
U.S. Department 
ot Transportatian 

Federal Railroad 
Adminislralion 

DEC r92011 
MI'. Michael Flanigon 
Inspector-in-Charge 
National Transportation Safety Board 
490 L'Enfant Plaza SW 
Washington, DC 20594 

Dear MI'. Flanigon: 

1200 New Jersey Avenue, 5E 
Washington, DC 20590 

Fatigue has been a long-term problem for the railroad indusu'y and needs to be continually 
addressed as we leam more about the underlying fatigue indicators and the effects of fatigue 
on performance. The effects offatigue have a scrious impact on railroad safety. For this 
reason, the Federal Railroad Administration (FRA) has funded and continues to fund studies 
looking at the effects offatigue on performance. 

I have enclosed two rcports that discuss FRA's research efforts in the arca offatigue. The 
first is a white papcI' authored by FRA's Office ofResearch and Development titled "The 
Railroad Fatigue Risk Management Program at the Federal Railroad Administration: Past, 
Present and Future." This pap er, published in 2006, highlights many of the research efforts 
undertaken by FRA in the past 15 years. 

The second pap er, "Fatigue and Alcrtness in the United States Railroad Industry, Part II: 
Fatiguc Research in the Office ofResearch and Dcvclopmcnt at the FRA" details the fatigue 
research goals of FRA. Additionally, this paper presents information on thc feasibility, 
utility, and cost effectiveness of fatiguc management efforts of the govemment, unions, and 
the railroad industry. The paper also provides a plan for the transfer oftechnology and 
knowledgc bctween interested groups. 

In addition to these two publications, cncloscd is a list of some newer FRA-sponsored fatigue 
research efforts with links to download full text for FRA-published documcnts. 

Furthermore, resourccs such as educational fatigue and alertness materials have been created, 
and as we gain more undcrstanding of how fatigue affects performance, new resources are 
being developed. Once such etIort, the North American Rail Alertness Partnership 
(NARAP) was developed as a joint effort bet we en raiilabor, management, and FRA to 
provide educational information on managing fatigue and increasing alertness. 



FRA has used infonnation from thesc and othcr studies to help in form the updates made to 
thc Rours of Service Act. FRA understands that the problem of fatigue is greater than what 
can be solved only though amendments to Hours of Service and continues to conduct 
research and fund railroad industry pilot projects looking at innovath'e fatigue management 
practices. For one such effort, FRA is working with the Research and Innovative TechnoJogy 
Administration's Volpe Center on the Web site, "The Railroaders' Guide to Realthy SJeep." 
The Web site is dcsigned to provide locomotive engincers, conductors, and ot hel' safety­
critical personnel with educational information about sJeep disorders, acccss to an at-home 
screening questionnaire for sleep apnea, information on holi' to obtain treatment for sleep 
disorders, holi' lack of sleep and circadian misalignment affect performance, and holi' 
railroad pcrsonneJ can get the slccp they need. I anticipate the Web site will be available to 
the pub lic in early 2012. 
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Currently, FRA is in the process of drafting guidance for railroads to deveJop Fatigue 
Management Plans (FMP) as part of a larger railroad safcty risk reduction program. Taking 
in to account the multifaceted nature offatigue, these FMPs will be designed to reduce fatigue 
through appropriate countermeasures, scheduling practices, employee education, and 
increased opportunities for rest. FRA hopes that the deveJopmcnt of these FMPs willlead to 
a reduction in the amount of fatiguc experienced by railroad employees and, ultimateJy, 
increase railroad safety. 

FRA is in the final stages of drafting two documents related to fatigue. The first provides 
information reJatcd to developing Fatigue Risk Management Systems in the raiJ industty. 
The second document will provide information to the passcnger rail industry regarding 
fatigue mitigation strategies and the developmcnt ofFMPs. 

Fatigue continues to be asafety concern and more can and should be done to address fatigue 
issues and increase railroad safety. Programs su ch NARAP, and the development ofFMPs, 
rely on all of us working together to gather necessary information, identify research needs, 
and continually improve and refine these programs to better address safety needs. 

Looking forward, FRA will continue to identify research needs and gaps, develop 
educationalmaterials, identify new mitigation strategies and technologies, and sponsor rail 
industry piJot projccts in an effort to increase our understanding of fatiguc and its underlying 
mechanisms. 

Sincerely, 

Hynes 
Acting Deputy Associate Administrator 

for Safcty Compliance'and Program Implementation 

Enclosures 
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FRA-Sponsored Fatigue Research Efforts 
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The Railroad Fatigue Risk Management Program at tlle 
Federal Railroad Admillistmtion: 

Past, Pl'esent and Future 

The National Rail Safety Action Plan, announced by fonner Secretary Mineta in 
May 2006, calls for the Federal Railroad Administration (FRA) to "address the serious 
problem of fatigue among railroad operating employees ". Embodied in this plan was the 
specific objective to "Accelerate research on railroad crew work histOly to validate a 
fatigue model for possible use to improve crew scheduling." This white paper is in 
response to the mandate of the Secretmy and provides a synopsis of past and present 
actions taken by the FRA to manage the risk of fatigue in the railroad industIy and 
outlines plans for filture actions. 

