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Bac k yrounrd -- A i rr a ft rishaps, whether in the militar-y or civil ian sec-
tors, represent large losses at lives and property. For operational cuwrand-
ers such losses also represent reduced combat effectiveness. Over the last 30
years, the number and rate of U.S. Air Force aircraft mishaps have substan-
tially declined. According to Santilli (44), the number Of Class A (najor)
uishap; per 100,000 flying hours has decreased fromn 36.2 in 1950 to 2.3 in
1911. AUlthough the Di rectorate if Aerospace Safety (Ib) reported that I17-7
mis;hap rates had nc~redasod over those of 1974- !o, efforts toj control ai rcraft.
:ni shapn; genet 'i Ily hdve been succesAI ol.

One' factor contribut inrg to the reduction Of di rcraft mishaps has 0e1n
t,-chrro1 Al i c I ,d v ice&ai t . Increased rel i abiIi ty of av ioni CS, advances in
a i itra e con1s t MMt1 0, aInd augmienit ed flIi gh t control sy stems have hel1ped the
pil Q Ft ma inta 1in ms iti ye control in a variety of flight profiles. These
sa ne develIopiients, however. hdO added to the comiplcxi ty of the piloting task
and theref ore i ucred ;ed flhe pilot's cogni tivye and decision-madking requlre-
ments.

[\uther Jevn,.Iaunent that. has increased the pi lot's cognitive arid deci -
51 on-:iiak i ri requi rements has been the lowering of the flight ceiling to IOU
feet (30.b ih) At IOU feet, Pilots Must Make virtually instanitaneous arid
ibsol utely accurate deci sions to complete ission requi remnents while maintd 0-
rig Ims it' i v e fIi g h t cont rol

The comnplexity ot the piloting task is reflected in aircraft mishap sta-
tistics. Since the 1050's, pilot factors have been involved in approximiately
one-halt to one-third of all aircraft mishaps. Recent mishap statistics in
the Air lorce show that pilot factors ore involved in Over 50% of all aircraft
ishaps (44). A recent article by Ricketson et al . (39) estimates that "pilot

error' is dtac tor iii50 of Army ai rcraft ishops .

Compared with other factors (e.g., nechan icl failure), the level of
humann i nvul vetmirit in iii ,hdjpS and their prevent ion is less understood. Itives,-
t igot iv VE reas oie often unispeciftied; the object of analysis (human behavior)
is I rleuenltly unpredictable; and deternni nonts of human behavior are i ier-
active. Behavioral breakdown, like mechanical failure, is a dynamic process;
variables influencing the fanner, however, are much more difficult to infer
fromi their effects or outcomes. Mreover, depending on the severity of the
accident, pilot-factor data may be Unavailable. These problems combine to
render invest i ot.i on of human i nvo01vrient f.nd asses smen t of humn cul1pa bill ty
extremely diftfi1cult.



Purpose of This Study--The purpose of this study is to conduct d system-
atic investigation of pilot factors involved in aircraft iiishdpS, focusing on
Air Force fighter and attack aircraft. Pilot-factor iishaps occur when the
pilot fails to maintain positive flight control in d situation where d certain
pilot response could have avoided the mishap. In some instances, a pilot-
factor mishap will occur because of an error or omission on the part of the
pilot. In other instances, however, a pilot-factor ;ishap will occur nut
because of a pilot mistake or omission, but because the situational demands of
the flight exceed the pilot's capabilities to respond to these requirements.

The systematic nature of this study is reflected in the scope of the
research. The study identifies major pilot factors involved in aircraft
mishaps, identifies aviation technologies with d hiyh-potential value for
diagnosing arid/or reducing these pilot factors, and develops research proyrdms
aimed at examining these technologies in the context of reducing pilot-related
mi shaps. The goal of these research programs is to reduce the number and
severity of aircraft mishaps associated with the major pilot factors identi-
fied herein.

Approach

This section presents the methods us_.d in this research. Figure 1 shows
the flow of tasks: The top blocks contain the four major tasks of the
research; the lower blocks show the specific data and methods used to complete
the tasks.

Following is a task-by-task breakdown of how the research was carried
out.

Task 1: Identify Major Pilot Factors Involved in Aircraft Mishaps--As
Figure I indicates, this task included three subtdsks: Review mishap litera-
ture; review investigative techniques used by selected aviation safety dgen-
cies; and identify major pilot factors, based on a sample of aircraft mishaps.

1. Review Mishap Literature. Mishap literature was examined in order to
identify and define the major pilot factors involved in aircraft mishaps.
Several sources were used in the literature search, and each article was exam-
ined in conjunction with a standardized review fon which provided an easily
accessible, organized, and thorough abstract.

