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A STUDY OF THE FLIGHT ENVIRONMENT COMPONENT

OF AIRCREW FATIGUE IN SIUDENT NAVIGATORS

Douglas R. Douville, M.D.
~ The University of Texas
Health' Science Center at Houston
School of Public Health, 1985

Supervising Professor: Spurgeon Neel, M.D. :

Flying has long been known as an activity producing an inordinate
. amount of fatigue. The source of this fatigue has never been well understood.
*One approach to understanding the causes of aircrew fatigue is to divide
. them into (1) those related to the unique demands of aircrew tasks or workload
and (2) those related to the unique environment of flight. The pilot not only
has to navigate, make radio calls and negotiate instrument landings, but he
must do it all in a noisy, vibrating, constantly moving environment. Most
studies in aircrew fatigue focus on the workload part of the equation. The
study described in this proposal is an attempt to define that part of
aircrew fatigue which 1is due to the flight environment. It also attempts
to determine changes in body chemistry produced by the flight environment
which might be associated with aircrew fatigue. ' Navigator students in
training at Mather Air Force Base, California, fly training missions of
similar duration and quality in T-43 aircraft and ground simulators. The
difference in fatigue and body chemistries after flights in these two
settings represents that which is due to the difference in environments.
(after controlling for important variables). -Using student navigators as
subjects, blood samples would be taken before and after (1) a five hour
T-43 (Boeing 737) flight and (2) a five hour ground simulator mission.
Changes in a panel of 26 blood chemistries (including plasma osmolality.
and carboxyhemoglobin) for each setting would be compared for significant
differences. Fatigue would be assessed in each setting using (1) a
subjective fatigue questionnaire, (2) hours of sleep following the mission,
and (3) performance (academic score). Fatigue in the two settings would be
‘compared for significant differences.~Statistical analysis would attempt
to correlate those chemistries in which a significant change was noted with
increased levels of fatigue. Positive correlations would be the basis for
further studies to determine whether the relationship was causal.
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accomplished by students or faculty of the Air Force Institute of Technology (AU). It would be
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. ' Wright-Pstterson AFB OH 45433
RESEARCH TITLE: A Study of the Flight Environment Compcnent of Aircrew Fatigue in Student :
Navigators ' _ ’
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{or contracted) by your organization or another agency if AFIT had not?
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3. The benefits of AFIT research can often be expressed by the equivalent value that your
agency achieved/received by virtue of AFIT performing the research. Can you estimate what this ¥

research would have cost if it had been accomplished under contrazt or if it had been dore in-house

in terms of manpower and/or dollars?
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4. Often it is not possible to attach equivalent dollar values to fesearch, altrough the i

results of the research may, in fact, be important. Whether or not you were able to establish an
equivalent value for this research (3. above), what is your estimate of its significance?
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5. AFIT welcomes ary further ‘comments you may have on the above questions, or any additiona)
details concerning the current application, future potential, or other value of this research. ,
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A STUDY OF THE FLIGHT ENVIRONMENT COMPONENT
OF AIRCREW FATIGUE IN STUDENT NAVIGATORS
Douglas'R. Douﬁille;‘M.D.

The University of Texas

'Health Science Center at Houston
School of Public Health, 1985

Sﬁpérvising Professor: Spurgeon Neel, M.D.

Flying has long been known as an activity producing an.inordinate
amount of fatigue. The source of this fatigue has never been well qnd;rstood.
One approach to understanding the ;auses‘of aircrew fatigue is to divide
them into (1) thcse related t6 the unique demands of a;rcrew tasksAor workload
and (2) those related to the unique environment of flight. The bilot not only
has to navigate, make radio calls aud negotiate instrument 1apdings. butihe
must donit all in a noisy, vibrating, constantly moving environment. Most
studies in aircrew fatigue focus on the workload paft of‘the gquation. Tﬂe
study described in this proposal 1; ar attempt to define that part of
aircrew fatigﬁe which is due to the flight enyironment. It élso attempts
to determine changes in body chemistry produced by the flight environment
which might be associated with aircrew fatiéue. Navigator students in
training at Mather Air.Force Base, California, fly training missions of
similar duratfon and quality in T-43 aircraft and ground simulators. The
difference in fatigue and body chemistries after flights in these two
settings represents that which is due to the difference in environments

(after controlling for important variables). Using'student navigators as

ii




subjects, blood samples would be taken b;foré and after (1) ¢ five hour
T;43 (Boeing 737) flight and (2) a five hour ground simulator mission.
Changes in a panel of 26 bloud chemistries (including plasma osmolality
and carboxyhemoglobin) for each setting would be compared for significant
differences. Fatigue would be assessed in each setting using (1) a
subjective fatigue questionnaire, (2) hours of sieep following the mission,
and (3) petforménce (academic score). Fatigue in the two settings would be

_compared for significant differences. Statistical analysis would attempt

to correlate thoSe chemistries in which a significant change was noted with '

increased levels of fatigdeg Positive correlations would be the basis for

further studies to determine whether the relationship was causal.
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. struck an Air Force C-130 transport plane.1 Eight U.S. servicemen died

‘alluded to the stress of making a five hour low level flight wi“hout lights.2

The operaticn commander later described the appearance of the pilot before

INTRODUCTION

1f one were to question the importance of aircrew fatigue, they
would have only to think back to the night of 24 April, 1980. Omn A dark
stretch of the Iranian Great Salt Desert, 250 miles southeast Pf Tehran,
an attempt to rescue the American Embassy hosﬁages met with tragedy when

the pilot of a Navy RH-53 Sea Stallion helicopter turned too sharply and

in the craﬁh and fire. Shortly before, the pilot of the helicopter had

the accident as "shattered" from the ordeal of the flight.s‘

‘"From the early yzars of aviation, the flight environment has
been known for its unique ability to cause fatigue. Concern about the -

effects of flying on the body appeared in The Journal of the American

Medical Association in 1914.4 In Lindbergh's account of the first nonstor

flight between North America and Europe, he described feeling considerable

dismay at expéfiencing significant fatigue less than four hours intc his

lupebacle in the Desert,” Time, May 5, 1980, p. l4.

2Beckwith. Charlie A. Delta Force, (New York, 1983), p. 250.

31b1d., p. 251.

AOVington, E. L. "The fsychic Factors in Aviation," Journal of
the American Medical Assoziation, August, 1914, p. 419.
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" 34 hour historic flight.” A 1963 survey sugge.tud that three quarters of

airline éilots experience significant fatigue.6

'Flight safety is pfobably the primary reason aircrew fatigue is
such an import#nt concern. In a NATO report on helicopter éircréw fatigue,
it was noted fhat fatigue was a major cause in 20% oflSO helicopter
accidents in which a detailed accident report was available.7 Tﬁe ‘Air Force
attributes at least 55% of its accidents to human error.? Sorting out which
factors caused an accident due to human error is a difficult task. Fatigue
may very well have beeun a factor in a significant percentage of these.

There are other reasons for studying aircrew fatigue. 1In the
military, how well a mission is performed (operational efficiency) can be
affected by fatigue. In combat, performance can determ;ne whether an
‘aircrew comes home.

Stanley Mohler, in a review of fatigue in aviation activities,
points Qut another reason for studying aircrew fétigué--the occupational
health impli;atgdns:

| ; . . though a given occupational population continues to turn
out a creditable service, it may be doing so under adverse

circumstances that ultimagely take a toll in terms of permanert
‘protoplasmic alteratioms.

‘ 5Lindbergh, Ch rles. The Spirit of St. Louis, (New York, 1953),
p. 201. . , .

6Lodeesen, Marius, and James Crane. '"Tired Jet Pilots,"” Flzing,
March, 1963, p. 33.

7Helicqpter Aircrew Fatigue, Advisory Group for Aerospace Research
and Development, NATO, Report No. 69, ed. I. C. Perry, May, 1974, p. 4.

8Rayman, Russell B. Aircraft Accident Investigation for Flight -
Surgeons, USAF School of Aerospac2 Medicine, Review 3-79, March, 1979, p. 4.

9Mohler, Stanley R. 'Fatigue in Aviation Activities," Aeroégace
Medicine, July, 1966, p. 728. .




Thoﬁgh flyers céntinue to perform effectively and safely, we must insure
there are nd adverse effects from this performance.
The purpbse of the following research proposal " to add to our
. understanding of fatizue in flight. This is done in hop . uf making it a

" safer activity and insuring that it is performed in the most efficient

e & e w——— e

marner possible. In additionm, thelaircraft cabin is fast becoming part
f 'of our day to day environment. It was estimated that in 1980 300 millior
passengers travelled by air.lo As we learn more about fatigue in flight,

we learn more about this unique and increasingly impcrtant environment.

