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ABSTRACT 

 

This research study examines the safety impacts of the existing operator hours of duty policies in 

the state of Florida. Thus, this study uses questionnaire surveys, incident data archived by transit 

agencies and bus driver schedules to determine the relationship between crash involvement and 

operator schedules. 

It is obvious that long driving hours have a potential of causing fatigue, which is known as a 

contributing factor for collisions. This research examines the influence of bus operator driving 

hours on the occurrence of preventable collisions by employing data from incident reports and 

operator schedules to evaluate the correlation between driving hours and operator involvement in 

collisions. Several methods of analysis including a statistical t-test, a comparative analysis, an 

overrepresentation analysis, Chi-square analysis and logistic regression analysis are employed.  

The results show a discernable pattern of an increased propensity of accident involvement with 

an increase in driving hours. Based on the analysis, on average, bus drivers who are involved in 

preventable collisions drive over six hours more than the general bus driver population. 

According to the findings of this study, it is clear that the present regulation that limits drivers‘ 

on-duty time to a maximum of seventy hours per week needs to be revised. 
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CHAPTER 1 

 

1.0 INTRODUCTION 
 

 

1.1 BACKGROUND STATEMENT 

 

There is a great deal of concern in the transit community that bus operator schedules can lead to 

fatigue and increased chance of bus accidents. Generally, fatigue increases with prolonging duty 

time. Agencies such as the Florida Department of Transportation (FDOT) that deal with 

regulating operations of transit systems have established rules that limit operator duty periods to 

limit fatigue. Operating rules are created to promote safe, efficient, timely, and customer-

oriented transit operations. The FDOT Bus Transit Draft Rule 14-90.006(3) states that a driver 

shall not be permitted or required to drive more than 12-hours in any one 24-hour period or drive 

after having been on duty for 16 hours in any one 24-hour period. The rule allows the 12 hours 

drive time to be spread out provided they do not exceed 16 hours of on duty time in any one 24-

hour period. For example, worst case scenario, a driver might be on duty, driving, for 8 hours 

and then take a 4 hours break and return on duty status for an additional 8 hours, 4 hours driving 

and 4 hours non-driving. This would be considered as a maximum of 12 hours drive time and 16 

hours on duty time in a 24-hour period although a driver may not have had any rest for 20 hours. 

Rule 14-90.006 (3) further states that a driver shall not be permitted to drive until the 

requirement of a minimum eight consecutive hours of off-duty time has been fulfilled. 
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Several literatures show that driver fatigue and fatigue – related accidents are affected by many 

variables such as time of day effect due to circadian rhythm, sleep debt monotonous driving 

environments, length of driving weather conditions, use of alcohol and drugs, heat, vibration  and 

noise (Wylie et al, 1996). Amongst these factors, it is primarily useful for transit agencies to 

consider the problems of long hours driving schedules, sleep debt, and circadian rhythm low 

points. The reason is that, other factors such as heat, noise etc. offer little insight into driver 

fatigue.  

 

1.2 FATIGUE PROGRESSION 

 

The progression of fatigue research has been studied with vigilance tasks. A vigilance task is a 

type of task where a user must maintain attention on the task while waiting for and responding to 

an uncommon, unpredictable event, such as monitoring security cameras or a radar display. With 

the use of vigilance tasks, fatigue research has shown that periods of normal performance (i.e. 

seeing signals on time and providing right response) alternate with short lapses in functioning 

(i.e. missing signals or responding very late) (Dinges et al, 1991). A theoretical explanation is 

that fatigue is not simply a passive process. Fatigue is the result of an interaction between 

deactivation processes (e.g. slower functioning; lesser attention) and compensation processes. 

This means that a person can react actively when he or she notices the onset of fatigue, and may 

compensate for increased fatigue, for instance, by putting in extra mental or physical effort to 

perform a task. The interaction of on-going fatigue and compensation (extra effort) leads to a 

performance that becomes increasingly variable or unstable. Thus, there is not a simple 

monotonous decrease of performance. Instead there is an increasing variability in performance, 
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with more and faster changes between normal functioning and erratic functioning (Dinges et al, 

1991). 

 

Among other several documented facts regarding fatigue, simulator studies suggest that driving a 

car, truck or airplane is impaired by sleep loss and fatigue (Arnedt et al., 2000; Caldwell et al., ). 

According to National Transportation Safety Board (NTSB) analysis of Federal Railroad 

Administration (FRA) data in 1999, from January 1990 to February 1999, only 18 cases were 

coded ―operator fell asleep‖ as causal or contributing factor.  The NTSB believes that 18 cases in 

more than 9 years underestimate the actual number of cases in which fatigue might have been 

involved. It is the opinion of the NTSB that accidents coded by FRA as resulting from ―failure to 

comply with signals‖ may actually be fatigue related.  

 

1.3 OBJECTIVE OF THIS RESEARCH 

 

In order to reduce fatigue and fatigue related accidents, management of driver hours of service 

for transit bus operators has been continual safety challenge. While there are many reasons why 

managing hours of services is a challenging task. One of the most perplexing aspects is the 

inconsistency in research findings concerning the effect of driving schedules on driver 

performance and safety.  One of the most remarkable studies (Wyle et al, 1996) found out that 

the principal factor associated with decline in driving performance was time of day.  

Furthermore, the number of hours driving and cumulative number of days driving were not 

strong or consistent predictors.  
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This research study examines the safety impacts of the existing operator hours of duty policies in 

the state of Florida. Thus, this study uses questionnaire surveys, incident data archived by transit 

agencies and bus driver schedules to determine the relationship between crash involvement and 

operator schedules. Factors of interest in this study are the influence of shift pattern (start and 

end time), schedule pattern (split or non – split schedule) and time spent on driving. The outcome 

of this study will be used by transportation officials from state to local transit agencies in 

determining how best to schedule bus operator hours in order to reduce safety risks that might be 

caused by operator fatigue. 

 

1.4 DEFINITION OF DRIVING SCHEDULES 

 

Schedules provide work days and hours for employees and give structure to employers input for 

budgets and operation efficiency. Schedules must ensure adequate work coverage, comply with 

federal and local laws, be easy to understand, and be equitable. In transit bus operation business, 

there are two common types of schedules namely split and continuous (or straight) schedules. 

Definition of these schedules is provided below:   

 

1.4.1 Split Schedule 

 

Split schedule, is an employment schedule, a type of schedule work where a person's normal 

work day is split in to 2 or more segments, for example a person may work from 5 a.m. to 9 a.m. 

and then have a break until 3 p.m. at which point they might return to work until 7p.m. This is 

especially common for public transport employees where it is advantageous to have additional 

staff working during traditional rush hour times. It is generally not a desired shift since one is 



5 

 

basically tied to work all day, and one's time in between shifts can be taken up by getting to and 

from work. Regular local transit and intercity bus drivers usually have a 5 or 6 day workweek. 

They may have to work one or both weekend days on a regular basis. Some drivers work early in 

the morning, in the evening, or after midnight. To accommodate commuters, many work ―split 

shifts‖—for example, 6 a.m. to 10 a.m. and 3 p.m. to 7 p.m., with time off in between. 

 

1.4.2 Continuous or Straight Schedule 

 

On straight schedule, each operator has its own set of hours that do not change. For example,  a 

standard straight schedule can run from 7:00 a.m. to 3:00 p.m., 3:00 to 11:00 p.m., and 11:00 

p.m. to 7:00 a.m. ; or from 6:00 a.m. to 6:00 p.m. and from 6:00 p.m. to 6:00. Basically,  on 

straight schedules, each group has its own set of hours that do not change. 
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CHAPTER 2 

 

2.0 LITERATURE REVIEW 

 

2.1 PREVIOUS STUDIES 

 

In the literature concerning driver fatigue many definitions are used to describe fatigue. The 

concepts of ―fatigue‖, ―sleepiness‖ and ―drowsiness‖ are often used interchangeably. Sleepiness 

can be defined as the neurobiological need to sleep, resulting from physiological wake and sleep 

drives (Johns, 2000). Fatigue has from the beginning been associated with physical labor, or in 

modern terms task performance. Although the causes of fatigue and sleepiness may be different, 

the effects of sleepiness and fatigue are very much the same, namely a decrease in mental and 

physical performance capacity.  

A survey of the published literature was conducted through various literature search sources.  

The search revealed paucity of literature on the relationship between operator schedule and 

transit vehicle safety.  However, there was plenty of literature on the influence of operator 

schedule on other modes of transportation including truck, train, and airline industries. Literature 

review is summarized in the following sections. 

 

2.1.1 General literature on fatigue and safety  

 

Fatigue is a steady and increasing process linked with reluctance towards effort, ultimately 

resulting in reduced performance effectiveness. The major symptom of fatigue is a general 

sensation of weariness (Grandjean, 1979). We know from every day experience that fatigue has 

different causes; the most common is intensity and duration of physical work. Grandjean (1979) 

visualized the degree of fatigue as an aggregate of all the different stresses of the day, in the form 

of a barrel partly filled with water; the recuperative rest periods would be the outflow from the 
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barrel.  To ensure that the barrel does not overflow we must guarantee that inflow and outflow 

are of the same order of magnitude. In other words, to maintain health and efficiency the 

recuperative processes must cancel out the cumulated fatigue. Recuperation takes place mainly 

during night-time sleep, but free periods during the day, and all kinds of pauses during work, 

also make their contribution (Grandjean, 1979).  

 

Various studies have been conducted to develop relationships between fatigue and performance 

decrement in different industries. Particular significance is attached to studies of fatigue in 

traffic, because it is reasonable to suppose that fatigue plays an important part in mistakes and 

accidents. Several authors have shown indisputably that about four hours of continuous driving is 

enough to bring on a distinct reduction in the level of alertness, and thereby to increase the risk 

of accidents. Fatigue and sleep are causal factors in thousands of crashes, injuries and fatalities 

annually (Knipling & Wang, 1994). At the 1995 National Truck and Bus Safety Summit, driver 

fatigue was identified as the leading safety issue in the industry (USDOT FHWA 1998). The 

National Transportation Safety Board estimated 31% of all truck-driver fatalities and 58% of all 

single-truck crashes are fatigue related (Schulz 1998a). 

