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PREFACE

The work described in this report was conducted by IIT
Research Institute (IITRI) under authorization of Federal
Railroad Administration (FRA) Contract No. DTFR53-S2-C-00254 ,
Task Order No.9. The period of performance was from February
22, 1991 to June 30, 1992. The work was directed at a pilot
study of various factors of stress and fatigue in locomotive
engineers. The variables of interest were determined by the
Volpe National Transportation Systems Center (VNTSC) at the
request of the FRA.

t

The original IITRI Project Manager for this work was Mr. John
Granath. The work was concluded, subsequent to Mr. Granath's
retirement, by Dr. George I. Kuehn. Mr. Garold R. Thomas was the
FRA Contracting Officer's Technical Representative on this

project. General consultation and specific assistance in regard
to physiological measures and the measurement of fitness for duty
were provided by Dr. Donald Sussman and staff of VNTSC. The
assistance of all concerned throughout the course of the work is
gratefully acknowledged.

Approved:
, /':7

!d--
C. E. Radgowski
Director
Transport Technology
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ENGINEMAN STRESS AND FATIGUE

1. INTRODUCTION

This Task Order involved the observation of the effects of fatigue on the train handling

performance and vigilance of a linlited number of locomotive engineers while operating the Federal

Railroad Administration (FRA) Research and Locomotive Evaluator/Simulator (RALES). Subjects

operated on an hourly cycle of 12 work-12 rest-8 work as a "normal" cycle followed by an hourly cycle

of 12W-8R-8W the following week as a "fatigue" cycle.

1.1 THE STUDY

During the months of December, 1991 and January, 1992, four certified train service locomotive

engineers were individually oriented to the operation of the RALES FRA Class 1 simulator at the lIT

Research Institute (llTRI). The subjects were also given a sleep/work diary to keep.

Approximately one week after the orientation, each subject reported to IITRI, handed in the

completed sleep/work diary and commenced to perform repeated simulated runs of approximately 1-1/2

hours duration over a 12 hour period. There were two territories, and these were alternated in the same

order for each subject. An observer was present, in the locomotive cab, during each run.

Scoring of various aspects of train handling were collected as well as the observer's run

observation notes. Following the 12 hour period, the subject was taken to a nearby place of rest and not

disturbed until 10 hours later, when a "crew call" was made to inform the subject to report in 2 hours.

Within two hours of the call, the subject returned to the RALES facility and performed the same schedule

of runs followed during the previous day. Scoring of train handling, observer notes and an exit interview

were collected. The subject was given a new work/sleep diary to keep.

Approximately one week later, the subject returned to repeat the two day sequence with the

exception of the rest period being only 8 hours in duration with the "crew call" coming after the 6th hour.

All other conditions and data collection remained the same as those used in the first experimental period.



1.2 OVERVIEW OF RESULTS

Subjects were observed to doze off while running during the experiment and were able to report

this fact as well as observe that they could have made a serious mistake due to tiredness. They produced

performance errors during the study which were potentially hazardous, particularly in regard to signalingl

for crossings and observation of speed limits.

As a group, the subjects were not found to perform any differently during the second day of the

normal (12-12-8) schedule than they were during the second day of the fatigue (12-8-8) schedule. While

subjects were more likely to indicate during exit interviews that they were more fatigued at the end of

the fatigue schedule, they were more likely to indicate they had dozed off during the normal schedule.

Observers tended to corroborate these reports.

There is a possible explanation for the lack of difference between the nonnal and fatigue

schedules. The sleep records of the subjects were plotted and found to be atypical in comparison with

those of non-engineer persons. It seems possible that the controlled, low interruption rest periods of the

study were, in effect, superior to the rest nonnally attained by the subjects. This is not to say, however,

that the subjects failed to demonstrate dangerous levels of fatigue during the study.

There was no clear deterioration in train handling perfonnance between the first and second days

(in either the nonnal or fatigue schedules). This is not to say, however, that the engineers perfonned

without error. Speed limit infractions, failures to blow the horn for crossings, rapid throttle changes and

excessive train forces were evident for each of the subjects. While aggressiveness (heavy applications

of throttle and brake) in train handling without a concomitant reduction in elapsed time was evident, this

behavior also was not related to schedule or day. There did not seem to be a correspondence between

bouts of dozing as noted by observers and runs in which an increased number of errors occurred. It may

be that a more time sensitive method of perfonnance evaluation would reveal a relationship between the

condition of observed dozing and train handling errors.

Core body temperature was recorded at the request of The Volpe National Transportation Systems

Center (VNTSC) for each of the subjects throughout the two experimental periods. Complete temperature

data were not recorded for each subject due to body mass of subject, equipment failure, or possible

operator error. Those data which were collected provided traces of temperature fluctuations which

"ppeared to agree with subjects' scheduled sleep periods during the study. The data were forwarded to

VNTSC for analysis. A fitness for duty test (Synwork) was also administered at various periods during

the study at the request of VNTSC. The Synwork results were reviewed at IITRI and showed

progressively increasing total performance scores which would seem indicative of practice effects over

2
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time. Against this background of improvement, occasional decreases in a memory subtask were noted.

The data were forwarded to TSC for further analysis.
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2. THE SUBJECTS

Four subject engineers were solicited. These engineers had the following experience:

Subject # Age Experience I...
3 yrs 6 months

2 yrs 6 months

8135

3560

1646

33

39

36 1 3 yrs

1 3 yrs9431 37

One of the subjects was female. The subjects were promised confidentiality of results; revealing

gender would reveal results. There was not a sufficient number of subjects to allow a determination of

differences based on gender.

The subjects attended individual orientation sessions during which the experiment was explained

to them, the fitness for duty test practiced (Synwork), and an approximately 1 to 2 hour orientation trip

taken on the RALES simulator. The subjects read and signed agreement and information forms

(Appendix A) at this time.

Despite compensation of $250 per day (for 4 days) plus possible bonus perfonnance incentives

(US Series EE Savings Bonds) with a face value of up to $1,500, locating appropriate subjects proved

to be a difficult task. At the time of the study, economic conditions had caused railroads whose engineers

resided in the Chicago area to maintain limited rosters of engineers. As a consequence, working

engineers tended to be frequently called and were thus unavailable or unwilling to "mark off" for the time

periods required.
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3. THE PROCEDURE

3.1 ORIENTATION

Each subject spent approximately 6 hours in orientation. In addition to the formalities of paper

signing and explanation of the purpose and procedures of the study, the subjects practiced Synwork and!

prepared to make the actual train runs required in the experiment. Additionally, the subjects werel

provided with sleep/work diary forms and instructed in their use over the approximately one week period I

Iwhich would pass prior to their experiment runs.

Synwork is a fitness for duty test requested by the Volpe National Transportation Systems Center.

The task was performed on a personal computer and involved four simultaneously presented subtasks.

The first subtask consisted of a Memory task (Sternberg) requiring recollection of letters from a

previously presented stimulus set. The second subtask was Arithmetic, which required the solution of

addition problems with 2 addends. The third subtask was Visual monitoring, which required the resetting:

of a moving pointer. The fourth subtask was Auditory Monitoring, which required the discrimination

of a high tone versus low tones (presented in approximately a 17 high to 100 low tone ratio). The default

values of Synwork were used with the exception of the auditory tones which were shifted to 2000/1400

Hz in anticipation of the high frequency hearing loss often encountered in experienced locomotive

engineers. Subjects were taught the tasks and then allowed to practice for as long as they wished at the

beginning and end of the orientation day. A performance incentive of savings bonds of $500, $200, $100

and $50 was offered for the ranked scores obtained during the experiment.

VNTSC also requested the collection of deep body temperatures in the subjects by use of a

instrumented "pill" to be swallowed by the subjects. The device was to record body temperature

throughout the experimental periods on a 30 second interval. The signals were picked up by an antenna

belt and fed to a recorder (Cortemp) worn by the subjects. Negative responses by correspondent

engineers to such a device during the study planning period led the investigators to offer a performance

bonus consisting of a $1,000 Series EE US Savings Bond to any subject who would agree to wear the

device and perfonn in a professional manner for the duration of the experiment. All 4 subjects accepted

the device.

The simulator orientation of the subjects consisted of a discussion and review of the track charts

of the two territories to be covered during the study. Train orders and other requirements of the two
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exercises (Appendix B) were also discussed. Following this, the subjects were introduced to the IITRI

simulators and given an opportunity to operate the mixed goods 117 car train selected for the experiment.

All of the simulator orientation was conducted by an experienced and certified supervisor of engineers

familiar with the equipment and territory both in reality and in simulation.

