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I. BACKGROUND
I-A. Overview
tc \l1 "Overview
On 27 October, 1998, a workshop was convened by the National Institute for Occupational Safety and Health (NIOSH) to identify key metrics for NIOSH’s Strategic Goals.  The author was invited to participate as a member of the panel.  This paper expands on a document that the author prepared for the workshop, and focuses on metrics for evaluating progress towards the first Strategic Goal identified in the NIOSH strategic plan. The results and conclusions of the analyses are sufficiently generic for applicability to any S&T sponsoring organization.

I–B. Organizations

First, the organizations mentioned in this paper will be described.  The Occupational Safety and Health (OSH) Act of 1970 created the National Institute of Occupational Safety and Health (NIOSH) and the Occupational Safety and Health Administration (OSHA), to assure safe and healthful working conditions for working men and women.  Although NIOSH and OSHA were created by the same Act of Congress, they are two distinct agencies with separate responsibilities. OSHA is in the Department of Labor and is responsible for creating and enforcing workplace safety and health regulations. 

NIOSH is in the Department of Health and Human Services, and is a research agency.  NIOSH identifies the causes of work-related diseases and injuries, and the potential hazards of new work technologies and practices. With this information, NIOSH determines new and effective ways to protect workers from chemicals, machinery, and hazardous working conditions.  NIOSH is part of the Centers for Disease Control and Prevention (CDC), and is the only Federal institute responsible for conducting research and making recommendations for the prevention of work-related illnesses and injuries.

I–C. NIOSH Strategic Goals

As part of the NIOSH strategic planning process, four Strategic Goals for NIOSH have been generated, as follows:
I-C-1. Conduct a targeted program of research to reduce morbidity, injuries, and mortality among workers in high-priority areas and high-risk sectors. 

I-C-2. Develop a system for surveillance of major occupational illnesses, injuries, exposures, and health hazards. 

I-C-3. Increase occupational disease and injury prevention activities through workplace evaluations, interventions, and recommendations. 

I-C-4. Provide workers, employers, the public, and the occupational safety and health community with information, training, and capacity to prevent occupational diseases and injuries.

To support the first Strategic Goal, NIOSH and its partners unveiled the National Occupational Research Agenda (NORATM) in 1996.  NORA is a framework to guide occupational safety and health research into the next decade, and resulted in the establishment of a list of the top 21 research priorities.

Since the first Strategic Goal was the main focus of the workshop, the Objectives related to this goal in the NIOSH Strategic Plan are now presented:

PRIVATE
Objectives - FY 1999







PRIVATE "TYPE=PICT;ALT= block"

Disseminate NORA throughout the occupational safety and health research community. 






PRIVATE "TYPE=PICT;ALT= block"

Implement NORA through the formation of partnership teams for each NORA topic. 







— 
Teams will consist of partners from all aspects of safety and health. 






— 
Teams will assist in the development, pursuit, review, and dissemination of research. 





PRIVATE "TYPE=PICT;ALT= block"

Evaluate the success of focusing occupational safety and health research on NORA priorities and other target areas by 







— 
determining current levels of NIOSH and other Federal agencies' intramural and extramural research funding in NORA priority areas and calculating any annual increases, and 






— 
developing a protocol for the use of bibliometrics and other research proxy measures (i.e., numbers of patents, engineering control devices, laboratory methods development, peer-reviewed articles, spin-off technologies, etc.) to evaluate the level of NORA and other targeted research in the occupational safety and health community. 





PRIVATE "TYPE=PICT;ALT= block"

Report on the progress of NORA. 






Objectives - FY 2002







PRIVATE "TYPE=PICT;ALT= block"

Evaluate the adequacy of existing procedures and tracking models to measure the impact of NORA and other NIOSH research on safety and health outcomes. 






PRIVATE "TYPE=PICT;ALT= block"

Develop new procedures and capacities to measure the impact of NORA and other NIOSH research on safety and health outcomes. 






