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�� Adjustment to night work creates health problems for Adjustment to night work creates health problems for shiftworkersshiftworkers

�� Performance decreases during overnight and postPerformance decreases during overnight and post--lunch dip hourslunch dip hours

�� Training and experience is compromised by fatigueTraining and experience is compromised by fatigue

�� Behavior becomes erratic/deviantBehavior becomes erratic/deviant

�� Human error is more often a physiological problem Human error is more often a physiological problem –– not behavioralnot behavioral

�� Fatigue is the major cause of human errorFatigue is the major cause of human error

ThenThen …… ……and Nowand Now

Humans were not designed for peak performance at ni ght.Humans were not designed for peak performance at ni ght.

Human Design Specs of The Human Human Design Specs of The Human 
MachineMachine
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Performance Variability in a 24Performance Variability in a 24 --Hr PeriodHr Period
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Case Study: Fatigue Related Accidents by Time of Case Study: Fatigue Related Accidents by Time of 
Day and Circadian Temperature RhythmsDay and Circadian Temperature Rhythms

Percent of FatiguePercent of Fatigue IncidentsIncidents
Body TemperatureBody Temperature

Percent of Fatigue IncidentsPercent of Fatigue Incidents
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Circadian Rhythm of Human AlertnessCircadian Rhythm of Human Alertness
(With Normal Quantity / Quality of Nighttime Sleep)(With Normal Quantity / Quality of Nighttime Sleep)
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Determinants of Human Alertness: Extended Determinants of Human Alertness: Extended 
Hours Without SleepHours Without Sleep
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Determinants of Human Alertness Determinants of Human Alertness --
Consecutive Nights on DutyConsecutive Nights on Duty
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Determinants of Human Alertness: Determinants of Human Alertness: 
Successive Days of Reduced SleepSuccessive Days of Reduced Sleep
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Determinants of Human Alertness: Time of Determinants of Human Alertness: Time of 
Day vs. Length of ShiftDay vs. Length of Shift
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The Nine Controls of Human Alertness The Nine Controls of Human Alertness ––
Light & AlertnessLight & Alertness
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�� State of Impaired Mental/Physical PerformanceState of Impaired Mental/Physical Performance

�� Impaired or Reduced AlertnessImpaired or Reduced Alertness

�� Reduced Vigilance/AttentivenessReduced Vigilance/Attentiveness

�� Loss of Cognitive and Logical Reasoning SkillsLoss of Cognitive and Logical Reasoning Skills

�� Impaired JudgmentImpaired Judgment

�� Reduced Motor CoordinationReduced Motor Coordination

�� Slower Reaction TimeSlower Reaction Time

�� Inability to Process CommunicationsInability to Process Communications

What is Fatigue?What is Fatigue?
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What Causes Fatigue?What Causes Fatigue?

�� Mentally/Physically Demanding TasksMentally/Physically Demanding Tasks

�� Circadian Time of DayCircadian Time of Day

�� Irregular Work HoursIrregular Work Hours

�� Extended Hours of Work/Excessive OvertimeExtended Hours of Work/Excessive Overtime

�� Disrupted/Inadequate SleepDisrupted/Inadequate Sleep

�� Time Since Last Consolidated SleepTime Since Last Consolidated Sleep

�� Cumulative Sleep DeprivationCumulative Sleep Deprivation

�� Boring/Monotonous TasksBoring/Monotonous Tasks

�� Boring/Monotonous Work EnvironmentBoring/Monotonous Work Environment

�� Health, Psychosocial Factors, and/or Stress Health, Psychosocial Factors, and/or Stress 

�� Combinations of the AboveCombinations of the Above
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Consequences of FatigueConsequences of Fatigue

�� Increased Human ErrorIncreased Human Error

�� Reduced Ability to Work SafelyReduced Ability to Work Safely

�� Reduced Productivity/Customer Service QualityReduced Productivity/Customer Service Quality

�� Inadequate/Ineffective CommunicationsInadequate/Ineffective Communications

�� Increased Turnover/AbsenteeismIncreased Turnover/Absenteeism

�� Reduced Morale/Poorer Labor RelationsReduced Morale/Poorer Labor Relations

�� Increased Health/Wellness CostsIncreased Health/Wellness Costs

�� Reduced Operating Efficiency/ReliabilityReduced Operating Efficiency/Reliability

�� Increased Costs, Risks, and LiabilitiesIncreased Costs, Risks, and Liabilities

�� Reducing Operating ProfitReducing Operating Profit
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Effects of 24/7 on Employee FatigueEffects of 24/7 on Employee Fatigue

� Disrupted sleep at home

� Chronic sleep deprivation

� Lack of awareness of extent of 
sleep debt

� Micro-sleep

� Automatic behavior syndrome

� Nodding off on the job

� Reduced alertness, vigilance 
and performance at work
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MicroMicro --Sleep Alpha BurstsSleep Alpha Bursts
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A A Fatal Example of MicrosleepFatal Example of Microsleep
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Train Wreckage from Fatal Microsleep Train Wreckage from Fatal Microsleep 
AccidentAccident
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Automatic Behavior SyndromeAutomatic Behavior Syndrome
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A Fatal Example of Automatic Behavior A Fatal Example of Automatic Behavior 
SyndromeSyndrome
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Fatigue Related Driving AccidentsFatigue Related Driving Accidents

