wide is absolutely necessary.  Failure
to do so tends to be a central deficiency of most management decision aids.  Lack of S&T
documentation, inaccessibility of S&T that is documented, inability to retrieve S&T documents
due to poor retrieval methods, inability to extract information from large retrievals, and general
lack of interest and will in global data awareness, mitigate against attaining comprehensive
global data awareness.

10) Normalization across Technical Disciplines
For evaluations that will be used as a basis for comparison of S&T programs or projects, the next
most important factor is normalization and standardization across different S&T areas.  For S&T
areas that have some similarity, use of common experts (on the evaluation teams) with broad
backgrounds that overlap the disciplines can provide some degree of standardization (Kostoff,
1988, 1997a).  For very disparate S&T areas, some allowances need to be made for the relative
strategic value of each discipline to the organization, and arbitrary corrections applied for benefit
estimation differences and biases.  Even in this case of disparate disciplines, some normalization
is possible by having some common team members with broad backgrounds contributing to the
evaluations for diverse programs and projects (Van den Beemt, 1997).  However, normalization
of the criteria interpretation for each science or technology area's unique characteristics is a
fundamental requirement.  Because credible normalization requires substantial time and
judgment, it tends to be an operational area where quality is sacrificed for expediency.

11) Secrecy
Secrecy is as important as normalization: reviewer anonymity and reviewee non-anonymity
(Altura, 1990; Clayson, 1995; Gresty, 1995; Neetens, 1995).  If honest and frank viewpoints on
the intrinsic quality of the research under review are desired, the reviewer must remain
anonymous to all but the review manager.  Rewards are few for a reviewer making strong
negative statements about a proposal (or research paper or program), and resulting retribution and
resentment against the reviewer may far outweigh the intrinsic benefits to science of honest and
forthright statements of judgment. 

"Blind reviewing," the withholding of the reviewee's name and affiliation from the reviewer, has
been used for the noble purposes of providing fairer reviews of work by unknown researchers or
by researchers from less prestigious institutions, and to eliminate bias based on such personal
characteristics as gender (Ceci, 1984; Laband, 1994; Cox, 1993; Nylenna, 1994).  However,
studies of proposed and existing research evaluations have shown that team quality was the most
important variable in determining overall project quality (DOE, 1982).  Removing the identity of
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the reviewee from the research under review is akin to solving an equation after eliminating the
dominant term. Rather than eliminate the key variable of researcher identity, it may be more
important to select additional reviewers who will broaden the review group's perspective and
address the "right job" aspects of the research project.  This will help insure that outmoded, albeit
frequently cited, research is not promulgated in perpetuity, and that fresh perspectives of new
paradigms will receive the attention they deserve.

12) Cost of S&T Evaluations
The next critical factor for quality S&T evaluations is cost (ASTEC, 1991; Buechner, 1974;
Hensley, 1980; Kostoff, 1995, 1997a). The true total costs of peer review can be considerable,
but tend to be ignored or understated in most reported cases. For high quality peer reviews, where
sufficient expertise is represented on the review group, total real costs will dominate direct costs
(Kostoff, 1995, 1997a). The major contributor to total costs is the time of all the individuals
involved in executing the review, including staff, reviewer, and presenter time.  If a substantial
audience is in attendance, then audience time should be included in review costs.  With high
quality performers and reviewers, time costs are high, and the total review costs can be non-
negligible.  For sponsor environments where a large number of proposals are rejected, and where
multiple proposals to different sponsors are the norm, peer review costs per funded proposal
increase dramatically in proportion to the ratio of proposals reviewed to proposals funded. 
Accurate cost analyses should not be neglected in designing a high quality proposal, manuscript,
or program peer-review process.

13) Maintenance of High Ethical Standards
The final critical factor, and perhaps the foundational factor in any high quality S&T evaluation,
is the maintenance of high ethical standards throughout the process.  A plethora of ethical issues
surround evaluation: technical fraud, technical misconduct, betraying confidential information,
unduly profiting from access to privileged information, and other pitfalls (Fielder, 1995;
Goodstein, 1995; Gupta, 1996; Keown, 1996; Moran, 1992).  This stems from an inherent bias or
conflict of interest in the process when real experts are desired to participate in every aspect of an
S&T evaluation.  The evaluation managers need to be vigilant for undue signs of distortion
aimed at personal gain.
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III. INTRODUCTION, DEFINITIONS, AND BACKGROUND

INTRODUCTION

In 1993, Congress enacted the Government Performance and Results Act (GPRA) into law [GPRA,
1993].  GPRA applies to all federal outlay programs, and has three components: strategic plans,
annual performance plans, and metrics to show how well the annual plans are being met.  Since the
plan became law, many federal interagency meetings have sought to ascertain how the third
requirement of the plan--performance metrics--could be implemented to portray the progress and
accomplishments of research properly, especially basic research.  The emerging consensus from the
basic research sponsor and performer communities holds that the stated requirements of GPRA and
what is required to determine the health of a research program are badly mismatched.

However, GPRA states that if "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" [GPRA, 1993].  A precursor article in
Science [Kostoff, 1997b] proposed that peer review be used as the dominant basic research program
health diagnostic for GPRA, supplemented by bibliometric and other measures.  There is a growing
consensus in the larger research community that use of peer review is a more appropriate tool to
measure basic research program performance in order to satisfy GPRA requirements.  If the GPRA
oversight agencies agree, then the volume of research program peer reviews across the federal
agencies will increase dramatically.

However, not only the volume of program peer reviews will change, but the conduct of the reviews
will also change.  If GPRA is fundamentally a budgetary instrument [Brown, 1996], then the
performance evaluation results that input to the performance budgeting process must be of the
highest quality.  The methods chosen to obtain these performance evaluation results, program peer
review and the supplementary quantitative performance measures, would require more rigorous and
standardized operational characteristics (Process selection, reviewer selection, etc.).

The purpose of the present document is to bring to the attention of the relevant research sponsoring,
oversight, managing, and performing communities the underlying issues and concerns surrounding
research program peer review. If these issues can be addressed comprehensively prior to full scale
GPRA implementation, then procedures could be developed to conduct peer review in a manner
that will not only support the performance budgeting process but could add value to the research
program being reviewed as well.  To insure that the present document reflects the experiences and
findings of the larger research evaluation community, principles and findings from the manuscript
and proposal peer review literature will be utilized, where applicable, to illuminate the research
program review issues and help bridge the gaps in the research program review literature.

There are four major components of the present report.  The main body of the text (Sections II, III,
IV) addresses the underlying issues surrounding research program peer review.  Section V
summarizes research program peer review practices for selected federal agencies.  Section VI
describes in detail a peer review process protocol that embodies the best practices of federal



Page 11

agencies and many of the principles espoused in the main body of the present text.  Finally, Section
VII, the bibliography contains an extensive list of primary and related references to the peer review
literature.  First, some definitions and background will be presented, to set the stage for detailed
examination of issues surrounding peer review.

DEFINITIONS AND BACKGROUND

Research Program Definition
Fiscally, a research program is a collection of funded research components.  These elements could
be subprograms, projects, or individual work units (Principal Investigators-PIs).  Conceptually, a
program is greater than the sum of its components, just as the living human body is greater than the
sum of its component cells.  A program includes the intelligence or inherent logic that links the
components to each other and to the program's overall objectives, just as the living human body
includes the intelligence that links the cells to each other and to the homeostatic operation of the
body.  Thus, the intrinsic quality of a research program is not merely the sum of the qualities of its
component projects, but depends on the quality of the structural relationships among the projects as
well. 

Review of a research program can then be viewed as consisting of two elements: 1) "review of a
program of research", which examines the nature of the component projects, and is commonly
referenced as an in-depth technical review, and 2) "review of a research program", which examines
the nature of the structural relationships among the projects and between the projects and their
external environment, and is commonly referenced as a management review.  These two elements
could be merged operationally into a single review, or could be performed separately.  

A program could be single research discipline intra- or inter-agency; multiple discipline intra- or
inter-agency; multiple discipline vertically integrated intra- or inter-agency; multiple discipline
multi-agency multi-national; or other variants of the above. The nominal program discussed in this
report is assumed to be intra-agency; the nominal review is assumed to be intra-agency.  Some
organizations review by disciplines, some organizations review by multi-discipline management
unit, and in some organizations disciplines coincide with management units.

Peer Review Definition
The classical definition of a peer is "A person who has equal standing with another."  A peer
review, then, is a review of a person or persons by others of equal standing.  The crucial issue then
becomes how “equal standing” is defined. 

Most research peer reviews with which the author is familiar--whether of journal research
manuscripts, research proposals for funding, or research project performance reviews--tend to
employ peer reviewers who are experts in the specific research area of the person or group under
review.  Depending on the relative levels of expertise between the reviewers and reviewees, the
reviewers may or may not be de facto peers.  Applied to research program review, such experts are
most competent for the in-depth technical subset defined above as "review of a program of
research."  The focus of this subset is on the intrinsic nature of the collection of research projects
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within the program, especially on their quality, accomplishments, ongoing problems, unexpected
findings and discoveries. 

The focus of the management review subset defined above as "review of a research program" is on
the structural relationships among the research projects within the program.  This subset addresses
issues such as mission relevance, budget adequacy, program staff, objectives, and procedures.  To
address the issues of this subset, additional types of peers to those of the first subset are required.

For the purposes of the present document, a more liberal interpretation of a peer than normally
employed will be used to encompass the requirements for addressing both subsets of research
program peer review.  This expanded definition of a peer describes the types of reviewers that the
author has tended to choose in conducting research program peer reviews that combine both subsets
of program review into a single process.  In this more inclusive definition, a peer may be a person
expert in the specific technical area of the research being reviewed, in allied technical areas to the
research being reviewed, in technology areas that may be impacted eventually by the research being
reviewed, and in systems and operational areas that may be impacted in the future by the research
being reviewed.  These different types of peers are required to examine the different facets of a
research program that could have impacts far beyond the specific research area being reviewed.

Research Program Peer Review Background
Research evaluation methodologies can be divided generically into three groupings [Kostoff,
1995b, 1996a]: Qualitative (e.g., peerreview); Semi-Quantitative (e.g., retrospective); and
Quantitative (e.g., bibliometric).  Peer review of research is overwhelmingly the method of choice
in practice in the U. S., as well as the rest of the world [Salasin, 1980; Logsdon, 1985; Chubin,
1990; Chubin, 1994; Kostoff, 1995b; Stamps, 1997a; Wood, 1997].  Presently, the major
applications of research peer review are, in order of decreasing usage: journal manuscript
submission review; proposal review; project and program review; faculty performance review; and
dissertation review. 

Most of the peer review literature has focused on manuscript and proposal review.  For example, a
1993 literature survey [Speck, 1993] compiled 780 abstracts of papers on peer review, of which 643
papers were on journal peer review.  According to Armstrong [Armstrong, 1997], 101 of these
provided empirical evidence.  Relatively few studies have been done on the issues and principles
underlying project or program review and reported in the open literature.  This conclusion,
complemented by Speck's and Armstrong's findings, was confirmed most graphically by a recent
peer review literature survey conducted by the author.  Over half the documents retrieved were
either letters to the editors of journals, or editorials (or their equivalent).  The papers on program
review tended to be reports of technical and statistical results of the review, with little or no focus
on the principles and issues underlying the peer review components.  Whatever papers existed on
peer review component principles related to manuscript reviews (mainly) or proposal reviews.
 
Peer reviews of research programs, when done at all, are not nearly as consistent across the research
sponsoring organizations as are the manuscript and proposal reviews.  Program reviews tend to
range from very informal personal discussions to tens of formal panel reviews.  Most of the people
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who conduct program reviews do not document them in the literature, and most of the principle and
concept papers in the peer review literature are written by people who have never conducted a
research program peer review.  Consequently, there are two major gaps in the literature on research
program peer review.  First, there are quantitatively few papers published, and second, most of the
concept and principle papers that do exist bear little relation to the reality of conducting a program
review.

To identify and address some of these gaps, a number of peer review issues will be examined now. 
These issues were selected from a taxonomy of categories generated by the author's recent peer
review literature survey, as well as from previous assessments of problems with peer review and
other research evaluation approaches [Kostoff, 1996a].  The headings of the topical issues
addressed in the main body of this text immediately following the present section include:

Objectives and Purposes of Peer Review;
Quality of Peer Review;
Impact of Peer Review Manager on Quality;
Selection of Peer Reviewers;
Selection of Evaluation Criteria;
Secrecy (Reviewer and Performer Anonymity);
Objectivity, Bias, and Fairness of Peer Review;
Normalization of Peer Review Panels;
Repeatability/ Reliability of Peer Review;
Effectiveness/ Predictability of Peer Review;
Global Data Awareness;
Costs of Performing a Peer Review;
Ethical Issues in Peer Review;
Alternatives to Peer Review;
Recommendations for Further Research in Peer Review.

IV.  PEER REVIEW PRINCIPLES

OBJECTIVES AND PURPOSES OF PEER REVIEW

Global funding for science and technology (S&T) is approaching one trillion dollars per year.  The
S&T products resulting from this funding are the engines that drive today’s global economies and
militaries.  It is important that this trillion dollar investment be used efficiently to maximally
accelerate S&T progress.  One way is to insure that efficiencies are implemented at all stages of the
investment cycle.

The S&T investment cycle progresses from a planning phase to a proposal phase, to a selection
phase, to an execution phase, to a review phase, and then returns to a planning phase.  There are
continual feedbacks among the phases.  Underlying each of the phases is an ongoing S&T
evaluation process, to aid in both the tactical and strategic decisions required for efficient operation
of the phase.  This ongoing evaluation process has three components, the balance among which
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depends on the specific phase.  First, retrospective evaluation of S&T assesses program
performance, identifies S&T products that can be taken to the next stage of development, and
identifies the management and performance environment most conducive to producing high-quality
S&T.  Second, real-time evaluation of ongoing S&T is used to modify management, performers,
and resources as required in order to maximize progress and efficiency.  Finally, evaluation of
potential S&T identifies how resources should be reallocated in the future to select S&T portfolios
with the highest estimated returns.

A spectrum of methods is available to perform these evaluations.  Ideally, evaluation methods
would be selected on the basis of how well they contribute to the objective of accelerating the
progress of S&T efficiently.  Specifically, evaluation methods would be chosen on their capability
to identify and eliminate or overcome the barriers to efficient S&T progress.  These barriers or
deficiencies include:

• Risk-averse S&T;
• Short-term horizon S&T;
• Over-emphasis on evolutionary rather than revolutionary S&T;
• Poorly coordinated S&T;
• Lack of interdisciplinary S&T;
• Unawareness of parallel or previously performed S&T;
• Insufficient documentation and dissemination of S&T products;
• Emphasis on tactical S&T management at the expense of strategic S&T management;
• S&T resource allocations made for reasons other than technical merit;
• S&T manpower imbalances and deficiencies;
• Maintenance in perpetuity of costly S&T infrastructures and facilities;
• Reluctance to share new ideas openly;
• Reluctance to terminate low-output S&T.

This spectrum of evaluation methods ranges from quantitative (metrics) to semi-quantitative
(anecdotes) to qualitative (peer review).  While all three classes are represented in the published
literature, peer review is in practice the overwhelming method of choice. A properly conducted peer
review can surface many of the barriers or deficiencies for programs or organizations undergoing
review, especially barriers or deficiencies in the first half of the list.  .However, peer review is not
an end in itself; it is a means to the end of accelerating S&T progress efficiently.  How well does
peer review serve as a mechanism to achieve the objectives stated above?  This report attempts to
answer that question.  This report also describes potential improvements in the peer review process
that could help eliminate or reduce the barriers to efficient accelerated S&T progress.

In practice, peer review supports many diverse purposes: 

• It serves as a quality filter to conserve resources.
• Papers published in peer-reviewed journals are assumed to be above a threshold of minimal

quality, such that the reader can focus limited time resources on the highest quality documents
assumed to be contained in these journals.
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• Projects and programs selected for initiation or continuation by peer review are assumed to be
above a threshold of  minimal quality.

• Precious labor and hardware resources can be focused on these high quality tasks selected. 
• Peer review has the potential to add value to, and improve the quality of, the manuscript or

program under review. 
• Peer review can provide an imprimatur of legitimacy and competency to increase a program's

visibility and support. 
• The objectives of peer review range from being an efficient resource allocation mechanism to a

credible predictor of research impact. 
• A properly conducted research program peer review can provide credible indication to the

research sponsors of program quality, program relevance, management quality, and
appropriateness of direction [Alassaf, 1996; Armstrong, 1997; Cram, 1992; Gabel, 1992;
GERMANY, 1988; Kessler, 1992; Levine, 1988; Palli, 1993; Rainville, 1991; Ramsay, 1989;
Stull, 1989; Wakefield, 1995; Wicks, 1992].

The literature contains some quantitative studies that indicate some value added by peer review. 
For example, mid-1990s studies evaluated the effects of peer review and editing on manuscript
quality [Goodman, 1994], and the effects of peer review and editorial processes on the readability
of original articles [Roberts, 1994].  They concluded that peer review and editing improve the
quality of medical research reporting, as well as the readability of original articles and their
abstracts.  They did not address whether the quality of the research was improved, nor do other
literature articles.

From the author's experience, there are three times during the research program peer review process
when value is added.  First is the period between reviews, when the researchers do their work
knowing that it will be subject to high quality review.  The value added during this performance
phase is that the researchers will maintain a higher level of performance quality because of the
knowledge of the forthcoming expert review.  For example, performers will be less inclined to
essentially work on extending their theses for decades if they know that they will be evaluated
periodically.  Program managers will be more likely to continually update the balance and
relationships among their component projects, rather than allow poor performers to languish, if they
know that a review is forthcoming. 

The analogy is to a well-known speed trap on a highway.  The knowledge that a stretch of road is
well-policed is sufficient to keep the average speed within the posted limit.  The fact that the
officers write relatively few tickets in this area is not a measure of effectiveness of the speed trap.  It
would be useful if studies were done comparing the quality of research of periodically reviewed
programs to infrequently ad hoc reviewed programs to see if this value added component is
experimentally verifiable.

Second is the period of review preparation, particularly the “dry runs” for reviews that include
presentations.  This is an extremely valuable experience, both for the managers and the researchers,
and would by itself justify the cost and effort of the total review.  Especially for research program
peer review, the preparation period provides a focal point for discussion of unresolved issues and
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priorities, and fuels substantive discussions in order to arrive at a quality presentation.  The value
added is not in the superficial presentation form improvement, but in the substantive increase in the
intrinsic program quality.

Third is the actual review.  Here, independent viewpoints are injected in a public forum, high
quality research is re-affirmed, and strong recommendations are provided for the fate of poor
research.

A fourth time of value added could be postulated as well, depending on the review results.  If the
review outcome was very favorable, and eventually resulted in additional program funding, then
value was added, at least to the funding recipients and hopefully to the larger society as well.

Finally, it should be remembered that any of the review processes involve real-time judgments of
the quality of research, not expressions of the intrinsic quality of the research.  The passage of time
is required to follow the evolution of research to ascertain whether it achieves its promise.  How
well these peer review judgments relate to the actual impact of the research on science and
technology and society is an important measure of long-term peer review value, and is addressed to
some extent in the later section on Predictability.

Another taxonomy of the potential values added by peer review can be summarized as follows
[Chubin, 1994]:

1. an effective resource allocation mechanism;
2. an efficient resource allocator;
3. a promoter of science accountability;
4. a mechanism for policymakers to direct scientific effort;
5. a rational process;
6. a fair process;
7. a valid and reliable measure of scientific performance.

Much of the remainder of the main body of this report examines the intrinsic and arbitrary
roadblocks to achieving these desirable goals in a research program peer review.  Many of the
negative aspects of program peer review will be addressed, such as potential bias, cost, and
protection of the status quo.  The present section concludes by examining briefly another potentially
negative aspect of peer review not addressed by the literature; namely, whether the knowledge of
periodically scheduled reviews would stifle the pursuit and presentation of very innovative but far-
out ideas.  Would performers be reluctant to present these ideas in a public forum, where either the
credibility of the performers could be challenged for these ideas or the ideas themselves could be
usurped by the reviewers?  In other words, does the practice of peer review, and especially panel-
based program peer review, effectively result in self-censorship of radical ideas?  This is an area
where research is needed to ascertain whether ideas have been suppressed in periodically reviewed
programs, and then to determine how this problem could be surmounted if it exists.

QUALITY OF PEER REVIEW
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The studies related to peer review that have been reported in the literature range from the mechanics
of conducting a peer review, to examples of peer reviews, to detailed critiques of peer reviews and
the process itself.  In addition to descriptions of peer reviews and processes contained in the
reviews and surveys referenced above, other examples of processes and critiques can be found in
[Armstrong, 1997; Chubin, 1990; Chubin, 1994; Barker, 1992; Cicchetti, 1991; Cole, 1981; DOE,
1993; Frazier, 1987; Kostoff, 1996a; Wood, 1997].  

While the reported studies of peer reviews present the process mechanics, the procedures followed,
and the review results, the reader cannot ascertain the quality of the findings and recommendations
of the review.  In practice, procedure and process quality are mildly necessary, but nowhere
sufficient, conditions for generating a high quality peer review.  Many useful peer reviews have
been conducted using a broad variety of processes, and while well documented modern processes
(e.g., [DOE, 1993]) may contribute to the efficiency of conducting a review, more than process is
needed for high quality.  Many intangible factors enter into a high quality review [Evans, 1990;
Friedman, 1995; Goodman, 1994; Lundberg, 1991; Luukonnen-Grunow, 1990; McNutt, 1990;
Vandenbroucke, 1994], and some of the more important factors will be discussed.

The underlying hypothetical postulate of this section is that there exists an intrinsic quality inherent
in every basic research task.  By definition, a high quality peer review should provide an accurate
picture of the intrinsic quality of the research being reviewed, irrespective of whether this intrinsic
quality is high or low.  The fundamental problem is the lack of absolute standards (analogous to
physical standards for primary measurements such as time and length) for measuring research
quality.  Presently, evaluation of intrinsic research quality is a subjective process, depending on the
reviewers’ perspectives and past experiences.  A high quality review under these imperfect
circumstances, then, would occur when two generic conditions are fulfilled: 1) utilization of highly
competent reviewers, and 2) no injection of additional distortions in the reviewers' evaluations as a
result of biases, conflict, fraud, or insufficient work.

High quality peer review processes require as a minimum the conditions summarized from Ormala
[Ormala, 1989]:

1. The method, organization and criteria for an evaluation should be chosen and adjusted to
the particular evaluation situation;

2. Different evaluation levels require different evaluation methods;
3. Program and project goals are an important consideration when an evaluation study is

carried out;
4. The basic motive behind an evaluation and the relationships between an evaluation and

decision making should be openly communicated to all the parties involved;
5. The aims of an evaluation should be explicitly formulated;
6. The credibility of an evaluation should always be carefully established;
7. The prerequisites for the effective utilization of evaluation results should be taken into

consideration in evaluation design.
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The impact of a peer review on decision-making is considered a measure of its effectiveness, not its
quality.  Poorly conducted peer reviews could have major influences on decisions, and well
conducted peer reviews could have minimal influence on decision-making.  It is important to
distinguish quality from effectiveness. 

A corollary aspect of peer review quality, although in the author's judgment not a primary
contributor to nominal research program peer review quality, is the commission of errors by the
reviewers.  The author is not aware of published studies that have examined the commission of
errors by research program peer reviewers.  In a 1997 paper [Armstrong, 1997], different studies of
errors and superficial work by peer reviewers of journal manuscripts are described.  The conclusion
one draws from these results is that the problem of manuscript reviewer error production is not
insignificant.  Armstrong does make the point that journal manuscript peer reviewers typically
receive no extrinsic awards, are typically anonymous, and therefore in some cases may not feel
motivated to exert the effort required for a high quality review.  Additionally, there is something of
an imbalance in this author-reviewer symbiosis, since the journal article author spends hundreds of
hours performing the work and is required to place his reputation on the line when submitting the
article for publication, while the reviewer spends relatively few hours at his task with essentially
little chance of damage to his reputation for mediocre performance.  The legal system recognizes
the existence of these human frailties, and has a multi-level hierarchical appeals system established
to handle possible errors by judges and juries.  Both the medical and legal professions have
effectively established an appeals procedure through their malpractice system.  Perhaps the
scientific profession needs a more formal appeals system to level the playing field for manuscript
authors and others subject to peer review, and to insure that in the end justice will be served and
quality maintained.  A 1997 paper [Stamps, 1997b] reviews the literature on conflict resolution, and
describes a process (dialectical scientific brief) for resolving disputes from manuscript peer review
in scientific journals.  This or some alternative procedure could be modified to apply to other types
of scientific peer review as well.

In most research program peer reviews, commission of technical errors by reviewers due to the
relaxed standards resulting from anonymity and lack of financial incentives is probably not nearly
as serious as in manuscript reviews.  While a small fraction of program reviews may be carried out
by anonymous mail reviews from experts (if this is done at all, it would apply when the program is
evaluated by reviewing each of the projects separately), the vast majority of program reviews are
carried out with the use of expert panels.  In some cases, the panel members may receive modest
compensation, but in any case, they are no longer anonymous.  Their reputations are on the line as
they participate in these panels.  In the author's experience, panel members tend to suppress overt
expressions of biases, and they typically make statements they are able to defend.  Whether this
translates into more conservatism relative to the anonymous journal manuscript reviews depends on
how the review process is structured, and is discussed in more detail later in the section on Secrecy.
 In any case, studies of the extent of errors committed by research program peer reviewers remain to
be done, and if these panels eventually have substantial input to the budgetary process, then some
sort of appeals system for program reviews may have to be established.

IMPACT OF PEER REVIEW MANAGER ON QUALITY
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From the author's perspective, the single most important factor in producing a high quality research
program peer review is the dedication of an organization's senior management to the highest quality
objective review, and the associated deployment of rewards and incentives to encourage such
reviews.  The second most important factor in producing a high quality review (and in fact the
cornerstone of a successful review) is the motivation of the person managing the review to conduct
a technically credible review.  This review leader selects and manages the review process, selects
the review criteria, selects the reviewers, guides the questions and discussions in a panel review,
summarizes the reviewers' comments in a mail or panel review, and makes recommendations about
whether a program should be initiated, continued, or modified. 

The direction of the assessment may be heavily influenced if the review leader consciously or
unconsciously exercises biases, especially while selecting reviewers.  In an extreme case of bias, the
review's results could be determined completely by reviewer selection before the reviewers ever
meet.  This conclusion is valid for the manager of a program or project review, the manager of a
proposal review, or the editor in charge of a journal manuscript review.  The author is not aware of
any of these types of reviews where the reviewers are selected by a random process, which would
eliminate much of the selection bias.  Because of this potential intrinsic bias due to the conscious
reviewer selection by the review manager, unless random reviewer selection is operable in
conducting a review, any mathematical correlations [e.g., Cicchetti, 1991] among reviewers' scores
and review outcomes (illuminating and insightful though these correlations may be) must be
opened to question. 

SELECTION OF PEER REVIEWERS

Even with the strongest support from an organization's top management, and the direction of an
unbiased and competent review leader, the quality of a review will never go beyond the competence
of the reviewers.  Two dimensions of competence that should be considered for a research review
are the individual reviewer's technical competence for the subject area, and the competence of the
review group as a body to cover the different facets of research issues (other research impacts,
technology and mission considerations and impacts, infrastructure, political and social impacts)
[Kostoff, 1995b, 1996a; Garson, 1980; Klahr, 1985; Marshall, 1996].  The quality of a review is
limited by the biases and conflicts of the reviewers.  The biases and conflicts of the reviewers
selected should be known to the leader and to each other.  One common error in panel selection
is limiting the choice of research experts to those who have specific expertise in the subdisciplines
of the existing program.  This provides an answer to the question of whether the job is being done
right, but not to whether the right job is being done.  The former question relates to detailed
technical quality, while the latter question relates more to investment strategy in the broadest sense
(investment strategy is the rationale for the prioritization and allocation of resources among the
program components).  To answer the latter question, people with broad expertise in the area
covered by the overall program's highest level objectives should also be selected.  They would be
able to address the investment strategy more objectively, and determine whether the mix of
subdisciplines, and the allocation of resources among the subdisciplines, is appropriate.  The review
group, then, would be able to address the central question of whether the right job is being done
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right.

One of the major criticisms of peer review, whether manuscript, proposal, or program, is that it
tends to perpetuate orthodox and conservative paradigms, and tends to reject new paradigms that
threaten the structure of the status quo.  If one of the objectives of a research program peer review is
in fact to ensure that innovation is recognized, that truly revolutionary research with attendant new
paradigms will be promoted and rewarded, then this selection of reviewers to address the right job
issue in parallel with reviewers to address the job right issue becomes of paramount importance. 

Many present research program peer reviews remain severely deficient in the concentration of panel
experts on the issue of doing the job right and the effective absence of experts on doing the right
job.  This can lead to the situation that the author has termed "The Pied Piper Effect" [Kostoff,
1996a].  This phenomenon was defined initially for the specific case of interpretation of journal
paper citations, but it is applicable to any conclusion resulting from any type of peer review as well:
journal, proposal, or program.  Its initial bibliometric definition, and then extrapolation to program
peer review, follows.

Using citations as a stand-alone measure of quality and impact has raised concerns about the
potential bimodal interpretation of the numerical results.  The traditional bimodal interpretation is
that a paper could receive high citations because of its high quality, or because the citers disagree
with it.  However, there is a third interpretation: the "Pied Piper" effect.  It may be the most
insidious, and further precludes citations being utilized in stand-alone mode.

Assume there is a present-day mainstream approach in a specific field of research; for example, the
chemical, radiatiological, and surgical approach to treating cancer (See [Kostoff, 1996a] for a more
detailed example of the "Pied Piper Effect").  Assume the following hypothetical scenario:

• There are alternative approaches to treatment not supported by the mainstream community;
• In fifty years a cure for cancer will be discovered;
• The curative approach has nothing to do with today's mainstream research, but is perhaps a

downstream derivative of today's alternative methods;
• It turns out that today's mainstream approach sanctioned by the mainstream medical community

was completely orthogonal or even antithetical to the curative approach. 

Then what meaning can be ascribed to research papers in cancer today that are highly cited for
supposedly positive reasons?

