6.  Research, Development, and Technology PERFORMANCE MEASURES

Essential to an RD&T Plan is an evaluation framework that links together at an early phase the goals of specific projects and programs with the transportation operations they seek to address.  As described in previous sections, the programs composing this RD&T Plan are targeted toward specific outcomes derived from high-level goals.  Time horizons may vary, but, ultimately, expectations for a set of downstream payoffs require measurement criteria that will yield insights and knowledge about project success or failure.  Outcomes are likely to be distant in time from the research that contributes to them.  The relationship between the RD&T process and societal impacts is suggested in Figure 6-1.  The process may even continue further.  Feedback gleaned from societal impacts may be used to guide new research ideas, with lessons learned from one RD&T life cycle applied to emergent transportation problems.
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Figure 6-1.  Relationship Between RD&T and Outcomes

Performance measures and program evaluations show if intended outcomes are occurring as a result of investments in RD&T.  They are also helpful in assessing trends or in making midstream calibrations to research designs and implementation strategies. Program evaluation uses analytic techniques to assess the extent to which RD&T programs are contributing to those outcomes and trends.  

In most cases, DOT RD&T responds to the mission-related needs of the operating administrations.  Examples include improvements in equipment and systems needed by the FAA and USCG, research and analysis to guide regulatory responsibilities, and technical studies to guide and support policy decisions.  RD&T is often directed at advancing the system in general, such as improvements in highway construction materials and processes, or the application of information technology to transportation operations.  Customers or beneficiaries of RD&T programs include those people and organizations involved with the total transportation enterprise: state and local governments, providers of transportation services and equipment, shippers and consignees, and individual travelers. 

The Government Performance and Results Act (GPRA)

The GPRA, P.L. 103‑62, enacted on August 3, 1993, requires the development and use of performance measures for agency management.

The GPRA focuses on assessment of the broad outcomes of government programs, rather than particular outputs produced by agency expenditures.  The difference between “outcomes,” “outputs,” and “impacts” is central to GPRA.  These distinctions are conceptually straightforward:

· Outputs—The direct, tangible result of an activity.  Products or services generated by a program or organization and provided to the public or to other programs or organizations.  Generally, outputs can be measured on an annual basis.  Example:  New technologies for marine search and rescue.
· Outcomes—A result, effect, or consequence of the output in the performance or characteristics of the transportation system, including its effect on the nation.  An outcome is typically the cumulative result of actions of many parties throughout the transportation enterprise, and is always affected by factors external to the organization.  Example:  More effective search and rescue activities.

· Impacts—A level of consequence even broader than outcomes.  This relates outcomes to changes as perceived by users and providers of transportation and the society as a whole.  Impacts can have a long time frame and can be difficult to quantify.  They can include both beneficial and adverse effects.  Example:  Improved marine safety; additional lives saved.

DOT ANNUAL PERFORMANCE PLAN
As required by the GPRA, the Department’s Performance Plan is based on the DOT Strategic Plan 2000-2005.  The Performance Plan operationalizes the Strategic Plan and provides strong linkages to DOT’s budget request.  It defines the performance goals and measures that DOT will use to manage progress toward achieving its strategic and organizational excellence goals.  Rather than including an exhaustive treatment of every activity and performance indicator in the Department, the Performance Plan is a top-level, integrated depiction of managing for results within DOT.  Detailed discussions of program-specific performance are included in the budget justifications of the individual operating administrations.

The FY 2003 Performance Plan includes a number of specific measures that indicate progress toward explicit performance goals (see Table 6-1).  These performance measures are quantitative indicators of progress toward a performance goal over a given period of time.  The performance goals linked to these measures are shown in Table 6-2.

For each measure, the Department’s Performance Plan presents a detailed characterization of the scope, source, baseline, limitations, verification and validation factors, and relevant comments.  An example of a performance measure is shown in Table 6-3.  This measure, the highway fatality rate, is often thought to be one of the more accurate yardsticks by which to look at DOT's efforts to improve safety.  It normalizes the actual number of deaths by a legitimate exposure measure, vehicle-miles traveled (VMT).  Table 6-3 also describes the source and scope of the data employed to construct this performance measure.  It indicates the quality of underlying data, the computation of those data, and the statistical reliability of both the numerator and denominator used to construct the performance measure.  This secondary information is very important to analysts whose job it is to discern whether a given trend in this rate is statistically significant, and whether the outcome sought has indeed occurred.