3.2 THE SUBJECT'S TASK

Each subject was driven to the experiment site for the first day of the study and reported at 0900

hours to the RALES complex. (Transportation was provided throughout the experiment for purposes of

schedule maintenance, safety, and control of subject movement). The sleep/work diary was collected and

vital signs measured and recorded on a Run Description Form (Appendix C) by a medical specialist.

Following this, the Medical Specialist administered the deep body temperature measuring "pill" and

attached an antenna and recording device to the subject. These tasks required approximately 15 minutes.

The subject then performed the Synwork task for 10 minutes. (The time period was internally

controlled by the software.)

The subject then proceeded to perfonn the two exercises (called "Rochelle" and "Davis Junction")

repeatedly for a 12 hour period with two meal breaks and short comfort stops at the end of each run.

The duration of the runs varied from 1 hour and 30 minutes to 2 hours depending on the subject's speed

and efficiency. The subject was accompanied by one of two experienced observers. The observers kept

notes on the Run Description Fonns of each run's progress. Additionally, the observers served in the

role of both brakeman and dispatcher (in regard to the exercises). The exercises were run in the same

sequence for each subject and continued until the 12 hour period was completed. While serving in the

role of brakeman, the observers were instructed to call signals if the engineer participated and to converse

only if the engineer maintained the discussion.

During the runs, an alertor and an end-of-train device were in operation. In addition to track

charts and train orders, the subject had a video display terminal which presented a moving record of the

territory and real time train/track data in regard to speed, in-train forces, and braking system status. This

"ATCS-like" display was used to level the effects of differences in engineer learning rates in becoming

familiar with the two territories used.

The RALES operating crew and observers were rotated throughout the experimental operating

period.

Following the 12 hour ruo, the medical specialist met the subject, assessed and recorded vital

signs and checked the temperature recording device. Additionally, the Synwork exercise was repeated.
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4. DATA COLLECTION PROCEDURES

The RALES simulator allows the continuous collection of virtually every aspect of a chosen

train's status as frequently as .5 second intervals. Because of the length of the experimental sessions, and

the large amount of data to be recorded, collection was triggered on 3 second intervals. Previous experi-

ence has indicated this interval to be sufficient to capture all of an operator's control actions as well as

accurately register both steady state and dynamic forces in the train.

The RALES system allows the evaluation of data in terms of flags which are set to capture

instances where observed values exceed preset limits. Flagged errors were collected for each run made

by each subject. Since the distances for given repetitions of runs varied slightly, an errors per mile figure

was calculated for each run by dividing the number of miles into the number of errors for that run. The

following performance data were flagged:

SQeed Limit Violations: Specific speed limits were set for various locations on each of the two

runs and were flagged when exceeded. This was chosen because of its importance under Federal and

railroad rules.

Horn Violations: When an engineer failed to blow the horn for a crossing, the event was flagged.

This was chosen since crossing accidents are the most frequent FRA defined Accident involving loss of

life.

Excessive Draft Force: Excessive draft force is generated when tractive effort, ascending grade,

the delay effect in air brake release at the rear of a train, or the retarding effect of track curvature cause

a pulling force which stresses the draft gear of the train beyond its limits. Proper train handling requires

an avoidance of these conditions whenever possible. While the design limits of the draft equipment are

circa 350 to 400 thousand pounds, excessive draft forces were flagged at > 200 thousand pounds for this

study. This flagged limit was set as an upper acceptable boundary for the equipment and terrain

simulated in the study.

Excessive Buff Force: Excessive buff force is generated when the effects of dynamic braking,

locomotive air braking and descending grade apply a compressive force towards the head end of the train.

Excessive buff forces can cause derailment of the train, particularly in curved or descending grade
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territory. The flagged limit for the study was set at -100 thousand pounds. This relatively light limit was

chosen for buff, run-out and run-in forces for a number of reasons. The terrain for both territories did

not have extreme ascending or descending grades. The train handled by the subjects was a mixed goods

train which did imply the possibility of damage to lading at 150 thousand pounds of force. Prior

experience with both train and terrain had led to the conclusion that reasonable handling in the specific

exercises would rarely produce forces in excess of a threshold of 100 thousand pounds.

Excessive Run-Out Force: There is 6 inches of slack in each standard coupler junction in a train.

A freight train of 100 cars (which is not particularly large for a main line freight) has a total of 50 feet

of slack. Sudden changes in the forward motion of the train can cause this slack to be suddenly taken

up with a force sufficient to cause anything from damage to lading to train separation and derailment.

A limit of 100 thousand pounds was set as a flag for the study.

Excessive Run-In Force: Run in forces are similar to run out forces and can cause anything from

damaged lading to derailment. The limit for run in was flagged at -100 thousand pounds.

The following five types of errors were flagged in regard to the use of the air brake system. The

reason for this emphasis was the importance this system has for the safe control of the train and the

serious consequences which can arise from its misuse.

Auxiliaa Pressure and Brake Pine Pressure: These variables can be used to determine

inappropriate and dangerous use of the air brake system which can cause an eventual loss of braking

effort. The flags were set to trigger at values of < 55 psi.

C~cle Brakin~: This is another variable which indicates inappropriate use of the air brake system.

It is defined as a reduction (use of the air brake) of more than 5 psi that is made when the brakes have

been in release for less than 30 seconds. This practice is dangerous and can also lead to loss of braking

effort.

Heay! Reduction: This air brake variable is another measure of a potentially dangerous practice

(under most conditions). A reduction of the brake pipe pressure by the engineer causes the brakes to be

applied. A heavy reduction is dangerous because it limits the potential of the braking system for effort

in a subsequent stop. Heavy reduction was defined as a reduction of greater than 15 psi of the brake pipe

,"{hile the train was moving.

Running Release: A running release of the air brake was defined as the release of a greater than

10 psi brake pipe reduction at a train speed of less than 10 mph. The nature of the air brake system is

such that the braking effort cannot be released quickly enough at the rear of the train under these

9



conditions. This practice has the potential to cause excessive in-train forces ranging from damage to train

separation and possible derailment.

Throttle Change: Rapid throttle changes can be dangerous in some instances, particularly in

situations where the train is "draped" over a hill crest. In the context of the current study, rapid throttle

change also served as a possible indicator of vigilance loss similar to the infrequent but large steering

corrections noted in fatigue studies in highway vehicles. Rapid throttle change was defined as a change

of handle position in less than 3 seconds.

Attack: Another performance measure was developed for the study. The author has decided to

name this measure" Attack." The RALES simulator provides a record for each run of the energy

distribution in horsepower hours times 10. Energy is added to or removed from the train by a number

of factors including the engineer's use of the throttle and braking system. Skill and efficiency in train

handling can be measured by how an engineer manages the kinetic and potential energy in the train. The

energy put into the train by the engineer (power in the traction motors) was summed with the absolute

value of the energy removed through use of the automatic and dynamic brakes. Prior experience on

RALES has indicated that aggressive operation of the throttle and braking systems does not necessarily

equate to reduced elapsed times!

Elaosed Time: As an additional measure, elapsed time for each run was recorded. In freight

service, trains in the United States rarely run on fixed schedules. Instead, trains leave terminals as

dictated by situational needs. The objective in freight operation is to finish a run as quickly as possible

in a way which is consistent with operating rules, speed limits, and train orders. An engineer

accomplishes this goal by operating the train close to but not exceeding speed limits without causing

excessive in-train forces. The acceleration of an average freight train is typically on the order of 9 to

12 miles per hour per mile; the deceleration due to braking would typically be twice the acceleration

value. As a consequence, operating safely at or near speed limits requires considerable strategic planning

in the anticipation of grade changes and train orders requiring speed changes.

SleeD Patterns: The author chose to characterize the sleep patterns in the engineer subjects'

sleep/work diaries by assigning a value of 100 to an hour in which a subject was awake and 0 to an hour

in which the subject slept in any given day. Then, these assigned values were averaged for each hour

over a diary period to give an index of the chances of a subject being awake at any hour. Additionally,

the mean and standard deviation were calculated for all the hours. A graph for a typical day worker is

shown on the following page. For a person with predictable sleep habits, a given hour is likely to have

extreme values...we typically are asleep (value of 0) or awake (value of 100) at specific hours in the day.
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AVERAGED WAKING HOURS: NON-ENGINEER #2
(AVERAGED OVER 1 WEEK)
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Only late hours or daytime naps on weekends tend to move values away from 0 or 100. This analysis

seemed to be particularly useful in describing sleep patterns.

Anecdotal Information: Throughout each run, the in-cab observers maintained a Run Description

form on which to record any information which might provide insight to the subject's condition and

attentiveness.

At the end of each experimental condition (normal and fatigue schedule), each subject was given

an Exit Interview intended to solicit personal observations concerning condition and attentiveness.

