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The pu~~~~oa~'s oi the work wpurted hercln are to conduct 

a survey of var=ous research facllltles adaptable to or engaged 

in a study of pilot fatigue factors ar?d outline a program of 

mnvestlgatlon. It was necessary to obtain mnformat~on relative 

to e=sLlng or proJected efforts of thx nature as well as their 

state of attauxnent ana deslrablllty. Attention was given to 

the admuustratun, yersonnel, and physlcal properties of many 

lnstltutes ano agencus. Conclusions have been reached and 

recommendations made for Bureau sponsorshlp of mnvestlgatlon m 

thu field. 

IIGTRODUCTICN 

Improved materiel has enlarged the scope and performance 

of aIrcraft. This has created a demand for greater human accompllsh- 

ment The enstIng trend of further advances m design tends to 

amplify this element. Present methods of evaluating personnel 

technique, capabllltxs and luntatlons, orlglnated when au-planes 

and flying were m an elementary status. They provide for no 

sclentlflc deterrmnatlon of the effects of mental or physxal 

stress lncldent to modern operations The exlstlng problem 1s 

to ascertaIn the cause, effects and remedies mth respect to 

Pilot Fatigue and to establish methods of human selectIon and 

maintenance that ~~11 Insure safe performance and a longer period 
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of lndustrlal usefulness. The author belleves a solution lies 

in an u&zlllgent applxatlon of the flndings of pure science 

and expervnental cluucal medlclne to human biology. These offer 

a means for creating neT gauges. Thu prlnclple 15 applied in 

other lndustrxs to promote safety and human welfare. A compre- 

henslve survey and xnspectlon of research centers was made. 

Agencies engaged m the fields of pure science such as 

blo-chemistry, biology, physiology, blo-physxs, etc., and those 

of experunental clInica medlcine, partxularly the lndustrlal 

applxatlon of the latter, were visited. Isolated research 

workers, as well as Interrelated, well adrmnlstered mstitdes, 

were considered mth the view of enllstlng all phases 111 a 

comprehenslve study covered by a long range plan. 

The follovnng grouping 1s even to d-Lstmgush the 

character and purpose of the various agencies. 

A tilltary and Governmental Services 

1. Arq avlatlon medxal actlmtles 

2. Navy avlation medIca actlvltles 

3. Bureau of Au Commerce aolatlon medical actloltles 

4. Public Health Service 

B Scientlfic.Societles or Associatlona 

1. Aero MedIcal Assoclatlon 

2. National Research Council 

3. American Medical Association and Its SectIonal Groups 
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C Schools and Unlversltles 

D Alrlmes and Alrlme ivledlcal Dx"ectors 

E Research Institutes 

F Independent Research Workers 

DISCUSSION 

1. Army Avlatlon Kedxal Actlntles 

(a) Wright Pxld Physlologxal Laboratory 

This 1s a part of the Au Corps Engmeermg LaboratorIes. 

The entlre actlvlty 1s housed m their buldmgs. Personnel 

consmts of a duector, who 1s a flight surgeon, a physlologmt, 

technlcxans, and clerical staff. The equxpment and apparatus are 

adequate and the laboratory advantageously desIgned. Results seem 

to be well tabulated and correlated. 

Studles are lIsted under "Air Corps ProJectsI'. Each 1s 

aven an ldentlfylng number, a prlorlty status, and a completion 

percentage. 

The mam effort 1s toward the detetinat~on of effects 

of pressure changes and of anoxerma on human and mm-ma1 physiology. 

Smulated and actual flying conbtlons are used to produce symptoms. 

Study 1s bemg made regardmg centrifugal, centrlpstal, and 

gravltatlonal forces and the resultant physlologxal alterations. 
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(b) AD Corps School of Avlatlon Medxme 

The prmclpal obJectlve here 1s mqrovement of selection 

and predetermnatlon of flymg adaptablllty of tramees. The trend 

of mvestqatlon follows that lme. 