PRIVATE "TYPE=PICT;ALT= block"

Update NORA (2002 mid-course review). 






Ongoing Objective







PRIVATE "TYPE=PICT;ALT= block"

Increase knowledge and understanding of occupational safety and health issues through conducting and funding peer-reviewed research in NORA and other priority areas. 








I-D.  GPRA
In 1993, the Government Performance and Results Act (GPRA) was enacted into law [GPRA, 1993].  GPRA applies to all federal outlay programs, and has three components: strategic plans, annual performance plans, and metrics to show how well the annual plans are being met.  Since the Act became law, there have been many federal inter-agency and intra-agency meetings to ascertain how the third requirement of the Act, performance metrics, could be implemented to properly portray the progress and accomplishments of science and technology (S&T), especially research. 
Since the GPRA requirements were the driving force behind this NIOSH metrics-oriented workshop, these requirements will be addressed now.  In addition, the metrics need to be placed within the larger context of the evaluation process needed to address GPRA requirements.  

The motivation behind GPRA is to increase the accountability of all U. S. Federal government-sponsored programs.  The generic approach to accomplish this goal is for each agency to submit a long-range strategic plan, an annual tactical/performance plan in synchronization with the strategic plan, and an annual report that displays progress toward the goals and objectives of the agency's strategic and tactical plans.  Metrics have become important in this process, since the desire of GPRA and its implementers is to ascertain quantitative evidence of progress wherever possible and reasonable.

However, it should be emphasized that metrics are a means to an end, and not an end in themselves.  The end is the accountability requirement of GPRA, and to the degree that metrics contribute to improving accountability, they are valuable.  Metrics should not be used in a stand-alone mode, since they are usually open to multiple, often conflicting, interpretations.  Rather, metrics should be an integral part of a much larger planning and evaluation process (not an add-on or afterthought), and should always be subordinate to an expert-based peer-review process [Kostoff, 1997a].  Metrics should be carefully selected to provide useful insight and information for decisions when addressing the two main components to accountability: 1) rewarding or punishing performance; 2) diagnosing and improving performance.  Some desirable characteristics of metrics for strategic planning and S&T evaluation are contained in Appendix 1.

II.  INTRODUCTION

The NIOSH/GPRA report that was provided as background for the panel meeting included a vision, mission, four strategic goals, and multiple multi-year objectives for each Strategic Goal.  The vision stated: "Delivering on the Nation's promise: safety and health at work for all people through research and prevention."  The mission stated: "Provide national and world leadership to prevent work-related illness, injury, and death by gathering information, conducting scientific research, and translating the knowledge gained into products and services." 

The first NIOSH Strategic Goal (Conduct a targeted program of research to reduce morbidity, injuries, and mortality among workers in high-priority areas and high-risk sectors) was the major focus of the workshop. Its two related Objectives address 1) the success in implementing a research program based on the NORA priorities and 2) success in measuring its safety and health outcomes.

The first Objective is activity-based, and the progress made toward achieving this Objective can be measured continuously.  The metrics selected will have a near-time activity and output focus.  While ‘quality’ was not included in the first Strategic Goal or its Objectives, if quality research is a desired target, then near-term impact metrics would also be selected.

The second Objective is outcome-based, and progress made toward achieving this Objective could require the passage of many years after the performance of the research for credible measurement.  Thus, the metrics selected for the second Objective will have a long-term outcome focus.   

In addition to the time frame differentials between the first and second Objectives, there is a difference in the degree of control that NIOSH has over the attainment of the two Objectives.

NIOSH has substantial control over achieving the first Objective through its planning, selection, and execution processes.  With high-quality research management, NIOSH can produce research products that have positive transitionability characteristics. Such research products are a necessary, but not sufficient, condition for the achievement of the second Objective.

NIOSH has much less, if any, control over achieving the second Objective, wherein its research products must be accepted by the potential users, and implemented in the users’ operational environments.  In some sense, any control NIOSH has over the second Objective is through the quality of the research products it produces while achieving the first Objective.

