AD-A201 518

pTIC

@ELEC’\'E
~, DEC 2 1 988

DEPARTMENT OF THE AIR FORCE %E
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio

‘.-::?aenmnihub.n

wasna«wnd—hh
Wmhﬂdﬂw 83 12 213 031




AFIT/GLM/LS/88S-12

A STUDY TO ANALYZE THE DEGREE
OF THE RELATIONSHIP BETWEEN
HEALTH PRACTICES AND FATIGUE

THESIS

Sherry L. A. Kennedy
Captain, USAF

AFIT/GSM/LS/88S~-12

Approved for public release; distribution unlimited.




The contents of the document are technically accurate, and no
sensitive, detrimental ideas, or deleterious information is
contained therein. Furthermore, the views expressed in the
document are those of the author and do not necessarily reflect
the views of the School of Systems and Logistics, the Air
University, the United States Air Force, or the Department of
Defense.

S &7kt

By
Diﬁ}ribution/

Availavility Codes

——d]

T Av2il anc/or
Dist | Speelal

Al




AFIT/GSM/LS/88S5-12

A STUDY TO ANALYZE THE DEGREE OF THE RELATIONSHIP

BETWEEN HEALTH PRACTICES AND FATIGUE

THESIS

Presented to the Faculty of the School of Systems and Logistics
of the Air Force Institute of Technology
Air University
In Partial Fulfillment of the
Requirements for the Degree of

Master of Science in Systems Management

Sherry L. A. Kennedy, B.S.
Captain, USAF

September 1988

Approved for public release; distribution unlimited.




Acknowledgements

I am extremely appreciative to all those involved in
making this research project possible. First, to my thesis
advisor, Dr William Mauer, for his continued guidance and
support in getting me through this process. Also, special
thanks go to Major Ken Jennings and Major Tom Triscari for
providing assistance in times of need and despair. I would also
like to thank all the personnel at ASD who took the time to
complete and return the survey that was instrumental to this
study. Finally, special thanks go to Andrea Baner, Larry
Knight, and my daughter Melissa, for their love, assistance,

and continued support throughout my time at AFIT.

ii




Table of Contents

ACknOWledgmentS LR I I A I R B R B R I B A N I N B B I Y I B IR S B B N Y I I I BN I SAC I B I IR )

List of Tables LR A B L R R B R I BN B I I I I I IR N B B B I AR B A BB B I A B B I

Abstract L I I I S I Y S R I R Y I I B A A A AN B RN B B BT R R N AN B R N R B I B R B RN B A I I A A A A B N )

I.

II.

III.

IntrOduction 5 8 0 8 6 & 0 6 0 0. 0.0 5 26 S LS8N0 O L OO0ty

OVervView .i.sveersessossnsscacsossssacsssoscocsssssans
General ISSUE ..:scssetssessesnsscscsssssosscacosecs
Specific Problem ....cccveveevecoscstesscascssaas
Research Hypothesis / Questions .....scci0ce0e00en
Scope and Assumptions ....cccc000r0r0v it ontenns
SUMMATLY ¢ evoeeersassssscrssssssosnsscssssossssstsssas

Literature REView € 0 0 & 0 2 ¢ 0 2 0 2 0 20 2SS eSSt

OVerVieW ..vietesoesssosnsssnsosssossonssssssscsesasnae
BacKground ....ccicersosscaescsnsssesoscascsssassoscass
Cause of Fatigue ......iccteeeensvsrsosscsssascs
Effects of Fatigue ....ccctevevsctscessocses
Alleviation of Fatigue ....ccevvvcesecrsonses
Government Research on Fatigue ...cceevesncencses
SUMMALY ¢ o cosoesoocssnsossosscossssssscasssoasssacs

Methodology € 2 6 0 4 6.8 9 5 0 0% 08 060 08 00T L LSS OE NS G0N0

OVerview . .eviserscossscsosstssosassscsassnssssessanes
Data Collection Instrument ...cceceovocsccsccnse
Survey StruCture .:vosecessssossrsosossosscsssscsa
Population and Sampling ....cccievveertttcccannnss
Statistical TesSt8 ...t eeerotnensososnscssscsson
Assumptions and Limitations .....viiieiieeriannns

ASSUBpPtions ...t ciri ettt et sttt

Limitations ...cccvececcctascccccssosescsons
SUMMATY .« ¢ oo vssovossssasassssssssacstssasossasossacs

iii

Page

ii

vi

ix

-
N B NN = -

(<2}

22

22
22
23
25
217
27
217
28
28




Page
Iv. Results andAnalysis ® 0 5 5 0 0 & 9 5 & 5 P B S 0 2 06 O B S S PP E e e 29