The Past 

The FRA has, historically, managed the risk of fatigue in the railroad industIy 
tln·ough enforcement ofthe Hours of Service Act of 1907 as amended through 1989. The 
current HOS law (49 U.S.C. §21101 et seą.l stipulates that train service employees may 
work no longer than 12 continuous hours folIowed by a minimum of 10 hours off duty, 
and that they be given at least 8 consecutive hours off duty in evely 24-hour period. 
Consequently, an individual can work II hours and 59 minutes, be off duty for 8 hours, 
and retum to work at the end of that 8-hour period. Moreover, such a pattem could 
continue for many consecutive days, so that the individual's work schedule would never 
develop a consistent circadian pattem. Crew members are generally called approximately 
2 hours before repOlting time, so that the maximum duration ofunintenupted sleep could 
be between 6 and 7 hours. However, since the required 8 hours off-duty time includes 
commuting, leism·e and personal time, the duration of any sleep would be even less than 
that. Further, actual periods ofwork, which may include traveling in "deadhead" status 
to a work site, waiting on a train for transportation and traveling back to the point of final 
release, can greatly exceed 12 hours. Furthermore, as noted by the National 
Transportation Safety Board (NTSB) and othcr concemed pmties, the statutOly 
maximums and minimUlns are not based on science. 

The FRA is the only modal administration within the Department of 
Transportation whose HOS are mandated by Congressional statute and, therefore, may 
not be adjusted Ol' modified by administrative procedures. Thus, FRA is restricted in its 
efforts to aggressively initiate an appropriate range offatigue mitigation measures. This 
limitation on FRA's administration authority has resulted in an environment wherein: 

A commercial airline pilot can fly up to 100 hours per month; 

A tmck driver can be on duty up to about 260 hours per month; 

Shipboard personnel, at sea, cannot operate more than 360 hours per month, and 
only 270 hours per month when in port; and 



Locomotive engineers can operate a train up to 432 hours per month, which 
equates to more than 14 hours a day each ofthose 30 days. 

(Testimony of Chainnan Hall, NTSB, before the Committee on Transportation 
and Infrastructure, Subcommittee on Railroads, House of Representatives, April 
29,1998). 

This raises the question: "Is the HOS law sufficient to prevent fatigue in the railroad 
industry?" Two FRA-sponsored empirical studies in the 1990's indicate that the answer 
is HNo", 

Pollard's (996) work/rest dimy survey of200 locomoth'e engineers found that 
while the average locomotive engineer obtained only 20 minutes less sleep than the 
average person, locomotive engineers who stalted work between 2200 and 0300 hours 
averaged only about five hours of sleep. There is considerable variation in the amount of 
sleep that locomotive engineers obtain, depending on the time of day when work stmts, 
because human physiology enables sleep at night but makes sleeping during the day 
difficult. 

Thomas, Raslear and Kuehll (1997) also found that locomotive engineers in a 
simulator study, working strictly witllin the FRA HOS, accumulated a progressive sleep 
debt over a period of days. Engineers working a 10-hour shift with 12 hours off-duty 
averaged 6.1 hours ofsleep, while engineers with 9.3 hours off-duty averaged only 4.6 
hours of sleep. The engineers reported a progressive decrease in subjective alertness 
across the duration ofthe study, and performance of safety sensith'e tasks degraded 
during the same time period. Thomas et al. conc\uded that FRA HOS law allows work 
schedules that degrade job performance and reduce the safety of railroad operations. 
Again, a law that merely allows time for sleep is not sufficient to ensure adequate sleep, 
prevent fatigue and maintain safe rail operations. 

Based on these and other studies, it is now widely acknowledged that while HOS 
restrictions are necessaty to establish limits on the amount of work that indh'iduals are 
allowed to perfonn, they are not sufficient to prevent fatigue. 

Since human physiology cannot be altet'ed, any 24/7 operation will have some 
fatigue risk associated with it. The question remains, "What is the contribution of fatigue 
to the risk of human factor accidents in the railroad indusIty?" CUlTent research, 
discussed below, will help answer that question. 

The Present 

Fatigue risk in a 24/7 operation is not just about how much work (hours per day) 
is perfol1ned, but also about when (time of day) that work is perfol1ned and for how 
many consecutive days it is perfOlmed. HOS regulations typically address how much 
work is perfonned. An effective proactive fatigue 11sk management program needs to 
balance the amount of work perfol1ned against when the work is performed, how long a 
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work schedule is in effect, and several other variabies. While some ofthese factors may 
be capable of a regulatory solution, past research has already established that time of day 
inf1uences are intractable, and the effective regulation of the other factors requires 
information that has only recently become available through FRA-sponsored research. 

Several data collection and research activities now provide a quantitative pictUl'e 
ofthe role offatigue in railroad accidents that was previously unavailable. For example, 
the Fatigue Avoidance Scheduling Tool (FAST) has now been validated and calibrated 
(Hursh, Rasiear, Kaye and Fanzone, 2006), FAST is a biomathematical model that can 
be used to assay the risk of fatigue in work schedules and to plan schedules that 
ameliorate fatigue. The model takes into account the time of day when work occurs 
(circadian rhythm) and opportunities for sleep based on work schedules. The model 
validation used work histories from 400 human factors and 1000 non-human factors 
accidents. FASTwas used to calculate cognitive effectiveness' (the inverse offatigue) 
from the 30 day work histories prior to the accidents and at the time of the accidents. The 
data are from 2003, 2004 and the first six months of 2005. 