LA e e e

1OHarding, Richard, and F. Mills. Aviation Medicine, (London,
1983), Preface. '
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* DEFINITION OF TERMS

Fatigue - Defined in the context of the biologic sciences as a
state following a period of mental or bodily activity; or associated with

continuous activity characterized bj thevfollowing items (as outlined by

1. C. Perry“):

! (a) Impairment: This 1is used to refer to specific tissue
conditions, i.e., biochemical or physiologic changes associated

with continued work. . ,
(b) Work Output: A change, usually a decrement in the quantity

or quality of work, either physical or men.~l (often called

"skill fatigue”).
(c) Fatigue: The subjective feelings resulting from continued

activity; this activity can be either mental or physical.

Aircrew - Individuals, other than passengeré, making regular
serial flights; each having an éssignéd gask contributing to the'completioﬁ
of the £1ight or missiog{ | ‘

Aircrew Fatigue - Fatigue occurring in aircrews as a.result of

aerial flight.

11Helicopter Aircrew Fatigue, p. 1.




THE CONCEPT OF FATIGUE

Pivotal to creating and interpreting a study in fatigué is an
understénding of the iﬁplications of the definition of‘fatigue just '
‘presented.~-1n many instances, a fatigue situation includes all three facets
of thé above definition. A truck driver, having made the trip from Denver
to St. Louis in one day, would probably admit to being tired (sub ectivq
fatigue). He would probably be slow in unloading his cargo (work output).
Last,iif we were able to do sophisticated physiologic testing such as
Sinocular fusion, we would likely find :l.ruRa:lment.I2 However, one or two
patfs of the definition may be absent in a f#tigue situation and felationships
between parts may be obscure or nonexistent. Ih baseball, the stérting
ﬁitcher.often begins giving up runs in the fifth or sixth inning. This is
probably due to fatigue. Yet, if you ask him if he feels tired,‘he might"
quite‘honestly say no. Highly motivated pedple often do not feel fatigue R
(subjective) until long afte? fatigue (as seen in performance or physiologic
testing) has set in.

A number of studies have‘démonstrated that work output can remain
the same even in the presence of increasing subjective fatigue.I? The
coﬁmonly accepted expianation is that despite the onset of fatigue, work

output can be maintained at a given level by increasing amounts of eftort.lk

‘lznohler, p. 723.

13Pierson, w{ R. "Fatigue, Work Decrement and Endurance in a
Simple Repetitive Task," British Journal of Medical Psychology, No. 36,
1963, pp. 279-282. '

l"l-lel:l.c:o;:»te:-: Aircrew Fatigue, p. 2.

..................................................




The effert needed to ccntince at that level of output becomes less efficient.
Thls can be thought of in terms of the activity exacting an 1ncreesing
physiologic cost once a state of fatigue is reached. This is seen om a
non-ce: ular level in the additional slzep required after performing a
.particularly demanding task. In recent studies of fatigue, urinary

metabolites;'catechelamihes, and'steroids have been used es‘indicators cf

physiologic cost on a cellular level.15

Physical fatigue has a number of measurable parameters including

:

decreased strength, increased blood lactic acid, and decreased blood glucose.16

The measurement of mental fatigue relies more upon subjective parameters such

as increased irritability, increased anxiety, and decreased libido.17

. However, there have been useful objective measurements of mental fatigue.
‘Bills has done several studies looking at the phenomenon of "bl,ocking.l"18

When performing a repetitive task, involuntary rest pauses are noted. Tneee

"

pauses are referred to as "blocks." '"Blocks'" predictably increase in

frequency and duration with mental fatigue.
Another key consideration is that of acute versus cumulative
- fatigue. Acute fatigue can be defined as that which can be alleviated by

a period of rest. “umulative fatigue is that which is carried over from

15Millet Robert G. "Secretion of 17-Hydroxcorticosteroids in
Military Aviators as an Index of Response to Stress: A Review," Aercspace
Medicine, May, 1968, pp. 498-501. '

uonter, p. 723.

17Ibid.

18Bills, A. G. "Fatigue, Oscillations, and Blocks,"” ‘Journal, of
Experimental Psychologx. 1935, 18, pp. 562-573.

..........................




day to day because of ar {nadequate recovery.19 ‘This “carry-over fatigue"
can affect fatigue experienced on subsequent days.

Another important facet of fatigue is wdrklﬁad. Workload
involves “performing a given amount of mental or ﬁhysical work per unit

20

of time."” " . There are three determinants of worklvad: the objective

demands of the wofk, cipabilities of the individual, and the metabolic
. b ] ' ! i
costs of the work.z' The importance of these concepts will be apparent

as the proposed experimental model is described later.

i

19Perreli Layne P. Fatigue Stressors in Simulated Long Duration
Flight, USAF School of Aerospace Medicine, Report SAM-TR-80-49, December,
1980. p. 15.

20

Ibid., p. 13. : ' :

21Ibid.




FATIGUE IN AIRCREWS

As alluded to in the introduction, the flying environmeat has
great potential for producing fatigue. 1In analyzing the causes of aircrew
fatigue we might divide fhemlinto two broad categories. This not only helps
explain aircrew fa;igue but 5150. as will be seen later, provides an
excellent basis for ;tudy. Very simply put, aircrew fatigue.ié produced

by: (1) a unique workload and (2) the stresses of a special environment.

Workload

Most discussions and studies of fatigue 19 flight single out the
pilot. This is probably because the pilot's job is felt té be the most
critical gnd the most stressful. Howeve., for the purposé.of this and
fb;iawing discussions, the 3135553 will be the subject of interest. This
would include pilots as well as other members of the.regular flying crew.
Besides sharing the unique sgreéses‘of”the flying gnvirénment, aircrew
members share uniquély stressful job demands or workloads. This is especially
true in military flying. For example, during air-to-air refueling the
precarious operation is highly dependent upon the skilis of the enlisted
boom operator. During naval anti-submarine varfare operations in the P-3
aircraft, the senior navigator is in charge. The pilot simply follows his
commands for ccurse and altitude. |

The muscular effort required iy most.types of flying is génerally
not very.greaf and probably contributes little to:the work;oad~component of
fatigue. One source of muscular fatigue (some describe as gggzgmuscular.

fatigue) is that due to the muscular tone required to maintain posture in




what is at times a confined and uncomfortable position.22 However, this
begins to cross over into the second caregory of en%ironmenrally induced
fetigue discussed below. |

The'primary workload sources of alrcrew fatigue are not physical
but rather mental and emotional. Though many aspects'of flying become
.autpmatic, under adverse conditions, such as bad weather or combdat, it
can be very emotionally and mentally demanding. Also, especially in
military flying, 1: may ‘be necessary to fly for extended periods of time.

It is impossible to separate fatigue secondary to mental demands
(or workload) frsm that due to emotioral demands. One reviewer described
flying as having unique emotional demands because it is a "vital" rasher
than a technical activity.23 By "vital," the implication is that the
individual’s ego is deeply involved in the aétivity. How well it is‘done
is extremely important to the individual. fhe most dramatic example ef
this concept is rhat failure to perform adequately.can‘result in loss of
. not only the'flyer's life, $ut often unbelievable resources. (An Air Force
C-5 aircraft costs in excess of sixty million dollars.)
Environment

| The other source of fatigue in flyers is the unique enQironment

of flight. Generally accepted environmental sources of fatigue in {light
include noise, vibra;ion, changes in bsrometric pressure, effects of
acceleration, deceleration, and‘spatial disorientatidn. Another pdssible )
environmental cause in pressurized aircraft is the cabin atmosphere with
its low humidity and potential for accumulatidn of noxious geses.

2zRotonde, Guetano. "Workload and Operational Fatigue in

Helicopter Pilots,” Aviation, Space, and Environmental Medicine, February,
1978, p. 431.

23

Ibid., p. 430.
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No discussion of aircrew facigue wouid be complete without

" mention of circadian rhythm changes. Though one might describe this

as part of the unique environment, it éeems more sppropriately classified

as a unique task demand similar to having to fly for long periods of time.
In summary, the sources cf aircrew.fatigué might be sepurated

into (1) those resulting from the demands of the job and (2) those due to

the unique environment of fliéht. This classification will serve as the

basis fcr the study being proposed.