OVErVieW ..oiierovesrsesstscstsssscsscassonsoscsssse 29

Survey ReSpPONSEe ...cccocetsnsossssocsssstsassecsacs 29

Demographic Profile ..cciieeevennrsecresrssnncssese 30

Respondents’ Rank/Grade ......ccc000eceaeees 31

Respondents’ SeX .c.ceoveenssccssorsocnsssens 32

Respondents’ A€ ....cvesossncescasssncnsese 33

Respondents’ Job Type ..ccieviececoossseess 34

Respondents’ Experience ......ccccs00c¢0s00e¢e 35

Respondents’ Subordinates .......i0c00006e.. 36

Test Procedure .......icetevtnestessssssnssccaccse 3T

Analysis of Investigative Questions ............. 38

Pearson Correlation and Factor Analysis .... 38

Reliability ....vceeevvvecoscorssoscssoonseses 43

Investigative Question One ......ic0c0eee0s.. 45

Alcohol Consumption ...ccicoveessssesnes 46

Caffeine Consumption ....ccovceecencess 47

Amount of Exercise ...:icctvacienssecees 48

BEating Habits ...ccceereoveeresevessnss 49

Sleeping Habits ...ceiveveencessenennss 52

Smoking Habits ....ccceveeserntecsccase 53

Psychological Stress Management ....... 53

Investigative Question TWO ...:icceesrraseess B3

Investigative Question Three .....¢ieccee0:. 55

Investigative Question Four .....cs0s00s0... 61
Psychological Fatigue and

Health Practices ...¢:iveectvvoscesasses 65
Physiological Fatigue and

Health Practices .....¢i¢0c0eesvsesese. 68

Investiazgative Question Five .....¢00000.0.. T1

Investigative Question Six ... icectieeecesss T2

SUMMATY o teovecsocoscstssasssossssscsssssasscsscece 14

V. Findings and Recommendations ......scceotsvseseessces 15

OVerVieW ..iieteesrssrtonssstsessssnssscssssesssenees 15
Research Hypothesis ...cittveenrscestnsssacaccaes 15
Investigative Question One ....:.ci00veveves 76
Investigative Question TWO ....ccievernvnceas 17
Investigative Question Three ........c00000. T7
Invegstigative Question Four ......es000s0s..+ 18

“iv




Page

Investigative Question Five ....vcvceveeeses 78

Investigative Question Six ..c.e..
Recommendations for Further Research ..
Summary ® 9 & & 0 0 5 5 2 S P O 0 T SN VOB O LB S PO N E S PV

Appendix A: Health Practices and Fatigue Survey

Appendix B: Psychological Frequency Tables
on si‘nificant Health ® & & & 0 0 4 6 0 % s 0 ¢

Appendix C: Physiological Frequency Tables
on Significant Health .......ccc00.0

Appendix D: Selected Survey Comments ......ce004
Bibllography ® 0 & 5 0 & 6 0 0 0 B S B 2N O SO Bt N eSS Eee s e e s

VITA [ RN N N NI I R 2R B IR B NI Y I I I AN I K B N B I R I I Y I I R B B I I 1

LI

o e 0 0 79
s s 0 81
LI S ) 81

e o 0 0 83

¢ o 0 0 94

++« 100

LI B ] 105

LI e 113

LI 4 116




List of Tables

Table Page

4.1 Survey Response by Military Rank and

Civilian Grade ....ceeeeeeoecnescsssossscccsassass 30
4.2 Respondents’ Rank/Grade .......ceeeevveveseceecsss 31
4.3 Respondents’ SeX .cceeteinenersssscccssonsenesses 32
4.4 Respondents’ Age ......iuvvrtassssasssecsssssssss 33
4.5 Respondents’ Job Type ......:.eeceeetesnsasccecess 34
4.6 Respondents’ Experience ......ecc00000000e00ss000s 35
4.1 Respondents’ Subordinates .....ccceetteveseesesce 36
4.8 Correlation Coefficients .......cccevevveveesees 39
4.9 Factor Loadings from the Varimax Rotation ....... 42

4.10 Correlation Coefficients for
Alcohol Consumption ...cceveetvcesscrscsccassacass 47

4.11 Correlation Coefficients for
Caffeine Consumption .....ccvoeeveenveccsacccnses 48

4.12 Correlation Coefficients for
Amount of EXercise ....iceecocvecceresscoenasares 49

4.13 Correlation Coefficients for
Eating Habits .O..O......l...'.ll..;l....l.‘..... 51

4,14 Correlation Coefficients for
Sleeping Habits ® & & 4 & 2 0 0 8 & 6 P 0 2 B VPSP O 2R 0 s 020 e 52

4,15 Analysis of Variance for Military and Civilian
Differences in Fatigue Levels .....¢cievevveseea. 55

4,16 Summary of K-S 2-Sample Test (Military & Civilian)
for Each Health Practice ....ccevverivestavsnesaes BT

vi




4.18

4.19

4.20

Crosstabulation of Strenuous Physical Exercise
by Military and Civilian Groups ...cccccesssses

Respondents’ Psychological Fatigue Level ......
Respondents’ Physiological Fatigue Level ......
Summary of K-8 2-Sample Test (Low & High
Psychological Fatigue} for Each

Health Practice S @ 0 0 0 0 8 0 5 0 0 O P E OB O O SN L S O 0N 0
Summary of K-S 2-Sample Test (Low & High
Physiological Fatigue) for Each

Health Practice 4 0 ¢ 0 2 060 06 88 800 000 P S s 0 A0 s s

Crosstabulation of Quantity of Alcohol Con-
sumption by Low and High Fatigue Groups .......