The data from Hursh et al. sllOwed that there is a reliable relationship between the 
time-of-day of human factors accidents and the expected, norma l circadian rhythm. This 
circadian pattem was not reliably present for non-human facton; accidents. The risk of a 
human factors accident is increased by 20% by working during the hours frommidnight 
to 3 AM. 

Hursh et al. also showed that there is a reliable linem' relationship between 
effectiveness and the risk of a human factors accident. This relationship accounts for 
86% ofthe variance in the data. In contrast, there is not a reliable relationship between 
effectiveness and the risk of a non-human factors accident. 

Hursh et al. sllOwed that there was an elevated risk of human factors accidents at 
any effectiveness score below 90, and accident risk increased as effectiveness decreased. 
Effectiveness scores below 70 were associated with a reliable increase in human factors 
accident risk, but not in non-human factors risk. The risk of a human factors accident is 
increased by 21 % at effectiveness scores at or below 70. Twenty three percent ofthe 
accidents examined occUl1'ed at or below an effectiveness score of 70. Based on other 
research, an effectiveness score of 70 is the rough equivalent of a 0.08 blood alcohol 
level or being awake for 21 hours following an 8-hour sleep period the previous night. 
There is a 65% increase in human factors accident risk at an effectiveness score of 50 or 
less. 

I Cognitive effectiveness is a metrie that traeks speed of performance on a simple reaction time test and is 
strongly related to overall response speed, vigilance, and the probability or lapses (Hursh, S.R., Redmond, 
D.P., Johnson, M.L., Thome, D.R., Belenky, G., Balkin, TJ, Stonn, W.F., Miller, J.C., and Eddy, D.R. 
(2004). Fatigue models for applied research in warfighting. Aviatioll, 8pace and Envirol1mell/a/1\ledicine, 
75,3, Suppl.: A44-53.; Van Dongen, H.P.A. (2004). Comparison ofmathematical model predictions to 
experimental data offatigue and performance. AviatioJ/, Space and ElIvil'OJlJ1lel1tal JHedicille; 75, 3, Suppl.: 
AI5-36.). 
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Hursh et al. found that cause codes associated with accidents that occulTed at or 
below an effectiveness score of70 showed an over-representation ofthe type ofhuman 
factors accidents that might be expected of a fatigued crew (e.g., signals passed at 
danger). Property damage from aH the human factors accidents examined was estimated 
to be approximately $46,000,000. Of this amount, human factors accidents with 
effectiveness scores at or below 70 account for approximately $18,000,000, or 39%, of 
property damage. 

Other FRA analyses of accidents agree substantiaHy with the Hursh et al. results. 
The time-of-day of severe accidents from the Switching Operations Fatality Analysis 
(SOFA) study (August 2004 Update) shows a reliable relationship to the expected, 
normai circadian rhythm. The circadian rhythm accounts for 22.6% of the vmiance in the 
time-of-day of these accidents. Since this data set inc1udes al! severe accidents, 
regardless oj cal/se, fi"om 1997 to 2003, this estimate of the strength of the circadian 
influence in accidents is entirely consistent with the estimate in Hursh et al. 2 

The Collision Avoidance Working Group (CAWG) examined 65 main-track train 
coHisions in which human factors causes contributed to trains exceeding their authOlity 
by passing a stop signal, failing to comply with a reshicted speed signal, or entering 
ten'itoly without authority. CAWG found that 19 ofthe 65 accidents (29.23 %) involved 
impaired alertness (defined as failing to take appropriate actions to avoid the accident). 
In the Hursh et al. accident sample, 37.6% of similar accidents had effectiveness scores 
of70 or below. Nearly aH ofthe 19 CAWG collisions occurred between midnight and 
eight AM, which indicates a strong circadian effect. F AST was used to independently 
corroborate that fatigue was a contributing factor in these accidents. 

In the June 28, 2004 accident at Macdona, Texas, involving a collision between a 
Union Pacific Railroad tra in and a BNSF Railway Company tra in, three persons died, 30 
persons were injured and nearly $ 6 million in damage occlmed. Using FAST, FRA 
detennined that tra in crew fatigue was a contributing factor in the accident. The NTSB in 
its report NTSB/RAR-06/03 of July 6, 2006, agreed with the findings of the FRA, and 
also inc1uded other possible factors as related to the accident. 

Work/rest diaries from representative sampies ofsignahnen (see also), 
maintenance-of-way workers (MOW), and dispatchers have been coHected, and a 
preliminmy analysis of data from the first two groups is complete. While this data will 
be extensively analyzed with FAST in the near funn'e, a preliminmy analysis discloses 
some interesting pattems consistent with the Hursh et al. findings. 