RD&T and Performance Goals

Implementation of RD&T results often takes considerable time.  Hence, current efforts can have only modest impact on the attainment of specific performance goals for FY 2003.   In the longer term, however, ongoing and future RD&T programs will shape progress on the performance measures delineated in Table 6-1.  RD&T provides the means to achieve stated goals, but also enables the realistic setting of even more ambitious goals.  The definition and attainment of performance goals for future years will benefit from well-designed and well-implemented RD&T activities that increase understanding of the issues and challenges, provide the foundation for solutions, demonstrate benefits, and generally support implementation of successful innovations.

Measuring the contributions of RD&T activities to the achievement of goals poses a special challenge.  Overall, performance measurement for RD&T is different than for other programs due to the increased risk and timeframes for performance measures.  Moreover, RD&T is generally a component of broader programs directed toward specific mission responsibilities and the achievement of DOT goals.  Ultimate realization of those goals, however, depends in large part on many factors that can be distant from the underlying RD&T.  Further, in the transportation world, Federal activities are generally only a part—often a small part—of achieving outcomes.  Much of the responsibility for implementation falls to the private sector and to state and local public agencies.  Moreover, final consequences are determined largely by the actions and choices of transportation system users, providers, and other affected parties.

Table 6-1.  FY 2003 Performance Measures for DOT Goals

	Safety 
	Mobility and Economic Growth 

	Highway Safety
	●  Highway Fatality Rate
	Aviation Delay
	●  On-Time Flights

	
	●  Truck-Related Fatalities
	Maritime Navigation
	●  Vessel Collisions, Allisions, and Groundings



	Aviation Safety
	●  Commercial Air Carrier Fatal Accident Rate


	
	●  St. Lawrence Seaway Availability

	
	●  General Aviation Fatal Accidents
	Transportation Accessibility
	●  Bus Fleet and Rail Station Accessibility



	Maritime Safety
	●  Mariner Rescue
	
	●  Access to Jobs

	Rail Safety
	●  Grade Crossing Accident Rate

●  Train Accident Rate
	International Air Service
	●  International Markets with “Open Skies” Agreements

	
	
	Human and Natural Environment

	Transit Safety
	●  Transit Fatality Rate
	Fishery Protection
	●  Domestic Fishery Violations

	Pipeline Safety
	●  Excavation Damages
	Wetland Protection and Recovery
	●  Wetlands Replacement

	Hazardous Materials Safety
	●  Hazardous Materials Incidents
	DOT Facility Cleanup
	●  Facilities Categorized as No Further Remedial Action Planned (Superfund Act)



	Homeland Security
	Mobile Source Emissions
	●  Transportation Conformity Lapses

	Aviation Security
	●  Legislative Requirements Met

●  Passenger and Baggage Screening Effectiveness

●  Waiting Time for Screening Passengers
	Oil and Pipeline Spills
	●  Maritime Oil Spills

●  Liquid Pipeline Spill Rate

	
	
	Aircraft Noise Exposure
	●  Population Exposed to Significant Aircraft Noise

	Coastal and Seaport Security
	●  Screening of High-Interest Vessels
	Organizational Excellence

	Strategic Mobility
	●  DOD-Required Strategic Shipping Capacity

●  Port Availability for Defense
	Strategic Management of Human Capital
	●  Executive Performance Assessments

●  Inventories for Competitive Sourcing



	
	
	
	●  DOT Employees Who Telecommute

	Drug and Migrant Interdiction
	●  Maritime Drug Interdiction
	
	

	
	●  Interdiction of Undocumented Migrants
	Competitive Sourcing
	●  Commercial Positions Competed



	Mobility and Economic Growth 
	Financial and Procurement Performance
	●  Performance-based Contracting