Crosstabulation of Frequency of Caffeine Con-
sumption by Low and High Fatigue Groups .......

Crosstabulation of Quantity of Caffeine Con-
sumption by Low and High Fatigue Groups .......

Crosstabulation of Relaxing with Mind Activ-
ities by Low and High Fatigue Groups ....cec00..

Crosstabulation of Affected by Insomnia
by Low and High Fatigue Groups .....ccceeeeeose

Crosstabulation of Actual vs Desired Sleep
by Low and High Fatigue Groups .:...ccvsesensssvas

Crosstabulation of Strenuous Physical Activity
by Low and High Fatigue Groups ...ccveceesesccs

Crosstabulation of Relaxing with Mind Activ-
ities by Low and High Fatigue Groups ....¢cce¢e.

Crosstabulation of Current versus Desired
Weight by Low and High Fatigue Groups .........

vii

Page

60

62

63

65

68

94

95

96

97

98

99

100

101

102




Page
Crosstabulation of Affected by Insomnia
by Low and High Fatigue Groups ......0:0000ee00... 103
Crosstabulation of Actual vs Desired Sleep
by Low and High Fatigue Groups .......ceovevoven 104

viii




AFIT/GSM/LS/88S-12

Abstract

It is important for personnel within the DOD to be aware
of how stress combined with various health practices may be
causing or adding to the level of fatigue one experiences. If
fatigue is controlled, the result may be better overall work
performance and efficiency.

The intention of this research was to examine the health

practices of higher ranked individuals, both military and

civilian, at Aeronautical Bygtems Division to determine if a
relationship exists between the health practices they are
following and the amount of fatigue they are experiencing. The
health practices studied were: alcohol consumption, caffeine
consumption, amount of exercise, eating habits, sleeping
habits, smoking habits, and psychological stress management.
These seven health practices were analyzed and compared to the
amount of fatigue being experienced for both psychological and
physiological fatigue. The level of fatigue was determined by
individual responses to subjective self-analysis questions.

Comparisons were also made between military and civilian

ix




personnel to determine if significant difference existed in
health practices or in levels of fatigue.

Results of the study showed that various health practices
have a direct, significant relationship with both psychological
and physiological fatigue. In addition, certain health prac-
tices had considerable differences in responses for those with
low fatigue when compared to those with high fatigue.

The data also indicated there was no significant
difference in the fatigue levels of military and civilian
personnel. Furthermore, only one health practice, strenuous
physical activity, was significantl} different between the
military and civilian groups.

Finally, the respondents’ comments suggest they can
control the fatigue they feel by following certain health prac-
tices. A large percentage reported they knew when fatigue was
operating, what its effects were, and how to go about handling

it.




A STUDY TO ANALYZE THE DEGREE OF THE RELATIONSHIP
BETWEEN HEALTH PRACTICES AND FATIGUE

I. Introduction

Overview

Chapter I introduces the reasearch to be conducted by
first describing the general issue of concern and then the
specific problem to be examined. The'research hypothesis
and investigative questions to help solve the research
problem will follow, along with the scope of the study and a

few of its limitations.

General Issue

Positions with significant responsibilities within the
Department of Defense (DOD) for military members and
civilian personnel are sometimes of a very critical nature
and are highly visible to the general public. The amount of
fatigue these individuals are under because of factors
influencing their health and happiness may be affecting

their performance. It is important for personnel within the




DOD to be aware of how stress combined with various health
practices may be causing or adding to the level of fatigue
one experiences. If the fatigue is controlled, the result
may be better overall work performance and efficiency by DOD

members.

Specific Problem

The purpose of this research is to first investigate if
there is a relationship between fatigue and various health
practices of DOD personnel. Then, second, to analyze toc what
degree health practices play-in affecting the fatigue amounts.
This second purpose has great importance because it is not well
known which health practices cause fatigue, which keep it at a
minimum, and which are unrelated. Third, to determine if
health practices and fatigue levels are the same for DOD civi-

lians and military personnel.

Research Hypothesis / Questions

To solve the proposed research problem, the following
hypothesis and investigative questions will be analyzed.
A. The research analysis will attempt to reject the

following null hypothesis:




There will be no relationship between various health
practices followed to the amount of fatigue being
experienced.

B. The following investigative questions will be pursued to
help determine if the above hypothesis should be rejected or
not:

1. Are the following health practices related to
the amount of fatigue being experienced?

a) alcohol consumption

b) caffeine consumption

c) amount of exercise

d) eating habits

e) sleeping habits

f) smoking habits

g) psychological stress management

2. How does the fatigue level of military personnel
compare to that of civilian personnel?

3. What are the major differences in the health
practices followed by military personnel as compared to that
" of civilian personnel?