A major finding of the subtask is the disarray in previous research,
reflected in the lack of precision or consistency in conceptual definitions of
pilot factors. To help guide the remainder of this research, BDM developed
definitions of 10 major pilot factors. These definitions are given in Section

2. Review Investigative Techniques Used by Selected Aviation Sdfety
Agencies. The major sources of data used in this report to identify the pri-
miary pilot factors involved in aircraft mishaps were official mishap investi-
gation reports. A review was conducted of mishap investigation techniques
used by six agencies, representing U.S. civil and military investigative pro-
grams and the programs of two non-U.S. organizations.

6
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For (tost of the agencies examined, consi ste rcy was lack ng icros,

individual I mi sha p investigations. Ihe iour lidjor reasons tor t.h is dre:
First, no standard definitions exist for pilot-fdcLor terms used to describe
the cause of a mishap. Second, persons charkled with conducting the numidn-
factor portion of the mishap investigation vary markedly in their human-factor
training and expertise. Third, investigative procedures are not standardized
to ensure that consistent, reliable information is extracted from eacn inves-
tigation. Fourth, the pilot is not always dvaildble for questioning after the
Mishap, this suggests that the Air Force may want to initiate a near-mishiip
investigation procedure with which pilots can be queried in-depth about what
happened.

3. Identify Major Pilot Factors Based on a Sample of Aircraft Mishaps.
The purpose of this subtask was to conduct a systematic investigation of
recent Air Force aircraft-mishap investigations to identify the major pilot
factors involved in these mishaps. For the period 19/-78, 70 mishap investi-
gations were examined. These were randomly selected from all U.S. Air Force-
Class A and Class B insnaps that involved a suspected pilot-factor cause and
that involved a fighter, attack, or trainer aircraft.

Guided by a coding form contained in Appendix B of this report and
the conceptual definitions of the major pilot factors discussed in Section Il,
the BOM researchers read the investigative reports and recorded appropriate
inforiiation. The infonrnation included pilot-factor variables that could have

been instrumertal in the mishap as well as nonpiloL factors such as weather

conditions, flight profile, and mechanical operation of the aircraft.

Data obtained from this effort were analyzed to detenine the pilot
factors that occurred most frequently in the 70 mishaps. Six factors occurred
in more than 10% of the mishaps: Channelized attention, distraction,
disorientation/vertigo, excessive motivation to succeed, overconfidence, and
stress.

Task 2: Rank Order the Major Pilot Factors in Relation to a Return-on-

Investment Metric-- The purpose of this task was to rank order the pilot fac-
tors identified in Task 1, in terms of the potential which research into each
factor has to reduce the dollar cost associated with that factor. The three
major subtasks were to develop a return-on--investment (ROl) metric; apply the
ROI metric to the pilot factors identifieo in Task I and develop a specific
ROT; and rank order the pilot factors in relation to the ROI.

1. Develop an ROI Metric. An ROI metric is a tool for esti.matLin the
dollar savings in mishap reduction to be realized by undertaking various
levels of research into specific factors present in mishaps. This task is

concerned specifically with pilot factors. Assuming knowledge of the major
pilot factors, three types of informfation are needed to calculate the ROT:

a. The total dollar cost associated with nishaps resulting fro
these pilot factors. To estimate how much oney can be saved by reducing or
el iminating mishaps involving a particular pilot factor, we must know how much
money that pilot factor "costs" the Air Force.

b. Knowledge of antecedent conditions that precipitate the major
pilot factors involved in mishaps. Knowing the antecedent causes (if any) o01
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(4) Lxctssive Motivation to succeed
(5) Overconfidence
(b) Stress

Task 3: Identify Aviation Technologies with a High Potential for Diag-
nosing and/or Reducing These Pilot Factors--Various aviation technologies were
identified by systematically reviewing articles on aircraft-mishap investiga-
tions. The articles examined were obtained frowm a thorough review of the
overall literature on aviation safety and were selected fron sources similar
to those in Task 2.

Each article was reviewed in conjunction with a standardized review for-i 1
which provided an easily accessible, organized, and thorough abstract for each

study. A more extensive discussion of the details )t the literature search
are contained in Appendix A.

Four general technologies were identified that can be used to study and
remedy pilot-factor mishaps:

Survey "questionnaires" I
Psychological measures
Simulators
Trai ning.

Within these general technology areas are a host of specific diagnostic
and remedial techniques that could be applied to the major pilot factors.

One key observation fron this task is that no one technology is best for

any given factor. The successful elimination of any pilot factor requires
that multiple technologies be applied in a progrannatic fashion.