Examples of the Exit Interview and the Run Description fonns are to be found in Appendix Co
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Two of the three subjects indicated that it was easier to stay awake during the Davis Junction

runs. The experienced supervisor of engineers at IITRI who designed the exercises has indicated that the

Davis Junction run is equivalent to the Rochelle exercise in the sense of terrain, but has more crossings

and speed changes. Two of the three subjects indicated that they found it was harder to stay awake on

Rochelle. Comparatively, however, error rates were no higher on Davis Junction than Rochelle (Rochelle

mean error per mile = .534; Davis Junction e/mi = .567).

The concept of operating challenge making it easier to stay awake seemed to be supported by'

subject choices to a number of Exit Interview items. Train handling tasks requiring little attention such I

as operating over level terrain or heavy ascending grades were seen as conducive to sleep while more

challenging terrain such as descending grades and hogbacks were seen as conducive to alertness.

The FatiQ:Ue Schedule: The observers noted signs of fatigue and possible episodes of dozing in

only 2 of the 4 subjects during the Fatigue Schedule. Of the four subjects interviewed, only one claimed

to have not "blanked out" or "doze(d) off" during the Fatigue Schedule (Item #4, Exit Interview) and the

Observers agreed with this report. Only 1 of the 4 subjects responded that s/he "could have made a

serious mistake (because of tiredness), but only one or two times" (Item #12).

On an open ended item (#11), one subject volunteered responses concerning staying awake similar

to those offered on the Normal Schedule. In regard to real life factors making it harder to stay awake,

the subjects offered new responses:

...

No meals

Sitting in sidings

The "sun factor" in the morning hours

Three of the subjects indicated they were moderately tiroo and one subject "a little tired" (Item

#3) at the end of the Fatigue Schedule.

Three of die 4 subjects indicated dlat it was easier to stay awake during die Davis Junction runs.

This finding agrees widl die Normal Schedule interviews. Surprisingly, 2 of die 4 subjects also indicated

dlat dley found it was equally hard to stay awake on die two exercises.

The concept of operating challenge making it easier to stay awake was also supported by subject

choices of Exit Interview items following the Fatigue Schedule. There was high consensus that starting

and accelerating the train were more conducive to sleep while slowing and stopping were conducive to

alertness.
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Subject Bv Subject ReQort: Subject S8135 did not show signs of inattention or nodding during

the experiment except for a slow reaction at one point during the afternoon of the first day on the normal

schedule. All other subjects were described as being inattentive or nodding at least one time on each day

of both the normal and fatigue schedules. In all but one case, the nodding or inattentive events took place

during times in which the subject characteristically would have been awake (according to the sleep diary

data).

In the one case alluded to above, subject 59431 was described by observers as having five

incidents of nodding or inattentive behavior on the morning of the second day of the fatigue schedule.

Four of the five events took place in a time period which coincided with time during which the subject

was only 25 to 45% likely to be awake. In the exit interview, the subject did report difficulty staying

awake during this period. Unexpectedly, the error per mile rate for this subject during this run was very

low compared to the subject's own record. The error per mile rate for this subject's particular run was

only 50% of the highest error rate posted by the subject for this run. The implication of this finding will

be discussed in the results section.

The subject sleep histories are unusual when compared to those of non-locomotive engineers.

The histories are presented on the page which follows. The histories of the investigator and a colleague

are also presented for comparison.

Sleeo Histories: All of the sleep diary data for each subject was organized in two ways; first as

a sleep record graph and second, as a sleep chart which presents sleep/work/other designations by hour

and date.

The sleep record graphs were intended, as discussed previously, to represent the regularity of

sleep/awake cycles over time for the subjects. To this end, each graph represents a 24 hour period with

each hour set to reflect the average state for a subject at that hour over all that subject's diary data. Each

graph covers diary information through the beginning of the fatigue schedule part of the experiment. One

week histories of two day-working non-engineers are shown for comparative purposes.

The shape of the engineers' graphs indicates a sleep/awake pattern which can be characterized

as -irregular" in the sense that there are shorter periods of sleep coupled with an uncertainty that sleep

or work will happen at a given hour. All of the subjects have irregular patterns in which there are

literally no hours in a day in which sleep may be expected with absolute certainty. Subjects 9431 and

8135 had a limited certainty that they would be awake at any given hour. Subject 3560 had no time in

24 hours, averaged over an approximately two week period, in which being asleep or awake could be

expected with certainty.
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The study began with the intent to obtain two subjects who worked during the day and two who

worked at night. The reality of work for potential subject engineers available at the time of the study did

not avail itself to this binary designation. Consistent with other investigations of engineer work

schedules. the subjects in the current study had irregular sleep/awake patterns.

As discussed earlier. the mean and standard deviation of the averaged sleep hours seemed to be

a useful index of sleep pattern. An irregular sleep pattern has a small standard deviation since there

would be few hours in a 24 hour period during which one would predictably be awake (score of 100) or

asleep (score of 0). Similarly. reduced sleep produces a high mean for an individual. since there is

increased likelihood that an individual would be awake at any given hour. As can be seen below. the

subject engineers did not differ appreciably from the non-engineers in mean sleep but they differed

markedly in terms of standard deviation.

AVERAGED SLEEP HOURS

MEAN STD. DEV.

65.5

69.6

44.8Non-Engineer #1

Non-Engineer #2 40.7

8135 66.0

1646 72.5

3560

9431

65.8

74.2

25.0

23.8

An attempt was made to compare error rates with sleep patterns by overlaying normalized error

per mile scores (at the time of run end for each run) on the sleep pattern graphs. No clear relationship

was found. Error rates seemed as likely to be high at an hour of average wakefulness as they were to

be low at the same time.

In a further attempt to study possible effects of circadian shift, the hour by hour sleep charts of

the subjects (Appendix E) were studied. It was noted that two subjects (8135 and 9431) had a somewhat

greater tendency to work at night and then sleep late, to about 10 AM. This tendency, it should be noted,

was not an absolute guarantee of sleep during the morning hours or of work during night hours. The

error per mile, attack and elapsed time averaged figures for subjects grouped on the basis of this

distinction are shown below.
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Normal Schedule

57 1173 119

,47 1150 118

Fatigue Schedule

night

day

.57 1127 116

.50 1177 117

A slight tendency can be seen for errors per mile to be elevated for the "night tendency" engineers.

More test subjects would be necessary for a difference of this magnitude to be considered significant.

The hour by hour sleep charts were also reviewed for the 48 hour periods ending at midnight

immediately before the nonnal and fatigue schedules began. The subjects were ranked on the basis of

work and sleep hours to see if this ranking was similar to the ranking on any of the measures of errors,

attack or elapsed time. This sort of analysis is more meaningful with a larger number of subjects. A

high degree of similarity in rankings would be necessary to draw any conclusion. No ranking similarities

were apparent. One of the worthwhile observations which can be made, however, is that the sleep and

work patterns were extremely varied.

5.2 TRAIN HANDLING AND FATIGUE

There was no significant difference in the performance of the subjects as a group on the normal

and the fatigue schedules. Averaged figures, comparing the second days, are presented below. The

Attack figures are in units of horsepower per hour times 10 and are a measure of the degree to which the

engineer adds and subtracts energy from the train with the controls. The Elapsed Time is stated in

minutes required to complete a run.
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PERFORMANCE ON NORMAL AND FA TIGujE SCHEDULES

In addition to the sleep chart investigation covering the 48 ho periods before normal and fatigue

schedules, another review of averaged figures of sleep, work and p nal time over the same 48 hour

period was made to determine if there were any variations in these p tterns which might account for the

lack of difference between the schedules.

Average Hours of Sleep, Work and personal
! Time

(All Subjects Combined)

Schedule Sleep Work Personal

Normal

Fatigue

14.25

12.50

15.5

11.5
1~.25
2~.OO

The sleep averages are opposite those which would have been expected to decrease performance

on the normal schedule or increase performance on the fatigue sch ule. The work schedules could

conceivably have influenced the result, but a close examination on subject by subject basis does not

show a tendency for the work hours to be grouped immediately befor the experimental period began on

either schedule. Additionally, the work figures on the normal sched Ie are inflated by office work (in

addition to locomotive operating time) performed by one subject who was in preparation for transfer to

a supervisory post.

Since there were no differences between normal and fatigue chedules, the question arose as to

whether the schedules themselves were significantly different from th daily experience of the subjects.

To this end, the Sleep Charts were again reviewed. The subjects h , on average, 6-7 hours of sleep,

6-7 1/2 hours of work and 9-12 hours of personal time in a 24 hour real world" period. Further, the

subject by subject Sleep Chart review revealed that subjects rarely ailed to have at least 6 hours of

uninterrupted sleep in their daily lives. The exceptions were tw subjects who each had 2 (non-

continuous) days in which they failed to have at least 6 continuo s hours of sleep (and these not

contiguous to the experimental sessions). In terms of uninterrupted leep, therefore, the experimental
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periods did not differ from each other in a way that made them distinctly different from the daily

experiences of the subjects. Where the difference in sleep did exis was that the subjects were able to

expect the actual time at which they would be able to sleep during e experiment with a higher level of

certainty than what they experienced in daily life. The experimen schedules differed from everyday

life in the sense that less personal time was available to the subj during the study than they would

experience in everyday life.

