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Analysis of the Aviation Medicine Situation and Recommendations for a
Bureau Program

SUMMARY

The purposes of the work reported herem
are to conduct a survey of various research fa-
ciities adaptable to or engaged m a study of
pilot fatigue factors and outhne a program of
mvestigation It was necessary to obtam in-
formation relative to existing or projected ef-
forts of this nature as well as thewr state of
attainment and desirability Aftention was
given to the admumstration, personnel, and
physical properties of many nstituies and
agencies  Conclusions have been reached and
recommendations mede for Bureau sponsor-
ship of investigation 1n this field

INTRODUCTION

Improved matériel has enlnrged the scope
and performance of aircraft This has created
a demand for greater human accomplishment
The existing trend of further advances in de-
sign tends to amplfy this element FPresent
methods of evalnating personnel techmigue,
capabilites and lhmitations, omgmated when
arplanes and flymg were in an elementary
status They provide for no scientific deter-
mination of the effects of mental o1 physical
gtress cident to modern operations The
existing problem 1s to ascertain the cause,
effects and remedies with respect to Pilot Fa-
tigue and to establish methods of human selec-
tion and maintenance that will insure safe per-
formance and a longer period of industrial use-
fulness The author believes a solution hes 1
an intelligent application of the findings of
pure science and expermmental chnical medi-
cme to human biology These offer a means
for creating new gauges ‘This prineiple 1s ap-
plied 1 other industries to promote safety and
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human welfare A comprehensive suivey and
nspection of research centers was made

Apgencies engaged 1n the fields of pure sci-
ence such as biochemistry, biology, physi-
ology, biophysics, etc, and those of exper-
mental clinical mediane, particularly the 1n-
dustrial application of the latier, were visited
Isolated research workers, as well as inter-
related, well-admimstered 1nstitutes, were con-
sidered with the view of enlisting all phases
m n comprehensive study covered by a long-
rangs plan

The following grouping 18 given to distin-
guish the character and purpose of the varous
agencies

A Mihtary and Governmental Services
1 Army aviation medical activities
2 Navy aviation medical activities
3 Bureau of Air Commerce aviation meds-
cal activities
4 Public Health Service
B Scienfifiec Societies or Asgociations
1 Aero Medical Association
£ Nuotional Research Council
3 American Medicn! Association and its
Sectional Groups
C Schools and Universities
D Airlmes and Airline Medical Directors

E. Research Institutes
F Independent Research Workers

DISCUSSION

1 Army Aviation Medical Acbivities
(a) Wright Field Physiological Laboratory
This 15 a part of the An Corps Engincering
Laboratortes  The entire activity 1 housed 1n
their bulldings ~ Personnel consists of a direc-
tor, who 1s a flight surgeon, a physiologist, tech-
nicians, and clerical staff  ‘The equipment and



apparatus are adequate and the laboratory ad-
vantageou-ly designed  Results seem to be well
tabulated and correlated

Studies aie histed under “Air Corps Projects
Each1s given an identifying number, a priovirs
status, and a completion percentage

The main effort 1w toward the determination
of effccts of pressure changes and of anoxenia
on human and amimal physiology  Simulated
and actual flying conditions are used to produce
symptoms  Study 1s bemng made regarding cen-
trifugal, centripetal, and gravitational foices
and the resultant physiological alterations

(b) Aar Corps School of Aviation Medicine

'Lhe principal objective bhere 15 1mprove-
ment of selection and predetermination of fly-
g adaptabihity of trammees The trend of
mvestigation follows that line

Heavy teaching schedules (active classes and
extension courses) and numerous cadet phy=ical
exarmnations limit the faculty’s time and pie-
cludes reseatch

Primary flying classes offex the material
The author does not believe that the factor of
pilat fatigue 1s manifest 1 a traiming schedule
of this nature, as the apgpregate flying time 13
less than 300 hows pe1 year

Masses of dita have been accumulated 1n
an effort to correlate Schneider mdex ratings
with flymg aptitude and visual reaction time
performance with success or failure to com-
plete tiaiming  Recordings on the Mashburn-
Constable apparatus -how good results
correlating farlures of the <low-reaction group=

No relationship between normal electrocal-
diograms and flying adaptability has been
found to exist Howeier, o few eledtiocardio-
graphic trueings have been made on older pilol-
for cardiac diagnosis  From these findings one
must, concede the elinical necessity of electio-
cardiography 1 a routine mamtfenance exami-
nation of pilots who have passed 40 vears