 

2.1.2 Categories of Fatigue 

  

Driver fatigue can be classified into two subcategories, sleep-related (SR) and task related (TR) 

fatigue on the basis of causal factors contributing to the fatigued state (May et al, 2009). Sleep 

deficiency, extended duration of wakefulness and time of day affect SR fatigue. Certain 

characteristics of driving, like task demand and duration, can produce TR fatigue in the absence 

of any sleep-related cause (May et al, 2009). However, TR fatigue is specifically subcategorized 

into active TR fatigue and passive TR fatigue.  Generally, the causing factors of TR fatigue are 

the driving task and driving environment. In particular, active TR fatigue is caused by increased 

task load, high density traffic, poor visibility and the need to complete secondary task while the 
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passive TR fatigue is due to underload condition, monotonous drive, extended driving periods 

and automated systems.  

May et al (2009) cited the publications by Desmond et al (2001), as well as Gimeno et al (2006) 

pointing out that driver fatigue can be produced by active or passive TR fatigue. Active fatigue is 

the most common form of TR fatigue that drivers experience (Desmond & Hancock, 2001). 

Gimeno et al. (2006) relate active fatigue to mental overload (high demand) driving conditions 

and passive fatigue with underload conditions. Typical environment of high task demand 

situations include high density traffic, poor visibility, or the need to complete an auxiliary or 

secondary task (i.e. searching for an address) in addition to the driving task(May et al, 2009). 

Passive fatigue is produced when a driver is mainly monitoring the driving environment over an 

extended period of time when most or the entire actual driving task is automated. Passive fatigue 

may occur when the driving task is predictable. Drivers may start to rely on mental schemas of 

the driving task which results in a reduction in effort exerted on the task (Gimeno et al., 2006). 

Underload is likely to occur when the roadway is monotonous and there is little traffic (May et 

al, 2009).  

Most researchers of driver fatigue have been directing their focus towards sleep deprivation or 

circadian rhythm effects, but require drivers to perform driving tasks in automated environments 

and monotonous highway conditions. This confounds the effects of SR and TR fatigue. May et al 

(2009) put it clear that driver fatigue does absolutely produce performance decrements in driver 

simulation and on-road driving tasks. Fig. 1 is the fatigue model illustrating the three types of 

fatigue, their causes, consequences and interactions. 
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FIGURE 2.1. Fatigue Model, Source: May et al (2009) 

 

The model shows that active and passive TR fatigue can worsen SR fatigue. All three types can 

directly cause driving decrements and crash risk. 

 

2.1.3 Fatigue Studies on Trucking Industry 

 

Most studies that have investigated the influence of long hours of driving on safety for trucks 

have examined the presence of sleepiness and fatigue in truck drivers. McCartt et al. (2000) 

conducted face-to-face interviews with 593 long-distance truck drivers at rest areas and 

inspection points. The study found that six factors that were studied had influence on drivers 

falling asleep at the wheel. The six factors are (1) greater daytime sleepiness (2) more arduous 

schedules with more hours of work and fewer hours off-duty (3) older, more experienced drivers 

(4) short, poorer sleep on road (5) symptoms of sleep disorder, and (6) greater tendency to night-

time drowsy driving. The study further suggested limiting drivers‘ work hours and enable drivers 

to get adequate sleep to reduce sleepiness-related driving by truck drivers. Williamson et al. 
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(1996) conducted a controlled experiment whereby he examined twenty seven professional truck 

drivers who completed a 12 – hour, 900 km trip under three different settings – relay trip, a 

working – hour regulated one-way single trip, and a one-way (flexible) trip with no working 

hours constraints. The results of the study indicated indifference in fatigue for the three different 

settings. However, the study suggested that the fatigue patterns were more related to pre – trip 

fatigue levels.  

 

In another publication, Feyer and Williamson (1995) pointed out that although fatigue is a 

problem for coach drivers, it is not of the same order of magnitude as for truck drivers. The 

authors argue that operationally, bus drivers are not as free as truck drivers to take rest on a 

needs basis. Virtually for all bus drivers, their work is scheduled by someone else, both during 

the course of the trip and for the endpoints. Scheduled stops throughout the trip are part of the 

commuter nature of express passenger operations. The needs to meeting passenger schedules 

largely eliminate any flexibility for bus drivers to take rest on a needs basis. 

2.1.4 Rail Operations and Fatigue 

 

There are numerous aspects of railroad operations that can cause fatigue and alertness problems: 

the irregularity of work schedules in freight operations, the need for split shifts in commuter and 

urban operations, and the high potential for complacency and boredom in some freight 

operations. Sussman & Coplen (2000) pointed out that the National Transportation Safety Board 

(NTSB) railroad hours of service laws prescribe only maximum hours on duty and a minimum 

amount of rest in a 24 –hour period. They do not take into account (1) how human circadian 

rhythms interact with the time of day when work/rest periods take place, (2) the cumulative 
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effects of working an unlimited number of successive days, or (3) the long – term health effects 

of various work/rest schedules. 

Several studies have documented that fatigue is a serious issue for the rail industry, with train 

drivers‘ schedules resulting in sleep-related problems (Foret and Latin, 1972; Pilcher and 

Coplen, 2000; Roach et al., 2003). Research has identified several factors responsible for 

elevated fatigue among train drivers, including uncertain shift times, long commutes, suboptimal 

terminal sleeping conditions, and the fact that some train drivers may not have daytime rest 

before a night shift (Pollard, 1991). Pollard (1996) found that for shifts that started between 

10p.m and 4a.m, train drivers reported that they slept fewer than 6 hours per day. 

2.1.5 Effects of Fatigue on Aviation Accidents 

 

There is a great deal of concern in the aviation community that pilot schedules can lead to fatigue 

and increased chance of an aviation accident. The scientific community recognizes that there is a 

complex relationship between pilot performances, how the performance is impacted by pilot 

schedules, and safety risk. Powel et al. (2007) investigated how length of duty, number of 

sectors, time of day, and departure airport affect fatigue levels in short-haul operations. Pilots 

completed the 7-point Samn-Perelli fatigue scale where they rated themselves as: 1 ―fully alert, 

wide awake‖; 2 ―very lively, responsive but not at peak‘; 3 ―OK, somewhat fresh‖; 4 ―a little 

tired, less than fresh‖; 5‖ moderately tired, let down‖; 6 ―extremely tired, very difficult to 

concentrate‖; or 7 ―completely exhausted, unable to function effectively‖ as well as a 100-mm 

visual analog scale rated from ―alert‖ to ―drowsy‖. The most important factors influencing 

fatigue were the number of sectors and duty length.  
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Goode (2003) reported on the study that was conducted to determine the influence of pilot 

schedules on airline safety. Each pilot record tracked pilot activity for every hour in the entire 

month. The beginning and end of each flight segment were recorded for each pilot and put into a 

database. Parameters of interest were then calculated such as the length of each pilot‘s duty 

period, the amount of flight and duty time per day for each pilot, the amount of rest time, and the 

numbers of takeoffs and landings each day for each pilot. The analysis tracked these activities in 

local time as well as base time (defined as the time at the location where the pilot began a 

multiday trip). The distribution of pilot work schedule parameters for the accidents was 

compared to that for all pilots using a chi-square test to determine if the proportions of accidents 

and pilot duty time exposure were the same. The chi-square is a statistical test to measure the 

relationship between two different distributions. If the distributions are the same, then one could 

infer that pilot human factor accidents are not affected by work schedule parameters. The study 

found that there were differences between the two sets of data in some work schedule parameters 

examined. 

2.1.6 Related Literature on Transit Buses 

 

Santos et al. (2004) evaluated daytime and nighttime sleep, as well as daytime and nighttime 

sleepiness of professional shift-working bus drivers in Brazil. The study revealed that the sleep 

of shift-working bus drivers was shorter and more fragmented when it occurred during the day 

than night. A thesis by Howarth (2002) investigated differences in self-reported sleep length and 

aspects of fatigue for a sample of transit bus operators in the northeastern United States who 

were working split and straight shift schedules. The study used questionnaires which were 

distributed to 149 bus operators in Hartford, Connecticut. The results demonstrated expected 

relationships between sleep length and before/after-work measures of fatigue.  
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2.2 RESEARCH METHODOLOGIES USED IN PREVIOUS STUDIES 

 

Several methods such as Questionnaire surveys (e.g. Howarth, 2002), Fatigue measurements 

(e.g. Fletcher et al, 2000), Schedules and accident records (e.g. Goode, 2003) and Laboratory 

simulations (e.g. Santos et al, 2000) have been used to conduct different studies. The method(s) 

selected for each study relied largely on the resources, data available and the timeline for that 

particular study. For instance, Santos et al (2000), on the study about Brazilian Shift – Working 

Bus Drivers used the laboratory methods to evaluate daytime and nighttime sleep, as well as 

daytime and nighttime sleepiness of professional shift-working bus drivers. Thirty-two licensed 

bus drivers were assessed by nocturnal and diurnal polysomnography (PSG) recording and 

multiple sleep latency testing (MSLT) sessions. This is the study which was conducted to 

evaluate the effects of shift – pattern on accumulation of fatigue whereby the sleepiness was used 

as an indicator. 

Similarly, in their work titled ―Field – based validations of a work – related fatigue model based 

on hours of work‖, Fletcher et al (2000) undertook the study to investigate the association 

between fatigue, alertness and performance. In this study, data were analyzed from 193 

volunteers (189 male, 4 female) with a mean (±S.D.) age of 39.6 (±6.5) years. The volunteers 

engaged were train drivers working within the Australian railway industry. Volunteers were 

obtained from 10 depots within five of the eight states and territories of Australia. These depots 

were chosen because, between them, they cover the range of possible conditions that can be 

expected in the Australian rail industry. That is, some depots operated 24 h per day and others 

did not. In addition, the number of hours worked per week ranged considerably, from 

approximately 40 in some depots to 80 in others. The materials and tools used to accomplish this 

study were: (1) Fatigue model, which was used to predict the work-related fatigue of drivers 
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participating in the study. The input for the work-related fatigue model was the start and end 

times of shifts, using seven days of shift start and end times as the minimum range required to 

allow prediction of work-related fatigue. Therefore, fatigue calculations were only possible for 

all shifts that occurred between the seventh and final days of data collection. (2) A standard 

Visual Analogue Scale (VAS) was used to measure self-rated alertness. The particular test used 

consisted of a 100 mm line labeled ‗extremely alert' at one end and ‗not at all alert' at the other. 

Subjects were asked to rate their perceived alertness levels by marking the applicable point along 

this range. (3) The computerized Occupational Safety Performance Assessment Technology 

(OSPAT™) test was used as an objective measure of individual performance. This test was used, 

as it requires similar cognitive motor skills to train driving. That is, the scores from the test are 

composed of hand-eye co-ordination, reaction time and vigilance. The OSPAT™ required 

subjects to return a randomly moving cursor to the center of a circular target using a track ball. 