RECENT STUDIES

)

Recent research in aircrew fatigue has Been performed predominantly
by the military. Much of this work has been operatiénally oriented with
interest in, and use of, biochemical indicators of stress. These iﬁdicators
have in turn been correlated with yarious measurements of fatigue and
perfofmance. A study published by Storm and‘Merrifieldvin August 1986
looked at differences between four and five-man C-5A transport crews using

24 The purpose of the study was tc determine

a subjective fatigue check ;igt.
'the feasibilftylof dropping the naviga£or from the aircraft's crew. A
Triple Inertial Navigation System beiné_iqstalled on'the aircraft would
perform most of the navigatioﬁ.
Another mission oriented study, published by Storm in 1980,
e&alua;ed subjective fatigue, sleep, emotiona} tone, and various endocrine
and metabolic indices of stress in crew members during thirtf-bour missions
in the E-4B aircraft.zs Moderate levels of fatigue were noted but not felt
to comproﬁise flight safety or pefformance. Physiologic cost was implied
from in;r°asea sleep following the mission. The purpose of this stud§ was
to demonsérate that an extended mission in the aircraft would not be compromised
by crew fatigue.
246 orm, William, and John Merrifield. Fatigue and Workload in

Four Man C-5A Cockpit Crews, USAF School of Aerospace Medicine, Report
SAM-TR-80-23, August, 1380, pp. 1-43. '

.ZSStorm, William F. E-4B Crew Fatigue Associated with 30-Hour

I0T & E Mission, USAF School of Aerospace Medicine, Report SAM-TR-80-40,
October, 1980, pp. 1-20. '

11




In a stqdy published by Hartman, Hale, and Johnson in 1974, the

occurrenc 2 of subjective fatigue after 8 hour fiights in a new fighter—bomber'

was studied.26 The purpose of the study was to assess a nawly acquired
aircraft's acceptability in terms of workloau and stress on the crew members.
A moderate degree of subjective fatigue was ﬁoted. Elevated urine levels of’
epinephrine, 17-0d4CS, urea, and potassium were thought to be consistent with
moderate physiologic stress.

Iﬂ‘§ study‘published by Barris, Pegram, and Hartman in 1971,
different work-rest cycles during long duration missions in Cflal’;ranspért
aircraft were evaluatedazz. Using a subjective fatigue check 1list, EEG
recordings, sleep sufvey, and crew performance ratings, ﬂo differences
between work-rest schedules were noted. However, differences were noted
with varying mission profiles and crew positions. Greater fatigue was
recorded on missions with greater workload, i.e., missions with more frequent
take-offs and landings. No degradétion of pérformancé was noted though a
physiologic cost was implied by substantial increase in sleep fo}lowing the
missions.

Other military studies have been directed more towards understanding
the nature of aircrew fatigue. 1In an earlier discussion, capability of the
individual was listed as a .eterminant of work load. This would explain the

. findings in a study published by Kramer, Hale, and Williams.28 .Measurements

26Hartman, Bryce 0., and Wayne Johnson. "Fatigue in FB-111
Crewmembers," Aerospace Medicine, September, 1974, pp. 1026-1029.

27Harris, D. A., and others. "Performance and Fatigue in
Experimental Double-Crew Transport Missions,'" Aerospace Medicine, September,
1971, pp. 980-986.

28Kramer, Edward F., and others. "Physiologic Effects of an
18-Hour Flight in F-4C Aircraft,"” Aerospace Medicine, November, 1966,
pp. 1095-1098.
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of adrenal stimulatiog, an index of stress, wefe not;d to be significantl&
le;s in more expériehced pilots.
After an excellent review of the concept of fatigue, Perelli presented
the :esults of observations made on éubjects flying varying schedules in a
flightlsimulator.29 Results showed disruption of circadian rhythm to be a
greater source of fatigue than duration of activit’. Interestingly, the more
simple tasks were most impaired,by intense fatigue. |
Though the results of Perelli's study have significant applica;iOng
to tlight operations, the flying en§ironment part of the fatigue equation was
excluded. One of the few studies directed towards evéluation of the |

30

environmnental corponent alone was published by Stofm'in 1973. Subjects

_performed various tasks in four different enviromments: (1) low humidity,

ground altitude; (2) low humidity, 8000 feet altitude; (3) moderate humidity,
ground altitude; (4) moderate humidity, 8000 feet altitude. The flying

environment above 25;000 is essentially dry and it was thoughr ttis dryness

might cause fatigue. The study, however, suggested that there was no

performance decrement and no increage in fatigue in a High altitude, l°§,
humidity environmer® . '
Laboratory studies hsve not generally been used to study causes
of fatigue. Such an approach was alluded to in an early study by Miller
and Ginsberg entitled '"Metabolic aund Serologic Changes in Flight Fatigue."
Thev measﬁred blood. sugar, .UN, creatinine ard basal wetabolic rates in a

small number of fliers following flights. 1iough reach;ng no conclusions,

29Perelli, pp. 1-186.

3OStorm, William F., and otherc. Effects of Low Humidity on
Human Performance, USAF School of Aerospace Medicine, Report SAM-TR-73-3,
February, 1973, pp. 1-20.
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tﬁey expressed ltpe tha; further studies would be perfcrmed. They also
alluded to the otcupational health importance of such studies:. "It is
hoped that these facts will not only prove of academic interest but will
be useful in the future welfare of those men engaged i1 neronautics."31
In summary, the main thrust in recent aircrews fatigue studies
' has been operationally oriented, 1ookinglat various woj-kloads and the
fatizue théy pro&uce. Measureménts of physiologic or ypiochemical parameters
have not been intended to look at the cguses of f£light# fatigue. Rather,

they have served the following purpose (as described In a literature reviev :

commissioned by the Air Force):

Since fatigue results from expenditure of [hysical and/or
chemical energy by the body, it is likely Jhat the amount
of certain metabolic products would be stryngly correlated
with the degree of fatigue. Measuring th? levels of these
metabolites in an aircrewman might allgy Jrediction of his
ability to perform in the near future. .

31Miller, W., and A. Ginsberg. 'Metabolic and Seroiogic Changes
in Flight Fatigue," Journal of Aviation Medicine, 2:155, 1931, p. 160.

32310chemica1 Tests-Aircrew Stress, MRI Project No. 2030-E,
Item No. 001, Sequence No. 1, Midwest Research Institute, Kansas City,
Misscuri, 1980, p. 1.
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in the'flying environment. Fatigue would be measured in each'setting along

THE RESEARCH HYPOTHESLS AND AN IDEAL MODEL

The research'proposal .o be described hasvas its basis the
following hypotheses:

1. YA given #ctivity or wofklcad, when performed in fligbt,
produces a greater aﬁount of fatigue than whan pérformed in a rormal,
ground environment. This difference is that part of aircrew fatigue which
is associated witg the flyiﬁg.ehvironment; We wiil call this envircnmental
fatigﬁe. | :
2. Environmeﬁtal f;tigue is caused by ;hanges in body chemistry
or physiclogy produced by a uniéue environment. |

3. The différence between‘those‘changes in body chemistries
and physiology noted on the ground from those noted in flight are a product
of the flyiné environment. | ‘

4. Associations or correlations between the differences ‘described
in #1 and the changes described‘in #3.may be the result of causal relatién—
sﬁips. Further studies would be indic#ted to make this determination.

Using‘concepts from the preceding discussipn of fatigﬁe,'de can

create an ideal model for studying the hypotheses. A given task or workload

would be completed once on the ground and again (in an identical fashion)

with other physiologic or biochemical parameters. Differences would be
those due to the differences in environments. Differences in biochemical
ovr- physiologic parameters which correlated well with differences in levels

of fatigue would be suggestive of a causal relationship worthy of further
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study. For exam;ie, we might measure blood levels of carbon monoxide
along with levels of fatigue. If we found that individuals with the
greatest el;vations in carbon ronoxide lgvels had the greatest increase
~in fatigue, further studies wégld be iﬁdicated tb see if carbon monoxide
caused fatigue in flight.

The ideal modél would have certain other characteristics. The
study group would have to include a rahdomly selected cross section of
aircrew members, as this is the population of interest. In order to increase
the statistical power of our findings, our mndel would employ a ia;ge
number of subjects. Not onl& would the task or workl&ad have to be

identical in both settings, but the condition of each individual would

have to be identical as he entered each setting.
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A PRACTICAL MODEL - NAVIGATOR TRAINING

The ideal model just described Qould certainly be difficult to
create., Yet, if we could approximate the model and congrol'for the |
important variables, valid studies‘could be conducted. In fact, pﬂases
of the Air Force's Navigator Training Program conducted at Mather Air
Force Base in California approximéte this model. Navigators for not only
the United States Armed Services, but also for those of allied countries,

are trained at Mather. Follbwing graduatidn they are assigned to a broad

spectrum of aircraft.

