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. 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-quaity 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;

Sdlection of Evaluation Criteria;

Secrecy (Reviewer and Performer Anonymity);
Objectivity/ Biag/ Fairness of Peer Review;
Normalization of Peer Review Panels,
Repeatability/ Reliability of Peer Review;
Effectiveness Predictability of Peer Review;
Globa Data Awareness,

Costs of Performing a Peer Review;

Ethical Issuesin 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 fina section is an extensive bibliography
of over 3000 references that includes not only text references but related references for further
reading aswell.
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. 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 (K ostoff, 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
atechnically credible evaluation. The manager:

a) sets the boundary conditions and constraints on the eval uation's scope;

b) selects the final specific evaluation techniques used;

¢) 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 consequencesto 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, specificaly
their role, objectivity, and competency. While the requirements for expertsin 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 testsin 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 criteriawill 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
anaysis,

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, afourth criterion related to mission relevance is useful. To ensure
that this mission relevance criterion does not filter out the more basic research oriented

proposals, avery 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 alonger-term criterion (Kostoff, 1992). Use of afifth criterion
for overall research quality is essential, and makes it possible to incorporate the effects of

unlisted criteriathat the reviewer feelsisimportant 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 alow overal rating, even
though the listed component technical criteriawere rated very high.

6) Relevance of Evaluation Criteriato 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 appliesto al evaluation techniques:

Every S& T metric, and its associated data, should answer a question that contributesto
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 awell-structured study or briefing, and they contribute
nothing to decision-making. They dilute any study, and over time they devalue the worth of
metricsin credible S& T evaluations. Because of:

1) the political popularity and subsequent proliferation of S& T metrics;
2) thewidespread 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 isalso crucial. To what degree would an S&T
evaluation be replicated if acompletely 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 criteriafor 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 istypical practice today), but should be part of the organization's front-
end design. Thisallows 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 (K ostoff, 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, 19974). 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. Evenin 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 criteriainterpretation for each science or technology area’s unique characteristicsis a
fundamental requirement. Because credible normalization requires substantial time and
judgment, it tends to be an operational areawhere 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 areviewer 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. Thiswill 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 evaluationsis cost (ASTEC, 1991; Buechner, 1974;
Hendley, 1980; Kostoff, 1995, 19974). 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 costsisthe time of all the individuals
involved in executing the review, including staff, reviewer, and presenter time. If a substantial
audience isin attendance, then audience time should be included in review costs. With high
guality performers and reviewers, time costs are high, and the total review costs can be non-
negligible. For sponsor environments where alarge 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

Thefina 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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1. 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,
annua performance plans, and metrics to show how well the annual plans are being met. Since the
plan became law, many federa 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, especialy 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 aresearch 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 aternative form" [GPRA, 1993]. A precursor articlein
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 isagrowing
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 federd
agencies will increase dramatically.

However, not only the volume of program peer reviews will change, but the conduct of the reviews
will aso change. If GPRA is fundamentally a budgetary instrument [Brown, 1996], then the
performance evauation 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 proposa 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 magjor components of the present report. The main body of the text (Sections 11, 111,
V) 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 federa
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agencies and many of the principles espoused in the main body of the present text. Finally, Section
V11, 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

Fiscaly, aresearch program is a collection of funded research components. These elements could
be subprograms, projects, or individual work units (Principal Investigators-Pls). Conceptudly, 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 aresearch program”, which examines
the nature of the structura relationships among the projects and between the projects and their
externa environment, and is commonly referenced as a management review. These two elements
could be merged operationally into asingle 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 verticaly 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 nomina review is assumed to be intraagency. 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, isareview of aperson or persons by others of equal standing. The crucia issue then
becomes how “equal standing” is defined.

Most research peer reviews with which the author is familiar--whether of journa 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, especialy on their quaity, accomplishments, ongoing problems, unexpected
findings and discoveries.

The focus of the management review subset defined above as "review of aresearch program™ ison
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 peersto 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 operationa 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, 19964]: Quadlitative (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 maor
applications of research peer review are, in order of decreasing usage: journa manuscript
submission review; proposa 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 journa peer review. According to Armstrong [Armstrong, 1997], 101 of these
provided empirical evidence. Reatively 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 editorias (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 al, 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 evauation 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 Pan€ls,
Repeatability/ Reliability of Peer Review;
Effectiveness Predictability of Peer Review;
Global Data Awareness,

Costs of Performing a Peer Review;

Ethical Issuesin Peer Review;

Alternatives to Peer Review;
Recommendations for Further Research in Peer Review.

V. 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 isto insure that efficiencies are implemented at al 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 evauation 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. Finaly, 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. ldedlly, evaluation methods
would be selected on the basis of how well they contribute to the objective of accelerating the
progress of S& T efficiently. Specificaly, 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 paralel or previoudy 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 evauation 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 isin 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 aso describes potential improvements in the peer review process
that could help eiminate or reduce the barriersto efficient accelerated S& T progress.