Contmued work has been done on revision
of the personality study and psycho-analysis—
0ll with a view to bettering selection

Worle has progressed on a practical test for
visnal aemty under reduced 1llumination usig

standard clinial equpment This appears to
fit 1nto moze extensive mive~tigation done else-
where 1m physiological optic research

An apparatus descloped hy Dariow of
Northwestern  University Child  Behavim
C'linic has been purchased This machine at-
tempts to evaluate enculatory, neuro-musculnn,
respirator y, and psycho-galvante reflex changes
m auditory visual, tactile, and emotional
<tunnly variations by means of graphie record-
mgs  So far only the tracings of pul-e and
blood pressure have been used for flying
adaptabilily determmations

2 Navy Aviation Medical Activities,

The Secrectary of Commerce has soheited
trom the Secretary of Navy participation and
cooperation m this project  Use of an air-
plane for expermmental fying has been
proflered

No tesearch of pilot fatigue 1s conducted or
contemplated by the Navy Awviation medical
faalitieg of the Army Awr Corps School of
Avation Medicine are utihized and Naval
flipht surgeons receive theirr traming at this
mstitution

Fesenfially the Navy 15 interested 1n devel-
oping better selection methods  Present mves-
{1zation constitattes long-range ohservation of
psvchologreal factors m tramees whe fuil to
~how flving adaptability  Some study has, m
the pasl, been mode 1egarding the eficets of
acceleration, deceleration, and gravitational
forces

Except m cpeaific types of flhing 1 e, pilots
m hbig boat squadrons, 1l 1s thought that theie
1~ no appreciable pilot fatigue during peace-
timie Naval opelations

3 Bureau of Air Commerce Medical Section

The function of this section 15 admimistra-
tive It provides data for statistical informa-
tion relatiie to physical requurements and
condition at times of certification

This section has material for analyzis which
nmuight be uttlized 1n the scope of the proposed
mvestigation



4 Puble Health Service

Development of quarantine measures and
methods of pratique of passengers and pilots
was discuzsed with the Public Health Service

Statistical and research data relative to ac-
tivation of bloodstream infection and plasmodia
was requested by the author mn order that m-
vestigation and recommendation might be
made regardmg the eradication of transmis-
sible disease through these channels

The effects of fumigation on structures of
the aircraft and methods of destruction of dis-
ease carriers were considered

In the mdustrial fields, considerable work has
been done which could be utilized 1n the scope
of this mrvestigation Studies of industrial
hazards such as carbon monoxide, lead poison-
1ngs, ete , have been carefully considered by the
Public Health Service

5 Aero Medieal Association.

A committee which 15 representative, was ap-
pomted by the president of this group at the
request of the Bureau This body has met and
advised with representatives of the Bureau
This association 18 composed of medical exam-
ers of the Bureaun of Air Commerce and flight
surgeons of the Army and Navy

Recommendations from 1ts members were 1n
substance as follows

(a) That an nvestigation of Pilot Fatigue

be made from the standpoints of pure re-
search, chnical medicine, and statistical
date

(b) Pure research to be allocated to an es-

tablhished laboratory
{e) Climecal research to be developed by the
Army, Navy, and Commercial Airlines

(d) Statistical data to be obtammed from the
existing recoids of the military services
and the Bureau of Air Commeice

{e) Coordmation and direction of studies to

be undertaken by the Bureau of Air
Comrmerce

%t National Research Counal

The Nutional Research Council 15 o semigov-
ernmental body created by executive order of
the President and orgamzed by the National
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Academy of Sciences which m turn was estab-
lished by an Act of Congress for the purpose
of investigation, examination, experimentation,
and reporting on any subject of science or
art, at the request of any department of the
government

Meetings of the National Research Council
have been attended, and their members are ac-
quainted with the effort being expended by the
Bureau toward the careful alignment of a
study

It 15 belteved this body as a whole, or & spe-
cial committee on which a representative of the
Bureau 18 serving, may be helpful m making
suggestions 1n flelds of specific research which
pertam to this study

7 Amenean Medical Association

The American Medical Association 1s the
parent group of organized medicine

Research fellowships are sponsored by this
body and through 1ts specialized groups a
wealth of scientific climical medical date 1s
available

Sections such as those i cardiology, opthal-
mology, neuro-psychiatry, otolargyngology,
rentgenology, et al, have aveilable experimental

y 'research findings m the special fields of clinical

medicine
8 Schools and Universities

The following schools and universities were
visited or contacted through one or more of
the departments which were considered as being
equrpped to undeirtake a phase of this study