In this case, a paper's high citations are a measure of the extent to which the paper's author has
persuaded the research community that the research direction contained in his paper is the correct
one, and not a measure of the intrinsic correctness of the research direction.  It is analogous to
firing a missile precisely at the wrong target.  It is the essence of the difference between precision
and accuracy.  In fact, the high citations may reflect the deliberate desire of a closed research
community (the author and the citers) to persuade a larger community (that could include
politicians and other resource allocators) that the research direction is the correct one. 
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This is the "Pied Piper" effect.  The large number of citations in the above hypothetical medical
example becomes a measure of the extent of the problem, the extent of the diversion from the
correct path, not the extent of progress toward the solution.  The "Pied Piper" effect is a key
reason why, especially in the case of revolutionary research, citations and other quantitative
measures must be part of and subordinate to a broadly constituted peer review in any credible
evaluation and assessment of research impact and quality.

The extrapolation of the "Pied Piper Effect" to research program peer review becomes obvious. 
Many technical communities are comfortable with the status quo, have large personal and
infrastructure investments in the mainline orthodox approaches, and feel threatened by new
paradigms that could render their investments obsolete.  If the peer reviewers represent only the
community of the specific research approach being reviewed, then the debate will typically center
around the correctness of the miniscule details of the approach (job right) rather than whether the
approach should be used at all (right job).  The net effect of such a limited review is to provide a
stamp of approval (analogous to the high citation rates described above) to continuance of the
mainline approach, and to close the door to revolutionary thinking. Appendix I describes a
method for selecting peer reviewers that approximates the best practices in use today.  While it is
not a pure random selection process, it does remove much of the bias of present selection practices,
and would be appropriate for the large scale program peer reviews discussed here.

SELECTION OF EVALUATION CRITERIA

Research evaluation criteria are one instrument through which an organization promulgates
strategic and policy research objectives.  Detailed responses to the criteria by reviewers are valuable
as inputs for downstream decision-making.  When documented, review criteria also serve as
tangible indicators to external groups that strategic objectives are being implemented [Delcomyn,
1991; Eibeck, 1996; Kellie, 1991; Martin, 1981; Sutherland, 1993; Weinberg, 1964, 1989]. 

Individual criteria can be viewed mathematically as the components of a vector.  The complete
vector, or figure of merit of the review, can then be constructed as the weighted sum of the scores of
its components.  For example, assume two criteria, Research Merit (RM) and Mission Relevance
(MR), are generated by the evaluating organization to be used by reviewers for research program
evaluation.  Assume each criterion is weighted equally by the evaluating organization.  Then, in the
absence of further constraints, the final figure of merit, overall program quality (OPQ), is computed
as OPQ=.5*RM+.5*MR.

Problems arise, however, because the stated criteria are seldom the only criteria the reviewers
consider important.  In the case above, the evaluating organization selected only two criteria that it
felt were important and that it wanted the reviewers to address.  It also selected the weighting to be
assigned to each criterion, and the figure of merit algorithm.  Conflict arises because each reviewer
has his or her own view of:

• what criteria are important for evaluating research,
• how these criteria should be weighted for a particular program, and
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• how they should be integrated for a final figure of merit. 

In the author's experience covering hundreds of different types of peer reviews, evaluators actually
conceive a Gestalt, or view of the integrated nature, of the total research package when performing
the evaluation.  The component criteria provided serve to stimulate reviewers' thinking in specific
areas, and insure that the reviewers include issues deemed critical to the review managers.

In the example case, there is the potential for serious mismatch between the final figure of merit
vector obtained by the organization's algorithm and by the reviewers' mental algorithm.  The two
vectors could be sufficiently different that one could completely misrepresent the other.  For
example, assume the organization provided the algorithm above to the reviewers, and also assume
that the definition of Research Merit (importance of the problem to science) did not include
Research Approach (approach taken to solve the problem).  Assume the reviewers felt that the RM
and MR were high quality for a program being reviewed.  However, assume that the reviewers felt
the Research Approach taken was extremely poor in the program under review, and that Research
Approach was the most important criterion in deciding the overall value of this particular research
program.  In this case, use of the organization's criteria and algorithm will provide a conclusion
orthogonal to that desired by the reviewers.  Even if the organization provides the additional
flexibility of allowing the reviewers to provide their own weighting to the criteria, in the example
shown the reviewers' desired conclusion will still be orthogonal to that obtained using the
organization's algorithm with criteria of arbitrary weighting.

The author has found that expert reviewers are usually individuals of integrity, and the way they
resolve the above dilemma is through the principle of compromise rather than the compromise of
principle.   Operationally, the reviewers develop an intuitive judgment of the worth of the total
research package under review, then ”reverse-engineer” the weighting and scoring of the criteria
sub-consciously (if not consciously) until the evaluation algorithm comes closest to their desired
intuitive overall result.

Based on these observations, the author recommends (and uses) inclusion of an overall project/
program quality criterion as well.  This “bottom-line” score makes clear the reviewers' judgments
about the total research package presented, and incorporates the effects of any unstated criteria (e.g.,
organizational appropriateness) that a reviewer feels are important determinants of overall research
quality.  This approach reduces the necessity for “reverse engineering” to arrive at displaying the
reviewers' deepest convictions.  If the evaluating organization still wants to use only its own criteria
to arrive at the final figure of merit, then, by comparing the reviewers' vector and the organizational
algorithmic vector, the organization can identify the trade-off in reviewer-perceived quality that
resulted from ignoring reviewer-relevant criteria.

The later section in this report on agency peer review practices discusses the more detailed studies
performed by the author and others on selection and importance of research program evaluation
criteria.  In general, these studies show that the most influential criteria relative to a reviewer's final
evaluation rating are research merit, research approach, and performer quality.  In addition, a
relevance criterion is important in mission agencies.  Nearer-term relevance, such as transition to
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technology (or utility), tends to be more influential on a reviewer's final overall rating than longer-
term relevance to the sponsor's downstream mission.  Finally, as stated above, inclusion of a single
”bottom-line” criterion is crucial.

SECRECY: REVIEWER AND PERFORMER ANONYMITY

The issue of reviewer anonymity was discussed briefly in the section on Quality, with the
conclusion that anonymity did not help the detailed technical quality of the reviewer's product.
From the author's viewpoint, this negative aspect pales compared to the benefits resulting from
reviewer anonymity, although there is not a unanimity of opinion on this conclusion in the literature
[Altura, 1990; Berezin, 1994; Clayson, 1995; Debakey, 1990; Frei, 1993; Gresty, 1995; Knox,
1981; Neetens, 1995]. 

What is really desired from a peer reviewer is an honest viewpoint on the intrinsic quality of
research under review, supported where possible by rigorous technical analysis.  Having the
reviewer and reviewee present during the review (and this applies to manuscript, proposal, and
program review; “present” just must be interpreted differently in each case) will sharpen the quality
of the technical discussion and eliminate many of the types of errors the studies report [Armstrong,
1997] discussed earlier in the Quality section. 

However, having the reviewer and reviewee present during the review will, in many cases, tend to
inhibit the expression of the reviewer's deepest convictions about the quality of the research. 
Rewards are few for making strong negative statements about a research paper, proposal, or
program, and resulting retributions and resentments may far outweigh the intrinsic benefits of
stating judgments honestly and forthrightly.  In research program peer review in particular, the
situation is more complex than a manuscript peer review.  In program review, the program manager
is in a real sense being reviewed, as well as the research.  If the reviewers are ”bench-level” experts
in the field of the manager's research program--as one assumes they typically are--and at some point
in the future would have an interest in participating in the manager's specific research program, then
forthright but negative reviews could damage their prospects of obtaining future funding from the
program manager.  Finding true peers to serve as research program reviewers in this case may be
extremely difficult, and requires judicious care in the selection process.

The author has conducted program and proposal reviews that ran the gamut from complete reviewer
anonymity to complete reviewer presence with reviewee and audience.  In the author's experience,
there is a hierarchy of levels of reviewer anonymity that produce different degrees of frankness and
honesty in the reviewer's response. 

The most honest and straightforward reviewer's opinions result from phone reviews where the
reviewer is completely anonymous to the reviewee.  In this case, the reviewer has been provided
information about the research (typically written) and provides feedback orally over the phone.  The
frankness of response is most evident in evaluating the right job function, where the integrity of the
total research approach is at stake.  Reviewers are less reluctant to be more open when critiquing
the job right function, since major direction and infrastructure changes will not be at risk, and the
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reviewee's defenses will not be as vociferous.  

Next in the hierarchy are written reviews where the reviewer is completely anonymous to the
reviewee.  Some reviewers will tend to moderate the frankness of their comments when asked to
provide them in writing.  However, if the reviewers trust the review manager to protect their
anonymity, they will still be quite frank in their write-ups.

The next level of anonymity occurs when the reviewers and reviewees are both present during the
research presentations, but the reviewers meet in closed session to provide oral and written
evaluations of the research, with these evaluations not for attribution.  Even the presence of the
anonymity during the closed session will provide much frank discussion and exchange of heartfelt
opinion.

The final level is the absence of anonymity, where both reviewers and reviewees are present
throughout the total process, and all verbal and written comments are provided with full attribution.
While it may be argued that this type of review is better than having no review, from the author's
experience this approach does not begin to utilize the full potential of what expert peer review can
offer.  

The other side of the secrecy coin is withholding the reviewee's name and affiliation from the
reviewer.  This process has been called "blind reviewing" [Blank, 1991; Ceci, 1984; Cox, 1993;
Evans, 1990; Fisher, 1994; Johnson, 1995; Laband, 1994; McNutt, 1990; Nylenna, 1994;
Rosenblatt, 1980; Shaughnessy, 1988; Sly, 1990].  Its objectives are to provide fairer reviews of
work by unknown researchers or by researchers from less prestigious institutions [Armstrong,
1997], or conceiveably to eliminate bias based on personal characteristics like gender.  Blind
reviewing (and its corollary "double-blind" reviewing, when both the reviewer and reviewee are
anonymous to each other) is probably most applicable to manuscript review.  Some studies of blind
reviewing for journal manuscripts have been reported [Fletcher and Fletcher, 1997; Fisher, 1994;
Laband, 1994].  Reviews by blinded reviewers were judged by the editors to have higher quality;
the blinded reviewers gave better scores to authors with more previous articles, and articles
published in journals using blinded peer review were cited significantly more than articles
published in journals using non-blinded peer review.

Unfortunately, removing the identity of the reviewee from the research under review is like solving
an equation after eliminating the dominant term.  The DOE peer review study of the quality of its
Office of Basic Energy Sciences' research program [DOE, 1982], which is probably the classic
study of research program quality using a statistical sampling of component project quality,
concluded that team quality was the most important variable in determining overall project quality. 
Based on these, and other similar results, evaluating proposals without reviewee identity could
provide misleading results.  There are many good proposed research topics.  The high quality
researcher will develop a track record of not only addressing good research topics, but will make
substantial progress toward solutions through perseverance and critical thought.  Today, many
consulting firms help researchers prepare funding proposals.  These consultants are very aware of
the appropriate “buzzwords” and politically correct terminology, and what type of formatting and
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proposal organizational structure will appeal most to decision makers.  Judging such proposals
independent of the researcher will eventually allow form to predominate over substance.

In any case, blind reviews probably have minimal applicability to research program reviews. In
most cases, panel reviews are used, and extraordinary precautions would have to be taken to protect
the identity of the reviewees.  Coupled with the inability to use the team quality criterion, there
appears to be little motivation to employ this process in program peer review.  There appears to be
nothing on this topic related to program review in the literature.

OBJECTIVITY, BIAS, AND FAIRNESS OF PEER REVIEW

Probably the most criticized aspect of all types of peer review is the role of bias, and its subsequent
impact on fairness, in the reviewers’ final recommendations.  Peer reviews have received written
and verbal accusations of having gender bias, race bias, institutional bias, geographic bias, age bias,
and especially a conservative bias toward protecting the “old boys’” network of the status quo. 
Much research effort has been focused on this issue of bias and fairness [Armstrong, 1982, 1997;
Bailar, 1991; Daniel, 1993; Ehlen, 1996; Ernst, 1994; Ramasarma, 1995; Spitzer, 1994]; Armstrong
[Armstrong, 1997] makes the point that almost half of the empirical papers on journal reviewing in
a massive 1993 study [Speck, 1993] address these issues.

The findings are mixed.  A 1994 study [Gilbert, 1994] assessed whether manuscripts received by
the JAMA possessed differing peer review and manuscript processing characteristics, or had a
variable chance of acceptance, associated with the gender of the participants in the peer review
process.  The study concluded that gender differences exist in editor and reviewer characteristics at
JAMA with no apparent effect on the final outcome of the peer review process or acceptance for
publication.

Another study [Peters, 1982] found that reviewers were biased against authors from unknown or
less-prestigious institutions.  A study in which NSF proposal reviews were re-evaluated by a
different panel [Cole, 1981] included institutional reputation, professional age, academic rank,
geographic location, and other variables.  It concluded that the peer review system employed by
NSF was essentially free of systematic bias.  A study of the DOE Office of Basic Energy Sciences
[DOE, 1982] stated that the conclusions concerning the laboratory and non-laboratory projects were
not distorted by reviewer biases.

A 1992 report elaborates on the concerns of bias and conflict in a section describing guidelines on a
common framework for organizing Federal investments [NAS, 1992].  Its Principle 6 (Program
Evaluation) contains the statement: "Current efforts to review government R&D programs have
suffered, in some instances, from the fact that annual reports to Congress or the executive branch
have been conducted by mission agency employees with a direct interest in having projects they
evaluate continue.  Technical evaluations of the R&D work and of the contributions to national
economic welfare of pre-commercial R&D programs should be conducted by nongovernmental
groups that do not have a direct role in program management or funding decisions".    



Page 26

The underlying paradigm of the bias/fairness issue is that all reviewees should be treated the same;
there should be a level playing field for all players.  The rationale for fairness is that decisions made
on the basis of other than technical merit can impede the main objective of accelerating S&T
progress efficiently.  Unfortunately, in the implementation of this noble philosophy, the rules of
scientific evidence take second priority to the rules of political correctness.  This motivation toward
perceived increased fairness is probably the main driver for peer review concepts such as 'blind
reviewing', which was addressed in the previous section of this report on Secrecy.  It was concluded
that the downside to "blind reviewing" was the elimination of the key reviewer criterion of track
record (team quality) and the subsequent degradation of the review process quality.

However, assigning overwhelming importance to track record, as proposed by some researchers in
the later Alternatives section of this report, shifts the functional balance toward emphasizing the job
right aspect of the research as opposed to the right job aspect, and is in many respects a double-
edged sword.  It presents serious obstacles for young researchers with little track record who may
have very good ideas for solving difficult research problems and may be very capable of addressing
these problems, and has the potential for maintaining the “old boys” network and the status quo. 
This can have very serious consequences, as the discussion of the "Pied Piper Effect" showed.  The
solution is not to eliminate the key variable of researcher identity, but rather to select reviewers
such that the perspective of the panel is broadened.  Use panelists who are able to address the right
job aspects of the research target, to insure that outmoded but prolific and well-cited research is not
promulgated in perpetuity, and that the pool of expertise is being continually refilled.

NORMALIZATION OF PEER REVIEW PANELS

Peer review is a diagnostic process that can be applied in isolation on a body of research, or can be
used for comparing many different types of research.  When applied for comparative purposes, a
key issue centers on how the results of different panels evaluating different technical disciplines can
be normalized such that comparisons across disciplines and panels become meaningful.  How, for
example, can the differences in intrinsic quality of the different types of research being reviewed be
separated from different panel biases, different panel interpretations of criteria, different severities
of panelists in applying the criteria, when only scores and comments that include all these factors
are presented.  This normalization issue is perhaps the most difficult aspect of peer review, and
normalization difficulty also applies to other aspects of research evaluation such as bibliometrics
[Braun, 1982; Kostoff, 1997c; Schubert, 1996].

Most studies that examine peer reviews across disciplines present the results for the major
discipline categories separately [e.g., DOE, 1982; Cicchetti, 1991; Cole, 1981].  They essentially
finesse the problem.  While this separation of categories is valid when research is viewed from a
strategic viewpoint, where disciplines are selected and maintained for their importance to an
organization's mission, this discipline separation reduces the value of peer review as a quality
comparative yardstick considerably.  Quantitative evaluation approaches, such as bibliometrics,
develop reference standards for different disciplines and then construct appropriate scaling
procedures for ranking the research [Schubert, 1996].  This does allow for comparison of relative
rankings across disciplines in a broad generic sense, but questions arise [Kostoff, 1996a] as to the
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applicability of reference standards defined for a discipline (e.g., acoustics) to programs being
compared within the discipline (e.g., underwater acoustics vs aeroacoustics).

The author has not seen any fully satisfactory peer review normalization approaches due to the
presence of the many variables listed previously.  However, one interesting normalization approach
is used by the Dutch STW for evaluating research proposals [Van den Beemt, 1991, 1997]. 
Technical comments, but not quality ratings, are provided by technical peers.  The comments, and
proposer responses, for twenty different proposals are then provided to twelve people from a variety
of disciplines.  This 'jury' of twelve provides the scores through an independent mail review. 
Essentially, the normalization is provided by having the twelve jurors common to all proposals. 

The author has used two approaches to improve normalization across panels somewhat.  First is the
utilization of some individuals common to all panels.  In a series of competitions for new
accelerated research programs that was held in the late 1980s [Kostoff, 1988], the author served as
chairman of all the different discipline panels.  This resulted in some small measure of
normalization among the different panels.  Use of more individuals common to all panels would
have provided an extra measure of normalization, and in this sense the presence of senior
management during the reviews provided additional measures of normalization.  Obviously, the
more closely the panels are related topically, the more valuable is the technical contribution of
individuals common to the different panels.

Second, it was assumed that the difference in aggregated average scores for major disciplines (e.g.,
physical sciences and life sciences) was due to two factors: differences in intrinsic quality of the
programs proposed and differences in the scoring severity of the reviewers.  To normalize, a
fraction of the differences in aggregated average scores for the major disciplines was removed. 
This was assumed to eliminate the scoring severity difference.  Trial and error showed a fifty
percent correction factor provided results that appeared intuitively reasonable to the relevant
audience members who had attended all the reviews.  This normalization procedure had the added
benefit of preserving and insuring representation from disciplines that had strategic value to the
organization.

This approach to normalization could have a second interpretation.  If the research is viewed as
having a strategic component and a quality component, with the reviewers' scores viewed as
addressing the quality component only, then the correction could be perceived as adjusting for the
presence of the strategic component.  For example, assume a Life Sciences panel produced an
average program score of five, and an Engineering Sciences panel produced an average score of ten.
 Assume further that each discipline had equal strategic value to the organization, and that the
strategic value was of equal importance to the reviewers' scores (assumed to be a total program
quality score that includes mission relevance).  Then the normalized total score can be computed as
FOM = 0.5*STRAT + 0.5*SCORE, and the difference between the two panels' scores would be
reduced from five to 2.5.  This correction factor can then be applied to the raw score of each
program within the discipline to arrive at a final 'normalized' score.

If peer review is eventually used to support GPRA, then some sort of normalization procedure will
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be required for credibility.  Given the very limited validity of existing schemes for normalization,
especially across disparate disciplines, this will be difficult.  If GPRA is used to affect research
budgets, valid procedures to normalize scores will be essential, and they do not exist now.  This is a
very fertile area for peer review research.

REPEATABILITY AND RELIABILITY OF PEER REVIEW

In a physical system experiment, one of the main questions asked to gauge credibility of the results
concerns the repeatability of the results.  Can the same experiment be run at different laboratories
under the same controlled conditions and yield the same results, or some reasonable facsimile
thereof?  The analogous issue in peer review has been termed alternatively reliability, repeatability,
consistency, uniformity, etc., and has received much focus in the literature [Bailar, 1991; Ceci,
1982; Cicchetti, 1976, 1979, 1991; Cole, 1991; Colman, 1991; Crothers, 1993; Daniel, 1993;
Gorman, 1991; Halpin, 1986; Kiesler, 1991; Kraemer, 1991; Laming, 1991; Luce, 1993; Marsh,
1989; Roediger, 1991; Rosenthal, 1990, 1991, Rubin, 1992].  The meaning is the same.

There are two corollary concepts in physical systems that unfortunately are not always carried over
to peer reviews.  These are the concepts of precision and accuracy.  Precision represents the degree
to which a measurement value can be replicated, while accuracy represents the relation of the
measurement value to some absolute value or standard.

In a very comprehensive study of the reliability of peer review for manuscripts and grant proposals
[Cicchetti, 1991], which included hundreds of references, reliability was defined generically by
different measures: internal consistency, inter-referee agreement (degree of agreement among
referees), and stability across time.  Reliability by these definitions appears to be the analogue of
precision as defined above, and the issue of accuracy does not appear to enter the definition.  The
study stated that the most common measure is inter-referee agreement at a given point in time.  The
study essentially concluded that, across the various science disciplines examined: 1) agreement is
better on manuscript and grant submissions of perceived poor quality than on submissions of good
quality; 2) better defined (specific and specialized) areas of scientific inquiry have higher
acceptance rates and use fewer reviewers than less well-defined (general and less focused) areas of
scientific interest; and 3) levels of chance-corrected inter-referee agreement are rather low.

However, neither the study commentary nor the descriptions of the studies addressed the issue of
truly random reviewer selection, and therefore the meaning of their conclusions is open to question.
 For example, what is the meaning of high reliability under these conditions?  It could mean that the
reviewers were able to identify and report accurately on the intrinsic quality of the manuscript or
proposal, or it could mean that the reviewers were selected because of their extreme bias (positive
or negative) toward the topic and the review manager did an outstanding job of selecting reviewers
with similar biases.

One school of thought holds that chance-corrected inter-referee agreement should in fact be low,
because the astute manager will pick reviewers who have sharply different viewpoints and
expertise, so that they should be sensitive to different kinds of problems.  From this perspective, too
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much agreement may be a sign of weakness, that the system is not eliciting the full spectrum of
opinion that the manager needs to make an informed decision.

A study of National Science Foundation (NSF) proposals [Cole, 1981], funded by NSF, using two
sets of reviewers, showed a reversal rate (one group's decision would have been reversed by the
other group) of about twenty-five percent.  Since an entirely random process would have produced
a reversal rate of fifty percent, it was concluded that the fate of a particular grant application is
roughly half determined by the characteristics of the proposal and the principal investigator, and
about half by apparently random elements.  It was also concluded that the great bulk of reviewer
disagreement observed is probably a result of real and legitimate differences of opinion among
experts about what good science is or should be.

Similar reliability studies of research program reviews do not appear to be in the literature, probably
because of the expense and effort of doing the replication involved in such studies, especially for
panel reviews, and the question of whether the identical process is actually being replicated.  The
author's experience with reviews of existing and proposed research programs, a small fraction of
which was documented and analyzed mathematically [Kostoff, 1992, 1997a], is that reliability is
sufficient for practical purposes.  As stated more fully in [Kostoff, 1996a], while a peer review can
gain consensus on the proposed and existing research programs that are either outstanding or poor,
there will be differences of opinion on the programs that cover the much wider middle range.  For
programs in this middle range, their fate is somewhat more sensitive to the reviewers selected. If a
key purpose of a peer review is to insure that the outstanding programs are funded or continued, and
the poor programs are either terminated or modified strongly, then the capabilities of the peer
review instrument are well matched to its requirements.

The author's experience with the reliability of program peer reviews appears to be somewhat less
negative than those above, or other similar studies reported in the literature.  Why is this?  It
probably is due in large measure to how the peer review is conducted.  In many proposal and
manuscript reviews reported in the literature, there tends to be minimal feedback among the
reviewers, and between the reviewers and authors or proposers.  Probably at best there is one
written rebuttal.  This independence is undoubtedly valued, and is also less expensive than
convening all the players to interact jointly. 

The author's peer reviews involve extensive interaction among the reviewers and presenters.  Many
misunderstandings and differences in interpretation are clarified during the exchange of technical
information before the scoring is performed.  The initial scoring is performed independently by the
reviewers.  Then, differences in scores are discussed, and the reviewers are provided the
opportunity to modify their scores.  Usually, the final scores become closer.  From the author's
observations, this scoring variance reduction is not due to the dominance of more forceful or
vociferous debaters, but rather is due to each reviewer's coming to a better understanding of the
intrinsic nature of the material presented.  Thus, rather than inter-reviewer agreement as the
measure of reliability used for the journal manuscript analyses [Chicchetti, 1991], for research
program peer review a better measure of reliability may be agreement of average panel scores after
panels are conducted in the interactive mode suggested above.



Page 30

EFFECTIVENESS AND PREDICTABILITY OF PEER REVIEW

Peer review predictability directly affects the credibility of technological forecasting.  An
organization peer reviewing research should consider relating the reviewers' scores to downstream
impact on the organization's mission [Abrams, 1991; Van den Beemt, 1991, 1997].  A few studies
have been done relating reviewers' scores on component evaluation criteria to proposal or project
review outcomes (e.g., [DOE, 1982; Kostoff, 1992]).  Some studies have been done in which
reviewers' ratings of research papers have been compared to the numbers of citations received by
these papers over time [Bornstein, 1991a; Bornstein, 1991b].  Correlations between reviewers'
estimates of manuscript quality and impact and the number of citations received by the paper over
time were relatively low.  Bornstein concludes, after an extensive survey of peer review reliability
and validity, that: "If one attempted to publish research involving an assessment tool whose
reliability and validity data were as weak as that of the peer review process, there is no question that
studies involving this psychometrically flawed instrument would be deemed unacceptable for
publication." [Bornstein, 1991b].  

The author is not aware of large-scale studies, singly or in tandem, that have related peer review
scores and rankings of proposals to downstream impacts of the research on technology, systems,
and operations, although some efforts toward this end have been initiated [Van den Beemt, 1991]. 
This type of study would require an elaborate data tracking system over lengthy time periods.  No
such tracking system currently exists.  Thus, the value of peer review as a predictive tool for
assessing the impact of research on an organization's mission (other than research for its own sake)
rests on faith more than on hard, documented evidence.

GLOBAL DATA AWARENESS

In all of the decision aids, placement of the technology of interest in the larger context of
technology development and availability world-wide is an absolute necessity.  This tends to be a
central deficiency of most management decision aids.  Global data awareness is deficient because
of the following factors (Kostoff, 2003).

1) Information Comprehensiveness is limited because there are many more disincentives than
incentives for publishing S&T results.  Except for academic researchers working on unclassified
and non-proprietary projects, the remainder of S&T performers have little motivation for
documenting their output. 

a) For truly breakthrough research, from which the performer would be able to profit
substantially, the incentives are to conceal rather than reveal.  Proprietary research with these
characteristics is especially difficult to document.  As industrial sponsorship of, and participation
in, academic research becomes more pervasive, and as many academic researchers also form
small companies, there is decreasing incentive from this sector of academia to publish, as well.

b) For research that aims to uncover and correct product problems, there is little motivation (from
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the vendor, sponsor, or developer) to advertise or amplify the mistakes made or the shortcuts
taken.

c) For very focused S&T, the objective is to transition to a saleable product as quickly as
possible; no rewards are forthcoming for documentation, and the time required for
documentation reduces the time available for development.

d) For research of a classified or ”grey” nature, especially in today’s environment of fear of
terrorism, there is no motive for documentation, at least in the open literature.

Therefore, only a very modest fraction of the S&T performed ever gets documented.  This may
sound surprising to people who have been bombarded with an “explosion” of technical
documentation.  However, much of this explosion may be due to a recent phenomenon known as
”paper inflation.”  What would have been one substantive comprehensive technical paper three
or four decades ago is now sub-divided into multiple papers, each covering a portion of the
parameter range of interest.  Additionally, very modest variants of a given paper are published in
multiple forums.

Of the performed S&T that is documented, only a very modest fraction is included in the major
databases.  The contents of these knowledge repositories are determined by the database
developers, not the S&T sponsors or the potential database users.  

None of the research-sponsoring governments, including the United States, appear to have
control over the contents of, or interfaces with, these large S&T databases.  Basically, the Federal
government is footing the bill for the research that makes these large databases useful tools, but
the Federal government is at the mercy of the database developers in terms of addressing the
government’s needs for database contents and operational requirements.  The present system is
heavy on data generation and light on data dissemination.

Of the documented S&T in the major databases, only a very modest fraction is realistically
accessible by the users because: 

• the databases are expensive to access,
• not very many people know of their existence,
• the interface formats are not standardized, and
• many of the search engines are not user-friendly.

Insufficient documentation is not just an academic issue: in a variety of ways, it retards the
progress of future S&T and results in duplication.

2) Information Quality is the product of amount of information provided and intrinsic quality of
this information.  Quality control is typically exerted through the peer review process, and the
pro bono peer review process used today by the research journals has many well-known
limitations.  Information Quality content is limited because uniform guidelines do not exist for
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contents of the major text fields in database records (Abstracts, Titles, Keywords, Descriptors),
and because of logic, clarity, and stylistic writing differences.  The medical community has some
advantage over the non-medical technical community in this area, since many medical journals
require the use of Abstracts that contain a threshold number of canonical categories – Structured
Abstracts – while almost all non-medical technical journals do not. 

Compatibility among the contents of all record text fields is not yet a requirement.  As our
studies have shown, this incompatibility can lead to different perspectives of a technical topic,
depending on which record field is analyzed.  This field consonance condition is frequently
violated, because the Keyword, Title and Abstract fields are used by their creators for different
purposes.  This violation can lead to confusion and inconsistency among the readers.

3) Information Retrieval is limited because time, cost, technical expertise, and substantial
detailed technical analyses are required to retrieve the full scope of related records in a
comprehensive and high relevance fraction process.  Of all the roadblocks addressed in this
section, this is the one that attracts probably the most attention from the Information
Technology (IT) community.  Because much of the IT community's focus is on selling search
engine software and automating the information retrieval process, they bypass the 'elbow
grease' component required to get comprehensive and high signal-to-noise retrieval.

4) Information Extraction is limited because the automated phrase extraction algorithms
required to convert the free text to phrases and frequencies of occurrence as a necessary first
step in the text mining process leave much to be desired.  This is especially true for S&T free
text, which the computer views as essentially a foreign language due to the extensive use of
technical jargon.  Both a lexicon and technical experts from many diverse disciplines are
required for credible information extraction.