Lastly, the correlation analysis was performed to examine to examine the effects of time-of-day, 

day-of-sequence, shift duration, and day-of-week on the relationships between fatigue scores and 

OSPAT™ scores as well as fatigue scores and VAS-alertness scores. Three-factor ANOVAs 

were performed to investigate the general interaction and main effects of time-of-day, shift 

duration and start and end of shifts on predicted fatigue, VAS-alertness and OSPAT™ 

performance scores.  
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2.3 FATIGUE CONTROL AND MANAGEMENT APPROACHES 

 

Traditionally, efforts in fatigue-risk management have attempted to reduce fatigue-related risk 

through compliance with an agreed set of rules governing hours of work. In the US, these are 

generally referred to as hours of service (HOS) rules (Dawson, et al, 2005). At the most 

fundamental level, regulation has involved the prescription of maximum shift and minimum 

break durations for individual shifts or work periods. In addition, some industries and 

organizations have supplemented individual shift rules with supra-shift rules that further restrict 

the total number of sequential shifts or cumulative hours worked in a given period (e.g. week, 

month or year). These limitations have typically been imposed coercively via a regulatory body 

or ‗voluntarily‘ through a labor contract (Dawson, et al, 2005). Following below is the 

prescriptions of rules to limit fatigue, established by the Florida Department of Transportation 

(FDOT) that deals with regulating operations of transit systems.  

Draft Rule 14-90.006(3-6) states that: 

(3) A driver shall not be permitted or required to drive more than 12 hours in any one 24-hour 

period, or drive after having been on duty for 16 hours in any one 24-hour period. A driver shall 

not be permitted to drive until the requirement of a minimum eight consecutive hours off-duty 

has been fulfilled. A driver‘s work period shall begin from the time he or she first reports for 
duty to his or her employer. A driver is permitted to exceed his or her regulated hours in order to 

reach a regularly established relief or dispatch point, provided the additional driving time does 

not exceed one hour. 

(4) A driver shall not be permitted or required to be on duty more than 72 hours in any period 

of seven consecutive days; however, 24 consecutive hours off duty shall constitute the end of any 

such period of seven consecutive days. A driver who has reached the maximum 72 hours of on 

duty time during the seven consecutive days shall be required to have a minimum of 24 

consecutive hours off duty prior to returning to on duty status. 
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(5) A driver is permitted to drive for more than the regulated hours for safety and protection 

of the public due to conditions such as adverse weather, disaster, security threat, a road or traffic 

condition, medical emergency, or an accident. 

(6) Bus transit systems shall not permit or require any driver to drive a bus when his or her 

ability is impaired, or likely to be impaired, by fatigue, illness, or other causes, as to make it 

unsafe for the driver to begin or continue driving. 

Most traditional prescriptive HOS approach (including Draft Rule 14-90.006.3-6.) most probably 

derives from earlier regulatory models for managing physical rather than mental fatigue. 

Previous research had indicated that physical fatigue accumulates and discharges in a broadly 

monotonic manner with respect to time. As such, managing physical fatigue by limiting work 

hours and break periods was both scientifically defensible and operationally practical. 

While the application of prescriptive duty limitations may have been an appropriate control for 

physical fatigue, we do not believe the same can be assumed for mental fatigue. It is common to 

use analogous approaches for the regulation of a new hazard. However, in the case of mental 

fatigue, this approach incorrectly assumes that the determinants of mental fatigue are similar to 

those for physical fatigue. While it is true that mental fatigue does, in part, accumulate in a 

relatively linear manner, there are significant additional nonlinearities driving the dynamics of 

fatigue and recovery processes for mental fatigue. 
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CHAPTER 3 

 

3.0 DATA COLLECTION AND VARIABLE DESCRIPTION 

 

 

3.1 DATA COLLECTION 

 

This research employed two different procedural approaches for gathering relevant data. The two 

methods employed were (1) Survey questionnaire; (2) Transit agencies‘ incident reports and 

operator schedules. Detailed discussion of each of the two approaches is described in the 

following sections. 

 

3.1.1 Questionnaire Design 

 

A survey to bus operators was conducted to collect information on how operators use break time 

(for split shifts) and activities performed during the off-duty hours after and before beginning 

work. Two different questionnaires were prepared.  All the questions are designed to identify the 

operators‘ lifestyle which could be probable causes of fatigue. The first questionnaire solicited 

information on typical activities performed by operators during breaks between split shifts. The 

objective of this questionnaire was to determine whether the break between split shifts is used for 

resting and possibly establish the relationship between the length of the break and type of typical 

activities performed during the break. Table 3.1 shows the summary of several activities and 

variables assessed using the questionnaire.  
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TABLE 3.1 Distribution of activities and variables assessed through questionnaire. 

 

 Home-

Work 

Dist.(mi) 

Home-

Work 

Travel 

Time(min) 

Work-

Home 

Travel 

Time(min) 

Time on 

Task/Day 

Days on 

Task/Week  

Split 

Time(min) 

Days on 

duty not 

driving 

Hours of 

Sleep 

Maximum 70.00 140.00 140.00 17.00 7.00 25.00 6.00 10.00 
Mean 35.00   70.00   70.00 12.00 5.23   8.00 3.00   7.00 
Minimum   5.00   10.00  10.00   7.00 4.00   0.00 0.00   4.00 
St. Dev. 22.36   44.72  44.72  3.32 0.57   8.00 2.16   2.16 

 

The second questionnaire was designed to gather information of activities performed during the 

off-duty hours. The objective of this questionnaire was to assess the adequacy of the minimum 

off-duty period of 8 hours. Typical activities that could be performed during the off-duty period 

may include operators traveling from work to home, eating, sleeping, preparing for work, and 

traveling back to work from home. The amount of sleep that a bus operator gets would depend 

on the time it takes to perform off-duty activities. These anonymous surveys used a diary 

technique to document start and end of each off-duty activity. General questions such as the 

distance from home to work, average hours of sleep per day were also included in the 

questionnaire. 

. .  Transit Agencies’ Incident Reports and Operator Schedules  

 

This study involved data from four transit agencies in the state of Florida. Two large and two 

small agencies were selected. The agencies were selected based on their willingness to 

participate and availability of electronic incident report databases that could be exported to a 

Microsoft Access database. The four agencies were then ranked based on the number of buses 

they operate. Jacksonville Transit Authority (JTA) and Lynx (the transit agency in Orlando) were 
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categorized as large size agencies as they operate a fleet of more than three hundred buses. 

StarMetro and Regional Transit System (RTS), transit agencies for Tallahassee and Gainesville, 

respectively, were ranked as small size agencies. They each operate a fleet size of less than 100 

buses. Table 3.2 shows a list of agencies used for this study. Two types of data were collected. 

The first type was bus collisions (incident reports) and the second was operator schedules. The 

following two sections describe collection of these two data types. 

TABLE 3.2 Transit Agencies Used in the Study 

 

Agency Name Location Fleet size Number of operators 

Jacksonville Transit Authority (JTA) Jacksonville 129 268 

Lynx Orlando 274 396 

Regional Transit System (RTS) Gainesville 80 148 

StarMetro Tallahassee 93 160 

 

3.1.2.1 Incident Reports Data 

Transit agencies maintain records of all incidents that occur when transit vehicles are in service. 

Incident reports considered for this study were for the years 2007 to 2009. For the purpose of this 

study, the incidents are divided into collisions, also referred to as ―crashes‖, and non-collision 

incidents (typically, on-board passenger injury). A stepwise review of the reports was therefore 

employed. First, the reports were reviewed to identify collision incidents, i.e., bus crashes with 

other vehicles, bicycles, pedestrians, or with fixed objects. Then the data were further screened to 

obtain only collisions that were coded as preventable. All non-preventable collisions were 

excluded, as were collisions which were neither coded neither non-preventable nor preventable. 

Further examination was done to eliminate any preventable accidents that were perceived as 

having been caused by factors other than fatigue. Pertinent collision attributes such as operator 
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information, time of crash, date of crash, and type of crash were collected to enable additional 

analysis. 

 

3.1.2.2Operator Schedule Data 

Operator schedule data was collected in two steps. First, schedules of all operators in each of the 

participating agencies were collected to establish the distribution of operator driving schedules 

for all drivers. This set of data is also referred to as comparison data in this paper. A record of 

each bus operator included total days worked per day, driving hours, and time of reporting on 

and off duty. It was not possible to collect three years worth of data for all bus operators in the 

four agencies. Two weeks were therefore randomly selected within the study period of between 

year 2007 and year 2009 to constitute comparison data, i.e., schedules for all operators. One 

week selected from a month with the lowest number of preventable crashes and another week 

from the month with the highest preventable crash occurrences were used. Second, schedules of 

operators who have been involved in collisions that were coded as “preventable” were collected.  

 

 

 
 

FIGURE 3.1 Examples of Raw Data of Bus Operator Schedule. 
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A two-week schedule prior to the day of accident was collected for each operator who was 

involved in a preventable collision and screened as described in the previous section. Schedule 

attributes that were collected include number of hours worked each day, the amount of split 

hours if any, and begin and end of duty time. Figure 3.1 shows an example of a weekly schedule. 

From the pay code, details of the schedule such as sick days, holidays, and administrative work 

could be depicted and excluded from driving hours. Also, split times could be computed from 

multiple on and off duty times during the same day.  

3.1 VARIABLE FORMULATION AND DATA CODING 

To build up the logistic regression model, accident and non – accident data were used in this 

study. Thus, the dependent variable takes two distinct values; Y = 1 is the response that an 

accident occurred and Y = 0 means non – occurrence.  The predictors (or explanatory variables) 

are the schedule types (split or continuous), time on task, off duty hours, start time (early 

morning, morning or afternoon) and hours driven before the accident.  In order to represent the 

data the design variables were needed.  These variables had to be formulated on the basis of time 

range and schedule patterns.  The range of time was dictated by the patterns observed in work 

schedules and incident reports.  Table 3.3 gives the descriptions and the short form given to each 

variable.  
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TABLE 3.3 Descriptions of Design Variables  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

START TIME 

VARIABLE TIME INTERVAL 

ST1 3:00 -6:59 AM 

ST2 7:00 - 10:59 AM 

ST3 11:00 - 14:59 PM 

 

TIME ON TASK 

VARIABLE TIME RANGE 

TOT1 <=8 

TOT2 8 – 12 

TOT3 12 – 16 

TOT4 >=16 

 

HOURS SURVIVED BEFORE AN ACCIDENT 

VARIABLE HOURS DRIVEN 

HDB1 < =1 

HDB2 1 – 3 

HDB3 3 – 5 

HDB4 5 – 7 

HDB5 7 – 9 

HDB6 9 – 11 

HDB7 >11 

 

OFF-DUTY HOURS IN 24HRS 

VARIABLE TIME RANGE 

OFF1 <=8 

OFF2 8 – 12 

OFF3 12 – 16 

OFF4 >=16 

 

SCHEDULE TYPES 

VARIABLE SCHEDULE 

SPL SPLIT 

CON CONTINOUS 
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The formulation (or coding) of design variables was achieved by having ―j-1‖ design variables 

for ―j‖ levels of the nominal scale of that scale. Table 3.4 illustrates the coding for the hours 

survived before the accident, which have eight levels. This requires seven design variables.  

