6.  MEASURING RESEARCH, DEVELOPMENT, AND TECHNOLOGY PERFORMANCE 

As described above, the Department’s RD&T program contributes to specific outcomes derived from high-level strategic objectives.  Figure 6-1 suggests the relationship between these outcomes and DOT’s RD&T activities.



Figure 6-1.  Relationship Between RD&T and Outcomes
This process may continue even further.  The feedback from societal impacts may guide new research ideas, with lessons learned from one RD&T life cycle applied to emerging problems in the next.  Ultimately, expectations for performance require measures that yield insights about a particular RD&T project’s success or failure.

RD&T INVESTMENT CRITERIA

As discussed in Section 2, the Administration has developed RD&T investment criteria to improve program management, inform funding decisions, and increase public understanding of the benefits of Federal RD&T.  Agencies must demonstrate the extent to which their RD&T programs meet three tests:

· Relevance: RD&T programs must be able to articulate why the investment is important, relevant, and appropriate.  This must include complete planning, with clear goals and priorities, clearly articulated societal benefits, and mechanisms for reviewing and determining the relevance of proposed and existing programs.

· Quality: RD&T programs must justify how funds will be allocated to ensure quality.  Agencies must maximize quality through clearly stated, defensible methods for awarding a significant majority of their funding.  Programs must assess and report on the quality of current and past RD&T.

· Performance: RD&T programs must be able to monitor and document how well the investments are performing.  This includes tracking and reporting annually on objectives and milestones for relevant programs, and defining appropriate measures of performance, output, and outcome.

A key mechanism for assessing how well programs implement these criteria is the Performance Assessment Rating Tool, or PART.  Essentially a questionnaire, this evaluation measures specific management aspects of Federal RD&T programs.  The Administration used the PART to assess performance and budgets for 20 percent of Federal programs during the FY 2004 budget process.  It will assess an additional 20 percent of programs each year until FY 2008, when all programs will have undergone a PART analysis.  DOT is currently conducting a PART review of two programs—FAA Research, Engineering, and Development and FRA Railroad Safety—as part of the FY 2005 budget cycle.  The Department plans to review the FHWA’s research program for FY 2006.

THE GOVERNMENT PERFORMANCE AND RESULTS ACT AND 

DOT PERFORMANCE PLAN

The Administration’s RD&T investment criteria complement the 1993 Government Performance and Results Act (GPRA), which requires agencies to develop and use performance measures to manage their programs.  Reported in annual performance plans, these measures focus on the broad outcomes of programs rather than specific outputs.  

DOT’s Performance Plan defines the goals and measures used to manage progress toward the Department’s strategic and organizational excellence objectives.  It puts the Strategic Plan into practice, providing strong linkages to DOT’s budget request.  Rather than an exhaustive treatment of every activity and performance indicator, the Performance Plan is a top-level, integrated depiction of how DOT manages for results.  Program-specific measures are included in the budget justifications of the individual operating administrations.

The DOT Performance Plan includes a number of measures that indicate progress toward specific goals over a given period of time.  Table 6-1 shows performance measures and goals for programs supporting DOT’s strategic safety objective.  (Measures and goals for all of DOT’s strategic objectives are included in Appendix D.) The plan also provides a detailed characterization of each performance measure. Taken from the FY 2004 Performance Plan, Table 6-2 describes a key measure—the highway fatality rate—by which DOT assesses its efforts to improve safety.  The table includes the source and scope of the data used to construct the measure, and indicates the quality of the underlying data, the computation of those data, and the data’s statistical reliability.