One of the distinguishing characteristics of the subjects was a ked difference in terms of years

of experience. Half of the subjects had less than 4 years of experien and the remaining half had greater

than 10 years. Interestingly, there was no difference in age of the bjects; they ranged from 33 to 39

years, with no clear distinction related to years of experience. The rrors per mile, attack and elapsed

time figures are shown below:

Performance Relative to Years of Ex~rience

Schedule Experience Error/Mi.Subject Attack Elrrime

Normal 8135
3560
MEAN

9431
1646

MEAN

.58

.27

.42

< 5 yrs 1072
1134
1103

119
117
118

Normal > 10 yrs .56

.66

.61

1275
1166
1220

1061
1141
1101

1
1
1

1
1
1

1
1
1

Fatigue 8135
3560
MEAN

< 5 yrs .74

.23

.49

Fatigue > 1 0 yrs 9431
1646

MEAN

.40

.77

.59

1194
1213
1203

With the exception of a 2 minute shorter elapsed time under fa igue schedule conditions, the more

experienced subjects seemed to not perfonn as well as the less exp rienced subjects. This conclusion

should be considered tentative, however, since there was consider Ie variation in the error per mile

figures within the experience grouping.

No differences existed between normal and fatigue schedules. e engineer subjects did not show

a significant increase in their rate of errors per mile on the second ay of running of both schedules.

Twelve hours of running on the first day followed by either 8 or 12 hours of rest and concluding with

8 hours of running on the second day did not produce an increase in errors on the last day.
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Day one versus day two results:

Rochelle District:
Dey 1 Normel Schedule
Dey 2 Normel Schedule
Dey 1 Fetigue Schedule
Dey 2 Fetigue Schedule

Devis Junction District:
Day 1 Normal Schedule
Day 2 Normel Schedule
Day 1 Fatigue Schedule
Day 2 Fatigue Schedule

0.42
0.46
0.37
0.40

1108
1055
1101
1084

1 t S.00 1 1.71 1 8.45

1 0.75

8
7

11
6

\ 0.67
0.60
0.64
0.66

1193.63
1255.75
1236.25
1219.50

112. 13
1 5.00
1 2.00
1 2.75

8
4
8
4

Since there were differences in engineer performance between first days and second days for each

of the runs, a statistical test called the "t test" was used to determi e the extent to which differences

between days could have happened by chance alone. In the case of th current study, it was decided that

any difference which could have occurred by chance 5 times in 100 or less would be considered

significant. The selection of the .05 significance level is arbitrary, ut consistent with research of this

kind.

Two constraints which apply to the t test are number of pIes (degrees of freedom) and

expected direction of difference (one vs. two tailed). There were sufficient degrees of freedom to

calculate the difference between pairs of means (t test) for each of th performance criteria. No test had

a significant result at or beyond a .05 (2-tailed) level.
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6. DISCUSSION OF RESUL T~

No differences were found in subject performance betw the "normal" and the "fatigue"

schedules. One possible reason for the failure to find differences was at both the normal and the fatigue

schedules of the study inadvertently provided the subjects with an ass ed time at which they could expect

to sleep- The sleep/work diaries for the subjects indicated a history f adequate sleep in terms of hours,

but irregular patterns for when that sleep would occur. Another poin which needs to be made is that the

"normal" schedule of the study did not necessarily describe an opt- working condition. Twelve hours

of work followed by 12 hours of rest resulted in a deterioration in tr in handling on the following day.

As indicated earlier, the subjects seemed to have incidents of nodding or inattention without

regard to schedule or time of day. Subject S9431 did show an incr e in observed incidents of nodding

or inattention during a period in which sleep would normally hav been more likely, but posted a

relatively high performance rate for the particular run in which the events took place. One plausible

explanation is that engineers do have disrupted sleep patterns (see sl histories section) which increase

the chances of decreased attention during periods in which rei tively low levels of operational

performance are required.

The subjects indicated, and the observers noted a marked t dency to doze in those instances

where few control actions were required of the engineers. Had u anticipated events such as signal

changes a short distance from the head end, torpedoes, locomotive alfunctions or the like taken place

during periods of low control demands, the error rates might have r flected a higher level. A reading

of FRA accident reports involving sleep often reveal situations whi h might be characterized as low

control demand periods. While safe train handling of heavy freigh takes considerable skill, the task

does differ from highway vehicle driving in that there are periods in which the task does not include a

motor component to prompt attentiveness or threaten immediate d. trous consequences arising from

inattention to control.

There is further support for the "low demand" explanation: e Davis Junction run did not differ

~ubstantially in terms of terrain from the Rochelle run; it did difti ,however, in terms of a greater

number of slow orders and crossings. Subject engineers generally r rted that it was easier to remain

awake on the Davis Junction run, yet the engineers' error rates per Ie for that run were often equal to

or higher than the rates for Rochelle. A conclusion could be drawn at the subjects knew if they were

dozing off, but were not necessarily aware of the effect fatigue as having on their mile by mile
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performance. Fatigue induced error and sleep deprivation indUCed; CCidents may, in fact, not be polar
points on a single continuum, Since the train handling deteriorati exhibited by the subjects was not

trivial, it may be necessary to think of fatigue and sleep deprivat' n (or circa~ian shift) in distinctly

separate ways.

As indicated earlier, the sleep patterns of the engineers were arkedly different from that of non-

engineers. It may be that the enforced rest regimen of the study 'th a comfortable room away from

home at a predictable time where no other engineers or rail crew me bers were nearby constituted a rest

period superior to that attainable in "reallife." Had the sleep been more disrupted, or the schedule of

work more irregular (such as an extra-board engineer's experience f 6 hours of work, 6 hours of rest,

6 hours of work), the results might have been more extreme. T 0 of the engineers did informally

comment that they felt better on the second day of a run than the first, even when they were on the

"fatigue" schedule of an 8 hour rest period. Real world engineers 0 en do not know when they will be

called and cannot, as a consequence, make as much of rest periods the subjects of the current study

were able to do.

The subjects did make a number of comments about the loco otive cab environment. The study

did not use noise or ambient temperature levels considered by eng. rs to be fatiguing. Additionally,

the study did not take place during a period of time in which both subject engineers and virtually all

correspondent engineers have indicated as a particularly difficult tim , i.e., just at dawn. It does remain

to be seen if this time is relative to time at a particular location 0 the planet's surface, or an actual

characteristic change in the level of ambient light. In the current stu ,the engineer subjects did not run

at the daybreak period but did tend to show elevated error per mo e rates when they undertook runs

during the period between 0900 and 1(xx) hours which has also een characterized as a period of

drowsiness.

Given the results of other research in the area of fatigue and s eep, one suspects no clear standard

exists for an indicator of sleep deprivation or fatigue which would ap ly equally to all individuals. What

may be hoped for, however, is the definition of a borderline of conditi os past which a significant number

of individuals become dangerously impaired. The subjects of the cu ent study were willing to admit in

the exit interview that they had either dozed or could easily have ed an accident due to tiredness at

some point during the experiment.
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7.2 PERFORMANCE MEASURES

Perfonnance measurement improvements can be made over ~e procedures used in the current

study.

A.

Se£!:mented Scoring: The new conversion of RALES allows for much easier application

of the IITRI ScoreBoard" system of segmented sco ing. This scoring is situationally

sensitive, allowing a study of specific train handli g tasks under specific conditions

(rather than to global scoring criteria). This approa h would allow a determination of

the ways in which the fatigue noted in the current s dy causes deterioration in discrete

train handling skills.

B. Performance Bonuses: None of the performance bon ses used in the current study were

attached to the actual proficiency of the engineers in andling their trains. The RALES

scoring system easily allows for a reward/penalty pr gram based on elapsed time for a

run versus speed limits and acceptable in-train forc .We now have a good collection

of data for the runs used in the current study an can easily arrive at appropriate

performance standards for future work.

c. Use of Advance Dis12la~: A graphic train inform tion display was provided to the

subjects in the current study in an attempt to equalize e effects of route-learning on per-

formance. The observers noted heavy depend en by the subjects on this display

throughout the study and a possible mesmerizing efti .In future experiments, it would

seem advisable to allow the subjects one familiarizati n run over the territories with the

display during orientation, and then have the expei ental runs made with either the

traditional printed track profile only, or with the mo ing graphic display of the profile

only.