The difference in control that NIOSH has over these two Objectives produces a complex situation for the GPRA application to occupational health.  The NIOSH component of occupational health improvement (essentially the first Objective above) must be separated from the full research-transition-implementation cycle, in order to provide a fair measure of NIOSH accountability.  Thus, the metrics selected for the NIOSH accountability process will support the two rewarding and diagnosing performance components of accountability described above, as well as address the separability of NIOSH performance from the total research-implementation cycle.   

III.  METRICS DEVELOPMENT STRATEGY

III-A.  Overview

Fundamentally, the GPRA metrics problem related to the first NIOSH Strategic Goal can be condensed to computing a derivative:  the reduction in occupational health problems resulting from NIOSH-sponsored research.  Computing this derivative accurately and unambiguously is very complex, since there are potentially many causal factors for reduced occupational health problems, and to attribute benefits to any one cause may be quite arbitrary.  

III-B.  Implementation Factors

In addition, there are many factors that control eventual impact of research on health problems; some of these factors are beyond the control of the researcher, and some are beyond the control of NIOSH.  For example, implementation of the research-based recommendations or products into the workplace will depend on: 

III-B-1.  the affordability of the research-based recommendations; 

III-B-2.  the motivation of the OSHA enforcers to require implementation of the research-based recommendations; 

III-B-3.  modifications of the OSH Act to improve OSHA's regulatory power; 

III-B-4.  motivation of industrial management to accept the research-based recommendations; 

III-B-5.  motivation of labor to push for acceptance of the research-based recommendations, and many other political/ financial/ legal/ environmental factors. 

III-C.  Development Strategy Focus

Thus, the metrics development and assessment strategy should focus on: 

III-C-1.  dis-aggregating the steps leading from research to impact; 

III-C-2.  matching each metric selected to the time frame appropriate to each step and 'quantifying' the success in achieving the various steps; and 

III-C-3.  then discussing reasons why certain research results were not translated to desired outcomes or impacts.

III-D.  Steps from Research to Impact

The steps are:

III-D-1.  Conduct intramural or extramural research

III-D-2.  Conduct research targeted to NORA-priority areas

III-D-3.  Relate health improvement to research origins

The first two steps address the first Objective paraphrased above (the success in implementing a research program), and the third step addresses the second Objective paraphrased above (success in measuring its outcomes).  Now these steps will be examined in more detail.

III-D-1.  CONDUCT INTRAMURAL OR EXTRAMURAL RESEARCH

Progress during this step can be measured on a continuing basis, and the metrics selected would have a near-term focus.  There are two essential components to this step: quantify activity, and quantify output.  Activity is a measure of work performed, and output is a measure of the product from that work.  Activity can be quantified through counts of dollars expended, and people employed.  Research output can be quantified through counts of papers published, patents, reports, presentations, etc.

The first Strategic Goal, and any of its associated Objectives, do not specify 'high-quality' research as a target.  Thus, quality measures, such as awards, citations, external funds attracted, post-docs attracted, etc., would not be required to satisfy the goal from a purist viewpoint.  If research quality were a desired target, then the quality indicators should be used as well as the activity and output indicators.

Standard output and quality metrics typically involve a ratio of some output quantity to a resource expenditure, such as papers published per unit of program funds, or citations per unit of program funds. Standard metrics analyses involve comparison of these metrics across performers, organizations, and/ or disciplines.  If the comparison pool involves a full spectrum of performer quality, or at least some high quality performers, then metrics comparisons is a reasonable approach for gauging performance.  If, however, high quality performers are not included in the comparison pool, then the results of metrics comparisons could lead to misleading conclusions.  More work is required on identifying metrics that measure efficiency (output generated/ output that could have been generated) rather than relating output generated to resources expended [Kostoff, 1998].