Task 4: Design Potentially High-Payoff Programs for Investigating Pilot-

Factor Aspects of Aircraft Mishaps--The final task of this research was to

describe comprehensive programs of research, in the domain of the behavioral
sciences, that would aid in investigating aircraft mishaps related to pilot
factors. The products of the task included an integrated prograilllLatic
approach to the prevention of pilot-factor mishaps, the delineation of several
specific research projects aimed at preventing aircraft mishaps, and the pro-
posal of a research project addressed toward eliminating mishaps due to the
two major pilot factors--channelized attention and distraction.

Major Findings and Reconvnendations

A principal reason for undertaking this study was to develop strategies
for eliminating major pilot factors involved in Air Force aircraft mishaps.
Our approach was to identify the major pilot factors and available aviation
technologies capable of reducing or even eliminating mishaps due to the's,; f,r

tors. Equipped with this information, specific research programilS, MdLchIn(j

technologies with pilot factors, were developed with the expressed purpose of
preventing aircraft mishaps due to these factors.

In reviewing the literature on aviation safety, particularly the litera-
ture pertaining to the identification and prevention of pilot-factor mishaps,

I(.
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nvol ved ill a ili shap, aind a Itrhouyh thie Air Force has i dentiftied a nu;:iLber )I

cri ticii )i lot factors, these factors have riot been de(fIied cleadrly.

I ntegirated Approach To PRedL.Ce Pi lot-Factor li shaps-1 he rescajrcil ) f
i tertoLre and accident reports iil isthat the key to effective redlictioni at

utiol-factor iShaps is an integrated research programl thadt reprresents tire O\~r
Freco!:%iitiiierit to mishap reduct ion. A proyraml such as this requires three

el emients : a 'pi lot-factor mishap data collection systeml to (lid in the opur-i-
tional definition of mlishap causes, an integrated series of research projects
applying remiedialI technol ogies to ideriified pi lot factors,* arid an autoiitated
data base n1didngelIreIlt system to provide a needed link between the inrvesti gat ive
research and the reseairch to devel op solutr.ions to pIlot-factor mishdps.

t. Pilot-Factor Mishap dta Collection System;;. The :ishap) daLA co1 I1cc-
,.ion systeml includes at least two Comiponents:

a. \ data col lect run fori CIcurrtai ri i rig stadard Jet1il Liris of ' or
ilot. factors involved inl aircraft mishatps.

b. A pi lot-fictor check] U) is t ssist the Invst ao inl UXaairl 11fl
the pi lot-f actor aspects o)f ai iiisha;:

2. Itegrated Series of keseadrch Projects. Wi m tu~jrarted series of
research proj ec ts are the produ iA t of th i f s curren t reseolrc hi kcI tort . Iheu ro-
jects aire !based urn ai s taridard p~rob les-al viny strate,,y ardJ ied at alyint
hurirari11-factor t'chllrogOi0s rI tire areas' ident if ied by the n ,a- aIti l Icllc-
t un systemr.

3. Computerized Data Base ManaeeriL Systet. L, tao) I i shienit Of a 1 lot-
factor data base t~o provide comunnicat iotn betweenr ives t igat i y e research aind
technology apl ilCdtioi wil11 requ i re deta ilIed front-end analysis, review A
existing and emerjingj co iputer hardware, arid an extensive system archi tectulre
effort. These three I ements , when i n f ull operation , can be vi ewed as a
1K lot-factor ishap reduction .Ystem;r they are discussed f-Illy inl Ser(1t ion V.



Major Pilot Factors Involved arid Proposed Research Projects To Prevent
Aircraft Mishaps--One component of the integrated approach is to continuaTy
identify and attempt to prevent pilot factors involved in aircraft mishaps.
Based on an examination of recent Air Force mishaps (fighter, attack, and
trainer aircraft), BDM identified six major pilot factors involved in mis-
haps. These were rdnk ordered on the basis of potential payoff in mishap
reduction to be realized by research on a particular factor. The factors
included channelized attention, disorientation/vertigo, distraction, excessive
motivation to succeed, overconfidence, and stress. Definitions synthesized by
BDM for these terns are given in Section V.

Based on a review of available aviation technologies, 6DM has developed
2-, 3-, and 5-manyear research programs targeted to reduce mishaps due to the
major pilot factors. Essentially, the programs dpply diagnostic and remedial
technologies to these pilot factors in an attemnpt to more completely under-
stand the factors and to develop, implement, end evaluate solutions to the
problems.