For instance, while 39 % ofU.S. adults get less than 7 hours ofsleep on 
workdays, 66 % of MOW workers, 64 % of signalmen and 55 % of dispatchers have this 
amount of sleep. This is roughly consistent with the pattem seen by Hursh et al. for 

2 Assuming 6% of the variance for 1000 nonhuman factors accidents and 51 % for 400 human factors 
accidents, the weighted avcrage, regard/ess ol COlIse, would be 23.3%). 
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locomoth'e crews3
• Sixteen percent of MOW workers and signalmen, and 19% of 

dispatchers get less than 6 hours of sleep on workdays. Although this dimy data has not 
been analyzed with FAST, it can be roughly estimated that workers getting less than 6 
hours of sleep for 7 consecutive days would have an effectiveness score of less than 63 if 
they were working at 4 AM. If the impact of reduced effectiveness is the same for these 
populations as for the locolllotive crews studied in Hursh et al., their accident risk wotJld 
be elevated by 2\ to 39 %. 

The need to address fatigue issues with regard to medical conditions is also a 
cOlllponent ofthe National Rail Safety Action Plan. On Novelllber \5,200\ an accident 
between two Canadian NationallIlIinois Central Railway trains resulted in the fatalities of 
two crewlnembers and serious injuries to two others. The NTSB in its report, 
NTSB/RAR-02f04, ofNovember \5, 2001 stated that the prilllarily cause ofthe accident 
was the obstructive sleep apnea of two crewmembers. Reconullendations were Illade to 
the Canadian National Railway and FRA to address obstructive sleep apnea and other 
Illedical conditions illlpacting upon the performance of an elllployee. FRA's Sa fety 
Advisory 2004-04, "Effect ofSleep Oisorders on Safety ofRailroad Operations", was 
issued on September 2\,2004 in response to the NTSB's recommendations. Two studies 
recently sponsored by FRA address fatigue concerns from the perspective of sleep 
disorders and depression. The findings ofthese studies wiII be available in 2007. The 
RailI·oad Sa fety AdvisOlY COllllllittee is also developing Illedical fitness-for-duty 
standards and procedures that will address sleep disorders. 

The Future 

FAST is a validated and calibrated tool for quantifying fatigue in the railroad 
industty. FAST or silllilar tools should be used to quantitatively evaluate and implelllent 
fatigue management plans in the industry. 

For instance, although fatigue countenlleasure programs have been widely 
illlplelllented in the industty over the past six years, this has been done without concern to 
properly evaluate the effect of these prograllls. In most instances, the prograllls have 
been tenllinated for economic reasons. Future fatigue management implelllentations 
must have SUppOlt to allow an adequate a priori examination of the likely success of the 
planned countenneasure and an evaluation plan to demonstrate its effect when 
implemented. 

As noted above, most countelmeasure programs have been tenninated for ecollomic 
reasons. This has been done in the absenceof solid economic data concerning the cost of 
fatigue in railroad accidents. The FRA will provide this economic data by analyzing the 
property dalllage, loss of life and injuries associated with the 400 human factor accidents 
in the Hursh et al. study. A business case for fatigue management will be made on the 
basis of this and associated analyses . 

. ~ Locomotive crews spend 65% oftheir work-time above an effectiveness level of80. This is consistent 
with obtaining less than seven hours Dr sleep each day during a work week. 
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A cadre of the Office of Safety's inspector force has received training on the use of 
F AST during accident/incident investigations. The data derived from the incorporation of 
FAST into investigation protocols will provide invaluable inf01mation for establishing 
fatigue mitigation measures based upon operational demands and work/rest schedules. 

The database used by Hursh et al. will be published so that other biomathematical 
fatigue models can be validated and calibrated. The databases from work/rest dimy 
studies will also be published to allow further exploration of fatigue issues by other 
researchers. 

While the cuuent HOS law provisions pertain to "on-duty" time, a number of 
fundamental issues are not covered by the law and require the attention of FRA if human 
factors accidents are to be reduced from the current level of approximately thi11y-five 
percent and the safety and quality of life of the industty's employees are to be 
substantially improved. First, is the recognition that time off from work is equally 
important as time "on-duty." Second, time of day and its impact on the circadian rhytlllll 
of employees must be tillly understood. Third, an awareness of the medical factors that 
influence fatigue, e.g., sleep disorders, depression, stress, etc. ueeds to be addressed in a 
more expeditious manner. Finally, the FRA must continue its efforts to develop 
educational and training information that provides the industry's stakeholders an 
awareness of what constitutes fatigue and what remedies are available. (Plans for 
establislnnent of a website are presently underway). Ali these factors are within the 
realm of the FRA. However, their resolution depends on the acceptance of the scientific 
ptinciples of fatigue and the incorporation of these principles in the development, 
implementation and monitoring ofwork/rest schedules through the collaborative ejJorts 
of all industty stakeholders. 

There are factors that are not within the control of FRA, such as the provisions of 
collective bargaining agreements that pertain to working hours and pay (lllileage 
stipulations). However, thmugh the sImring of scientific knowledge and experience in 
fatigue management, tilture agreelllents can be stmctured to reduce human factors 
accidents due to fatigue. 

Office ofResearch and Development 
Office of Sa fety 
Novelllber 2006 
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Abs!rac! 