4, What are some of the health practices followed by
those reporting minimum amounts of fatigue?

5. How does the use of psychological stress management

versus the other health practices relate to the amount of

fatigue being experienced?




6. What is the level of awareness of both military and
civilian personnel as to knowing when fatigue is operating
and the related effects of one’'s fatigue?

Scope _and Assumptions

Although there are many types of health practices, this
research will only focus on the seven health practices
listed under the first investigative question. The study
will only encompass upper management personnel in the rank
bf major through colonel for military and GM/GS 13-15 for
civilians. This population was selected based on the
agssumption that the health practices of these individuals
are more routinized and consistent and that their overall
levels of fatigue will be somewhat greater than their subor-
dinates. This research will attempt to investigate the
awareness of fatigue being experienced based on the members
subjective perception of various relative-type questions.
The majority of health practices investigated will be of a
physiological nature, with stress management the only
psychological dimension being discussed.

The intention of this research is to assess the
relationship between health practices and fatigue in the

target population only, with no intention to extend any




results to the Department of Defense as a whole. This
extension may be done in future studies upon gaining
information from this research.
Summary

Chapter I provided an overview of the need for this re-
search; namely, a potential problem may exist in top level
DOD activity because fatigue, influenced by health
practices, could be impacting job performance. Chapter II
will present a review of the literature in the area of
fatigue. Some of its causes and effects, along with how
health practices affect fatigue will be discussed. This
chapter will also provide government related research in
this area. Chapter III will then describe the methodology
for this study and how the data will be used to address the
hypothesis and investigative questions. Chapter IV will in-
clude an analysis of the results and Chapter V will discuss
the major findings and provide recommendations for future

research.




I. Literature Review

Overview

This chapter provides a description of what is
considered fatigue in the language of physiology and its
relationship to health practices. The literature review
will consist of a detailed background exposition of the
causes and effects of fatigue, followed by what the
literature suggests are ways to alleviate this syndrome.
Then, examples from previous studies of fatigue undertaken by
government personnel will be discussed. This review of the
literature attempts to emphasize to the reader that there is a
direct relationship between various health practices and
fatigue. What will be more difficult to prove is the degree or

impact the health practices have on different individuals.

Background

Fatigue is the condition of weakness or weariness
caused by long-continued strain and exertion of energy.
Physiological fatigue is the sensation of having
insufficient energy to carry on. This sensation of
weariness is a result of either bodily or mental exertion

extended over a period of time. If there are more energy




draineré than energy boosters, then there will be an energy
shortage resulting in fatigue. Once the causes and effects
of fatigue are identified, then the right steps can be taken
to balance out the shortage. More specifically, energy
needs to be consumed to counter balance energy being
expended (2:23-25).

Fatigue is a result of stressful life situations and
health practices followed during times of stress. "Stress
is an adaptive response, mediated by individual
characteristics and/or psychological processes, that is a
consequence of any external action, situation, or event that
places special physical and/or psychological demands upon a
person” (7:30). Initially, stress is a benefit. However,
excess stress prolonged over time will cause fatigue.

"A certainilevel of streas is needed for people to be
productive; beyond a certain threshold, however, stress
impairs performance"” (7:31). Every person will experience
stress at various levels. What affects a person in one way
may affect a different person in a very different way.
"Everyone has an optimum stress level” (17:185). If the
stress is kept below this optimum level, then a person can

cope with the stress being experienced. How a person copes




with stress is very important to the level of problem the
stress can cause to that person (17:185).

Cause of Fatigue. Prolonged stress, leading to
fatigue, has many causes. Each individual needs to identify
what causes his or her own fatigue. Some so called ’'life
events’ may contribute to fatigue. The Holmes-Rahe Scale of
Stress Ratings is a list of these events and provides a
guideline for measuring stress. Some of these events are
death of a spouse, divorce, marriage, dismissal from work,
change in residence, and change in financial status. Each
of these are assigned a rating. The ones pertaining to an
individual are totaled and the higher the score the more
stress one could be experiencing (10:45-51).

Another possible contributor to fatigue is aggressive
and competitive behavior. This type of personality has the
well known label of "Type A" behavior (7:31).

There are also social factors‘which contribute to
fatigue. Two of these factors are economic situation, and
family demands and relationships. A person’s work situation
also plays a great part in the amount of stress occurring.
Such things as the nature of the job, the role in the

organization, career development, work relationships, and




organizational structure could also affect the incidence of
stress resulting in fatigue (7:32).

Finally, habitual bad health practices may cause addi-
tional fatigue because they are energy drainers. These bad
health practices include smoking, exces;ive alcohol and
caffeine consumption, bad diet, lack of sleep, and lack of
physical exercise (2:24). How these practices contribute to
fatigue will be discussed later in this chapter.

Effects of Fatigue. Each person is affected by stress

differently. It is one’s reaction to stress that will help
decrease or increase the sensation of fatigue. There are
rhysical symptoms as well as mental symptoms. During
chronic stress, some of the following natural hormonal
responses may occur: 1) Release of cortisone from adrenal
glands may reduce the body’s resistance to illness.