Heavy teachmg schedules (active classes and extension 

courses) and numerous cadet physxal e-natlons llrmt the 

faculty's tune and preclties research. 

fixnary flying classes offer the mter~al. The author 

does not belleve that the factor of pllot fatigue 1s manifest ~TI 

a trammg schedule of this nature, as the aggregate flyvlg tune 

1s less than 300 hours per year. 

Massas of data have been accumulated m an effort to 

correlate Sohne~der mdex ratmgs mth flymg aptitude and 

visual reactmn tune performance mth success or failure to 

complete trammg. Recordmgs on the Mashburn-Constable apparatus 

show good results m correlatmg fallwes of the slow reactlon 

groups. 

No relatIonshIp between normal electrocardlogrsms and 

flying adaptability has been found to exist. However, a few 

electrocardlographx tracmgs have been made on older pllots 

for cardiac dxagnosis. From these fmdmgs one must concede the 

clinxal necessity of electrccardlography in a routme mamtenance 

examnatIon of pllots who have passed 40 years. 
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Contmued work has been done on revision of the 

personality study and psycho-analysx - allmth a vx?w to 

bettermg selectlon. 

Work has progressed on a practxal test for -visual 

acuity under reduced lllurmnation usmg s-candard clln~cal equp- 

ment. Thm appears to fit mto more extensive umestlgation done 

elsewhere 1~1 physlologlcal optx research. 

An apparatus developed by Darrow of Northwestern 

Unlverslty Child Behanor Clmx has been purchased. This 

machme attempts to evaluate circulatory, neuro-mmcular, respxa- 

tory and psycho-galvanx reflex changes m audItory, visual, 

tactile and emotlonal stuniLl varlatlons, by means of graphx 

recordmgs. So far only the tracmgs of pulse and blood pressure 

have been used for flying adaptabIlIty determinations. 

2. Navy Avmtlon Medlcal Activities 

The Secretary of Commerce has sollclted from the Secretary 

of Navy, partlcipatlon and oooperation in thm proJect. Use of 

an aIrplane for expermental firing has been proffered. 

No research of pilot fatigue is conducted or contem- 

plated by the Navy. Avlation medical facilltles of the Army Air 

Corps School of AnatIon Medicme are utilized and Naval flight 

surgeons receive theu trating at thm mstltutlon. 

Essentially the Navy 1s x&rested 1~1 developmg better 

selection methods. Present mvestigatlon constitutes long rangs 
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obser-Jatlon of psychologxal factors ~1 trainees who fall to 

show flylrg adaptablllty. Some study has, In the past, been 

made regarding the effects of acceleration, deceleration, and 

gravltatlonal forres. 

Except m speclfx types of flpng, 1.e. pllots 111 big 

boat squadrons, It 1s thought that there 1s no appreciable pIlot 

fatigue during peace time Naval operatlons. 

3. Bureau of AU Commerce Medxal Section 

The fun&Ion of this section 1s admrnlstratlve. It 

pro\Tdes data for statlstlcal information relative to physxal 

requzements and condltlon at tnaes of certlfxatlon. 

Th-Ls se&Ion has mater-La1 for analysis whxh rmght be 

utllxed In the scope of the proposed mvest~gat~on. 

4 Public Health Servxe 

Development of quarantme measures and methods of 

pratlque of passengers and pIlots was dlscussed mth the Fubllc 

Health ServLce. 

Stabxetxal and research data relative to actlvatlon 

of bloodstream lnfectlon and plasmodla was requested by the 

author m order that lnvestlgatlon and recommendation rmght be 

made regarding the eradxatlon of transnnsslble disease through 

these channels. 



The effects of fumgatlon on structures of the ax-craft 

and methods of destructmn of dmease carriers was considered. 

In the mdustrml flelds, considerable work has been 

done whxh could be utllmed m the scope of thm mmestlgation. 

Studies of mdustrlal hazards such as carbon monoxide, lead 

pmsonmg, etc., have been carefully considered by the F'ubllc Health 

Seance. 