Sources: AAA Study, J. Stutts, UNC 1999

�� 6 times greater for night shift workers6 times greater for night shift workers

�� 2 times greater for rotating shift workers2 times greater for rotating shift workers

�� Fatigue a factor in 25% of all highway accidents Fatigue a factor in 25% of all highway accidents 
(Loughborough University of Technology)(Loughborough University of Technology)

�� Primary cause of serious accidents (NTSB) and major Primary cause of serious accidents (NTSB) and major 
causal factor in singlecausal factor in single--vehicle lossvehicle loss--ofof--control truck control truck 
accidents (67% accidents (67% -- Allianz)Allianz)

�� Other high risk factorsOther high risk factors
-- Working more than one job Working more than one job 
-- Getting less than 6 hours sleepGetting less than 6 hours sleep
-- Being awake more than 20 hours straightBeing awake more than 20 hours straight
-- Driving between midnight and 6:00 amDriving between midnight and 6:00 am



Copyright Circadian Technologies, Inc. 2007

Costs of FatigueCosts of Fatigue

Accidents Accidents $108 Billion$108 Billion

Lost ProductivityLost Productivity $360 Billion$360 Billion

Health CareHealth Care $  40 Billion$  40 Billion

Societal/SecuritySocietal/Security ?____?____

TotalTotal $508 Billion$508 Billion

Source:  The Twenty Four Hour Society (adjusted for  inflation)Source:  The Twenty Four Hour Society (adjusted for  inflation)
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Biological Basis of FatigueBiological Basis of Fatigue

�� Fatigue is fundamentally a Fatigue is fundamentally a Physiological ProblemPhysiological Problem

�� Not fundamentally a Behavioral ProblemNot fundamentally a Behavioral Problem

�� While lifestyles training and personal discipline are valuable, While lifestyles training and personal discipline are valuable, they they 
only address part of the problemonly address part of the problem

�� No matter how diligent, well trained, or motivated most people wNo matter how diligent, well trained, or motivated most people will ill 
have difficulty sleeping during the daytime and staying awake athave difficulty sleeping during the daytime and staying awake at
nightnight

�� No matter how good incident reporting systems, they are not No matter how good incident reporting systems, they are not 
capturing data needed to determine fatigue as a causal factorcapturing data needed to determine fatigue as a causal factor

�� Thus, contribution of fatigue to safety/operating incidents is Thus, contribution of fatigue to safety/operating incidents is 
grossly undergrossly under--reportedreported
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Diagnostic Instrument For Determining Diagnostic Instrument For Determining 
FatigueFatigue --Related Accidents/IncidentsRelated Accidents/Incidents

�� Must be simple data collection systemMust be simple data collection system

�� Should include most relevant data indicators of fatigueShould include most relevant data indicators of fatigue

�� Multiple choice inputs with standardized responses (no Multiple choice inputs with standardized responses (no 
openopen--ended questions)ended questions)

�� Drop down menu format for ease of use  Drop down menu format for ease of use  

�� All data (and thresholds) must be based on scientific All data (and thresholds) must be based on scientific 
premisepremise

�� Must accurately calculate probability of fatigue as a Must accurately calculate probability of fatigue as a 
causal factorcausal factor

�� Should qualify as an “Expert System” for Accident Should qualify as an “Expert System” for Accident 
AnalysisAnalysis

�� Should be easy to incorporate into current reporting Should be easy to incorporate into current reporting 
systemssystems
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FatigueFatigue --related Accident Factors related Accident Factors 

�� Time when the accident occurredTime when the accident occurred

�� Work schedule: hours worked prior to accident Work schedule: hours worked prior to accident 
(consecutive hours, consecutive shifts, total hours in (consecutive hours, consecutive shifts, total hours in 
one week), regularity of work scheduleone week), regularity of work schedule

�� Sleep deprivation: hours of sleep, sleep quality (day Sleep deprivation: hours of sleep, sleep quality (day 
and week before)and week before)

�� Individual characteristics: sleep needs, Individual characteristics: sleep needs, chronotypechronotype, , 
use of medication affecting alertnessuse of medication affecting alertness

�� Alertness level (day of accident, overall) Alertness level (day of accident, overall) 

�� Work environment, task performedWork environment, task performed
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Scientific Foundation FACTS SystemScientific Foundation FACTS System

�� Key physiological factors known to influence fatigueKey physiological factors known to influence fatigue

�� Prediction algorithm based on Prediction algorithm based on Fuzzy Scalable Fuzzy Scalable 
Monotonic ChainingMonotonic Chaining
a.a. Features a set of rules which dramatically increase to Features a set of rules which dramatically increase to 

analyze complex problemsanalyze complex problems

b.b. Employs additive form of fuzzy reasoning for identifying Employs additive form of fuzzy reasoning for identifying 
fatigue contributionfatigue contribution

c.c. AccomodatesAccomodates both numerical and verbal attributesboth numerical and verbal attributes

d.d. Provides flexible tool for objective risk assessmentProvides flexible tool for objective risk assessment