Umniversity of Pittsburgh
Carnegre Tech
University of Chicago
Northwestern University
St Lows University
Washington Umiversity
Umiversity of Kansas
Umversity of Texas
Tulane Medical School
Duke University
Umversity of Wisconsin
Unmiversity of Michigan
Johns Hopkins Umiversity
Yale University

Cornell University



New York University
Columbin University
Harvard Uninersity
Dartmouth University
University of Pennsylvania
Unaversaty of Ilhinois
Westein Reserve Umversity

The author will make no attempt to detail the
exnct mature of apparatus, personnel endow-
ments, facilities or scope of mvestigation or
research 1n each untversity surveyed For pur-
poses of 1llustiation some of the onttanding
results of their endeavor are cited as follows

(2) Chicage University—oxygen reduction
processes 1n physiology, measurements of sleep
and cortical activity, alcohol and sugar
metaboliem

(b) Northwestern University—recording of
behavior changes 1esulting from emotional
stimub—witapun and acido-alkaline base bal-
ance change mfluences, advanced serology

(c) Washmgton University—Hormone and
endocrine action effects

(d) Tulane — dietetic influences, tropical
medicine, antigen and antibody serology

{e) Duke Umiversity—Phychology, biochem-
1cal changes 1n fatigue

(f) Wisconsin—oxygen and anoxemia physt-
ology

{(g) Johns Hopkins — Opthalmology and
physiologic optics, nervous physiology m hio-
chemical changes, effects of toxines and catyhzer
enzymes

(h) Yale Umversity—industrial applhecation
of physiology, psychology—food chemistry—
oxygen effects

(1) Cornell—mew delineation of physiclogy
and anatomy of thought and intelligence cen-
ters-—circulatory measurements

(1) Dartmouth—geometric and phy<iologic
optics—development of anisekoma lenses and
application tests

(k) Western Reserve—Kinetic force and
endocrine function 1n biamn and ceniral nervous
system fonction Oxygen reduchion proe-
esses—circulatory changes

(1) Umiversity of Tlhinois—exhaustine study
of effects of (lmmatic environmental forces and
anthropological considerations

(m) At Harvard University through the
IPatigue Laboratory, and at the University of
Pennsylvama, through the Johnson Founda-
{10n, there 15 manifest an interest and expressed
a desire to attempt an orgamzed research of
fuctors which are to he outlined by the Bureau

The Fatigue Lahboratory, housed in Morgan
Hall, 18 a component part of the Harvard Umi-
versity School of Business Admimistration
and 1s under the direction of Professor Law-
rence Henderson This institution represents
an mvestment of oie1 one million dollars, has
been establiched a number of years, 15 staffed
by a group of carefully selected and proven
suientists and possesses endowments and 1n-
come adequnte for i1ts needs Tts existence 1s
due to recogmtion of the importance of adap-
tive measures and investigation of human bi-
ology m industrial progress All of the
re~ources of Haivard University and 1ts allied
groups are at its command In close col-
laboration are the School of Public Health
and Hygiene the Harvard Medical School,
School of Engineering, Massachusetts General
Hospital and allied Hospital Groups, ete
Results accomplished 1n past studies have been
justified by universal acceptance and the bene-
fits dertved indicate further usefulness

An allocation of half the time and efforts of
tlus laboratory, a gift of scientihc apparatus
and use of the fncilitzes by the Bureau per-
sonnel engaged 1n this work have been offered
in a proposal submutted to the Buteau Based
on their estimate of cost 1t appears that Har-
vard would provide funds equal to those used
by the Bureau n the event of a conirnctual ar-
rangement 1s made This proposal, possibly
modificd to meet the specific needs of the indus-
try, should be given careful consideration

(n) Umiversity of Pennsylvanta Johnson
Foundation, under Drs Siengle and Bronk
have housed 1n one bullding all the research
cfforts i biochemstry, hophysaics, physiology,
p~ychology—chuwnl  experimental  medicime,
etc  This represents seven yeais’ tial and ef-
fort and an nvestment of $1,800 00000 The
endowment and funds for mamntenance are

ample for contmuation and progiess Closely



adjacent and 1 mtimate association are all
the components of the Umversity of Pennsyl-
vania Medical School, the graduate schools, and
the 2,500-bed Philadelphia General Hospital
and 1ts assoclated groups, staff and graduate
students, technicians, etc The engineering,
economies, and other sczentific departments are
mm an nterrelated manner tied to the research
foundation