5. Aero Kedxal Assoclatlon 

A committee whxh 1s representative, was appointed by 

the president of thx group at the request of the Bureau. TIUS 

body has met and advised wxth representatives of the Bureau. Thu 

assoclatlon 1s composed of medlcal examiners of the Bureau of Au 

Commerce and flight surgeons of the Army and Nav. 

Recommendatxns from Its members were 1~1 substance as 

follows: 

(a) That an mvestlgatlon of Pilot Fatigue be made 

from the standpoxnts of pure research, cllnxal 

medxme, and statlstlcal data. 

(b) Pure research to be allocated to an eetabllshed 

laboratory. 

(c) Cllnxal research to be developed by the A~DQ', 

Navy, and C-Jrmnerclal AxlInes. 

(d) Statxtxal data to be obtalned from the emstlng 

records of the rmlltary services and the Bureau of 

Au Commerce. 
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Sectmns such as those XI cardmlogy, ophthalmology, 

neuro-psychutry, otolargyngology, rentgenology, et al, have 

avaIlable expermental research fmdmgs m the special fields 

of clmxal medxme. 

8. Schools and Unlversltles 

The foliomng schools and umversltles were vlslted or 

contacted through one or more of the departments which mere con- 

sIdered as bemg eqmpped to undertake a phase of thx study. 

Unlversxty of httsbugh 
Carneme Tech 
Unlverslty of Chxago 
Northwestern Unlverslty 
St. Lous Unlverslty 
mashmgton Un1versxt.y 
Umverslty of'Kansas 
Un-Lvers1t.y of Texas 
Tulane MedIcal School 
Duke Umversity 
University of JEsconsm 
University of Mxhlgan 
Johns Hopkms Unlverslty 
Yale Unlverslty 
Cornell Urmverslty 
New York Unlverslty 
Columbia Urmverslty 
Harvard Urmverslty 
Dartmouth Un~verslty 
Unlverslty of Pennsylvania 
Urulverslty of Illmois 
Western Reserve Urmverslty 

The author shall make no attempt to detaxl the exact 

nature of apparatus, personnel, endowments, facllitles or scope 

of lnvestlgation or research m each wmversity surveyed. For 

purposes of Alustratlon some of the outstanding results of their 
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mdeavor are cited as follows 

(a) Chxa<o TJnnlverslty - oxygen reductlcn processes 

m physiology, measurements of sleep and cortxal actlmty, 

alcohol and sugar metabolism. 

(b) Northflestern Unlverslty - recor-llng of behavior 

changes resultmg from emotional stlmull - vltarmn and acldo- 

alkaline base balance change mnfluences, advanced serology. 

(c) Washmgtan Unlvers1ty - hormone and endocrine 

action effects. 

(d) Tulane - dletetlc mfluences, tropxal medxme, 

antigen and antIbody serology. 

(e) Duke Unlverslty - psychology, blochemxal changes 

in fatigue. 

(f) Wlsconsm - oxygen and anoxsrma physiology. 

(g) Johns Hopkins - ophthalmology and physlologx 

optxs, nervous physiology m blo-chemxal changes, effects of 

tonnes and catyllaer enzymes. 

(h) Yale Unlverslty - mdustrul appllcatlon of 

physiology, psychology - food chermstry - oxygen effects. 

(I) Cornell - new dellneatlon of physiology and 

anatomy of thought and lntelllgence centers - circulatory 

measurements. 

(J) Dartmouth - geometric and physlologx optics - 

development of anlsekonla lenses and applxatlon tests. 
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(k) Western Reserve - E;lnetlc force ad endocrlne 

flLnctlon 1,~ braIn and central nervous system function. oxygen 

reduction processes - cxculatory changes. 

(1) Unlverslty of llllnox - exnaustlve study of 

effects of cllmstlc environmental forces and anthropological 

conslderatlons. 