Poor performance by the automated phrase extraction algorithms can result in:

- lost candidate query terms for semi-automated information retrieval;
- lost new concepts for literature-based discovery;
- generation of incomplete taxonomies for classifying the technical discipline of interest; and
- incorrect concept clustering. 

For clustering in particular, the non-retrieval of critical technical phrases by the phrase extractor
will result in artificial cluster fragmentation.  Conversely, the retention of non-technical phrases
by the phrase extractor will result in the generation of artificial mega-clusters. 

Detailed labor-intensive manual cleanup is therefore crucial to success. Thousands of phrases
must be examined and culled by technical experts to insure that the appropriate high technical
content phrases are generated in usable form.  This level of human effort required is not
advertised by the software vendor community, and as a result, many users are disappointed by the
results produced from the software alone.

5) Two types of Technical Expertise are required for a credible text mining study, text mining
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technology expertise and technical (and related) domain expertise.  Text mining technology
Technical Expertise is limited because the intrinsic complexity of text mining has not been
appreciated by the technical community, and resources have not been made available for the
development of text mining experts.  In contrast, target domain and related technical expertise
exist, but their use in text mining studies has been limited both by tradition and by lack of
understanding of the role of technical domain experts in high quality text mining.  Because much
information retrieval in the past and present has been performed by non-technical domain expert
library support staff, the need and cost for higher priced technical experts to participate in the text
mining studies is viewed as a non-essential expenditure.  In addition, the developers of text
mining software promote the concept that intelligent agents and smart algorithms can substitute
for human experts.

An on-going text mining literature survey shows that there are in fact very few people actually
developing the true text mining processes globally and increasing the understanding of what text
mining can offer.  For example, the only group actually publishing the results from the literature-
based discovery text mining application is Swanson and Smalheiser.  Perhaps a couple of other
people, including the author, have written concept papers about literature-based discovery.  The
literature-based discovery experience mirrors that of the other S&T text mining applications, as
well.  The research impact road-mapping application is being addressed by only one group (the
author).  There is a major mismatch between the potentially substantial benefits of these myriad
S&T text mining approaches and the number of researchers and developers who understand,
advance, and apply them.

RELEVANCE OF EVALUATION CRITERIA TO FUTURE ACTION

Every S&T metric, and associated data, presented in a study or briefing should have a decision
focus; it should contribute to the answer of a question that in turn would be the basis of a
recommendation for future action.

Almost every metrics briefing the author has attended failed this test. Metrics and associated data
that do not perform this function become an end in themselves. They offer no insight to the
central focus of the study or briefing, and contribute nothing to decision-making.  Over time they
tend to devalue the worth of metrics in credible S&T evaluations.  Because of:

• the political popularity and subsequent proliferation of S&T metrics,
• the widespread availability of data, and
• the ease with which this data can be electronically gathered, aggregated, and displayed,

most S&T metrics briefings and studies are immersed in data geared to impress rather than
inform.  While metrics studies provide the most obvious examples, this conclusion can be easily
generalized to any of the evaluation methods.

COSTS OF PERFORMING A PEER REVIEW
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Another problem with peer review is cost [ASTEC, 1991; Buechner, 1974; Hensley, 1980; Kostoff,
1995b, 1996a].  The true total costs of peer review, as will be shown, can be considerable but tend
to be ignored or understated in most reported cases.  Because there are many different types of peer
review, it is very difficult to provide a total cost rule-of-thumb for generic peer review. 
Nevertheless, consider the following illustrative example for an order of magnitude estimate on
total research program peer review costs [Kostoff, 1996a].

Assume that an interim peer review is desired of a $1M/yr program at a laboratory.  The review
mode of operation will be to bring a panel of experts to the laboratory site for two days, and hear
presentations from the principal investigators.  Assume that the panel consists of ten experts in
research, technology, mission operations, etc., and that eight principal investigators will present
their projects to the panel.  The loaded cost (salary plus overhead) for each panel member is
assumed to be $150,000 per year, and the loaded cost for each principal investigator is assumed to
be $125,000 per year.  Direct expenditures, such as panel per diem and travel costs, would be in the
neighborhood of $6,000-8,000.  Any honoraria would increase this cost. 

Indirect expenditures, such as total reviewer, presenter, staff, and review audience time spent
toward the review, would be in the range of $125,000 and would include at least the following:

1. Presenter time in preparing background material for reviewers to read before review,
preparing the presentation, making dry runs for management, etc. [$40,000 estimate; 80 person-
days];

2. Panel member time for reading background material (papers, reports, plans), traveling to
review, spending time at meeting, writing report, etc. [$48,000-60,000 estimate; 80-100 person-
days]; 3. Agency staff time for identifying and soliciting reviewers, establishing review and
coordinating with lab, writing reports, etc. [$10,000 estimate; 20 person-days];

4. Audience (lab management, other lab personnel, other agency representatives, etc.) time
at review [$20,000 estimate; 40 person-days].

The main conclusion of this discussion is that for serious panel-type peer reviews, where
sufficient expertise is represented on the panels, total real costs will dominate direct costs.  This
conclusion would also be true for mail-type peer reviews.  While the total costs of mail-type peer
reviews would be less than those of panel-type peer reviews due to the absence of travel costs, the
ratio of total costs to direct costs for mail-type peer reviews would be very high.  The major
contributor to total costs for either type of review is the time of all the players involved in executing
the review.  With high quality performers and reviewers, time costs are high.  The total review costs
can be a non-negligible fraction of total program costs, especially for programs that are people
intensive rather than hardware intensive.

ETHICAL ISSUES IN PEER REVIEW

The professional ethics of research must deal with, among other issues, scientific fraud, scientific
misconduct, betraying confidential information, and unduly profiting from access to privileged
information.  There are both legal and unwritten, unspoken agreements and penalties that underlie
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the maintenance of ethical standards in these areas.  One subordinate objective of peer review,
whether at the manuscript [Fox, 1994], proposal, or program level, is to maintain high ethical
standards, especially as applied to fraud and misconduct.  Since many of the fraud and misconduct
violations have occurred in the written technical product, most of the reported applications of peer
review in this area have emanated from journal peer review [Fielder, 1995; Goodstein, 1995;
Gupta, 1996; Keown, 1996; Mokrasch, 1988; Moran, 1992; Southgate, 1992].  The maintenance of
ethical standards in these areas tends to be through self-policing by the research community.  The
author has seen no program peer reviews in which fraud and misconduct were uncovered, and has
not identified any such cases in the literature.

There is a fundamental ethical paradox that underlies any form of research peer review.  For the
review process to have credibility, experts must be employed, either for the right job function or the
job right function.  Contrary to popular opinion, it has been the author's experience (based on
directed experiments and on personal observations during the conduct of reviews) that there are
very few real experts in any specific research field.  Armstrong [Armstrong, 1997] draws a similar
conclusion relative to manuscript peer review, to the effect that the reviewers may work on similar
areas but not the same specific problem, so that the reviewers have less experience on the total
problem than do the authors.  Thus, in order to obtain real experts for a panel, at least to evaluate
the job right aspects of the research, a relatively small community must be accessed.  Usually, the
members of this community are acquainted with each other, and are either research collaborators or
research competitors.  They may compete for funds or awards or prestige or promotions, or other
types of recognition.  Thus, there is an inherent bias or conflict of interest in the process when real
experts are desired as reviewers.

Usually, in research program peer review, there are (or should be) documents that reviewers sign to
protect the confidentiality of the research being reviewed, but pragmatically it is the adherence to
the unwritten and unspoken ethical standards that restricts the unwarranted use of proprietary and
sensitive information.  There are also legal protections, and recently there have been court cases
brought by those who felt their confidences and proprietary research had been violated through
illegal expropriation of the results for personal reviewer gain.

No matter what documents reviewers sign, no matter how resolutely they wish to adhere to the
highest ethical standards, they cannot help but be influenced by the privileged information to which
they have access.  The transfer of knowledge occurs through many pathways, and listening to
detailed technical presentations or reading technical proposals are probably two of the more
effective.  Thus, the operative solution to the ethical dilemma posed by access to technical material
is the principle of compromise rather than the compromise of principle.  The ethical reviewer takes
no conscious overt actions to reveal confidences or profit unduly from participation in the peer
review, but rather accepts as his reward for participation the satisfaction of having aided the larger
research enterprise and having improved his thought processes from exposure to different ideas.  If
the larger use of research program peer review becomes a reality, and if the outcomes are used to
influence budgetary decisions, then more efforts need to be devoted to insure adherence to some of
the ethical standards discussed here.
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ALTERNATIVES TO PEER REVIEW

This report has identified a number of problems associated with the use of peer review.  These
problems conceptually transcend the different peer review applications of program, proposal, and
manuscript evaluation, although the implementation severity of different problems is different for
each of the applications.  There have been a number of proposals for peer review modifications or
complete alternatives [Forsdyke, 1991; Greene, 1991; Roy, 1981, 1984, 1985; Smith, 1988; Wick,
1996; Wood, 1997], in attempts to overcome the most egregious aspects of peer review.  Most of
these alternative concepts focus specifically on research proposal peer review, although some of
their component ideas apply to the other applications of peer review as well.  Two of the more
widely known alternatives will now be presented and critiqued.

Bicameral Review
A modified form of peer review for project selection has been propounded in recent years by some
Canadian scientists [Berezin, 1995; Forsdyke, 1991].  This methodology has been termed
"Bicameral Review" by its originator, Dr. Forsdyke, and its essence is as follows. 

The structure of Bicameral Review is founded on the assumption that the research funding system
is highly error-prone due to the inherent uncertainty of predicting the outcome of basic research.  If
an evaluation system is highly error-prone, then that error-proneness has to be taken into account in
system design.  Two principles of decision-making in uncertain environments are: 1) place most
weight on parameters most likely to be assessed with some degree of objectivity, and 2) hedge your
bets.

In Bicameral Review, grant applications are divided into a major retrospective part (track record of
proposers), and a minor prospective part (the work proposed), which are routed separately.  The
retrospective part only is subjected to peer review.  The prospective part is subjected to in-house
review by the agency, solely with respect to budget justification.  The peers are required to assess
not just productivity, but productivity per dollar received.  Furthermore, they have to factor in the
experience of the applicant.  Young researchers are given more funding "rope" (the benefit of the
doubt), until they have established a record.  Funding is allocated on a sliding scale, replacing
existing sharp fund-no fund cutoffs.  Only those at the very top of the funding scale would get all
the funds they needed to complete the work in a reasonable time.  As the merit rating of the projects
decreased down the funding scale, the fraction of requested funds would decrease as well.

Productivity-Based Formula Systems
A non-peer review alternative has been proposed [Roy, 1981, 1985], based on the principles that:

• past success is the best predictor of future performance,
• supporting small groups on a continuing basis for a reasonable time period increases

probabilities of success and system efficiencies, and
• most innovative science is done with a minimum of micro-management. 

This alternative proposes that researchers be funded essentially based on track record, and provides
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an algorithm for allocating funds.  In one algorithmic incarnation [Roy, 1985], the dollars awarded
would be proportional to some weighted sum of numbers of publications, numbers of advanced
degrees, dollar volume of research support from mission agencies, and dollar volume of research
support from industry, and the award would be to a research unit (Departments, etc).  Again, the
underlying principle is that performance rather than promise will provide a much firmer basis for
public accountability.  New investigators added to a research unit would have extra shares added to
the base formula allocation.

Author's Commentary on Alternatives
Ideally, a research proposal evaluation process should be able to allocate funds to the ideas with the
greatest potential, independent of the source of these ideas.  Such a process should be able to
include ideas from established researchers with strong track records, established researchers with
weak track records, and new researchers with no track records.  It should be able to cover
researchers from academia, government, and industry, ranging from one person operations to very
large organizations, and cover classified and non-classified work with different venues and cultures
for reporting research results.  The allocation process should incorporate the best technical
judgments in arriving at final decisions, recognizing the uncertainties involved in projecting the
outcomes of fundamental research. 

The two alternative approaches selected place heavy emphasis on awards to established researchers
with strong track records. They differ in how the track records would be determined, with
Bicameral using peers and productivity-based using a formula.  Both minimize the use of true
technical experts in the evaluation of the prospective portion of proposed research.  In actual
practice, these alternatives would not differ quite as significantly from existing peer review
processes as might be imagined from first reading.  As stated previously in this report, analyses
have shown that Team Quality, a euphemism for performer track record, is the dominant factor in
determining reviewer overall quality score for existing and proposed research.  Thus, both the
existing and alternative approaches de facto place heavy emphasis on track record.  The real
difference between the alternatives and the existing approaches, in the author's opinion, is the use of
technical experts in evaluating the prospective portion of the proposal. 

While both alternative approaches would reduce:

• the cost of submitting proposals to some degree,
• the impacts of reviewer bias,
• whatever pirating exists of novel ideas by competitors, and
• some unnecessary time expenditures in the review processes,

they have some drawbacks.  Extremely heavy emphasis on track record to the exclusion of expert
judgment on proposed concepts promulgates continuation of orthodox mainstream approaches by
increasing the obstacles to new entrants into the research arena.  Lack of technical expertise in the
judgment of proposed research could lead to more non-technical factors predominating in the
selection process, and the relative ascendance of form over substance in the evaluation.
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In a zero-sum game, the Bicameral Review process appears to allocate some funds from the “best”
proposals to the 'worst' proposals because of the sliding scale and elimination of the sharp cutoff.  It
does, however, provide a 'safety-net' that allocates some funding to all, or almost all, researchers. 
The productivity based system has some analogies to the present GPRA approach addressed in the
precursor Science article [Kostoff, 1997b], and suffers from many of the same drawbacks.  Use of
any metric or combination of metrics as a stand-alone approach for evaluating research is subject to
error.  The metrics chosen may or may not be a valid indicator of research quality; interpretation by
peers is required to validate the credibility of the metrics.  The formula based approach has the
negative potential of driving researchers to achieve numerical output targets rather than
fundamental understanding.

The productivity approach is similar to a recursive system of equations, and if the initial conditions
are flawed, the final figure of merit would be flawed.  For example, one of the formula terms is
dollars received for research from mission agencies.  Suppose a research team had received major
grants that were 'earmarked' in legislation.  This could lead to better numbers for at least two of the
other formula terms as well, numbers of graduate students and papers produced, and then result in a
high overall figure of merit that was not necessarily related to the intrinsic quality of the research
program.  This allocation based on flawed initial conditions would recur each year until it became a
self-perpetuating system, even after the 'earmarking' was terminated.  Thus, if any formula or
combination of quantitative indicators is used, it must be accompanied by, and subordinate to,
expert peer review, in order to avoid the occurrence of situations such as the one above.

These alternatives, and others of similar nature, are based on the premise that the peer review
selection process does not yield the best research, and the tremendous expenditures of time and
energy in generating proposals do not justify the continuance of such an inexact process.  The
validity of this basic premise can be challenged.  While peer review has its imperfections and
limitations, there is little evidence that the best researchers and ideas are going without funding, and
far less evidence that the alternatives above would improve the situation. 

SCIENCE COURT

A non-standard peer review approach for concept evaluations is the Science Court.  As in a legal
procedure, it has well defined advocates, critics, a jury, etc.  It is a unique and potentially powerful
technique, but like any tool, can be misused if not understood and applied properly.  It was applied
by the author to a review of alternate fusion concepts in the magnetic fusion office in 1977 [DOE,
1978].  

The general format chosen for the evaluation was a panel review by selected evaluators with an
adversary type of procedure.  The main component groups in the process were a Steering
committee, Evaluation Panel, Advocates, and Critics.  These participants and their roles in the
evaluation are described below.

The Steering committee consisted of fusion office representatives.  The chief responsibilities of this
committee were (1) to organize the evaluation, (2) to define the evaluation criteria, (3) to choose
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members of the Evaluation panel, (4) to assist the Evaluation panel in the reviews, and (5) to
receive the evaluators' conclusions and recommendations and draft a final report to the fusion
office.

The Evaluation panel was composed of plasma physicists, fusion reactor systems experts, and a
representative of the utility industry.  The panel did not include active proponents of any of the
concepts under consideration.  In case of a remote conflict of interest, a panel member excused
himself from the deliberation on the particular concept involved.  The panel was responsible for the
technical evaluation of all concepts.

The Advocates of a concept were those scientists and engineers who were working on that
particular concept.  The Advocates were responsible for providing and defending scientific results
and projections, as well as the technology and attractiveness of the reactor embodiment.  A Chief
Advocate was designated to coordinate the activities of the Advocates.

Critics were chosen for their special expertise in an area of physics or engineering that was
important to a particular concept.  The Critics' responsibility was to ferret out crucial physics and
technology questions and to aid the Evaluation Panel in the review of experimental results and
theoretical models.  Proponents of one concept in some cases served as critics in the evaluation of
another concept.  One person was chosen as a Chief Critic and was given the responsibility of
coordinating the activities of the Critics.

Any of the participants (Advocates, Critics, or the Evaluation Panel) were allowed to utilize outside
experts as they deemed appropriate.  This procedure probably had more debate and surfacing of
crucial issues than any other concept evaluation seen by the author.  However, it was
time-consuming compared to a standard panel assessment.

NETWORK-CENTRIC PEER REVIEW

Network-centric peer review makes maximum use of information technology to eliminate many of
the problems with traditional peer review. Appendix IV outlines the theory and proposed
implementation of network-centric peer review.

RECOMMENDATIONS FOR FURTHER RESEARCH IN PEER REVIEW

The issues and concerns described above illuminate a number of gaps and deficiencies in the
practice of research program peer review especially, and other forms of peer review as well.  The
overriding recommendation is that research be initiated in those aspects of research program peer
review that have been analyzed for manuscript and proposal peer review.  The literature is very
sparse in studies of the practices and principles of program peer review.  If program peer review
undergoes an expansion to support GPRA, then a much greater understanding of its strengths and
weaknesses is required in order for it to become an effective and credible comparative diagnostic
instrument.
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One of the central problems in all types of peer review is lack of credibility in its predictive
reliability.  More studies are necessary to relate evaluations by peers of research proposals and
existing research programs to future impacts of this research.  Presently, the data to validate
different predictive models does not exist.  What is required is a database that allows tracking of the
evolution of products of research in their various metamorphisized stages.  Having such a database
would allow not only validation of peer review predictive models, but bibliometric predictive
models and other quantitative predictive models as well.  The database would allow predictive
reliability to be determined for a number of different types of impact.  These would include impact
on the research area of interest, impact on allied research areas, impact on technology, impact on
systems, impact on operations, etc.

Discussions of the validity and reliability of the peer review results can be found in Cicchetti
[Cicchetti, 1991] and Daniel [Daniel, 1993], as well as in other commentary in the journal issue in
which Cicchetti's article appears.  To improve validity and reliability, research needs to be done on
optimal numbers of reviewers utilized; ascertaining whether author anonymity impacts the results;
and ascertaining whether training people to perform peer reviews would increase review quality as
well as reliability and validity.

There are very few comparative studies of different types of peer groupings and the quality of the
peer review product.  Studies should be done varying mail versus panel review, the British model
versus the standard non-British model (peer review using professionals instead of eminent persons),
panel size, types of reviewer expertise, time expended by the reviewers and reviewees on the
process, and correlating these variables with the quality of the product.  Central to the result would
be how the review’s cost impacts the quality of its product, and how this is affected by the different
variables.

Normalization across many parameters (disciplines, panels, etc.) was identified previously as a
major unknown.  It is worth repeating again that research be performed on how to normalize across
a variety of research program peer review parameters.

While the present report included a very approximate estimation of total peer review time and
dollar costs for one peer review scenario, more accurate time and cost estimates would be required
when comparing different types of peer review scenarios.  Extensive data taking would be
necessary, because of the many different types of peer reviews in existence.  However, since total
peer review costs can be substantial, and since cost reduction with consistent quality would be one
of the goals of these different types of suggested studies, both the extensive data taking and
development of improved peer review cost estimating procedures would be well justified from an
economic viewpoint.

The application of expert systems and knowledge-based systems for proposal evaluation and
program review could supplement peer review.  Few studies have been done along these lines, but a
1993 dissertation [Odeyale, 1993] and follow-on studies [Odeyale, 1994a, 1994b] address this
problem in detail.  Much more work would be required to validate the application of these
advanced technologies as useful supplements to peer review, but more research in this direction
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could determine whether there is potential for real payoff.

One of the potential benefits resulting from a peer review is constructive feedback to the reviewees
followed by an improvement in the reviewees’ conduct of research.  Studies should be done to
ascertain reviewees' perceptions of the peer review and the review's value in improving the conduct
of research.  An innovative study [Luukkonen, 1993] addresses peer review from the reviewee's
perspective, but much more can be done to improve the information transfer from the reviewers to
the reviewee, and to insure that the review's recommendations were translated into improved
research.

V.  PEER REVIEW PRACTICES

SELECTED PEER REVIEW PRACTICES: PROPOSED PROGRAMS

There are many approaches used by research sponsoring organizations to conduct peer reviews for
selecting proposed research.  This section focuses on selected peer review approaches that reflect
the state of the art in the technical community and pays special emphasis to how research impact is
incorporated into the peer review process.  The four case studies presented include the National
Science Foundation (NSF), the National Institutes of Health (NIH), the Office of Naval Research
(ONR), and the Dutch Technology Foundation (STW).  Grant proposals are also addressed by
presenting the highlights of an excellent grant proposal study.

1) NSF
The two largest Federal sponsors of basic research are the National Institutes of Health

(NIH) and the National Science Foundation (NSF) [NSF, 1996].  The NSF peer review process of
research proposals illustrates how potential research impact influences selection of new research
areas.  In the NSF process, proposals received are assigned to program officers for review.  The
program officers select external peer reviewers and use mail and/or panel approaches to have the
proposals assessed and rated.  The program officers then perform their own assessment of the
proposals and forward their recommendations to higher levels.  These recommendations are rarely
overturned [Frazier, 1987].

From the 1987 version of the NSF Brochure, Information for Reviewers, reviewers use four criteria
to assess the proposals:

1. Research Performance Competence
2. Intrinsic Merit of the Research
3. Utility or Relevance of the Research
4. Effect of the Research on the Infrastructure of Science and Engineering 

These criteria were adopted by the National Science Board in 1981 [NSF, 1997].
Research impacts are evaluated through the second, third, and fourth criteria.  The second criterion,
Intrinsic Merit, incorporates impact of the proposed research on other research fields in its
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definition and is a measure of the nearer term impact of the proposed research.  The third criterion,
Utility, addresses potential contribution to an extrinsic goal such as a new technology.  The fourth
criterion, Infrastructure, incorporates impact on the nation's research/ education/ human resource
base. 

In 1996, the NSF merit review process was evaluated by a task force.  The National Science Board
recommended that the new review criteria proposed in the final task force report [NSF, 1997] be
approved for implementation on October 1, 1997.  The specific task force recommendations were
that the following two criteria be adopted in place of the four criteria that were being used.

1.  What is the intellectual merit of the proposed activity?
The following are suggested questions to consider in assessing how well the proposal meets
this criterion: How important is the proposed activity to advancing knowledge and
understanding within its own field and across different fields?  How well qualified is the
proposer (individual or team) to conduct the project?  (If appropriate, please comment on
the quality of prior work.)  To what extent does the proposed activity suggest and explore
creative and original concepts?  How well conceived and organized is the proposed
activity?  Is there sufficient access to resources?

2.  What are the broader impacts of the proposed activity?
The following are suggested questions to consider in assessing how well the proposal meets
this criterion: How well does the activity advance discovery and understanding while
promoting teaching, training, and learning?   How well does the proposed activity broaden
the participation of underrepresented groups (e.g., gender, ethnicity, geographic, etc.)?  To
what extent will it enhance the infrastructure for research and education, such as facilities,
instrumentation, network, and partnerships?  Will the results be disseminated broadly to
enhance scientific and technological understanding?  What may be the benefits of the
proposed activity to society?

The task force further recommended that a cover sheet be attached to the proposal review form,
which presents the context for using the criteria.  The suggested language for this cover sheet was
as follows:

Important! Please Read Before Beginning Your Review!

In evaluating this proposal, you are requested to provide detailed comments for each of the
two NSF Merit Review Criteria described below.  Following each criterion is a set of
suggested questions to consider in assessing how well the proposal meets the criterion. 
Please respond with substantive comments addressing the proposal's strengths and
weaknesses.  In addition to the suggested questions, you may consider other relevant
questions that address the NSF criteria (but you should make this explicit in your review). 
Further, you are asked to address only questions that you consider relevant to the proposal
and that you feel qualified to make judgments on.
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When assigning your summary rating, remember that the two criteria need to be weighted
equally.  Emphasis should depend upon either (1) additional guidance you have received
from NSF or (2) your own judgment of the relative importance of the criteria to proposed
work.  Finally, you are requested to write a summary statement that explains the rating that
you assigned to the proposal.  This statement should address the relative importance of the
criteria and the extent to which the proposal actually meets both criteria.

Regarding the 'ratings' issue, which was highlighted in the Discussion Report, the task force
recommended that the NSF 'generic' proposal review form provide for the following:

1. Separate comments for each critierion
2. Single composite rating
3. A summary recommendation (narrative) that address both criteria

In the new process, research impacts are the focus of the second criterion.  These include impacts
on infrastructure, education, science, technology, and diversity.  Thus, not only are technical
impacts considered, but potential socio-political impacts are considered as well.  Finally, it is
unclear how other unwritten criteria, such as government vs industry appropriateness for funding,
which may be important for a specific project/program, would impact the composite rating.

NSF implemented the two review criteria: scientific merit and broader impacts (Important Notice
No. 121, New Criteria for NSF Proposals, July 10,1997).  NSF reinforced this and included
language for the criteria in http://www.inside.nsf.gov/pubs/1999/iin125/iin125.html (Important
Notice No.125).  In 2002, NSF released a short paper with broader impact examples
(http://www.nsf.gov/pubs/2002/nsf022/bicexamples.pdf). 

In July 2002, the NSF Director issued Important Notice 127 (Implementation of New Grant
Proposal Guide Requirements Related to the Broader Impacts Criterion). This Important Notice
reinforced the importance of addressing both criteria in the preparation and review of all
proposals submitted to NSF. The Important Notice also indicated NSF's intent to continue to
strengthen its internal processes to ensure that both of the merit review criteria are addressed
when making funding decisions.   NSF also issued Important Notice No.127 (
http://www.inside.nsf.gov/pubs/2002/iin127/imptnot.pdf)  to let the community know that
effective October 1, 2002, NSF will return without review proposals that do not separately
address both merit review criteria within the Project Summary.  Also, NSF issued Important
Notices 123 and 126
(http://www.inside.nsf.gov/pubs/2000/iin126/iin126.htm) to inform the community that merit
review would be handled electronically.

2) NIH
In the NIH process, proposals are sent to initial peer review groups, composed mainly of active
researchers at colleges and universities, where they are reviewed for scientific and technical merit. 
After receiving a priority rating from the peer reviewers, the proposals are then sent to a statutorily
mandated advisory council, composed of scientists and public members, for a program relevance
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review.  After the council members recommend action to be taken on the proposals (usually
concurrence with the peer group recommendations, but sometimes special action [Frazier, 1987]), 
the institute staff rank the proposals and initiate a funding strategy.

In response to a perceived need to refocus the review of grant applications on the quality of the
science and the impact it might have on the field, rather than on details of technique and
methodology, NIH has developed five new criteria for initial review of proposals for
implementation in October 1997.  Reviewers will be asked to apply the criteria in judging whether
the proposed research is likely to have a substantial impact on advancing the goals of
NIH-supported research:  advancing understanding of biological systems, improving control of
disease, and enhancing health. The new rating criteria are:

Significance: Does this study address an important problem? If the aims of the application
are achieved, how will scientific knowledge be advanced?  What will be the effect of these
studies on the concepts or methods that drive this field?

Approach: Are the conceptual framework, design, methods, and analyses adequately
developed, well-integrated, and appropriate to the aims of the  project? Does the applicant
acknowledge potential problem areas and consider alternative tactics?

Innovation: Does the project employ novel concepts, approaches or method?  Are the aims
original and innovative? Does the project challenge existing paradigms or develop new
methodologies or technologies?

Investigator: Is the investigator appropriately trained and well suited to carry out this work?
Is the work proposed appropriate to the experience level of the principal investigator and
other researchers (if any)?

Environment: Does the scientific environment in which the work will be done contribute to
the probability of success? Do the proposed experiments take advantage of unique features
of the scientific environment or employ useful collaborative arrangements? Is there
evidence of institutional support?

In assigning a single global score for each application, the reviewers are to consider all
criteria, weighting each criterion as appropriate for each application.

It appears that only the first criterion, Significance, relates to impact, and can include the relatively
near term impact on allied research fields.   Broader impact and relevance issues appear to be the
purview of the advisory councils.  The council members are asked to assess the fairness and
appropriateness of the initial scientific review as well as the  proposal's relevance to institute
research program goals and broader  societal health-related matters. 

3) ONR
The ONR does not require formal peer review of individual research grants, but leaves the choice of
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peer review to its scientific officers.  Circa 1992, it required a competitive process among internal
Navy organizations (claimants) with external reviewers for those accelerated program proposals
that constituted about 30 per cent of the total ONR program [Kostoff, 1988, 1991, 1992].  The
claimants that won the competition then went to the technical community (if their charter were
extramural) and advertised their areas of interest for proposals, or, if their charter were intramural,
performed the work in-house. 

In a detailed description of the competition [Kostoff, 1988], all the accelerated programs proposed
by the claimants (ARIs) were categorized into areas of similar science, and the proposals in each
area were evaluated by a panel of experts external to ONR.  The written portion of the evaluation
required numbers and comments for factors related to research quality and Navy relevance.  In this
process, the factors on the scoresheet relating to potential research impact estimation were:

1. Research Merit (RM)
2. Potential Impact on Naval Needs (PINN)
3. Potential for Transition or Utility (PTU) 

The Research Merit criterion incorporates the potential impact of the research, if successful, on
allied research areas.  The Potential Impact on Naval Needs criterion deals with downstream impact
of the proposed research on naval systems and operations.  The Potential for Transition or Utility
criterion incorporates the potential nearer term impacts of the proposed research.  Transition refers
to the actual transfer of research programs to development and Utility refers to other mechanisms
by which a program's results would be transmitted to, and used by, the technical community. 