2) Increase in the thyroid hormone in the bloodstream may cause
weight loss, shaky nerves, and insomnia. 3) Continued
stress causes constant releases of endorphin, similar to
morphine, which may deplete its supply, leading to migraines
and backaches. 4) The digestive tract may shut down,
resulting in stomach and intestinal problems. 5) There may

be a release of sugar into the blood along with insulin to




metabolize the sugar. This will increase energy at first,
but may aggravate diabetes due to the demand for insulin.

6) High levels of stress cause the heartbeat to race,
possibly leading tovhigh blood pressure, strokes, and heart
attacks. And finally, 7) one additional effect of stress is
that the five senses may become more acute, causing the
senses to burn out and become less efficient (10:22-35).
Symptoms 2-4 will likely have been experienced by many of
the readers of this thesis.

Normal stress acts as an energizer. However, prolonged
stress gradually exhausts one’s physical and mental
resources. This is often described as "burnout.” Some
symptoms of burnout are chronic tiredness, irritability,
accident-proneness, nagging cold symptoms, and a "who cares"”
attitude (16:12). Other possible results from stress are a
disruption in sleeping and eating habits (quality, and well
a8 quantity) and an increase in the consumption of alcohol,
tobacco, caffeine, tranquilizers and other drugs (14:48).
These activities, as a reaction to stress, are health
practices that if one pursues may contribute to the already

high levels of stress.
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Alleviation of Fatigue. "What you do to cope with

stress depends on how much of a problem you have. Remedies
vary from changes in habits and lifestyle to formal
behavior-modification programs” (18:185). If one knows the
causes and effects of one’'s own fatigue then proper measures
can be taken to help alleviate it. One of the first steps
to take is to increase periods of rest and relaxation.
Sufficient sleep is very important for improving resistance
to stress. "Sleep is the great restorer of our energy pool.
Without sleep, we soon cease to function properly" (2:150).
Avoiding caffeine, drugs, and certain foods may help to
prevent restless sleep. Taking leave from the job to relax
is crucial. "For people in high stress jobs, taking leave
tends to enhance decision-making and job performance
capabilities” (23:20).

Exercise and certain hobbies can also be beneficial in
reducing fatigue. Strenuous exercise activities which
require full concentration activate different circuits of
the brain and body than normally used during daily
activities (10:84). Exercise dissipates pent-up energy and
leads to physical fitness. If a person is physically fit,

then he or she will be able to endure more without becoming
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tired. Exercise also stimulates the body to generate more
energy (2:113). Although exercise is a good way to lessen
the fatigue level, one must be careful not to over-do the
exercise, because too much exercise can over-stress the
body. A hobby can also engage different circuits of the
brain and can be an efféctive means of coping with stresas
(7:33).

A balanced diet may play a major role in helping to
reduce stress. "Eating can either induce sleep or produce
wakefulness, depending on which foods are eaten, by
producing chemical changes in the brain” (2:95). Paying
attention to the amount of protein, carbohydrates, fat, and
various minerals consumed may help one to control the
affects of food. It is also important to realize that an
excess as well as a deficiency in vitamins may result in
fatigue (2:94-103). Dehydration and water loss due to
increased sweating during times of stress may also add to
one’s fatigue (18:7). "Adequate water consumption will
benefit many areas of the body" (7:134). Peter Hanson in

The Joy of Stress recommends an average of eight glasses of

water a day.
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Another very important way to alleviate fatigue is
abstaining from the bad health practices of excessive
alcohol and caffeine consumption, smoking, and drug usage.
This is crucial because those practices will only add to
one’s fatigue. Excessive alcohol increases mental fatigue
by decreasing glucose circulation to the brain and
destroying irreplaceable Brain cells. It may also interfere
with sleeping. Smoking deteriorates the lungs and is
partially responsible for many heart attacks and stomach
ulcers. Drugs, such as tranquilizers,. may help in the
short-term but can become habit forming, causing a decrease
in mental capacity in the long-term (7:61-68). Finally, too
much caffeine is known to aggravate stomach ulcers; because
under stress the stomach tends to shut down. Caffeine is
also known to adversly affect the central nervous system
(9:73).

The use of psychological stress management in the form
of biofeedback, meditation, prayer, or counseling may also
prove to be crucial in the ability to prevent or alleviate
fatigue. For instance, biofeedback is said to be an

efficient technique for the relief of stress. Basic to

biofeedback is that the individual learns to work with and

13




control or normalize, at will, his own body physiology and
emotional reactions. The patient has the ability to treat
himself, by learning to heal himself through reducing his own
muscle tension or lowering his own blood pressure (5). By
regularly practicing one of the psychological stress management
techniques mentioned above the individual can use the mind to
control the body; resulting in most or all physiological
activities being brought under voluntary control.

A final recommendation for reducing stress and
preventing further fatigue is . settir; .calistic goals, being
prepared, and having a stable home environment. These three
conditions should help to give one a 3ense of mastery and

pleasure preventing further fatigue to develop (7:88-104).