In many schools only a part of a research
study conld be undertaken due to lack of facili-
tieg, interest, funds, or admimetrative direction
Isolated studies, which might be correlated mto
a component whole, are being carried on in
most of these mmstitutions In some, a well-
administered coordimated group, with interre-
lated specialties, 1s capable of undertaking a
study comprising many elements of pure science
and their clinical application

In summary of schools and umversities, fa-
cilities and petsonnel are available, and 1nterest
1s mamfested toward an attempt to solve the
problems of aviation medicine through scien-
tafic research methods.

9 Airhnes and Airline Medical Dhrectors.

Prior to the formation of the Safety and
Planning Division the direcung head of the
Aar Transport Asscciation of America ex-
pressed a desire to see a proglam such as 15 now
contemplated put into effect As this 15 m
the best mterest of the 1mdustry 1t 1§ assumed
this group will continue to suppori the project

American Airlines, Ine, have maintamed a
medical surverllance of pilot personnel for the
past mine years At present this company has
a medical director who determunes 1ts policy
and methods Under him a part-time staff of
mediea)l examuners, consisting of local physi-
cians residing 1n cities where pilots are based,
conducts periodic examinations of pilots oper-
ating scheduled runs The director has ex-
pressed a desire to cooperate 1 a Bureau
sponsored and directed program  They sponsor
no research

Umted Awr Lines has recently begun the
organmzation of a medical department with a
full-time medical director Tt has not been de-
termuned at this time what the methods of
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procedure will be The department 13 new and
the director 1s formulating administrative
plans From a conference with him, we infer
cooperation with the Bureau will be 1n accord
with their actimty

Eastern Air Lines, using a full-time medical
divecto1, operatmng a central office with good
equipment, has, during the past year and a
half, made a careful medical survey of 1ts pilot
personnel

This 18 an application of clinical methods of
preventive medicime It has been justified by
results obtained in the eradication of physi-
cally unfit and correction of pathological con-
ditions both mamfest and 1ncipient

It does not, however, comprise research study,
unless one may say that, in a broad sense, the
collection of clinmical data and the determina-
tron of their effects on performance over long
range operation, constitutes snch.

No wnformation 15 available regarding con-
templated medical programs of other domestic
air-lime operators Contacts have been made
with TWA, Hanford, Braniff, Northwest Air-
lmes, and Chicago & Southern

Pan American Airways has used on 1s
Cartbbean Division the medical facilities of
Eastern Air Lines for & short time TIn addi-
tion 1t has contracted the services of a psy-
chologist and physiologists for observation of
anoxemia 1n the Andes and on Pacific flight
operations These specialists have been con-
sulted with reference to Pan American pilots’
medical needs Some examinations of trans-
Pacific pilots have been made, particularly
Neuro-Circulatory Index Ratings and one ex-
perimental fhght was made for oxygen de-
pletion effects on crew and personnel

No survey of foreign airlines has been at-
tempted and current Iiterature on the subject
15 the source available with regard to their
medical research activities

10 Research Institutes

In this field there are many industres which
mantain studies or research groups devoting
their effort to application rather than scien-
tific evaluation Those surveyed were General
Electric, Bell Telephone, Macy’s, and General



Mot~ In uddition, the Mellon Tustitute
Rodhefeller Institute (rile Cline, and ~imila
endowed ceuters concerned wilh probleni- of
valted nature wele 11aated  Thece have hern
consulered as potential sources of mfornuon
particularls 1 formulaling a progiam

11 Independent Research Workers.

Under this clissification are grouped tho-e
mdividual- who are not connected with schools
unner-ities, endovwed mstitutes, o1 emploved
by industry inooconpection with commercial
enter prise, as well as the 1volated studies not
mterielated nor m a designed program vairied
on m any ot the above  Since time forlnds o
thotough 1mvestigntion of mdnaduals 1t o
suggested, thiough focus ot mterest 1n tla-
field, that people of this iype be diawn mto
the proglam

CONCLUSIONS OF THE AUTHOR

As a 1esult of the curvey of varlous research
facilities and observation of other agencie-
the author coneludes that