As a result of this research, we recommend that the Air Force undertake a
systematic, programned approach to investigate and prevent aircraft mishaps
related to pilot factors. For maximum payoff on the research investment, the
Air Force should concentrate its effort on one program designed to combat the
two most costly pilot factors associated with mishaps: channelized attention
and distraction. Together these factors were associated with $254 million in
mishap cost over the period 1977-78. Moreover, research leads to the conclu-
sion that they are very similar phenomena.
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11. [DLNIIFICAIION OF 1AJOR P[LOT FACTORS IN,'(JLVLD
IN AIRCRAFT MISHAPS

T-he jirpose 'uf tNis section is Lo lay the foundation for proyrd-i devli,-
.lent by idenLifying major pilot factors involved in aircraft :nishaps. iThc
first step in this identification process is to review recent dircrdft-mishaj)
literature in order to learn more aoout pi lot factors that contribute to iis-
haps The second step is to compare the methods ,y which iitot factor% arc
studied by several safety agencies that conduct iiive LiJu'11IL intto pi It-
'Cel ated iishaps . Vhe fi aI st e) is to exam inie / I rec eti t, a i rc rat t-; i, Ij
investigations and identify .hc ,iOdjolp I_ L fp a actuJrs irivalved Hi these ,it -

haps. These three steps will help assure that the +;, lit i acturs identif ltcd
are a valid and rel iable representatian of all potent dl pilot-related pnt:-
I1o01rna

Review of Literatureo on Pil,)t Factors Related to Aircratt >,ishaps

A thorough search was nuade of the overall literdturt on aviation Safety.
rhe articles rev i ewed in t.hi s secL ian were sel ec Le, t ru.A tne foll awinj
sources:

Keyword search at ;pUo Ii IcdL iOls housed at the Na 1011,11 Tecnn ical ii rIn a-
tion Service (NTIS)

Keyword sedrch of publ icat ions i sted in psychologi cal abstracts
Review of the journal Humai Factors for 1970-79
Review of the Proceedings of the Anniual lluitan Factors Society Meeting far

1973 and 19'ii
Review of selecled poi'lJlar :magazines such as Aviation seek arid AVidLlan

i,)i gest.

Each article was reviewed using a standardized fr, which provided an
easily accessible, urgaiLed, and thorough abstract for e,ch study (see Apperi-
,lix B, Ixhibit B-2). A more extensive discussion of the details of the liter-
ature search and an annotaLed reference section are contained in Appendix A.

Major Inivestigative Areas--The review of the literature identified 12
major investi gati ve areas perta in i ig to pi Iot factorz in ai rcrdft ii shap:

Channel ized attentioti
Disci,' ip ie
l) i sor ien tati on/ Vert i o
!)istract ion

Lxperience
Fatigue
Panic
Personal ity characi,.eristics
P inot ale

SI. rf?,

I oUr

r+



Operational Definitions of Investigative Areas--A variety of operational
definitions have been used to quantify and measure the pilot factors identi-
fied above. The measurcs used fall into five general categories.

1. Physiological measures are usually used to determine level of
workload, fatigue, and stress. They involve monitoring or measuring a physio-
logical response over which most individuals have little control. Measures of
heart rate, pre- and postflight sleep duration, and the SAM battery of mea-
sures derived from analyses of pre- and postflight urine samples are those
most comnnonly cited in the literature.

2. Pilot's self-report measures include rating scales, question-
naires, and interviews. These are subjective meesures that have been used to
assess pilots' interpretations of flight situations (e.g., how stressful, how
fatiguing) and pilots' attitudes and personality characteristics.

3. The flight surgeon's review of a mishap is contained in the mis-

hap investigation report. This is the most coinnonly used source jf data for
the study of pilot factors in aircraft mishaps and provides data for the 12
investigative areas identified, except for stress. Generally, the flight
surgeon is responsible for determining and reporting the psychophysiologicdl
and environmental factors that have contributed to the mishap. The flight
surgeon's decision as to whether or not a pilot factor contributed to a mishap
usually serves as the measure of that pilot factor. Investigators, however,
hdve occasionally relied on their own interpretations of the flight surgeon's
narrative description of the mishap. Because either the flight surgeon's or
the investigator's interpretation may be used, the consistency of the concep-
tual definitions on which these interpretations are based is crucial to the
reliability and validity of this method of measurement. Unfortunately, no

standard set of conceptual definitions exists. A more detailed description of
the aircraft mishap investigation procedures currently used in the Department
of Defense, civil sector, and internationally is presented in the following
section.

4. Actual performance measures involve recording pilots' voluntary
responses to various experimental flight situations. Lxperimental flight
situations may be simulated or actual. These measures are gener,! y used to
assess a pilot's capability to perform various tasks under various environmen-
tal constraints. For example, a pilot's information-processing capac ty can
be inferred by observing and recording his reaction times and ability to re- -

spond to certain primary and secondary tasks introduced (Fring an experimental
flight.

5. Computer simulation techniques, usually used to measure workload,
are computer-based models of aircrew/cockpit environments. They provide a
description of the effectiveness of dircrew station integration in lieu oi

collecting actual performance data.