II The Federal Hours of Service Act of 1907, which regulates thc US raill'Oad industry, impases both 
12 maximum wark hours and minimum rest periods. However, this aet does not limit cmployees' weekly ar 
13 monthly wark hours, rcstrict the irreglllarity ar unpredictability of on-cali wark schedules, ar restrict 
14 mandatory commuting distances without compensatory time off. Extensivc night work, irregular work 
15 schedules, extendcd wark periods with few Ol' no days 011', and the policies, procedures, and agreements that 
16 encompass these wark scheduling practices, all evolved within the lilllited provisions of this act. II is not 
17 elear, though, that broad changes in the hours of service laws are the "nswer to these problems. Conse-
18 quently, the omce of Research and Development at the Federal Railroad Administration, with its Fatiglle 
19 Research Program, has cmbarked upon a IlOn·prescriptive approach to better manage fatigue ip the raił-
20 road industry. This program inellldes the development and illlplementation of illlproved fatigue data 
21 colteetion methodologies, better measurement and cvaluation tools, and more efl'ective fatigue couuter-
22 measure strategies. The North American Rail Alertness Partnership (NARAP) has bccome an important 
23 means for understanding the fatigue-related problcms in various operational settings, and fol' identifying 
24 specilic programmatic areas that will better meet the needs of the industry. The program goals of improving 
25 the feasibility, utility and cost ell'ectiveness of fatiglle management are to be realized with the cooperative 
26 e/lorts of the govcrnment, unions, and the railroad industry, particlllarly though NARAP, and by broadly 
27 disseminating illlportant technical lindings through journal publications and conference proceed-
28 ings. © 200 I EIsevier Science Ltd. Ali rights reserved. 
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30 1. Bac\'ground 

31 The Conference theme of non-prescriptive approaches to managing fatigue in transportation 
32 would normally present a unique challenge to government researchers, who work witllin a reg-
33 ula tory framework that requires scientific and technical support for its rulemaking activities. 
34 Fortunately, a new approach for improving safety in the US railroad industry was initiated in the 
35 1990's by the Federal Railroad Administration (FRA) under the administration of Joline Moli-
36 toris. As stated in a recent report by the General Accounting Office (1997), "Rather than citing 
37 violations and civil penalties as the primary means to obtain compliance with railroad safety 
38 regulations, FRA has emphasized cooperalive partnerships with other federal agencies, railroad 
39 management, labor unions, and the states." 
40 One of the outcomes of this new partnering approach to safety is the North American Rai! 
41 Alertness Partnership (NARAP). As outlined in its charter, the purpose of North American Rail 
42 Alertness Partnership charter (1998) is "to support industry-wide initiatives through the co ord i-
43 nation, facilitation, and communication of elIOl·ts to reduce fatigue and promote safety in rail 
44 operations" and "to promote the sa fety of the industry's employees by developing effective 
45 countermeasures, based up on analytical and/or scientific data" (North American Rail Alertness 
46 Partnership strategic plan, 1997). NARAP members include key government, labor and man-
47 agement officials, who meet on a quarterly hasis. 
48 FRA's Office of Research and Development (OR&D) has embarked upon a Fatigue Research 
49 Program. This program will systematically assess the many underlying factors that result in fa-
50 . tigue and reduced alertness, and develop appropriate tools that will assist the industry in devel-
51 oping its own effective fatigue management solutions. The program goals of enhanced alertness 
52 and performance are to be realized through FRA's cooperative approach with labor, manage-
53 ment, and other government agencies, in particular NARAP. The OR&D also expects to ac-
54 complish its program goals by broadly disseminating important technical findings. Three areas of 
55 research are needed to betler understand fatigue problems and to help foster effective fatigue 
56 management program s in the US railroad industry: (1) fatigue data collection, (2) valid and re-
57 liable fatigue measurement and evaluation tools, and (3) fatigue countermeasure strategies. 

58 2. Fatigue data collection 

59 As in most industries, consistent and reliable data on fatigue (particularly good exposure data) 
60 is often lacking in the rai!road industry. For example, a recent study, entitled Switching opera-
61 tions fatalities analysis (in press), indicated that fatigue could not be investigated as a contributing 
62 factor to fatalities because the relevant data was miss ing, incomplete, or lacked good exposlll'e 
63 measures for establishing appropriate rate information. Even though this study involved nearly 
64 two years of cooperative elIort from management, labor, government and other human factors 
65 researchers, no definitive conclusions on fatigue-related fatalities could be established. Another 
66 preliminary study conducted by Foster-Miller, found FRA's accident/incident database useful for 
67 deterlllining overall trends, but is lilllited in its usefulness for deterlllining principal factors in-
68 volved in incidents and injuries. Despite this, fatigue-related incidents are generally considered to 
69 be much more prevalent than the data suggests (Sussman & Coplen, 2000). 
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70 2.1. lIlcideIII dala al/d illcidelll illvesligalioll lIIell/Ods 

71 Because there is limited fatigue-related data available for conducting good quality statistical 
72 analyses, the FRA is planning to modify its incident reporting system to include fatigue-related 
73 faetors. The FRA is also planning to modify its incident investigation methods and training to 
74 recognize fatigue as a possible contributing factor to incidents. OR&D pl ans to provide the re-
75 quired technical support needed for developing standardized fatigue data to be collected during 
76 incident investigations. OR&D also plans to provide the necessary technical support for the de-
77 velopment, design and utility testing of software to ols needed for reliable and consistent collection 
78 of fatigue-related data. 