Each day from eight to ten five-hour training missions are flown
in T-43 aircréft. The T-43 is a Boeing 737 aircraft which has been modified,
replacing passenger seats with navigator training stations. Missions are
generally flown af thirty-two thousand feet. Each mission is flown by
twelve student navigators with three instructor navigators aﬁd two pilots.

During these missions, students practice navigational skills under the

- supervision of their instructors. . In another phase of thair training,

students "fly" simiiar missions in ground simulators. The tasks they complete
in Fhe.simulator are essentially‘the same as those performed in the air.

| It is the fact that the students complete similar missions, once

on the ground and again in the air, that provides an cpportunity to
approximate the ideal model described previously. There are two aspects

of the student navigator's workload which made it similar in both settings.
First, in both settings, Fhe activity is one-dimensional. The student plsts

a course using readings from different instruments. In contrast, even in

17
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the more modern pilot simulators, the demands or tasks are quite different
from those experienced in flight. Second, if the student navigator performs
poorly, whether in the‘simulator or in flight, the result is the same -~
academic failure. In contrast, errors made by a pilot in actual fligﬁt

might be more costly.

Despite these similaritie;. there.are some ;ignificant‘differenées
in the workloadé. 'First, the tﬁsks will not be identical in both settings.
Theté is some v;ria:ion in demands as the student goes from the simulator
to the actual flight: Also, we know from our discussion of workload earlier
that identical tasks'impose different workloads on differen; individuals.

In other words, each student will experieuce a differeﬁt workload. 1In order
to partially control for this variable, we would use the fesults of a
'wo;kload related questionnaire (Atfachment 2-;"After Mission Questionnaire,”
Q4) in the statistical anaiysis of ;he data.

{ o | VHow does this "experiment in nature" conform to the ideal model in
other ways? Fiist. would ;he student ngvigators be a randoemly seieéted, |
répresentative sample of aircrew members? In that (1) most students graduate
and become line Air Force naQigators and (2) navigators represent approximately

25% of aircrew members in the Air Force (data from Air Forceluilitary Personnel

Center, Randolph Air Force Base, Texas); we might at least say they are .

tepresentative; However, we can not say they represent a cross section
of ai}crew members. We wbuld have to'include.bilots and representatives
of a host of other crew positions to achieve‘this. Howgver, this w;uld
be_pattially controlled for as aircrew members must meet roughly the same
'meﬁtal and physical standards. . As will be discussed later, the selection

of subiects will not be random.
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Second, would we have a large enough study population to generate
,meaningful results? Because each flight includes 12 students and there are
some 550 students in training at any.given time, there is an opportunity to
generate large numbers. This will be discussed further in the section
dealing with the mechanics of the study.

Third, would‘the condition of the subjects as thgy begin the
simulator flightvbe identical to that before the actual flight? Obviously
it wﬁuld not. Two things could be done to minimize the effects of the

variable. Fitst,'ve could request that students maintain similar scheduleé

for the days preceding each flight (Attachment 3--Instructions to Participatiﬁg

Students). Second, using a questionnaire (Attachment 1--Before Mission

Questionnaire, Q2), we can attempt.to control for this variablg in our statistic#l
analysis. In the discussion of fatigue presented earlier we mentioned that.
fatigue can be carried over from previous days (acute versus chronic fatigue).
By measuring the changes in parameters from start to finishlof a flight, |
rather than only at the‘end of a flight, we partially control for this
Yearry over." Hopéfully, using the résults of the questionnaire in our
statistical analysis, we can even furthe; minimize the effect of this
variable. | |

Despite the problems described above, the program atvMatherbstill
represents a unique research opportunity. Previoﬁs studies have had to
create a study population and a research s;enario, Qll at ccasiderable cost.
With a small investment of resources and by making observations on what is
already taking ﬁlace each day at Mather, the following study could be

conducted.
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The studylwould be a prospective, comparative observational study
of fatigue (the dependent variable) and various biochemical parameters (the
independent variables) in student navigators at Mather Air Force Base,'
lCalifornia. .A fatigue directed questionnaire and a blood sample before
.and after (1) a simulator mission and 2) én actual flight of similar
duration would provide the data base. The 1n§rease'in fatigué and changes
.in biochemi .al pafameters during the simulator flight would be compared with
the increase in'fatigueiand changes ir biochemical pﬁrametets during the
act;al flight. The difference between these two sets of daté would represent‘
that which Qas produced by the environment of flight. Statistical analysis
would attempt to correlate the dependent variable (fatigue) with the

. independent variables (measured,biochemical parameters). Positive correlations
would be thelbasis for further studies to determine if a cagsal‘relationship
ex1§ts. Because fatigue‘is dependent.hpan workioad and workload (as
described earlier) is not constant from flight to flight apd subject to
subject, an attempt to Eontrol fur this variable will be made. Aiso,
because fatigue can belcarried over in varying degrees from previous days,
an attempt will be made to control for this variable. In both cases,
control will be attempted using the quan;ified results of a questionnaire.

Independent Variables

The independent variables to be measured would inclﬁde (1) a
‘screéning panel of 24 'blood chemistries, (2) plasma osmolélity, and
(3) carboxyhemoglobin. Because such a comparative study has never beeﬁ
performéd, it seems justified to look at a broad spectrum of parameters.
Also, with today's automated testing apparatus, a larger number of tests

can be perforned with little additional serum and at little additional cost.

......................................
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A number of blood chemistries ha;e béen looked at in other studies.

The measurement of ad?enal'hormpnes as an indicator of stress in flight has
already been described. Rg#sell Burton did look‘at glucose, lactate, and
fractionated CPK's in a flight related situation“33 However, the stiuation
studied waslhigh—c simulated aerial combat maneuveré in a centrifuge. The
results from this Qtudy are not felt to be aﬁplicabie to aircrew fatigue
pther than that seen in this type nf very physicaily demandiﬂg glying.

4 In another'study by.RugselllRayman, hematdlogic parameters were
measured in a small number of aircrew mémbers while they flew a very high

34 No consistent

sortie rate during an emergency airlift to Cambodia in 1§74.
results were found, though once'again, the numbers were very small. In none
of the studies reviewed in which some biocheﬁical parameterlwas measured
(excep; for the dry'atméspher; study) was a measurement performed while the
identical activity was performed on ground. |

Iﬁough the dry afmosphere study dgscribed'eazlier suggests
dehydration is an unlikely contributor to aircrew futigue, plasma osmolality
will »e measured. The dry atmosphere in pressurized ai;craft has long been
thought of (if only on an intuitive basis) as a major contributor to'flight
fatigue.35 It is possible that Storm's subjects drank enough during the
study to maintain a good state of hydration. A busy aircrew might not.

33Burtoh, Russell R. '"Human Response t§ Repeated High G Simulated

Aerial Combat Maneuvers,'" Aviation, Space, and Environmental Medicine,
November, 1980, pp. 1185-1192.

'34Rayman; Russell B, '"The Cambodian Airlift," Aviation, Space,
and Environmental Medicine, May, 1977, pp. 460-464.

35

Lodeesen, p. 52.

......................................
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Measurement of catboxyhemoglbbin levels would be performed even
though there is some evidence suggesting carbon monoxide poses no threat'
to the healtn or performance of flievrs. The maximum carbon monoxida level
measured in an analysis of commetci#l airlines cabin atmosphere was five.
parts ﬁer millioh.36 A group from the Naval School of Aviation Medicine
measured carboxyhemoglobin levels in 1ndividuals|6reathing §atious
concenttations of carbon monoxide at vafious altitudes. While breathing
50 parts per million of carbon monoxide at 10;000 feet altitude, the
measured carboxyhemog]obin level in ome 1ndividuai was only 7.52.37 The
lowest carbo%yhamoglobin leve; at which measurable impairment seems to

occur is around 2%.38

Bfeathing five parts per million would produce levels
far lower than those required to produce impairment. However, the Navy
study also demonstrated that symptoms produced by 'carbon ionoxide are
dependent upon, not only the level of exposure, but also the duration of
exposure.39 Also a study performed at the Institute of Environmental Stress
by the University of California demonstratea that during conditions of
elevated carboxyhemoglobin and reduced oxygen tension, in which no performance
decrement was noted, an alarm reaction (increased'heart rate, blood pressure,

' 36Vieilleford,'ﬂ., and others. 'Characteristics in the Atmosphere
of Long-Range Transport Aircraft Cabins," Aviation, Space, and Environmental
Medicine, June, 1977, p. 504,

37Lilienthal, J. L:, and others. "The Relationship Between Carbon

Monoxide, Oxygen, and Hemoglnbin in the Blood of Man at Altitude," The
American Journal of Physiology, January, 1946, p. 353.