Approaches to the Study of Pilot Factors in Aircraft MishapLs--fo study
pilot factors involved in aircraft mishaims, the investigative medsures have
been used in four basic approaches:

14L__ I



1. Oe sc r ttvcvt mrd cur rel at i onal studiec we eierail "y based 0!1
stdti1St 1I A iITn V f th 71'VYTTY'7 TFh ' er' 'iv(,st i1 ij t lOt
re po rt. thle n .a d' it ;i ii Iy hai r I_ (rto (i) tn do.La bd so bem 4 Li i si
to st idy thte n I IaW, t f fr'; T nrJ t_!r, a' rt 1r;,,j _ i n lovided in thet
r elnirt S 1> 50k i i(, - iltrr,) at ,-t1  I i i~ves y it-y a i , dld!r- 1( p jIple i e it ed o Lbh
a d di t i aIal n f ort i i t i ar: r i er adi ng he Ie .iojr jah c hcbrac ter ,st i , s anrd ex u , 1-

ioic e o f the p i l ot.

ilesc ri t i vfe Ittd e (c rt!po r till f r etin arcy Vii th iich certd i n pilI ot
factors are iv ol v ei in it sh i, )p, ; corl, ait midi I s -, id i e ppl)r L tie relat1,i o n-
sh i )s be twe en t h em Cd i i,,i 1 ,f uir-, _in' r ao t ie har J i''' j s (O of, c the pi Iot
e g ., aye , exper ornce f~ I i jhu,(i .;I. , pm w of a f I i (fit, t ype o f dirorift)

[hese (Iesc r ip tive ait .)r t it !- it at 1 n(j i r oeItlIy comibi led i r ane
report. I n t, waiy , ww' i tr cal i 1 0l in' j iil-!n to ii iridercstndirny _)f
t he prob I emi

P. Ieut -''o n r t ) ,- - --, rsocrnr f t rid in; t Sy rithes i zr catcI I
si1onis J r ri iand I it' t fi 1-v:" l0 i l a)rta bvihic ale

expladin a partica ilir prohI i ci. 1ho itivest t gdtojr rici trier j,,netl l *' w d-ata -yr
adds any new einp iri cal e v ideo c wL toie Study ltpii0- or :daseL, of ai1r-
craft iishaps . The vvj iA a nciiaL~i to tille t, if ai pilot- tact or
problem and its antecedeits , jlI(or Jsygest i rws for su (it iunS

3. Lab ad f-ice I d cxper (trts comtputer or f Ii jht_ siii a tar Ind
actual fIi g h t h ave be! a5soF ed1 f( by inea trsL col 1 oat "heir own data Oy
iiani pulating the pi lot 's cnvi ronmiint, then nya~ra the. ot tect of the ilani p-
ul at ion on the occurrence o)f pi 1hat fact ofs tAuhtt I'- be case of aJi croftL
Mishaps . The i nvestiqatari easa Sil tim e ff i't i v' e5 'I f the :ia~ nl a j0t i o
e ithe(!r by d hiy s iolIo g icaiI il ml -r'nt .'7'-ins ,r I-rt (r!)t )) 0r Vt oi ,)I f Sheit
pi lot's belhav i; r (actu no pu, fraie asur(s . WithI ths a aproa1ch t he i Owes-
t i rja t or c an ' +/ 'i' , he t ft facts ) f n11 v i 'at 1 14 qr 't o t an It~ t, t 1 'S
beha v ior and I e jr i no iia -Jrt.ara 'Aw 1'ri h itn ta a It t1 l fatrs '

lest ,)i, kl to r r.

4l. S't r' 'i ' , :: ' i 'j r c rift 1, 1, fi j),, iniv e v

idr)i i'iise r i nj ,ii b c' 'v r 1,l t, i oi n>, r 1 iltarv iews 1self t-
report .iieni';ijro-s ,,t I ve 0I'',0t1 1 1 i/O h Ii Sn t Wi y ,~ *) i 10t
ai i tldes , , ti n ()ti, , d ta p mi id rie ft I ;ht S I Liatd tallU ia y fin
nb timed.- Th is a ,pproadc h is j 1 so used to a,, ,s 'i lots i [ersorial i ties wheni
expl orim; hypotheses r - tadrt i altij the re -it ins 1i 1)et w(i't i or t.j a n;Personal I I
C hadr acter is t ics ari 'i s h ap)-nae ririva e Ia t '[,. e50 d5 sinipiv JhI oOleni- J
tary Oiesrn~ethis niechri in~ has at en 'Qii'ot'i 7 '[rtfr be ing vi lit
ias ai py i ma ry d I d dlii r io C apyraut Oc h