D. Unanticit!ated Events: Because of the heavy implica ion in the current study of dozing

relative to low control frequency periods, it would s m fruitful to include unanticipated

events such as sudden signal changes, torpedoes an emergency applications (in train

separations). These things might be undertaken on a I ited basis during low control rate

periods for at least some subjects to study the possib. ity of impaired performance.

Finally, a larger number of subjects would be needed to pre1 ent any meaningful findings to be

subject to claims of bias rising from individual differences in e subjects rather than from the

experimental conditions themselves.
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7.3 RELATED RESEARCH

It would seem advisable to include a review of related res ch in the selection of work/sleep

schedules in the design of a future study. To the extent that FRA a cident reports involving suspected

falling asleep are available, some attempt should be made to recrea e work/sleep patterns which were

associated with these actual accidents. The work calling and leep patterns would need to be

unanticipated by the subjects in order to be effective.

IIn conclusion, time and circumstances caused the conscie tious participant engineers of the

current study to occasionally produce errors which would easily hav contributed to serious accidents in

the real world. Further research built on the observations of the cent study seems justified. There

may well be no set of absolutes which would contribute to a set of rul that guaranteed engineers would

never have sleep or fatigue related accidents. Alternatively, it does seem possible to develop a safety-

enhancing set of guidelines for personal conduct and crew callin practices based on performance

evidence gathered from the kind of study the current investigation su gests.
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APPENDIX A

This appendix contains the initial Subject Information and S~bject Agreement forms used in the

study.



SUBJECT INFORMATION FO~

This form explains how you will be compensa ed for your
participation in the study. It also advise you about
transportation, lodging and meals during th study. This form
also requests limited personal information eeded for the study
and for tax reporting purposes. Aside from tax reporting, the
information you give will be completely con idential.

compensation: You will be paid $250 for ea h of the 5 days you
spend at IITRI (this includes your orientat on day). If you are
physically able to take the temperature sen ing "pills" as
described in the Consent Form, and voluntee to do so, you will
receive an additional bonus consisting of a $1,000 series EE
United states Savings Bond. Additionally, onus incentives in
the form of Series EE Bonds will be awarded on a contest basis
for total score points achieved during the tudy on the synthetic
work exercises (as described in the Consent Form). The synthetic
work exercise prizes will be: 1st place = 500 Series EE Bond,
2nd place = $200 Series EE Bond, 3rd place $100 Series EE Bond,
last place = $50 Series EE Bond. There are 4 subjects and 4
bonds will be awarded. In the event of ate, the best
orientation training score in synthetic war will determine the
prize order.

Due to the nature of the limited services y u will be performing
as part of the research project, it has bee determined that you
are an "independent contractor" rather than an employee of IIT
Research Institute (IITRI). Due to your st tus as an independent
contractor IITRI will not withhold any taxe from the
compensation which you receive; however, as is required, IITRI
will report the cash compensation and the f ir market value of
the incentive or non-cash compensation to t e Internal Revenue
Service on form lO99-Misc. You will receiv a copy of lO99-Misc
for tax reporting purposes shortly after th year-end in which
you receive the compensation.

Lodging, transportation, and meals will be 1 rOVided by IITRI and

constitute a part of the experiment. These will not, therefore,

be considered a form of compensation.

Lodging: 

During the course of the study (a described in the
Consent Form), you will be taken for rest t the Richmont Hotel,
where a room has been reserved for you. Yo are required to use
this lodging; IITRI will pay your charges e cludin any type of
room service or phone calls not made to IIT I.

Transportation: In addition to transportat on during the
experiment, IITRI will provide transportati n to and from any
point within 50 miles of 10 West 35th stree , Chicago at the
beginning and end of each of the two experi ental periods
described in the Consent Form. Because of he need to assure
your safety during periods of fatigue cause by the experiment,
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use of this transportation before, during atd after the
experimental periods is reauired.

Meals: Beginning with a mid-day meal on th first day of each of
the experimental periods and ending with lu ch on the last day of
each experimental period, IITRI will provid or pay for your
meals during the course of the experiment. The time period for
meals during a simulated run will be limite to 30 minutes.

~' 

~ ~

Requested Information: In addition to the iorm FO-II?, which is
attached, please answer the following quest~ons:

How many years have you spent in engine ser~ice?

How old are you?

What is your gender (M/F)?,

The above information is considered confide
~ tial. All of your

performance during the study will be identi ied by a randomly

assigned code number. Your performance as n individual will not
be reported to your employer.

Please sign your name and fill in the date
~ elOW. If you have

any questions about the information on this form, or the

requirements of the experiment, your questi ns will be answered
by George Kuehn or his designate.

..I I
(name) (date) I

Subject Information Form; Page 2 of 2
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IIT RESEARCH INSTITUTE CONSE~ FORM

LOCOMOTIVE ENGINEER SLEEP DEPRIVAtION STUDIES

I, , consent t t be a subject of the
research program described below.

1. 

The purpose of this experiment is to det rmine how well
changes in an engineer's train handling erformance can be
measured as a function of sleep loss, di ruption and circadian
desynchronosis (day/night schedule shift. The experiment
will be conducted on the locomotive/trai simulators at the
IIT Research Institute (IITRI).

I have been selected for this study beca ~ se I am a normal,
healthy, experienced locomotive engineer. Specifically, I do
not have or suspect that I have any stom ch, digestive, or
intestinal problems.

2. I understand that I will be asked to rep i t to IITRI at a
specified time to take, as engineman, a imulated heavy
freight train on a twelve-hour run. An ITRI observer will
accompany me (role-playing "conductor") ring the run.

At the completion of the run, I will go ~ a designated rest
facility for a period of personal activi and rest. I will
be accompanied by an IITRI observer.

After a rest period, I will receive a Sim
~ lated crew call to

report within two hours to IITRI to take similar heavy

freight simulated train on a run of eight hours over the same
territory as the earlier run. I will be ccompanied by anIITRIobserver.

3. 

During the eight-hour run, I will be requ
I red to wear an

electronic device to measure. The device is a type worn by

NASA astronauts and by persons participat"ng as subjects in
other US Department of Transportation hum n factors scientific
studies.

My deep body temperature will be measured by swallowing a
transmi tter in the form of an oval shaped "pill II approximately
5/8" x 1/4" in size. The pill will pass ormally through my
body and be excreted in my stool. The pi 1 is expendable and
will not be recovered. I understand that ingestion of the
pill is contraindicated in (should not be taken by) persons
with problems as described below:

Obstructive disease of the gastrointest t nal tract including

(but not limited to) diverticulosis and inflammatory bowel

Caoamlt Fox.; pqe 1 ot 3
tor aubjecta uaiD& temperature pill
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disease. 

(This means you shouldn't ta ~ e the temperature
pill if you might have anything wrong hat would block up

your digestive system.)

A history of disorders or impairment O
~ the gag reflex.

(This means you shouldn't take the tem erature pill if you

have any difficulty swallowing.)

Previous gastrointestinal surgery. CT
r iS means you

shouldn't take the pill if you ever ha an operation on your

esophagus, stomach or intestines.)

Any hypomotility disorders of the gast
r ointestinal tract.

(If you have problems with constipatio , you shouldn't take

the pill.)

During the experiment, I will wear an an ennae "belt" around
my body which is attached to a receiver/ omputer that will
automatically record my internal body te perature. The
equipment attached to my body will meet edical standards for
safety as reviewed by the IITRI Human Su jects Committee. I
understand that my freedom to stand or m ve about during the
experimental period may be restricted du to the equipment
attached to my body.

I understand that I should not undergo N
~ clear Magnetic Resonance (NMR) scanning during the peri d of time that the

deep body temperature "pill" is within m body.

4. I understand that as a participant in th s study I will be
deprived of sleep and that as a result, y physical and/or
mental abilities may be temporarily affe ted. I understand
that I should exercise caution in my act vities during and
after the experiment until I am able to esume my normal
sleeping habits.

5. I understand that I may contact any of ~ e following

individuals with any questions that I ma have about this

study or my participation in it as a res arch subject:

Name: 

Geor e KuehnTitle: 
Princi al Investi ator

Organization: 

IITRI Trans ortation Tech 010 rtment

Telephone No: 312-567-4148 I

Cona_t Fox.; pqe 2 of 3
for subjects U81n& t-.perature pill
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6. 

I understand that any questions I have r garding this research
or my rights as a volunteer will be full answered by Georqe
Kuehn or his/her designate. urther, I understand
that I am free to withdraw my participat on in the project at
any time without penalty.

7. 

I understand that, in the unlikely event of a physical injury,
medical emergency treatment will be prov ded. I also
understand that neither Geor e Kuehn nor IITRI will
be financially responsible for injuries ot due to the
negligence of Geor e Kuehn or IITRI which
may be sustained by me while, or as a re ult of, participating
as a subject in this research program.