A key component of this process was the use of mixed levels of reviewers on the panels to evaluate
the different potential impacts of research.  The panels included bench-level researchers to address
the impact of the proposed research on the field itself; broad research managers to address potential
impact on allied research fields; technologists to address potential impact on technology and the
potential of the research to transition to higher levels of development; systems specialists to address
potential impact on systems and hardware; and operational naval officers to address the potential
impact on naval operations.  The presence of reviewers with different research target perspectives
and levels of understanding on one panel provided a depth and breadth of comprehension of the
different facets of the research impact that could not be achieved by segregating the science and
utility components into separate panels and discussions.  The interplay among reviewers coming
from different perspectives allowed each reviewer to incorporate elements of other perspectives into
his decision-making process.

A multiple regression analysis showed RM to be the most important factor in determining the
bottom line score [Kostoff, 1992].  PINN did not weigh as heavily in the reviewers' bottom line
score as did PTU.  The reviewers weighed nearer-term impact more heavily in their bottom line
decisions, as evidenced by the higher correlations of PTU.  Since the study also showed that the
bulk of the proposed ARIs was viewed by the reviewers as basic research, and since the (possibly
far) downstream naval impact of basic research may not be evident in many cases, it is not
surprising that the more identifiable near-term impacts, such as transition to exploratory
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development or utility of results by other researchers, would affect reviewers' bottom line decisions
more than the long term impacts.

4) STW-NETHERLANDS
The Dutch Technology Foundation (STW) was founded in 1981.  One of its main functions is to
fund university research that is of high scientific quality and has the potential to lead to results that
can be used by external bodies.  In 1981, STW opted for a new system for the assessment and
appraisal of research proposals from individual researchers (Van den Beemt, 1991, 1997).  STW
devised this new system in order to minimize the problems of selection by large committees, by
colleagues, by a few peers only or by organizations belonging to the discipline concerned.

The system operates as follows: All applications belonging to the broad field of technology and
engineering sciences are welcome.  Every application is sent initially to six peers who are
specialists in the topic covered by the proposal; some are university staff, others work in industry. 
STW asks peers, first by telephone and later by mail, to give comments based on two criteria:
scientific quality and utilization potential.

These criteria incorporate the following sub-criteria:

• Scientific quality: 
• competence of a team,
• originality of the proposal,
• effectiveness of the proposed method,
• the program itself,
• time schedule,
• available infrastructure and
• estimated costs.

• Utilization potential: 
• applicability of the results,
• commercial outcomes,
• long-term contribution to technology,
• influence on the competitive status of Dutch industry and
• the importance of patents in the field.

From the comments received, the program officer at STW compiles a document in which the
comments are sorted according to sub-criteria.  This document is then sent to the principal
investigator who is allowed to reply to each comment; the investigator's actual words are then typed
in italics directly under each comment.  The complete document, called a protocol, provides
information for and against the proposal.  When the protocols for 20 proposals (regardless of the
topics concerned) are ready, a jury is formed consisting of 12 highly qualified persons coming from
universities, government laboratories and industry.  Their disciplines and backgrounds vary widely.
No jury member knows who else is on the jury; names are not divulged.  The work is done free of
charge and each member of the jury is only allowed to participate once.  The next 20 proposals are
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handled by a new jury.  The STW board gives a grant to at least the best 8 proposals.  This
minimum grant percentage of 40 per cent is never influenced by resource allocations.  If STW
resources were to become insufficient to operate this system, STW would stop accepting proposals
for a while.

According to its proponents, this procedure has proved to be reproducible, and in the Netherlands it
is widely accepted.  Because the system is reproducible and objective, STW gets hardly any
resubmissions.  A proposal resubmitted to STW will be almost certain to receive the same
assessment as the original proposal.  A notable feature of the procedure is that it is very dynamic: 
for instance, there are no fixed groups of influential people within STW.  Every year about 50 per
cent of the peers are new.  Jury members serve only once.  The STW board does not set additional
priorities once the priority rating has been established by the external assessors.

Opinions on the quality of the proposed research can differ considerably.  STW has performed
many studies to ascertain whether the STW process really works.  They have checked the
replicability of the jury judgment.  The have also checked that their procedure does not discriminate
with regard to age or budget.  Their evaluation of the research results 10 years after the proposal
was granted shows that there is a correlation between the outcomes and the jury's assessment of the
utilization potential.  Furthermore, their jury system ensures that original proposals receive grants,
which would not be the case if STW had relied solely on bibliometric indicators [Van den Beemt &
Van Raan, 1995).

After a proposal has been granted, STW immediately forms a users' committee for that particular
research project.  The committee meets twice a year at the university where the research is taking
place.  The research team gives an overview of their work, and discusses this with the 'users'.  The
“users” are mainly experts, but sometimes they are managers and/or, if appropriate, government
representatives.  STW regards this as an effective partnership.  Most funding-agencies (after
granting a project) neglect this aspect of the process, and ask only for annual reports on the granted
research project, or they visit the groups once every two years.  STW, on the other hand, constantly
involves the potential users from society as the research progresses.  They evaluate the projects one
year and six years after the project has ended.

STW concludes that Peer Review can be relevant when it involves more than 5 peers and they are
asked only for their comments.  The comments of peers need to be assessed by a number of highly
qualified people (non-peers).  STW believes that the people involved in the peer and jury
procedures must not meet and must work by mail.  STW believes that it is not a good idea to work
with fixed groups of peers and jury members.  STW also believes that bibliometric indicators have
nothing to do with scientific quality; they simply indicate numbers of publications and citations. 
They should not be used for the assessment of research proposals.

5) GRANT PROPOSALS
An excellent assessment of grant proposal peer review has recently been published.  The highlights
of this study are contained in Appendix VI-E-1.
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SELECTED PEER REVIEW PRACTICES: EXISTING PROGRAMS

There are many approaches used by research sponsoring organizations to conduct periodic peer
reviews to monitor the quality and potential impact of ongoing research [Salasin, 1980; Logsdon,
1985; DOE, 1993; Kostoff, 1995b; Ormala, 1989; Cozzens, 1987; Kerpelman, 1985; Luukkonen-
Grunow, 1987; OTA, 1986].  This section focuses on selected peer review approaches that reflect
the state of the art in the technical community and pays special emphasis to how research impact is
incorporated into the peer review process.  The first case study is the DOE review of its Office of
Basic Energy Sciences (BES), and the evolution of that approach into present DOE practice.  The
second case study focuses on the ONR methods used to review extramural and intramural
programs.  The third and fourth case studies relate to the annual reviews of the National Institute of
Standards and Technology (NIST) and the Army Research Laboratory (ARL) by the National
Academy of Sciences (NAS), and the fifth case study addresses the annual review of the DOE
national laboratories by the field offices.  The final case study describes an approach used by the
author to evaluate a program of small high-risk seed money projects.

1. DOE - BES
In 1981, the DOE performed an assessment of existing projects funded by its office of Basic Energy
Sciences [DOE, 1982; Kostoff, 1988].  Out of approximately 1200 active projects supported by
BES, a randomly selected sample of 129 projects was reviewed by panels of scientific peers.  The
projects were grouped by areas of similar science, and the reviews were conducted on 40 separate
days by 40 separate expert panels, with an average of four members and three projects per panel. 
The reviewers were, for the most part, bench level scientists independent of the DOE.

The reviewers were asked to rate seven factors for each project:

1. Team Quality (TQ)
2. Scientific Merit (SM)
3. Scientific Approach (SA)
4. Productivity (P)
5. Importance to Mission (IM)
6. Energy Impact (EI)
7. Overall Project Quality (OPQ) 

The three evaluation factors on the scoresheet that related to potential research impact were SM,
IM, and EI.  SM incorporated the potential impact of the research on allied research fields.  IM
covered the types of ways in which a research project could contribute to the Nation's energy needs.
 EI was the probable impact of the research project on energy development, conservation, or use. 

After the scoring by the panels was completed, all possible linear regression models (ranging from
six-factors to one-factor) were used to relate the OPQ rating factor (essentially the reviewers'
bottom line score on each project) to the other rating factors for the 129 projects.  The six-factor
model produced a correlation coefficient of 0.89, which meant that the six-factors selected
constituted the bulk of the considerations that the reviewers used to score the OPQ rating factor.  In
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fact, the best three-factor model derived to predict the OPQ rating factor score, consisting of TQ,
SA, and IM, produced correlation coefficients within three percent of the complete six-factor model
[DOE, 1982]. An updated version of the BES evaluation approach is used by the DOE Office of
Program Analysis to conduct peer review assessments of DOE research and development [DOE,
1993].  Now, after a panel has completed the evaluation of all the projects assigned to it, the
members are asked to identify research needs or opportunities available to the DOE research
program.  Since the panel members are very familiar with the program strengths and weaknesses at
this point in the review, the opportunities and needs that they identify should be viewed as highly
relevant and credible. 

2. ONR
Each of ONR's review processes has a major peer evaluation component adapted to meet the
particular needs of the organizational unit under review.  The two reviews described here are those
of ONR's two largest research claimants circa 1992, the Research Programs Department (RPD) and
the Naval Research Laboratory (NRL).

The RPD sponsored extramural basic research mainly at universities, and consisted of 13 Divisions
organized along science disciplines.  Two separate groups contributed to the one day annual review
of each Division.  One group was the Division's Board of Visitors (BOV), which represented
academia, industry, and non-ONR government.  The majority of the BOV were members of the
research community, but typically the BOV would include representatives from the technology
development community and the operational Navy.  The other group contributing to the review was
the Research Advisory Board, the senior management of the RPD whose backgrounds spanned a
wide range of scientific disciplines.  

For the review, the Division Director overviewed the total Division, including programs,
accomplishments, new opportunities, and management issues.  The Division's program managers
described their programs in detail, including the impact on science of their accomplishments,
potential or ongoing transitions of their programs to development programs, some bibliometric
measures such as publications, and potential impacts on the Navy if successful.  The reviewers
filled out comment sheets, focusing on Scientific Merit, Technical Approach, and Potential Naval
Impact, and later discussed their findings with the RPD management. 

Almost all of the NRL's programs are intramural, and it conducts full spectrum research in 60 task
areas.  On average, about 20 task areas will be reviewed per year, with 4 or 5 of these task areas
reviewed using external reviewers, and the remainder reviewed by an internal NRL management
group called the Research Advisory Committee (RAC).  The external review group represents
academia, industry, and non-NRL government.  The RAC consists of NRL senior management
whose backgrounds span a broad range of science disciplines. 

The Coordinator of the task area reviewed by the external panel overviews the task area and
investment strategy.  Then, the principal investigators of the task area describe their work in detail,
including the impact of their science accomplishments on the task area and allied science fields,
transitions to more applied categories, bibliometric measures such as publications and
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presentations, and potential impact of their research on the Navy.  The reviewers fill out
comment sheets, focusing on Scientific Merit, Technical Approach, and Potential Naval Impact,
and afterward visit and review facilities.  The reviewers draft a report and meet with ONR
management and members of the RAC to present their preliminary findings.  The remaining task
areas are reviewed in detail by the RAC. 

3. NIST
NIST is reviewed annually by two external groups, a general policy and management review, and a
detailed technical review.  The Visiting Committee on Advanced Technology reviews general
policy, organization, budget, and programs of NIST.  The Committee submits an annual report
[NIST, 1991a] that includes reviews of progress in NIST's science, engineering and technology
transfer programs.

The National Academy of Sciences' (NAS) Board on Assessment of NIST Programs performs a
detailed technical review [NIST, 1991b].  Seventeen panels of reviewers (about ten people per
panel) from industry and academia conduct program reviews based on 2 or 3-day site visits at NIST
facilities.  The panels address variants of research quality, and because of NIST's unique charter in
supporting competitiveness, pay particular attention to technology transfer, industrial coupling, and
emerging technologies.  While quantitative indicators of research impact are not addressed in the
panels' annual reports [NIST, 1991b], impacts of the research on technology and competitiveness
are addressed extensively.  Recommendations for improvement in these impact areas are provided.

4. ARL
In the mid-1990s, the ARL contracted with the NAS to establish a Technical Assessment Board
(TAB) for the purposes of evaluating the quality of the ongoing research, assessing the state of the
laboratory's facilities, and appraising the level of preparedness and functioning of the technical
staff.  The TAB has 15 members with expertise in fields aligned with ARL's six business areas
(Vehicle Technologies, Weapons and Materials Research, Information Science and Technology,
Sensors and Electronic Devices, Human Research and Engineering, Survivability and Lethality
Analysis), and its members come mainly from Academia and Industry.  The NAS established six
review panels (one for each business area), each one consisting of about ten members including
some TAB members.  Each panel reviews one third of the program in its business unit area per
year; each full business unit is therefore reviewed on a three-year cycle.  Each review consisted of a
two-day site visit by the panel.  The review included:

• briefings on technical projects,
• touring the lab to assess the facilities and equipment,
• interacting personally with the research staff, and
• reviewing those portions of the ARL extended program being conducted with private sector

partners under a Cooperative Agreement (Federated Laboratory; in essence, the addition of
virtual lab divisions). 

An annual report contains the review results [Brown, 1997].
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5. DOE - NATIONAL LABS
The DOE has nine contractor-operated multiprogram laboratories.  Each contractor's laboratory
management performance is evaluated annually by the DOE Field Office (FO) to which each
laboratory is assigned [DOE, 1988].  The FO prepares an appraisal plan for the laboratory, which
focuses on laboratory performance in four areas:

1. Institutional Management Performance, which includes different aspects of overall lab
management

2. Programmatic Performance, which includes R&D achievements
3. Operations Support Performance, which includes technical functions that support mission

objectives
4. Administrative Performance, which includes business management functions

In the programmatic performance areas, sources of input include DOE program officials, other
agencies having substantial work at the laboratory, and FO program managers.  For this annual
review, DOE will utilize information from its own program advisory committees on the adequacy
and impact of the laboratory's R&D efforts in relation to the overall DOE program.  Furthermore,
DOE will use the reports of the scientific peer review committees established by the contractor,
which provide an assessment of the quality of the laboratory's R&D programs. 

There appears to be no formal requirement for using teams of external reviewers for the technical
programs as in the ONR and NIST reviews. Instead, most input seems to come from the sponsors. 
Estimations of research impact appear to derive from the DOE program advisory committees and
peer review assessments, which may be reflected in the annual appraisal.

In Europe, panel reviews have evolved where users of the research results together with scientific
peers assess the impact of the research on scientific progress and industrial or social development. 
Another development line has been to commission evaluation experts either to support panels or to
conduct independent assessments that may involve surveys, in-depth interviews, case studies, etc
[Ormala, 1994].  A 1992 publication [Barker, 1992] describes how evaluation experts coming from
two main communities (civil servants and academic policy researchers) interact in evaluation of
R&D in the UK.  The performance of evaluations, including the synthesis of evidence and the
production of conclusions and recommendations, is done by professionals, as opposed to panels of
eminent persons.  No comparisons of reviews by the professionals with those of eminent persons
are presented.

SEED MONEY REVIEW PROTOCOLS

Finally, many organizations have special programs that consist of small, high risk, finite duration
projects.  These programs have a variety of names, such as seed money or independent research. 
They may have a variety of purposes, such as attracting high level staff, maintaining staff technical
competency, maintaining awareness of the cutting edge external R&D community, and identifying
future investment areas for the organization.  Because of these projects' small size and high risk
nature, high intensity assessments during their lifetimes may be counterproductive.  The remainder
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of this section describes a protocol for evaluating these projects at the completion of their execution
phase.  The protocol combines the best of several different agencies' review practices of small
projects, and recommends inclusion of some unique features.  A process based on this protocol has
been used by the author in the review of the Navy In-House Laboratory Independent Research
program in the mid-1990s.  This review process has produced excellent results, allowing very
efficient review of all projects performed by the claimants.

For purposes of this discussion, it is assumed that the central evaluation mode is panel peer review.
The underlying review philosophy is that it is neither cost-effective nor necessary for each project to
be presented in its entirety before the panel, as would be the case with larger sized projects.  If the
main purpose of the program is to help the organization position itself for the future in cutting edge
science and technology, then the project presentations need contain only that threshold amount of
information that will describe the investment strategy that leads to the stated organizational goal. 
However, Lotka's Law states that only a small percentage of research projects will have substantial
payoff, and assessment studies have shown that organizations need to have these few 'heavy-hitters'
to maintain vigor and viability.  Therefore, a few expanded presentations of the best projects will be
required to determine whether the organization has its share of high payoff potential research
projects.

For most of the projects presented, two or three vu-graphs of material would be sufficient.  These
viewgraphs should contain very short statements of the research objectives, the technical approach,
the potential payoff to the organization (relevance to the organization's mission), results obtained,
research products generated (paper and patent references, etc.), and coordination with other
organizations (relation to complementary work in other organizations).  Total presentation time for
each of these projects should not exceed three or four minutes.  The best of the projects would have
presentation time expanded to about 15 minutes per project, would have more focus on results and
transition possibilities, and would be subject to more detailed scrutiny by the review panel. 

In order for this abbreviated presentation approach to be effective, the panel has to receive
descriptive material about all the projects beforehand.  These write-ups would be about two to five
pages in length, and would contain the supporting details of the items summarized on the vu-
graphs.  Thus, the panel members would enter the review with some understanding about the
technical details, and could focus on project linkages and investment strategy during the review. 

Consider the following example.  Assume a lab has a $3M per year program consisting of 60 seed
money projects, and assume one third of the program is reviewed each year.  Assume these projects
can be aggregated equally into four technical disciplines, such as materials, acoustics, mechanics,
and remote sensing.  The review would consist of the following.  The seed money program
manager would spend about 30-45 minutes over-viewing the program.  This would include the lab's
mission, and how it relates to the corporate sponsor's mission.  It would also include the seed
money program's objectives, and how they relate to the lab's mission.  It would describe selection
and management criteria for the projects.  Then, after the overview, an expert in each technical
discipline would present the projects within that discipline.  Four of the five projects within the
discipline would require about 15 minutes total, and the fifth (best) project would require about 15
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minutes by itself.  Thus, each discipline would require about 30 minutes for presentation, and the
total review, including overview, would be about three hours.  By the end of the review, the panel
would understand:

• the program's objectives,
• the strategy for choosing the projects,
• the importance of the projects to science and the organization,
• how the projects would help position the organization for the future, and
• whether some high quality results were obtained.

To close the loop, the reviewers' comments would be sent anonymously to the program manager. 
The manager would be required to respond in writing to the comments, including descriptions of
actions to be taken as a result of the critiques.  The manager's comments would be circulated to the
reviewers to ascertain their satisfaction, and a final statement would be sent by the reviewers to the
assessment manager.

VI. PEER REVIEW PROTOCOLS

The previous sections of this report have focused on concepts, principles, and issues related to
research program peer review, as well as examples of selected federal agency peer review practices.
 The present section incorporates many of these ideas into a sample program peer review process. 
Sufficient detail is presented such that an organization could use this as a guide to developing a
review process most appropriate to its needs.  Most of the procedures and concepts described have
been tested and found to produce very useful results.

Program Review Options
The guiding principle for review options is that evaluation should occur along the same structures
and taxonomies by which the research is planned and executed.  If the agency has a separate
research unit, then the discipline should be evaluated as an integrated whole.  In the nominal intra-
agency review, quality and relevance could be evaluated concurrently or separately, as desired by
the agency. 

If research is vertically integrated with development, then the research could be evaluated as part of
a total vertical structure R&D review [Kostoff, 1996a] or as part of the discipline, as desired by the
agency.  In the nominal intra-agency review, quality and relevance could be evaluated separately or
concurrently.  A key conclusion to be drawn from this paragraph is that research evaluation
recommendations must take into account how research is structured, integrated, and managed
within an agency.

Desirable characteristics of a high quality peer review were listed previously under the Objectives
section.  The generic protocol principles suggested for research program peer reviews are listed in
Appendix II.  The research programs should be reviewed on a trienniel cycle, based on the DOE
BES evaluation results of 1982 [DOE, 1982], and on other agency practices. 
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The following considerations apply to a concurrent quality and relevance review.  The reviewers
should be external, have minimal conflicts with the program being reviewed, and should be selected
with expertise in all facets of the research and potential impact areas.  To evaluate the degree of
horizontal coupling in the nominal intra-agency review, representatives of other Federal agencies
should be considered as reviewers, or at least should be invited to participate as audience members.
 Thus, the review panel will be a heterogeneous mixture of research and relevance experts who can
address the many facets of the science and areas of potential impact.  Approaches for selecting a
review panel are presented in Appendix I. 

In the nominal concurrent quality and relevance review, quality and relevance should be the main
review criteria.  Research quality criteria should include research merit, research approach,
productivity, and team quality.  Relevance criteria should include short term impact (transitions
and/or utility), long term potential impact, and some estimate of the probability of success of
attaining each type of impact. 

There should be an overview showing how the larger management unit (Division, Department, etc.)
in which the programs are housed integrates into the total organization, and how the management
unit's objectives relate to those of the larger organization.  Then, the investment strategy of the
larger management unit should be presented in detail.  This would include the relative program
priorities, the actual investment allocation to the different programs, and the rationale for the
investment allocation.  Finally, for each program presentation, the investment strategy for its thrust
areas should be presented.

The investment strategy is perhaps the most crucial part of a program review, and deserves further
discussion here.  While investment is the allocation of resources among the program components,
the investment strategy is the rationale for the prioritization and allocation of resources among the
program components.  The optimal investment strategy for a program, which should be a focal
point of an assessment, is the allocation and rationale that will produce the most mission relevant
high quality research for impacting the program's objectives.  This will depend on the viewpoint of
the assessor, and in particular how the assessor limits the role of the research within the national
perspective.

The optimal investment strategy results from a timely confluence of research requirements (top-
down driven) and promising research opportunities (bottom-up driven).  Further, promising
research opportunities result from a timely confluence of advances in theory, instrumentation, new
experiments, new algorithms, and computers.  Finally, research requirements result from a timely
confluence of domestic and foreign, political and economic, strategic and tactical advances.  All of
the above factors should be included in a presentation of the investment strategy. 

Background Material
While the emphasis is on peer review, bibliometric and other kinds of indicators should be used.  In
the protocol, it is recommended strongly that sufficient background material be supplied to the
reviewers before the review.  This would include organizational descriptive material, narrative
descriptions of each program to be reviewed, and descriptive material of each work unit in the
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program.  It would also prove useful to include bibliometric output indicators for each program,
with interpretive analytical material.  This could include refereed papers, patents, awards and
honors, presentations, etc.  It would be useful to include narrative material on related programs in
other agencies and industry.  It would be useful to include Hindsight-type results of research that
was funded years ago in the discipline under review and that recently came to fruition in a system or
commercial technology. 

In the following detailed guidance example, it is recommended that program managers include
roadmaps with their technical presentations.  It would be very valuable if the roadmaps were
provided as background material as well.  These roadmaps provide the global context in which the
program is being performed.  Their retrospective components show the program manager’s
awareness of the breadth and depth of the intellectual heritage of the present program.  The present
roadmap components reflect the program manager’s awareness of the wide range of science and
technology areas available to complement his program, and the degree of coordination and
leveraging in which his program is involved.  The prospective roadmap components indicate the
program manager's vision and willingness to take risks, and his intrinsic understanding of how
results from other science and technology programs could be exploited to enhance and expand the
potential of his program.  A certain amount of time and reflection is required to understand and
fully appreciate the implications of a comprehensive roadmap, and the reviewers should receive
these roadmaps well in advance of the actual review date.  For the reader interested in obtaining
more information about diverse aspects of roadmaps, a comprehensive document has been prepared
replete with concepts, principles, and examples [Kostoff, 1997d, 2001].

Finally, although the following concept has never been tested to the author's knowledge, it would be
valuable to incorporate the results of journal manuscript reviews in the research program peer
review process.  Appendix III outlines the benefits of such a proposal, and outlines how it could be
accomplished.

Other Issues
A practical consideration concerns the length of the review.  It is desirable to have the same group
of reviewers present for the total review of the areas in which they have expertise.  This allows
normalization and continuity to occur.  However, in the case of a program review, the larger the
program, the more review time it will require.  It becomes more difficult to retain high quality
reviewers as the length of the review increases. 

There are at least three approaches to circumvent this problem.  First, the program could be broken
into focused subprograms, and each subprogram could be reviewed separately with more focused
experts.  Second, the program could have its components aggregated, and the full program could be
reviewed by the same panel at a lower level of detail.  Third, the quality and relevance components
could be divided for separate reviews. 

The length of the review will be governed by the desired resolution detail of the technical area
presentations as well as the breadth of coverage of the program.  Two indicators are of value in the
discussion of resolution detail.  These are Spatial Presentation Intensity (SPI) and Temporal
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Presentation Intensity (TPI).  The SPI is the ratio of total dollar value of the program being
reviewed to the number of reviewers, and the TPI is the ratio of total dollar value of the program
being reviewed to total hours allotted to the review.

For the most detailed review, a review at the Principal Investigator (PI) level, the TPI should range
from about $125K to $250K per hour (one to two projects per hour), and the SPI should range from
about $100K to $250K per reviewer.  These reviews could cover technical quality and agency
relevance.  For the second level detail of review, a program review that would cover both in-depth
technical quality and agency relevance, both the SPI and TPI should range between $1M and $1.5M
($/reviewer, $/hour).  The third level detail of review, a program review that would be a
presentation aggregation of the second level of review and would cover agency relevance only,
would have both the SPI and TPI range between $4M and $5M ($/reviewer, $/hour).  The TPI
estimates are based on review durations of one or more days, while the SPI estimates are based on
one-day reviews.  If the same reviewers are used for multi-day reviews, the SPI numbers increase
sharply.  Thus, if an agency wanted to do an in-depth technical quality and agency relevance review
at the program level of a $50M program, then about 35-50 hours of presentation time would be
required.  If a different panel were used each day, then about 35-50 reviewers would be required,
whereas if the same panel were used for the total review, then realistically about ten reviewers
would be required.

Sample Peer Review Guidance

A) Overall Objectives
1. Review 1/3 of organization's (Department, Division, Office, etc.) programs in depth each

year; overview remainder of organization's programs; total organization program reviewed
triennially.

2. Review vertically integrated programs as a unit.
3. Focus primarily on technical quality, but address relevance, integration, and investment

strategy as well.
4. Secure comments on the review from a Board of Visitors (BOV).  Written comments

provided independently to agency staffer, who produces report.  The BOV consists of independent
experts representing science, technology, customer, and other agencies.

5. Invite customers, stakeholders, users, impactees, and other agency representatives.
6. Deliver a aummary report with responses to reviewers' comments and action items to

agency senior management after review.

B) Sequence of Events
1) Selection of Reviewers
A science and technology taxonomy of the program to be reviewed in detail is generated, and brief
descriptors of each taxonomy element are generated for reviewer selection purposes.  The BOV is
selected so that it can address in aggregate detailed science and technology quality, research and
technology gaps and opportunities, broader technology and organizational issues, and mission
relevance issues.  Sources of reviewers could include Defense Sciences Board, NAS, NAE,
AFSAB, NSB, AAC (NASA), and program manager recommendations.  The names of proposed
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reviewers are presented to the agency Director for approval before they are notified.  All reviewers
are required to sign non-conflict-of-interest statements.

2) Distribution of Background Material
To insure that review time is used most efficiently, reviewers and invited audience receive
background material that will set the stage for the actual review.  This background material includes
the following administrative and technical canonical material:

a. Structural chart of agency, showing how organization fits into agency structure
b. Structural chart of organization, showing programs (including funding) and personnel

associated with each program
c. Definitions of different generic types of programs that will be presented during review
d. Other administrative material (agenda, reimbursement, etc.)
e. Two page overview of each program being reviewed in detail (e.g. Weapons

Technology), including program objective, program thrusts (e.g., Aerodynamics, Ordnance, G&C,
etc.), and investment allocation among thrusts (three year trends)

f. Two page overview of each program thrust, including thrust objective and short
descriptions of each technical sub-thrust (e.g., energetic propellants, combustion instability,
propellant safety) pursued under the thrust as well as investment allocations among sub-thrusts. 
Total program and thrust descriptive material should not exceed twenty pages.

3) Senior Management Introductory Presentation
To initiate the actual review, a senior agency manager provides a short introduction describing
structure and mission of the agency, the role of the different corporate review processes in
executing the mission, and a more detailed description of the purpose and goals of Department
review.  This person describes what is expected from BOV, and how BOV comments will be
utilized. 

4) Organization Head Presentation
The broader technical portion of the presentations is initiated by the Organization Head, and it
includes:

a. Mission and objectives of organization
b. List of all programs in organization; describe objectives of each program, show funds and

people associated with each program; note program to be reviewed in detail
c. Accomplishments and transitions of programs not being reviewed in detail; relation of

accomplishments and transitions to organization's mission and potential national impact
d. Responses to actions from previous year's review

5) Program Manager Presentation
Each program manager then provides a more detailed overview of the program, including:

a. Objectives of program
b. Requirements to be met (for example, in the review of a military-oriented program: what

is the present and evolving threat-identify documented sources, personal contact sources, etc.; what
is the importance of the threat; what are the capabilities required to overcome threat)
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c. Investment strategy
c1. List of thrusts (e.g., propulsion, aerodynamics, G&C) and sub-thrusts (e.g., energetic

propellants, combustion instability, propellant safety) selected to meet requirements
c2. Objectives of each thrust
c3. Thrust and sub-thrust funding and prioritization
c4. Rationale for thrust and sub-thrust selection and prioritization (including bases for

rationale and prioritization such as system studies, workshops, assessments, intuition, congressional
and other mandates, etc.)

c5. Integration of thrusts and sub-thrusts to form program
c6. Coordination/ Roadmaps
c6i. Roadmaps describe past, present, and future of program and linkage to other internal

and external programs
c6ii. Roadmaps contain at least the three dimensions of time, project title/ sponsor, and

project funding
d. Team quality (identify S&T performers)
e. Summary of major accomplishments, transitions, milestones met

6) Technical Manager Presentation
The technical managers who support the program manager will present the following:

a. Objectives of each sub-thrust
b. Technical roadblocks to achieving the sub-thrust objectives
c. Technical approach for overcoming the sub-thrust roadblocks
d. Potential sub-thrust payoffs and capability enhancements
e. Technical results achieved

7) Reviewers' Written Comments
The reviewers fill out an evaluation form, and provide it to the agency review manager at the end of
the review.  A sample short evaluation form follows.
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PRESENTATION EVALUATION SHORT FORM

COMMENTS (PLEASE PROVIDE YOUR COMMENTS IN NARRATIVE FORM. 
WHERE APPLICABLE, INCLUDE YOUR ASSESSMENT OF RELEVANCE, GAPS AND
OPPORTUNITIES, INVESTMENT STRATEGY, COORDINATION, TECHNICAL
APPROACH, TEAM QUALITY, POTENTIAL PAYOFF, PRODUCTIVITY AND IMPACT. 
THESE EVALUATION CRITERIA HAVE BEEN DEFINED ON THE FIRST PAGE OF YOUR
EVALUATION PACKAGE.)