R~esults aind wSi~il-/Ohvej lilvfesi. gjil d a ti ii J t'l(Atii ldn I t It

deteatle d, fo' i in VIrt .i ,t'' 'n 'r ', in or dna 1 ! o i u1, )ltI''t a11 'It t ho

re ac i' I I' I be r~ f i i 'Iiu w- I jir t-h r ,II( 7 (t ~ t 4



CIIANNELIZEO DISORIENTATION ME DSTRACTION FAT IGUEEXEIEC

A LICAGE SA ACCTY N

A ROAIYCAAASICS OF

SELIECTED NiMAN FACTORS
INVOLED IN AVIATION SAFETY

TTHE HUMAN FACTOR iN CYCLIC I1N APIJA C ofA MIAPS E
AIRCRAFT ACCIDENT PATTERNS INTACTES OTAR TO Y LIE

REASONS FOR CERTAIR ERRIORS IN R00 HRD DATA RIOT SAUCH Of DISCIPLINE A DISCASSS IRRIMFICIE

PILOTING MENTIONED RS A FACTOR FACTOR PREPARATION AS A FACTOR

CHANGE FACT ANALYSIS CATEGORIZEDO WITH TASF 48% OF 56 MISHAPS DUE TO SEE CIARAMELIZED ATTENTION 13% OF ER MISHAPS DITE TO 7#% Of $R MISHAPS 001 TO
SATARATIRN DISTRACTION A DISCIPLINE RRARDOWN FATIGE TRAININA 24% TO
INATYRNTION ALL COMNTEA KNOWLEDGE
ACCOUNTEO foR 50% OF OR
MISHAPS

OUINNIE ATERSAOINGESTION Of DAINTIE MAY
FUINIELOTllA CAUSE SPAITAL

FORPILTS ISORIRITATIllNl

PILOT FACTOR 1I AIRCRAFT 4% OF 154 MISHEAPS OUR TO TO% OF TO4 KISOIP SDUE TO MARIO PROBNEM$ OCCER IN 72% SE 101 MISTEAPS CAGSO

ACCIDENTS OF IE GERMAN FEDERAL DISORIENTATION FAILURE TO (1111111 LAST PHAASE SE FLIGHT NY PILOTS WITH LENS TUEA
AIMED0 FORC ES REGULATIONS IMPLYING FATIGUE 000 HU ROPERTENCE ON OTHAT

AllEGE N TR T II CREWSMERO 
LAI EXPERIMART MEASUINGAIRRF

FATIGUSTRESO

SPATIAL DSIEINTATIOR IN 1R% Of ALL FETAL MISNAPS TO1N% FATAL WEATHER
LENLEAL AVIATION ICCIT IN 196A T175 DUE TO SPATIAL ELATEDO iMAPINEAGKED

DISOTRTATIOIYRTIGO PILOTS WITH TIGSOD REN.
ItR2% WITHE I.000 .000 10

AN IALYSIS OF PILOT-RRol 20% OF TA MISHAPS DUE TO 38% OR 04 MIEGAPS DUO TO 12. Of TI MISHAPS OAT TO 60% SF TI MIDSHAPS DNA TO
RELATED AIRCRAFT I ACCIDENTS NEGLECT DISTRACTION FETIGUE EXPERIENCE

FTIGAE A ACINCE MANA6GMENT DISCUSSED IS WAEEOTETI~liN FATIGAE PIRM DESCUSSED
OF SKILL FAT1G6U RECOMMENDATINS NME

INCIDENCE COSTS. A FACTOR 0% Sf 452 MIEAP OUN ES 2% OF 452 MIORGAPS OAR TE 10% of 452 MISHAP$ONA TO T% Sf 452 MIDNAPS DIE TO 2% OF 452 MEDWAS WEA TO 77% Of 452 MISHAPS OAR TO
ANALYSIS OF PILOTAERROR CHEANESiZRO ATTENTION OTERRTATION/ERTIGO VIOLATION Of FLIGHT SISTRACTION TN9% TO FAT1GAR TOAINIIN$/EEPRiENCA
ACCIDENTS IN SO AMT AVIATION DISCIPLINE INATTENTION. TN TO

PREOCCUATION

TIE APPL CATTION OF AINE SUBJECTIE SATE ON FLIGHET
SPINIOWSO UN COCKPIT lASS A FAT16AF
EGGIPUENT TO FL16HT SAFETY
RE SEAERCHE____________

A CROSS VALIDATION STUDY SF TIE
PIROINLTY ASPEOCTS Of
,NIOIIEMRNT IN PILOT ERROR
ACCIDENTS __________ ___________ __________ __________ ______ ____