8. I understand that I am a volunteer parti i iPant in this study

and will receive compensation in money b t only for the time I

am required to spend "on duty" as a loco otive engineer.

9. 

I understand that I will be given an ide tifying code when
entering the study and that all reasonab e efforts will be
made to keep my records and information onfidential. I
understand that the u.s. Department of T ansportation will
inspect the study records of this experi ent.

I have read and understand the various aspe~ ts of my

participation in this study, all of my ques ions have beenanswered, 
and I voluntarily agree to partic pate.

Name:Name:

Subject (Print) Witness (Print)

Signature:signatur~:Date:Date:

Caoa_t Fo~; pq8 3 of 3
for 8ubj8cta uaiD& t~.tur8 pill
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APPENDIX B

This appendix contains the exercise instrUctions used for fhe two territories (scenarios) run

repeatedly in fiXed order during the study. These territories were ",ochelle" and "Davis Junction."



RALES SIMULATION EXERCISE:

stress and Fatigue study

Rochelle to Savanna

(standing start at MP 82; Max track speed sq mph)

1. Accelerate to 35 mph and maintain unti~ entire train is over
C & NW crossing. I

Accelerate to track speed2.

Note flashing yellow signal at MP 89.2~3.

4.

Take siding at CHANA MP 92. Limit 25 mPh for turnout and
through siding. Exit siding not excee~ing 25 mph.

5. 45 mph from MP 95.75 (curve) to mp 102.~5

Complete run complying with signal indipations.
of signal at MP 142.3. I

6. stop short
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RALES SIMULATION EXERCISE:

stress and Fatigue study

Davis Junction to Bensonville

(standing start at MP 80+; max track speed ~o mph)

1.

Accelerate to track speed; must reach ~t least 39 mph at MP
79. I

2.

stop for Red MoW sign at MP 75

Must request authority to proceed.3.
Do not exceed 20 mph by MP 72 with hea~ end.4.

5. stop at MP 59, request permission to Proceed from
dispatcher.

Reduce speed to 25 mph through turn out at MP 44.5 until
entire train is through. I

6.

Reduce speed to 40 mph for turnouts ov~r bridge at MP 357.
Complete run complying with signal ind t cations.

signal at MP 15.8

stop at8.
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APPENDIX C

This appendix contains the Run Description Form, the Exit Ipterview Form and the Sleep/Work

Diary Form.



This form is to be used only for subject#

This subject HAS / HAS NOT volunteered to ~ke the temperature
pill. I

Run on []TS-2 [ iJ RALES

Date:

In case of medical emergency call 41~5 or 4116.NOTE:+++++++++++++++++++++++++++++++++++++++++++1+++++++++++++++++++++ MEDICAL SPECIALIST:
(note additional entry at end of fonm)

subject's blood pressure at start:

Subject's pulse rate at start:

Subject's general condition: -~---
Phone were you may be reached today: I

signature:

++++++++++++++++-+++++++++++++++++++++++++++~+++++++++++++++++++++

TIME ST~TED:EXERCISE NAME: (24 hr.)

TIME ENDED: (24 hr.) YOUR NAME:
d ;~ thf .~jK'" "ff.. '~~tiM 000 Make notes below to indicate anything unusual that happened including th subject's coffee consumption and

"no(Xjing off." Please note the ti~ at which the event happened.

~

TIME ST~TED: (24 hr.)EXERCISE NAME:

TIME ENDED: (21. hr.) YOUR NAME :
~;.. t~ ""j.,t" C4ff~ , ti~ "" Mak~ not~s below to indicat~ enything unusual that happened including th subject's coffee consumption and

Nnodding off.8 Pl~ase not~ th~ time at which the ~vent happened.

Run Description. page 1
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~

EXERCISE NAME: TIME ST~TED: (24 hr.)

+-.
EXERCISE NAME: TIME ST~TED: (24 hr.)

TIME ENDED: (24 hr.) YOUR NAME:
Hake notes below to indicate anything unusual that happened including th j subject' s coffee consumption and
"nodding off." Please note tha time at which the event happened.

~' 

~

EXERCISE NAME: TIME ST~TED: (24 hr.)

TIME ENDED: (24 hr.) YOUR NAME:
Make notes below to indicate any thins unusual that happened includina th1 aubject's coffee consumption and

"noddina off." Plea.e note the time at which the event happened.

~

~

EXERCISE NAME: TIME ST~TED: (24 hr.)

TIME ENDED: (24 hr.) YOUR NAME:
--

Run Description, pase 2

C-2

Make note. below to indicate anythina unusual that h.ppened includina the I 8ubject'. cotta a cona\8Dption and

"nod din! ott." Plaa.e not. the time at Which the event happened.



For Subject#
(use code number from Run Description Form).

Investigator is to read questions, subject to respond on his own
document.

This interview is completely confidential; it will not be shared
with your employer. Your responses will be coded so that your
name is not attached. Please remember that this study is being
done because we are especially concerned about the personal
safety of engineers like yourself.

1.

How well rested did you feel when you began today's shift?
[] Well rested
[] Moderately rested
[] Slightly rested
[] Not at all rested

How much trouble did you have going to sleep last night?
[] None
[] Slight
[] Moderate
[! Considerable

2.

3. How do you feel right now?
[] Fully alert, wide awake, extremely peppy
[] Very lively, responsive, but not at peak
[] OK, somewhat fresh
[] A little tired, less than fresh
[] Moderately tired, let down
[] Extremely tired, very difficult to concentrate
[] Completely exhausted, ready to drop

4. sometimes, when people are tired, they "blank out" or "doze
off" for just a brief moment. Were there times during
today's shift when this happened to you?
[] No, not at all.
[] Possibly, not really sure.
[] At least once, no more than 2 or 3 times.
[] Yes, more than 2 or 3 times.

5. During today's shift, you ran on two districts. On which of
them did you find it ~ TO STAY AWAKE? (You may check more
than one box.)
[] Rochelle ' I[] Davis Junction .: ,;

Exit interview, page 1
(no eeg or ekg)
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] No real difference, they were all about the same

6. During today's shift, you ran on two districts. On which of
them did you find it ~ TO STAY AWAKE1 (You may check more
than one box.)
[] Rochelle

l[] Davis Junction )t;;~'
[] Sherman Hill
[] No real difference, they were all about the same.

7.

Here are some of the things you had to do to run the train.
Check any activities that made it EASIER TO STAY AWAKE. (You
may check more than one box.)
[] Starting
[] Accelerating
[] Negotiating (managing slack while maintaining a specific

speed)
[] Slowing l
[] Stopping I
[] No real difference, they were all about the same.

8. Here are some of the things you had to do to run the train.
Check any activities that made it HARDER TO STAY AWAKE. (You
may check more than one box.)
[J Starting I
[J Accelerating
[J Negotiating (managing slack while maintaining a specific

speed),.
[J Slowing ~~
(J Stopping ,
[) No real difference, they were all about the same.

9. Here are the kinds of terrain you had to run the train over.
Check any type of terrain that made it EASIER TO STAY AWAKE.
(You may check more than one box.)
[] Level terrain
[] Light ascend~ng grades .r [] Heavy ascendJ.ng grades !:,,~(\:

[] Light descending grades[] Heavy descending grades '
[] Hogbacks (light hill crests)

.,~,[] Heavy hJ.II crests ,"'1,

[] Sags i
[] No real difference, they were all about the same.

Exit interview, page 2
(no eeg or ekg)
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10. 

Here are the kinds of terrain you had to run the train over.
Check any type of terrain that made it HARDER TO STAY AWAKE.
(You may check more than one box.)
[] Level terrain .
[] Light ascending grades ~
[] Heavy ascending grades -'.-.
[] Light descending grades '.~--.~
[] Heavy descending grades[] Hogbacks (light hill crests) .-:- .
[] Heavy hill crests "".

[] Sags I
[] No real difference, they were all about the same.

11. 

If today's shift had happened in the real world, would it
have been easier or harder to stay alert?
[J It would have been EASIER to stay alert in the real world,

because:

""" '-" '--" ' It would have been HARDER to stay alert 1n the real world

because:

] There was no difference in alertness between today's shift
and the real world.

Was there any time in today's shift that you feel that you
could have made a serious mistake because you were too tired?
[] Yes, I could have made a mistake because I was too tired,

but only one or two times.
[] Yes, there were many times I could hdve made a serious

mistake because I was too tired.
[] No, I never was so tired that it would have caused me to

make a mistake. I

If vou used the temDerature Dill and recorder, did you feel
that your performance was affected by them?
[J No, the use of the pill and recorder didn't affect my

performance in any way.
[J Yes, the pill and recorder affected my performance, but

I'm not sure how much. I
[J I feel I didn't do as well as I miqhti have because of the

pill and recorder.
[J I feel I did better than I might hav~ otherwise because of

the pill and recorder. I

* This document was generated on August 20, 1991 by liT Research Institute for use in IITRI Task Order No.9
on Contract DTFR53-82-C-D0254 from the u.s. Department of Transportation; Federal Railroad Administration.