ISSUES IN MEASURING RD&T

In its 1999 report, Evaluating Federal Research Programs, the National Research Council Committee on Science, Engineering, and Public Policy (COSEPUP) stated that, “The unique characteristics of research activities, particularly those whose ultimate practical outcomes cannot be known, present challenges to research agencies seeking to implement GPRA.”
 Made even greater by the Administration’s RD&T investment criteria, these challenges include:

· Time: For most research programs, progress toward outcomes is not reflected in outputs that can be measured within a single year.  Rather, advances may appear as an accumulation of discrete steps requiring several years to emerge.  An example is the introduction of seat belts, based largely on DOT and industry RD&T.  While seat belts clearly have had a dramatic and quantifiable impact on highway safety over the past two decades, identifying the various RD&T elements involved in achieving this outcome is a highly complex matter.

Table 6-1.  FY 2004 Performance Measures and Goals for DOT’s Safety Objective


	Performance Measure
	Performance Goal



	· Highway Fatalities


	· Reduce highway fatalities per 100 million vehicle-miles traveled (VMT) to no more than 1.0 in 2008, from 1.7 in 1996.



	· Truck-Related Fatalities
	· Reduce large-truck-related fatalities per 100 million commercial VMT to no more than 1.6 in 2008, from 2.8 in 1996.



	· Fatal Aviation Accidents
	· By 2007, reduce the commercial aviation fatal accident rate per 100,000 departures by 80 percent, from a 3-year average baseline (0.051 fatal accidents per 100,000 departures in 1994-1996).



	· General Aviation Fatal Accidents
	· Reduce general aviation fatal accidents.



	· Train Accidents and Highway–Rail Incidents
	· By 2006, reduce rail accidents and incidents per million train-miles by 20 percent from the 1999-2002 average (8.74 accidents and incidents per million train-miles).



	· Transit Fatalities
	· Reduce transit fatalities per 100 million passenger-miles traveled.



	· Natural Gas and Hazardous Liquid Pipeline Incidents
	· Reduce all pipeline incidents by 5 percent per year, from 381 in 2000 to 295 in 2005.



	· Serious Hazardous Materials Incidents
	· By 2005, reduce hazardous materials transportation incidents by 10 percent from the level of such incidents in 2000.




Source: DOT Performance Plan FY 2004

· External Factors: Realizing outcomes often depends on factors far distant from the RD&T itself.  In transportation, much of the responsibility for implementing research falls outside of the Department—with final outcomes determined largely by the actions and choices of state and local agencies, transportation providers, individual users, and others.

· Context: RD&T may be one component of a much broader program, making it difficult to assess the impact of the research alone.  Most DOT RD&T supports the mission-related programs of the operating administrations.  In particular, a substantial portion supports the Department’s statutory responsibilities to develop and promulgate standards and regulations—such as the NHTSA’s research on crash causation and RSPA’s work on pipeline safety.

Although these challenges are considerable, COSEPUP maintained that agencies can evaluate RD&T—as long as the evaluation methods match the character of the research.  For example, in basic research, which can be difficult to assess quantitatively, appropriate measures include “the generation of new knowledge, the quality of the research, the attainment of leadership in the field, and the development of human resources.”  Applied research programs—the bulk of 

Table 6-2.  Characterization of a Performance Measure: Highway Fatality Rate

	Measure:


	Fatalities per 100 million vehicle-miles traveled (VMT)

	Scope:
	The number of fatalities is the total number of motor vehicle traffic fatalities that occur on public roadways within the 50 states and Washington, D.C. 

VMT represent the total number of vehicle-miles traveled by motor vehicles on public roadways within the 50 states and Washington, D.C.



	Source:
	Motor vehicle traffic fatality data are obtained from the NHTSA’s Fatality Analysis Reporting System (FARS).  To be included in FARS, a motor vehicle traffic crash must result in the death of a vehicle occupant or non-motorist within 30 days of the crash.  The FARS database is based on police crash reports and other state data.  FARS includes fatalities on all roadways open to the public, using the National Highway System classification of roads.  Pedestrian and bicycle fatalities that occur on public highways, but do not involve a motor vehicle, are not recorded in FARS.  However, they constitute only a small number of fatalities.

