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Regulation Failures 
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Why “Manage” and not “Eliminate” Fatigue? 

 Within a Safety Management Systems context, fatigue needs 
to be considered as a hazard to be identified and controlled 

 Like many other hazards, fatigue is transient, requiring the 
ability to properly identify it, and procedures to effectively 
limit its occurrence and to safely handle it when it is present 

 Unlike many other hazards, fatigue is not easily observed, 
and its management goes beyond the workplace 
 Fighting against cultural norms and values 
 Fighting against human nature to under-estimate risk 
 Fighting against other company resources to maintain operations  
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 No mutually-agreed upon definition of fatigue, but 

subjective measures evidence stronger linkages than 
objective 
 

 Individual differences often considered confounding 
variables, and not looked at separately 

Definition Challenges 
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1999 U.S. DOT Operational Definition 

Fatigue is a complex state characterized by a lack 
of alertness and reduced mental and physical 
performance, often accompanied by drowsiness.  
 
Fatigue may be caused or exacerbated by any or 
all of the following: lack of sleep, disruptive work/ 
rest cycles, neurological conditions, excess mental 
or physical workload, exposure to extreme 
physical conditions, emotional stress, the use of 
drugs or alcohol, illness, and/or monotony.   
 
 

 
Fatigue is MORE THAN  sleepiness and  
its effects are more than falling asleep. 
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How Fatigue Develops and Related Factors 

Fatigue is an increasing health and safety problem in our modern lives…* 

* National Academy of Sciences - 2006 

Operator reaches 
point of FATIGUE 

Operator 
continues work 

Operator rests 

Safe 
recovery 

Impaired 
Performance 

Time Awake Time of Day 
Task-
related 
Factors 

Factors contributing to fatigue 

 
“Fatigue is a biological drive for recuperative rest” 
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Framework for the Fatigue Problem be 
Defined, Measured and Understood 

• A Multivariate Problem: Requires measures of multiple 
traits using multiple methods 
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Environmental Context 
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Circadian Rhythm 
 2pm physiologically different from 2am 

Task-related influences  
 Sustained attention, lack of stimulation 
 Routine, highly over-learned, minimal novelty 
 Dim light or darkness 

Mode-specific triggers to drowsiness 
 Long hours 
 Periods of little activity 

Sleep Debt 
 Most people need 7-8 hours 
 Increases pressure to sleep 

Fatigue Impact on Transportation Workers 

Reference: DOT Drowsy Operator Seminar (MAR 15, 2011) 

Transportation-specific challenges 
 

 High vulnerability to: 
□ Momentary lapse of attention 
□ Slowed reaction time 

 
 Unforgiving environment and significant 

consequences 
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Primary Skills and Abilities 

Skill or Ability Bus 
Operator 

Pilot 
Truck 
Driver 

Train 
Dispatcher 

Subway/RT 
Operator 

S
kills 

Operation & Control      

Operation Monitoring      

Critical Thinking      

Judgment &  
Decision Making     

Complex Problem 
Solving    

A
bilities 

Problem Sensitivity      

Control Precision     

Deductive Reasoning   

Reference: Occupational Information Network (O*NET) 
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Ongoing Efforts to Address Fatigue 
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Proven Individual Countermeasures 

Countermeasure Advantages 
Limitations & 

Considerations 

Adequate Sleep 
 Prevention is key 
Reduces need for other 

countermeasures 

 Interference from work schedules and 
family/ social/ lifestyle  

Anchor Sleep 
Circadian rhythm synchronized 

with daily schedule 
Not a substitute for 8 hr sleep 
Only helps if anchor sleep can occur 

daily at same time 

Caffeine 
Rapidly effective 
 Lasts 4 hours or more 

 Tolerance over time 
 Short term effect 

Good Sleeping 
Environment 

Restorative sleep enhanced Quiet, dark, comfortable environment 
not always attainable 