(m) At Harvard Unlverslty through the Fatigue Laboratory, 

and at the Unlveerslty of PennsylvanIa, through the Johnson Fouoda- 

tlon, there 1s manifest an ukerest and expressed a desire to 

attempt an organxed research of factors whhlch are to be outlined 

by the Bureau. 

The Fatigue Laboratory, housed in Morgan Hall, 1s a 

component part of the Harvard Unlverslty School of Business 

Admuustratlon and 1s under the dreectlon of Professor Lawrence 

Henderson. Thu ustltutlon represents an uwestment of over 

one rmlllon dollars, has been establlshed a number of years, 1s 

staffed by a group of carefully selected and proven sclenixsts 

and possesses endowments and mcome adequate for Its needs. Its 

existence 1s due to recomtlon of the importance of adapkve 

measures and xnvestlgatlon of human biology m mndustr~al progress. 

All of the resources of Harvard Uruvers1t.y and Its allled groups 

are at Its comand. In close collaboration are the School of 

Publx Health and Hyeene, the Harvard MedIcal School, School of 

Engmeerlng, Massachusetts General Hospital and allled Hospital 
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Croups etc. Results accomplxshed In past studxs have been 

justified by unITersa acceptance and the benefits derived XI- 

dlcate further usefulness. 

An allocatxon of half the time and efforts of this 

laboratory, a gift of xlentlflc apparatus ana use of the 

facllitles by the Bureau personnel engaged m this work have been 

offered in a proposal subrmtted to the Bureau. Based on their 

estimate of cost It appears that Harvard would provide funds 

equal to those used by the Bureau m the event a contractural 

arrangement 1s made. This proposal, possibly modified to meet 

the specific needs of the industry, should be given careful 

consideration. 

(n) Unlverslty of Pennsylvma, Johnson Poundatlon, 

under Drs. Stengle and Bronk have housed m one bulldlng all the 

research efforts in blo-chermstry, blo-physics, physiology, 

psychology - clinlcal experunsntal medlcme, etc. This represents 

seven years trial and effort and an investment of $1,800,000.00. 

The endowment and funds for malntensnce are ample for contuwation 

and progress. Closely adJacent and 1~1 intimate association are all 

the components of the Umverslty of PennsylvanIa Medical School, 

the graduate schools, and the 25OO bed tiladelphla General Hospl- 

tal and Its assooiated groups, staff and graduate students, 

technicians, etc. The engxneermng, econormcs and other sclentlfu?. 
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departments are in an interrelated msnne~ tied to the research 

Pcundatvm. 

In many schools only a part of a research study could 

be undertaken due to lack of facllltxes, Interest, funds, or 

admuustratlve du-ectmn. Isolated studies, vfhxh mght be corre- 

lated into a component whole, are being carrled on In most of 

these lnstltutmns. In some, a well admuustered coordinated 

group, mth mterrelated speclaltles, is capable of mdertalang 

a study ccmprmmg many elements of pure science and their 

climcal appllcatlon. 

In sunmary of schools and umversltles, facllitles and 

personnel are available, and mterest 1s manifested toward an 

attempt to solve the problems of anation medxine through 

scientific research methods. 

9. AIrlines and Axlme Medxal DIrectora 

F'rmr to the fcrmtmn of the Safety and Planmng D~vls~on 

the du-ectmg head of the J~lr Transport Assoclaticn of America 

expressed a desue to see a program such as 1s nm contemplated, 

put mto effect. As this 1s m the best interest of the industry, 

It IS assumed this group ~~11 contuue to support the proJect. 

American Airlules, Inc., have maintained a medical 

surveillance of pilot personnel for the past nine years. At 

present this company has a medical du-ector who determines Its 



-J-4- 

polxy and methods. Under barn a pait-tune staff of medical examiners, 

conslstmg of local physic~.~~s residing in cities where pilots are 

based, conducts periodic. exarmnations of pilots operating scheduled 

runs. The director has expressed a desire to cooperate III a Bureau 

sponsored and directed program. They sponsor no research. 