●  Small Disadvantaged and Women-owned Business Contracting

	Highway Infrastructure Condition
	●  Highway Pavement Condition
	
	●  On-Time, On-Budget Completion of Federally Funded Transportation Infrastructure Projects

	Highway Congestion
	●  Traveler Delay
	Citizen-Centered Government
	●  Environmental Justice Cases Resolved

	Transit Ridership
	●  Percent Change in Transit Ridership

●  Transit Grant Obligations within 60 Days after Submission
	Budget and Performance Integration
	●  Realignment of Budget Categories with Performance Goals


Table 6-2.  Examples of Performance Goals Linked to DOT Strategic and Organizational Excellence Goals

	DOT Goal
	Performance Goal



	Safety
	· Reduce the highway fatality rate to 1.0 per 100 million vehicle-miles traveled in 2008, from 1.7 in 1996.

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



	Homeland Security
	· Ensure that no terrorist or other individual is successful in causing harm or significant disruption to the aviation system.

· Ensure that seaborne foreign and domestic trade routes and seaports remain available for the movement of passengers and cargo.



	Mobility and Economic Growth
	· Limit the annual growth rate of urban-area travel time under congested conditions to no more than 0.3 percentage points.

· Increase the accessibility of public transit systems to those with disabilities.



	Human and Natural Environment
	· In support of the President’s Clean Air Initiative, ensure that emissions from transportation sources conform to Clean Air Act standards.

· By 2006, reduce the amount of oil spilled by 20 percent.



	Organizational Excellence
	· Achieve 95 percent of cost estimates for major Federally funded transportation infrastructure projects, or miss them by less than 10 percent.

· Ensure that transportation projects are accomplished evenhandedly, so that no community or group bears a disproportionate burden.




Table 6-3.  Detailed Characterization of a Performance Measure: Highway Fatality Rate

	Measure:


	Fatalities per 100 million 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 a 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 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.  HPMS is also subject to estimating differences in the states, even though the FHWA works to minimize such differences and 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.  Based on data from 1994-2000, the annual variation in the fatality rate has a regression standard error of 0.029.

The estimates of the number and percentages of persons killed in motor vehicle traffic crashes during 2001 are preliminary and based on incomplete data and statistical models.  The NHTSA is currently developing its first official estimate for 2001, the Early Assessment.



	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 was completed in 1993, looking 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.




The difficulty of linking RD&T to specific outcomes does not preclude the application of performance-oriented management to DOT RD&T programs, or the incorporation of RD&T activities into the broader framework of the annual Performance Plan.  Likewise, it does not prevent meaningful consideration of the real or potential contribution of specific RD&T efforts to particular future accomplishments. 

Measures of Success for RD&T

Organizational Excellence Goal:  Advance the Department’s ability to manage for results and innovation.

As discussed in Section 3 and in the DOT Strategic Plan, to meet its organizational excellence goal and outcomes, the Department is accelerating the use of new technologies and fostering long-term, high-payoff enabling research.  Milestones for FY 2003 are to:  

· Develop a fifth edition of the DOT RD&T Plan to serve as a basis for program development, thereby ensuring that the Department’s RD&T activities support DOT strategic goals and outcomes and the achievement of performance goals.

· Conduct the National Research Council peer review of DOT and Federal transportation RD&T programs required by TEA-21 to ensure a balanced portfolio that addresses the critical long-term needs of the Department and the nation.  

· In the context of ongoing policy development activities, develop mechanisms to support Departmental decision makers with complete, accurate, and timely information on the Department’s RD&T activities and their implications for legislation and policy.

· Ensure that in-house organizations have world-class transportation RD&T capability by assessing their performance relative to FY 2002 baselines.

· Work with key members of the transportation enterprise to identify and eliminate regulatory and legal barriers to innovation, and disseminate information on “best practices” that can accelerate the innovation process.