Reviewers are invited to submit further written comments after they return home.

Other sample evaluation forms follow.

EVALUATION FORMS FOR EXISTING PROGRAMS - LONG FORM

PROGRAM EVALUATION FORM

TITLE OF PROGRAM........................................
REVIEWER NAME...........................................

........................................................
1A.  RESEARCH MERIT (CIRCLE ONE NUMBER OR -)
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**
........................................................
1B.  RESEARCH APPROACH/ PLAN/ FOCUS/ COORDINATION
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1C.  MATCH BETWEEN RESOURCES AND OBJECTIVES
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1D.  QUALITY OF RESEARCH PERFORMERS
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1E.  PROBABILITY OF ACHIEVING RESEARCH OBJECTIVES
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1F.  PROGRAM PRODUCTIVITY
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**
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.........................................................
2A.  POTENTIAL IMPACT ON MISSION NEEDS (RESEARCH/

TECHNOLOGY/OPERS)
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
2B.  PROBABILITY OF ACHIEVING POTENTIAL IMPACT ON MISSION NEEDS
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
2C.  POTENTIAL FOR TRANSITION OR UTILITY
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
2D.  PHASE OF R&D (DOD TERMINOLOGY)
6.1-----------------------6.2------------------------6.3
BASIC RES** *APPLIED RES** **EXPLORATORY DEV.* *ADV DEV*
........................................................
3.   REVIEWER'S EXPERTISE IN THE RESEARCH AREA OF THIS PROGRAM
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
4.   O V E R A L L   P R O G R A M   E V A L U A T I O N
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
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                            SCORING CRITERIA

The evaluation form contains factors generally related to research and naval relevance
issues. The scoring bands for all criteria except 2D are identical, and are: 1-2 (LOW); 2.5-4 (FAIR);
4.5-6.5 (AVERAGE); 7-8.5 (GOOD); 9-10 (HIGH). Criterion 2D has its own scoring range
defined.

           DEFINITIONS OF CRITERIA ON PROGRAM EVALUATION FORM

1A.  RESEARCH MERIT - Importance to the advancement of science of the question or
problem addressed by the program. Consider the technical objectives, potential advancement of
state-of-art, and uniqueness of contribution.

1B.  RESEARCH APPROACH/ PLAN/ FOCUS/ COORDINATION - Quality of process
employed to solve the research problem, including the quality and focus of the research plan,
definition of research milestones, degree of innovation, understanding of field, balance between
experiment and theory, and coordination with (or cognizance of) other related programs to
minimize duplication or gaps.

1C.  MATCH BETWEEN RESOURCES AND OBJECTIVES - Relationship between
scientific objectives proposed and total resources requested. Also, adequacy of resources at
performer level to ensure 'critical mass' for each performing unit.

1D.  QUALITY OF RESEARCH PERFORMERS - Consider publications, honors, and
awards, relevant experience, and other less tangible factors that contribute to team quality.

1E.  PROBABILITY OF ACHIEVING RESEARCH OBJECTIVES - Probability that the
program's research objectives will be achieved.

1F.  PROGRAM PRODUCTIVITY - Volume and quality of work produced and
relationship of this output to the resources available, costs incurred, and time elapsed since program
initiation.

2A.  POTENTIAL IMPACT ON MISSION NEEDS - Potential impact of this program on
mission research/ technology/ operational needs if successful.

2B.  PROBABILITY OF ACHIEVING POTENTIAL IMPACT ON MISSION NEEDS -
Probability that the program will achieve its potential mission impact assuming that its research
objectives have been met.

2C.  POTENTIAL FOR TRANSITION OR UTILITY - Probability that results from this
program will be transitioned to or utilized by technical community assuming that its research
objectives have been met.

2D.  PHASE OF R&D - Level of program development. Scale ranges from basic research
(6.1) through exploratory development (6.2) to advanced development (6.3).

4.  OVERALL PROGRAM EVALUATION - Single number description of overall
program quality based on all relevant criteria. Provide detailed narrative of pros and cons and any
recommendations under COMMENTS.
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EVALUATION FORMS FOR PROPOSED PROGRAMS - LONG FORM

PROPOSED PROGRAM EVALUATION FORM

TITLE OF PROPOSED PROGRAM...............................
REVIEWER NAME...........................................

........................................................
1A.  RESEARCH MERIT (CIRCLE ONE NUMBER OR -)
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1B.  RESEARCH APPROACH/ PLAN/ FOCUS/ COORDINATION
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1C.  MATCH BETWEEN RESOURCES AND OBJECTIVES
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1D.  BALANCE BETWEEN EXPERIMENT AND THEORY
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
1E.  PROBABILITY OF ACHIEVING RESEARCH OBJECTIVES
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
2A.  MISSION NEED (PROBLEM OR NEED THAT THIS RESEARCH ADDRESSES)

.........................................................
2B.  POTENTIAL IMPACT ON MISSION NEEDS (RESEARCH/

TECHNOLOGY/OPERS)
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
2C.  PROBABILITY OF ACHIEVING POTENTIAL IMPACT ON MISSION NEEDS
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
2D.  POTENTIAL FOR TRANSITION OR UTILITY
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
2E.  PHASE OF R&D (DOD TERMINOLOGY)
6.1-----------------------6.2------------------------6.3
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BASIC RES** *APPLIED RES** **EXPLORATORY DEV.* *ADV DEV*
........................................................
3.   REVIEWER'S EXPERTISE IN THE RESEARCH AREA OF THIS PROGRAM
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
4.   O V E R A L L   P R O G R A M   E V A L U A T I O N
1-----2-----3-----4-----5-----6-----7-----8-----9-----10
*LOW**      ***FAIR***      ****AVER****       **GOOD**       **HIGH**

........................................................
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                            SCORING CRITERIA

The evaluation form contains factors generally related to research and mission relevance
issues. The scoring bands for all criteria except 2A and 2D are identical, and are: 1-2 (LOW); 2.5-4
(FAIR); 4.5-6.5 (AVERAGE); 7-8.5 (GOOD); 9-10 (HIGH).Criterion 2A has no scoring range, and
criterion 2E has its own scoring range defined.

       DEFINITIONS OF CRITERIA ON PROPOSED PROGRAM EVALUATION FORM

1A.  RESEARCH MERIT - Importance to the advancement of science of the question or
problem addressed by the program. Consider the technical objectives, potential advancement of
state-of-art, and uniqueness of contribution.

1B.  RESEARCH APPROACH/ PLAN/ FOCUS/ COORDINATION - Quality of process
employed to solve the research problem, including the quality and focus of the research plan,
definition of research milestones, degree of innovation, understanding of field, and coordination
with (or cognizance of) other related programs to minimize duplication or gaps.

1C.  MATCH BETWEEN RESOURCES AND OBJECTIVES - Relationship between
scientific objectives proposed and total resources requested.

1D.  BALANCE BETWEEN EXPERIMENT AND THEORY - Balance between
experiment and theory proposed relative to optimum required to achieve performance targets.  

1E.  PROBABILITY OF ACHIEVING RESEARCH OBJECTIVES - Probability that the
program's research objectives will be achieved.

2A.  MISSION NEED - Identify the mission need or problem (operational, technological,
research) to which this research relates.  

2B.  POTENTIAL IMPACT ON MISSION NEEDS - Potential impact of this program on
mission research/ technology/ operational needs if successful.

2C.  PROBABILITY OF ACHIEVING POTENTIAL IMPACT ON MISSION NEEDS -
Probability that the program will achieve its potential mission impact assuming that its research
objectives have been met.

2D.  POTENTIAL FOR TRANSITION OR UTILITY - Probability that results from this
program will be transitioned to or utilized by technical community assuming that its research
objectives have been met.

2E.  PHASE OF R&D - Level of program development. Scale ranges from basic research
(6.1) through exploratory development (6.2) to advanced development (6.3).

4.  OVERALL PROGRAM EVALUATION - Single number description of overall
program quality based on all relevant criteria. Provide detailed narrative of pros and cons and any
recommendations under COMMENTS.
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VI-A.  APPENDIX I - REVIEW PANEL SELECTION APPROACHES

A review panel should have at least the following characteristics:

1. Each member should be highly competent in the facet of the program for which he has
been selected

2. The panel as a body should have sufficient competence to cover all major facets of the
program being reviewed

3. Each member should be minimally conflicted with the program under review, and any
conflicts or biases should be known to all the panel members before the review

4. Each member should agree to read all background material, attend all sessions, and
protect any classified and proprietary information that arises during the review

Selection of an optimal review panel is more of an art than a science at present. It depends on:

• The selector's understanding of the program being reviewed, 
• her understanding of the experts available in the technical community, and 

• her ability to predict the interaction dynamics of a particular group of experts. 

Presently, different Federal agencies’ approaches to panel selection range from assembling program
manager recommendations to using an iterative co-nomination approach.  Since the latter approach,
properly done, is relatively objective with respect to the program being reviewed, the remainder of
this attachment will focus on its description.

In essence, the iterative co-nomination approach is a multi-step process that starts with an input list
of recommended experts and converges to a list of experts who have been multiply nominated by
different experts.  The first step is to define the specific technical areas to be reviewed, and the
objectives and expected outputs of the review.  Once the overall technical description of the
program is generated, and technical descriptions of the sub-disciplines are provided, reviewer
identification can be initiated.

Sources of candidate reviewers can include program manager recommendations, membership lists
of prestigious organizations such as the National Academies, agency review boards, agency
consultant pools, and other similar lists. (One of the real deficiencies in present day pools of
reviewer candidates is the absence of a centralized updated pool of experts that spans the
Federal agencies.  With present computer capabilities, a centralized list that includes name,
organization, biography, areas of expertise, previous panels and panel references for
thousands of experts, and is easily accessible to assessment managers, would be simple to
construct.  It could be updated continuously with input from program managers as they
become acquainted with new experts.  Such a pool should be instituted immediately after
multi-agency agreement.).  Multiple names are chosen to cover each sub-discipline, the program
as a whole, allied research disciplines, the technologies, systems, and operations that the program
could potentially impact, and other elements of the customer, stakeholder, user, and impactee
communities.  This list of names is called level 1, or the initial list.
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Each member of level 1 is asked to identify, or nominate, other experts in his particular area of
expertise for the level 2 list.  For example, assume that a Physics program is being assessed. 
Assume further that this program has three sub-disciplines: plasma physics, atomic physics, and
molecular physics.  The level 1 list may have two names for each of the sub-disciplines.  To obtain
the level 2 list for the plasma physics research area of expertise, each of the two plasma physics
recommendees of level 1 would be asked to recommend two experts in plasma physics.  If names
appear more than once in the level 2 list, or between the level 1 and level 2 lists (multiply
recommended individuals), then these people are assumed to be the leading experts in the fields to
be assessed.  If no multiple recommendations appear, then the experts in level 2 are asked to
recommend two experts in plasma physics for level 3, and the co-nomination search is repeated. 
Convergence occurs when an adequate number of experts have been co-nominated.  While this
process may at first seem complex and open-ended, convergence is rapid because of the relatively
small number of real experts in any well-defined technical discipline.

A primary and alternate list of co-nominees should be matrixed against selection requirements and
criteria as shown below, where the matrix elements represent the reviewer's expertise in the
different facets being examined.  This matrix should be distributed to the program managers and
performers who will be reviewed, and comments related to bias and conflict solicited.  If strong
objections can be supported, the list could be modified.

             REVIEWER/ CRITERIA MATRIX

                        SUB- SUB- SUB- TOTL TOT TECH SYS PRI./
REV NAME/ORG DIS1 DIS2 DIS3 PROG DEP EXPT EXP ALT

NAME.1.(OR1) 10..7....6.....8....8...5....3...PRI.
NAME.2.(OR2).9...9....5.....9....9...4....2...ALT
NAME.3.(OR3).6...8....10....7....7...7....5...PRI
NAME.4.(OR4).5...4....3.....4....4...10...8...PRI
NAME.5.(OR5).2...2....3.....3....3...8....10..PRI
NAME.6.(OR6).7...8....7.....7....8...6....5...PRI
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VI-B.  APPENDIX II - PROGRAM PEER REVIEW PROTOCOL

The best features of different organizations' peer review practices can be combined into a protocol
for the conduct of successful peer review research program evaluations and impact assessments. 
The main aims of the protocol are to insure that the final assessment product has the highest
intrinsic quality and that the assessment process and product are perceived as having the highest
possible credibility.  The protocol elements are:

1. The objectives of the assessment must be stated clearly and unambiguously at the
initiation of the assessment by the highest levels of management, and the full support of top
management must be given to the assessment.  In turn, the objectives, importance, and urgency of
the assessment must be articulated and communicated down the management hierarchy to the
managers and performers whose research is to be assessed, and the cooperation of these reviewees
must be enlisted at the earliest stages of the assessment;

2. The final assessment product, the audience for the product, and the use to be made of the
product by the audience should be considered carefully in the design of the assessment;

3. One person should be assigned to manage the assessment at the earliest stage, and this
person should be given full authority and responsibility for the assessment;

4. The assessment manager should report to the highest organizational level possible in
order to insure maximum independence from the research units being assessed;

5. The reviewers should be selected to represent a wide variety of viewpoints, in order to
address the many different facets of research and its impact [Kostoff, 1988].  These would include
bench-level researchers to address the impact of the proposed research on the field itself; broad
research managers to address potential impact on allied research fields; technologists to address
potential impact on technology and the potential of the research to transition to higher levels of
development; systems specialists to address potential impact on systems and hardware; and
operational personnel to address the potential impact on downstream organizational operations. 
The reviewers should be independent of the research units being evaluated, and independent of the
assessing organization where possible.  The objectives of, and constraints on (if any), the
assessment should be communicated to the reviewers at the initial contact;

6. Maximum background material describing the research to be assessed, related research
and technology development sponsored by external organizations, the organization structure, and
other factors pertinent to the assessment, should be provided to the reviewers as early as possible
before the review.  This will allow the reviewers and presenters to use their time most productively
during the review;

7. Recommendations resulting from the assessment should be tracked to insure that they are
considered and implemented, where appropriate.  For research programs, planning, execution, and
review are linked intimately.  Feedback from the review outcomes to planning for the next cycle
should be tracked to insure that the review/planning coupling is operable.

The following criteria and issues should be considered during the review as appropriate.

1. Quality and uniqueness of the work
2. Scientific and technological opportunities in areas of likely organization mission importance
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3. Need to establish a balance between revolutionary and evolutionary work
4. Position of the work relative to the forefront of other efforts
5. Responsiveness to present and future organization mission requirements
6. Possibilities of follow-on programs in higher R&D categories
7. Appropriateness of the efforts for organization as opposed to other organizations
8. Coordination with related work in other organizations

In particular, when evaluating the investment strategy, adherence to the following investment
principles should be assessed; i.e., actual program allocations in the following areas should be
assessed against the desired target allocations:

1) Is the balance among technical thrust areas appropriate?
2) Is the balance among mission areas appropriate?
3) Is the balance among funding categories (6.1/ 6.2/ 6.3) appropriate?
4) Is the balance between discretionary and non-discretionary funding
appropriate?
5) is the balance between 'technology push' and 'requirements pull' appropriate?
6) Is the balance between revolutionary and evolutionary research appropriate?
7) Is the balance between technology advancement and demonstration appropriate?
8) Is the balance between high risk and low risk research appropriate?
9) Is the balance among short term, intermediate term, and long term research
appropriate?
10) Is the balance between new projects and continuing projects appropriate?
11) Is the balance among performers (university/ government/ industry)
appropriate?
12) Is the balance between individual research and joint projects
(multi-department, multi-agency, multi-national, government-industry)
appropriate?
13) Is the balance among single discipline, multiple discipline, and
interdisciplinary research appropriate?
14) Is the balance between large and small projects appropriate?
15) Is the balance among research products (hardware, software, patents,
presentations, reports, peer-reviewed journal papers) appropriate?
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VI-C.  APPENDIX III - USE OF PUBLISHED PAPERS IN RESEARCH PROGRAM
EVALUATION

Research project or program peer reviews in many agencies appear designed more for the comfort
of the participants rather than the efficient exchange of information.  Especially in panel reviews,
the presentation tends to focus on intricate technical details rather than investment strategy.  The
technical details address mainly the job right component of peer review, whereas the investment
strategy has the focus of the right job component.  Much of the detailed technical information could
be supplied to the reviewers beforehand, and the valuable but usually quite limited presentation
period could be devoted more to understanding the investment strategy rationale.  However, the
reviewers and presenters (and usually the audience) tend to be trained technically, are more
comfortable in discussing technical details, and, because of their background expertise in the areas
being reviewed, are usually willing to accept the right job aspects of the technical area as
fundamentally important. 

It is the author's firm contention that as much useful background information as possible should be
supplied to the reviewers of a research program or project before the actual review occurs.  In
addition to the narratives suggested previously, there is another source of valuable information that
has been almost completely neglected during any of the many different agency project and program
reviews the author has attended.  This information is the written peer reviews of the project's papers
that were submitted, accepted, and/or published by refereed journals.  The following discussion
proposes that fuller use be made of these journal peer reviews in the research program peer review
process.

A published paper is really not research, it is a documentation of research.  However, while this
observation mainly impacts the importance ascribed to bibliometric counts in assessing research
productivity and quality, it says little about the intrinsic value of a published paper for use in
research evaluation.  Because of the effort generated by authors/ editors/ reviewers in the paper
publication process, there is much information in the paper and the publication process that could
be valuable in research program evaluation.

Under the present system of manuscript publishing, papers are submitted by a researcher(s) to a
journal.  The papers are then sent by the journal editor, or proxy, to one or more experts in the field
for review (typically two or three experts).  For a technical article, the author(s) tends to supply
many details of the technical approach, as well as other useful information.  During the manuscript
review, typically the reviewers spend substantial time addressing the intricate details of the
technical approach used in the research (as well as addressing other criteria).  The paper may be
accepted or rejected outright, or accepted pending approved revision.  The reviewers' comments,
and the submitter's rebuttal (if any) stay within the editor-submitter-reviewer group.  Thus, if a
researcher has one published paper during a year, and this is presented to a panel of experts as part
of a project/ program review, all the panel knows is that the paper passed the threshold
requirements for a particular journal.  The panel does not know how many journals rejected the
article, what the comments of the rejecting peer reviewers were, what the rebuttal comments of the
submitter were, or what the specific comments of the accepting journal peer reviewers were.  This
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information would be very useful to have during a project/ program review, since it could reduce
the need for the presentation of copious technical detail during the review, and allow more time for
discussion of higher order issues such as investment strategy and relevance to organizational
objectives.

Since the sponsoring agency pays for the research, it has every right to have full access to reviewers'
comments on the products of the research.  Otherwise, the agency is being excluded from external
reviews of research that it has supported.  The journal reviewers have typically expended much
effort in the technical review process, and the valuable information contained in their comments is
not being used for the fullest benefit to the rightful recipients of this information, the research
sponsors.   The following proposal addresses this deficiency.

For a paper that results from sponsored research, an agreement is required between the research
sponsoring agencies or corporations and the research journals that the sponsor of the paper's
research be identified when it is submitted for publication.  Once the paper has been reviewed, a
copy of the journal reviewers' comments would be sent to the sponsoring organization as well as to
the article submitter.  In return for the journal's efforts, the sponsoring organization would provide
some financial compensation to the journal for the review and comments.  Under this system,
writers of low-to-average quality articles would be less motivated to submit randomly to different
journals, since the peer reviews would be transmitted to their sponsoring organizations.  This would
have the positive effect of reducing the overwhelming volume of mediocre articles submitted to and
published in the literature.  Also, these journal reviews would be submitted to the sponsor's project
evaluation panels as background material, and, as stated above, would reduce the need for detailed
exposition of technical approach that presently consumes much of the presentation time of project
reviews.

This approach would probably result in a positive Darwinian selection process.  The good
researchers who recognize that they are doing good research would be motivated to publish more,
while the mediocre to average researchers who recognize that they are doing mid-level research
would be motivated to publish less.  The differences in numbers and quality of published papers
between the good researchers and average researchers would be accentuated and would become
more evident to the review panel, and the papers would then have more of an impact on the panel's
evaluation of a project.  The journals would be partially compensated for their efforts, and the
journal reviewers could conceivably be partially compensated for their efforts.  This could make
journal reviewing a more attractive process to reviewers, and might improve some of the review
quality issues described in the Quality section of this report.
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VI-D  APPENDIX IV   NETWORK-CENTRIC PEER REVIEW

INTRODUCTION

The objective of the proposed network-centric peer review is to evaluate a large ongoing S&T
program, using a representative segment of the technical community, and employing whatever
information technology is required to substantially enhance the quality of the review.  Network-
centric peer review uses the power of modern communication networks and information
technology to expand greatly the number of people that can participate in real-time peer reviews,
and expands greatly the access to data that can support all aspects of peer review.  This
technology allows diverse review operational modes such as the Science Court to be considered
seriously, and allows the jury function of peer review to be independent from the higher conflict
potential expert reviewer/ witness function.  The operational architecture required for network-
centric peer review may differ little from the architecture required for its parent network-centric
strategic management.  Since all strategic management components need to be integrated for
optimal synergistic benefits, implementation of network-centric peer review should occur in
parallel with implementation of the other components of network-centric strategic management.

This appendix addresses:

- Information technology advances and their potential impact on peer review
- An implementation procedure for a network-centric peer review process
- Research opportunities for network-centric peer review

INFORMATION TECHNOLOGY ADVANCES

In recent years, advances in computer hardware have resulted in much higher computational
speed systems with massive amounts of rapidly-accessible storage space.  In parallel with the
hardware advances are software improvements that allow organization and ‘mining’ of the
transmitted data, and architecture implementations that allow large networks of disparate data
sources (whether sensors, humans, structured databases, or other types) to be linked.  With such
network architectures readily available, one person can communicate with many individuals at
once, and the input from many individuals and data sources can be collected, integrated, and
analyzed in real time.  The implications for peer review in particular, and for strategic
management in general, are enormous.  One of the major (justified) criticisms of peer review
(and of road-maps, metrics, data mining, information retrieval, S&T planning, S&T evaluation,
S&T transitioning, and other strategic management decision support aids) has been that only a
small fraction of the relevant communities and available data are being accessed when these
decision aids are being exercised.  Logistics costs and time delays have limited the magnitude of
information and people available to contribute to these decision aids’ outputs, especially when
time frames approximating real-time are required.  Now, the hardware and software in
combination with the network architectures, and especially supported by individuals who
understand the relation between the information technology capabilities and the decision aid
requirements, allow these logistics-based limitations to be removed.
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POTENTIAL IMPACT OF INFORMATION TECHNOLOGY ADVANCES ON PEER
REVIEW

First, the potential impact of information technology advances on the different temporal
segments of peer review will be estimated.  Then, the potential impact of information technology
advances on the different quality principles will be discussed.  In the following section, these
concepts and estimates will be crystallized and integrated into a proposed network-centric review
process.

Impact on Temporal Segments
This discussion will be based on the assumption that one component of a research program peer
review will be a meeting that some, not necessarily all, of the participants will attend.  Conduct
of a meeting-based research program peer review can be categorized into three stages: a pre-
meeting phase, the actual meeting, and a post-meeting phase. 

Pre-Meeting Phase
The main goal of the pre-meeting phase is to inform and prepare all the participants sufficiently
that little time is wasted during the actual meeting phase.  Standard peer reviews today allow the
various review participants to receive summary background material, to be read by the time of
the meeting.  An interdisciplinary workshop conducted by the author in December 1997 (Kostoff,
1999a) went one step further.  Participants exchanged ideas by e-mail, and all participants were
involved in each e-mail.  By the time of the meeting, many of the issues had been greatly
clarified.  However, what could be envisioned in this pre-meeting phase if network-centric peer
review were operable, utilizing much of the power of available information technology?

First, a substantially larger amount of data could be made accessible to each review participant,
since the network could be structured to allow each node (participant) ready access to every other
node (data source or participant).  Second, a substantially larger number of participants could be
involved in the review, limited only by the extent of the network architecture.  Third, a real time
iterative rating, learning, and subsequent presentation modification process could be established.
 New concepts could be discussed and improved.  Presentations could be critiqued and given a
preliminary rating, and then greatly modified for the meeting.  Some types of reviews could be
conducted entirely without physical presence, whereas those that required an actual meeting
would have most of the time-delaying issues examined beforehand.  In summary, this phase
could accommodate substantially more data and participants than at present, could integrate and
analyze this data in real-time, and could provide feedback in a continuous short-turnaround
mode.  It could also provide a period of reflection and gestation, as concepts became more
integrated with the passage of time.  How could this network-centric pre-meeting phase be
envisioned to affect the next actual meeting phase?

Meeting Phase
First, the actual review panel could consist of hundreds or more of experts, some of whom are
on-site and the remainder are off-site.  All would be linked through the network architecture, and
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the off-site participants may be video teleconferenced to the presentation material as well.  These
features allow the review process to be decentralized, either partially or fully, and provide much
greater flexibility in time and location scheduling.  They also allow a greater diversity of
reviewers to be used, in technical areas ranging from closely aligned with the focused
presentation themes to very disparate disciplines that could contribute innovative insights to the
target themes and offer the possibility of real breakthroughs.

All data input would be mechanized, and instantly recorded.  Statistical analyses could be
performed on the data, at the level of each presentation and integrated over all presentations. 
This integrative analysis would show how each project’s ratings would influence overall rankings
and overall parametric criteria, thus placing local decisions in their global context. All the
background data, the reviewers’ ratings and comments, and other supportive data, would be
available instantly to all participants.  This latter feature would allow real-time Delphi processes,
or modifications of comments and ratings, to be conducted at the end of the presentation period,
or in dedicated Executive Sessions.  The availability of large amounts of data of all types and
large numbers of experts in diverse areas might allow the addition of extra evaluation criteria to
be employed usefully, and offer additional perspectives on the S&T being reviewed.  What
impact could a network-centric meeting process have on the final post-meeting phase?

Post-Meeting Phase
The post-meeting phase would have some analogies to the pre-meeting phase, with more focus
on integration of new concepts and identification of solutions/ modifications to problem areas
identified, stimulated by the intense interactions from the highly efficient meeting phase.  Final
rankings, comments, and decisions would be obtained iteratively with the availability of the
integrated comments and statistics, and a comprehensive integrated report could be assembled
from the diverse reviewers effortlessly.

Impact on Principles of High Quality

Need for Synergy and Integration
In the preface to the high quality principles section, the main theme expounded was that peer
review, and the complementary decision aids as well, needed to be an integral component of the
overall strategic management process.  If peer review, or any of these decision aids, are treated as
add-ons or independent entities, the power of these techniques and value to the sponsoring
organization are diminished substantially.  These techniques are interlocking, their operation is
symbiotic, and their benefits are synergistic.  For network-centric peer review to achieve its full
potential, it must be integrated fully into the network-centric strategic management process. 
Thus, the requirements for successful operation of network-centric peer review are more severe
than for traditional peer review, because the operational targets and potential roadblocks are at a
higher level.

For example, if data mining is not performed using all the global data sources available as well as
the human and computer analytic and interpretive capabilities, then a gap will exist in the data
available for comparing programs under review with the state-of-the-art.  This in turn will affect
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the use of metrics to gauge the comparisons, and road-maps to show project and technology
linkages.  The impact of data-deficient peer review on strategic planning will result in greater
uncertainty in the planning process and products, and will be translated into greater uncertainty in
the project selection, management, and transition processes and products.

Thus, a full-scale network-centric strategic management process must eventually be developed,
of which the peer review component is one element.  However, once the architecture has been
established for a network that links the S&T performer, management, oversight, acquisition,
operational, or vendor communities, then

• peer review can be accomplished readily in the network-centric mode,
• road-maps can be easily generated in the network-centric mode,
• planning can be performed efficiently in a network-centric mode,
• multi-discipline multi-category multi-performer multi-user programs can be coordinated and

managed effectively in the network-centric mode,
• Integrated Product Teams can conduct planning and operations in a highly decentralized

network-centric mode, and
• even marketing and sales can be conducted in a network-centric mode using all the resources

of organizations, nations, and international communities. 

The key point here is that it is the architectural structure, and the inherent logic that links the
nodes of the network, that are central to the effective operation of all these seemingly diverse
components of strategic management.  Once the architecture has been constructed, and the data
control established, successful operation of the strategic management tactical elements ceases to
be a critical path item.  

Impact on Specific Principles
The first three principles of high quality peer review listed in the Executive Summary focus on
management commitment, incentives, motivation, and statement of objectives.  These provide a
context, or set the stage, for conducting a high quality peer review, but would not be impacted by
the specific tools employed during the review. 

The fourth principle, Evaluator Competency, could be impacted substantially by network-centric
operation.  Three of the critiques related to evaluator competency in peer reviews are:

• that not all technical areas are covered adequately by relatively small panels used in peer
reviews,

• even in those covered areas, the sample of the community is too small to be representative,
and

• there are many facets of related technical and non-technical areas that the panel does not
cover as a body because of the narrow technical focus. 

Network-centric operation would allow many representatives from any technical specialty of
interest, representatives from all technical areas involved, and representatives from areas that go
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beyond the purely technical (users of the technology, impactees, environmental, regulatory, etc.).
 Because time commitments of reviewers would be reduced due to less need for travel, and
because high quality reviewers tend to be busy time-restricted people, more high quality
reviewers would be available to participate in the review process, further raising the quality level
of the review.