The information generated from the output metrics in this step is minimal.  The type of data required for these metrics tends to be readily available, but offers little insight beyond the fact that funds are being expended and research is being performed.  If, in addition, quality metrics are used, then there would be some indication that good (from a research perspective) work is being done.

III-D-2.  CONDUCT RESEARCH TARGETED TO NORA-PRIORITY AREAS

There are a multitude of ways to address this sub-goal. One could examine all projects funded, and determine the fraction applicable to the NORA priority areas.  One could examine publication or patent citations, and determine whether the research papers/ reports are being cited by the target application disciplines, by the target application organizations, and by other target application parameters.  Both of these approaches include a counting component and a judgement component involved in this determination of applicability.  These, and similar approaches, in concert with the activity and output metrics proposed in part 1) above, would minimally satisfy the first Objective of the first Strategic Goal.  Addition of the quality metrics would 'raise the bar' of this very modestly challenging initial Objective.

However, if the separability of NIOSH’s authority and responsibility from that of OSHA is to be performed competently, in order to assess NIOSH's unique performance component, then the GPRA evaluation of NIOSH needs to address whether the research products generated by NIOSH have/ had "positive transitionability characteristics" (as asserted previously).  Evaluation of these near-term ‘transitionability characteristics’ metrics would require some peer review procedure to evaluate whether these research projects were not only targeted to the appropriate high priority areas, but had characteristics (low cost, minimal disruption, high potential health and safety benefits, etc) that made transition to implementation attractive to labor, management, and other stakeholders.  These peer review panels should include not only researchers to address intrinsic research quality, but representatives from labor, management, OSHA, and other stakeholders and impactees to help in this determination of transitionability.  See Kostoff [1997b, 1998b] for a description of how such panels could be conducted.

All the metrics proposed above focus on progress toward the first Objective.  As such, they have the two major characteristics of being near-term and relatively narrow in scope.  The activity and output metrics can use essentially current data, and the results from evaluating these near-term metrics can be used to re-direct current programs (if necessary) and to reward or punish current management.  The quality metrics (if used) are somewhat less near-term.  For example, two of the leading research quality metrics, publication or patent citations, being integral quantities, require a lag time of a few years.  Thus, any actions taken as a result of interpreting these metrics will of necessity be somewhat out-dated, and may not reflect present program directions or management practices. 

III-D-3.  RELATE HEALTH IMPROVEMENT TO RESEARCH ORIGINS

III-D-3-a.  Overview

In contrast to the near-term and limited scope character of the metrics used to gauge progress toward the first Objective, the outcome metrics needed for this evaluation component tend to be long-term and broad scope in nature.  The data are more difficult to gather, the factors are more intangible, and the data processing (especially to account for the time component) is more complex.  

To be of practical use for S&T management, outcome metrics are required to address the various stages of outcome completion.  For example, assume the outcomes from a research program can be subdivided into the three stages of: i) initial outcome results; ii) intermediate outcome results; and iii) final outcome results.  The initial outcome results would be analogous to technology transitions; the intermediate outcome results would be analogous to system demonstrations; and the final outcome results would be analogous to commercial introduction.  

The advantage of separating metrics by stage is that decades would not have to pass before obtaining some estimate of larger research impacts.  These intermediate estimates would allow program corrections to be made that respond to the program causing the problems, and would allow punishments or rewards to be applied to the management responsible for successes or failures.  

For a given research program at any of the three outcome stages, the metrics pertaining to all the output stages would be evaluated.  For those stages that have been completed, the metric results would be considered ‘hard’, while for the future stages, the metric values would be estimated.  Thus, for a research program that was completed years ago, and has evolved into a technology development phase, the following metrics would be generated.  The initial outcome metrics would quantify the technology transitions that occurred, the intermediate outcome metrics would estimate the credibility of systems demonstrations that are proposed, and the final outcome metrics would estimate the expected benefits from commercial introduction of the technology

In addition, one needs to be very careful here in relating the results from this total outcome evaluation component to the NIOSH performance component.  Good, high-quality relevant research could have been conducted by NIOSH, and received high marks under sub-goals 1) and 2) above, and still have received low marks here.  Economic problems, fiscal problems, potential legal problems, political problems, regulatory and enforcement problems, changing industrial and national priorities, and many other types of problems, could have prevented the implementation of the research results.