In practice, peer review supports many diverse purposes.

It serves asaquality filter to conserve resources.

Papers published in peer-reviewed journas 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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e Projects and programs selected for initiation or continuation by peer review are assumed to be

above athreshold of minimal quality.

Precious labor and hardware resources can be focused on these high quality tasks selected.

Peer review has the potential to add vaue to, and improve the quality of, the manuscript or
program under review.

e Peer review can provide an imprimatur of legitimacy and competency to increase a program's
visibility and support.

e The objectives of peer review range from being an efficient resource allocation mechanism to a
credible predictor of research impact.

e A properly conducted research program peer review can provide credible indication to the
research sponsors of program quality, program relevance, management qudity, and
appropriateness of direction [Alassaf, 1996; Armstrong, 1997; Cram, 1992; Gabel, 1992
GERMANY, 1988; Kesder, 1992; Levine, 1988; Pdli, 1993; Rainville, 1991; Ramsay, 1989;
Stull, 1989; Wakefield, 1995; Wicks, 1992].

The literature contains some quantitative studies that indicate some vaue 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 origina articles [Roberts, 1994]. They concluded that peer review and editing improve the
quality of medica 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
periodicaly. Program managers will be more likely to continually update the balance and
relationships among their component projects, rather than alow poor performersto languish, if they
know that areview 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
officerswrite relatively few ticketsin this areais not ameasure 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. Thisis an extremely vauable 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 vaue
added is not in the superficia 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 rea-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 potentia values added by peer review can be summarized as follows
[Chubin, 1994].

1. an effective resource allocation mechanism;

2. an efficient resource alocator;

3. apromoter of science accountability;

4. amechanism for policymakersto direct scientific effort;
5. arational process;

6. afair process,

7. avalid 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? Thisis 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
physica 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 evauation and the relationships between an evauation and
decision making should be openly communicated to al the parties involved,;

5. Theaims of an evauation 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 mgor influences on decisions, and well
conducted peer reviews could have minima influence on decison-making. It is important to
distinguish quality from effectiveness.

A corollary aspect of peer review qudlity, although in the author's judgment not a primary
contributor to nomina 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
insgnificant. Armstrong does make the point that journal manuscript peer reviewers typicaly
receive no extrinsc awards, are typicaly anonymous, and therefore in some cases may not feel
motivated to exert the effort required for a high quality review. Additionaly, 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 lega 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 appeas procedure through their malpractice system. Perhaps the
scientific profession needs a more formal appeals system to leve 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 journas. This or some aternative procedure could be modified to apply to other types
of scientific peer review aswell.

In most research program peer reviews, commission of technical errors by reviewers due to the
relaxed standards resulting from anonymity and lack of financia 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 thisis done at all, it would apply when the program is
evauated by reviewing each of the projects separatdly), the vast mgority 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
trandates into more conservatism relative to the anonymous journal manuscript reviews depends on
how the review processis 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
atechnicaly 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 commentsin amail or pand 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 conscioudy 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 ajourna 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 potentia 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 areview 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 socia impacts)
[Kostoff, 1995b, 1996a; Garson, 1980; Klahr, 1985; Marshal, 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 aresearch 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
issuein 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 initialy 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. Itsinitia 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 bimoda interpretation of the numerica 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-a one 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 aternative approaches to treatment not supported by the mainstream community;
In fifty years acure 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;

e It turnsout that today's mainstream approach sanctioned by the mainstream medica 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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Thisisthe "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
eva uation 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 fed 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 typicaly center
around the correctness of the miniscule details of the approach (job right) rather than whether the
approach should be used at al (right job). The net effect of such a limited review is to provide a
stamp of approva (analogous to the high citation rates described above) to continuance of the
mainline approach, and to close the door to revolutionary thinking. Appendix | describes a
method for selecting peer reviewers that approximates the best practices in use today. Whileit 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; Kdllie, 1991; Martin, 1981; Sutherland, 1993; Weinberg, 1964, 1989].

Individua 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 evauating 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:

e What criteriaare important for evaluating research,
o how these criteria should be weighted for a particular program, and
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o how they should be integrated for afinal figure of merit.

In the author's experience covering hundreds of different types of peer reviews, evauators 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 potentia for serious mismatch between the fina figure of merit
vector obtained by the organization's algorithm and by the reviewers mental agorithm. The two
vectors could be sufficiently different that one could completely misrepresent the other. For
example, assume the organization provided the agorithm above to the reviewers, and aso 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 additiona
flexibility of alowing the reviewers to provide their own weighting to the criteria, in the example
shown the reviewers desired concluson will still be orthogonal to that obtained using the
organization's agorithm 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-conscioudly (if not conscioudly) until the evaluation algorithm comes closest to their desired
intuitive overall result.