The GPRA provides an important and useful framework for managing RD&T and assessing its value, but it is focused primarily on the degree to which specific budget items have achieved their expected results.  The Department’s RD&T activities, singly or aggregated, can be characterized and evaluated in numerous other ways that respond to different basic questions.  The nature of transportation RD&T as an enabling element, rather than an end in itself, imposes an inherent uncertainty on any attempt to measure success and ultimate impacts, but meaningful results can be obtained.  At the project or program level, it is highly appropriate to consider the efficiency of a particular effort—the degree to which minimal resources and/or minimal time were required to meet the objectives of the work with a high-quality effort.  For exploratory research, and for RD&T activities in the aggregate, one can also qualitatively assess effectiveness—the degree to which investment, policy, regulatory, and operational decisions are affected by the work, and viable new options and solutions created and characterized.

These two notions—efficiency and effectiveness—can be combined in seeking to assess the cost-effectiveness of RD&T, which requires the ability to quantify potential impacts in economic terms.  The ultimate economic impacts of RD&T often are far in the future and depend on many externalities and unknowns.  Therefore, only rough estimates of cost-effectiveness are likely to be possible in the near term.

When assessing RD&T outputs and intermediate outcomes, the focus is on satisfying the expectations of the “direct” customers.  These are the entities that requested the work, those to whom the RD&T products will be delivered, or the parties who will take the next steps in implementing or applying the results.  From a broader perspective, however, transportation has a significant impact on the nation as a whole by playing a pivotal role in economic development, productivity, and global competitiveness.  The performance of the transportation system shapes the level of personal mobility and the quality of life of virtually everyone.  Thus, the whole society is ultimately affected by the outcomes and impacts of RD&T, and in this sense can be seen as a customer.  It is this “customer” that is being considered in assessing the degree to which RD&T outcomes and impacts support national and Departmental goals.  Measures of these impacts are typically indicators of overall transportation system performance, such as the number of fatalities, degree of congestion, and availability and cost of services.  Table 6-4 suggests a set of candidate measures relevant to the long-term impact of RD&T on the nation’s transportation system for DOT’s strategic goals.  The linkage is not direct, since many factors—in addition to RD&T—affect changes in these indicators.

Table 6-4.  Candidate Performance Measures in Relation to DOT Strategic Goals

	Transportation

System Performance
Categories
	Safety
	Homeland Security
	Mobility and Economic Growth
	Human and

Natural Environment

	Safety
	XX
	X
	X
	X

	Security
	XX
	XX
	X
	X

	Capacity
	X
	X
	XX
	X

	Cost (User and Provider)
	X
	X
	XX
	X

	Energy Efficiency
	
	X
	XX
	XX

	Environmental Impacts
	
	
	X
	XX

	Use of Natural Resources
	
	X
	XX
	XX

	Congestion and Other Delays
	X
	XX
	XX
	X

	Availability and Accessibility
	
	XX
	XX
	

	Trip and Delivery Time
	X
	X
	XX
	

	Reliability and Robustness
	X
	XX
	XX
	

	Flexibility and Adaptability
	X
	XX
	XX
	

	Ease of Use and

Seamlessness
	
	XX
	XX
	


Note:  X indicates a relationship; XX indicates a strong relationship.

Application of Performance Measurement to RD&T

In compliance with the GPRA, DOT has developed the following general approach in assessing the effects of RD&T on performance:

· Definition of Customer(s): Definition of the direct customer(s) and primary stakeholders—entities with a strong and active interest in the RD&T itself, or in the downstream outcomes associated with it.

· Definition of Goals: Delineation of explicit goals for the RD&T—what the customer expects to get at the end of the measurement period.  These goals are to have a clear link to the overall program and the goals defined by the Department’s Strategic Plan. 

· Definition of Performance Measures: Consultation with customers and primary stakeholders to identify the performance measures by which attainment of their goals for the RD&T effort can be judged, and the means by which they will be evaluated.  Major categories include efficiency, effectiveness, scientific and technical quality, and customer satisfaction.  Specific performance measures depend on the topic of the research effort and its application, but could include one or more of the following: 

Percent improvement in accuracy.

Percent improvement in maintainability.

Percent improvement in reliability.

Percent increase in capacity.

Percent increase in energy efficiency.

Percent increase in speed.

Percent increase in strength.

Percent reduction in emissions and waste products.

Percent reduction in life-cycle costs.