�� End product is a End product is a Fatigue Accident Causation Fatigue Accident Causation 
Testing SystemTesting System (FACTS)(FACTS)
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Rules (Fatigue risk assessment):

[R1] if work hours are Long thenrisk is increased;
[R2] if schedule is Irregular thenrisk is increased;
[R3] if sleep duration is Short thenrisk is increased;
[R4] if project.priority is High thenrisk is increased;

∑

Fuzzy Scalable
Monotonic Chaining

(FSMC)

Source: “The fuzzy systems handbook, Earl Cox”

Basic Concept of Monotonic Chaining applied Basic Concept of Monotonic Chaining applied 
to the Fatigue Contribution as Accident Risk to the Fatigue Contribution as Accident Risk 
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Time of Accident
“8:30a.m.”

CAS Score

“58”

Scaled Risk ‘1’
“451”

Scaled Risk ‘2’
“398”

Rule 1: If “Accident Time” is known then “Accident Risk” can be estimated;

Rule 2:  If “CAS Fatigue Score” is High then “Accident Risk” is increased;

∑

Fatigue Risk 
“15 %”

w1

w2

Basic Concept of FSMC applied to the Basic Concept of FSMC applied to the 
Contribution of  Fatigue as Accident Risk Contribution of  Fatigue as Accident Risk 

Real functional Relationship between Parameters is used!



Copyright Circadian Technologies, Inc. 2007

Mapping of Survey Questions to normalized Mapping of Survey Questions to normalized 
Risk Scale (Software Implementation, FSMC)Risk Scale (Software Implementation, FSMC)
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Weighted Mapping of scaled Risk to total Risk Weighted Mapping of scaled Risk to total Risk 
and Fatigue Risk (Software Implementation)and Fatigue Risk (Software Implementation)

Total Risk

Fatigue
Risk
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FACTS Live DemoFACTS Live Demo

The current version of the FACTS questionnaire is stored The current version of the FACTS questionnaire is stored 
onon--line for easy access.line for easy access.

It can also be stored on a local computer or network.It can also be stored on a local computer or network.

Demo VersionDemo Version
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NTSB Accident DatabaseNTSB Accident Database

�� NTSB conducted 107 exhaustive investigations of NTSB conducted 107 exhaustive investigations of 
trucking accidents in 1995trucking accidents in 1995

�� Established that 30% were caused by fatigueEstablished that 30% were caused by fatigue

�� 10 investigations were randomly selected to serve as 10 investigations were randomly selected to serve as 
a test standarda test standard
a.a. 6 fatigue6 fatigue--relatedrelated

b.b. 4 non4 non--fatigue relatedfatigue related

�� The FACTS System was then used to analyze these The FACTS System was then used to analyze these 
accidents independentlyaccidents independently

�� The FACTS results were then compared with the The FACTS results were then compared with the 
NTSB conclusionsNTSB conclusions
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Summary of FACTS AnalysisSummary of FACTS Analysis
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ResultsResults

�� FACTS System had 80% correlation with NTSB FACTS System had 80% correlation with NTSB 
findings (8/10 cases)findings (8/10 cases)

�� The 2 cases which deviated were clearly fatigue The 2 cases which deviated were clearly fatigue 
related, as predicted by FACTSrelated, as predicted by FACTS
a.a. NTSB investigator overlooked the drivers split sleep in Case NTSB investigator overlooked the drivers split sleep in Case 

Study #4Study #4

b.b. Investigator overlooked backwards rotation in sleep prior to Investigator overlooked backwards rotation in sleep prior to 
accident in Case #18accident in Case #18

�� FACTS System is thus showing high degree of FACTS System is thus showing high degree of 
consistency in determining the probability of fatigue as consistency in determining the probability of fatigue as 
Causal FactorCausal Factor
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Conclusions and future StepsConclusions and future Steps

�� Survey and fuzzy concept works better if information are uncertaSurvey and fuzzy concept works better if information are uncertain in 
and hard to recoverand hard to recover

�� Simulation works better if detailed and correct information abouSimulation works better if detailed and correct information about t 
the work and sleep schedule of the person involved in the accidethe work and sleep schedule of the person involved in the accident nt 
are available.are available.

�� Data collection system as well as the weights for the questions Data collection system as well as the weights for the questions 
should be fine tuned using more accident examples especially froshould be fine tuned using more accident examples especially from m 
the industrial sector.the industrial sector.

�� Accident examples should be collected and a database Accident examples should be collected and a database 
established.established.

�� Correlation between accident cases and fatigue related accidentsCorrelation between accident cases and fatigue related accidents
from the example database would be a measure of classification from the example database would be a measure of classification 
and a first step in the direction of an Accident Expert System. and a first step in the direction of an Accident Expert System. -- i.e. i.e. 
“Fatigue Accident Causation Testing System (FACTS)“ “Fatigue Accident Causation Testing System (FACTS)“ 

�� With fine tuning over the next 6 months, FACTS System should be With fine tuning over the next 6 months, FACTS System should be 
commercially available by January 1, 2008commercially available by January 1, 2008