VMT data are derived from the FHWA’s Traffic Volume Trends, a monthly report based on hourly traffic count data in the Highway Performance Monitoring System (HPMS).  Information is transmitted to the NHTSA, where it is reviewed for consistency and accuracy before being entered into the system.  These data, collected at approximately 4,000 continuous traffic counting locations nationwide, are used to determine the percentage change in traffic for the current month from the same month of the previous year.  The percentage change is applied to the nationwide travel for the same month of the previous year to obtain an estimate of nationwide travel for the current month.  The data are recorded as monthly totals and cumulative yearly totals. 



	Limitations:


	VMT data are subject to sampling errors, whose magnitude depends on how well the continuous counting locations represent nationwide traffic rates.  The HPMS is also subject to estimating differences in the states, although the FHWA works to minimize such differences as well as differing projections on growth, population, and economic conditions that impact driving behavior. 

	Statistical

Issues:


	The primary source of uncertainty in estimating fatality rates is the denominator.  While the estimate of total fatalities used in the numerator is relatively accurate, the estimate of total vehicle-miles in the denominator has far more variability.

The estimates of the number and percentages of persons killed in motor vehicle traffic crashes are preliminary and based on incomplete data and statistical models.



	Verification and Validation:
	Fatality data from FARS are reviewed and analyzed by the NHTSA’s National Center for Statistics and Analysis.  Quality control procedures are built into annual data collection at 6 and 9 months, and at year’s end.  A study completed in 1993 looked at samples of FARS cases in 1989 through 1990 to assess the accuracy of data being reported.  VMT data are reviewed by the FHWA for consistency and reasonableness.



	Comment:
	This data program has been in use for many years and is generally accepted for describing safety on the nation’s highways.  Adjusting raw highway fatalities and injuries by VMT provides a means of portraying the changes in highway fatalities on a constant exposure basis and facilitates year-to-year comparisons.




DOT’s portfolio—can document progress in quantitative terms.  “For example,” stated

COSEPUP, “if the Department of Energy (DOE) adopted the goal of producing cheaper solar energy, it could measure the results of research designed to decrease the cost of solar cells.  In this situation, an applied research program can be evaluated against specific measurable milestones annually.”

The remainder of this section looks at one method for identifying these measures: the RD&T performance logic model.

RD&T LOGIC MODEL

In implementing the GPRA and investment criteria, many agencies are using a logic model to identify and quantify RD&T program goals, outcomes, and outputs.  This model is a graphical representation of (1) the rationale behind an RD&T program; (2) the relationships among program activities, strategies, and end results; and (3) the associated goals and performance measures.  A template for one type of logic model is presented in Figure 6-2.

	Inputs
	Activities and Outputs
	   Intermediate Outcomes
	        End Outcomes

	· Financial and Human Resources
	· Specific Actions Taken

· Services and Products Offered to Implement Strategies
	· Defines and Tracks Strategies
· Identifies Changes to Achieve End Outcomes
	· Tangible Results for the Public

	
	
	
	

	Inputs
	Activities and Outputs
	   Intermediate Outcomes
	        End Outcomes


Source: Carl DeMaio, Performance Institute, 2003.

Figure 6-2.  Government Performance Logic Model ™

As shown, the logic model identifies four RD&T program elements:

· End Outcomes:  For any Federal RD&T program, the end outcome should be results for the American public.  An end outcome comprises both a goal, such as “save lives and prevent injuries,” and one or more related measures, for instance, “reduce the number of highway-related fatalities” or “reduce the number of highway-related injuries.”  Essentially, end outcomes are the benefits of RD&T activities to society.

· Intermediate Outcomes: Intermediate outcomes define a program’s strategies to achieve end outcomes—they are the measurable changes in attitudes, behaviors, or conditions necessary for goal attainment.  For example, intermediate outcomes toward the goal of reducing highway fatalities would include a reduction in alcohol-related fatalities, an increase in the use of safety belts, and a reduction in child occupant fatalities.