TABLE 3.4 Design Variables for Hours Survived Before Accident 

 

HRS SURVIVED DESIGN VARIABLES 

HDB1 HDB2 HDB3 HDB4 HDB5 HDB6 HDB7 

0 0 0 0 0 0 0 0 

0<HRS≤1 1 0 0 0 0 0 0 

1<HRS≤3 0 1 0 0 0 0 0 

3<HRS≤5 0 0 1 0 0 0 0 

5<HRS≤7 0 0 0 1 0 0 0 

7<HRS≤9 0 0 0 0 1 0 0 

9<HRS≤11 0 0 0 0 0 1 0 

HRS>11 0 0 0 0 0 0 1 

 

When we refer to ―0‖ hours survived as a baseline variable, all seven design variables would be 

set to zero; when the response is ―0<HRS≤1‖ HDB1 would be set equal to one while the rest 

(HDB2 to HDB7) would still be equal to zeros and likewise for other responses. 
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CHAPTER 4 

 

4.0 METHODOLOGY 

 

4.1 OUTLINE OF ANALYSIS 

 

          This section discusses an overview of the analysis methodology employed in this research. 

The study was largely divided into two different procedural approaches for gathering and 

analyzing relevant information. The two methods employed were (1) Survey questionnaire; (2) 

Analysis of transit agencies‘ incident reports and operator schedules. The main purpose of the 

survey questionnaire was to investigate the lifestyle and daily activities a typical transit bus 

operator is performing regularly. By investigating the operators‘ lifestyle and daily activities we 

could establish the strong argument that work schedule patterns are the causes of fatigue and 

hence the crash risk. Therefore the results from the survey questionnaires were the basis for 

using transit agencies‘ incident reports and operator schedules in analyzing the relationship 

between work schedules and crash risk.   
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Survey Questionnaire 

  

                                                                               

 

                C1 C2 C3 

  

 

 

Note: C1, C2 and C3 are the causes of fatigue due to each respective activity. 

 

 C2 is significant 

 

 

 

FIGURE 4.1 Overview of Crash Risk Analysis 

 

The analyses of transit agencies‘ incident reports and operator schedules to develop the 

relationship between crash risk and schedule were then performed using the logistic regression. 

The analyses were performed to assess the effects of schedule pattern on crash risk; the 

parameters of interest were start time, schedule type, off-duty duration, time on task and time 

survived before the crash. However, before developing the logistic model the preliminary 

analyses to investigate the effects of time on task and schedule pattern on the occurrence of 

accidents had to be done by carrying out descriptive statistics of fatigue related crashes and 

operator schedules, inferential statistics analysis using t-test, comparative analysis and 

overrepresentation analysis for each driving hour duration category. 

Other activities Driving task Lifestyle 

Causes of Fatigue 

Crash Risk Analysis Based on Incident Reports and Operator Schedules. 
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4.2 GENERAL OVERVIEWS ON LOGISTIC REGRESSION  

 

Structurally and mathematically, logistic regression is very different from linear regression. 

Unlike an ordinary linear regression equation, which can be solved explicitly by a formula, 

logistic regression equations are solved iteratively. Logistic regression iterates over and over in 

order to improve the fit of the model. Iterations stop when the improvement from one step to the 

next is suitably small. 

Practically, however, logistic regression and linear regression are almost identical. Both methods 

produce prediction equations. In both cases the regression coefficients reflect the degree of 

association between the predictor and dependent variable or response. However, the response 

variable of a logistic regression model is significantly different from that of a linear regression 

model, it is called a Bernoulli (or binary) variable or dichotomous. The formulation for the 

logistic regression model is 

                                                                                                                                                                                                        

 in which Y is a response variable representing the occurrence (Y=1) or nonoccurrence (Y=0) of 

the event for an individual driver i.     is a univariate or multivariate attribute vector for this 

individual, and           denotes some arbitrary function of X, and a parameter  , which is 

estimated in the model,  π ( ) is probability that an event occurs, (in this case, probability that an 

accident has occurred), e is the base of natural logarithm,   and   are the model parameters.   
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Logistic regression makes no assumption about the distribution of the independent variables. 

They do not have to be normally distributed, linearly related or of equal variance within each 

group. The relationship between the predictor and response variables is not a linear function in 

logistic regression; instead, the logistic regression function is used, which is the logit 

transformation of     : 

                                                                                                        Eqn. 4.2 

This function is assumed to be linear such that the logit is linearly related to the predictors. The 

coefficients from logistic regression represent the change in log odds of the response per unit 

change in the predictor. Therefore, to predict the probability that the event probability is equal to 

1, exponentials are applied to each member; the log odds are nothing else but the natural 

logarithm of the odds. 

The calculation of the logit coefficients in logistic regression is done through the use maximum 

likelihood estimation (MLE) which is then obtained by applying the likelihood function. The 

maximum likelihood estimators of the logit parameters are taken to be those values which 

maximize the maximum likelihood function. Therefore, the resulting estimators are those which 

agree most closely with the observed data. 
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If Y is coded as 0 or 1, then the expression for π ( ) expressed in equation 4.1 provides the 

conditional probability that Y is equal to 1 given x, designated as Pr(Y=1|  ). Then it follows that 

the quantity 1- π ( ) gives the conditional probability that Y is equal to zero given  , written as 

Pr(Y=0|  ).  

Consequently for the pairs (     ), with    = 1, the contribution to the likelihood function is 

π (  ), and for those pairs where    = 0, the contribution to the likelihood function is 1- π (  ), 
where π (  ) is the value of π ( ) computed at   . The contribution to the likelihood function for 

the pair (     ) is conveniently expressed by: 

                                                                                                                      Eqn. 4.3 

From the assumptions that the predictors are independent, the likelihood function is expressed as 

the product of the terms        as written in the following equation: 

             
                                                                                                                                         

The log likelihood function results into: 

                      π                   π                                                             
    

The method of estimating the values of the coefficients ( s) follows from well-developed theory 

of maximum likelihood estimation (Rao, 1973) .This theory states that the estimators which 

maximize the likelihood function are obtained by partially differentiating the log likelihood 

function (Eqn. 4.5) with respect to  o and  i and setting the derivatives to zero, that is           

∂      /∂ i=0 (Hosmer et. al, 2000).  
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The resulting expressions after setting the derivatives to zero are known as likelihood equations 

as denoted below:  

      π                                                                                                                                       
    

        π                                                                                                                                    
    

 

The most interesting consequence of equation (4.7) is that  

      π       
                                                                                                                                       

    

This means, the sum of the observed values of y is equal to the sum of the predicted or expected 

values. This is a very useful property especially in assessing the fit of the model. 

Model selection for logistic regression faces the same issues as for ordinary regression. The 

selection process becomes harder as the number of explanatory variables increases, because of 

the rapid increase in possible effects and interactions. There are two competing goals: The model 

should be complex enough to fit the data well. On the other hand, it should be simple to interpret, 

smoothing rather than over fitting the data. However, the ultimate goal of logistic regression is to 

correctly predict the category of outcome for individual cases using the most economical model. 

To accomplish this goal, a model is created that includes all predictor variables that are useful in 

predicting the response variable. After variables are entered into the model in the order specified 

by the researcher, the logistic regression can test the fit of the model after each coefficient is 

added or deleted. In exploratory studies, an algorithmic method for searching among models can 
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be informative if the results are used cautiously. Goodman (1971a.) proposed stepwise methods 

analogous to selection and elimination in ordinary regression.  

 

Stepwise regression is mainly categorized into backward and forward stepwise. Backward 

stepwise analysis begins with a full or saturated model, and variables are eliminated from the 

model iteratively. The fit of the model is tested after the elimination of each variable to ensure 

that the model still adequately fits the data. The analysis has been completed when no more 

variables can be eliminated from the model. In contrast, forward stepwise analysis begins with a 

constant only and variables are added to the model. The fit of the model is as well tested after 

adding variable to improve the model. The analysis stops in the same fashion when no more 

variables can be added to the model. 

 

The process by which coefficients are tested for significance for inclusion or elimination from 

the model is achieved through the use of several test statistics. To assess the goodness-of-fit the 

deviance (D) is usually used. This is the ratio of the maximized value of the likelihood function 

for the saturated model (L1) over the maximized value of the likelihood function for the current 

mode (L0). The deviance or likelihood ratio (D) is calculated as follows:  

 

                                                                                                                                                  

For the purpose of assessing the significance of an independent variable, the value of D with 

independent variable should be compared to the value of D without independent variable in the 

model.  
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The change of D from the two models is obtained as follows: 

                                                                             Eqn. 4.10 

 

The parameter G follows a chi-square distribution with one degree of freedom. The statistical 

significance of each coefficient in the model is tested by using a Wald test (Hosmer et. al, 2000). 

This statistic is computed by dividing the estimated value of the coefficient by its standard error: 

 

                                                                                                                                                          

The Wald statistic follows a standard normal distribution under the null hypothesis that  1 = 0.  

The next test that is very important in evaluating the goodness-of- fit is the Hosmer-Lemshow 

statistic in which 10 ordered groups of subjects are created and then the actual number in each 

group (observed) is compared to the predicted number by the logistic regression model. The 

ordered groups are created based on their estimated probability. 

Nevertheless, statistical significance should not be the sole criterion for inclusion of a term in a 

model. It is sensible to include a variable that is central to the purposes of the study and report its 

estimated effect even if it is not statistically significant. Keeping it in the model may help reduce 

bias in estimated effects of other predictors and may make it possible to compare results with 

other studies where the effect is significant (perhaps because of a larger sample size). 