There is another potential benefit related to the Evaluator Competency criterion that deals with
the evaluators’ operational mode.  In the vast majority of traditional S&T peer reviews, the panel
has a dual role or function.  It serves as (hopefully) an impartial jury, and serves as an expert
witness/ reviewer body as well.  This is intrinsically different from the legal system, where the
jury is separate from the witnesses and experts, with separate responsibilities and separate
individual requirements.  Combining the jury with witnesses or experts has the potential to raise
serious conflicts.  The combination problem arises mainly due to the finite panel size, and the
logistical inability to handle large numbers of witnesses andexperts in parallel with panel
operation.

There have been attempts to conduct peer reviews in which the jury function is executed by one
group, and the expert or witness function by an entirely distinct group (DOE, 1978; Van den
Beemt, 1997).  The Science Court procedure used by the author to evaluate competing alternate
magnetic fusion concepts is one example (DOE, 1978; Kostoff, 1997d).  The author’s experience
with the Science Court was that it was a very valuable process, but very time consuming and
unwieldy.  Network-centric operation would convert the Science Court into a much more
manageable and powerful process.

Thus, network-centric operation offers potential benefits in either panel mode of operation.  In
the case where the panel operates as both the jury and expert/ witness body, network-centric
operation expands the number of participants to insure expertise coverage of all criteria.  In the
case where the jury and witness/ expert body are separate, network-centric operation still insures
expert coverage of all criteria, but allows the panel to function as a relatively independent
conflict-free jury. 

The next principle that could be affected by network-centric operation is Evaluation Criteria. 
With the expanded access to data allowed by network-centric operation, criteria could be added
for which data could be obtained straight-forwardly.  For example, suppose knowledge of
specific types of impact was an important criterion, but the data by which impact would be
evaluated were not readily available.  Under traditional peer review, that criterion might not be
used, but under network-centric operation, that criterion could be employed due to ready data
availability on impact.

The criterion of Reliability would be impacted substantially by network-centric operation.  With
a large sample from the relevant communities, degree of representativeness is no longer an issue,
and the repeatability of the results over different panels becomes a moot point. In addition, much
more data becomes available for incorporation into the evaluation, and statistical
representativeness effectively disappears as a data issue.
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The Data Awareness criterion would obviously be affected to a large extent.  Network-centric
operation allows massive amounts of global data to be accessed, filtered, mined, interpreted, and
evaluated.  Bibliometric analysis capabilities will allow the performers, institutions, and
countries that are sponsoring/ performing S&T to be identified, thereby enhancing the potential
for leveraging and exploitation, and minimizing the opportunities for excessive redundancy.  
Along with limited numbers of reviewers, limited access to data is a major deficiency of present
day peer reviews that would be overcome by network-centric operation.

The Secrecy criterion could be impacted to some degree.  Network-centric operation could allow
people at remote sites to participate as reviewers/ expert witnesses without their identity being
revealed to other participants in the process.  This enhanced anonymity would allow for greater
open-ness and frank-ness, ultimately yielding a more useful product.

The Cost criterion would be impacted, due to the reduced travel requirement, and the reduced
facilities requirement.  Since time commitments would be reduced as well, high caliber typically
busy people would be more likely to serve, and a higher quality product would also result
concomitant with the lower cost.

IMPLEMENTATION OF A NETWORK-CENTRIC REVIEW PROCESS

Background

The author has conducted meetings and reviews that have made some use of network
capabilities.  These include the review of the Department of the Navy’s total Advanced
Technology Development program (Kostoff, 2001), and an innovation workshop on Autonomous
Flying Systems (Kostoff, 1999).  The lessons learned from conducting these meetings/ reviews
will be integrated with the principles of high quality peer review in the Executive Summary and
the network concepts of this appendix to outline an operational implementation for a high quality
network-centric S&T program peer review.

The objective of the review is to evaluate a large ongoing S&T program, using a representative
segment of the technical community, and employing whatever information technology is required
to substantially enhance the quality of the review.  For illustrative purposes only, the parameters
of the Department of the Navy Advanced Technology Development program review will be used
in the following discussion.

Definition of Evaluation Criteria

In the proposed network-centric review, after the objectives and goals have been specified, the
first operational step would be to define the evaluation criteria.  These are the metrics that would
allow quantitative determination of progress toward the goals and objectives.  For mission-
oriented organizations, there tend to be two overarching evaluation criteria: mission-relevance
and technical quality.  For a variety of reasons, including the analysis of progress in achieving
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sub-goals and objectives, additional supportive criteria tend to be employed in reviews.  For the
proposed review, assume the same criteria are used as were employed in the Department of the
Navy illustrative example: Military Goal; Military Impact; Technical Approach/ Payoff; Program
Executability; and Transitionability.  In combination, these criteria will help answer the question:
Will this program result in a high impact high-quality militarily relevant product with high
probability of meeting cost, schedule, and performance targets?

Selection of Review Taxonomy

The second operational step is selection of a taxonomy for the review.  A cardinal rule in
assessment is that a program should be reviewed using the same taxonomy by which it was
selected and managed.  Otherwise, the program integration (linkages among the program’s sub-
components) will appear fragmented, even though the sub-components may appear of high
quality individually. 

A taxonomy is analogous to a mathematical coordinate system, and the requirements for a high
quality S&T taxonomy parallel those of a high quality coordinate system.  These requirements/
characteristics are:

Orthogonality - a good coordinate system has orthogonal axes, where the inner product between
any two axes is zero.  This avoids multiple counting and axis redundancy.  Similarly, a good
taxonomy should have categories as independent as possible.

Completeness - a good coordinate system has sufficient degrees of freedom to cover the full
range of dimensionality of the physical problem.  A 2-D coordinate system would be insufficient
for representing a 3-D problem.  Similarly, a good program taxonomy will have a sufficient range
of categories to include the different technical disciplines that could occur.

Unit basis vectors - a good coordinate system has the unit vector for each dimension the same
size.  This avoids resolution mis-matches.  In addition, the computational grid size should have
adequate resolution to allow computational results to be compared to experimental results.
Similarly, a good program taxonomy should include technical disciplines of relatively equal
importance with relatively equal amounts of funding, with sufficient category resolution to allow
equal levels of coherence about a central theme.

Alignment - a good coordinate system is aligned with the structure of the physical problem.  This
simplifies the solution by reducing the conversion/ translation between the grid and the structure.
 A spherical coordinate system is more appropriate to representing a spherical body than a
cartesian rectangular system.  Similarly, a good program taxonomy should be impedance-
matched to data availability.

Assume that these guidelines are followed in taxonomy selection for the proposed review, and a
taxonomy of forty categories is defined to represent the total program.
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Review Panel Selection

The third operational step is review panel selection.  The availability of information technology
capabilities will allow the following substantial panel enhancements relative to traditional peer
review procedures.

Use of Group-Ware for entering data and computing summary rating statistics in real-time will
allow a much larger and more representative segment of the technical community to actively
participate in the process;

Having a larger panel will allow the expert witness function and the jury function to be de-
coupled, similar to the procedure of the Science Court (DOE, 1978);

Having a larger panel will also allow reviewers to be selected with expertise in a particular
evaluation criterion for a specific technical area;

Use of data mining techniques in different literatures will allow a larger pool of experts to be
identified as potential process participants.

For the proposed review, assume there is a central panel of perhaps fifteen individuals, and there
are one hundred expert reviewers.  The fifteen central panelists would not necessarily be expert
in any of the areas reviewed, but would be high caliber individuals as free as possible of potential
conflict with the programs under review.  In the legal analogy, they would serve as the jury.  The
hundred expert reviewers would be divided equally among the five criteria, or twenty per
evaluation criterion.  In the legal analogy, they would serve as the expert witnesses.  While
complete independence from the programs reviewed would be preferable for the expert
reviewers, it would not be the absolute requirement used for the fifteen central panelists.

The fifteen central panelists would be selected based on national reputation and absence of
conflict.  Their function would be to provide final ratings and comments on all the evaluation
criteria for all forty programs under review.  Their inputs would consist of background material
provided by the program presenters, actual program presentations, and preliminary comments
and ratings by the one hundred expert reviewers.

Expert reviewer selection would proceed as follows, using the Technical Approach/ Payoff
criterion as an example.  In parallel with recommendations for experts in the forty technical areas
under review, the literature would be ‘mined’ using key phrases that describe the forty technical
areas.  A large number of reviewer candidates would be obtained.  Bibliometrics would be
employed to winnow this list through identification of those candidates with extensive publishing
and citation records.  Other reviewer selection criteria would be employed, to insure that bright
younger people, who have not yet established a publication track record, would be included in the
review process.  All four of these selection approaches were used to nominate participants for the
innovation workshop referred to previously, and have been used in part by the author for other
types of reviews as well.



Page 79

The twenty candidates selected as expert reviewers for the Technical Approach/ Payoff criterion
would have two required output products.  They would provide comments and preliminary
ratings only on the single evaluation criterion for each of the forty programs.  In order not to
overwhelm the fifteen central panelists with comments and preliminary ratings from each of the
twenty expert reviewers for each of the five criteria for each of the forty programs, one of the
expert reviewers for each criterion for each program would be assigned the task of aggregating
and summarizing the comments and preliminary ratings for the given criterion and program.  To
insure a balanced summary is presented from the expert reviewers to the central panelists,
another of the expert reviewers for the criterion would have to approve the summary generated
by the expert with primary authority.  This expert with secondary authority would be selected
based on maximum divergence with the viewpoints of the expert with primary authority, to the
extent known beforehand.  In the illustrative example, each expert reviewer would serve as the
primary authority for Technical Approach/ Payoff for two programs, and would serve as the
secondary authority for Technical Approach/ Payoff for two other programs.

Operational Review Process

Selection of the goals and objectives, evaluation criteria, review taxonomy, and reviewers, and
definition of assignments and responsibilities, establish the structure of the review.  The
structure, in turn, provides the foundation for the operational review procedure that follows.  The
complete review process proposed here will consist of three phases: pre-presentation,
presentation, post-presentation.  The steps emphasized are those in which the use of information
technology, especially in the network-centric mode, will enhance the efficiency and quality of the
peer review process.  Most of the procedures proposed have either been used or tested to some
degree by the author, and their feasibility has been demonstrated.

Pre-Presentation Phase
The objectives of this phase are to provide as much information to all the review participants as
is possible before the meeting occurs, and to clarify any outstanding questions and issues.  This
will allow the participants in the presentation phase to start on a much higher plane, and use the
presentation period much more efficiently.

This pre-presentation phase has three distinct sub-phases.  First is the distribution of background
material.  This sub-phase objective is to provide maximal information about the programs to be
reviewed and about global efforts in the programs’ technical areas and allied disciplines.  Since
all reviewers are required to provide a preliminary rating on one criterion for every one of the
forty programs, this sub-phase will provide the threshold level of understanding about each
program necessary for casting an intelligent vote.

The second sub-phase consists of e-mail interaction among reviewers, where comments are
exchanged about the program material and issues are clarified.  At the end of this sub-phase, each
reviewer has transmitted his or her comments on the assigned evaluation criterion for each of the
forty programs to the individuals assigned primary and secondary responsibility for the specific
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criterion for each program.

The third sub-phase consists of the primary and secondary principals responsible for each
criterion for each program writing a brief summary based on the inputs of the other reviewers
assigned to each criterion for each program.  At the end of this sub-phase, these brief summaries
will have been transmitted to the fifteen member central panel, along with the preliminary
summary rating statistics for each criterion for each program. 

Distribution of Background Material
This phase begins with the distribution of background material for the reviewers (and audience, if
an audience is desired).  In order for the background process to be most effective, the material
should be distributed at least three months prior to the actual presentations.  Two types of
material are proposed.

First are narratives and vu-graphs describing in detail the material to be reviewed.  The author
distributes this type of background information routinely for S&T peer reviews.  Requirements
for this material have been detailed elsewhere (Kostoff, 1998).  To maximize distribution
efficiency, the material should be made available on the Internet, and the reviewers and audience
informed of its location.  If distribution of some of the material has to be restricted for proprietary
or other reasons, then the Web site should be password-protected.

The second type of material is information related to the programs to be presented.  This material
is ‘data-mined’ from appropriate source S&T databases (e.g., Science Citation Index (basic
research), Engineering Compendex (applied research and technology), NTIS Technical Reports
(government-sponsored S&T reports), Medline (medical S&T), RADIUS (narratives of on-going
government R&D programs).  The author has distributed “data-mined” information to support
reviews of technical areas of modest breadth.  This information can be very valuable in
identifying the scope of S&T performed globally in the specific technical area under review, in
allied areas, and in disparate fields that have some thread of commonality with the specific area
under review.

However, even for fields of moderate breadth, substantial effort is required to provide useful
background information of this type.  The query used has to be refined to satisfy two conditions:
the coverage (records retrieved) should be comprehensive (large signal), and have minimal
extraneous material (large signal-to-noise).  Then, for most recipients, the records retrieved need
to be summarized.  The author has used the Database Tomography approach (Kostoff, 1999b) to
develop queries with these properties, and to summarize the main pervasive technical themes in
such retrieved record databases, and the relationships among these themes.  While these
computational linguistics and bibliometrics tools help substantially, they do not obviate the need
for technical experts to spend substantial time and effort in developing this background material.
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For the illustrative example used in this report, a forty sub-program Advanced Technology
Development naval S&T program, the effort required for global data mining of the technical
disciplines to be reviewed would be enormous.  Nevertheless, if each reviewer’s rating is to be
meaningful, then the reviewer needs to have some threshold level of understanding about each
program reviewed.  A substantial effort is necessary to provide such information, especially in
summary form. 

Individual Reviewer’s Comments
The discussion in this sub-section follows the experience of the innovation workshop in
Autonomous Flying Systems mentioned previously.  Even though the objectives of a workshop
are different from those of a peer review, nevertheless, the principles learned from the
workshop’s pre-presentation phase can be readily extrapolated to peer review application.

In the innovation workshop, each participant sent new concepts relating to the workshop theme
to all the other participants by e-mail.  An e-mail-based interactive discussion ensued among the
participants to ‘flesh-out’ the concepts, and either clarify and/ or embellish them in preparation
for the actual presentations.  In order to stimulate this e-mail discussion, a facilitator was required
to raise numerous questions.  The discussion proved extremely successful in clarifying the
concepts, but the need, and effort required, for facilitation of the discussion was appreciated only
after the pre-presentation phase had begun.

In this phase of the peer review process, after the reviewers have received the background
material, they would be expected to spend the next few weeks digesting the material and
clarifying any outstanding or problematic issues.  The primary and secondary principals for each
criterion for each program would be expected to act as facilitators, to stimulate discussion on
these issues.  The total review group would not be involved in each e-mail discussion group; this
would overwhelm the communication channels.  Each e-mail discussion group, in the present
example, would consist of the twenty experts for a given evaluation criterion for a given
program, plus the individual who will be presenting the information.  At the end of this phase,
approximately two months before the presentations, each of the twenty experts would provide
his/ her comments and preliminary ratings on the given evaluation criterion for the given
program to the appropriate primary and secondary principals.

Summary Comments to Central Panel
After receiving the individual comments and preliminary ratings from each reviewer, the primary
and secondary principals for each criterion for each program will generate a brief summary for
each criterion for each program.  If the two principals cannot agree on a specific summary, the
secondary principal will contribute a dissenting addendum to the summary transmitted by the
primary principal to the central panel.  In any case, both the comment summary and a summary
of the preliminary rating statistics are transmitted to each member of the central panel.  In order
for the central panel members to have time to absorb all the summary material, they would need
to receive it no later than one month before the presentations.

In summary, the total pre-presentation time-line is as follows:
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• Distribution of background material to expert reviewers - three months before
presentations

• Transmission of comments and preliminary ratings to primary and secondary principals -
two months before presentations

• Transmission of summary comments and preliminary rating statistics to central panel
members - one month before presentations.

Presentation Phase
In network-centric peer review, this phase is optional.  There is no fundamental requirement for
presentations.  All of the review could be conducted through the network by e-mail, Internet, etc.
 However, there is a cultural aspect to peer review that rivals the information technology aspects
in shaping the conduct of the review.  Many cultures are not yet at the required comfort level
with purely remote operation.  In addition, there is value in real-time discourse with the
presenters.  Therefore, this presentation phase will be included in the present report.

For the scenario proposed in this report, presentations will be made to an on-site audience
consisting of the fifteen member central panel and the one hundred member reviewer group. 
Presentations can also be made to a remote audience by video tele-conferencing.  Under the
present scenario, the role of the remote audience is observation. 

All the members of the on-site audience will be linked by Group-Ware.  During the
presentations, the reviewers will enter final ratings and any additional comments they believe are
important based on last-minute observations or insights.  At the end of each presentation day, the
remote transmission link will be closed, and the reviewers and central panel will meet in
Executive Session.  The Group-Ware algorithms will have computed each program’s statistics
(panel averages for each evaluation criterion rating, etc) and any desired integrative statistics over
multiple program groups as well.  All these numerical results will be displayed graphically to all
the on-site audience.  The Group-Ware will have also aggregated the additional comments, and
these comments will be displayed to all the participants.  Both the ratings and the comments will
be discussed for each evaluation criterion for each program presented.  The central panel will
then rate each evaluation criterion for each program presented, and these final program and
integrative statistics will be displayed in real-time.

A note about Group-Ware.  In the naval Advanced Technology Development review described in
the text, Group-Ware was used in part.  It had two components: computing summary and
integrative statistics, and aggregating comments.  Both these features operated in real-time.  The
immediate summary and integrative statistics feedback provides for high efficiency discussions,
and its value increases as the number of programs reviewed and the number of experts used
increase.  The comment aggregation is valuable for documentation purposes.  For an on-site
panel, comment aggregation has little value, can serve to bias reviewers’ initial comments, and
can be a distraction to some reviewers.  For reviewers from remote locations, comment
aggregation should prove to be of substantial value. 
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Post-Presentation Phase
This phase consists of writing the final review report.  Depending on the contractual structure of
the review, either the staff of the organization sponsoring the review will write the report, or the
central panel will write the report.  Because of the extensive pre-presentation preparation, the
involvement of a large segment of the community, and the extensive interactions that occurred
during all prior phases of the review, much of the available information will be ready for direct
insertion into the report.

RESEARCH OPPORTUNITIES IN NETWORK-CENTRIC PEER REVIEW

Opportunities for research into network-centric peer review abound.  Issues to be addressed
include the following:

• How is peer review quality defined, especially in a network-centric mode?  What are the
metrics of quality; how can they be measured?  What data is required to quantify these
metrics, and how is this data obtained?

• What incentives and rewards have been employed to produce higher quality reviews, and
what incentives and rewards should be tested for efficiency?

• *What types of network architectures should be developed for optimal review operation?
 How extensive should the networks be for successful operation?  What are the
implications of reviewer anonymity protection on the network architectures?  What other
types of security and verification procedures are required to minimize review disruption
and corruption problems?  What levels of fault-tolerance need to be incorporated into the
network?  What are the hardware and software requirements for optimal large-scale
operation?

• What are optimal reviewer selection processes, and what are the trade-offs among these
processes?

• What are the cost-benefit considerations related to panel sizes, for different types of
review objectives?  What are the trade-offs of adding experts in a given technical area for
statistical reliability and validity purposes verses broadening the expertise representation
across many different fields?  How far should the expertise diverge from the target S&T
being evaluated, in order to access insights from other disciplines that could benefit the
target discipline?

• What are the trade-offs involved in Science Court operation verses dual function jury-
witness panel?   What other panel operational modes are possible with network-centric
operation?  What has been the experience of these other operational modes; what is the
potential of other operational modes, whether or not there has been some past history of
operation?
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• What credible processes exist, or could be devised, to normalize across panels and
disciplines?  How does network-centric operation complicate or simplify these diverse
processes?

• How does the expanded capability of network-centric operation impact the selection of
diverse evaluation criteria, and how does it impact the development of, and accession to,
the data required to address these criteria?

• How are reliability and repeatability impacted by network-centric operation?

• How should the different types and sources of global data be accessed and integrated with
the peer review process?  What are the implications on the process operation and results
on the availability of these different types of data?  What data sources need to be
developed and constructed to provide required information for peer reviews, and how
does network-centric operation influence the composition and structure of these sources?

• What are the true costs and benefits of network-centric peer review, and what are the
main parameters that affect cost-sensitivities?  What steps could be instituted now to
reduce potential high cost components of the network-centric peer review process?

• How should the larger network-centric strategic management process be constructed in
order to maximize benefits from network-centric peer review, as well as optimize benefits
organizationally and nationally from the strategic management process?  What constraints
do the other elements of the network-centric strategic management process place on
efficient operation of the network-centric peer review component, and what enhanced
capabilities for the peer review component do these other components offer?  What are
the common elements of all the components of the strategic management process, and
what are the unique elements required for network-centric peer review?  Are there
benefits to constructing architectures that will encompass all the network-centric strategic
management components, such that specific requirements for the peer review component
will require a minimal additional requirement for resources?

 
SUMMARY AND CONCLUSIONS

Network-centric peer review uses the power of modern communication networks and
information technology to expand greatly the number of people that can participate in real-time
peer reviews, and expands greatly the access to data that can support all aspects of peer review. 
This technology allows diverse review operational modes such as the Science Court to be
considered seriously, and allows the jury function of peer review to be independent from the
higher conflict potential expert reviewer and witness function.  The operational architecture
required for network-centric peer review may differ little from the architecture required for its
parent network-centric strategic management, and since all strategic management components
need to be integrated for optimal synergistic benefits, implementation of network-centric peer
review should occur in parallel with implementation of the other components of network-centric
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strategic management.



Page 86

VI-E.  APPENDIX V – SIGNIFICANT RESOURCES

The following sub-appendices of Appendix V are particularly noteworthy resources for peer
review information.  VI-E-1 contains an evaluation of an excellent document on grants/
proposals peer review by Wood and Wessely.  This source document should be required reading
for anyone interested in proposal peer review.  VI-E-2 contains a broad outline to a DOE peer
review guide presently under review.  This comprehensive document should be of substantial
help to any organization interested in the fundamentals and protocols of program peer review. 
VI-E-3 overviews the international congresses on biomedical peer review.  These periodic
congresses have covered a multitude of peer review topics, whose purview goes well beyond the
biomedical community, and the proceedings of these congresses are required reading for anyone
interested in improving the conduct of manuscript peer review.

VI-E-1.  PROPOSAL PEER REVIEW

This appendix highlights the main issues addressed in a recent document that examines grant
proposal reviews (Wood and Wessely, 2003).  The author highly recommends reading the full
document for anyone interested in grant proposal reviews.

SUMMARY OF DOCUMENT AUTHORS’ OVERVIEW

‘The document presents a systematic review of the empirical literature on peer review and grant
applications. As a base for interpreting this review, brief historical and contextual information
about research grant funding agencies and the peer review process is provided. The authors stress
that peer review is only one means to an end – it is not the end itself.

There have been numerous criticisms of peer review in the context of grant-giving, chiefly
centered on claims of bias, inefficiency, and suppression of innovation. The authors conclude
that, with certain exceptions, peer review processes as operated by the major funding bodies are
generally fair. The major tension exists in finding reviewers free from conflict of interest who are
also true peers. The authors find little evidence to support a greater use of “blind” reviewing, or
of replacing peer review by some form of citation analysis.

The document draws attention to the increased costs in both time and resources devoted to grant
peer review, and suggests that some reforms are now necessary. The authors are unable to
substantiate or refute the charge that peer review suppresses innovation in science – in general
they conclude that peer review is an effective mechanism for preventing the wastage of resources
on poor science – but whether it supports the truly innovative and inspirational science remains
unanswerable. Finally, the document draws attention to the paucity of empirical research in an
area of crucial importance to the health of science and recommends that ways for improving
international understanding, debate and sharing of ‘best practice’ about grants peer review be
investigated.’
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The authors address a number of crucial issues related to proposal peer review.  These include:

• Is peer review of grant applications fair?  Do researchers think peer review of research
proposals is fair, and are they satisfied with the peer review process?  The authors’
conclusion is that applicants endorse the principle of peer review, but a substantial minority
have practical criticisms. What is the evidence to support these criticisms?

• Are peer reviewers really peers?  Applicants often complain that reviewers are not specialists
in the relevant fields – in other words not true “peers”.

• Is there institutional bias?  Is there a bias against lesser known individuals and/or institutions,
either in the choice of reviewers or the decisions of grant committees?  The authors conclude
that in the grants literature, there is little evidence that the choice of reviewers reflects this
bias.

• Do reviewers help their friends?  A related issue is the perception of “cronyism”.

• Age and getting grants.  Another frequent perception is that the system operates against
younger researchers,

• Gender bias and grant peer review.  Is peer review biased against women?

• Other biases.  Many other biases have been claimed. 

• Reviewer responses were more likely to be favorable when dealing with their own
discipline, just as reviewers are more likely to cite their own discipline within the context
of general reviews, a possible interdisciplinary bias. On the other hand, there was a
significant association between number of disciplines represented and success in
obtaining grants from the UK National Health Service R&D program, suggesting a bias
against uni-disciplinary research.

• There is little evidence to suggest bias against clinical, as opposed to molecular research. 
Nonetheless, at government level, concern that patient-oriented research is adequately
addressed by funding agencies is reflected in a number of initiatives.

• Another claim, supported on the basis of personal observation by the authors, is that
grants reviewed early in a session tend to be discussed more thoroughly and evaluated
more critically than those reviewed later.
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• Misuse of confidential information.  The peer review system presumes a high level of
objectivity, disinterestedness and honesty on the part of reviewers. However, this
presumption has been challenged by a number of critics who believe that the system allows
for “leakage” - a euphemism for theft of ideas by reviewers from the grants they review.

• Reliability of grant peer review.  Are ratings reliable? 

• Does peer review of grant applications serve the best interests of science?  It has been
frequently argued that peer review is inherently conservative and biased against speculative
or innovative research. Those who write grant proposals agree, and may deliberately
underplay the innovative parts of their proposals.

• Is peer review of grant applications cost effective?  Many have observed with concern the
amount of time spent in both writing and reviewing grants.

• Can peer review of grant applications be improved?

• Blinding.  There have been many suggestions of ways of improving the quality of peer
review, albeit with few supported by empirical data. The question of blinding of referees
to applicants and their institutions has already been considered under equity. Could it
improve quality?

• Signing.  The other side of the coin is whether or not reviewers should sign their reports.
This is currently the subject of controlled trials in the field of editorial peer review, and
has been suggested for grant reviewing on several occasions.

• Improving reliability.  If reliability is a problem, can it be improved?

• Tackling cronyism.  Asking applicants to nominate referees is also often practiced,
although we are unaware of any system where this is the only system. It is frequently
thought that referees chosen in this manner will be more favorable than those selected by
the grant-giving body. A comparison of scores carried out at the Medical Research
Committee of the NHMRC found this was indeed the case, and discontinued the process.

• Triage.  The most popular way of improving efficiency has been to introduce some form
of triage, in which not all grants receive the full process and deliberations of the full
committee, but are rejected at an earlier stage. It has been used at the NIH, where a pilot
study of reviewers suggested it was still fair, and a subsequent analysis verified that this
did not introduce discrimination against ethnic minorities.
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• Other suggestions.  Other suggestions for which there is no empirical support or refutation
include:

• adjusting individual reviewers’ scores according to their previous performance (akin to a
golf handicap),

• paying referees, and

• restricting reviewers from receiving grants from the same source.

• Should peer review of grant applications be replaced?  Many alternatives to peer review have
been suggested.

• The most common replacement involves bibliometrics. This is the use of mathematical
models of scientific productivity, since scientific work results in scientific publication.
Various less orthodox suggestions to replace peer review have also been made.

• awarding of grants at random or after a lottery,

• cash prizes to stimulate research in key areas,

• random selection of reviewers from a pool, or

• a system of professional reviews, akin to theatre critics.

• The development of the chronometer is a historical precedent for funding by means of
cash prizes, first pointed out by David Horrobin and subsequently the topic of a best-
selling book.

• A recent, and apparently, successful approach to providing financial incentives for
scientific innovations is the Web-based initiative ‘InnoCentive’ developed by the
pharmaceutical company Eli Lilly. ‘InnoCentive’ posts a set of R&D ‘challenges’ to
which scientists throughout the world can respond – the reward being both financial (the
amount linked to the difficulty of the challenge – e.g. US$2000, or US$75000) and
professional recognition.  There have been some attempts to analyze the outcome of
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research supported by different funding mechanisms, but there are no studies looking at
the long term impact of different methods of peer review and its alternatives. 

The chapter concludes the following (the author’s critiques of these conclusions are shown at
appropriate points in the text below, in CAPS).

‘Peer review is a family of closely related procedures, differing not only between funding bodies,
but also between programs within the same funding body. Results from one time period or one
institution cannot necessarily be generalized to other settings. Given those caveats, what can be
concluded about the many criticisms made of the process?

The most frequent criticism made by scientists about the day-to-day operation of peer review is
that of institutional or gender bias. The authors suggest that this criticism is generally unfounded,
with certain specific exceptions. However, even if biases can be established, the question of their
adverse impact on research quality has not been systematically investigated. Indeed, claims
regarding institutional and gender biases are usually couched in terms of issues to do with ‘equal
shares of the funding pie’ which in themselves are not directly linked to research quality.
THE CENTRAL PURPOSES OF PEER REVIEW SHOULD BE TO IMPROVE THE
QUALITY OF PAPERS/ PROPOSALS/ PROGRAMS, AND GENERALLY HELP
ACCELERATE THE DEVELOPMENT OF S&T.  TECHNICAL CORRECTNESS SHOULD
BE THE PRIMARY OBJECTIVE, NOT POLITICAL CORRECTNESS.  TO THE DEGREE
THAT BIASES IMPACT THESE CENTRAL PURPOSES NEGATIVELY, THEY SHOULD
BE ELIMINATED.

Lack of reliability has been found, but again may not be a fundamental weakness. Some is due to
lack of reviewer expertise, which is potentially remediable, some due to reviewer age, but much
results from the lack of consensus in areas on the frontiers of knowledge, which is where
applications submitted to peer review are situated. In only one area is there clear consensus – the
costs of peer review, both direct and indirect, are increasing.