III-D-3-b.  Metrics Development

The approach taken here to define appropriate metrics for this step is analogous to an approach used in a recent article on citations [Kostoff, 1998a].  The fundamental principle is to measure the efficiency and effectiveness with which NIOSH is satisfying the occupational safety and health requirements of the American workforce.  The basic objective function that contains these efficiency and effectiveness measures is the ratio of: 1) the impact (benefits) of all actual occupational safety and health transitions enabled by NIOSH to 2) the occupational safety and health research transitions that would have maximized impacts (benefits) for the American workforce, given the level of global S&T funding in the areas of occupational safety and health.  

The term 'enabled' is used in the ratio definition because of what the author perceives as the dual potential role of NIOSH.  Intrinsically, NIOSH is a supplier of information and knowledge about global occupational safety and health S&T to industry, OSHA, and other implementers.  Thus, NIOSH has not only the responsibility to sponsor S&T for occupational safety and health improvement, but also the responsibility to make industry and OSHA aware of this type of S&T being developed globally.  NIOSH should be evaluated on the transitions enabled by this data mining responsibility (function) as well as transitions derived from NIOSH-sponsored S&T.

Because of paper length considerations, only the metrics for the final outcome stage will be addressed. Two cases are considered: 1) the final stage has been completed, and the metric is being evaluated retrospectively; and, 2) the final stage has not been completed, and the metric is being estimated. 

The objective function can be written in equation form as:

.....i=n..........i=Z

R=SUM  (Ti*Ii)/ SUM  (Ti*Ii)                                                                       (1)

.....i=1..........i=1

where: 

R is the objective function, 

SUM is the summation operator, 

i is the dummy variable that ranges between the limits shown, 

Ti is the'i'th transition from research to application,

Ii is the magnitude of the impact (benefit) resulting from the 'i'th transition, 

n is the actual number of transitions enabled from all sources, and 

Z is the potential maximum number of high impact transitions resulting from a perfect investment strategy applied to the global funding that was expended on occupational safety and health S&T. 

Obtaining credible data to evaluate the objective function is very difficult.  In particular, Z is a hypothetical quantity based on a perfect investment strategy.  It is included in the fundamental objective function statement to account for the case where NIOSH could conceivably be investing in very low-risk low-impact safe technologies, could have a high transition efficiency, and yet be ineffective relative to what could have been accomplished with a better investment strategy.  If the investment strategy quality is used as a separate metric (whose rating is determined by a panel procedure), then the objective function could be simplified, and the simplified function multiplied by the investment strategy quality rating to arrive at some final quantified metric.  The new objective function R' is written as:

......i=n...........i=N

R'=(SUM  (Ti*Ii)/ SUM  (Ti*Ii))*IS                                                               (2)

......i=1...........i=1

where IS is the investment strategy quality rating, and N is the potential number of transitions enabled from all global sources that sponsor S&T in occupational safety and health.  This objective function, or figure of merit, is conceptually similar to the Carnot efficiency from thermodynamics, and provides some indication of the benefits actually obtained from NIOSH compared to the benefits that were theoretically possible.

If time and effort prove limiting in evaluating even this simpler form of the denominator, then the S&T investment could be used as a proxy denominator.  The resulting objective function could be perceived as a benefit-cost metric based on S&T expenditures.  For the remainder of the present discussion, the preferred denominator in the equation for R' above will be assumed to be operable.

The following section addresses different levels of approximation to the objective function, and includes comments on the strengths and weaknesses of each level.