Government Research on Fatigue

Most studies performed in the military on fatigue have
been in the flying arena. From the early years of aviation,
the flight environment has been known for its unique ability
to cause fatigue. In fact, a 1963 survey suggested that
three quarters of airline pilots experience fatigue (6:2).
Justifiably, the primary reason aircrew fatigue is such an
important concern is due to its impact on flight safety.

How well a mission is performed can also be affected by

14
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fatigue. These two reasons are what prompted a 1985 study to
be performed by Douville titled "A Study of the Flight
Environment Component of Aircrew Fatigue in Student
Navigators"”. His study describes a proposal to be performed on
T-43 navigator students to determine if fatigue could be
assessed and compared for two different types of settings. One
setting is an actual five hour T-43 flight and the second is a
five hour ground simulator mission. Actual testing of blood
chemistries would be performed along with a subjective fatigue
questionnaire, the number of hours of sleep needed following
the mission and the actual performance of the mission. Fatigue
for the two settings would then be compared for statistical
differences. This study was only described as a proposal to
evaluate and understand fatigue in flight and no results were
given,

Douville, along with others, identifies fatigue as either
‘being physical or mental. He describes physical fatigue as
having measurable parameters, such as having a decrease in
strength, an increase in blood lactic acid, and a decrease in
blood glucose. On the other hand, mental fatigue relies on
subjective parameters including increases in irritability and

anxiety, as well as a decrease in libido. He also disting-
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‘;

uishes between acute fatigue, which can be alleviated by a
period of rest and cumulative fatigue which carries over from

day to day because of inadequate recovery.

Douville believes measuring the physiologic or biochemical
parameters are useful because fatigue results from expenditure
of physical and/or chemical energy by the body. If certain
metabolic products could be strongly correlated with the degree
of fatigue, then measuring them may help predict one’s perfor-
mance in the near future (6:1-14).

Bennett and Bondi developed an analysis in 1981 on the
topic of the relationship between job performance to physical
fitness and its application to U.S. Navy submariners. Bennett
and Bondi believe that an implementation of an aerobic exercise
regime would help maintain and improve physical fitness while
lessening the stresses associated with the submarine mission.
They say that the physical and psychological benefits of an
exercise program would increase job performance because
findings continue to support the fact that those individuals
who are physically fit perform significantly better cognitively
and show less symptoms of stress.

Whether the fatigue is physiological or psychological,

Bennett and Bondi report that the end result is a reduction in
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work efficiency and productivity. They also report that mental
fatigue can be classified as: 1) boredom causing dissatisfac-
tion with work, 2) tedium causing frequent interuptions, or 3)
monotony causing an estimation of one's surroundings. Common
symptoms of all three include tiredness and weariness. (3:1-8)
The authors of a third study, completed in 1981 by
Widhalm and Burtchell, imply that environmental factors
affect the crew of the P-3 Upgrade Aircraft by acting as
stressors (25:134). They state that the environmental
stressors act indirectly to increase crew fatigue and hence
affect the successful completion of the mission. Their
study continues to explain fatigue in order to show there is
a relationship between environmental stressors, fatigue, and
crew performance.
According to Widhalm and Burtchell, military aircrewmen
are quite familiar with skill fatigue, as it causes
tiredness and haggard weariness resulting from long,
vigilant, and diligent hours of labor in a stressful
environment. They also say that the crew has recognized the
deterioration in performance or efficiency associated with
varying states of fatigue. Their research also acknowledges

that when fatigue was taken to the laboratory to be studied,
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decreases in work output became a synonym for fatigue.
Therefore, fatigue is manifested by a reduction in
performance (25:135-136)

- Their literature suggesats that mental fatigue was a
direct result of low motivation, prolonged performance or a
monotonous task, and lack of freedom of movement. Boredom
and monotony also could be attributed to fatigue limiting
the endurance of flying personnel (25:141). Furthermore,
performance standards by the pilots deteriorated as fatigue
increased because they did not realize their performance was
suffering. Other findings were that "fatigue may result in
irritability, gastric disturbance, insomnia, deterioration
in reasoning or judgement. Sensory and motor hyperactivity,
shortness of breath, and lowered morale" (25:143).

In a 1980 report by Savvov titled "How Do You Feel?",
the author tells about an ongoing experiment by the
Scientific Research Institute of Industrial Hygiene to
investigate the symptoms of human fatigue during performance
of work requiring extreme precision. Clinical studies show
that work requiring stress causes a mass of functional
shifts in the various organs and systems of the human

organism to occur. Savvov’'’s report quotes the supervisor of
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the expefiment, A.D.Liman, as saying "one of the problems on
which we are now working is to devise an orderly system of
indicators enabling us to judge the development of fatigue
and different processes occuring in the human organism"”
(19:3). From the results of this experiment, the author
hoped that in the future an electronic computer could
register an individual’s condition and provide a prognosis
of fatigue growth so that the individual would be prepared
to counteract the fatigue.