Napping 
 Strategically effective  Short term solution only 

Risk of sleep inertia 

Trip Planning 
 Preventative 
Operational benefits 

Relies on knowledge of work 
schedule, availability of rest 
opportunity 

Reference: DOT Drowsy Operator Seminar (MAR 15, 2011) 
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Technologies Under Development 
Countermeasures Advantages Disadvantages 

Fitness-for-Duty  
Testing  

Relatively easy add-on 
Detects impairment from 

various causes if 
present at start of work 
shift 

 Loss of Alertness does not 
generally occur until later in shift;  
 Loss of 5 to 10 minutes of 

productivity in every shift w/ 
substantial errors 
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Continuous 
Physiological Monitoring 

Can monitor workers as 
they move around 

Requires body-worn sensors 
 Fairly long latency in detection, 

significant error rates 

Eyelid-Closure Detectors 

Completely automatic, 
hardware built into 
workstation 

 

 Effective only for seated worker  
 Sensors may conflict with other 

workstation requirements 
 Sunlight interference 

Head-tilt Detectors 
 Low-cost Operator already asleep by time 

head tilts 
Head may not tilt 

Multi-Sensor, Primary-
Task, Performance-

Degradation Detectors 

Completely automatic, 
hardware built into 
vehicle 

 Effective only for tasks requiring 
frequent operator inputs 
 e.g., lane-position deviation 

Reference: Volpe Center survey of fatigue detection technology 
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Current Technologies for Fatigue 
Monitoring & Detection 
 Pre-Work Cycle (Fitness-for-Duty) 

 Gauge performance via ocular responses (e.g., saccadic eye movements, pupilometric 
responses) 

 Do not account for fatigue accrued during shift 

 Online Operator Monitoring 
 Monitor operator’s physiological state in real-time (e.g., EEG, PERCLOS, wrist-mounted 

actigraphy) 
 Challenge is to determine appropriate thresholds for safe/unsafe performance 

 Performance-Based Monitoring 
 Detect behaviors that can lead to unsafe conditions (i.e., performance as proxy for fatigue) 
 May not be appropriate for all operational domains 

 Combined Physiological/Performance Monitoring 
 Hybrid systems likely to provide more reliable estimates of fatigue/performance 
 Same issues as individual systems, plus need to determine variable weightings 
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Criteria for Assessing Technologies 

 Reliability  
 Consistency in measurement 

 Validity  
 Measuring what it purports to measure 

 Sensitivity  
 Minimize number of missed fatigue events  

 Specificity  
 Minimize number of false alarms 

 Generalizability  
 Technology must be applicable across entire user population 
 

But keep in mind… 
 Needs to provide compelling and effective feedback to user 
 Individual differences in resilience could be problematic for Generalizability 
 Privacy issues need to be addressed 
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Human-Automation Interaction 

 Human responses to technologies will ultimately determine 
overall utility 
 Danger of over-reliance on technologies 

o Inflated trust in system 
o Problematic in novel situations (system may not recognize cues) 

 False alarms can be detrimental to effectiveness 
o Lack of trust in system 
o Likelihood that system will not be used 
o Potential for increased distraction 

 Consider nature of information & delivery of alert (e.g., visual, auditory, tactile) 
 How company uses information will affect acceptance (e.g., to promote safety 

or punish operators) 
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Summary of Device Effectiveness 

 To date there are no studies showing the long term benefit of 
any of these fatigue monitoring and alerting devices, training 
programs or interventions strategies for workers who are 
partially, chronically sleep deprived. 
 