38Miku1ka, Peter. "The Effects of Carbon Monoxide on Human
Performance," Annals New York Academy of Sciences, October 5, 1970, p. 409,

39Lilienthal, p. 357.
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| and ventilatory rate) was elicited.ao These last two findings suggest
that there 1s a possibiiity thatlprolonged exposure, aﬁ altitude, to low
levels of carbon monoxide, not ﬁnown to produce impairment, couid exact
some physiologic cost thereby contributing to fatigue.
turthet sgpport for the poésiﬁility of low levels of'carbon
monoxide ¢o§tributing to fatigue is provided in an article by Arthur
buBois; M.D. He questions the‘vaiidityvof the ;ndqstrial st;ndafd of
50 pafts per million. He cites several studies that show that the effects of.
carbon moqéxide extend in a straight line from zero. The dose-reépoﬁse
curve is not a hockey-stick pattern with a safe zone of no effet:t:.l‘1
| In #ddition to the chemistries just described, additional
chemistries or parapeteré could be included for measurement in the study.
A'ietter would be-;ent to the Army aﬁd Navy Schools of Aviatioﬁ Medicine |

describing the study and suggestions for other measurements would be

considered.

The Dependent Variable

In that fatigue is difficult to define, let alome measure;
deciding hﬁw tc measure the dependent variable is no easy task. There
were three components to the definition of fatigue preseﬁted initiallyﬁ
(1) 1m§airment (tissue condition), (2) work output, and (3) subjective
fatigue. As pointed out. in the discussion of the concept of fatigue,

40 | | | "

Christensen, Carol L., and others. Effects of Three Kinds of

Hypoxia on Vigilance Performance," Aviation, Space, and Environmental
Medicine, June, 1977, p. 497.

AIDuBois, Arthur B. "Establishment of 'Threshold' CO Exposure
Levels,'" Annals New York Academy of Sciences, October 5, 1970, p. 426.
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any one of these components may be missing while fatigue is present. Thus,
an ideal, complete measurement of fatigue would include measurements from
each of these components.

Of all th;ee components, subjective fatigue is the most straight-
. forward and easily measured. In many of the Air Force studies described
earlier, the same standard subjective fatiéue check list was used (see
Ql, Attachment 1). From answers to questions about how the sﬁbject feels'.
at that point in time, a numerical fatigue index isAassigned. A score of
greaterlthah twelve represents no fatigue. A score of eight to eleven
represents moderate fatigue. écores of less than eight suggest severe
fatigue'.42 Tﬁe.check list is well validated and results are consistent.63
This would be the tool used to measure'subjective fatigue in this study.

Measurement of work output is less straightforward. Various
methods have been used in studies of aircrew fat;gue. Iﬁ Perelli's study
of simulated long duration flight, computer measurements of performance in
a flight trainer were used.aa More realistic, though less precise,
measurements of aircrew work output were obtained in a British Air Force
study.l'5 Using a special recording device, ;heylwere able to measure the

pilot's deviations from the desired heading and altitude. The épproach

QZStorm, William, and Merrifield, p. 7. ' A

43Pearson, Richard G., and Geurge Byars. The Development and
Validation of a Checklist for Measuring Subjeciive Fatigue, Report 56-115,
School of Aviation Medicine, December, 1956, pp. 1~-16.

Mpere11i, pp. 1-185.

45Jackson, K. F. Pilot Performance in Aircrew Fatigue in Long
Range Reconnaissance, Royal Air Force Institute of Aviation Medicine,
August, 1965, pp. 1-23.
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used in the 43 hour transport flight study described earlier was to have
the performance of the aircrews periodicélly rated by a flight examiner.46

In the proposed study, the students are given a numerical grade
for their performance on each mission. This would provide a readily
avajilable measure of output. Obviously, any student's grade on a given
day is determined mostly by his abilities and expe:ience. Howevér, the
data of interest would be the difference betweep‘performance in the two
settings. This could represent fatigue as well as any measure used in
fre§1ous studies.

" Probably the most difficult part'of the fatigue equation to
measure is impairment or tissue condition. As noted earlier, measurement
of adrenal output has often been used as an indicator of physiologic cost,
strgss, or fatigue. The'probleﬁ is that which of thesg three items is
measured is unaertain. A simpler and more rgadily obtained index of tissue
coﬁdition is sleep. What seenms 1ﬁtuitive1y obvious Las been seen in studies
of aircrew fatigue. With ircreased fatigue, increased sleep f;llows.

Thé index of fatigue for this study would be a 'composite of three
things: (1) a numerical 1n&ex of subjective fatigue, (2) a numérical score
for performance of the mission, and (3) the hours of sleep following tﬁe
flignt. E | ‘ .

Before describing the actual mechanism of the study, some general
remarks concerning a study involving fatigue are in order. There are a
number of facets of the entity of fatigue and a myriad of factors that are
thought to cause fatigue. Thisnmakés the results of any study invelving

fatigue suspect and often difficult to reproduce. It would be tem ting to

Aeﬂarris, Pp- 980-986.




26

perform this study without looking at fatigue. If'we found a three bercent
increase in plasma osmolality during the actual flight which was not seen
during the simulator mission, it might be quite significant regardless of

its relationship to fatigue. Yet, obtaining an index of fatigue is relatively
easy, and for all those'feagons presented ia the introductory remarks,

learning more about aircrew fatigue is an important objective.




R T T O T i L N T P AR Tl T S Ir UL R B R A S TR S Y Ve

- CONDUCTING THE STUDY

Preparations
The ideal organization through which this study migﬁt be conducted

would be the United States Air Force School of Aerospace Medicine located at
Brooks Air Force Base, Texas. The School of Aerosbace Medicine has on-site
consultant services in physiology, biochemistry, aerospace medicine, and
statistics; The School has done the bglk of recent studies in aircrew
. fatigue and has more "corporate experience' in ;his area than any other
agency.
' The study could be completed by a physician or ﬁhysiologist
assigned to the School. Residents in Aerospace Medicine are expected to
complete a project during the year they are assigned to the School. This
study would be ideally suited for the ;ogpietion of that requiremen;.

Thé first step would be to submit the ptoposal far review
(and hopefully approval and sponsorship) to the Aircrew Technoloéy Division
of the School of Aerospace Medicine. Once this was obtained, the following
steps could be initiated. The time sequence is outlined in Attachment 4.

First, the researcher would hav: to insure that the‘necessary
approval And support'COuid be obtained. This would involve the following
organizations cr people; command level (Air Training Ccmmand Surgeon),
base level (323rd Flying Training Wing Commander), squzdron levél (the
Navigator Training Squédron Commander), and the students themselves. That
the study would be conducted through the School of Aeréspace Meqicine

would give it considerable credibility. However, the use of blood sampling

27
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would demand that the purpose and methodology ofvche study be'oarefully
described. Venipuncoure within 24 hours of a flight 1is prohibited ;nd
will require a wa;ver from the Command Surgeon. Also, VOlunfarv partici-
pation by students will be sought. Participation will be more likely if
the study is presented favorably. | |

Headquarters for the Air Training Command io located at Randolph
Alr ForcelBase, also in San Antonio.‘ A letter would belsént to the
Command Surgeon describing the study and requesting his permission. A
waiver to perform the venipuncture before flights and a waiver for
confidentiality (see Attachment 3) would be rﬁquested. |

Having obtained command approval, the researchor could then take
the first step in acqoiring base level support - recruiting one of Mather's
five flight surgeons to help witﬁ the soudy; A letter would be sent,
etplaining-tho study and requesting the aséistance of one interested
flight su;géon. The Flight Surgeonis Office at Mather is one of the
busiest in the Air Force. The letter wooid acknowledge their ousy schedule
. ano explain thét their participotion would primarily involvé enlisting
approQaI and support for the study. (Local flight surgeons generally
enjoy excellent rapport with base flying personnel.) The localﬁflig“:
surgeon would also coordinate a few detaiis and be available to 'draw blood
the days of the study. By writing a small part of the final report he would‘
becooe a co-author un the final report.

