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BACKGROUND
Recently, a new cooperative approach for improving safety and mitigating fatigue in the railroad industry was initiated by the Federal Railroad Administration under the administration of Jolene Molitoris. As stated in a recent report by the General Accounting Office (1997), “Rather than citing violoations and civil penalties as the primary means to obtain compliance with railroad safety regulations, FRA has emphasized cooperative partnerships with other federal agencies, railroad management, labor unions, and the states.”

Prior to this initiative, the railroad industry had been addressing fatigue-related issues through a cooperative labor/management partnership called the Work/Rest Task Force, but which excluded participation from the FRA.  In 1998, the North American Rail Alertness Partnership (NARAP) was established by FRA’s Office of Safety “to support industry-wide initiatives through the coordination, facilitation, and communication of efforts to reduce fatigue and promote safety in rail operations.”
 NARAP members include labor and management representatives in both the U.S. and Canada as well as representatives from the FRA, the National Transportation Safety Board, and the Volpe National Transportation Systems Center. In addition, the FRA has been organizing research projects and developing partnerships in the railroad industry through the DOT Safety Council and the DOT Human Factors Coordinating Committee.

The following text summarizes various fatigue research projects being conducted by the Office of Research and Development at the Federal Railroad Administration. 

Locomotive Engineer Napping Strategies
The scientific literature suggests that the irregular and on-call work schedules used in the railroad industry contributes to sleep deprivation, poor sleep quality, and the resulting fatigue experienced by many engineers. Therefore, strategic policies that allow for on-duty napping, especially at night, are potentially one of the most important components of a fatigue countermeasures program. Because of the potential performance benefits of a single nap, napping policies that allow the locomotive engineer to take a nap in a siding have been established recently on several railroads. There is, however, considerable controversy concerning the effectiveness of this strategy, and whether long naps would cause sleep inertia. Currently little research data are available to determine exactly the nap duration required to achieve a sufficient and enduring performance improvement. Finally, there is little information concerning the potential effects of sleep inertia following different length napping periods on actual operational performance. This project will compare various nap lengths with a “no nap” condition in a locomotive simulator to determine the relationship between fatigue, train handling performance and nap length. The different napping conditions will allow comparison with operations under current operating practices. In addition to safety measures, a variety of efficiency and other operating performance measures (speed control, fuel consumption, emergency brakings, buff and draft forces, etc.) will be captured in this study to help evaluate the cost effectiveness from implementing a napping policy. 

Results of this study will help the industry maximize the effectiveness their napping policies, and could become a cornerstone to an effective fatigue countermeasure program. The current study of on-duty napping strategies will provide the first scientifically valid information available to the railroad industry as to the effectiveness of napping on operational performance in locomotive engineers. Follow-up implementation studies will still need to be conducted to demonstrate whether policy changes or other educational efforts do in fact alter individual behavior toward taking naps when needed. However, due to failure of the RALES locomotive simulator in Chicago, this project is currently delayed. 
Locomotive Engineer Vigilance Monitoring
It is well-known that people are not capable of accurately assessing their own level of fatigue and alertness. Devices that can monitor a person’s alertness in real time can be used to inform that person that they are at-risk for falling asleep in the near future, thereby avoiding the use of faulty personal judgement. The first phase of the project will summarize the existing status and effectiveness of locomotive alerters for maintaining alertness among locomotive crews. The second phase of the project will identify those technologies that appear to have promise for use in the locomotive cab environment. The devices should have demonstrated capability to detect declines in alertness, be unobtrusive, and  have user acceptance. The most promising devices will be field tested for validity of application in service operations, and then in a locomotive simulator for potential usefulness as an automated vigilance monitor.

Locomotive Engineer Passenger Operations Work Schedule Evaluation
This project examines the impact of “nominal work schedules” of locomotive engineer who work nighttime runs in passenger operations. Unlike freight operations where the vast majority of locomotive engineers are on-call, passenger engineers are for the most part regularly scheduled, although at various times throughout the 24-hour day. These nominal work schedules typically involve two or more scheduled runs a week. Some of these nominal schedules include regular oscillations between day and night work. Recent union agreements also allow for more one-person operations (a lone engineer in the cab) during these nominal work schedules. There is some concern at the FRA about the safety of these nominal work schedules, particularly those involving one-person operations with day and night oscillations. This project will provide an ergonomic evaluation of the nominal work schedules of passenger locomotive engineers with nighttime runs using existing alertness models and other standard criteria for evaluating work schedule characteristics which was developed for such purposes. The major outcome expected from this project will be a conceptual model of a work schedule evaluation tool that can evaluate work schedules for their impact on alertness and performance and aid in the design of more ergonomic work schedules. A research protocol will then be designed to compare this model with similar models, validate its use, and then further develop it as a software tool for practical application in the industry. 