  Need to develop better data and reporting mechanisms 
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Specific Considerations: Tools 

This image cannot currently be displayed.

www.railroadersleep.org  

http://www.railroadersleep.org/
http://www.railroadersleep.org/
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Ongoing Fatigue-Related Efforts 

NPRM = Notice of Proposed Rulemaking 

FAA FMCSA FRA USCG 

Populations 
 90 Airlines (Part 121) 
 83k Pilots (Part 121) 
 16k Traffic Controllers 

 500k+ Companies 
 5M Drivers 

 86k Train Workers 
 8k Signal Workers 
 3k Dispatchers 

 11,500+ Vessels 
 210k+ Mariners 

Codified 
Shifts 

Domestic: 16hrs 
 Flag Operations: 

Flight time 
constrained 

Implemented; 
regulatory for drivers 

Implemented; 
regulatory and 
statutory for  
operators 

Implemented; 
regulatory for 
vessel operators 

Medical 
Standards 

Annual Medical Exams Medical Certificate 
Rulemaking in 
process 

Requirements for 
licensing 

Ongoing 
Efforts & 

Regulatory 
Tools 

 Part 117 proposed 
Rulemaking 
Guidance Material 
 Fatigue Risk Office 
Union Collaboration 
MITRE & NASA 

Fatigue Report/Study 
 Tech Ops Fatigue 

R&D 
Data Collection 

Driver restart, 
sleeper berth and 
napping research 
 Electronic Onboard 

Recorders 
rulemaking 
 Safety Fitness 

Determination 
(Companies) 
Out-of-Service 

Criteria (Drivers) 

 2008 Rail Safety 
Improvement Act 
 Fatigue Avoidance 

Scheduling Tool 
 “Railroaders’ Guide 

to Healthy Sleep” 
Work Schedule 

Manager 
Certification 
Risk Reduction 

Division Established 

Crew 
Endurance 
Management 
initiative for 
Uninspected 
Vessel 
 Partnerships 
 License pre-

screening 
 Suspension & 

Revocation 
Civil penalties 
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Fatigue Risk Management System 
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FRMS Benefits & Challenges 
BENEFITS 

 
 Aims to address all causes of 

fatigue 
 Consistent with sleep science 
 Consistent with safety science 

 Consistent with current OSH best 
practice 

 Flexible 
 Proactive 
 Competitive advantage 

 

CHALLENGES 
 

 Knowledge transfer 
 Science → Regulators & Industry 
 Evaluation of education/training 

 Shifting locus of responsibility for 
safety 
 Regulators → Industry 

 Enforcement 
 Cost & complexity 

 Scalability for small companies 
 Evaluation of effectiveness is integral 
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Prescriptive approaches may have direct impact and act as a safety net BUT are divergent 
from science, hard to enforce uniformly, and cannot regulate off-duty hours 
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Risk Management Applied to Fatigue 

Actual 
Incident 

Level Control Mechanism 

Level 1  
 Prescriptive HOS rules 
 Fatigue modeling 

Level 2   Prior sleep and wake data 

Level 3 
 Symptom checklists 
 Self-report behavioral scales 
 Physiological monitoring 

Level 4 
 Fatigue proofing strategies 
 Error analysis system 

Level 5  Incident analysis system 

Reference: D. Dawson et al./ Accident Analysis and Prevention 43 (2011) 549-564 

Level 1 
Sleep 
opportunity/ 
average sleep 
obtained 

Level 2 
Actual sleep 
obtained 

Level 3 
Behavioral 
symptoms 

 

Level 4 
Fatigue-
related 
errors 

Level 5 
Fatigue-related 
incidents 
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Critical Components of Strong Safety 
Management Performance 

TRACS 

The “7 E’s” 
 
1. Engineering 
2. Enforcement 
3. Education 
 
4. Emotion 
5. Empathy 
6. Empowerment 
7. Engagement 
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Safety Management Systems (SMS) 
Framework Supporting Transit Safety 

 A formal, top-down 
business-like approach 
to managing safety risk 

 Features: 
¡ Strong safety culture 
¡ Proactive hazard 

analysis 
¡ Performance 

measures and leading 
indicators 

¡ Formal data collection 
¡ Voluntary reporting 
¡ Continuous learning 

and communications 
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Fatigue Risk Management: Key Concepts 