I) Zeroth order approximation

........i=nN

R0'=(SUM  (Ti))*IS                                                                                     (3)

........i=1

nN applies to NIOSH-sponsored projects only.  Here, the number of transitions from NIOSH-sponsored S&T is the metric.  This is the easiest metric for which data can be obtained, but is essentially useless for addressing the accountability components defined above. Unfortunately, this metric is all too commonly used in many organizations.  It provides no indication of impact, and no indication of how efficiently the agency is performing its function.

If, instead of nN, the upper limit nG for global occupational safety and health S&T enabled by NIOSH is used, then the number of transitions from global S&T enabled by NIOSH is the metric.  This metric, while still primitive, provides some indication of how well NIOSH is performing its data mining function, in addition to its S&T sponsoring function.

II) First order approximation

........i=nN

R1'=(SUM  (Ti*Ii))*IS                                                                                  (4)

........i=1

Here, the product of number of transitions from NIOSH-sponsored S&T times impact per transition is the metric.  It provides an indication of actual impact, but no indication of transition efficiency, and some indication of relative effectiveness through the investment strategy quality rating.  Obtaining credible data for impacts and benefits is significantly more complicated than for the zeroth order metric, but much more insight is provided.

The analogous statements to those in the zeroth order approximation, for the global case where nG is substituted for nN, apply here.

III) Second order approximation

.......i=nN..........i=NN

R2'=(SUM  (Ti*Ii)/ SUM  (Ti*Ii))*IS                                                             (5)

.......i=1...........i=1

Here, NN is the potential number of NIOSH-sponsored projects that could have been transitioned.  The complexity of evaluating this metric increases considerably over the first order approximation, since judgements are now required as to how many NIOSH projects could have transitioned.  Some peer panel would be required to examine all NIOSH-sponsored projects, and make transitionability judgements.  

However, this metric does offer indication of efficiency, as well as impact.  Its main deficiency without the investment strategy quality multiplier (IS) is in measuring effectiveness.  For example, NIOSH could have selected very low risk low impact projects to fund. 

NIOSH could then be transitioning a high fraction of its potentially transitionable projects, but collectively these transitions will have low impact relative to what was possible with a better investment strategy.  With the investment strategy multiplier, this deficiency is corrected.

The analogous statements to those in the zeroth order approximation, for the case where nG is substituted for nN, apply here as well.

Retrospective studies would probably be of most benefit here in evaluating impacts and benefits, but the results of these studies should be validated by some peer review procedure.  In the first case, examine all (or at least some sample) critical occupational health improvements, and identify the major causes.  Where possible, relate those causes to research products.  In the second case, that is aimed mainly at the diagnostic and corrective component of accountability, select a representative example of successful (from the research accomplishment perspective) research products.  Trace them forward in time to see which were implemented successfully.  Identify those that were unsuccessful in terms of outcomes, and do case studies to ascertain the reason for their having no mission impact.  If, for example, implementation costs become a dominant factor in implementation failure, then perhaps cost-effectiveness would need to be added to the strategic goals of the research.  

IV.  APPENDIX 1

IV-A.  METRICS FOR STRATEGIC PLANNING AND S&T EVALUATION

In today's highly competitive global marketplace, strategic planning has become an integral part of the corporate management process.  It is essential that the goals and targets within the plan are well understood by all parties associated with the firm, including investors, managers, and employees.  A critical element of a well-designed strategic plan is the quantification of the strategic goals.  Use of metrics operationally requires a higher precision in the definition of the goals, allows the goals to be expressed in a more commonly understood language, and allows the progress toward the goals to be monitored continuously. Temporal metrics monitoring can identify when progress diverges from the targets, and allows midcourse corrections to be made.  (If metrics are established for every aspect of an organization's operation, and monitoring systems are established to automatically measure deviations from targeted goals, then the physical and biological

world's self-regulating system of condition-based maintenance can be readily applied to organizational behavior.)  However, metrics should not be used as stand-alone targets or measures of progress.  Metrics should always be imbedded in a more comprehensive evaluation process in which a diversity of experts can assess and interpret the metrics' significance, and make recommendations based on these evaluations.