Exit interview, page 3
(no eeg or ekg)
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1. District/Sernce Codes
Time 4a. Called 4b.Railroao

Kailroad called

I
5. Com- ,

mutin2 !

L9c- omoti-ye- Crew_F.Ugu _e- .Di~
2. ID: -3. Dat,:i- t
6.Reportea 7.Dead.

headina!

.I. -.-110.Person~1

I Time I

00:00-00:59

101:00-01:59
102:00-02:59
:03:00-03:59I ~ ~- -

!04:00-04:59:
105:00-05:591

I

06:00-06:59!

07:00-07:591
08:00-08:591
09:00-09:591

10:00-10:591
11:00-11:59!
12:00-12:59 !
13:00-13:591

114:00-14:59
15:00-15:59
16:00-16:59
17:00-17:59
18:00-18:59
19:00-19:59
20:00-20:59
21:00-21:59
22:00-22:59
23:00-23:591

124:00-24:591 -

~1. Total number of hours worked today lis. Did you "nod off"dunng this run1
[2. Undesired overtime hours worked today -1::es I
13. Number of fully qualified engineers in cab ~ No I
!4. Number of miles on this run

~.~,t:: .,,~

116. How much trouble did you have going to sleep?
I None

I Slight

I Moderate

I Considerable

ns. Check box which describes how you Ceel right now.
\ Fully alert, wide awake, extremely peppy

-' Very lively, responsive, but not at peak
J OK, somewhat fresh

A little tired, less than fresh
moderately tired, let downa
Extremely tired, very difficult to concentra~e
Completely exhausted, ready to drop
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APPENDIX D

This appendix contains the graphs of errors per mile, attack, and elapsed time for each subject

for each territory and each schedule (normal versus fatigue). The graphs are arranged to show errors per

mile, attack figures and elapsed time for each subject organized on the basis of schedule and territory.

Each graph shows nomlalized perfomlance figures for the runs made on the indicated territory

by a subject. The nomlalization (conversion to percentage) is based on an individual's perfomlance

figures rather than group figures. This choice to nomlalize on the individual rather than the group was I

made as a result of the limited amount of data generated by the small number of subjects in this pno

~study and by the consequent need to show how individual perfomlance was affected by the passage 0

time. The time frame covers the two day period of the indicated schedule. The data points on each

graph are connected by a line to make differences more apparent. It should be remembered, however, I

that the subjects alternated runs on a fixed pattern (Rochelle, then Davis Junction). The investigator!

chose not to mix data from the two runs on one graph since the difficulty of the runs was apparentlyl

different. This difference in difficulty was determined by actual error rates as well as by the experiencedl

judgment of the subjects and observers. The nomlalization of error rates means that a subject's highest

error rate for a territory = 100%. I

Within each graph, elapsed time is shown in an efficiency orientation; that is, shorter times movel

in a positive direction, or upward, while longer times move downward. This presentation is to allow thei

comparison of attack figure and elapsed time. If an engineer operates efficiently, increases in attack!

should produce decreases in elapsed time (without increases in error rates). In other words, the attac~

figure and elapsed time figure should track each other in direction while error rate remains stable or

moves in an opposite direction.
,.

Referring to the graph on page D-2, Subject S8135 slightly increased attack on the second normall

schedule run of Davis Junction on the first day. In this case, elapsed time also improved by

,proportional amount, while the error rate fell markedly. This would be an example of improved

efficiency. I



EVENTS, ATTACK, TIME: SR135
N~MAL SCHmJl(. ROOiELLE -I

EVENTS, ATTACK, TIME: S81135

~=:::~=~:=~7~
~80

70

Vi'

~
c'"
J:
tJ

1/1

J:
t-o
m
~

~
0
2

~
C
~
N

J
R:
0
2

60

SO

40

30

20

10

0 .() Iii ~ 1618 ha 1'21 1'41 16h'eliJiiz! () 12141618 ha 1'21 1'411'6h'eliJiiz! -

1 3 ~ 7 911131~171921231 3 ~ 7 911131517192123

H)URS

D ~ PER MI.( -+ A'lTJD< lMl 0 D.N'SED "nIlE: «)

0-1

FA11C1J( SOiWJlE. ROCHELu: I

110, I

100

90



EVENTS, ATTACK, TIME:
N~MAl SOiEDUL£. DAVIS JUNCTION

58135

~
~
:J
0
kJ
:I:
(J
U1

:I:
t-
O~
kJ~
2

~
0
kJ
N

~
a:
0
2

.

EVENTS, ATTACK, TIME:
fAl1CUe: SCHmUlE. ~VlS JlKmN

58135

"ill'
~
:J
C
!oJ
J:
U
1/1

~
0
~
!oJ
Q
Z
~
C
!oJ
N

~
~
0
Z

D-2



'Iii'
~
:J
0
IoJ
:I:
U
UI

:I:..
0
~
IoJ
D
Z

~
0
IoJ
N

~
Q:
0
Z

EVENTS, ATTACK, TIME: S1646

'VI
~
:>
0
!oJ
1:
U
1/1

~
0
~
~
~
0
!oJ
N

~
I:
0
Z

0-3



EVENTS, ATTACK, TIME: S1646
N~1!Al SCHEDULE. ~V1S JUNCTION

r..
0
m
~

!oJ
0
Z
~
0
!oJ
N

~
a:
0z

Vi'
:J
:J
C
101
J:

~
~
0
~
101
0
Z

~
C
101
N

~
a:
0z

D-4



EVENTS, ATTACK, TIME: S3~60

60

~O

40

30

20

10

o' olil41 6Ieh'ol,'2Ii4!"6h'eliol2zloliI41 618
, 3 ~ 7 9 1"31~'7192'23 1 3 ~ 7

I-()URS

c ~ PER MIL£: + ATTACK LEVEL

~

EVENTS, ATTACK, TIME:
rATlCUE SOimA.£. ROCHELLE

Vi'

~
C
kJ
I
U
1/1

~
~
~

'Iii
~
:I
C..,
:I:
U
U)

:I:..
g
~

..,
I.)z
~
c..,
N

~~
C
Z

NOOMAl SCHEDVLE. ROOiEllE I

110, I

100

90

80

70



u;-
~
:J
0
\oJ
I
U
UI

I
t-
O
~
\oJ
D
Z

~
0
\oJ
N

~~
0
Z

EVENTS, ATTACK. TIME: S3560
FAT!QJC &:HED\A.E. ~VlS J\KTK)N I

Vi'
~
:>
0'"
X

U
UI

X..
~
~
Z
~
0
~
N

~
D:
0
Z

0-6



EVENTS, ATTACK, TIME: S9431
N~MAL SCHEDULE. RroiEllE I

'In'
~
;)
C
\U
J:
U
U1

J:
t-o
~
\U
C>
Z

~
C
\U
N

~
Q:
0
Z

EVENTS. AnACK. TIME: S943'
f"Al1CI.IE: SOiECXJlE. ROCHELL£ I

~-
~
:J
0'"
J:
U
U1

J:..
0
m
~

kI
0
Z
~
0...
N

i~
Q

D-7



'Ui

~
0
!oJ
1:
U
UI

1:..
~
~
Z
~
0
!oJ
N

~
a:
0z

EVENTS, ATTACK, TIME: S9431

+ ,;-- -
00

!oJ
:I:
U
1/1

t
0
m
~

!oJ
0
Z
~
0
!oJ

60

~

40

30

20

'0
O' olzI41&leh'ol,2I,'4!,'6h'8i2iXi2/olzI41&leh'ol,2I'41,'6h'elioli21 .

, 3 5 7 9 " 1315'7192123 1 3 5 7 9 " '3'5'7'92' 23

tt:)VRS

C EVENTS PER WILE of- ATTACK L£VEL 0 ~ "I1WE «)

D-8

fA11QJE: SCHEDUl£. DAVIS J~

110 I '

100

90

80

70



APPENDIX E

This appendix contains the sleep diary information for t j subjects reduced to single bar

records for each date on which records were kept.