 26 

 Intersection of sleep science and safety science 
 Human functional capacity is variable 

 between individuals and across time 
 some of this variability is predictable 

 Exposures at work and outside work 
 requires employer/employee collaboration 
 chain of responsibility 

 To maintain safety, systems are needed to mitigate  
 likelihood of fatigue-related impairment 
 consequences of fatigue-related impairment 

 

The planning and control of the working environment, in order to minimize, as far as is 
reasonably practicable, the adverse effects of fatigue on workforce alertness  

and performance, in a manner appropriate to the level of risk exposure 

 and the nature of the operation. 
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Organizational Factors that Impact Fatigue 

 Cultural, regulatory & enforcement environments 
 Nature of business (who/what is transported, where & when) 
 Level of commitment to health & safety (safety culture) 
 Presence of safety management systems 
 Nature & extent of supervision 
 Remunerative practices (payment by trip, hour, or OT) 
 Each employee’s perceived quality of work & domestic life 
 Knowledge about fatigue among staff 
 Size of company 

 

Individual 
Coping 

Strategies 

Company Policies 
& Procedures 

 Regulations 
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Safety Risk Management and Fatigue 

Describe 
System 

Identify 
Hazards 

Analyze 
Risk 

Assess 
Risk 

Treat 
Risk 

Diagram: JPDO Safety Management Systems 

M
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Examples of Ongoing Efforts   

 
 FAA: Fatigue Risk Management System 

 
 FMCSA: Crash, Safety, Accountability 

 
 FRA: Fatigue Management Plan, Risk 

Reduction Program 
 
 USCG: Crew Endurance Management 
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Opportunities for Improve the Situation  
Fatigue Hazards Hazard Identification Tools Risk Mitigation Strategies 

Poorly Designed 
Schedules 

 Fatigue Models (Next Generation 
Models)1 

 Schedule assessment 

Redesign work schedules 
Napping policies 
 Alertness monitoring 
 Fatigue countermeasures 

Sleep Disorders  Sleep Disorder Screening Tools 
Medical interventions, CPAP 
 Fatigue Website 

Understaffing  Staffing analysis software Hire appropriate number of staff 

Poor Fatigue 
Understanding 

 Surveys 
 Interviews (Review of and 

recommendations for 
Department’s mishap 
investigation tools) 1 

 Education & Training 
 Public Advisors (Communications 

Tools) 1 
Certification program 

Poor Sleep 
Environment/Lodging 

Facilities 

Home assessment 
 Facilities assessments 

 Education 
 Facilities contracts 
Quiet rooms 

Inadequate Policies & 
Procedures 

 Preventative (Checklist for 
Hours of service rulemaking)1 

Make visible operational benefits 

Napping policies 
Collective Bargaining 

Work Environment/ 
Workload 

 Job and Work Analysis 
 Ergonomic design (lighting, noise, 

temperature, etc.) 

1 Indicates cross-modal initiative already in place 
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Safety Culture 
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Specific Considerations: Safety Culture 
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Specific Considerations: Safety Culture, cont. 

Ten Critical Elements of Organizational Safety Culture: 

1.  Leadership is Clearly Committed to Safety 
2.  There is Open and Effective Communication Across the Organization 
3.  Employees Feel Personally Responsible for Safety 
4.  The Organization Practices Continuous Learning 
5.  There is a Safety Conscious Work Environment 
6.  Reporting Systems are Clearly Defined and Non-Punitive  
7.  Decisions Demonstrate that Safety is Prioritized Over Competing Demands 
8.  Mutual Trust is Fostered between Employees and the Organization 
9.  The Organization is Fair and Consistent in Responding to Safety Concerns 
10.  Training and Resources are Available to Support Safety 

 
For more on Just Culture: https://www.youtube.com/watch?v=t81sDiYjKUk  

https://www.youtube.com/watch?v=t81sDiYjKUk
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Specific Considerations: Safety Culture, cont. 