The local flight surgeon would hand carry a letter from the
School of Aerospace Modicine to a scheduled‘appoiptment with the Wing

Commander. He might want to send a copy to the Commander before the




appointment. He would explain the purpose and importance of the study and
obtain his approval. Once this is accomplished, the same process would be
repeated in_acquiriné the approval of one of the Undergraduate Navigator
Training Squadron Commanders. Here the rapport of the local flight surgeon
with the flying squédrbn‘vould be especially imﬁortanth The localvflight
surgeon could first approﬁch his assigned UNT Squadron Commaﬂder. Once he
had his approval,vhe could recfuit the third and final member of the
research team--a project officer ffom the UNT Squadron being studied. The
ideal project officer wquld be the scheduling officer from the squadron.
However, any of the squadron'é instructor navigators would Be acceptable.
The squadron project officer and the local flight surgeon could gddress

the students in the sﬁuadron; describing,thé purpose and importance of

the study and asking for volunteers. The provisions assuring student
confidentiality would be reviewed alouc with other parts of the "Instructions
to Participéting Studgnts" handout (Attachment 3). An édequate,number of
subjects would be 48. This would represent four T-43 flights. With
appro#imatély 70 students in each squadron, a 497 participation rte

would be required. If fewer than 48 students Qolunteered, anqther

squadron would be approached. Insufficient voluntary par:icipatioﬁ by

one of the squadrons would prevent conducting the study‘as described.

Such selection precludes a random sampie. If all or most ﬁlll
students voluntéeréd, a random selection could be conductéd as students
arelrandomly assigned to each squa@ron.

. Once the necessary approval and support has been éecured, the
logistical preparations for the study could be initiated. The prebaration

requiring the longest lead time would be the scheduling of the simulator

~/(




and T-43 flights. As st.ted previously, the missions to be studied would
be routine training missions perfprmed as part of the training program.
Creatiﬁg special missions for the study would incur ronsiderable cost
unnecessarily. Early scheduling would insure that flights would meet
ﬁraining requirements and the requirements of the study; Thé scheduled
activities of the day before the simulator and actual flights should be
the same. The simulator and actual flightslshoulu begin at the same time.
By scheduling all study flights closely together, the'biood‘samples could
- all be analyzed together with minimal storage effeé:. §torage effect could
be even further minimized by having two of the four study groups fly the
T-43 first while the other groups would fly the simulator first. An ide#l
| .
§ ‘schedule would have all groups in the classroom for a full day on Monday. -
‘ On Tuesday morning Groups A and B would begin a simulator flight at 0800
and .Groups C an& D would begin an actu#l flight at 0800.I On‘Wednesday all
grbués would spend ;hé day in the classroomi On Thursday Groups A and R
would fly in the T-43 while Groups C and D would fly a simulator mission.
The squadron project officer has three other important tasks.
First, he wbula ascertain if any changes éould be made in the simulator
" workload making it more closely resemble the actﬁal flight without
iAterfering with training; Second, he would give the students their
instructions befo;e the study; Third, he.would review the schedule 6f
evenﬁs for the days tﬁe study is conducted to insure that timetablesvare
reaiistic. By briefly describi.; thelflight and simulator missions in
the final report he would become a co-author of the study.
The loca. flight surgeon would have only a few easily accomplished

tasks. First, h would contact the Mather Lab and reserve the services of
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two labotatéry technicians adept‘at venipuncture for the time periods
beforé and aftér'each flight. Because syﬁcope in Air Force aircrew
members requires a medical évaluation, all blood samples would be drawn‘
in the recumbent position. The flight surgeon would be responsible for

securing a litter or cot for this purpose,

Other preparations would be the responsibility of the researcher

. from Brooks. The three remaining major areas of preparation would be

(1) preparing and reproducing questionnaires, (2) acquiring the necessary
supplies and equipment, and (35 arranging for laboratory éﬁalysis of the
specimens. He would also insure that the time table for all preparations
was followed carefully.

" There would be two separate qﬁeétionnaires. One would be completed

prior to each mission; the other; after. The Before-Mission Questionnaire

would include the standard Air Force subject fatigue questionnaire described

earlier. It would also include the set of questions (described previously)

used to control for "carry-over fatigue" (Attachment 1). The After-Mission

Questionnaire would include the subject fatigue questionnaire as well as the
questions describéd earlier controlling for the variablé, workload. An
adequate number of questionnaires would be reproduced before the study.

The supﬁlies required are listed in Attachment 5. These could
be acquired through,Supply at the Sehool of Aerospace.Medicine.‘ They consist
primarily'of,items'for ﬁaking blood samples.

» Arranging for ;he laboratory analysis of the specimens is

p?obably the most 1m§ortanc preparatory step next to enlisting the cooperation
of the studengs. The‘primary'researcher would rely heavily upon the research

laboratory at Brooks for advice on how to insure high quality analysis of




specimens. :The specimens would most likeiy need to be analyzed by a
éommercialvlaboratory in éacramgnto. Planning for this would need to
be accomplished well before thehstudy is coﬂducted.

With adequate planning and preparation, as described, conducting
the study.would be relatively easy. The optimuh schedule for the four
different "study flights" was described ;érlie:.‘ The local flight surgeép

. and one laboratoryltechnician would work with the simglator group while the
Brooks researcher and the other laboratory technician worked with the T-43"
groués.' Questionnaifes and blood samples would be completed after the

pre-flight briefing immediately before the simulator missions or flights.

Because of the long time required to pre-flight the aircraft on the actual

flights, data/sample collection would have to be done aboard the aircraft.
Though blood samples would be obtained as soon as'possible after
all four missions, the post flight questionnaire wouid be completed by the

student on his own three to four hours after completion of the mission.

A finding in several studies measuring subjective fatigue was that minimal

fafigue was felt at the conclusion of a flight while considerable fatigue
was noted hours later. ‘: |
| The final data would be collected the day aft;t each ﬁission;
-~ " Each student would notifylthe project officer of his hours of sleep the

- night after the mission. Also, the project officer would collect the

mission scores from the Instructor Navigators.




- STATISTICAL ANALYSIS

v

The researcher would work with the consﬁltant in statistics at
‘the School of Aerospace Medicine' in reviewing and performing the statistical
analysié. The following is an oufline of the steps required in tésting the
research hypotheses.

Preliminary Calculations

Following completion of the m#ssions, the following raw data ﬁould
be avgilable from each subjecf: (1) two sets cf before-~ and after-mission
blood chemistries, (2) two sets of beforg- and afrer-mission questionnaires,
(3) two sets of mi§sion performance scores, and (4) two sets of recorded
after-mission hours of §1eep.

The first step would be to convert the resulr; of the questionnaires
to numerical data. The numerical values for the subjective fatigue index
portion of both ques;ionnaires (Ql) is derived by adding gwo points for
each check in the "better than" column, one point for the "same as* colﬁmn,
and zero p&inié for the "worse than" column. In order to make increasing
values represent increasing fatigue, the results would be subtracted from
20. Subtractiag the before-mi#sipn subjective fatigug value from the after
subjective fatigue value would yield fhe increase in subjective fatigue for

"

that mission. This wouid’be designéd SFm n vhere "m reﬁresents'the mission
("£" for flight, "s" for simulator), and 'n" représents the subject number.
‘The numerical value for the parameter we referred to earlier as

"Carry Over Fatigue" is obtained by adding the numbers appearing before

each circled reply in Q2, "Before-Mission Questionnaire.” The same applies
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to obtaining 2 value for "Workload,"” assessed in Q3, "After-Mission

Qﬁestionnatre, The sum of the value for Workload and Carry-Over Fatigue .
would repie . omi Tariablg Fatigue Index. In order that increasing values

for. this p-usber currantly represent the potentiallfof increasing the amouﬁt

of fatigue 'n the study, the V#riable Fatigﬁe Index would be subtracted

from 18 (the maximum possible value) to yield Variable Fétigue, designated

v?m.n. Once agéln,‘"m" would tepresent the setting and "n" tbe subject

number. By subtracting the Variable Fatigue for the simulator from that

for the flight, the'Qhange in Variable Fatigue (t&Vé) is calculaééd.