Algorithmic selection procedures are no substitute for careful thought in guiding the formulation 

of models. 
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4.3 MODELING TIME EFFECTS IN LOGISTIC REGRESSION 

 

It is completely assumed in equations 4.1 and 4.2 that the time effect is independent of the 

covariates. In order to take in a time effect, driving time is divided into equal width intervals.  It 

is not necessary to know the precise time of the accident; 30min or 1 hour accuracy is a sufficient 

interval (Lin et al, 1993).  The time interval in which the accident occurs is recorded and 

therefore the time dependent regression is formulated (Lin et al, 1993). 

Let Yti be an accident of driver i during the t‘th time interval, 

                                                                                                                  

The expression in equation 4.12 denotes the probability of an accident at a time interval t, given 

survival before that time interval. The analogous conditional probability of surviving is given as 

                                                                                                                           

The assumption underling this model is that the driver‘s accident survival follows the survival 

function expressed as, 

                                                                                                                       

Where Nt‘ is the number of drivers at risk at the beginning of the time interval t‘, and Dt‘ is the 

number of drivers having an accident during that time interval. Note down that the model in 

equation 1.12 is well – suited to test the implications of extending acceptable continuous driving 

beyond the prescribed hours of service. The model parameter for 11
th

 hour of driving time 

estimates the probability of a crash in the 11
th

 hour given survival until that time (Park, 2006). 
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The parameter may be compared, for example, to the 8
th

, 9
th

 and 10
th

 hour parameters to explore 

the trends.   
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CHAPTER 5 

 

5.0 EXPERIMENTAL RESULTS 

 

5.1 INTRODUCTION 

 

This chapter discusses the analysis techniques and discussion of the experimental results.  The 

study uses questionnaire surveys, incident data archived by transit agencies and bus driver 

schedules to determine the relationship between crash involvement and operator schedules. 

Factors of interest in this study are the influence of shift pattern (start and end time), schedule 

pattern (split or non – split schedule) and time spent on driving. The relationship between crash 

involvement and operator schedules is achieved through descriptive statistics of questionnaire 

survey, analyses of preventable  incident data and operator schedules by using FAID
®
, inferential 

and comparative statistics and logistic regression model. Each of the methods and results are 

discussed in the following sections. 

 

5.2 ANALYSIS OF SURVEY QUESTIONNAIRE DATA 

 

5.2.1 Survey Results and Discussion 

 

Length of split break and activities performed during the break 

 

Split shift, is an employment schedule, a type of shift work where a person's normal work day is split in 

to two or more segments, for example a person may work from 5 a.m. to 9 a.m. and then have a break 

until 3 p.m. at which point they might return to work until 7p.m. This is especially common for public 

transport employees where it is advantageous to have additional staff working during traditional rush 
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hour times. It is generally not a desired shift since one is basically tied to work all day, and one's time in 

between shifts can be taken up by getting to and from work. For that matter, this is the most fatiguing 

type of shift among transit bus operators.  

In this study, a question was asked to determine whether the operator works split shifts or 

otherwise. 61% of all respondents reported to work split shifts while 37% works straight shifts. 

The rest of the respondents (2%) seem to work irregular shifts, split or straight shifts for different 

days. The maximum length of the break between the split shifts was reported to be 6 hours (2% 

of the respondents) and the minimum was zero (27%). It was noted that those who reported to 

have a break of zero hour are those who have a change of routes (or buses) or assigned different 

duties without having a break in between. This inference is made on the basis an observation 

made from a few operator schedules collected where some operators seemed to have changes of 

routes or buses which seemed like a split with a break in between the processes. Majority of the 

respondents (39%) reported to have a break of 3 hours. The general picture for the distribution of 

break lengths can be drawn from Fig 5.1.  

 
 

 

FIGURE 5.1 Distribution of length of break for the operators working split schedules. 
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On the question about how the operators spend their break time, it was observed that there were 

various activities carried out during the break. The operators reported to spend their break time 

for different activities depending on the length of the break (see Figure 3). Some responded that 

they used their break time for relaxing, taking a nap or running their personal errands. For 

analysis simplicity the activities were given the labels as shown on upper case abbreviations in 

the following sentences.  The analysis shows that very small proportions of operators spend their 

break time for resting (14% relaxing at work site (RWS), 11% relaxing at home(RAH) and 8% 

taking a nap at work site(NWS), 12% taking a nap at home(NAH)). Instead of spending the 

break time for resting, significant percentages of operators seem to be engaged in various 

activities which are probable contributors to driver fatigue. Such activities performed during the 

break times are performing non driving duties (NDD, 52%), eating at work site (EWS, 46%), 

shopping and seeing doctors (SDA, 43%) and reading at work site (RDG, 43%). The typical 

activities performed during the break are reasonably dependent on the length of break time 

between the splits.  It is logic to assume that the group that reported to have the split time of at 

least 2 hours is the one which was engaged in activities needing a little longer time to perform 

such as shopping, seeing a doctor, going home for a nap or relaxing. The group that spent the 

break time at the work site, most probably belongs to operators having less than 2 hours of break 

time which seems less to perform other activities away from the work site. 
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FIGURE 5.2 Activities performed by operators during the break time between splits 

 

Assessment of the adequacy of the minimum off-duty period of 8 hours 

 

The analyses were performed to assess the adequacy of the minimum off- duty period of 8 hours; 

the responses show that the operators‘ off-duty period follows the activity diagram as shown in 

Fig. 4. It has been observed that the average times for the activities shown on Fig. 4 are as 

follows:  48 minutes for home to work travel, 43 minutes to travel back home, 353 minutes 

(about 6 hours) to do other activities before going to bed. The average time spent on sleeping is 

363minutes (6 hours) and preparation to go to work after working up is 49 minutes. The overall 

average time to complete the cycle of off- duty activities is about 14 hours. This is far more than 

the minimum off-duty period of 8 hours stipulated in the FDOT Bus Transit Draft Rule 14-

90.006(3). 

               Work Home Activities before bed Sleep  

 

 

 Preparation to work  

 

FIGURE 5.3 Diagram of activities for the operators’ off duty period. 
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The inadequacy of the off-duty period has very serious impact on the drivers‘ performance due 

to accumulative nature of fatigue when the resting time is not enough to dissipate the daily state 

of weariness.  It is important to note that the average off-duty period mentioned above was 

computed based on the entire population of the respondents; situation could be quite different, 

requiring more off-duty time when considering individual operators. Logically, the amount of 

sleep that a bus operator gets depends on the time it takes to perform off-duty activities before 

going to bed. A significant proportion of operators (86%) reported to have less than 6 hours of 

sleep within 24 hours.  This makes majority of the operators in this study to have lack or poor 

sleep because scientifically an average person needs 8 hours sleep every 24-hour cycle (8). Sleep 

prior to work is the most prominent factor that influences the waking state, the level of alertness 

of the driver and reaction time. By the common (and admittedly simplistic) principle that each 

hour of sleep ‗buys‘ 2 h of subsequent wakefulness we would suggest that the ability to ‗sustain 

alertness‘ is decreased by 2h for each hour of sleep loss (9). Making 8 hours as a reference, the 

computation of sleep debt in terms of hours indicated that most bus operators reported a sleep 

debt of at least 1 hour. Further comparison (Figure 5) shows that out of the operators who 

manifested sleep debt of at least 1 hour a good proportion (21%) works split schedules. This 

makes the operators working split schedules more susceptible to fatigue compared to the group 

working straight schedules.  
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FIGURE 5.4 Calculated sleep debts among split and straight shifts. 

 

The fatigue-inducing effects of prolonged driving 

 

 

Prolonged activity inevitably leads to physical and mental fatigue. Researchers have related the 

duration of activity, or the so called time-on-task, to fatigue symptoms. One of the causes of 

driver fatigue is the time-on-task, i.e. the time spent driving. For the operators working straight 

schedules showed to work less hours per day compared to those working split shift. The 

proportion of straight schedule operators who works for 3 to 6 hours was higher compared to 

split schedule operators. The trend changes from 7 to 10+ hours (Fig. 6), where 38% of operators 

work split schedules and were exposed to driving task for more than 8 hours per day.  

 

 
 

 

FIGURE 5.5 Comparison of Time-on-task between split and straight schedules. 
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For professional drivers, long working hours often go together with early waking and reduced 

sleep, and then these results suggest that operators working split schedules are usually those 

having early morning start schedules (3a.m to 5a.m). The human body has a greater need for 

sleep at certain times in the 24-hour cycle than at other times (approximately between midnight 

and 4 a.m; and, to a lesser extent, 2 p.m- 4 p.m.). At these moments, there is a natural tendency 

to sleep and, if this cannot be given way to, it leads to accumulated fatigue and a sleepy feeling 

occurs. Clearly, operators working split schedules are more likely to experience accumulated 

fatigue and sleepy feelings because they usually have to start working earlier (3a.m to 5a.m) in 

order to have a break in between (normally 1 p.m or 2 p.m) before they come back for the 

afternoon shift. 

5.3 ANALYSIS OF TRANSIT AGENCIES’ INCIDENT REPORTS DATA 

 

Most agencies require bus operators to report any incidents including collisions with other 

vehicles and collisions involving fixed objects.  Thus, transit agencies have hard or soft copy 

reports of these incidents.  Most of the crashes involving buses are not archived in the FDHSMV 

and FDOT crash depository. This is because the FDOT crash database contains crashes that are 

reported in long forms only. Any crashes which are reported in the short form and driver 

exchange forms are not found in the FDOT Crash Analysis Report (CAR) system. Therefore, this 

analysis employed hard and soft copies of incident reports archived locally at the transit 

agencies‘ offices. 
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5.3.1 Descriptive Statistics of Preventable Crashes 

 

Time of day 

The distribution of preventable collisions by time of day is depicted in Figure xx. Collisions are 

the fewest between midnight and 4 am, a reflection of reduced routes and exposure late at night. 

Preventable collisions happened more often in the afternoon between the hours of 1 PM and 7 

PM (56%) with the greatest number of collisions occurring between the hours of 1:00 and 3:00 

PM (26%).   

 

FIGURE 5.6 Bus preventable collisions by time of day. 

 

Day of week 

 

Of 222 recorded preventable collisions examined from four Florida agencies, the majority 

occurred on a weekday (81%) with 14% occurring on a Saturday, and only 5% happening on a 

Sunday, perhaps a reflection of reduced exposure (Figure 3). Examination of the incident reports 

revealed that most of bus collisions that occur on Saturday happen at night and involve buses that 
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shuttle patrons to events such as football and basketball games. The greatest number of collisions 

occurs on Wednesday, followed by Monday and Tuesday. 