79 2.2. Near-lIIiss dala 

80 Eft'orts are also underway to evaluate the feasibility of developing a near-miss incident reporting 
81 . system in the railroad industry. For every actual incident, many more near-miss incidents occu!'. 
82 With a much larger data set assumptions can be minimized, additional analyses can be conducted, 
83 and results can be interpreted with a greater degree of confidence. Although the FRA already 
84 requires the collection of near-miss data related to the sa fety conduct of locomotive engineers 
85 (Title 49 Code of Federal Regulations. Part 240 Section 309); fatigue-related analyses of this data 
86 set have not been conducted. Such data could be assessed by using tools such as those mentioned 
87 in the Section 3.3. This type of analysis could potentially indicate if there is any relationship 
88 between fatiglle (determined from the patiem of work from the prior seven days) and near-miss 
89 occmrence. OR&D is planning to evaluate the validity of available software program s that an-
90 alyze fatigue as a possible contributing facto l' to both nem'-miss data and incident data. 

91 2.3. Work schedllle dala 

92 OR&D has beglln a project to develop a database of railroad work schedules so that ergonomic 
93 assessments and comparisons of different work schedllles on fatiglle and performance can be 
94 condllcted. This project will also pro vide important categorical infol'lnatibn that can be included 
95 in any modifications to the incident reporting system. 

96 2.4. Olher faligIle dala 

97 Event recorders are the "black boxes" on locomotives that record most performance activity, 
98 including speed, throttle position, dynamic braking, air braking, etc. It is possible that these 
99 devices may be a useflll somce of data for evalllating the effects of different pilot projects on 

100 fatiglle. To date, however, no known studies have utilized this method of data collection for 
101 evaluating the effectiveness of the field interventions currentJy being implemented by the industry. 
102 OR&D will review the capability and practicality of this methodology for colleeting fatigue-re-
103 lated data and evaluating the eftectiveness of field intervention strategies. 
104 OR&D collects other fatiglle data using a variety of research methods to btiild a broad base of 
105 knowledge on fatiglle and its relationship to operational performance. Some of these method-
106 ologies include strllctured interviews, smveys, focus groups, worklrest activity diaries, wrist ac-
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107 tigraphs, meta-analysis, natllralistic observations, Cognitive Task Analyses (CTA), and literatlll'e 
108 reVlews. 
109 OR&D has compiled a comprehensive bibliography of scientific research on fatiglle in railroad 
lłO operations which is available on the FRA website. The website can be found at http:// 
III www.volpe.dot.gov/frarnd/rndpubs.htm.This bibliography references only peer-reviewed articles 
112 in academic journals or academic books with railroad operating employees as subjects. A liter-
113 ature review is being conducted on the impact of extensive tra vel and commuting times on fatigue 
114 and performance in non-operating personnel. A bibliography of this literatllre will also be 
115 available on the above website. 

116 3. Fatiglle measuremcnt and evaluation 

117 A systems approach for measuring and evalllating fatiglle and its effects on operatiol/a/ per-
118 forlllal/ce is also needed. Research is being conducted in four major areas to develop valid and 
119 reliable tools that can aid in the measurement of fatigue and its effects on operational perfor-
120 mance: (1) cognitive workload, taskload and performance modeling, (2) job analysis and staffing 
121 analysis, (3) work sched ule evalllation, and (4) locomotive simlIlator experiments. 