In order to add the increase in subjective fafigue, hours of sléep,
and perfofm;nce scores, while wgighing all parémeters equally, they wculd
have to be converted to a common scale. This would be done by calculating
the‘ﬁetcentage of the observed range of results répresented'by each figure.
and multiplying this by ten. For éxample, if thé range of increas;s in
subjective fatigue for all simulator and flight missions was -1 to~5, the
range would be 6 An observed value of 2 would be converted [(3 - 6) x 10]
to 5 (on a scale oé 0'_ 16)..‘In order for decreasing performance scores
to represent increasing fatigue, observed performance sccres would have to
be subtracted from maximum points possible Sefore being converted to the
common scale. The sum of the converted value$ would represent a."Fatigue
Index,"” designated FIm,n' The differences between the Fatigue Index of the
flight mission and the simulator mission for each student could be
calcuiated'(FIf n " FIs,n)' Tﬁe tesu1t§ would be designated tﬂh) or Change
in Fatigae, subject n. . ‘

The final prﬂliminary calculations would involve the biochemical

data. The differences between before- and after-mission values for each
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parameter would be calculated. This figure woula be labeled Pim nt O
' 1]

Biochemical Parameter i for éetting m, subject n. The difference between

each subject's simulator and flight values (Pi - Pis n)’ for each
. , . . »

f,m
parameter, would be calculated and labeled Pin, Change in Parameter i for
subject n.

Analysis of Fatigue

The first statistical analysis would be directed towards confirning
the first of the researc. hypotheseé; "A given activity or wbrkload,‘wheﬁ
petforﬁed‘iﬁ flight, prgduces a greater amount of fatigue than when
performed in é‘normal; ground environment.” This would be accomplished
usiné a multiple linear regression model:

FIm,n =B 1

I-'Im n = Fatigue Index for setting m, subject n
. , .

+BX + BV
m

2 m,n

B = Intercept

0
X would equal 1, if m = £(flight); 0 if m = s (simulator)

is a coefficient which defines how FIm

1 n (fatigu:) regresses on (or

’

,chanées with) the setting (f or s). We test our research hypothesis by

testing Bl = 0. (There is no difference in fatigue in the two settings.)

is a coefficient which defines how FIm a

B changes with the variable:

2
Vm n {which we control for). Computér analysis would define the

stétistical significance of the hypothesis that there is a difference

of fatigue in the two settings.

Analysis of Biochemical Parameters
The next step would be to define those biochemical parameters
for which there was a significaant difference in the change in the simulator

corpared to the change in flight. A paired t-tes: would be used to compare

_____ R S R PP TR S I STl i S P i )

S

.......... “ .- - - .«
PR A K A SR, . 3 B N I T P A R o) o R RO Y
PP AT e AT T e e ety Y AT P TR SR D ATt T, LR R A R L, DRI N A R A A S RAK SN et



..............
........

(for each pérameter) the mean of observed changes in the simulator (Pis n)

with those in the flight (Pif n)'
! 1
d= d ' Td is a test statistic which equals the mean of
sd/ Vo the differences over the sample standard deviation

of the différences, divided by the squaré root of‘
the number of subjects. Sd/ n is the standard

error.

Sd = :E(d-ﬁ) where d represents the individual differences.
n

If Td> tn-l 1-0° then we can reject the null hypothesis that there is no
s —
2

tn-l y - _is a
2

t distribuiion with n-1 degrees of freedom and ¢ is the desired p value,

significant difference betweén the two sets of changes.

generally .05. We can replace the standard symbols with the terms used in
our study to yield the following formula:

1d =Api
54/ Vo

sd ilF_(pi - Pi)
n

Correlation Between Fatigue and Biochemical Changes

The final step in the analysis would be to see if there is a
correlation between (1) the increase in fatigue seen in the flying
environment and (2) that increased change seen in those biochemical
pafameters for which a significant change was noted. This would be
accomplished with a multiple linear regression analysis. The following

model could be used:

................................
....................................
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[%El b Bo + B1 A;Pin + Bz ZLVn

Z}Fl = Differences between the change in fatigue seen in flight

| from that seen iF the simulator, subject i.

BQ = The intercept . .

B1 = A coefficient which defines how £§; changes with
changes in ASPin.

Pi = The difference between the changes 1; biochemical parameter
i, subject n, seen in the flizht environment ffom that
segﬁ in the simulator environment. |

32 | = A Coefficientlwhich defines how lg} changes with A(bn

sz = The difference between Variable Fatigue recorded‘for the

flight and that for the simulator mission, subject n.
This is controlled for.
Computer analysis of the null hypothesis that Bi = 0 wili define whether there

is a linear relationéhip between the increase in fatigue and the increased

change in a particular biochemical parameter.

. Results

The statistical analysis would fulfill and complete the objectives
of the study. Th*ee‘important questions would be answered: (1) Is the
fatigue experienced in the flying environment greater than that experienced

on thevground while performing the same task? (2) Are there biochemical changes

which occur to a greater degree in the flying environment than on the ground

while perforﬁing a given task? (3) Is there a correlation between these biochemical
changes and the differences in fatigue observed in the twn settings?
The researcher might wish to hypothesize reasons for any observed correlations:

and suggest what further research might be undertaken to explain such correlations.
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If no correlations are found, at least one approach to the study of aircrew
fatigue will have been explored. Possibly five or ten years from then, the
same réseatch design could be used again, employing new and more sophisticated

laboratory studies or new and more refined measurements of fatiéue.»
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Attachment 1

BEFORE~-MISSION QUESTIONNAIRE

!nu: AND GRADE ’ Tivg/oaTe

INSTRUCTIONS. Mahe one and only one { ¥ | for esch of the ten items. Thiak
corefully about how you feel RIGHT NOW. .

STATEMENTY SETTER THAN| SAME AS | wORSE THaw

S. VERY LIVELY

2.  EXTREMELY TIRED

3. QUITE FRESNH -

4 SLIGHTLY POOPED

S EXTREMELY PEPPY

6. SOMEWMHAT PRESKH

7 PETERED OUT

5. VERY REFREINED

PRSVIOUS K0 TI0N ML B8 UIED

9. PAIRLY WELL POOPED |
10. RELL TOOROP : { R
LX-L 1 ]
S e e 120 SUBJECTIVE FATICUE CHECKCARD

The following questions are to be answered prior to the mission. Circle
your reply. .

The total number of hours of sleep I have had in the last 48 hours is . . .,
1. 0-38 2. 8 ~16 3. 16 - 24
(greater than 24, see your flight surgeon for evaluation for narcolepsy)

Though the following replies might not come ciose to describing the kind of
dav I had yesterday, il one that comes closest is:

—t

1. Hectic, very busy - worked very hard. Had more to do thanI
could handle.

2. Average - fairly busy but had tice to relax. Worked moderately hard.
3. Easy - relaxed mostly.

Though the following replies might not come close to describing the way I
have felt in the last 24 hours, the one rhat comes closest is:

1. Poor - very tired or in poor health or pressing emotional problems
or stress ' : '

2. Fair - mild fatigue or very minor illness or emotional stress

3. 'Good - not tired, not ill, no significant emotional stress (knock
on wood)
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Attachment 2 )

AFTER-MISSION QUESTIONNAIRE

MAME AND CPADE Tivg/0ATE

INSTRUCTIONS. Make cne and only one { ¥ ) for esch ol the ten items. Think
cerefully sbout how you feel RIGHT NOW. .

STATEMENTY SETTER THAN SAME AS WORSE THAN

. VERY LIVELY

2. EXTREMELY TiNED

3 QUITE FaEsH

4 SLIGHTLY POOPED

S. EXTREMELY PEPPY

6. SOMEWNAT PRESH

7 PETERED OUY

0. VERY RIFREINED

9. PAIRLY WELL POOPED

PRAKVIOUS BOITION WILL SE UIED

- —t——— .
10. REALY TOUDROP 1 '
TV bR 1 ‘ SUBJECTIVE FATICUE CHECKCARD

srp e

Q3. The following questions are to be answered after the completion of the mission.
Circle the correct answer. .

I would judge'the difficulty of this mission as:
1. Difficult
2. Average
3. Easy’
I found the amount of time I had to complete my work on tﬁis mission:
1. Inadequate
2. About right
* 3. 'Excessive

The amount of work (calculatioms, plottiﬁg, etc.) I was required to complete'
on this mission is best described as: '

1. Great
2. Moderate

3. Small
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Attachment 3

INSTRUCTIONS AND CONSENT TOR PARTICIPATING STUDENTS

- Tae study you are being asked to patﬁicipate in will provide
impdrtant information about the effects of flight on the human body.
We hope this iL'ﬂrmatioﬁ might be Qsed to make the flying environment
a2 safer, healthier, and more comforcabie place to work.