General principles for implementing metrics in strategic plans, and especially for conducting metrics-based science and technology evaluations, have been developed by the author.  The remainder of this article summarizes these principles.  A much more comprehensive treatment of S&T metrics, and examination of their many facets and dimensions, can be found in a recent monograph located on the author's web site [Kostoff, 1998c].

IV-B.  PRINCIPLES OF HIGH QUALITY METRICS-BASED S&T EVALUATIONS

IV-B-1) Senior Management Commitment

The most important factor in a high-quality metrics-based S&T evaluation is the serious commitment of the evaluating organization's senior management to high-quality metrics-based S&T evaluations, and the associated emplacement of rewards and incentives to encourage such evaluations. 

IV-B-2) Assessment Manager Motivation

The second most important factor is the assessment manager's motivation to perform a technically credible assessment.  The manager: 

IV-B-2-a.  sets the boundary conditions and constraints on the assessment'sscope; 

IV-B-2-b.  selects the final metrics used from a myriad of potential choices; 

IV-B-2-c.  selects the methodologies for how these metrics will be combined/integrated/interpreted, and 

IV-B-2-d.  selects the experts who will perform the interpretation.  

In particular, if the evaluation manager does not follow, either consciously or subconsciously, the highest standards in selecting these experts, the evaluation's final conclusions could be substantially determined even before the evaluation process begins. 

IV-B-3.  Statement of Objectives

The third most important factor is the transmission of a clear, unambiguous statement of the metrics-based evaluations objectives (and conduct) and potential impact/consequences to all participants at the initiation of the process.  Participants are usually more motivated to contribute when they understand the importance of the evaluation to the achievement of the organizations goals, and understand in particular how they and the organization will be potentially impacted by the evaluations outcome.

Clear objectives and goals tend to derive from the seamless integration of evaluation processes in general into the organization's business operations.  Evaluation processes should not be incorporated in the management tools as an afterthought, as is the case in practice today, but should be part of the organization's front‑end design.  This allows optimal matching between data generating/ gathering and evaluation requirements, not the present procedure of force fitting evaluation criteria and processes to whatever data is produced from non‑evaluation requirements.  When the evaluation processes are integrated with the organizations strategic management, the objectives drive the metrics which in turn determine what data should be gathered.  Ad hoc evaluation processes tend to let the available data drive the metrics and the quantifiable goals.

IV-B-4.  Competency of Technical Evaluators

The fourth most important factor is the role and competency of technical experts in a metrics-based S&T evaluation.  Metrics should not be used as a stand-alone diagnostic instrument.  Analogous to a medical exam, even quantitative metric results from suites of instruments require expert interpretation to be placed into proper context and gain credibility.  The metrics results should contribute to, and be subordinate to, an effective peer review of the technical area being examined.  

Thus, this fourth critical factor consists of the evaluation experts' competence and objectivity.  Each expert should be technically competent in his subject area, and the competence of the total evaluation team should cover the multiple research and technology areas critically related to the science or technology area of present interest.  In addition, the team's focus should not be limited to disciplines related only to the present technology area (which tends to reinforce the status quo and provide conclusions along very narrow lines), but should be broadened to disciplines and technologies which 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).

IV-B-5.  Criteria for Metric Selection

The fifth most important factor is criteria for metric selection. These criteria and the resultant metrics will depend on the interests of the audience for the evaluation, the nature of the benefits and impacts, the availability and quality of the underlying data, the accuracy and quality of results desired, the complementary metrics available and suites of metrics desired for the complete analysis, the status of algorithms and analysis techniques, and the capabilities of the evaluation team.

IV-B-6.  Relevance of Metric to Future Action

The sixth most important factor is one that has been violated in every metrics briefing the author has attended, spanning many government agencies, industrial organizations, and academic institutions.  

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.  