Based on these observations, the author recommends (and uses) inclusion of an overal 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 fedls 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 influentia criteria relative to areviewer's find
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 influentia on areviewer's final overal rating than longer-
term relevance to the sponsor's downstream mission. Finally, as stated above, inclusion of asingle
"bottom-line”’ criterion iscrucid.

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 paes 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 redly 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
isin area 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 compl ete 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 ora and written
evaluations of the research, with these evauations 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 leve is the absence of anonymity, where both reviewers and reviewees are present
throughout the total process, and al verba 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; Sy, 1990]. Its objectives are to provide fairer reviews of
work by unknown researchers or by researchers from less prestigious ingtitutions [Armstrong,
1997], or conceiveably to eiminate bias based on persona 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 journas using non-blinded peer review.

Unfortunately, removing the identity of the reviewee from the research under review islike 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 qudlity 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 al types of peer review isthe 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,
Ballar, 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
amassive 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 ingtitutions. A study in which NSF proposal reviews were re-evaluated by a
different panel [Cole, 1981] included institutional reputation, professona 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 Federa investments [NAS, 1992]. Its Principle 6 (Program
Evauation) 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
evauate continue. Technica evaluations of the R&D work and of the contributions to nationa
economic welfare of pre-commercial R&D programs should be conducted by nongovernmental
groups that do not have adirect rolein program management or funding decisions’.
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The underlying paradigm of the bias/fairness issue is that all reviewees should be treated the same;
there should be alevel playing field for al players. The rationale for fairnessis that decisions made
on the basis of other than technica 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 researchersin
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 eiminate 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
0ob 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 panedl biases, different pandl 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; K ostoff, 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 alow for comparison of relative
rankings across disciplines in a broad generic sense, but questions arise [Kostoff, 19964] 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 previoudy. However, one interesting normalization approach
is used by the Dutch STW for evaluating research proposas [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 avariety
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 al proposals.

The author has used two approaches to improve normalization across panels somewhat. First isthe
utilization of some individuals common to al 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 smal measure of
normalization among the different panels. Use of more individuals common to al 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 topicaly, 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 mgjor 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. Tria and error showed a fifty
percent correction factor provided results that appeared intuitively reasonable to the relevant
audience members who had attended al 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 equa 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 disciplineto arrive at afinal '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,
especialy 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. Thisisa
very fertile areafor peer review research.

REPEATABILITY AND RELIABILITY OF PEER REVIEW

In aphysical 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 facsmile
thereof? The analogous issue in peer review has been termed dternatively 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; Danid, 1993,
Gorman, 1991; Halpin, 1986; Kieder, 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 val ue to some absolute value or standard.

In avery 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. Réiability by these definitions appears to be the anaogue 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 agiven point intime. 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 speciadlized) areas of scientific inquiry have higher
acceptance rates and use fewer reviewers than less well-defined (genera 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 sengitive 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 diciting 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
areversa 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 principa 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 rea and legitimate differences of opinion among
experts about what good scienceis or should be.

Similar reliability studies of research program reviews do not appear to bein the literature, probably
because of the expense and effort of doing the replication involved in such studies, especially for
pand reviews, and the question of whether the identical process is actualy 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, 19974], 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 isto 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 aso less expensive than
convening all the playersto 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 initia 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.
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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 vdidity, 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, thereis 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 al 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. Thistendsto be a
central deficiency of most management decision aids. Global data awarenessis deficient because
of the following factors (Kostoff, 2003).

1) Information Comprehensivenessis 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
characteristicsis especially difficult to document. Asindustrial 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 academiato publish, aswell.

b) For research that aims to uncover and correct product problems, thereis 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 isto 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 devel opment.

d) For research of aclassified 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 avery 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 isincluded 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 developersin 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 avery 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 avariety of ways, it retards the
progress of future S& T and results in duplication.

2) Information Quality isthe product of amount of information provided and intrinsic quality of
thisinformation. Quality control istypically 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 ailmost all non-medical technical journals do not.

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

3) Information Retrieval islimited because time, cost, technical expertise, and substantial
detailed technical analyses are required to retrieve the full scope of related recordsin a
comprehensive and high relevance fraction process. Of al the roadblocks addressed in this
section, thisisthe 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. Thisis especially truefor S&T free
text, which the computer views as essentially aforeign language due to the extensive use of
technical jargon. Both alexicon 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 incompl ete 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. Thislevel 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 Expertiseis 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 expertsin 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 studiesis viewed as a non-essential expenditure. In addition, the devel opers 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). Thereisamaor mismatch between the potentially substantial benefits of these myriad
S& T text mining approaches and the number of researchers and devel opers 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 metricsin credible S& T evaluations. Because of:

o thepolitical popularity and subsequent proliferation of S& T metrics,

the widespread availability of data, and
o 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.