Locomotive Engineer On-call Work Schedule Evaluation
This study continues to analyze locomotive engineer diary data and the effects of on-call work/rest cycles on fatigue. Earlier simulator studies of locomotive engineer stress and fatigue demonstrated that locomotive engineers have measurable decrements in performance when they engage in work-rest cycles of less than 24-hours. In addition, these performance decrements were worse when the work-rest cycle was approximately 20 hours in length as opposed to 22 hours in length, suggesting that performance deteriorates as the work-rest cycle shortens. Presumably, these results are due to extended sleep deprivation and/or circadian rhythm disturbances that occur when one is forced to adopt to a sleep-wake cycle that is outside the biological range of entrainment. A follow-up study of locomotive engineer diary data indicated that shorter than 24-hour work/rest cycles occurred in about a third of the work days reported by a large sample of locomotive engineers from various railroads. In addition, when locomotive engineers worked shorter than 24-hour work/rest cycles, they reported less sleep and poorer quality sleep than when they worked longer than 24-hour work/rest cycles. This project will conduct additional analyses of the locomotive engineer diary data to evaluate the impact of on-call work/rest cycles on subjective alertness and performance. 

High-Speed Locomotive Engineer Stress & Fatigue 

This project examines the workload, stress, and fatigue issue within the special context of high-speed train operations to determine if there is a relationship between train operating speed, sleep loss, and work-rest cycles in producing operator fatigue.  High-Speed railroad operations pose forms of fatigue and stress that differ markedly from those due to circadian rhythms, sleep loss and work‑rest cycles.  High-Speed affects the locomotive engineer in two ways: First, as speed increases, locomotive engineers are exposed to increasing sensory load because they must scan the track and its fast-flowing vicinity with increasing intensity to detect signals and dangerous situations. Second, the process of information retrieval (track characteristics, landmarks, the Daily Operating Bulletin, operating rules, etc.) from the locomotive engineer's memory becomes increasingly intensive with increased speed. Therefore, as speed increases, the workload of information processing and retrieval increases. This project uses the high-speed rail simulator developed cooperatively with the Volpe Center and Massachusetts Institute of Technology (MIT) to simulate various information loading scenarios for both locomotive engineers and dispatchers.

Dispatcher Workload, Stress, and Fatigue Program (Phases I, II, and III)
This major project will develop objective and reliable evaluations of train/railroad dispatcher's workloads, occupational stress, and fatigue.  A 1987 survey of train dispatching offices and practices found that dispatchers were subjected to work overloads and heavy safety responsibilities. It was also found that there were some locations and instances where personnel were required or permitted to work on their assigned rest days.  Together, these findings lead to concern about the effects of workload, stress and fatigue on dispatcher performance and safety of train operations. Phase I involved the selection of candidate measures of workload, stress, and fatigue which are objective, well-defined, and suitable for use in the dispatcher's workplace (non-threatening, and as non-intrusive and non-time consuming as possible).  Phase II involved a pilot test of those candidate instruments and the development of field study procedures for data collection. Phase III involved field data collection at two dispatching operations over a two-week period. Data collected in the field included physiological measures as well as self-report data, third party observation and archival sources. Information from the participant background survey was used in conjunction with physiological measures, activity count data and subjective ratings of workload, stress and fatigue collected throughout the shift to assess both the level and source of increases in workload, stress and fatigue. A final report describing results of Phases I, II, and III will be completed in the near future. 

Dispatcher Staffing Analysis (Phase IV of Dispatcher Workload, Stress & Fatigue)
The general purpose of this project is to continue the development and validation of appropriate methodologies to evaluate the workload, stress and fatigue of railroad dispatchers. The specific objective is to develop a tool for objectively quantifying minimum staffing needs at dispatch centers. Understaffing, and its result, chronic overtime, have been shown to lead to worker stress and fatigue, both on and off the job. When people are required to work overtime on their days off or after their regular work shift, less time is available for sleep and general recuperation. It is not known how much and to what extent dispatch centers are understaffed, or to what extent this may impact dispatcher stress and fatigue. However, data collected in Phase III of the Dispatcher Workload, Stress and Fatigue research program suggest that dispatch schedule rosters are frequently in a state of flux. Alteration rates seem to be about 30%, often with a number of schedule changes being made just hours before the start of a shift. These unanticipated changes to work schedules result in chronic overtime and are major contributors to work and sleep schedule irregularity. Excessive overtime appears to be one of the major contributors to dispatcher stress and fatigue. 

Recent evidence also indicates many railroads staff and design their dispatch centers using basic paper and pencil techniques that historically have been used for years. Shiftwork studies in the general literature find many industries are often understaffed by their own standards but don’t realize it because they don’t use the appropriate algorithms in their staffing analysis. These overall findings suggest understaffing at dispatch centers may be a problem, preventing the recuperative process to the mental and physical impact of fatiguing work schedules. This project will develop a standard procedure and methodology for objectively quantifying minimum staffing needs at dispatch centers. A dispatcher staffing algorithm will be developed based on predictable factors that take a dispatcher away from their work (sick time, vacations, training time, holidays, scheduled days off, etc.) and other staffing constraints such as union agreements, knowledge of desks, dispatcher qualifications, and hours of service laws. Fiscal information pertaining to various personnel costs associated with staffing and scheduling a dispatch center will also be collected and factored into the overall staffing algorithm. The utility and feasibility demonstrated with this tool, whether paper and pencil based or software based, should provide the railroad industry with a useful methodology for making more objective staffing and scheduling decisions. More specifically, this tool should provide management with objective method of predicting the costs associated with various levels of staff and mix of dispatcher desk experience, as well as a more objective method for balancing overtime with safety. 