United Air Lines has recently begun the organization of a 

medical department with a full-time medical director. It has not 

been deterrmned at this time what the methods of procedure ~~11 be. 

The department is new and the director is formulating adrmnxtrative 

plans. From a conference mth him, we infer cooperation with the 

Bureau w.11 be in accord mth their activity. 

Eastern Air Lines, using a full-time medical director, 

operatmg a central office with good equipment, has, during the 

past year and a half, made a careful medical survey of its pilot 

personnel. 

This is an application of clinical methods of preventive 

medicine. It has been Justified by results obtained y1 the eradica- 

tion of physically unfit and correctlon of pathological conditions 

both manifest and incipient. 

It does not, however, comprise research study, unless one 

may say that, in a broad sense, the collection of clinical data and 

the dete rumnation of their effects on performance over long range 

operation, constitutes such. 

bctf6 
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No information is available regard7ng contemplated 

medical programs of other domestic airline operators. Contacts 

have been made mth TWA, Hanford, Braniff, Northwest Airhes, 

and Chicago & Southern. 

Pan American Airways has used on its Caribbean Division 

the medical facilities of Eastern Air Lines for a short time. In 

addition it has contracted the sernces of a psychologist and 

physiologists for observation of anoxerma m the Andes and on 

Pacific flight operations. These specialists have been consulted 

mth reference to Pan American pilots' medical needs. Someexsnnna- 

tions of trans-Pacific pilots have been made, particularly Neuro- 

Circulatory Index Ratings and one expermntal flight was made 

for oxygen depletion effects on crew and personnel. 

No survey of foreign airlines has been attempted and 

current literature on the subJect is the source available mth 

regard to their medical research activities. 

10. Research Institutes 

In this field there are many industries winch maintain 

studies or research groups devoting their effort to applxation 

rather than scientific evaluation. Those surveyed were General 

Electric, Bell Telephone, Macy's, and General Motors. In addition, 

the Mellon Institute, Rockefeller Institute, Crile Clinic, and 

similar endowed centers concerned mth problems of varied nature, 

were visited. These have been considered as potential sources of 
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information, partxxiiarly in formulating a program. 

11. Independent Research Workers 

Under this classification are grouped those mndinduals 

who are not connected with schools, universities, endowed institutes, 

or employed by industry in connection with commercial enterprise, as 

well as the isolated studies, not interrelated nor in a designed 

program carried on in any of the above. Since time forbids a 

thorough investigation of x&vlduals, it is suggested, through 

focus of interest in this field, that people of ti-ms type be drawn 

into the program. 

CONCLUSIONS OF THE AUTHOR 

As a result of the survey of various research facilities 

and observation df other agencies, the author concludes that: 

1. No coordinated research of pilot fatigue factors is 

nom- in progress. 

2. Adequate means for coordinated study are available. 

3. Materiel development has surpassed methoda of 

ewluatlng personnel technique. 

A. F-resent procedures are lnadequate for deternnnation 

of the effects of stresses imposed by the mdustry. 

5. New measurements for selection and malntensnce are 

needed. 
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6. Future safety and advancement of the avlatlon industry 

are dependent on an early solutxon of the ensting 

human problems. 

7. The bureau 1s the logxal source for the prosecution 

of an effort to ascertain the causes and effects of and 

the remedies for pilot fatigue. 

IWXXQv~hDATIONS OF THE AUTHOR 

It 1s recommended by the author that the Bureau: 

1. Establish an experimental medxal statlon at a central 

location where flying actlvltles are concentrated and 

varied, under the dIrectIon of a tralned and expemenced 

flight surgeon, srho 1s equipped mth adequate graphic 

recording clx-mcal and experimental equipment and apparatus 

and possessing a staff capable of carrying out tecbnxal 

procedures and tabulating records of the results. 