 

 
 

 

FIGURE 5.7 Preventable bus collisions by day of week. 

 

5.3.2 Descriptive Statistics of Operator Schedules 

 

The 95% confidence interval for the combined mean weekly driving time for operators involved 

in preventable collisions was computed.  A total of 222 collision occurrences were examined as 

summarized in Table 2.  The results show a combined mean driving time of 49.8 hours for 

driving periods containing no split-time intervals, with a 95% confidence interval of 48.7-hr to 

50.9-hr.  This suggests a 95% likelihood that a bus driver who is involved in a collision would 

have driven more than 45 hours seven days prior to the accident. For operator weekly driving 

times containing split-time intervals, a combined mean driving time of 53.7 hours with a 95% 

confidence interval of 52.3-hr to 55.0-hr was computed indicating a 95% chance that a bus 

operator involved in a preventable collision would have driven more than 50 hours per week, 

including split times.  
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TABLE 5.1 Average Weekly Driving Hours of Operators Involved in Preventable 

Collisions and All Operators  

 

Weekly average driving hours without splits 

Location Average Std. Deviation Minimum Maximum 

Involved 
All 

Drivers 
Involved 

All 

Drivers 
Involved 

All 

Drivers 
Involved 

All 

Drivers 

Gainesville 49.22 40.24 7.36 2.70 35.75 32.10 68.55 60.50 

Jacksonville 49.94 46.39 7.58 6.99 36.77 32.60 70.00 64.22 

Orlando 50.02 43.90 7.54 9.09 31.25 6.25 68.68 65.02 

Tallahassee 49.71 41.26 10.71 3.71 16.90 27.00 70.00 56.00 

Combined 49.81 43.52 8.64 7.50 16.90 6.25 70.00 65.02 

Weekly average driving hours with splits 

Location Average Std. Deviation Minimum Maximum 

Involved 
All 

Drivers 
Involved 

All 

Drivers 
Involved 

All 

Drivers 
Involved 

All 

Drivers 

Gainesville 50.43 42.26 7.54 3.71 35.75 32.10 69.88 60.50 

Jacksonville 54.34 51.79 8.46 10.90 39.95 32.60 71.56 85.67 

Orlando 54.62 47.89 9.66 12.62 31.25 6.25 83.45 80.22 

Tallahassee 53.35 46.73 11.82 9.41 30.50 27.00 81.35 70.50 

Combined 53.67 47.65 9.85 11.06 30.50 6.25 81.35 85.67 

 

5.3.3 Inferential Statistics Analysis 

 

A one-tailed two-sample t-test was used to determine whether the population of operators 

involved in preventable collisions predominantly work longer hours or if driving schedules with 

split-time intervals played a role in collision occurrences compared to the overall population 

sampled with similar schedules.  The t-test results for driving hours without splits and with splits 

are summarized in Table 5.2. The results show that on average, drivers who were involved in 

preventable collisions drove over six hours more per week than that of the general population of 

drivers. The results of a one-tailed two-sample t-test revealed that a significant difference exists 

for all four agencies and for combined data. It is therefore evident from data that statistically, 

operators who are involved in preventable collisions drive more hours compared to the 

population of all drivers.  
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TABLE 5.2 t-Test Results 

 

t-Test Results - Collisions for driving periods without splits 

Location 
N Mean Hours 

T-Value P-Value 
Involved All Drivers Involved All Drivers 

Gainesville 23 132 49.22 40.24 -5.78 0.00 

Jacksonville 80 172 49.94 46.39 -3.55 0.00 

Orlando 47 296 50.02 43.90 -5.02 0.00 

Tallahassee 72 77 49.70 41.26 -6.34 0.00 

Combined 222 677 49.81 43.52 -9.71 0.00 

       t-Test Results - Collisions for driving periods with splits 

Location 
N Mean Hours 

T-Value P-Value 
Involved All Drivers Involved All Drivers 

Gainesville 23 132 50.43 42.26 -5.09 0.00 

Jacksonville 80 172 54.34 51.80 -2.02 0.022 

Orlando 47 296 54.62 47.90 -4.24 0.00 

Tallahassee 72 77 53.30 46.73 -3.76 0.00 

Combined 222 677 53.67 47.70 -7.66 0.00 

 

5.3.4 Comparative Analysis 

 

Table 5.3 shows the proportion of driving periods of various lengths for preventable collisions 

and all operators. The first column shows the seven categories of driving hours. The second 

column shows the number of preventable collisions for each driving hour‘s category. Accident 

proportion as a ratio of number of preventable collisions for each category to the total number of 

preventable collisions is recorded in the fourth column. The fifth and sixth columns show the 

percentage of drivers in each driving hour category (drawn from all drivers schedule data) for 

driving hours without splits and with splits, respectively. Accident proportions relative to the 

exposure proportion for driving hours without splits and with splits are shown in columns seven 

and eight, respectively. 
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TABLE 5.3 Comparative Analysis of Weekly Driving Hours for Combined Data  

 

 
Combined Agency Weekly Summary 

Driving        

Period 

(1) 

Accidents 

(2) 

Accident 

proportion 

(3) 

Accident 

Proportion (with 

splits) 

(4) 

Exposure 

proportion 

(without 

splits) 

(5) 

Exposure 

proportion 

(with 

splits) 

(6) 

Accident prop. 

relative to 

exposure prop. 

(7) 

Accident prop. 

relative to 

exposure prop. 

(with splits) 

(8) 

0 – 40 17 0.08 0.05 0.34 0.23 0.23 0.23 

>40 – 45 53 0.24 0.18 0.31 0.28 0.77 0.63 

>45 – 50 59 0.27 0.17 0.17 0.16 1.61 1.05 

>50 - 55 40 0.18 0.18 0.12 0.13 1.45 1.47 

>55 - 60 25 0.11 0.15 0.04 0.08 2.82 2.00 

>60 - 65 12 0.05 0.13 0.02 0.06 2.81 1.96 

>65 16 0.07 0.14 0.003 0.06 24.40 2.27 

Total 222 1.00 1.00 1.00 1.00 1.00 1.00 

 

 

For the first two categories, i.e., driving periods below 45 hours per week, the proportion of 

drivers was higher than the proportion of preventable collisions. Accident proportions increased 

relative to the general population for driving hours exceeding 45hours per week. Figure 5.8 

shows the relationship between number of driving hours and the accident and exposure 

proportion. It is clear from Figure 5.8 that preventable collisions are more prevalent as the length 

of the driving period increases. 
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FIGURE 5.8 Comparative analyses for combined weekly hours. 

 

5.3.5 Overrepresentation Analysis 

 

The results of the comparative analysis were used to determine long driving hour‘s 

overrepresentation ratios for each driving hour duration category. The overrepresentation ratio 

was computed as accident proportions relative to the exposure proportions for driving hours 

(columns 7 and 8 in Table 5.3). The ratios are shown in Figure 5.9. According to Figure 5.9, the 

ratio of accident proportion to the exposure proportion increases with the length of driving hours 

for both split and non-split schedules. For the same categories, drivers driving straight hours, i.e., 

without splits were found to have higher propensity of being involved in preventable collisions. 

Overrepresentation ratio increases drastically from 2.81 to 24.40 from driving hour category of 

55-65 hours to >65 hours for schedules with splits. 
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FIGURE 5.9 Drivers’ driving hours and preventable collisions by length of driving. 
 

5.3.6 Fatigue Analysis Using Fatigue Audit Interdynamics (FAID®) 

 

This section discusses the use of Fatigue Audit Interdynamics (FAID
®
) as fatigue assessment 

tool. FAID
®
 is a product designed to assist in the assessment of risks associated with workplace 

fatigue. FAID
®
 is focused on fatigue related to hours of work only. As a risk assessment tool, 

FAID
®
 fundamentally focuses on three basic elements which can combine to create a potentially 

high risk situation: hours of work (time on task), inadequate sleep (inadequate off duty period), 

and fatigue related hazards. Estimates of work-related fatigue are based on statistical modelling 

of the amount of sleep likely to be obtained by individuals based on the time of day and duration 

of work and non-work periods over a seven-day period. Indicative fatigue is inferred from 

estimated sleep obtained. These estimates are based on formulae developed by the Centre for 

Sleep Research at the University of South Australia and published in international peer-reviewed 

journals. 

0

5

10

15

20

25

30

0 - 40 >40 - 50 >50 - 60 >60

A
cc

id
e

n
t 

P
ro

p
o

rt
io

n
 R

e
la

ti
v

e
 t

o
 

E
x

p
o

su
re

 P
ro

p
o

rt
io

n

Driving Period (hr)

Relative Proportions

Without Splits with splits



48 

 

FAID
®
 produces a number of outputs ranging from Key Risk Indicators (KRI) to Sleep Estimates 

(SE). The key outputs of interest for this paper are: (1) FAID
®

 Condition (FC); if Fatigue 

Tolerance Levels (FTL) is set, then in the Outputs, the work periods FAID
®

 Score is compared to 

FTL. There are three levels of FAID
®
 Conditions – Red (FAID

®
 Score greater than FTL), 

Yellow (FAID
®
 Score between –10 and 0 of the FTL) and Green (less than –10 of the FTL).    

(2) Compliance (used to describe the percentage of time individuals have worked when their 

indicative fatigue is below the Fatigue Tolerance Level (FTL)). (3) FAID
®

 Score (FS); A relative 

index of work-related fatigue. (4) Fatigue Hazard; defined as a known characteristic, inherent 

property, vulnerability, condition or unintended action that represents a potential threat to people, 

property, the environment or business profitability that can be triggered by fatigued individuals. 

 

Assessment of fatigue accumulation  

 

FAID
®
 Scores are indicators only of the impact of work schedules leading to sleep deprivation 

and hence fatigue. As they are based on a statistical analysis of research performed into fatigue 

levels over a broad sample of population, they provide guidance on the fatigue of an individual. 