PERSIO ALITY ASPECTS Of
PILOT ERR"l ACCIDENT
INVOLVEMENT

DETERMINATION OR CRITICAL 42% OE TN MTSAIAPS SUE TO 41% OF TN MIAS DE TO SNOT OF TE MIOIIPS RU TO 37% 0 TN MIORAPS DUE TE 2% U TN WUNAPS DUG TO
NTACES ETWEEN RNIRONAMENT CRONNEL IGRO ATTEERTION DIOURIlaITITTON DISCIPLINE NOMSOWN DISTICIIN FATIGUE

a NGAMIE CLAU A *ISM'P$ IT
NEIROSPICTIIE ANALYSS__________

PSYCOMSIEEOAI EFFRCTS OF
11116, 0OfALOPENI A ETUCTIONAL
AGE PSYCIFORGICLOFATS __1___________
ER IS ELGO IL FOTIEAS

APPLICATION Sf A PENFORMANIE TnE WITH NAWESY ELIGHT
MODEL TO0 ASSIESS ARIATOR CRTICAL NMI LAWETS GRINS TI

INCIDNCE AUN NA LAN S
INCISANCAPOTFWE U PILOT ONCYSI

HUMAN #ACT(it APPROACH 11% S040P 11401
TO AIRCRAFT ACCIDNIT ANALYSIS ;4%U 457 F4 AINCRWA1S

MIlU N IMto FATIM

IOAClfI IAINEICl EFFECTS Tn PYOYESENAA A M S U
SNIT TINATIN WAO WEENGO NAURAL ETORNS. MOCATIS
KsMlO ""an TESINYI TN FATigEI

WHVI IFYRAt ASPECTS U GIRCOEW
64"N 01140WRIGI

Figure 2. Matrix of causes--Literature review.
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I. Channelized Attention. Three studies based on statistical analy-
ses of the data provided in flight sirgeons' investigation reports have iden-
tified channelized attention as d factor contributing to aircraft Mishaps.
One study (Directorate of Aerospace Safety, 16) examined 59 U.S. Air Force
mishap investigation reports (1977-78) that cited pilot factors as contrib-
uting causes. Channelized attention was defined in this report as the phenomn-
enon that occurs "when a pilot concentrates on a task being performed to the
point that other cues of impending disaster are not noticed." It was combined
in the analyses with distraction, inattention, and task saturation, all of
which were categorized aS "pilot-induced control loss." This combination of
factors was found to have contributed to 50% of the mishaps reviewed. From an
analysis of 452 U.S. Army aircraft mishaps that occurred in 1911-72, Ricketson
et al. (39) found that only 8% were attributed to channelized attention; how-
ever, no definition of the term was provided. Santilli (44) has defined chan-
nelized attention as "the focusing of attention on a specific task at the
expense of not attending to others of a higher or more iimiediate priority."
In his review of 76 U.S. Air Force mishap investigation reports in 1971-78, he
found channelized attention to have been involved in 42% of the mishaps. The

inconsistency of these findings is attributed to differences in definitions of
channelized attention, to differences in types of aircraft and missions

involved in the three studies, and to the unreliability of flight surgeons'
repor.s.

In a study incorporating results from available tests and
research on fatigue and synthesizing information from dozens of articles writ-
ten by doctors, cremnen, and safety agencies, Mrosla (34) referred to a phe-
novenon called "fixed vision." This phenomenon is presumably similar to chan-
nelized attention; however, he offered no definition. le concluded from his
review of previous research findings that fixed vision is a manifestation of
fatigue in the pilot. In a similar type of study, Dimitrov (15) discussed a
phenomenon resenbling channelized attention which he attributed to insuffi-
cient preparation.

2. Discipline. Each Pilot's Information File contains the Air Force
regulations and the standard operating procedures pertaining to each type of
mission. Any violation of these rules is considered a violation of flight
discipline. While failure to observe flight regulations and procedures is
relatively easy to define and detect, determining whether or not the violation
was intentional is difficult.

Dimitrov (15) discussed breach of discipline as an important fac-
tor in aircraft mishaps. Though he offered no hard data, several case histo-

ries were presented involving breach of discipline and its possible pilot-
personality correlates, such as ovwrcontidence.

Five studies reviewed have addressed the frequency with which
discipline breakdown has been involved in aircraft mishaps. Ricketson et dl.