COSTSOF PERFORMING A PEER REVIEW
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Another problem with peer review is cost [ASTEC, 1991; Buechner, 1974; Hendey, 1980; K ostoff,
1995b, 1996a]. The truetotal 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 tota 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 [K ostoff, 19964].

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 pand 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 principa investigators will present
their projects to the pand. 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 honorariawould 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 aso 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 mgor
contributor to total costs for either type of review isthe time of all the playersinvolved in executing
thereview. With high quality performers and reviewers, time costs are high. The total review costs
can be a non-negligible fraction of total program costs, especialy for programs that are people
intensive rather than hardware intensive.

ETHICAL ISSUESIN 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], proposa, or program level, is to maintain high ethical
standards, especialy 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
ethica 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 casesin the literature.

There is a fundamenta 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 smilar
areas but not the same specific problem, so that the reviewers have less experience on the totd
problem than do the authors. Thus, in order to obtain real experts for a pandl, at least to evaluate
the job right aspects of the research, a reatively small community must be accessed. Usualy, 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
sengitive information. There are aso lega 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 persona 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 technica presentations or reading technical proposas are probably two of the more
effective. Thus, the operative solution to the ethical dilemma posed by access to technical materid
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 redlity, 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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ALTERNATIVESTO PEER REVIEW

This report has identified a number of problems associated with the use of peer review. These
problems conceptualy 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 gpplications. 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 dternative concepts focus specifically on research proposa peer review, athough some of
their component ideas apply to the other applications of peer review as well. Two of the more
widely known aternatives will now be presented and critiqued.

Bicamera 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
"Bicamera Review" by itsoriginator, Dr. Forsdyke, and its essence is asfollows.

The structure of Bicamera 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 decison-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 gpplications are divided into a mgor 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 alocated on a diding scale, replacing
existing sharp fund-no fund cutoffs. Only those at the very top of the funding scale would get al
the funds they needed to complete the work in areasonable time. Asthe 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 aternative has been proposed [Roy, 1981, 1985], based on the principles that:

e past successisthe best predictor of future performance,

e supporting smal groups on a continuing basis for a reasonable time period increases
probabilities of success and system efficiencies, and

e 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, aresearch proposal evauation 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 dternative 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
Bicamera using peers and productivity-based using a formula. Both minimize the use of true
technical experts in the evauation of the prospective portion of proposed research. In actual
practice, these dternatives would not differ quite as significantly from existing peer review
processes as might be imagined from first reading. As stated previoudly 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 red
difference between the aternatives and the existing approaches, in the author's opinion, is the use of
technical expertsin evaluating the prospective portion of the proposal.

While both aternative 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 Bicamera Review process appears to alocate some funds from the “best”
proposals to the ‘worst' proposals because of the diding scale and elimination of the sharp cutoff. It
does, however, provide a'safety-net’ that alocates some funding to all, or aimost al, researchers.
The productivity based system has some anaogies 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 avalid 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 numerica 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 legidation. This could lead to better numbers for at least two of the
other formulaterms 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. Thisallocation 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 dternatives, 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 chalenged. While peer review has its imperfections and
limitations, thereislittle evidence that the best researchers and ideas are going without funding, and
far less evidence that the aternatives above would improve the situation.

SCIENCE COURT

A non-standard peer review approach for concept evaluations is the Science Court. Asin alegd
procedure, it has well defined advocates, critics, ajury, etc. It isaunique 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 aternate fusion concepts in the magnetic fusion office in 1977 [DOE,
1978].

The general format chosen for the evaluation was a pandl review by selected evauators 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 Evauation panel in the reviews, and (5) to
recelve the evaluators conclusions and recommendations and draft a fina report to the fusion
office.

The Evaluation pand 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 al 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 crucia physics and
technology questions and to aid the Evaluation Pand in the review of experimenta 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 Pandl) were allowed to utilize outside
experts as they deemed appropriate. This procedure probably had more debate and surfacing of
cruciad 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 1V 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 especialy, 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 anayzed for manuscript and proposa peer review. The literature is very
gparse 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 vaidate
different predictive models does not exist. What isrequired is a database that allows tracking of the
evolution of products of research in their various metamorphisized stages. Having such a database
would alow not only validation of peer review predictive models, but bibliometric predictive
models and other quantitative predictive models as well. The database would alow 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 alied 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 journa issuein
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 asreliability 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 pand review, the British model
versus the standard non-British model (peer review using professiona s instead of eminent persons),
pand 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 thisis affected by the different
variables.

Normalization across many parameters (disciplines, panels, etc.) was identified previoudy as a
major unknown. It isworth repeating again that research be performed on how to normalize across
avariety 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 goas of these