The FAID
®
 Scores can be obtained in tabular format (Table 1) or plot (Figure 7). The tabular 

outputs make it easier to conduct further statistical analyses to develop or investigate the 

association between the FAID scores and crash occurrences. It is easier to verify the pattern of 

fatigue accumulation by using FAID
®
 Scores Plot. The plot below (Figure 7) shows fatigue 

conditions (FAID
®
 Scores) for a particular operator from 9

th
 – 31

st
 August, 2009. Essentially, 

FAID
®
 gives such plots for every operator whose work schedules were entered into a system 

database. Most of the schedules showed plots relatively similar to Figure 7 below.    
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FIGURE 5.10 Fatigue score plot 

 

 

The yellow FAID
® 

condition in the first day of the schedule indicates the effects of early start 

and long hours on task. The early start leads to reduced sleep which is among significant factors 

which cause fatigue. The effect seems to accumulate more in the next day shifting the fatigue 

condition into red which is the critical fatigue condition. We can clearly observe from every 

schedule that peak FAID
® 

conditions increase cumulatively every worked day.  The importance 

of adequate off – duty period and a well-managed schedule can be observed by noticing the 

difference in FAID
® 

condition in 16
th

 August, 2009 (after 2 days of rest) and 30
th

 August, 2009 

(after 3 days off duty). The schedule of starting on 30
th

 August, 2009 shows FAID
® 

condition 

green which means the fatigue that was accumulated all over the previous schedules was 

completely dissipated within the off duty period. In other schedules prior to that starting on  
 
30

th
 

August, 2009, just on the first day of the schedule the operator is exposed to yellow FAID
® 

condition implying that the off duty period wasn‘t enough to dissipate the accumulated fatigue in 

the previous schedules. 

 

The phenomenon of cumulative nature of fatigue calls a need for a strong move toward 

developing different approaches to ensure an adequate average off duty period and opportunity 

to obtain sleep for fatigue risk management. Broadly speaking these can be divided into two 
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groups: modified prescription; and fatigue modeling. The most common control process has been 

compliance with prescriptive hours of service (HOS) rule sets. In spite of the frequent use of 

prescriptive rule sets, there is an emerging agreement that they are an ineffective hazard control, 

based on poor scientific defensibility and lack of operational flexibility (Dawson et al., 2005). In 

investigating potential alternatives the proposed approach is to shift from prescriptive HOS 

limitations toward a broader Safety Management System (SMS) approach which assesses 

individual‘s fitness for duty. 

 

Analysis to investigate the association between FAID® conditions and crashes. 

 

To conduct the accident analysis the fatigue conditions output for all operators from FAID
®

 were 

obtained (see sample output in Table 1)  and the operators who were involved in accident(s) were 

identified and categorized in three FAID
®
 conditions (green, yellow and red) ; similarly for 

operators who were not involved in accident(s).  

TABLE 5.4 FAID® score for operator monthly schedule 

 

 

 
 

 

For analysis simplicity the variables for crash occurrence and non-occurrence are coded as Y=1 

and Y=0 respectively.  The fatigue condition an operator is exposed to and crash frequencies data 
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are structured as a 2x3 contingency table (Table 2) to pose the question: Is there an association 

between crash occurrence and a particular fatigue condition?  The null and alternative 

hypotheses to test for independence between crash occurrence and FAID
®
 condition variables are 

written as: 

        H0  : ∏ij    ∏i.    ∏.j;   (Row and column variables are independent)        

        Ha  : ∏ij  ≠ ∏i.    ∏.j     (Row and column variables are dependent)       i = 1, 2; j =        

 

The test statistic is (distributed as chi-square with degree of freedom (ni-1) (nj-1)):  

 

                                     , Where;                                                                                                 

 It compares the observed frequencies (Oij ) in the table with the expected frequencies(eij )  when 

H0 is true   

 

TABLE 5.5 FAID® Conditions and Frequencies of Accident Occurrence and Non-

occurrence 

 

 

 

 

 

 

 

 

 FAID® conditions  

Crash 

response 

Green Yellow Red                                   Total (n.j 

) 

n.j /n 

Y =1 24 39.250 31 31.750 72 56.000 127 0.577 

Y =0 44 28.750 24 23.250 25 41.000 93 0.423 

Total (ni.) 68  55  97  220  

ni. /n 0.309  0.250  0.441                                
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As indicated in the table above the FAID
®

 condition and the crash occurrence are significantly 

associated (p-value <0.0001). The calculated chi-square of 42.570 is highly significant exceeding 

the 0.5% significance threshold, as shown in the bottom of the table.  Most of the accidents 

(56.69%) occur when the operators are exposed to red fatigue conditions. The proportion of 

accidents seems to decrease as the fatigue condition changes from red towards green.  

 

TABLE 5.6 FAID® conditions and proportions of accident occurrence and non-

occurrence 

 

 

 FAID® condition 

Crash response Green Yellow Red 
Y =1 18.90% 24.41% 56.69% 
Y =0 47.31% 25.81% 26.88% 

 

 

The operators who were in green fatigue conditions show good driving history as indicated by 

the nonoccurrence proportion (47.31%). Yellow condition shows most interesting results; having 

about the same proportions for both occurrence and nonoccurrence (24.41% and 25.81% 

respectively). In our opinion, we could choose this fatigue condition as an optimum fatigue 

condition for the establishment of fatigue management framework. But this calls for further 

analysis to investigate whether the results would behave the same way.  

5.3.7 Analysis of Collision Relative Risk Using Logistic Regression 

 

When a binary outcome variable is modeled using logistic regression, it is assumed that the logit 

transformation of the outcome variable has a linear relationship with the predictor variables. This 

makes the interpretation of the regression coefficients somewhat tricky. In his section, the 

concept of odds ratio is used to interpret the logistic regression results.  
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5.3.7.1 Selection of Variables 

 

This study explores four variables: start time, hours on task, off – duty hours and schedule type.  

As we mentioned previously, the aim of logistic regression is to correctly predict the category of 

outcome for individual cases using the most parsimonious model. Model fit can be tested after 

each coefficient is added or deleted.  The expression for determining likelihood ratio is given by 

equation 4.10 in chapter 4. 

Table 5.6 summarizes a likelihood ratio test for each variable as a whole. The chi-square value of 

the start time is 33.766 with 2 degrees of freedom. The start time P – value (0.000) indicates 

significance at   = 0.05 significance level as does the P – value for hours on task and off – duty 

hours.  However, the P – value (0.072) for schedule type indicates that this variable is not 

significant at   = 0.05 significance level and eventually this variable had to be omitted from the 

model and re-conduct the test. This is what is referred to as a forward elimination method. The 

remaining variables are statistically significant without major variations after the second attempt.   

 

TABLE 5.6 Likelihood Ratio Test for Each Variable 

 

VARIABLE  FIRST ATTEMPT SECOND ATTEMPT 

Chi-square DF P-value Chi-square DF P-value 

Start Time 33.766 2 0.000 33.766 2 0.000 

Hours on Task 49.670 3 0.000 49.670 3 0.000 

Off Duty Hours 43.444 3 0.000 48.524 3 0.000 

Schedule Type 5.234 1 0.072 Omitted Omitted Omitted 

Overall Variables 132.117 9 0.000 131.960 8 0.000 
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5.3.7.2 Discussion of Model 

 

Initially, in this section we check the accident risk for each variable by using their odd ratios. In 

keeping with the views of other safety researchers (e.g. Hauer, 2004) the discussion of each 

parameter is conducted without a strict use null hypothesis tests of significance; a very liberal 

level of significance (any with   ≤ 0.25) is used to screen variables and identify those of 

particular interest, a procedure consistent with the research being explanatory in nature. Table 

5.7 shows the coefficient for each variable. The last column on the right quantifies the magnitude 

of the effects on the collision odds, relative to other variables.  For example, drivers starting at 

start time ST1 (3:00 -6:59 AM) have almost 2 times collision risk compared to drivers starting at 

ST3 (11:00 - 14:59 PM) and 1.6 times the collision risk of the drivers starting at ST2 (7:00 - 

10:59 AM). This was expected to be so because drivers with schedules starting at ST1 (3:00 -

6:59 AM) interferes with circadian low points which occur from 2:00 to 6:00 AM (Howard, 

2004). 

 

TABLE 5.7 Parameter Estimates for Variables in the Model Equation 

 

VARIABLES Coeff. S.E P-value Collision Odds 

Start Time ST1 0.702 0.190 0.000 2.017 

ST2 0.232 0.203 0.252 1.262 

ST3 0.058 0.204 0.774 0.943 

Hours on Task TOT1 0.337 0.484 0.486 1.400 

TOT2 0.341 0.420 0.417 1.406 

TOT3 0.448 1.055 0.671 1.565 

TOT4 1.866 0.597 0.002 6.462 

Off-duty Hours OFF1 1.464 0.374 0.000 4.323 

OFF2 0.800 0.367 0.029 2.226 

OFF3 0.146 0.515 0.776 1.158 

OFF4 0.600 0.458 0.191 1.822 

 Constant -3.562 0.277 0.000 0.028 

Note: Parameters in highlighted rows are significant ( =0.25) 
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The model in Table 5.7 has several important attributes. The collision risks due to different start 

times show a decreasing trend when the drivers start their schedules in late morning or afternoon 

compared to early morning schedules. The effects of time on task shows the increasing collision 

risk as drivers are exposed to a driving task for longer hours. Based on the collision odds, the 

collision risk for drivers with TOT4 (driving hours more than 16 hours within 24 hours) is 4.6 

times that of the drivers with         TOT1 (≤ 8 hours) and TOT2 (between 8 – 12 hours), and 4.1 

times of those with TOT3 (between 12 – 16 hours).  This is consistent with the expected results 

because fatigue and weariness increases with the increase of exposure on the task and hence the 

increase in collision risk.  

The importance of having enough off – duty time to release the sleep and the accumulated 

fatigue has been shown by the collision odds under different off – duty hours. Drivers with OFF1 

(≤ 8 hours) has a collision risk of 2.4 times that of drivers with OFF4 (≥ 16 hours off). However, 

there is an interesting difference between the collision odds for OFF3 (between 12 – 16 hours 

off) and OFF4 (≥ 16 hours off). The collision odd for OFF3 (1.158) was expected to be higher 

than that of OFF4 (1.822) due to the fact that drivers who have been off – duty for less hours 

were expected to have higher fatigue levels and higher collision risk. The exact differences 

between each variable coefficient cannot be identified at this stage unless statistical significance 

test is conducted using a t – test.  The null hypothesis is that the underlying true parameters are 

equal. A test of significance between  i and  j is based on the expression below and the resulting 

test statistic is asymptotically t – distributed: 

                                                                                                                                                   

Where: 
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                                         ,  i and  j are the parameters to be tested 

for difference.  The results of t – test are summarized in Table 5.8. 