‘Because this 1; a "controlled study," we will be asking certain
things of you. We will be gompariﬁg‘infotmatién or data obtained before
and after a T-43‘f11ght with data obtained before and after a simulator
mission. Because we are interested in the effects of flight, the T~43
flight will be our 'study flight and the simulator flight will be our
control flight. ‘ | |

1. Ideally, evetything about you and the mission would be the
'same for the simulator flight and the T-43 flight. Though this is
impossible, by obserQing the following instructions you can make the
situations more similar,and increase the aécuracy of the study. As much

as is comfortable for you and without interfering with your training, attempt

‘to make your activities‘the day before the simulator flight and the day:
before the T-43 flight as similar as poésible. This would irclude §uéh
things as diet, hours of sleep, and exercise. Also, as much as possible;
_make your activities during the two missions as similar as possible. If
you smoke two packs of cigarettes and drink six cups of coffee during the

sipulator, then stock-up for the T-43 flight. We hope you moderate your
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activities but the key is to make your general condition before and during
both missions as similar as possible. |
2. The drawing of blood samples is the most important part of
the study. We regret that it is necessafy as we know that it is uncom-
fortable. However; there is no other way to acquire the needed information.
To minimize your discomfort we have gotten the best of the hospital lab's
"vémpires" to help us. Once again, we appreciate your sacrifice. |
| 3. Assuring your privaéy is a promise we make to you.
Confidentiality will be secured in the following manner: At the beginning
cf the study, you will be assigned a number. Ail data and inforﬁation will
" be recorded By ﬁhis number, not your name. The key (who is assigned which
. number) Qill be kept by the résearcher from the School of Aerospace Medicine.
He will use this key in one situation only. Should laboratory data suggest
that an individual’ had a,;ignificant medical problem, the key would be -
referred to for identification of the individual. The‘iﬁdividual wouid.
be notified directly by the School of Aérospece Mediciné researcher. The
researcher would privately tell the student the significance ofvthe finding
' but otherwise take no other acfion.- Further evaluation would be up to'the
individual. This is an unusual arrangement for militar& medicine but it
has been app;oved to facilitate your pa;ticipation in the study.
4.' Consent
1 wish to participate in this study. I understand
the above information. I also understand that 1nf9rmation gained from
this study may be used for publication though my confidentiality will
be maintained. I also understand that I may withdraw from this study

for any reason, at any time.

T R it et e et AT e e e P e S e T+ T e
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Signed

Print Name
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' , Attachment 4

SCHEDULE FOR PREPARING/CONDUCTING THE STUDY

- SW = The weék the study is actually conducted
SW minus 8 months Proposal presgnted to School of Aerospace
o Medicine, Crew Technclogy Division, for
' approval, sponsofship, and critique.
SW minﬁs 7 months Final study plan completed, incorporating SAM
suggestions.
Propnsal presented to ATC Surgeon for approvai
and waiver regarding (1) venipunc£ure,
(é) confidentiality.
With help of SAM statistician, initiate
devélopment of statistical tables.
SW minus 6 months, 2 weeks Deadline for AfC Su?geon's approval,
Proposal presented to Mathe; Flight Surgeons

f

requesting patticipéting member.

Sw minus.6 months Deadline for recruifing paftiéipating iocal
flight surgeon. |

SW minus 5 moﬁtts, 2 weeks Propbsal presented to Undergraduaté.Navigator
Training (UNT) Wing Commander for approval.

SW minus 5 months Deadline approval Wing Commander.

hl

Propo. ~1 presented to UNT Squadrom Commander. .
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SW minus 4 months, 2 weeks

SW minus 4 months

SW minus 2 months

SW minus 6 weeks

Deadline approval UNT Squadron Commander.

Schedule presentation of prcposal to squadron. -

Select project officer (co-researcher) from
UNT Squaaroh.

Deadline for having presented pfobosal to
squadron, enlisting student participants.

Project officer‘begins coordination of
scheduling and begins analy;ing missions
to make them more similar.

SAM researcher initiates coordination of

’
¢ /

required laboratory services.
Scheduling complete: j
Local flight surgeon requests assistance from
lab technicians fo? study dates and
insﬁreg cot will,be available.
SAﬁ researcher: |
(1) requests nec2ssary supplies (see
Attachment 5, "Budget") from Medical
Supply at Brooks AFB
(2) makes travel arrangéments for trip
-té Mather
(3) requests necessary copies of
questionnaires ffom Reproducticns
Section, Broéks AFB. |

Deadline for coordihation for lab services.




SW minus 4 weeks

Swyminus 2 weeks

Week before SW

Monday of SW

Tuesday of SW

Wednesday oflsw

Thursaay of SW

SAM researcher reviews (over phone) missions

and preparations with local flight surgeon

and project officer.

Deadline for obtaining supplies and qdestionnaires,

and making arrangements with laboratory.

SAM researcher arrives at Mather,

Rehearsal (without venipuncture) of study

' procedures.

Briefing of students about procedures,

requirements.

SAM researcher reviews requirements with lab.

Meeting of three member research team to

review details.

All groups, normal classroom 2cademic day. -

AM

AM

PM

Groups A & B - Simulator miSsion

Groups C & D - T-43 flight

All groups, normal classroom ;cademic day.
Post-flight qugstionnairé, gradgs, sleep
records collected.

Groups C & D -~ Simulator.mission

Groups A & B - T-43 flight |

Blood sampleé for both mission days

submitted to laboratory.




A B,

Friday of SW AM - Post-flight questiornaires, grades, and

sleep records collected.

PM - Results collected from laboratory by SAM

' researcher.

Brooks.

SAM researcher returns to

P R, SV

S
Totiatn va vaal




Attachment 5

BUDGET

—

Discussion
X The following budget is based on the assumption that the study
would be conducted;, as described, through the School of Aerospace Medicine.

No attempt is made to calculate the value of the primary researcher's time

or that of the consultants. The cost of expendable items was obtained from

the Medical Supply Section at the School of Aerospace Medicine. The costs
of labOtatory‘tests were obtained from a commu.:cial laboratory (National
Health Laboratories, San Antonio, Texas). Whether tﬂe tests could be
completed in a qilitary facility (p?obébly at ; reduced cost) wogld depend
.upon the availability of services. .

The items included on the chemistry panel are listed after the
costs. As mentioned in the discpssion of the independent variables, there
are two reasons th such a broad spectrﬁm of chemiséties would be studied.
First, ncne have been studied in a conepolled setting before. Second, an
automated panel of chemistries can he run at a’relatively low cost using
a small amount of serum.

A§ opposed to the chemistry partiel, the cost‘of'determinations
of carboxyhemoglobin and plasma osmolality is quite high. The cost of
doingyl92 determinations of each might be prohibitive. There are three
possible solutiops tc this dilemma. First, there is the possibglity of
having the tests run in mass at a government lab. is might reduce the

cost to én acceptable level. Second, a limited pilot study could be
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constructed to look at these two variables alone before including them in
the larger study. Last, and probably least acceptabie; these parameters
could be determined oa only a portion of the specimens. This would make
the statistical analysis more difficult and iess valid. The first optibn
is optimal and the prices used below are based upon the assumption that

they could be run in a government facility at one half the commercial cost.

[

Costs
Item Cost/Item Number Required Total Cost
10cc vacuum blood tubas $137 for 50 250 $685
needle with barrel $50.23 for 1,000 250 $13
alcohol wipes .50;86 for 100‘ 300 $ 3
gauze pads - $2.08 for 200 400 | $ 4
SMAC-24 $9.95 each 192 $1,910
(automated chemist;y panel)
Blood carbég)"hemoglobin $12.10 each* 192 $2,323
Serum Osmolality $8,48 each* | 192 v$1;628
Expenses for Researcher's Trip o $1,050
co_Hatﬁet'(7 days)
TOTAL - §7,616

Not included: Value for time required of (1) primary researcher, (2) SAM
Consultant, Aircrew Technology Division, (3) "AM Consultant in statistics,

(4) clerical support.

*See Budget Discussion

.........................................................
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Chemistries Included in SMAC-24 Panel

glucose LDH : sodium
total protein ' alkaline phosphatase potassium
~ albumin '~ SGPT : : chloride.
globulin' BUN CO2
A/G ratio créatinine electrolyte balance
total bilirubin _ ' BUN/Cr ratio | | éalciﬁﬁ |
| GGTP K triglyceridés phosphorous
| : sGOT : ‘cholesterol ' 'uric acid
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