The authors suggest there is no such thing as the perfect reviewer. Those too close to the subject
may be influenced by jealousy or cronyism. More distant, and they may suffer from lack of
expertise. Increasing the use of international reviewers is often suggested as a means of reducing
conflict of interest and jealousy, but “off the record” observations from some grant officers are
that these tend to produce more favorable, and hence less rigorous, evaluations. Perhaps a certain
amount of competition is a spur to critical appraisal. There seems to be no substitute for grants
officers who know the strengths and weaknesses of their reviewers.
MORE TO THE POINT, THERE IS NO SUBSTITUTE FOR GRANTS OFFICERS WHO
UNDERSTAND THE SUBJECT MATTER THOROUGHLY, AND ARE ABLE TO DISCERN
THE DIFFERENCES IN COMPETENCES OF REVIEWERS.  SUCH GRANTS OFFICERS
ARE MORE LIKELY TO UNDERSTAND THE SUBJECT MATTER IN DEPTH IF THEY
HAVE BEEN, AND PREFERABLY STILL ARE, ACTIVE CONTRIBUTORS TO THE
SCIENCE AND TECHNOLOGY DEVELOPMENT.
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Until fairly recently publicly available information regarding the peer review process of research
funding agencies was quite limited. However, demands for greater accountability have resulted in
various efforts by funding agencies to improve the understanding of their operations and provide
information on their peer review procedures. For example, changes to the peer review procedures
of the US National Institutes of Health have been well-publicized and extensive consultation
invited from a wide range of stakeholder groups. The UK Medical Research Council has also
provided summary information on the recent assessment of its peer review system. The internet
is clearly an important tool for achieving greater transparency about the operations of reseach
funding councils and their peer review procedures. However, it is worthwhile noting the caveat
of O’Neill that: ‘there is a downside to technologies that allow us to circulate and recirculate vast
quantitites of ‘information’ that is harder and harder to sort, let alone verify.’

Many of the questions addressed have not received definitive answers. As with journal review in
the previous decade, there are now sufficient concerns with grant peer review to justify empirical
research. Questions such as the role of blinding, feedback, and the balance of external and
internal reviewers as well as gender and institutional bias require answers. Peer review of these
questions would, as in other areas of scientific uncertainty, highlight the need for randomized
controlled trials to address these issues. The paucity of trials in the area of scientific decision-
making is therefore ironic.

Turning from the concerns of individual scientists about the fairness and reliability of the peer
review system, the most important question to be asked about peer review is whether or not it
assists scientists in making important discoveries that stand the test of time. The authors do not
know. Furthermore, randomized trials will not address this most difficult, yet most important,
question. This is a judgement which, by definition, can only be made with the passage of time.
‘ASSISTING IMPORTANT DISCOVERIES’ MAY BE AN OVERLY AMBITIOUS GOAL
FOR PEER REVIEW.  IMPROVING PROPOSAL QUALITY AND HELPING ACCELERATE
S&T PROGRESS ARE SUFFICIENTLY CHALLENGING GOALS.

Likewise, does peer review impede innovation? It is desirable that resources are not wasted on
poor science, but is this at the expense of the suppression of brilliance? This remains unproven,
and possibly unprovable.
ONE CAN LEARN MUCH ABOUT THE ROLE OF PEER REVIEW IN IMPEDING OR
ENABLING INNOVATION, AND PEER REVIEW’S VALUE IN PREDICTING S&T
OUTPUTS AND OUTCOMES IN GENERAL, THROUGH CONTROLLED TRACKING OF
PROPOSALS AND THEIR LONG-TERM FATE.  UNFORTUNATELY, THE S&T
SPONSORING COMMUNITY HAS DEVOTED SCANT RESOURCES TO LARGE SCALE
COMPARATIVE STUDIES OF ALL PROPOSALS (WINNERS AND LOSERS) THAT
WOULD DETERMINE THE FATE OF THESE PROPOSALS AND THEIR S&T
IMPLEMENTATIONS, AND THEREBY DETERMINE THE CAPABILITY OF PEER
REVIEW TO PREDICT THE WINNERS AND LOSERS.  THE MAIN INTEREST IN
STUDIES THAT TRACK PROPOSALS APPEARS TO BE THE HINDSIGHT-TRACES
TYPE STUDIES, WHICH START WITH SUCCESSFULLY DEPLOYED ADVANCED
TECHNOLOGY SYSTEMS, AND WORK BACKWARDS TO IDENTIFY CRITICAL



Page 92

TECHNICAL BREAKTHROUGHS AND FAVORABLE ENVIRONMENTAL AND
MANAGEMENT CONDITIONS (DOD, 1969).

The current interest shown by the scientific community in peer review has a pragmatic basis – the
links between grants and the structures of scientific careers. Obtaining grants is increasingly an
end in itself, rather than a means to an end.
PEER REVIEW IS NOT AN END IN ITSELF, BUT A MEANS TO THE END OF
IMPROVING S&T QUALITY AND RESOURCE ALLOCATION (AND THEREBY
ACCELERATING S&T DEVELOPMENT).  FROM THE LARGER SOCIETAL
PERSPECTIVE, OBTAINING ALLOCATED RESOURCES (GRANTS) SHOULD NOT BE
AN END IN ITSELF, BUT A MEANS TO THE END OF PURSUING S&T FOR THE
HIGHER PURPOSE OF ATTAINING SOCIETAL GOALS.  UNFORTUNATELY, AS THE
AUTHORS CONCLUDE, “OBTAINING GRANTS IS INCREASINGLY AN END IN
ITSELF.”  DEVELOPMENT OF RESEARCH EMPIRES FOR THE SOLE PURPOSE OF
CONTROLLING EVER LARGER AMOUNTS OF FUNDING LEADS TO RESOURCE
ALLOCATION DISTORTIONS, TO THE EVENTUAL DETRIMENT OF THE S&T
ENTERPRISE.

Hence the fascination all scientists have in the process, and their willingness to express criticisms
of it. Because obtaining grants is so important for scientists, it is proper to obtain further
empirical data on questions such as equity and efficiency, but this should not blind us to the fact
that such research can only answer short term questions rather than the real purpose of scientific
endeavors.

Advances in medical research itself- for example in the area of stem cell research - have raised
many new ethical and intellectual property issues for grants peer review. The overall
accountability and regulatory environment for the conduct of research is also substantially
different from that impacting on funding agencies several decades ago. And the scientific process
itself has become increasingly internationalized, with greater stress on team based, collaborative
research projects. The efficacy of peer review procedures in this new climate is clearly of great
importance. In this regard, support for periodic independent reviews of the funding councils peer
review processes have been strongly encouraged by governments in the UK and Canada with the
former recommending the formal establishment of the research councils’ strategy group aimed at
developing best practice in agency operations. Use of consultancy groups to provide independent
assessments of agency peer review systems appears also to be on the increase (e.g. Segal Quince
Wicksteed in the UK). In Europe, the heads of the national research councils of the European
Union (Eurohorcs) meet twice a year primarily to discuss shared problems. Recently, the Swiss
National Science Foundation celebrated its 50th anniversary in 2002 with a workshop on major
challenges for research funding agencies at the beginning of the 21st Century.  Representatives
from twenty countries and the EU took part, identifying the issues and problems, and discussing
ways of dealing with them. In 1999, the UK Economic and Social Research Council sponsored a
global cyber-conference on peer review in the social sciences. However, despite so much activity
taking place in various fora and domains, grants peer review (in contrast to editorial peer review
or other topics regarding the conduct of science) seems to have attracted remarkable little
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attention in the form of regular congresses/conferences  intended to improve understanding and
debate about its form and practice. This, the authors would argue, is an issue that warrants further
investigation.
THE LATTER CONCLUSION COULD BE STATED EVEN MORE EMPHATICALLY FOR
S&T PROGRAM REVIEW, ALTHOUGH SINCE THE PASSAGE OF THE GPRA BY THE
US CONGRESS IN 1993, THERE HAS BEEN SUBSTANTIALLY MORE ATTENTION
PLACED ON S&T PROGRAM REVIEW THAN IN PRIOR YEARS.
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VI-E-2.  PEER REVIEW GUIDE

For the past two decades, the U. S. Department of Energy has been a leader in advancing the use
of peer review for evaluation of its programs.  In 1982, a massive review was conducted of the
Office of Basic Energy Sciences (DOE, 1983).  The principles established from that review were
used in many different sectors of DOE over the next decade, and a peer review guide was
developed to formalize those principles (DOE, 1988).  In 2003, a peer review task force in the
Energy Efficiency and Renewable Energy (EERE) Office of DOE was assembled to develop a
peer review guide for the evaluation of EERE programs.  In January 2004, an external multi-
agency group of peer review experts (Chaired by the author) met to review, and provide
individual recommendations on, the peer review guide.  As of this writing, the peer review guide
is under review by EERE management, and details of its contents cannot be described until the
document is finalized.  However, the document’s contents can be generally summarized as the
following.

The primary purpose of this guide is to provide managers and staff guidance in establishing
formal in-progress peer review that provides intellectually fair expert evaluation of EERE RD3

and supporting business administration programs, both retrospective and prospective.

The guide focuses on activities that are planned, underway, or have recently been completed and
does not directly cover merit review or readiness reviews, which are addressed in other EERE
management procedures. In-progress peer review (or simply “peer review”) findings will be
considered by DOE/EERE managers, staff, and researchers in setting priorities, conducting
operations, and improving projects.

This guide provides information and examples useful for planning, conducting, and utilizing peer
reviews based on best practices. Best practices are those that are (1) utilized with the most
success by EERE’s own programs or by other institutions, or (2) identified as such by multiple
widely recognized experts outside of EERE, including experts at the GAO and OMB.
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VI-E-3.  BIOMEDICAL PEER REVIEW CONGRESSES

The author would like to emphasize the papers published in the international congresses on peer
review in biomedical publication.  For anyone interested in biomedical peer review in particular, or
journal peer review in general, there is no better starting point.  There have been four congresses
held since 1985, and the next one is scheduled for 2005.  The congresses cover a wide swath of
peer-review related topics including, but not limited to:

Mechanisms of peer review and editorial decision making
Evaluations of the quality, validity, and practicality of peer review and editorial decision making
Online and Web-based peer review and publication
Prepublication posting and release of information
Quality assurance for reviewers and editors
Authorship, contributorship, and responsibility for published material
Breakdowns, weaknesses, and biases
Conflicts of interest
Scientific misconduct
Peer review of grant proposals
Economics of peer review and scientific publication
Evaluations of the quality of print and online information
Methods for improving the quality, efficiency, and equitable distribution of biomedical
information
Interactive digital systems and other new technologies that affect the dissemination of biomedical
information
The future of scientific publication

Programs and Abstracts of the upcoming congress, as well as those of the previous congresses
may be accessed at http://www.ama-assn.org/public/peer/peerhome.htm.
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VI-F.  LARGE AGENCY PEER REVIEW

This appendix has two sections.  The first estimates the cost of a peer review for a large S&T
funding agency.  The second describes some of the ways that text mining could support such a
review.

COST ESTIMATES OF TOTAL AGENCY REVIEW

This final appendix addresses the economics of peer review if it were implemented agency-wide
in large organizations, and also describes the role that text mining could play in such a review. 

Federal agencies conduct a variety of program reviews, at many different levels of detail, and at
many different organizational levels.  For those agencies that sponsor S&T programs, both
technical and non-technical (business) reviews are conducted.  Assume that it was desired to
conduct technical program peer reviews of an agency with an annual S&T budget of $1B.  What
would be a reasonable approach to such a review, and what would be its cost estimate?

The first step would be to develop an agency review strategy.  This would have two objectives:
identify how each review integrates into the tactical and strategic management of the S&T, and 
consolidate reviews to eliminate overlaps and redundancies.  The next step would to identify the
scope of the technical review.  In an S&T program review, three main questions are asked: 1) Is
the S&T program doing the right job (adequacy of the existing S&T investment strategy and
associated roadmaps);  2) Is the S&T program doing the job right (accuracy and efficiency of
achieving the specified technical target.  It evaluates the mechanics of the S&T development
approach, and incorporates the cost, performance, schedule, and risk aspects of the mechanics); 
3) Is the S&T program performing (is there associated productivity, impact, and progress)?  From
the author’s perspective, these three criteria would be evaluated at all levels of the organization,
especially the first criterion at the highest levels.

Given this scope and these objectives, how would one conduct the review, and what would be its
cost estimate?  Many approaches exist; one will be presented here, based on the author’s recent
experience, and costs will be extrapolated from those experiences.

From 1993 to 1998, the author conducted an annual review of his former Department.  He used
independent technical experts to participate in the review.  The review process used is
generalized, and described in the next appendix in some detail.  From 1999 to 2003, the Naval
Studies Board (NSB), an arm of the National Research Council of the National Academies, was
contracted to conduct an annual review of the author’s former Department.  The review was
completely independent, with reviewers selected by the NSB.  Each review constituted one three
day meeting, consisting of two days of presentations by the S&T program managers, and one day
of discussion and initial report drafting by the reviewers.  A final report was issued about four-six
months after the meeting.  These reports are unclassified, and available from the National
Academies Press (www.nap.edu).  A list of titles is presented at the end of this appendix.  From
the author’s perspective, the reviews were conducted at the right level of detail for the objectives,
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and provide a good model for scaling up to much larger reviews.

The Department was reviewed on a three year cycle, with one-third of the Department reviewed
in detail annually.  The funding of the programs reviewed varied from year-to-year, but averaged
between $40-60M annually.  Conservatively, about $20M worth of programs were presented per
day of presentations.  Today’s cost of such a review, including staff time, and reviewers’ travel
and per diem, would be about $100K, or about $50K/$20M worth of presentations.  For a
$1B/Yr total agency program, about 50 days of presentations per year would be required, and an
out-of-pocket cost of $2.5M per year would be incurred, or about a quarter of a percent of the
total S&T program.  Total costs, including preparation time for the presenters, and reviewer and
audience time, would increase the cost substantially.  Assume a factor of four multiplier,
resulting in a total cost of $10M/Yr for the review, or one percent of the total program funding. 
For an agency with a $5B/Yr total S&T program funding, a simple scale-up would result in
$12.5M/Yr in out-of-pocket costs, or $50M/Yr total costs, and 250 days worth of presentations. 
Thus, on average, there would be one presentation per day.  If such a large agency review were
conducted by one organization such as the NRC, a separate Board devoted to the review would
have to be established, and economies of scale might be possible, decreasing the cost estimates
somewhat.  If multi-large agency reviews could be coordinated, then programs of similar generic
themes could be combined in the review, and coordination issues could be observed and
evaluated directly.

TEXT MINING TO SUPPORT LARGE AGENCY REVIEW

How can text mining help generate answers to each of the three major questions above?

Is the S&T program doing the right job?
In order of precedence, this is the first issue to address.  It focuses on the adequacy of the existing
S&T investment strategy and associated roadmaps.  It starts with a vision, or description of the
operational scenario.  This is followed by an elucidation of the capabilities required in order for
the vision to be implemented.  The capabilities are quantified to provide the development targets.
 A roadmap of the S&T required to achieve the targets is generated, in parallel with the
associated (ideal) investment strategy.  This strategy consists of the investment allocation, and
the rationale that supports the allocation.

The investment strategy can also be viewed as consisting of investment principles,
investment allocations, and the investment rationale.  Again, the actual can be compared against
the ideal.  What are some of these investment principles?  Following are some of the investment
principles used by the author in S&T investment strategy assessments:

• Is the balance among technical thrust areas appropriate?
• Is the balance among mission areas appropriate?
• Is the balance among funding categories (basic research, applied research, technology

development) appropriate?
• Is the balance between discretionary and non-discretionary funding appropriate?
• Is the balance between 'technology push' and 'requirements pull' appropriate?
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• Is the balance between revolutionary and evolutionary research appropriate?
• Is the balance between technology advancement and demonstration appropriate?
• Is the balance between high risk and low risk research appropriate?
• Is the balance among short term, intermediate term, and long term research appropriate?
• Is the balance between new projects and continuing projects appropriate?
• Is the balance among performers (university/ government/ industry) appropriate?
• Is the balance between individual research and joint projects (multi-department, multi-

agency, multi-national, and government-industry) appropriate?
• Is the balance among single discipline, multiple discipline, and interdisciplinary research

appropriate?
• Is the balance between large and small projects appropriate?
• Is the balance among research products (hardware, software, patents, presentations, reports,

peer-reviewed journal papers) appropriate?

Obviously, additional investment principles are possible, depending on the specific
review objectives, and review management interests.  Once the desired S&T direction has been
established, then the existing S&T program investment strategy is compared against the ideal
investment strategy.  Deviations of the existing from the ideal are noted, discussed, and
corrective actions are taken, including personnel and budgetary.

Text mining could be used to support identification of the capabilities needed to
implement the vision, development of the roadmap components, assessment of how well the
investment principles are being followed, and evaluation of how the actual investment
allocations compare with the desired investment allocations.

Support Identification of Capabilities
This would use the techniques employed, for example, in an Aircraft Investment Strategy study
(Kostoff et al, 2000b).  The evaluators would gather a number of different requirements
documents, perform phrase frequency and proximity analyses, and identify technical capabilities
to be pursued.  The evaluators would then add planning documents, perform similar analyses,
and identify enabling technologies for those capabilities. 

Develop Roadmap Components
A roadmap is a network of technologies linked over space and time, aimed at achieving specific
goals (Kostoff and Schaller, 2001c).  A prospective roadmap is a network of science and
technology areas to be developed in order to achieve the goals.  Key issues in roadmap
development center about whether all the blocks have been identified, all the linkages have been
identified, and how accurate are the linkage strength quantifications.

Block identification comprehensiveness is a measure of how well the roadmap developers
understand the mixture of technologies required to produce the higher level capabilities, and are
aware of global S&T development.  Advanced information retrieval, and associated clustering,
can provide the mixture of technologies required to achieve the desired capabilities.  Advanced
information retrieval can certainly identify relevant S&T being developed globally.

Linkage identification is a measure of how well the roadmap developers understand the
relationships among the roadmap technologies.  Proximity and co-occurrence analyses,
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performed on a database of technology narratives, should be able to provide the connections.
Linkage strength quantifications measure how well the roadmap developers understand

the strength of the relationships.  Again, phrase proximity analyses, which provide the co-
occurrence frequencies of specific phrases (number of times phrase pairs co-occur in the same
linguistic domain- e.g., paper Abstract), should be able to estimate these relationship strengths.

Assess Adherence to Investment Principles
The combination of clustering and bibliometrics would address the relationship between the
actual investment allocations, and the ideal.  Clustering groups documents (or words/ phrases)
into categories, and if the core documents have associated attributes (funding, performers,
institutions), then the weighted attributes in each category can be determined.  Bibliometrics tend
to count semi-structured data (authors, institutions, journals, countries) in each category.

Compare Actual Investment Allocations with Desired Investment Allocations
This is similar to what was done in the Aircraft investment strategy paper, although the far more
powerful document clustering techniques developed recently (Kostoff et al, 2004d) could be
used.

Is the S&T program doing the job right?
In order of precedence, this is the second issue to address.  It focuses on the accuracy and
efficiency of achieving the specified technical target.  It evaluates the mechanics of the S&T
development approach, and incorporates the cost, performance, schedule, and risk aspects of the
mechanics.  Most reviews concentrate on this component.  Text mining  could examine all the
high frequency phrases, and all the cluster categories/ themes.  Then, judgments would be made
as to balance (e.g., too much theory relative to experiment, insufficient North American
contributions, etc).  Examination of cluster themes and technical phrases has been done in almost
every one of the author’s technology text mining studies, has been validated with world-class
experts in those disciplines, and has been shown to be a remarkably accurate indicator of
deficiencies in specific technologies. 

Is the S&T program performing?
There are three components of performance: productivity, impact, and progress.  Here, text
mining can be very helpful, depending on the metrics selected.  Bibliometrics can provide
information relative to publications, patents, and citations, where the publications and patents are
productivity metrics, and the citations are impact metrics.  Citation Mining, a combination of text
mining and citation analysis, can provide impacts and audience accessed for a research unit. 
Progress, in the present context, addresses how well a program is meeting its technology
readiness levels, or milestone targets.  The relation of text mining to progress assessment is
untested and not clear at this point.

NSB DEPARTMENT REVIEW REPORTS

• 1999 Assessment of the Office of Naval Research’s Air and Weapons Technology Program
• 2000 Assessment of the Office of Naval Research’s Marine Corps Science and Technology

Program
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• 2001 Assessment of the Office of Naval Research’s Aircraft Technology Program
• 2002 Assessment of the Office of Naval Research’s Surface Weapons Technology Program
• 2003 Assessment of the Office of Naval Research’s Marine Corps Science and Technology

Program
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VI-G.  DETAILED PEER REVIEW PROTOCOL

FIVE PHASES OF S&T PROGRAM PEER REVIEW

The S&T program peer review process can be divided chronologically into five somewhat
independent phases. These are:

1. Initiation of the review
2. Establishing the foundations for the review
3. Preparing for the review
4. Conducting the review
5. Post-review actions

The following steps and considerations for each phase are recommended. 

1. Initiation of the review
A successful S&T program peer review requires full participation by the unit undergoing review.
 Recalcitrance by the reviewee(s) can result in unacceptable delays, lack of necessary background
information, and poor presentations.  These deficiencies will hamper the review process and
affect the quality of review results. 

With few exceptions, no one likes or wants to be reviewed.  How, then, can the unit undergoing
peer review be motivated sufficiently to participate fully, and insure that the best review product
will result?  The author's experience from observing many different federal agencies' review
processes is that motivation and participation derive from the actions of an organization's senior
management at the initiation of the process.  The management needs to communicate to the
reviewees that they will be rewarded by appropriate participation and compliance in the review
process, and penalized for non-compliance. Management needs to further communicate that
critical judgments will be protected and handled with care.  It is of the utmost importance that
senior management send out an initial letter to all participants stating the following: 

• The purpose of the review and its importance to the organization. 
• The review's contribution to the larger agency GPRA response. 
• The goals, objectives, and scope of the review. 
• The identity and responsibilities of the review manager(s), the general responsibilities of the

reviewees, and the responsibilities and reporting chain of the reviewers through all phases of
the review process. 

• The reviewees' performance both during the review development process and in the actual
review will be part of their performance evaluation. 

• The review manager will provide the input for the reviewees' performance during the review
development process.

2. Establishing the foundations for the review:
Once the responsibilities have been assigned by the senior management, the principles that
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govern the review must be established.  The review manager (ideally one person and not a
committee) initiates this segment of the review by sending a letter to the senior management
containing a detailed plan of how the total review process will be conducted.  This letter is sent
after extensive consultation on all review process aspects with the execution manager(s) of the
unit(s) to be reviewed. Once this plan has been approved by senior management, the review
manager sends a letter to the reviewees and all related support personnel, stating the following:

• The detailed objectives of the review. 
• The process/approach to be followed in developing and conducting the review, including the

evaluation criteria and the proposed disposition of the review report.
• A milestone schedule for completing all elements of the total review process, and
• assignment of personal responsibilities for completing each milestone. 

The foundation elements to be discussed in detail in the plan, and in summary form in the
reviewee letter, include the following items:

2.1. Identification of the boundaries of the program to be reviewed. 
2.2. Establishment of a taxonomy that categorizes the program elements and defines the
components by which the program will be reviewed.
2.3. Determination of the smallest unit (project, program) to be reviewed. 
2.4. Identification of the evaluation criteria to be used.
2.5. Specification of the type of review group to be used (individual reviewer, fully independent
panel).
2.6. Description of the different types of capabilities required by the review group (technical,
managerial, application).
2.7. Identification of the types of attendees desired for the audience. 

Considerations for each of these elements follow.

2.1. Identification of program boundaries
Identifying the scope of the program to be reviewed provides a framework for the remainder of
the review. If the scope is defined too broadly (e.g., multiple partially-related projects/ programs),
then the review becomes very diffuse.  This has consequences on the size and diversity of the
panel required for a credible review.  If the scope is defined too narrowly, the larger context and
intrinsic integration and coordination with related projects may not be obvious. Unless there exist
hard bureaucratic boundaries and requirements that automatically set the review's scope, the
scope definition phase should be iterated to achieve a balance between dilute focus and
incomplete context.

2.2. Establishment of program taxonomy
The guiding principle for review options is that evaluation should occur along the same
structures and taxonomies by which the S&T is planned and executed. If the agency has a
separate S&T unit, then the technical area should be evaluated as an integrated whole.  If
research is vertically integrated with development, with concurrent planning and execution, then
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the research should be evaluated as part of a total vertical structure R&D review. A key
conclusion to be drawn from this paragraph is that S&T evaluation recommendations must take
into account how S&T is structured, integrated, and managed within an agency.

Establishing a taxonomy that represents the intrinsic nature of the program technically is
analogous to selecting a mathematical coordinate system for solving a specific problem. Often,
the ease of solving a particular technical problem, and sometimes the feasibility of solution, is
highly dependent on selecting an appropriate coordinate system for the structure in question. This
analogy holds for a program review as well.  As in the mathematical system, the taxonomy
selected should be orthogonal.  This allows crisp presentations, each with a sharp focus, and
minimal redundancy and overlap. Further, if the taxonomy contains too many categories, the
review will be lengthened unnecessarily, and the program elements will appear to be discrete and
fragmented. If the taxonomy has too few categories, it becomes very difficult to identify experts
who can speak credibly for each component. Thus, a balance is required between selecting the
appropriate number of review elements and ensuring that the review taxonomy remains aligned
with the taxonomy used for program planning and execution. It has been the author's experience
that time spent on the taxonomy definition phase results in time saved and problems eliminated 
downstream. 

2.3. Determination of smallest review unit
Fiscally, an S&T, or research, program is a collection of funded S&T, or research, components.
These elements could be subprograms, projects, or individual work units such as principal
investigators (PIs).  Conceptually, a program is greater than the sum of its components.  A
program includes the intelligence or inherent logic that links the components to each other and to
the program's overall objectives.  Thus, the intrinsic quality of an S&T or research program is not
merely the sum of the qualities of the component projects, it depends on the quality of the
structural relationships among and between the projects, as well as on the broader mission
objectives. 

Review of an S&T program can then be viewed as consisting of two elements: 

2.3.1. "review of S&T projects," which examines the nature of the component projects, and is
commonly referenced as an in-depth technical review; and
2.3.2. "review of an S&T program," which examines the nature of structural relationships among
and between the projects and the mission objectives, and the relationships between the projects
and the external environment. 

This type of review is commonly referenced as a management review.  These two elements,
2.3.1. and 2.3.2., can be merged operationally into a single review, or could be performed
separately. 

If review time were not a consideration, elements 2.3.1. and 2.3.2. would be recommended in
total. This combination review would provide both depth and breadth necessary for a full
understanding of program quality.  In reality, review time is limited and it is desirable to have the
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same group of reviewers present for the total review of the areas in which they have expertise. 
This allows normalization and continuity to occur during the review action.  However, in the case
of a program review, the larger the program, the more review time it will require.  It becomes
more difficult to retain high quality reviewers as the length of the review increases. 

There are at least three approaches to circumvent this problem.  First, the program could be
broken into focused subprograms, and each subprogram could be reviewed separately with more
focused experts.  Second, the program could have its components aggregated, and the full
program could be reviewed by the same panel at a lower level of detail.  Third, the quality and
relevance components could be divided for separate reviews. While all the above options are
theoretically possible, some compromise in quantity and type of material presented is necessary
to insure that the same group of reviewers is presented with, and can evaluate, the totality of
program material. 

The author's experience and recommendations for GPRA are that a hybrid of elements 2.3.1. and
2.3.2. be presented.  Since a program is being evaluated, it is important that the reviewers
understand the total program's objectives, both in isolation and in the context of the larger
organizational unit's objectives. It is equally important that the reviewers understand

• how the component projects relate to each other and the mission objectives,
• how they are integrated within the program and within the larger organizational unit, and
• how they are coordinated with the external environment. 

At the same time, the reviewers should have substantial evidence that high quality S&T is being
performed within the program.  Thus, the review would center around the structural relations
emphasis of element 2.3.2, with copious examples of technical progress and output and impact
woven in the presentations where applicable.  Not all technical details are required. 
Nevertheless, enough examples of positive accomplishments are necessary to convince reviewers
of the effectiveness of the program.  Because of the output/outcome/impact emphasis of GPRA,
program reviews performed to partially satisfy GPRA requirements should focus on the S&T
products and their potential or actual consequences. 

2.4. Identification of evaluation criteria
Identification and selection of evaluation criteria should be driven primarily by the mission and
review objectives, as well as the nature of material being reviewed. In the specific case of
selecting evaluation criteria for peer reviews performed to address GPRA requirements,
additional consideration must be given to selecting criteria of interest to the review client, as well
as to the eventual disposition and utilization of the criteria ratings.  If promoting the highest
quality S&T to the relative exclusion of other objectives is the main program objective, then the
evaluation criteria should focus on S&T quality. If accelerating transitions from research to
development to demonstration is the prime program consideration, with S&T quality a secondary
program objective, then the evaluation criteria should include both transitions and S&T quality,
with greater weight given to transitions.  If other program objectives are the main focus, such as
integrating disadvantaged groups into the sponsored programs, then the criteria should included
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these goals and they should receive greater weight.  In terms of the review mechanics, fewer
criteria should be specified whenever possible.  While it may be easier to analyze reviewer
responses when many criteria are used, it forces the reviewers to fragment and channel their
thinking and writing.  The author has found that some of the most useful and coherent inputs are
generated when the reviewers are allowed to provide comments in unstructured narrative form. 

Reviews conducted by the author have allowed for a hybrid of both structured and unstructured
types of inputs.  For a research program, the fundamental evaluation criteria are:

• research quality,
• research relevance, and
• overall program quality. 

The evaluation criteria recommended for a basic research review are addressed in the Executive
Summary in the appendix. The criteria presented in the appendix resulted from separating
research quality into its major components: 

• research merit,
• research approach, and
• team quality. 

For some evaluations, as shown in the full paper (Kostoff, 1997c), the fundamental evaluation
criteria have been further subdivided into:

• research merit,
• research approach/plan/focus/coordination,
• match between resources and objectives,
• quality of research performers,
• probability of achieving research objectives,
• program productivity,
• potential impact on mission needs (research/technology/operations),
• probability of achieving potential impact on mission needs,
• potential for transition or utility, and
• overall program evaluation. 