2. Sponsor and provide funds for an exhaustive study of the 

physxologxal, neurological and psychologxal effects on 

the human body produced by pllotlng present day transport 

aircraft m scheduled operation and equpped vnth all 

modern atlgatlon instruments and alds lncludLng the 

automatx gyro-pIlot control and radio commun lcatlon and 

navigation devices. In addltlon studws should be made 

on personnel under controlled and measured flight conditions 
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and XII simulated flight performance tests using a Link 

tramer. 

3. Conduct experiments on not less than fxfty axllne pllots 

m order to deteruune an average of performance level 

for the average alrline pilot m the Industry. These 

subJect.3 should provide a dlfferentlal of age factor, 

physwe , nervous and mental organlzatlon, experience 

and tramng. Studlea made should be under varying 

aperatvlg condltlons. Seasonal, climatx, and weather 

conditions, altitudes, terrain, time of onBnatlon and 

terrronatlon of flight, length of schedule, day and rmght 

performance, rest periods, wcatlons, social, econormo 

and environmental conditions should receive conslderatlon. 

4. Consider the detalled and complete medical history, habits, 

social, educatxnal background, mental scope and reaction, 

personality trends and tendencies, past performance record 

and UI addltlon, recognltlon of any disease or disorder 

either organic and/or functIonal, whxh might Influence 

fatigue production. The latter condition to be deteramned 

by a thorough and comprehenslve graphic clxmcal audit of 

the SUbJeCt. 

5. Record and evaluate any measurable physiologxal, anatorm- 

cal or psychologxal change y1 the individual whxh may 

result from fatigue produced by flymg. 
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6. Assign specxfx proJects to apprcprlate agencies for 

development of new clinical measurements. 'iks can best 

be accomplished by making awards of development contracts 

or allocating funds to supplement fellowhIp awards m 

established research centers. Speclfxatlons drawn by 

the Avlatlon ldedxal Speclahst should outhe what 1s 

desxed of the agency. Capabllltles and facllltles of 

the lndivldual or lnstltutlon should be approved. Assign- 

ments of studles 1~1 anoxia, physiology, blo-chemistry, and 

for the deter-nunatlon of emotlonal reactlon stlrmili 

measurements should be made to Northwestern University, 

Harvard Umverslty, sn3 the Unlverslty of Pennsylvanaa. 

7. Coordinate effort among various agencies and correlate 

available research data and findings through the followdng 

procedure: 

(a) Appointment of a small but active comanttee conslstdng 

of representatlves of the Army Medxal Corps, Navy Medxal 

Corps, Fubllc Health research ditisfon, the National 

Research Council, and those members of research mstltutlons 

under contract to function at regular intervals and ad 

the Avlatlon Medxcal Specialist an an analysis of the 

problems and suggest methods of solution. 
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_L , -w*t ,L 1,111 .TJ \jiI &ld fac111t&es between 

+,I,<, --.7 I I !. ir' I I .1 i,; %irc,,. <A@IIL- ~8 dad the personnel and 

Z'ac,L.~-tes ,d the cx~e;,mntai s&Am and provide for 

z p i"'lA?C-rif Y :,y r.@Lnbc:s of contractmg groups at the 

~1uwlu ?r--:mentaL S'rrt,lOr, as ?"Ell as for consultants 

at ,tat,cd p~rlods ccr spc1al work. 

: 1 1 ~;r%m i a kJ,&.qi-aphy of publIshed reports 

~e-aL~ug wvth ri'lxses of thm study, mth an Index of 

mferences of results and thex- possible applxatlon, 

zcn= ax%mnmatlon to allled agencies. 

b" Fmltiw r~-~~Lts of scx?ntlfx. research and conduct 

eqm-u.~~t~ leadmg to the adaptation and applxatlon of 

the new cllillcalmethods of keasurement developed III 

or&s tl;at they ma2 be proved under condltlons of actual 

opeiatum at, the expermental statmn. 

n /e Psow]ect nem studxes as the need arIses. 

13, k&t rscomendat~ons based on conclusions derived fmm 

maljm~s of the results of thu lnvestigatlon in order 

Chat safe practice may be encouraged and that safe 

regulations may be drafted. 