122 3.1. Cognitive work/oad, t(lsk/oad al/d pe.forlllal/ce lIlodelil/g 

123 Good predictive models of cognitive workload/taskload are needed to aid in the measurcment 
124 of fatiglle and to evalllate its effects on alertness and performance. Predictive models will also help 
125 evalllate the effects ofchanges in system states and enable "what jf' type qllestions to be asked, so 
126 that fatiglle and other performance-related problems can be anticipated before they arise. Using 
127 these models, basic principles can be developed for systematically evaluating the effects of 
128 changing technology on operator performance and fatigue. These models and procedures for 
129 using them would then be made available to the industry. 
130 It is important to use formalized methods, such as cognitive task analyses, to help develop good 
131 cognitive workload/taskload models and other decision-making and performance models, which 
132 can then be further tested and validated. CTA evolved as a collection of methodologies to enhance 
133 human performance by better understanding the cognitive decision-making processes of opera-
134 tions in complex environments, and thereby slIpport the development of computer-based infor-
135 mation processing to ols. A wide variety of CTA techniques are often employed, including specific 
136 knowledge elicitation techniques, function-based task analyses, cognitive work analyses, concept 
137 mapping, and conceptual graph analyses. One of the most valuable aspects of conducting aCTA 
138 is the systematic documentation it provides on the inherent nature of complex cognitive tasks in 
139 operational settings. Therefore, CTAs are an important mechanism for developing measurement 
140 and evaluation tools for fatigue and its effects on operational performance. 
141 OR&D completed a preliminary CTA on railroad dispatchers to determine how experienced 
142 dispatchers manage trains and control track use (Roth, Malsch, Multer, & Coplen, 1999). The 
143 objective was to gain insight into the cognitive demands placed on railroad.dispatchers and the 
144 decision strategies they have developed in response to those demands. Results ofthe CTA will be 
145 used to develop cognitive workload and performance models of dispatchers. New technology, 
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146 such as Positive Train Control and other computer-based decision aid systems, can then be 
147 evaluated in the dispatching environment for their impact on mediating dispatcher fatigue. eTAs 
148 are being conducted for locomotive engineers, maintenance-of-way persomleI and .other non-
149 operating employees. 
150 On-going studies are being conducted to develop better measllt'es of railroad dispatcher 
151 workload, stress, and fatigue, which can also be used in performance and alertness models. The 
152 purpose of this project is two-fold: (1) to identify specilic job task and work environment factors 
153 that contribute to the three varia bIes ofworkload, stress, and fatigue among railroad dispatchers, 
154 and (2) to develop and validate appropriate methodologies for measuring each of these three 
155 variabIes in the dispatching environment. Issues being explored include difl'erences among shifts, 
156 traffic volume effects and time of day effects on the level of dispatcher workload, stress, and fa-
157 tigue. 
158 In addition, a methodology is currently being devised for guantifying dispatcher taskload and 
159 objectively evaluating its effects on stress and fatigue. Once validation studies arc complete, a PC-
160 based system will be designed to assist in the uniform collection and analysis of taskload data. 
161 Such a PC-based system will ben elit the industry by providing a ready-to-use electronic mecha-
162 nism for tracking, monitoring, and evaluating dispatcher taskload. This project has been intro-
163 duced to the industry at a kick-off meeting with labor and management representatives. 

164 3.2. Job ana!ysis and stąffing ana!ysis 

165 Job analysis research is being conducted to identify work practices and work environment 
166 conditions that contribute to employee fatigue, injuries and incidents so that remedial actions can 
167 be suggested. A preliminary study conducted by Foster-Miller, established appropriate measures 
168 for evaluating incidents and injuries for employees on different work schedules and working 
169 conditions in yard and terminal operations. Fatigue-related lindings suggest that certa in yard job 
170 and work sched ule categories experience significantly higher injury rates than the industry average 
171 for all railroad and all yard workers. 
172 An integral component to work sched ule evaluation and design is staffing analysis. Various 
173 staffing analysis software programs are being evaluated for their possible application to work 
174 schedule evaluation and design in the US railroad industry. The goal is to develop a standard 
175 methodology for performing an objective staffing analysis hl critical operations (Iocomotive en-
176 gineers, dispatchers, etc). This staffing analysis methodology will objectively determine minimum 
177 staffing levels needed as based on existing criteria. A kick-otfmeeting was recently held with labor 
178 and management to begin this process with dispatchers. 

179 3.3. Wark schedu!e eva!uation 

180 OR&D continues to analyze fatigue and alertness data collected with work/rest activity diaries 
181 of on-calllocomotive engineers (Pollard, 1996). Pilcher and Coplen (2000) evaluated how often 
182 and under what conditions locomotive engineers engage in worklrest cycles less than 24 h, and 
183 what the effects of those work/rest cycles had on sleep guantity, sleep guality, and self-rated 
184 alertness. Further studies are being considered to evaluate the effect of these irregular work/rest 
185 cycles on fatiguc and performance, including a review of relevant literature. 
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186 Various alertness models and fatigue modeling software are also being evaluated for their 
187 applicatiou to the US railroad industry. Similar to the fatigue modeling software developed in 
188 Australia for predicting work-related fatigue associated with specific rosters in the Australian 
189 railways (Dawson, Roach, & Baker, 1997; Fletcher & Dawson, 1998), OR&D is developing a 
190 conceptualmodel for a software to ol to evaluate work schedule data in the US railroad industry. 
191 The goals are to develop an easy-to-use to ol that will help railroad managers and workers in the 
192 US railroad industry evaluate their own work schedules for their impact on alertness, and to aid in 
193 the design of more ergonomie work schedules. This PC software to ol would be able to read work 
194 and sleep data from a variety of possib1e sources. It produce predictions about alertness levels 
195 over the following 24 h, as well as providing a method for easily producing raster-plot rep re-
196 sentations and deconstructing work schedule data. A research protocol will be designed to further 
197 develop and validate this to ol using criteria-based on one Ol' more of available alertness and 
198 human-performance models. 

199 3.4. Locolllotive silll/l/ator experilllel/ts 

200 Simulator experiments allow researchers to explore important sa fety issues that may be im-
201 possible in field settings. Simulator research also provides a much higher degree of experimental 
202 controI. Thus, they are an important component of OR&D's Fatigue Research Program. 
203 In a recent simulator study, Thomas, Rasiear, and Kuehn (1997) found measurable decrements 
204 in train handling performance in work/rest cycles of less than 24 h. In addition, they also found 
205 that these performance decrements were worse when the work/rest cycle was about 20 h in length 
206 as opposed to 22 h in length. 
207 Napping is a potential technique for alleviating the impact of sleep deficits resulting from workI 
208 rest cycles of less than 24 h. The FRA, with input from a number of international researchers, has 
209 designed a study to evaluate the effects of different nap durations on operation performance in an 
210 advanced high fidelity locolllotive simulator. 
211 Future simulator research is being planned to study the efTects of one-person locomotive op-
212 erations on fatigue and workload, and to evaluate the ability of cognitive displays, digital com-
213 munications, and other technology applications to media te fatigue-related performance problems 
214 in the locomotive cab. 
215 Aspects of the physical environlllent impact operator fatigue and alertness. OR&D is in the 
216 process of condueting a meta-analysis to investigate the relationship between temperature in the 
217 locomotive cab and operator performance. If it is concluded that such a relationship exists, fol-
218 low-on simulator researeh will be eonsidered for investigating the impaet bf this and other aspects 
219 of the physical working environlllent on crew fatigue and performance. 