Examples of influencing industry organizations 
 

 Federal Railroad Administration (FRA) 
o Confidential Close Call Reporting System (C3RS) 
o Behavior-based Safety 

 Federal Motor Carrier Safety Administration (FMCSA) 
o Compliance, Safety, Accountability (CSA) 

 Federal Aviation Administration (FAA) 
o Oversight of Safety Management Systems (SMS) 
o Voluntary Reporting Systems 

– Aviation Safety Action Program (ASAP) 
– Voluntary Disclosure Reporting Program (VDRP) 
– Flight Operational Quality Assurance (FOQA) 
 

All these seek to bring about a change in safety culture 
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Overlap /  
Synergy? 

INCIDENT 

 
 

Prevention 

Perception Surveys 

Close Call Data 

Behavior-Based Safety 

Fatality Rates 

Reportable Accidents 

Accountable Accidents 

LEADING INDICATORS LAGGING INDICATORS 

Risk Management Consequence Management 

PROACTIVE: REACTIVE: 

Specific Considerations: Safety Culture, cont. 
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Knowledge Skills Abilities Other 
Characteristics 

Critically Important 
and Trainable 

 Various designs used to schedule 24/7 
work (e.g., fast/slow, forward/backward 
rotations) 

 The impact work hours have on health, 
safety, and performance 

 Staffing analysis 

 Recognizing the 
warning signs of 
potential fatigue, health, 
and safety issues 

 Ability to 
identify and 
manage risks 

 Passion for safety and 
health  

Very Important and 
Trainable, but Inter-
Group Disparities 

 The physiology of sleep as related to 
performance 

 Tools and technologies available for 
scheduling 

 Program evaluation 

 Troubleshooting 
schedule systems 

 Balance 
conflicting 
demands 

Moderately Important 
and Trainable 

 Employee training programs specific to 
shiftwork 

 Basic ergonomics and human factors 

 Using 
analytical/statistical 
applications 

 Self-evaluate 
to gauge 
success 

 Well-connected with a 
community of 
schedulers 

Specific Consideration: Sustainability – Developing 
the Role of a Shiftwork Manager 
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Take Aways – High Level 

Fatigue Risk 
Management 

Safety 
Management 

System 

 Fatigue is complex: Many factors contribute to 
sleep loss and increased risk of fatigue 

 
 Impact of fatigue on operations dependent upon 

the mode, context and job-related factors 
 

 Transit needs to tailor science to address unique 
operational requirements 

 
 Fatigue Risk Management approaches developed 

and used across transportation…no one way to 
ensure an awake operator 
 

 Latest thinking: Embed fatigue risk management 
within Safety Management System: 
 Manage fatigue like all other hazards 
 Identify contingency procedures for all hazards 
 Predict, measure, monitor and intervene 
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Specific Take Home Messages 

 Need data based on common definitions and metrics 

 Need to document what works and what does not, and possible reasons why 

 Need to share this information as part of an industry-wide as well as cross-
modal best practice for continuous improvement 

 Need to build a healthy culture, in part through engaging the workers in 
forming the solutions rather than imposing the solutions onto the workers 

 Need a harmonized communications strategy and understanding across sector 

 Need to take advantage of the many tools already in existence and participate 
in developing new materials tailored for transit 

 Need to incorporate competency-based training at all levels (regulators, 
managers, employees)  

Embrace the Fatigue Risk Management Approach! 
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Thank you for your attention! 
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Backup Slides 

Sleep and Fatigue 101 
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Sleep 101 

 Meta-analysis: 19 sleep deprivation studies (Pilcher & Huffcutt, 1996) 
 

• Collapsing across all study characteristics, sleep deprived subjects 
performed 1.37 standard deviations lower than non-sleep 
deprived subjects 
 
 Short-term sleep deprivation (≤ 45 hr) 