Metrics and associated data that do not perform this function become an end in themselves, offer no insight to the central focus of the study or briefing, and provide no contribution to decision-making.  They dilute the theme of the study, and, over time, tend to devalue the worth of metrics in credible S&T evaluations. Because of the political popularity and subsequent proliferation of S&T metrics, the widespread availability of data, and the ease with which this data can be electronically gathered/aggregated/displayed, most S&T metrics briefings and studies are immersed in data geared to impress rather than inform.

IV-B-7.  Reliability of Evaluation

The seventh most important factor is reliability or repeatability. To what degree would a metrics-based evaluation be replicated if a completely different team were involved in selection, analysis, and interpretation of the metrics data?  If each evaluation team were to generate different metrics, and particularly far different interpretations of metrics, for the same topic, then what meaning or credibility or value can be assigned to any metrics-based evaluation? To minimize repeatability problems, a diverse segment of the competent technical community should be involved in the construction and execution of the evaluation.

IV-B-8.  Metrics Integration

The eighth most important factor is the seamless integration of metrics in particular, and evaluation processes in general, into the organization's business operations.  Evaluation processes should not be incorporated in the management tools as an afterthought, as is the case in practice today, but should be part of the organization's front-end design. This allows optimal matching between data generating/ gathering and evaluation requirements, not the present procedure of force fitting metrics and evaluation processes to whatever data is produced from non-evaluation requirements.

IV-B-9.  Normalization Across Technical Disciplines

For evaluations that will involve comparison of science and technology programs or projects, the ninth most important factor is normalization and standardization across different science and technology areas.  For science and technology 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.  For very disparate science and technology areas, some allowances need to be made for the relative strategic value of each discipline to the organization, and arbitrary corrections applied for benefit estimation differences and biases.  Even in this case of disparate disciplines, some normalization is possible by having some common team members with broad backgrounds contributing to the evaluations for diverse programs and projects.  However, normalization of the metrics for each science or technology area's unique characteristics is a fundamental requirement.  Because credible normalization requires substantial time and judgement, it tends to be an operational area where quality is sacrificed for expediency.

IV-B-10.  Global Data Awareness

The tenth most important factor is global data awareness.  What S&T projects, developed systems or operations, or events, that exist globally are in any way supportive of, related to, or impacted by, the S&T programs undergoing a metrics-based evaluation?  This factor is foundational to S&T investment strategy, and how a program or body of S&T is planned, selected, managed, coordinated, integrated, and transitioned.  It is imperative that the latest information technology resources in tandem with human investigative efforts be used to the greatest extent possible during the complete evaluation process to insure that global S&T resources are being exploited maximally. 

IV-B-11.  Cost of Metrics-based Evaluations

The eleventh critical factor for quality metrics-based evaluations is cost.  The true total costs of developing a high quality evaluation using credible suites of metrics, sophisticated normalization techniques, and diverse experts for analyses and interpretation can be considerable, but tend to be understated.  For high quality evaluations, where sufficient expertise is represented on the evaluation team, the major contributor to total costs is the time of all the individuals involved in normalizing and interpreting the data.  With high quality personnel involved in the evaluation process, time costs are high, and the total evaluation costs can be non-negligible.  Especially when a metrics-based evaluation is performed in tandem to a qualitative peer-review process [Kostoff,1997], the real costs of these experts could be substantial.  Costs should not be neglected in designing a high quality metrics-based S&T evaluation process. 

IV-B-12.  Maintenance of High Ethical Standards

The final critical factor, and perhaps the foundational factor, in high quality metrics-based evaluations is the maintenance of high ethical standards throughout the process.  There is a plethora of potential ethical issues, including technical fraud, technical misconduct, betraying confidential information, and unduly profiting from access to privileged information, because there is an inherent bias/ conflict of interest in the process when real experts are desired to design, analyze, and interpret a metrics-based evaluation.  The evaluation managers need to be vigilant for undue signs of distortion aimed at personal gain.
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