The full paper (Kostoff, 1997c) also presents sample evaluation criteria for more technology-
oriented programs.  Along these lines, a 2001 paper describes the review of an advanced
technology development program in more detail (Kostoff et al, 2001b).  If management or other
non-technical issues are to be evaluated as part of the program review, then the evaluation criteria
should be modified accordingly.  Finally, the presenters should receive a copy of the evaluation
criteria at the earliest stages, so that they can begin to craft their presentations to focus on
addressing the criteria. 

2.5. Review group type



Page 106

Selection of the type of review group is a core issue, and should be addressed at the initiation of
the review process.  While many types of groups are possible, two will be discussed here.  They
are the independent panel (2.5.1) and the external reviewers group (2.5.2).

2.5.1. Independent panel. 
The independent panel is a group of experts independent of the agency, and typically funded
under a contract. The independent panel has a chairperson, attempts to reach consensus on issues,
and generates a written report containing the results of the review and sometimes
recommendations.

2.5.2. External reviewers group
The group of external reviewers consists of experts individually contracted to the agency.  The
reviewers report to the agency review manager.  The external reviewers group does not have a
chairperson; the review manager serves this role.  While the group may engage in technical
discussions during the course of the review, it does not reach a consensus.  While there may be
individual written inputs from each group member, there is no group report.  The review report is
written by the agency review manager based on the individual written inputs plus other
considerations.  Because of the technical understanding required to write a credible report, as
well as select the appropriate mix of reviewers, and conduct all aspects of the review, the review
manager should have a solid technical background and some understanding of the subject matter
to be reviewed. 

Each of the two review group approaches has value for specific applications.  The group of
external reviewers is less formal, and has fewer reviewer and audience restrictions. It is useful for
internal reviews where structural program issues are paramount and need resolution or
improvement, and where comparison with other programs is not the major focus.  The
independent panel is more formal.  The independent reviewer panel has more specific reviewer,
meeting, and audience selection constraints/requirements.  If the panel is run under the auspices
of one of the National Academy of Sciences boards, for example, there will be a more elaborate
process used to select participants and review the final written product.  From the agency's
perspective, either group has very high utility for addressing the agency's program improvement
needs.  From a perspective external to the agency, the independent panel has higher credibility
because of its independent nature.  For GPRA application, the independent panel is more
appropriate, because of its perceived independence. 

However, operation of an independent panel under GPRA will be intrinsically different from past
operation of this type of panel.  If GPRA is viewed as a budgetary instrument with a potential for
modifying resources (Brown, 1996), some additional factors must be considered in structuring
and operating the two types of panels discussed.  Since different types of panels may be used for
different technical areas and different agencies, some means of normalizing review results across
areas and agencies will be required. Also, because of the potential for errors or bias, some means
of rebuttal or reclama must be provided for conclusions and recommendations produced by
different panel types. Both these issues are summarized below.
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2.5.3. Review report normalization
The author has not seen any fully satisfactory peer review normalization approaches due to the
presence of many non-separable variables. However, one interesting normalization approach is
used by the Dutch Technological Foundation for evaluating research proposals (Van den Beemt,
1991, 1997).  Technical comments, but not quality ratings, are provided by technical peers. The
comments and proposer responses for twenty different proposals are then provided to twelve
people from a variety of disciplines.  This "jury" of twelve provides the scores through an
independent mail review.  Essentially, the normalization is provided by having the twelve jurors
common to all proposals. 

The author has used two approaches to improve normalization across panels somewhat.  First is
the utilization of some individuals common to all panels.  In a series of competitions for new
accelerated research programs that was held in the late 1980s (Kostoff, 1988), the author served
as de facto chairperson of all the different discipline panels.  This resulted in some small measure
of normalization among the different panels. Use of more individuals common to all panels
would have provided an extra measure of normalization, and in this sense the presence of senior
management during the reviews provided additional measures of normalization. 

Obviously, the more closely the panels are related topically, the more valuable is the technical
contribution of individuals common to the different panels.  Secondly, in the above competitions,
it was assumed that the difference in aggregated average scores for major disciplines (e.g.,
physical sciences and life sciences) was due to two factors: differences in intrinsic quality of the
programs proposed and differences in the scoring severity of the reviewers.  To normalize, a
fraction of the differences in aggregated average scores for the major disciplines was removed. 
This was assumed to eliminate the scoring severity difference.  Trial and error showed a fifty
percent correction factor provided results that appeared reasonable to the audience members who
had attended all the reviews.  This normalization procedure had the added benefit of preserving
and insuring representation from disciplines that had strategic value to the organization.  This
approach to normalization could have a second interpretation. If the research is viewed as having
a strategic component and a quality component, with the reviewers' scores viewed as addressing
the quality component only, the correction could be perceived as adjusting for the presence of the
strategic component.

For example, assume a life sciences panel produced an average program score of five, and an
engineering sciences panel produced an average score of ten. Assume further that each discipline
had equal strategic value to the organization and that the strategic value (STRAT) was perceived
by the organization to be of equal importance to the reviewers' scores (SCORE-assumed to be a
total program quality score that includes mission relevance).  Then the normalized total score
(FOM) can be computed as FOM = 0.5*STRAT + 0.5*SCORE, and the difference between the
two panels' scores would be reduced from five to 2.5.  This correction factor can then be applied
to the raw score of each program within the discipline to arrive at a final "normalized" score. 

2.5.4. Rebuttal of review panel recommendations
In a 1997 paper (Armstrong, 1997), different studies of errors and superficial work by peer
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reviewers of journal manuscripts are described.  The conclusion one draws from these results is
that the problem of manuscript reviewer error production is not insignificant.  In most research
program peer reviews, commission of technical errors by reviewers due to the relaxed standards
resulting from anonymity and lack of financial incentives is probably not nearly as serious as in
manuscript reviews.  In the author's experience, panel members tend to suppress overt
expressions of biases, and they typically make statements they are able to defend. Studies of the
extent of errors, or bias, committed by research program peer reviewers remain to be done. If
these panels eventually have substantial input to the budgetary process under GPRA, an appeals
system for program reviews may have to be established to resolve errors or perceived biases. 

2.6. Specification of review group capabilities required
Even with the strongest support from an organization's top management, and the direction of an
unbiased and competent review leader, the quality of a review will never go beyond the
competence of the reviewers.  Two dimensions of competence that should be considered for a
program peer review are the individual reviewer's technical competence for the subject area, and
the competence of the review group as a body to cover the different facets of S&T issues
(research impacts, technology and mission considerations and impacts, infrastructure, political
and social impacts).  The quality of a review is limited by the biases and conflicts of the
reviewers.  The biases and conflicts of the reviewers selected should be known as well as
possible to the leader and among the reviewers themselves. 

One common error in panel selection is limiting the choice of S&T experts to those who have
specific expertise in the subdisciplines of the existing program.  This provides an answer to the
question of whether the job is being done right, but not whether the right job is being done.  The
former question relates to detailed technical quality, while the latter relates more to investment
strategy in the broadest sense (investment strategy is the rationale for the prioritization and
allocation of resources among the program components.).  To answer the latter question, people
with broad expertise in the area covered by the overall program's highest level objectives should
also be selected. They will be able to address the investment strategy more objectively, and
determine whether the mix of subdisciplines and the allocation of resources among the
subdisciplines is appropriate.  The review group, then, would be able to address the central
question of whether the right job is being done right. 

One of the major criticisms of peer review, whether manuscript, proposal, or program, is that it
tends to perpetuate orthodox and conservative paradigms, and tends to reject new paradigms that
threaten the structure of the status quo. If one of the objectives of an S&T program peer review is
in fact to ensure that innovation is recognized, that truly revolutionary research with attendant
new paradigms will be promoted and rewarded, then the selection of reviewers to address the
right job issue in parallel with reviewers to address the job right issue becomes of paramount
importance.

In summary, a review panel should have at least the following characteristics:

• Each member should be highly competent in the facet of the program for which he/she has
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been selected; this assures the presence of sufficient depth on the panel. 
• The panel as a body should have sufficient competence to cover all major facets of the

program being reviewed; this assures the presence of sufficient breadth on the panel. 
• Each member should be minimally conflicted with the program under review, and any

conflicts or biases should be known to all the panel members before the review; this assures
the presence of independence and objectivity on the panel. 

• Each member should agree to read all background material, attend all sessions, and protect
any classified and proprietary information that surfaces during the review; this assures the
presence of preparedness and security on the panel. 

2.7. Identification of audience types
A program review provides an excellent forum for disseminating program information and
results to a wide audience. In addition, a program review is a useful mechanism for providing
coordination with intra- and inter-organization related programs. Care should be taken to insure
that the review audience includes:

• actual and potential customers,
• stakeholders and other oversight groups,
• co-sponsors,
• users, and
• other agency representatives. 

Judicious use of the many databases that are now accessible, and algorithms that expand the
identification of potentially related technical areas and their contact points (Kostoff, 1997e,
1999b, 2000a, 2001c, 2001d, 2003a, 2003b, 2003c, 2003d) can help develop a broadly-based
audience for maximum impact.

3. Preparing for the review
The schedule and milestones originally submitted to senior management to obtain approval for
initiating the review should be further detailed. A tracking system for schedule progress should
be initiated and periodic status reports sent to senior management. The author has found weekly
status reports to be adequate.

3.1. Developing the agenda
Once the taxonomy has been developed, the structural elements of the agenda can be easily
identified. The main elements include:

• an introduction by the review manager to identify the goals of the review, set the stage for the
remainder of the review, and handle any administrative issues;

• an overview by the program manager of:

• the role of the program in its larger context,
• the vision of the operational scenario to which the program will contribute,
• the requirements necessary for the vision to be achieved,
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• the technical capabilities defined by the requirements and the S&T necessary to produce
the capabilities,

• promising S&T opportunities that could result in capabilities not yet defined by
requirements,

• the overall investment strategy that links the above components to each other and to the
external environment and will allow the capabilities to be obtained, and

• the detailed technical presentations to follow.

• detailed technical presentations and, if these are held at a laboratory, tours could be included
in this segment; 

• question and answer time allocated to each presentation;
• written evaluation periods after each presentation;
• an executive discussion period at the end of each day; and
• administrative break periods (coffee, lunch, etc.).

3.2. Developing the presentations

3.2.1. Assignment of responsibilities
The presentation development phase begins by assigning the responsibility for the presentations
to the program manager.  The program manager is sent a letter detailing these responsibilities,
identifying:

• overall time available on the agenda for presentations,
• fraction of presentation time reserved for questions and answers,
• taxonomy to be used for evaluating the program, and
• criteria by which the program will be evaluated. 

The program manager then has to decide:

• the amount of time to be devoted to addressing each taxonomy category,
• how to address the category, and
• who should make the presentations for each category. 

There is a wide range of combinations of potential presenters for the total program being
reviewed. At one extreme, the total program presentation could be made by the program manager
alone.  At the other extreme, each taxonomy category could be presented by selected PIs (the
performers).  The level of presenter selected depends on the objectives, type, and location of the
review.  For a GPRA-type program review conducted at a sponsor's headquarters, the author's
preference would be to have as few different presenters as is feasible.  Each presenter should be
as high in the program management chain as possible while still having an acceptable grasp of
the technical material.  This allows the program integration message to be communicated to the
audience most effectively.  For a smaller program review conducted at a laboratory, in which
tours of the working environment may be incorporated, PI-level presentations could be included.
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3.2.2. Reducing presentation problems
The reasoning behind recommending that presenters be relatively high in the program
management chain is the following. For the large federal S&T sponsoring agencies with which
the author is familiar, technical competence of the performers is not a major issue or problem. 
The number of proposals to these agencies far exceeds the funding available, and with the use of
in-house and external experts to provide advice in proposal selection, typically only the 'cream-
of-the-crop' is selected.  Reviews in which the author has participated that focus mainly on
technical quality at the PI level invariably arrive at the conclusion that the technical work is of
high quality.  This conclusion appears almost invariant of the agency or type of panel or reviewer
selection process employed.  If a problem is surfaced, it tends to focus on the following issues of
integration and coordination: 

• Are the different projects coordinated with each other and with other agency projects? 
• Do they form a cohesive program or are they a collection of isolated and fragmented efforts? 
• Are the projects coordinated/jointly planned/jointly managed with external organizations and

is the total program coordinated in this way with the external community? 

The actual S&T performers tend to focus on the technical details, and the coordination and
integration issues are best addressed by those somewhat removed from the actual performance of
the tasks. 

Another presentation problem that appears to emerge in every agency presentation the author has
attended overlaps somewhat with the technical detail/coordination issue described above.  The
problem stems from the training and characteristics of many S&T performers.  Technical
personnel are trained to pay careful attention to details, and very good technical people seem to
have an innate interest and predilection for details.  While some technical presentation skills are
included in technical training, they typically constitute a small portion of that training. 
Consequently, many program level presentations remain immersed in technical details and tend
to be far too long.  While this level of presentation is most comfortable for the technical
specialist making the presentation, it acts to the detriment of presenting the program in its larger
context.  In addition, because of the concentration on details, the main message tends to become
diluted and diffuse and overwhelmed by material extraneous to the main message. It is very
important that the main message to be delivered be kept in focus at all times when structuring the
presentations.  More specifically, the presentations should be kept short and the number of view
graphs should be few.  Every line (and word) on each view graph should contribute to the central
message that the presenter wants to communicate.  If it does not, it should be removed.  The
producers of TV commercials have learned this lesson well.  Unfortunately, these fundamental
communication principles and techniques have not found their way to many technical program
presenters. 

3.2.3. Presentation content

3.2.3.1. Outline of presentations
In alignment with the agenda outline, the detailed contents of the specific presentations should
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incorporate the following.  There should be an overview showing how the larger management
unit (division, department, etc.) in which the programs are housed integrates into the total
organization, and how the management unit's objectives relate to those of the larger organization.
 Then, the investment strategy of the larger management unit should be presented in detail.  The
investment strategy presentation should include the: 

• relative program priorities,
• actual investment allocation to the different programs, and
• rationale for the investment allocation. 

Finally, for each program presentation, the investment strategy for its thrust areas should be
presented.  The investment strategy is perhaps the most crucial part of a program review, and
deserves further discussion here. 

Investment is the allocation of resources among the program components.  Investment strategy is
the rationale for the prioritization and allocation of resources among the program components. 
The optimal investment strategy for a program is the specific allocation and rationale that will
produce the most mission relevant high quality S&T for impacting the program's objectives. 
This will depend on the viewpoint of the assessor and, in particular, how the assessor limits the
role of the S&T within the national perspective. 

The optimal investment strategy should be a focal point of an assessment.  The optimal
investment strategy results from a timely confluence of:

• S&T requirements (top-down driven) and
• promising S&T opportunities (bottom-up driven). 

Further, promising S&T opportunities result from a timely confluence of advances in:

• theory,
• instrumentation,
• new experiments,
• new algorithms, and
• computers. 

Finally, S&T requirements result from a timely confluence of:

• domestic and foreign,
• political and economic, and
• strategic and tactical advances. 

All of the above factors should be included in a presentation of the investment strategy.

3.2.3.2. Specific presentation content
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The senior management presentation. 
To initiate the actual review, a senior agency manager provides a short introduction describing
structure and mission of the agency, and a more detailed description of the purpose and goals of
the program review.  Senior management describes what is expected from the reviewers, and
how their comments have been, and will be, utilized. 

The review manager presentation
The review manager provides the details of the organization's structure, the types of reviews
within the agency, and the integration of the present review with the other reviews and with the
total organization's management processes.  The review manager also describes the steps of the
specific evaluation process, including the meeting agenda, and presents all the administrative
details and procedures to be followed.

Organizational unit head presentation
The broader technical portion of the presentations is initiated by the head of the organizational
unit in which the program resides, and it includes the following informational material:

• The mission and objectives of organizational unit,
• a list of all programs in organizational unit,
• a description of objectives of each program,
• the funds and people associated with each program and with the program to be reviewed,
• an overview of the accomplishments and transitions of programs not being reviewed, and

their relation to the accomplishments and transitions of the organizational unit's mission and
potential national impact, and 

• responses to actions taken as a result of the previous year's reviews of the organizational
unit's programs

Program manager presentation
The program manager(s) then provides a more detailed overview of the program under review,
including:

• objectives of program under review.
• requirements to be met and derived target capabilities for the S&T initiative (For example, in

the review of a military-oriented program, what is the present and evolving threat-identify
documented sources, personal contact sources, etc.?  What is the importance of the threat and
what are the capabilities required to overcome the threat?).

• investment strategy. 
• list of targeted thrust areas selected to meet program requirements (e.g., propulsion,

aerodynamics, G&C) and sub-thrusts (e.g., energetic propellants, combustion instability,
propellant safety).

• objectives of each thrust that will include:

• thrust and sub-thrust funding and prioritization,
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• rationale for thrust and sub-thrust selection and prioritization (including the bases for
rationale and prioritization such as system studies, workshops, assessments, intuition,
Congressional and other mandates, etc.),

• integration of thrusts and sub-thrusts to form overall program coordination/roadmaps
(Road maps are graphical displays of the inter-connectivity among diverse S&T projects
and potential applications.  They describe the past, present, and future of the program, and
its linkage to other internal and external programs, as well as linkage to institutional
capabilities and requirements.  They offer a convenient focal point for discussing
complementary and related programs sponsored by other external organizations.),

• team quality (identify S&T performers), and 
• a summary of major accomplishments, transitions, milestones met. 

The technical manager presentation. 
The technical managers who support the program manager will present the following:

• Objectives of each sub-thrust
• Technical roadblocks to achieving the sub-thrust objectives
• Technical approach for overcoming the sub-thrust roadblocks
• Potential sub-thrust payoffs and capability enhancements
• Technical results achieved

3.2.4. Dry runs
After the presentations have been developed and reviewed within the performer organizations,
there should be at least two series of "dry runs" before the review manager.  If possible, senior
management should be in attendance as well.  The dry run presentations should be polished from
the presenter viewpoint, and the main purpose is to assure that all the separate taxonomy category
presentations appear cohesive and integrated.  The dry runs are not forums in which diplomacy
and tact, and the preservation of fragile egos, are paramount.  One key objective is that all
questions and issues and weak points that could arise in the final presentations are surfaced and
discussed in the dry runs.  The earlier such issues are resolved, or at least recognized, the better
for all participants.

3.3. Selecting and inviting the reviewers
Selection of an optimal review panel is more of an art than a science, and depends on:

• the selector's understanding of the many facets of the program being reviewed,
• his/her understanding of the experts available in the technical community, and
• his/her ability to predict the interaction dynamics of a particular group of experts. 

Presently, different federal agency approaches in panel selection range from assembling program
manager recommendations as potential reviewers to using an iterative co-nomination approach
for reviewer identification and selection.  Since the latter approach, properly done, is relatively
objective to the program being reviewed, it will be the focus of this discussion. 
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In essence, the iterative co-nomination approach is a multi-step process that starts with an input
list of recommended experts and results in a list of experts who have been multiply nominated by
different experts.  Once the overall technical description of the program is generated, and
technical descriptions of the taxonomy categories (technical sub-areas) are provided, reviewer
identification can be initiated.  Sources of candidate reviewers can include:

• program manager recommendations,
• membership lists of prestigious organizations such as the National Academies of Science and

Engineering and the Institute of Medicine,
• agency review boards,
• agency consultant pools,
• contributors to technical databases (such as journal article authors or technical report

authors), and
• other similar lists. 

Multiple names are chosen to cover:

• each sub-discipline,
• the program as a whole,
• allied research disciplines,
• the technologies, systems, and operations that the program does or could potentially impact,

and
• other elements of the customer, stakeholder, user, and impactee communities.

This list of names is called level 1, or the initial list.  Each member of level 1 is asked to identify,
or nominate, other experts in his/her particular area of expertise to generate the level 2 list.  For 
example, assume that a physics program is being assessed.  Assume further that this program has
three subdisciplines: plasma physics, atomic physics, and molecular physics.  The level 1 list may
have two names for each one of the subdisciplines.  To obtain the level 2 list for the plasma
physics research area of expertise, each of the two plasma physics recommendees of level 1
would be asked to recommend two experts in plasma physics.  If names appear more than once in
the level 2 list, or between the level 1 and level 2 lists (multiply recommended individuals), then
these individuals are assumed to be the leading experts in the fields to be assessed.  If no multiple
recommendations appear, then the experts in level 2 are asked to recommend two experts in
plasma physics for level 3, and the co-nomination search is repeated. Convergence occurs when
an adequate number of experts have been co-nominated.  While this process may at first seem
complex and open-ended, convergence is rapid because of the relatively small number of real
experts in any well-defined technical discipline. 

A primary and alternate list of co-nominees should be matrixed against selection requirements
and criteria, where the matrix elements represent the reviewer's expertise in the different facets
being examined.  This matrix should be distributed to the program managers and performers who
will be reviewed, and comments related to bias and conflict solicited.  If strong objections can be
supported against one or more nominees, the list could be modified.  Some additional constraints
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should be placed on the list of reviewer candidates.  Because the iterative co-nomination
approach focuses on identifying recognized experts in a field, there is always the danger of
excluding younger reviewers of high caliber with fresh perspectives on the topical area. 
Therefore, the co-nomination approach has to be tempered with other selection processes that
allow for the recognition of lesser known experts of high quality. 

In practice, the author uses a hybrid combination of reviewer sources and selection approaches to
insure that a diversified portfolio of appropriate experts is represented on the review team.  There
needs to be a balance of continuity and turnover among reviewers.  The ratio between these two
considerations will be heavily dependent on review frequency.  For three year period reviews, the
author has tended to use about 25-33% continuity.  Total number of reviewers is another
important consideration. As the number of reviewers on the panel increases, more coverage of
depth and breadth is possible, and the diversity of opinion on a given topic area is increased.  At
the same time, the cost of conducting the review increases, and the logistics of controlling the
panel increases.  The author has found that a range of panel sizes from about eight to fourteen is
desirable, with the actual size depending on the range of material covered by the review.  Once
the list has been finalized incorporating the above considerations and constraints, potential
candidates are contacted by phone. If there are no conflicts-of-interest, invitations are then
extended, preferably at least three months in advance of the review date.

3.4. Selecting and inviting the audience
As stated earlier, care should be taken to insure that the review audience includes actual and
potential customers, stakeholders and other oversight groups, co-sponsors, users, impactees, and
other agency representatives.  The invitation may come from the program manager(s). 
Databases, however, can help in the identification of other participants.  Depending on how the
GPRA reviews are conducted, especially who is conducting them and where they are being
conducted, announcements to the general public may be advertised.  While a large audience in a
review room may serve to restrict discussion, with the present-day ease of establishing video
transmissions, separate rooms can be reserved for general public audiences remote from the
review room.  Once the desired audience has been identified, invitations should be sent at least
three months in advance of the review. This substantial advance notice will insure that the busy
schedules of high caliber attendees can accommodate the review.  The invitation package should
include many of the elements sent to the reviewers, including the background material.

3.5. Selecting and distributing background material
It is strongly recommended that a variety of background material be supplied to the reviewers
(and the invited audience) before the review.  This should include:

• material focused strictly on the internal program under review,
• material focused on related external programs, and
• material that shows how the totality of these internal and external programs are inter-related

and coordinated. 

The internal program material should include:
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• organizational descriptive material,
• narrative descriptions of each program to be reviewed, and
• descriptive material of each work unit in the program. 

It would also prove useful to include bibliometric output indicators for each program, with
interpretive analytical material.  This could include refereed papers, patents, awards and honors,
presentations, etc. 

Specifically, internal program background material should include the following administrative
and technical information: 

• Structural chart of the agency showing how the organization under review fits into agency
structure. 

• Structural chart of organization, showing programs (including funding) and personnel
(including background and expertise) associated with each program.

• Definitions of different generic types of programs that will be presented during the review. 
• Administrative material (agenda, reimbursement, conflict-of-interest forms, proprietary

protection forms, etc.). 
• Two page overview of each program being reviewed in detail (e.g., weapons technology),

including:

• program objective,
• program thrusts (e.g., aerodynamics, ordnance, guidance and control, etc.),
• investment allocation among thrusts (three year trends),
• milestones where appropriate, and
• progress made toward achieving these milestones. 

• Two page overview of each program thrust, including:

• thrust objective,
• short descriptions of each technical sub-thrust (e.g., energetic propellants, combustion

instability, propellant safety) pursued under the thrust, as well as
• investment allocations among sub-thrusts. 

Total program and thrust descriptive material should not exceed twenty pages.  It would be useful
to include narrative material on related external programs in other agencies and industry,
including descriptions of papers and other output material from these programs, as well as
narrative descriptions of ongoing programs.  Choice of material sent to reviewers should be very
selective, since an excessive amount will go unread.  However, it would be useful to include
hindsight-type results of research that was funded years ago in the technical area under review,
and which recently have come to fruition in a system or commercial technology. 
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It would also be valuable if roadmaps (Kostoff, 1997d, 2001a) were provided as background
material (i.e., visual depictions of the structural relationships among the program components
and the mission objectives).  These roadmaps provide the global context in which the program is
being performed.  Retrospective roadmap components depict the program manager's awareness
of the breadth and depth of the intellectual heritage of the program being reviewed.  Present
roadmap components reflect the program manager's awareness of the wide range of S&T areas
available to complement his/her program, and the degree of coordination and leveraging in which
the program is involved. Prospective roadmap components provide indication of the program
manager's vision and willingness to take risks, and his/her intrinsic understanding of how results
from other S&T programs could be exploited to enhance and expand the potential of the
program.  A certain amount of time and reflection is required on the part of the reviewer to
understand and to fully appreciate the implications of a well-prepared, comprehensive roadmap. 
As a result, roadmaps should be sent to reviewers well in advance of the actual review date.

4. Conducting the review
Once the reviewers are assembled, they should be provided with a document containing hard
copies of the viewgraphs to be presented, as well as documented evidence of program
accomplishments.  These accomplishments should include bibliometric information (papers and
reports published, conference proceedings, books, awards, etc.), and write-ups of significant
accomplishments.  Each accomplishment write-up should describe:

• the actual scientific or technological accomplishment,
• what impact it has had, or will have, on

• other science or technology initiatives,
• the agency and its national mission, and
• the performer and performing organization. 

The presentations should then occur in the sequence described in section 3.2.3.2.  Briefly, a
senior agency representative should welcome the reviewers and audience, and describe the
purpose of the review from the agency's perspective.  The review manager then provides the
details of the organization's structure, the types of reviews within the agency, and the integration
of the present review with the other reviews and with the total organization's management
processes.  The review manager also describes the detailed steps of the evaluation process,
including the meeting agenda, and presents all the administrative details and procedures to be
followed.  The head of the organizational unit describes the mission and programs of the unit,
and how the program to be reviewed integrates with the remainder of the unit. These
presentations constitute the introductory material for the total audience.  The program manager
then describes the larger context in which the program operates, the structure and contents of the
program, and the investment strategy that guides the specific program element allocations. 
Approximately 1/3 of the presentation period should be devoted to questions and answers. 

After the program manager's presentation, time is allotted for written evaluation before
proceeding to the next presenter.  There is a school of thought that written evaluations should
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only be performed after a group of presentations rather than after each presentation.  This would
allow for each presentation to be evaluated in the context of the other presentations, both relative
to individual presentations and to the larger collective body of presentations.  However, the
author has found that an element of spontaneity and freshness is lost by not performing
evaluations directly after each presentation.  The integrative aspect can be incorporated into the
review by allowing for some reflective time, after the day's presentations have been completed,
for modifying the written comments, if desired.  The executive session at day's end allows for
further integration through discussion. 

Each of the technical managers then describes his/her S&T sub-category within the program.
Again, approximately 1/3 of the presentation time is devoted to questions and answers (Q&A).
After each of these presentations, time is allotted for written evaluation before proceeding to the
next presenter. 

At the end of each presentation day, about one to two hours should be devoted to an executive
session, in which the reviewers and review manager meet to discuss each presentation. At the end
of the executive session of the final presentation day, all the written evaluation forms are
collected.  The importance of the verbal (and written) comments made by the discussants
depends not only on their intrinsic merit, but on the context in which they are made. It is
extremely valuable to have a separate technically knowledgeable observer present throughout the
review, who can discuss any contextual issue with the review manager or chairman after the
discussions have concluded. This allows key issues to be framed within their proper context in
the final report, and allows the credibility of the report to be raised substantially among the
sophisticated readers.

5. Post-review actions
After the actual review meetings have been completed, all the information must be assembled,
analyzed, and reported.  Then actions following the report recommendations must be taken, and
the responses to those actions tracked and analyzed.  The detailed steps follow.

5.1. Integrating additional comments
Any additional comments about the review, either from the reviewers, the external audience, or
senior management should be considered and integrated into the review report, where
appropriate.  For the reviewers in particular, they have had a chance to integrate all aspects of the
review and can provide a cohesive narrative of their views on the program.  Either review type,
independent panel or individual external reviewer, should insure that this avenue for additional
information remains open, not to be arbitrarily closed for some artificial expediency.

5.2. Writing a final report
There should be two forms of the final report, a long version and a short version.  The long
version should include all the written material that was generated during the course of the review.
It provides an archival record of exactly what was done during the review.  This report version
would include:
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• the initial review charter,
• invitation letters,
• background material,
• completed evaluation forms with reviewer identification deleted,
• other reviewer/audience input, and
• the final report write-up. 

The short version would summarize the process details, and would focus on reviewer comments
and other significant inputs, conclusions, and recommendations.  The final report should include
the viewpoints of all the reviewers, with appropriate weightings given for judgment and expertise
of specific contributors.  Dissenting viewpoints should be identified.  Based on the diverse
inputs, the report author should specify conclusions on the health of the program, and
recommendations for action in modifying the program, if required.

5.3. Assigning action items
Under GPRA, there will be at least two clients for the report, internal management, and the
Federal government oversight organization.  If internal management accepts the conclusions and
recommendations of the report, action items should be assigned to the appropriate personnel for
responding to problems identified in the report.  There are many types of responses possible (e.g.,
a corrective action, or a rebuttal disagreeing with the conclusion and recommendations). 
Maximum flexibility and leeway should be given to the program manager for the initial response.

5.4. Evaluating response to action items
Each action item should have a deadline for response.  After the deadline, the response should be
evaluated, and appropriate follow-up action taken.  These action items, responses, and follow-up
actions should be presented at the introduction of the next annual review.  This provides evidence
to the reviewers that their input has impact on the program, and will motivate them to participate
in the review process further.
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