– Greatest effect on complex and long tasks 
 

 Long-term sleep deprivation (> 45 hr) 
– Greatest effect on short and simple tasks 

 

 Partial sleep deprivation (< 5 hr/ 24 hr) 
– Greater effect on overall performance than either short- or long-term 

sleep deprivation 
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Demographic Factors: Findings 

 Age 
 Bulk of evidence suggests linear relationship between chronological age and 

fatigue in blue-collar workers but no clear relationship for white collar workers 
 CDC 2004: average 75 year old has 3 chronic health problems; 5 prescription 

drugs 

 Sex 
 Independent of age, females (especially NS workers) appear to be at greater 

risk, or better able to recognize, fatigue when compared to males 
 Epidemiological results revealing greater risk of industrial accidents for females 

may reflect other factors than work fatigue, such as training, supervision, 
additional work/family demands 
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In 2030 One Out of Five Americans Will Be 65 
or Older (70 Million)  

0
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40

50

60

70

80

1900 1920 1940 1960 1980 1990 2000 2010 2020 2030

Number of Americans 65 and older (in millions)  

Age Distribution of the United States Population, 2000  

In 2000 there were 143 women 
for every 100 men age 65 and 
older, (21 million women vs.14 
million men)  
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 SES (educational attainment, occupational status, income) 

 Lower SES (blue-collar) fatigue most likely to be linked with longer work 
hours/OT, higher physical workload 

 Higher SES (white-collar) fatigue most likely associated with managerial work 
manifesting as mental fatigue 
 

 Race and ethnicity 
 Lacking research 

o One USA study found greater fatigue reported by middle/upper-class African 
Americans than Caucasian Americans of same class 

o International studies (used as surrogate for race/ethnicity): findings suggest that 
aspects of the working arrangement (e.g., shift schedule) are relatively more 
important than race/ethnicity  

Demographic Factors: Findings 
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Demographic Factors: Findings 

 Commute time, circadian chronotype, and personality traits 
 Long commutes + early daytime shift starts associated with shortened sleep 

and excessive daytime sleepiness and fatigue 
 Definite “evening” types = shorter sleep; sleepier in the morning than 

“morning” and intermediate chronotypes, when subjected to standard daytime 
shift schedules 

 Definite “morning” types = very alert in morning; prone to sleepiness and 
fatigue by early evening 
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Sleep 101, cont. 

 Impairment                 < 45      45-69        70-84    85+  

 Arthritis and Bursitis 4.2%    35.6%           52.9% 53%  

 Back and Spine  4.8%    9.1%        8.6%    9%  

 Other Physical Pain 5.6%    12.5%           17.4%   21.3%  

 Speech Impairments 1.1%    0.9%        1.1%    0.7%  

 Visual Impairments 2.6%    9.8%        33.8% 63.1%  

 Hearing Impairments 3.9%    16.7%           31.5%   48.4%  

 Diabetes  0.6%     6.1%        10.1% 7.9%  

 Obesity1  21%     26%         18%              10% 
 Based on data From LaPlante (1988) 

Survey: National Health Interview Surveys, 1983-1985 

 1DHHS survey 1999 

Prevalence of Chronic Ailments 
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Sleep Disorders 
 Sleep disorders = most common source of daytime fatigue and sleepiness 

 Public initiatives exist to combat sleep-related driving crashes… 
 BUT physicians and healthcare professionals often only minimally educated in sleep medicine 

 
 Insomnia 

 May affect as much as 1/3 of general population in USA and Europe and be responsible for excessive daytime fatigue and 
sleepiness in 12-15% of adults 

 Obstructive Sleep Apnea Syndrome (OSAS) 
 2 – 4% of general population; professional drivers est. 26 – 50% 
 Ellen (2006) meta analysis 

o Non-commercial drivers: as much as 2 – 3 fold ↑ risk for crash involvement compared with controls 
o Link not robust for commercial drivers, possibly due to medication use or other differences among study samples 

 