One last report to be noted is titled "Neurocognitive
Pattern Analysis of Auditory and Visual Information". This
1986 interim report is based on experiments performed by the
EEG (electroencephalography) Systems Laboratory which is
responsible for improving the measurement of neuroelectric
substrates 9f human higher brain functions. The lab’s
short-term objective is to use the EEG to predict decrements
in performance resulting from attentional lapses or fatigue,
while their long-term objective is to develop new
technologies for enhacing cognitive abilities (8:1).

One of their experiments is on operational fatigue
being recorded on four Air Force fighter test pilots. The

fighter pilots performed various cognitive and perception
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motor tasks specifically designed to require a high
commitment of attention, memory, judgement and motor
coordination. Results showed that persons in a fatigued
condition may be able to perform rote behaviors, but often
are unable to respond to sudden unexpected situations which
require full commitment of higher cognitive functions. 1In
addition, fatigue had a tendency to produce momentary lapses
of attention, decision processes and perceptuomotor
performance and there was also the reduced ability to
perceive one’s diminished capacity. This condition could
promote serious or fatal consequencesa. The objective of
this study was to gain more information in hopes that more
effective methods of detecting this impaired condition could

be developed before it affects actual performance (8:16).

Summar

This chapter presented a review of the literature by
first providing a detailed discussion of what fatigue is and
how to alleviate it. Government related research on this
topic was then presented. 8Since the literature has shown a
direct relationship between fatigue and performance, the

remainder of this research will focus on the issue of health

practices and its relationship to fatigue. A desired
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outcome of this research effort is to determine if by
following certain health practices one can control the
amount of fatigue being experienced, thus, improving work
performance and efficiency. The next chapter will provide
the methodology employed to test the resgarch hypothesis and

answer the investigative questions.
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III. Methodology

Overview

This chapter describes the methodology used to collect
and analyze the data needed for<testing the research
hypothesis and answering the investigative questions
outlined in Chapter I. First, the instrument used to
coilect the data for this study will be presented along with
a discussion of the structure of the survey. Then, the
target population and the related sample will be identified.
Next, the statistical tests used to perform the data
analysis will be addressed followed by some assumptions and

limitations related to this study.

Data Collection Instrument

Because the type of daté analysis to be performed in
this type of study necessitates a large sample size, a mail
survey was selected. This method will be able to encompass
the large sample with the most ease and least cost than any
alternative method such as personal or telephone interviews
(22:289-290). With the mail survey, respondents can take
more time and respond more freely and conveniently. It is

hoped that the anonymous nature the mail survey emphasizes
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will provide accurate and reliable results. The use of
direct questions with simple responses will make the survey
easy to respond to and also easier to analyze with the use
of a computer. The data collected will be coded,
transferred to optical scan sheets, and read into a data
file.

The original questionnaire was pretested for content
validity on 30 graduate students enrolled in the graduate
program of the School of Systems and Logistics (LS), Air
Force Institute of Technology (AFIT), Wright-Patterson AFB,
Ohio. This pretest group was selectea because graduate
students normally are under a great deal of stress and
fatigue and should be able to relate to the questions.
Changes were made, as needed, based on suggestions by the
pretest group. For further validity, the questionnaire
stated that individual responses would be combined with

others and not attributed personally in any way.

Survey Structure

Although there have been various questionnaires
developed and distributed to gather information on health
practices, no existing questionnaire could be located to

collect the data for this particular study (4; 20; 24). The
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survey for this study needed questions on fatigue as well as
health practices in order to test the research hypothesis
and answer the investigative questions. Therefore, the
majority of questions in the survey were taken from
questionnaires used by three previous graduate students who
did research in the area of health practices (1; 11; 21).
Other questions were taken from a study performed by the
office of the Assistant Secretary for Health (20) and from
the Holmes-Rahe Scale of Stress Ratings (10:45-51). The
remaining questi.r., the majority relating to the fatigue
portion of the survey, were developed by myself with the
assistance of Dr William Mauer and Major Kenneth Jennings,
LS Faculty members. A copy of the survey questionnaire
used for this research is located in Appendix A.

The survey includes 48 multiple choice questions and
two short answer questions. The questions are grouped into
the following four parts. The first part contains seven
questions on background and demographic information to
develop a profile of those who respond. The second section
has 24 health-type questions that are related to the seven
health practices of alcohol and caffeine consumption,

exercise, eating, sleeping, and smoking habits, and
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psychological stress management. The third part of the survey
is included to help determine the amount of stress the respon-
dent may be under based on several life events that may have
occured within 24 months prior to taking the survey. The
fourth and final section, of 13 questions, attempts to measure
the amount of fatigue the respondent is experiencing. Also in
this section are the two short answer questions used to deter-
mine the amount of awareness the individual has of experiencing
fatigue and the related effects of one’s fatigue.

The data provided by the respondents consists of
nominal and ordinal level data. However, some of the
ordinal level data will be from a five-point Likert Scale

and will be treated as interval level data for statistical

analysis.