1 No coordiimated 1ecearch of pulot fatizue
lactors 18 mow 10 progress

2 Adequate meauns for comdmated study are
available

3 Matuiiel development has surpussed meth-
ods of evaluating per-onuel techmque

4 Pre<ent procedures are madequate for de-

termination of the effects of streeses -

poszed by the mdustry

New measurcments for

maintenance are needed

6 Bulute safety and advancement of the

aviatlon mdustty arc dependent v an

eally solution of the existing hunian

problems

The Burenn 15 the logical source tor the

prosecution of an effort to ascertain the

canses and effects of and the 1emedies fm

pilot fatigue

selectionn and

Tt
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RECOMMENDATIONS OF THE AUTHOR

It 15 1ecommended by the author that the
Buiean

1 Establish an expeiimental medical stalion
at a central location where flying activties are

concentrated and vared, under the dnection of
4 lramned and experienced flight surgeon, who
1~ equipped with adequate graphic recording
clmical and experimental equipment and appa-
talus, and possessing a staff capable of cariy-
mg out techimcal procedures and tabulating
1ocorils of the 1esults

2 Sponsor and provide funds for an ex-
haustne study ot the phy-ological, nemolog:-
cal and psychological effects on the human
body produced Ly piloling precent-day trans-
port ancraft m scheduled operation and
equipped with all modern avigation nstru-
ments and aids, melnding the automatic gyro-
pilot contiol, and radie communication and
navigation devices  In addition, studhes should
be made on personnel under contiolled and
mea-ured flight conditions and n simulated
flight pe1formance test= usimg a Link tiainer

3 Conduet evperiments on not less than
fifty awline pilots m o1der to determune an
average of performance level for the avelage
anlme pulot m the industry  The<e cubjects
should provide a differential of age factor,
physigue, nervous and mental organization, ¢x-
perence and trannng  Studies made should
be under varving operaling conditions Sea-
sonal, ¢limatie, and weather condations, alti-
tudes terrain, time of origmation and termi-
nation of fhight length of schedule, day and
mght performance trest periods, vacations,
~ac1al, cconomie, and enviroumental conditions
~houlil recerve con=ideration

4 Consider the det uled and complete medi-
cal history  habit~, soc1al  educational back-
ground mental scope and reaction, personality
tiends and tendencies, past performance rec
ord and m addition recogmtion of anv disease
o1 disorder, either nrganic and/or functional,
wluch nught mfluence fatigue production
The latter condition to he detexmimed by &
thorough and comprehensive graphie climcal
audit of the subject

5 Record and evalunte any measuiable
phy=ologicul, anatomical  or psychalogical

change 1 the ndividnal which may result
from tatigue produced by fiying

6 Assign speafic projects to appropriate
agencies for development of new clinical meas-



urements  This can best be accomplished by
makimg awards of development contracts or
allocating funds to supplement fellowship
awards 1n established research centers  Speci-
fications drawn by the Aviation Medical
Speciahist should outlime what 1s desied of the
agency Capabilities and facilities of the mdi-
vidual or ingtitution should be approved
Assignments of studies 1n anoxia, physiclogs,
bro-chemistiy and for the determmation of
emotional reaction stimuli mensutements should
be made to Northwestern Unnersity Haivard
University, and the University of Pennsylvania

7 Coordimate effort among varou- agencies
and correlate axailable research data and find-
mmgs through the followmg proecedure

(a) Appomtment of a <mull but achve
comiittee consisting of tepresentatives of the
Army Medical (orps, Navy Medical Corps,
Public Health 1esearch division the Nationnl
Research Council, and those members of re-
search mstitutions under contract to function
at regular mtervals and aid the Aviation
Medical Speciahist 1 an analysis of the prob-
lems and suggest methods of solution

{b) Interchange of personnel and facihities
between the contiacted research agencies and
the personnel and facihities of the exper-
mental station and provide for experiments
by members of contractng groups at the
Bureau expelimental station as well ag for
consultants at stated periods for special work

(¢) Prepare a bibhogiaphy of published
reports dealing with phases of thi- study, with
an 1wdex of references of results and theur
possible mppheation, for  dissemination to
aliied agencies

8 Eivaluate results of scientific 1esearch and
corluct experiments leading to the adaptation
and application of the new climical methods
of measurement developed 1 order that they
mav be proved under conditions of actual oper-
ation at the experlmental station

9 Project new studies ag the need arises

10 Make 1ecommendations based on conclu-
s2ons derived from analysi< of the results of
this 1nvestigatton 1n order that <afe practice
may be encouraged and that sufe regulations
may be drafted