· Activities and Outputs: These are the actions taken to implement the strategies defined by intermediate outcomes. Continuing with the example used above, outputs focused on reducing alcohol-related fatalities would include specific and measurable strategies to prevent alcohol-impaired driving, identify and apprehend repeat offenders, and evaluate state sanctioning programs.

· Inputs: Inputs comprise the financial resources and workforce skills needed to carry out program activities to achieve intermediate and end outcomes.

Figure 6-3 presents a preliminary logic model for the NHTSA’s Highway Safety Research Program.

	Inputs
	Activities and Outputs
	   Intermediate Outcomes
	        End Outcomes

	· Funding ($XX)

· Staff — Full-Time Equivalent (FTE)
	Outputs for Strategy One:

· Number of anti-DWI programs evaluated

· Number of field tests conducted for onsite detection devices 

· Number of program evaluations completed

· Number of anti-DWI tools delivered

Outputs for Strategy Two:

Outputs for Strategy Three:
	Strategy One:

· Reduce the rate of alcohol-related highway fatalities to X per 100 million VMT

Strategy Two:

· Increase the use of safety belts to X percent of vehicle occupants

Strategy Three:

· Reduce the number of child occupant fatalities to less than the number reported in previous years
	· Reduce highway-related deaths and injuries

	
	
	
	

	Inputs
	Activities and Outputs
	   Intermediate Outcomes
	        End Outcomes


Figure 6-3.  Logic Model for the NHTSA’s Highway Safety Research Program

As depicted, the program’s end outcome is reduced highway fatalities and injuries.  The intermediate outcomes, or strategies, identify steps and measure progress toward this one overarching goal.  Program outputs are measurable products and services offered to implement the strategies—in this example, that of reducing alcohol-related fatalities to a given level per 100 million VMT.  Finally, the model identifies inputs essential to program operation: the level of appropriated funding and the required FTE.

Another example, from RSPA’s Pipeline Safety Program, is shown in Figure 6-4 on the following page.

The examples in Figures 6-3 and 6-4 illustrate how a logic model can help link RD&T more closely to high-level objectives.  Using this approach, agencies can identify a few key measures that are important strategically—rather than multiple measures that may be easily available but may not relate to the desired end outcomes.  

	Inputs
	Activities and Outputs
	   Intermediate Outcomes
	        End Outcomes

	· Funding ($XX)

· Staff — Full-Time Equivalent (FTE)
	Outputs for Strategy One:

Outputs for Strategy Two:

Outputs for Strategy Three:

Outputs for Strategy Four:

Outputs for Strategy Five:
· Improved tools to detect corrosion

· Number of improvements made to in-line inspection tools

· Number of direct assessment techniques evaluated

· Number of design tools and models developed

· Corrosion-resistant materials

· Number of guidelines and software tools developed

· Number of improvements made to existing models

· Number of alternative designs, processes, coatings, and techniques validated


	Strategy One:

· Reduce the number of incidents on interstate pipelines 

Strategy Two:

· Reduce the number of incidents on interstate pipelines in High Consequence Areas

Strategy Three:

· Reduce the number of incidents on intrastate pipelines

Strategy Four:

· Reduce the number of pipeline incidents caused by excavation damage by X percent a year

Strategy Five:
· Reduce the number of pipeline incidents caused by corrosion


	· Reduce deaths, injuries, property damage, and economic disruptions from pipeline incidents

	
	
	
	

	Inputs
	Activities and Outputs
	   Intermediate Outcomes
	        End Outcomes


Figure 6-4.  Logic Model for RSPA’s Pipeline Safety Program

As DOT continues to implement the GPRA and investment criteria, it will use a logic model and other approaches to refine existing measures of RD&T performance.  These measures will be reported in subsequent editions of the Department’s Performance Plan and RD&T Plan.
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