 

TABLE 5.8 T-Test for Parameters Difference 

 

START TIME 

 ST1 ST2 ST3 ST4 

ST1 - -2.39 -1.59 3.83 

ST2 - - 0.94 1.38 

ST3 - - - 2.43 

ST4 - - - - 

 

TIME ON TASK 

 TOT1 TOT2 TOT3 TOT4 

TOT1 -  0.01 0.10 2.22 

TOT2 -  -0.10 -2.36 

TOT3 -   1.22 

TOT4 - - - - 

 

OFF – DUTY HOURS 

 OFF1 OFF2 OFF3 OFF4 

OFF1 -  1.66 -2.44 1.78 

OFF2 -  -1.22 -0.42 

OFF3 -   -0.76 

OFF4 - - - - 

Note: Parameters in highlighted cells are significant ( =0.10) 

 

Table 5.8 above shows that the coefficients for the start times ST2, ST3 and ST4 are significantly 

different from that of start time ST1. However, the coefficients for ST2 and ST3 are not 

significantly different. It means that there are almost the same collision odds for these start times. 

For the time on task, the only significant difference is between coefficients of TOT4 and TOT1; 

TOT4 is also significantly different from TOT2 but the rest of the parameters (TOT1, TOT2 and 

TOT3) are not significantly different. This implies that the collision odds for TOT1, TOT2 and 

TOT3 are almost the same.  Furthermore, the test of significance between parameters among the 

off – duty hours indicates the difference of OFF1 from OFF2, OFF3 and OFF4.  Conversely, 
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OFF2, OFF3 and OFF4 are not significantly different from each other, which indicate that the 

collision risks associated with these parameters are closely equal.  

5.3.7.3 Model Interaction Terms 

 

In this section, the interaction of terms was conducted to investigate the effects of interaction 

among the variables. The test applied four ways two, three and four ways interactions but only 

significant interactions were applied to the last model. It was noted that higher than two way 

interactions were insignificant; thus only two way interactions were retained in the model. The 

results of this test are summarized in Table 5.9. 

 

TABLE 5.9 Interaction Terms for Model Variables 

 

Interaction Terms Coeff. S.E P-value Collision Odds 

ST1 by CON 0.721 0.469 0.124 2.056 

ST1 by SPL 0.862 0.336 0.010 2.367 

ST3 by SPL 0.725 0.294 0.014 2.064 

ST4 by SPL 0.768 0.319 0.016 2.156 

     

TOT2 by ST4 1.682 0.639 0.008 5.376 

T0T4 by ST3 3.222 1.002 0.001 25.087 

     

OFF1 by ST1 2.306 0.839 0.006 10.035 

OFF1 by ST4 1.276 1.071 0.233 3.584 

OFF2 by ST1 1.756 0.643 0.006 5.789 

OFF2 by ST4 0.971 0.745 0.193 2.641 

OFF4 by ST1 1.518 0.771 0.049 4.561 

 

The interpretation of the interaction terms can well be understood by considering the following 

procedure: Suppose we have a model containing a risk factor, F, a covariate, X, and their 

interaction would be F*X. the logit for this model at F = f and X = x is: 
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           +       +                                                                                                                  

 

The log – odds for F = f1 versus F = f0 with X held constant at X = x is: 

                                                                                         .18 

If we assume that f1 = 1 and f0 = 0 then                                                                                                                                     
 

 

For instance, if we apply this procedure to interpret the interaction terms, it goes as follows: 

Among the drivers starting their schedules at ST1 (3:00 -6:59 AM), a relative collision risk of 

drivers who work split schedules versus those who work continuous schedules is: 

                                 

The estimated log ratio is 0.862. Also, the estimated odd ratio is 2.367 (e
0.862

). Therefore, among 

the drivers with start time ST1, the drivers who work split schedules have around 1.367 higher 

accident risks than the drivers who work continuous schedules.  In the same manner, other 

interaction terms‘ odd ratios can be interpreted. 
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CHAPTER 6 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

 

 

6.1 OVERVIEW 

 

Several previous studies have attempted to point out the relationship between fatigue and driving 

safety.  Because there are still no standard measure of fatigue different studies used different 

analysis technique and eventually came up with different parameters related to fatigue and 

safety. In a survey study by Oron-Gilad & Shinar (2000), 12% of military truck drivers said that 

they drove slower when they were fatigued; 14% admitted to having difficulties with estimating 

own speed correctly. Riemersma et al (1977), report that falling asleep goes together with 

lessened muscle force, manifesting itself also in less force on the accelerator pedal. A study of 

time-on-task effects on car-following performance, Brookhuis et al (1994), found that 

differences between the speed of the following car and the speed of the lead car became larger 

after 2.5 hours of continuous driving. This indicates that accuracy in following the lead car's 

speed changes was reduced. 

 

In studying fatigue and road crashes, researchers first have to find out what accidents are likely 

related to fatigue. To do this they have to define the characteristics of fatigue-related crashes. 

The next step is to apply these definitions to existing databases and estimate the frequency of 

fatigue-related crashes. Research that informs us about the frequency of fatigue related crashes is 

not yet scientific proof that fatigue directly leads to risk. The ultimate aim would be to quantify 

the exact relationship between fatigue state and crash risk. To do this research needs to control 

for other factors that may influence the relationship between fatigue and risk such as miles 
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driven. Below we provide conclusions and recommendations based on fatigue-related crashes, 

the frequency of these crashes, and the evidence concerning the fatigue-risk relationship and not 

on the basis of fatigue level and crash risk. 

6.2 CONCLUSIONS 

 

This paper examined the safety impacts of the existing transit bus operator hours of duty policies 

using questionnaire survey and analysis of transit agencies‘ incident reports. The results revealed 

that most bus operators (61%) work split schedules which is termed as the most fatiguing 

schedule since operators are basically tied to work all day, and their time in between shifts can be 

taken up by getting to and from work. This can be concluded that a large proportion of the 

fatigue related crashes happening to transit buses might be caused by the operators working split 

schedules. The survey also revealed that the minimum off duty period of 8 hour is not adequate. 

Most probably, this could be another cause of fatigue among operators because it leads to 

inadequate rest and sleep. The overall average time required to complete the cycle of off- duty 

activities was found to be about 14 hours which suggests that within 24 hours the operator has to 

work for a maximum 8 hours in order to have an adequate time to accomplish off duty activities 

and 8 hours of sleep.  

The study also found that, operators working split schedules are more susceptible to fatigue than 

those working straight schedules. The group of operators working split schedules indicated less 

time of sleep, long driving hours and early starting – late ending schedule patterns. These the 

characteristics of fatiguing work schedule.  
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Moreover, the analysis of transit agencies‘ incident reports indicated that fatigue increases 

cumulatively with the number of days and hours worked. The peak fatigue scores for a particular 

day in a schedule were observed to be higher than the previous day for the same schedule. This is 

the evidence of cumulative nature of fatigue.  The results from this study also indicates that, after 

the accumulation of fatigue the operator needs enough off duty period to recover from critical 

fatigue condition. To start with a green fatigue condition (full recovery) the results indicated that, 

in a weekly schedule the operator needs at least two days off duty. In addition, the study revealed 

that, there is a statistically strong association between fatigue condition and crash occurrence 

(with p value less than 0.001); a large proportion (56.48%) of accidents associated with operators 

who were in red fatigue conditions. 

 

Furthermore, the descriptive analysis results show an overall average of 49.8 hours for driving 

periods containing no split-time intervals, with a 95% confidence interval of 48.7-hr to 50.9-hr. 

For operator weekly driving times containing split-time intervals, a combined mean driving time 

of 53.7 hours with a 95% confidence interval of 52.3-hr to 55.0-hr was computed indicating a 

95% chance that a collision would occur when an operator‘s total hours, including split-times, 

exceeds 50 hours. The results of the t-test analysis indicate that drivers who are involved in 

preventable collisions drive more than six hours per week than the general driver population. The 

results were statistically significant.   

 

The results of the comparative analysis suggest that preventable collisions occur predominantly 

to drivers with long driving schedules. The overrepresentation analysis further indicated that 

relatively, drivers driving over sixty hours per week without splits have higher propensity of 
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being involved in a preventable collision. Based on the findings of this study, a discernible 

pattern was observed that shows that there is a correlation between preventable collisions and the 

length of transit operator driving hours. Present regulation limits bus operators to drive a 

maximum of seventy hours per week. In light of the findings of this study, a lower limit might be 

more desirable as the overrepresentation ratio was observed to spike after sixty hours of driving 

per week. 

 

6.3 RECOMMENDATIONS  

 

Minimum Rest period  

 

Individuals should be afforded the opportunity to obtain eight hours of sleep per twenty-four 

hour period. The current regulation allows for a minimum of eight hours of rest time which does 

not translate to eight hours of sleep. Based on the findings of the survey, on average drivers 

spend 52.36 minutes to travel to and from work and 41.47 minutes to prepare to go to work after 

waking up. That does not account for the time they need to spend with family and perform other 

after and/or before work activities. Clearly, the current minimum rest period of eight hours is 

insufficient, if the objective is to afford operators with a minimum eight hour sleep time. In order 

to obtain eight hours of sleep, at least a minimum of ten hours off duty might be needed. 

 

Split time 

 

Split times are inevitable due to the nature of riding demand. Typically, agencies run more routes 

during peak hours, namely the morning and evening peak hours and operate fewer buses during 

non-peak hours. Operators with split shifts are therefore not needed during off-peak hours hence 
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do not get paid for the time off in between driving periods. The questionnaire analysis indicates 

that drivers with split shifts stay longer hours at work and get less amount of sleep. Responses 

from questionnaires show that nearly 50% of drivers do not use split time for resting. The 

analysis of actual schedules and collisions show that proportionally, operators with split 

schedules are more involved in preventable collisions. It is obvious that split schedules cannot be 

avoided. This study recommends that schedules be optimized with an objective of minimizing 

the length of splits.  

 

Maximum driving hours 

Currently, in Florida drivers are permitted to drive up to 12 hours in any one 24-hour period. The 

rule also allows drivers to work for a maximum of 16 hours (without counting the split time) if 

four hours are non-driving activities. If non-driving work and splits are involved, drivers who 

drive buses for 12 hours per day could spend more than 16 hours at work per day.  

 

The questionnaire analysis shows that drivers who work long hours get fewer hours of sleep. The 

operator schedules and collision analysis indicates that longer hours are associated with higher 

occurrence of preventable collisions. The Fatigue analysis confirms that drivers who worked 

longer hours were overrepresented in the highest fatigue score (red conditions). 

 

Based on the results of this study, DOT is advised to consider reducing the maximum driving 

hours. The current limits are higher compared to the Federal limits that govern trucks and 

interstate buses (see Table 1). It is recommended to reduce the maximum driving hours to 10 to 

match the limit for interstate buses. 
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