Roles of DOT RD&T

DOT’s RD&T projects contribute to strategic goals and outcomes primarily through the organizations and programs supported.  The terms by which RD&T is measured thus vary by the primary DOT roles that RD&T supports: operational missions, regulatory functions, and national needs.

RD&T to Support Operational Missions

Much of the Department’s RD&T is in support of DOT programs responsive to specific operational functions embodied in legislation and agency mandates.  For example, a substantial portion of the FAA RD&T budget is associated with the evolution and renewal of the nation’s air traffic control system, while research provides a necessary foundation for the wide spectrum of services provided by the USCG.  Measures for RD&T’s contributions to these roles would logically be based on aviation mobility (e.g., on-time flights) and marine safety (e.g., mariner rescue).

RD&T to Support Regulatory Functions

Many other DOT responsibilities, primarily those concerned with safety, involve development and promulgation of regulations, standards, and specifications.  For instance, the NHTSA’s motor vehicle regulatory process requires research to understand crash causes, identify and assess alternative approaches for their elimination or mitigation, and economic and other adverse impacts on affected parties.  Moreover, rigorous cost-benefit analyses assure that regulations or standards are warranted, and establish that the proposed approach is the most cost-effective one.  RD&T can foster the development of tools and procedures to reduce costs borne by the government and by those affected by regulations.  One possible measure reflecting the success of RD&T underlying a regulatory program might be the number of liquid pipeline spills. 

RD&T Responsive to National Needs
A large portion of the Department’s RD&T is intended to bring about substantial technical improvements by direct stimulation of innovation in transportation, rather than through mandated functional responsibilities.  For example, the Department is involved in guiding and shaping public investment in the transportation infrastructure through trust fund grants. RD&T that reduces the cost and extends the performance and lifetime of roadways and other infrastructure can be a very worthwhile investment. 

DOT RD&T initiatives can play a significant role in stimulating and accelerating activity in the private sector, resulting in major innovations in transportation.  Although development of advanced transportation technology and improved operations is largely the responsibility of non-Federal entities and the private sector, focused Federal investment in research, development, testing, evaluation, and prototype deployment can have significant impacts.  This is particularly true when market-driven RD&T efforts are delayed by technological and other uncertainties or by institutional impediments.

The Effect of Time on Performance Measurement

Just as in the case of RD&T that supports specific DOT missions, the management and technical quality of RD&T outputs remain key for near-term (e.g., annual GPRA) performance measurement.  Yet, many of these activities are large programmatic initiatives conducted for a very broadly defined “customer”: the transportation enterprise and the nation as a whole.  The “customer needs” in these cases are inherently embodied in the DOT strategic and organizational excellence goals, which thus become the focus of performance measurement.  This shifts the emphasis from outputs to outcomes—closer to the final impacts, but requiring a longer period to become manifest and allow substantive assessment.  

Consider, for example, the problem of assessing the performance of a program that develops technical standards and a national architecture for the application of information technologies to road traffic management and operations.   Initially, this would have to be based on the technical quality of the process and standards.  After several years, however, the real value of the work would be more accurately reflected in the intermediate outcome; i.e., the degree to which program results are being incorporated in system planning and implementation.  At that point, a sound basis exists for estimating or predicting potential changes that the innovation will generate through performance measures associated with specific performance goals (e.g., mobility gains, as evidenced by the annual hours lost to delay through highway congestion).

Over a still longer time frame, real outcomes and societal impacts can be assessed, based on actual changes in pre-defined measures.  Many confounding factors necessarily blur the precision of the link between RD&T and final results, but overall judgments are generally possible.  For example, the introduction of seat belts, airbags, and enhanced vehicle crashworthiness—based on extensive Federal and private RD&T—have clearly had a dramatic and quantifiable impact on decreasing the automobile fatality rate and crash injury severity over the last two decades.  Still, this example illustrates the complexity of identifying the various elements and programs involved in achieving the outcome in order that the relative role of each may be assessed.

Identification of performance measures that best characterize progress toward DOT goals is essential to the Department’s annual Performance Plan. While quantitative linkage of these measures to RD&T projects may not be feasible in the near-term, the manner and magnitude in which RD&T improves transportation operations should be identifiable over the long run.
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