Dispatcher Work Schedule Evaluation (Phase IV of Dispatcher Workload, Stress & Fatigue)
Similar to the Dispatcher Staffing Analysis Project, the general purpose of this project is to continue the development and validation of appropriate methodologies to evaluate the workload, stress and fatigue of railroad dispatchers. The specific objective is to collect and evaluate the different types of dispatcher work schedules, and their component variables, in the railroad industry for their impact on dispatcher fatigue. A substantial body of scientific literature exists that identifies specific characteristics of work schedules that can contribute to fatigue (direction of rotation, rate of rotation, fixed vs. permanent shifts, shift start times, excessive overtime, unscheduled work, etc.). However, the various types and scheduling systems used in different dispatch centers is not known. This project will classify the basic types of dispatcher work schedules, with accompanying descriptions of the salient characteristics for each of those schedules. This information will be entered into a work schedule database. Another database will be created annotating the current state of knowledge regarding the different types of work schedules and their component variables. A methodology using both of these databases will then be developed to conduct a basic assessment of dispatcher work schedules for their potential impact on dispatcher fatigue. This assessment tool will then be made available to the industry as a quick and easy method of conducting an ergonomic evaluation of dispatcher work schedules. 

Non-Ops Commuting and Fatigue
The North American Rail Alertness Partnership (NARAP) was formed in 1998 to support industry-wide fatigue initiatives through the coordination, facilitation, and communication of efforts to reduce fatigue and promote safety in rail operations. As part of these efforts, NARAP promotes the development of fatigue countermeasures, and the systematic evaluation of the effectiveness of those countermeasures based upon analytical and/or scientific data. Union representatives from non-operating crafts, such as Signal and Maintenance of Way employees, complain that excessive travel distances to and from work contribute to fatigue and a lower quality of life for their members, and may even impact their on-the-job performance as well as driving incidents to and from work. It is not known, however, if or to what extent these problems occur. Consequently, a Subcommittee was formed to look into fatigue and travel issues among non-operating personnel in the rail industry. 

The basic question that this subgroup would like to answer is whether or not there is an increased risk of accidents/injuries associated with travel to and from work. The Association of American Railroads is funding a feasibility study to evaluate the usefulness of company records (payroll records, claim forms, etc.) in helping answer this question. Before proceeding with analyzing relevant data from company records, it is important to know what might be learned from these data, how much it would cost to analyze, and how long any analysis might take. At the same time, FRA’s Office of R& D is conducting a literature review to ascertain what might be learned from relevant journal articles as well as other sources of data on the topic of commuting and fatigue. This project will re-examine any available databases with commuting as a variable to evaluate the effects of commuting on fatigue and alertness. In addition, negotiations are underway to conduct a descriptive study of the problem of fatigue among non-operating employees (interviews, focus groups, diary data, etc.). Once this is complete a summary report will be produced and presented to NARAP. 

Cognitive Task Analysis 
Cognitive Task Analysis (CTA) has emerged in Human Factors research as an important methodology for identifying information sources used for critical decision-making, and also for identifying other environmental factors (noise, temperature, fatigue, equipment design, etc.) that might impact critical decisions and other types of cognitive performance. Results from CTA’s have been used in the design of  information displays, information systems, hand held data loggers, and other technology applications to help improve the decision making and cognitive performance of operators. In addition, CTA’s have been used to improve the consistency and reliability of the data collection process. FRA’s Office of Research and Development has an on-going CTA project that focuses on understanding and documenting the decision activities and information requirements of different work groups (locomotive engineers, dispatchers, maintenance of way, etc.).  This documentation is then being used to design information systems, personal data loggers, and cognitive displays to improve the efficiency and performance of various user groups. 

While this project is not solely designed as a fatigue project, it is supportive of other fatigue-related efforts. CTA methodologies will provide a better understanding to some of the underlying aspects of fatigue, including: 1) the impact of fatigue on critical decision making, 2) how automation and new technology might contribute to fatigue or vigilance problems, and 3) how automation and new technology might be used to mitigate fatigue and improve vigilance. Results of these CTA’s will be compiled into a final report, which can be used in: 1) the design of more effective fatigue countermeasures, and 2) the development of methodologies to evaluate the effectiveness of fatigue countermeasures. 
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� See the North American Rail Alertness Partnership Charter. ( April, 1998). Available from Jay Sorah, Department of Transportation, Federal Railroad Administration, Office of Safety, 331 Marshall Creek Road, Roanoke, Texas 76262.
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