220 4. Fatigue countermeasure strategies 

221 NARAP identified eight key components for an effective fatigue countermeasure program in its 
222 North American Rail Alertness Partnership strategie plan (1997), including: (I) education and 
223 training, (2) employee scheduling practices, (3) elllergency response requirelllents, (4) alertness 
224 strategies, (5) evaluation of polieies and procedures, (6) adequate rest environlllents, (7) work 
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225 environment, and (8) implementation strategies. OR&D's Fatigue Research Program provides 
226 lec/llliell/ slIppo/'1 for many of NARAP's on-going strategies and activities. OR&D regularly 
227 sponsors speakers at NARAP meetings to help educate its members about fatigue-related research 
228 methodologies and cunent findings. OR&D is also actively involved in the NARAP Non-Op-
229 erations Subcommittee, and will provide the technical support necessary to help answer the 
230 question, "1s there an inereased risk of accidents/injuries associated with tra vel to and from work 
231 [in non-operating personnel]?" 
232 A number of other fatigue eountermeasure strategies are also being planned or implemented by 
233 the FRA. OR&D will be involved in evaluating the elfeetiveness of diH'erent fatigue eounter-
234 measure strategies and technologies employed by the indllstry. 
235 Based on the reslllts of its CTA studies and the development of appropriate models, OR&D 
236 may evaluate, and possibly test: Positive Train Control, digital eommunieation systems, advaneed 
237 information displays, and other eognitive-based information systems for their ability to mediate 
238 the fatigue and alertness problems of loeomotive engineers and dispatchers. OR&D is also in the 
239 proces s of evaluating various alertness monitoring deviees for their ability to prediet fatigue 
240 problems, and their utility in allowing railroad operating persollllel to take preventative measures 
241 to mitigate fatigue. 
242 Finally, OR&D is partieipating in a hllman faetors program initiative by the US Department of 
243 Transportation (DOT) to develop and implement to ols, methods, and teehnologies to deteet, 
244 measure, monitor, and mitigate operator fatigue in various transportation modes. The DOT re-
245 leased a Broad Ageney Annollneement soliciting proposais from individuals, businesses, aeademie 
246 institlltions and other researeh centers. This solicitation on Operator Fatigue Management An-
247 alytic Systems and Technologies to Forecast and Manage Fatigue and Ensure Alertness for 
248 Commercial Transportation Operators was published in Conl1nerce Business DaHy on JlIne 16, 
249 2000 (Solicitation DTRS56-00-BAA-0007). 

250 5. Conclusions 

251 The Fatigue Research Program in FRA's Office of Research and Development encompasses a 
252 broad variety of data collection methodologies, measurement tools, and countermeasure strate-
253 gies. Improving our methodologies and practices for collecting fatiglle-related data will help us 
254 better lInderstand the relationship between fatigue and specific work-related factors, such as work 
255 schedules, work environment, job task, or commuting. Improving our tools and methods for 
256 measuring and evaluating the eH'ects of fatigue on operational performance will help the gov-
257 ernment and industry better estimate the true costs of fatigue. Locomotive sim ula tor experiments, 
258 for example, that track and monitor fuel consumption, emergency brakings, braking frequency, 
259 and other operational performance measures, play a critical role in developing and implcmenting 
260 etfective fatigue countenlleasure strategies. These studies will not oni y help identify some of the 
261 cost factors associated with fatiguing work schedules or work environment, but will also help 
262 estimate the cost savings associated with ililplementing specific fatiglle-reJated countenlleasures, 
263 such as strategic napping. 
264 In addition, the ability to quickly profile a speeifie work group or a particular operation, and 
265 then reasonably assess its susceptibility to fatigue, will hel p the government and industry prioritize 
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266 and devote our resources to those areas that need them the most. The ability to reasonably 
267 forecast decrements in alertness and performance for individuals 01' work groups will help us 
268 develop more effective fatigue countermeasure strategies. The overall success ol' this program 
269 hinges not only on the systematic development of better measurement tools and evaluation 
270 methodologies, but also on the cooperation and teamwork of industry, government and research 
271 professiOllals alike. NARAP has become an important venue for enlisting these cooperative ef-
272 forts. With this comprehensive Fatigue Research Program, and the support of NARAP, FRA's 
273 Office ol' Reseal'ch and Development is committed to play a leading role in developing non-
274 prescriptive approaches to managing fatigue in transportation. 

275 6. Uncitcd References 
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