Population and Sampling

The target population consists of all military officers
in rank major to colonel and civilian personnel in grade
GS/GM 13-15 assigned to and physically located at
Aeronautical Systems Division, Wright-Patterson Air Force
Base, Ohio. The size of the population was estimated using
the ATLAS data base. Since separate analysis and

comparisions were performed on civilian versus military
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personnel, the target population was kept segregated in
their respective groups. Based on the information in the

book Foundationg of Behavioral Research (13) and on the

advice of Major Jennings a simple, random sample size of 250
was selected for both the military group and civilian group.
The main reason for this sample design is that correlation
analyses are to bé performed on the data and there are many
(50) survey questions. At least five people per question
should be surveyed so that accurate analysis can be
conducted.

The number of surveys actually distributed was based on an

estimated response rate of 55%. Since the desired number of

returned surveys was 250 for each subgroup a total of 450
surveys were mailed out to both the military and civilian
groups. The individual names and organizations were provided
by the ATLAS data base and were based on the last digit of the
individual’s social security number in order to keep the sample
random and unbiased. In hopes of increasing the response rate,
an offer to supply results to the respondents was included with

the survey package.
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Statistical Tests

Once read to the computer data file, the data from the
surveys was analyzed using the computer support equipment pro-
vided by the Air Force Institute of Technology. The program
used was the Statistical Package for the Social Sciences
(SPSS-X). Several statistical techniques were used to analyze
the data. Initially, frequencies were tabulated to help
develop a demographic profile of the respondents, as well as
the responsé rate for each rank and grade.

In addition, in order to help determine whether the null
hypothesis stated in Chapter I should be rejected or not, the
following SPSS-X subprograms were used to analyze the investi-
gative questions:. PEARSON CORR, FACTOR, RELIABILITY, ANOVA,
NPAR TESTS K-S, CROSSTABS, and FREQUENCIES. Further explana-
tion of these subprograms and the actual statistical test they

apply will be provided, along with test results in Chapter IV.

Assumptions and Limitations

Assumptions. A few of the assumptions made in order to
proceed with this research study are identified at this time.
First of all, the assumption is made that all respondents are
able to accurately answer the survey questions. Sometimes it

is difficult to perform a self-analysis on the types of ques-
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tions involved in this study. The second assumption is that

the health practices used in this study are indeed related to
fatigue, an assumption based upon the literature presented in
Chapter II. Finally, the assumption needs to be made that the
data was correctly coded by the respondents and then properly

transferred into the data file.

Limitations. One major limitation associated with this
research is that the results only apply to the target
population and can not be applied to the Air Force or any
other organizations; The other limitation is the concept
identified above about self-analysis. It can be very
difficult to report on oneself. For example, the
respondents preception of one’s self may not be how others

perceive what is the truth.

Summary

This chapter specified the methodology used for this
study. The next chapter presents and analyzes the results

obtained from the data.
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IV. Results and Analysis

Overview

The purpose of this chapter is to present the results of
the survey data analysis. First, the overall survey response
will be summarized. Then, a demographic profile from selected
questionnaire items will be presented. Finally, using the
statistical techniques outlined in Chapter III, the investiga-

tive questions will be analyzed and discussed individually.

Survey Response

Table 4.1 displays the response rate for each military
rank and civilian grade included in the target population.

Both of the réspondents who fell into the ’'other’' category were
excluded from the demographic profile and data analysis since
they were not part of the target population,

Combining the three military ranks shows 450 surveys
mailed out and 318 surveys returned, for an overall military
response rate of 70.7 percent. The response rate for the
combined civilian grades was much lower; only 51.1 percent
since 230 surveys were returned from the 450 mailed out. The

overall response rate for the combined military and civilian
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groups was 61.1 percent which is higher than the estimated

response rate of 55 percent discussed in the methodology chapter.

TABLE 4.1

Survey Response by Military Rank and Civilian Grade

Number of Number in Response
Rank/Grade Responses Sample Rate (%)
Major 161 * 245 65.7
Lt Colonel 116 148 78.4
Colonel 41 57 71.9
GS/GM-13 114 248 50.0
GS/GM-14 67 122 54.9
GS/GM-15 A 49 80 61.3
Other * 2 0 -
TOTAL 550 900 61.1

¥ The category ’other’ included a captain and a GS-12.

Demographic Profile
The following six tables display demographic characteris-
tics of the respondents to this study. The bottom line totals

exclude the two respondents that were in the ’'other’ category.
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Respdndents’ Rank[Grade} Table 4.2 shows that the

military respondents (58.1%) outnumbered the civilian
respondents (41.9%) in the sample. Majors (29.4%¥) and GS/GM-
13’s (20.8%) make up just over half of the respondents (50.4%),
while Colonels (7.5%) and GS/GM-15's (8.9%) comprise only a

small portion (16.4%) of the sample.

TABLE 4.2

Respondents’ Rank / Grade

Frequency

Category Count Percentage Cumulative
Major 161 29.4 29.4