SLEEP DIARY CHART
wwww = WORK
SSSS = SLEEP
(blank) = PERSONAL

date>
12/3 4 5 6 7 8 9 1~/12 13 14 15

0000 !SSSS!WWWW!WWWW!WWWW!WWWW! ! ! !WWWW!WWWW!SSSS!
0100 !SSSS!WWWW!WWWW!WWWW!WWWW! !SSSS!SSSS!WWWW! !SSSS!
0200 ! SSSS! WWWW! WWWW!WWWW! WWWW! SSSS! SSSS! SSSS! WWWW! ! SSSS!
0300 ! SSSS! WWWW! WWWW! WWWW!WWWW! SSSS! SSSS! SSSS! WWWW! ! SSSS!
0400! !WWWW! ! !WWWW!SSSS!SSSS!SSSS! !SSSS!SSSS!
0500 !SSSS! !SSSS! !WWWW!SSSS!SSSS!SSSS! !SSSS!SSSS!
0600 !SSSS!SSSS!SSSS!SSSS! ! !SSSS!SSSS!SSSS! ! !
0700 !SSSS!SSSS!SSSS!SSSS!SSSS! !SSSS!SSSS!SSSS! ! !
0800 !SSSS!SSSS!SSSS!SSSS!SSSS!SSSS!SSSS! !SSSS! ! !
0900 !SSSS!SSSS!SSSS!SSSS!SSSS!SSSS! ! !SSSS! ! !
1000! !SSSS!SSSS!SSSS! !SSSS! ! !SSSS! ! !
1100! !SSSS! ! ! ! ! ! !SSSS! ! !
1200! ! ! ! ! ! ! ! ! ! ! !
1300! ! ! ! ! ! ! ! ! ! ! !
1400! ! ! ! ! ! ! ! ! ! ! !
1500! ! ! ! ! !WWWW!WWWW!WWWW!WWWW! ! !
1600 !WWWW!WWWW!WWWW!WWWW!SSSS!WWWW!WWWW!WWWW!WWWW! ! !
1700 !WWWW!WWWW!WWWW!WWWW!SSSS!WWWW!WWWW!WWWW!WWWW! ! !
1800 !WWWW!WWWW!WWWW!WWWW!SSSS!WWWW!WWWW!WWWW!WWWW! ! !
1900 !WWWW!WWWW!WWWW!WWWW!SSSS!WWWW!WWWW!WWWW!WWWW! ! !
2000 !WWWW!WWWW!WWWW!WWWW! !WWWW!WWWW!WWWW!WWWW! ! !
2100 !WWWW!WWWW!WWWW!WWWW! !WWWW!WWWW!WWWW!WWWW! ! !
2200 !WWWW!WWWW!WWWW!WWWW! !WWWW!WWWW!WWWW!WWWW! ! !
2300 !WWWW!WWWW!WWWW!WWWW! !WWWW!WWWW!WWWW!WWWW! ! !
2300 !WWWW!WWWW!WWWW!WWWW! ! !WWWW!WWWW!WWWW! ! !

SUBJECT: 

9431

Time
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SLEEP DIARY CHART
WWWW = WORK
SSSS = SLEEP
(blank) = PERSONAL

SUBJECT: 

3560

Time date>
12/26 27 28 29 30 1/4 5 6 7 8

OOOO! !SSSS! ! ! !SSSS!SSSS!SSSS!SSSS!SSSS!
0100! !SSSS! ! ! !SSSS!SSSS!SSSS!SSSS!SSSS!
0200! !SSSS! ! ! !SSSS!SSSS!SSSS!SSSS!SSSS!
0300! !SSSS! !SSSS!SSSS!SSSS!SSSS!SSSS!SSSS!SSSS!
0400! ! ! !SSSS!SSSS!SSSS!SSSS!SSSS! !SSSS!
0500! ! ! !SSSS!SSSS!SSSS! !SSSS!WWWW!SSSS!
0600! ! !WWWW!SSSS!SSSS! ! !SSSS!WWWW!SSSS!
0700! ! !WWWW! !SSSS! !WWWW! !WWWW! !
0800 !WWWW! !WWWW! ! SSSS! !WWWW! !WWWW! !
0900 !WWWW! ! ! !SSSS! !WWWW!WWWW!WWWW! !
1000 !WWWW! ! ! ! ! !WWWW!WWWW! ! !
1100 !WWWW! ! ! ! ! !WWWW!WWWW! ! !
1200 !WWWW! ! ! ! ! !WWWW!WWWW! ! !
1300 !WWWW! ! ! ! ! !WWWW!WWWW! ! !
1400 !WWWW! ! ! ! ! !WWWW!WWWW! ! !

1500! ! ! ! ! !SSSS!WWWW!WWWW! ! !
1600! !WWWW! ! !WWWW!SSSS!WWWW!WWWW! ! !
1700! !WWWW! ! !WWWW!SSSS!WWWW! ! ! !
1800! !WWWW!SSSS!SSSS!WWWW!SSSS!WWWW! ! ! !
1900! ! !SSSS!SSSS!WWWW! ! ! ! ! !
2000 !SSSS! !SSSS!SSSS!WWWW! ! ! ! ! !
2100 !SSSS! !SSSS!SSSS!WWWW! ! ! ! ! !
2200 !SSSS! !SSSS!SSSS!WWWW! ! !SSSS! !SSSS!
2300 !SSSS!SSSS! ! !WWWW!SSSS! !SSSS!SSSS!SSSS!
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SLEEP DIARY CHART
wwww = WORK
SSSS = SLEEP
(blank) = PERSONAL

Idate>
12/4 5 6 7 8 9 10 11 14 15 16 17

0000 !SSSS!SSSS!SSSS!SSSS!WWWW!WWWW!SSSS!SSSS!SSSS!SSSS!WWWW!SSSS!
0100 :!SSSS!SSSS!SSSS!SSSS!WWWW!WWWW!SSSS!SSSS!SSSS!SSSS!SSSS!SSSS!
0200 !SSSS!SSSS!SSSS!SSSS! !WWWW!SSSS!SSSS!SSSS!SSSS!SSSS!SSSS:!
0300 !SSSS!SSSS!SSSS!SSSS! !WWWW! !SSSS!SSSS!SSSS!SSSS!SSSS:!
0400 !SSSS!SSSS! !SSSS!SSSS!WWWW! !SSSS!SSSS!SSSS!SSSS!SSSS:!
0500 !SSSS! !WWWW!SSSS!SSSS!WWWW!WWWW!WWWW!SSSS!SSSS! !SSSS!
0600! ! !WWWW!SSSS!SSSS!WWWW!WWWW!WWWW!SSSS!SSSS!WWWW!WWWW'!
0700 !WWWW! !WWWW! !SSSS!WWWW!WWWW!WWWW!SSSS! !WWWW!WWWW!
0800 !WWWW!WWWW!WWWW! !SSSS!WWWW!WWWW!WWWW! ! !WWWW!WWWW!
0900 !WWWW!WWWW!WWWW! ! !WWWW!WWWW!WWWW! ! !WWWW!WWWW!
1000 !WWWW!WWWW!WWWW! ! ! !WWWW!WWWW! ! !WWWW!WWWW!
1100 !WWWW!WWWW!WWWW! ! ! !WWWW!WWWW! ! !WWWW!WWWW!
1200 !WWWW!WWWW!WWWW! ! !SSSS!WWWW!WWWW! ! !WWWW!WWWW!
1300 !WWWW!WWWW!WWWW! ! !SSSS!WWWW!WWWW! ! !WWWW!WWWW!
1400 !WWWW!WWWW!WWWW! ! !SSSS!WWWW!WWWW! ! !WWWW!WWWW!
1500 !WWWW!WWWW!WWWW! ! !SSSS!WWWW!WWWW!WWWW!WWWW!WWWW!WWWW!
1600! !WWWW!WWWW! ! SSSS! !WWWW!WWWW!WWWW!WWWW!WWWW!WWWW!
1700! !WWWW!WWWW! !SSSS! ! !WWWW!WWWW!WWWW!WWWW! I!
1800! !WWWW!!WWWW!SSSS!!!WWWW!WWWW!WWWW!!

I!1900! ! ! !WWWW!SSSS! ! !WWWW!WWWW!WWWW! ! 1
2000 1 ! ! !WWWW!SSSS! ! 1 !WWWW!WWWW! ! 11
2100! ! ! !WWWW!SSSS! ! ! !WWWW!WWWW! ! 11
2200 ! SSSS! ! ! WWWW! ! SSSS! 1 ! WWWW!WWWW! ! 11
2300 !SSSS!SSSS! !WWWW! !SSSS! ISSSS!WWWW!WWWW! ! 11
2300 !SSSS!SSSS!SSSS! !WWWW!SSSS!SSSSISSSS! !WWWW! ! '1

SUBJECT: 

1646

Time
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APPENDIX F

~ This appendix contains the core body temperature traces for those subjects who had data

available.

The normal schedule data for two subjects is incomplete; S8135 is truncated and the data for

53560 is missing due to apparent recording malfunctions. I

The fatigue schedule data for 89431 was too erratic for use, possibly due to a malfunctioning

pill or large body mass. I
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