 Narcolepsy and Hypersomnia 
 Versus control group of non-sleep disordered drivers, those with hypersomnolent conditions experienced 1.5 – 4 times the sleep-

related driving incidents in a review of 424 such accidents 

 Periodic Limb Movement Disorders (PLMD) and Restless Legs Syndrome (RLS) 
 Epidemiological studies suggest relatively common in middle-aged and elderly 

o Prevalence of PLMD is between 4 – 11% 
o RLS is between 9 – 20% 
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Medical Conditions 
 Chronic Obstructive Pulmonary Disease (COPD) 

 ~95% cases caused by smoking, which is quite common in CMV operators 
 Single publication indicates impaired driving performance in COPD drivers, but 

no definitive link to actual driving crash risk 

 Rheumatoid Arthritis (RA) and Osteoarthritis (OA) 
 Sleep problems and fatigue common in majority of those ≥ 55 years old who 

suffer from various forms of arthritis 
 Elderly crash risk has been investigated, but not with excessive fatigue and 

sleepiness specifically as risk factors linked with chronic medical conditions 

 Chronic Fatigue Syndrome (CFS) 
 Severe and disabling chronic fatigue (> 6 mo.) affecting from ~3 – 11% of adults 
 Unclear whether CFS causes sleep disturbances, or sleep disturbances cause 

CFS.  Either way, impact on crash risk unknown 
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Causes of Fatigue  Safety Outcomes 

 Circadian Factors 
 Evidence of circadian rhythm effect, but peak risk is earlier than expected (~ 

00:00), compared to peak in sleepiness (~ 06:00) 
 More research needed to tease out effects of confounders 

 Sleep Homeostasis 
 Considerable evidence of increased crash risk with acute sleep deprivation, but 

magnitude of effect varies 
 No crash studies examined time since last sleep 

 Task-Related Factors 
 TOT effects peak in first half of workday (~ 2-3 hours), then again after 

prolonged work 
 Evidence that rest breaks are beneficial, but only for short time 
 Research needed on interactions between TOT and time of day 
 Monotonous tasks most at risk 
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Specific Considerations: Crash Investigations 

 Purpose: Assess the current state of accident/incident investigation across 
the transport sector 
 Are transport organizations capable of detecting fatigue as a 

contributory or causal factor? 
 Document findings and conclusions to support the development of 

cross modal framework 
 

 Method: Interviewed and document results from six modal organizations 
 4 DOT, 1 DoD, 1 Other 
 Interviews were semi-structured and focused on three main areas: 

o Personnel Proficiency: What are the credentials/training of the 
individuals conducting investigations? 

o Tools Availability: What instruments/technology (including forms, 
checklists, etc.) are used to aid investigation? Are they mandatory? 

o Written Guidelines: What are the organizations stated or written  
principles that guide the investigatory process? 
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Specific Considerations: Crash Investigations, cont. 

 Personnel Proficiency 
 Composition of investigation teams varied 
 HF/Fatigue expert available for all, but only three organizations included HF/fatigue expert in 

all investigations 
 Two organizations require HF/fatigue training and two additional offer an optional course 

 Tools Availability 
 Content of tools varied, as well as whether they were mandatory or optional for use 
 Six items were collected by all organizations: narrative, weather, toxicological report, sleep 

history, 72-hour sleep history, and time awake. 
 Only three used tools to collect sleep quality 
 Five organizations use fatigue modeling software 

 Written Guidelines 
 All organizations have written documents which describe to some level the steps to take when 

accident/incident occurs 
 They describe who to contact, who should be involved, types of information/data to collect, 

how to collect it, and in many cases how to analyze. 
 They generally lack specific information about how to identify fatigue’s potential contribution 

 Overall and Next Steps 
 General lack of consistency across organizations may lead to underreporting of fatigues 
 How can a more consistent approach be applied without stifling investigators’ creativity? 
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The Flight Safety Foundation FRMS Model 
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