(39) found that 10% of the 452 U.S. Army pilot-fdctor dlrtrjft mimshdi' thfey

reviewed had been attributed to violation of flljht disciAine. f Idckenber.
(13) reported that failure to observe regulations was involved in 19k of the

154 German Federal Armed Forces pilot-factor mishaps reviewed. In Kowalsky et.
al.'s (29) model for categorizinq NISB mishap data, neglect was identified ds

a critical-condition category. the fliiqht events that nade up the category



Ii~' f ,- i I~ C ]ftc i I 1 i i i ;I rJ1 C~r 1512u ci2k s , clIeir -
vic l 1 ,1 1 10 i r POr ri I' j I C:. ~ r; r in Il- I C U qC,1 1 H Il CdteijUr y

Vi J ~ 1' o It k ; IIi imir u a . t he t; I I hI I' curlsidered
Sai.i I It,111 ir v I -, s h)w ti i 1 1 wa :r e~i . jLI qf C IA" 0e Doe:I 'I%. 1i 10 1  11

itIho lii r tor cc cia I ~ I;l.:s c '' <v a

S iiij i il tI) dilisc j)I i~ hir o1v.'lI.

3. solic t '.III,'1? 1. 110 V t r il t~) w 'je r ~ r 2i;1)It.

,Is to fthe let ; I n I .uiTs . I Vafn enrIt I m I, Ve i -,farlei .jt-1 rtfer, r o

Ii i ] i tic') Y r 1 .1'1) I "11 d 1 1 ML .1 1i I i m ()I ;I i '

hivI Il I(II tho.tc' Tir I I I' I~ ci d 1,, ii 11c ji ' ljll )I
o r a l I o II -, II II 'I '' 1) in w i I~ 1

() Co , Ii S 1 0 11' 1 1 t1 'Jrw I rI 1 ih-, e! I C

roC u rd L, I !( e1 1 In afk0r t Id I1 , I 1,; _ d )r di z I Fle WI

,V1e r fiirio t hi, . 'l C I I Vi~ Ii uc ure

iil-,f di 1 he' I'vI' I Ih r Ilk, It e b)t hta s

olVl m t l t ff J'' w ,*I I, h 1 jt~i) I !? tt IhI op (Rcntar

Oldt I1. o j I jr di' Ii O i I '" a L 11 1 1 1 Il Sr dl S t I d
'ilahi U lIIL 'll-el t) it t 1O (c4 !Iri w hn 'iI j I± ,) I JI,) 1 w j

,I S -, o . t.) 'I t ~ o yn w ii I Iii 'i In ' 1 1 11C S tl 21i S he

"~I iI Sol fh~ ti1 i t v r 1 . lr hi I c I ( I ii r1 rl tek i i

,J f 11 I a 1 i t r Ii I 11 I I d lby I ticn I) w i r inspor-t I 1( 1 III a

,lI~rI tit er.1' L(h1' stuf'li JI o11 Ine I v e' oI 11 Si l I

o lirt ';, iv t Si 't 1 .oIS 1 1 i JtIill siII iI I s1I5le11

wh Ich Ir lo 0 1 t tI v y 1, e



arnd conceptually d ist nrgui sh it fruia chdnrel zed t tent I ain, iridttirLion, and
preoccupation--all of which the flight surgeon lust cons ider separately when
completing his portion of the investigation report. Distraction has been con-
ceptualized as the first step toward channelized attention; that is, the
pilot's attention is distracted froti the pri(iidry flying task and chaninelized
toward an abnonual condition (39). Santilli (44) presented distraction, chan-
nelized attention, and inattention as separate subcategoies of concentration;
he defined distraction as "the interruption of focus of attention on a spe-
cific task by the introduction of a non-task-related stimulus." The Director-
ate of Aerospace Safety (16) described distraction as that phenomenon which
occurs "when a pilot's attention is drawn away from the task at hand," but
combined it with channelized attention arid task saturation in the analyses.
In a somewhat different vein, Kowalsky et al. (29), in their iodel for catego-
rizing NTSB mishap data, identified distraction as one of ten "critical condi-
tion categories." [his category consisted of flight events thought to be pos-
sible distractions for the pilot, such as excessive coilunilcations with Air
Traffic Control, last minute changes or other confusion, hurrying, poor desti-
nation weather, and ashtray fire. Oistraction, then, was considered to be a
pilot factor in the mishap when any (t these flight events were reported.

Ricketson et al. (39) reported that P% of the mishaps they
reviewed were due to distraction; [9' to inattention; and 1% to preoccupation.
He did riot discuss the conceptual differences between these three factors.
Santilli (44) found 37% of the mishdps he reviewed to have been attributed by
flight surgeons to distraction. Similarly, 38% of the civilian aircraft mis-
haps studied by Kowalsky et al. (29) were attributed to distraction. The
directorate of Aerospace Safety (16) cited the combination of distraction,
channelized attention, inattention, and task saturation as a cause in 50O% of
the mishaps reviewed. While these findings are slightly more consistent than
the findings on other pilot factors, tile methods of conceptualizing arid maea-
suring distraction are still not standard.

Dean (12) studied aircraft iishap l)patterns arid linked theimi, 1,i
part, to pilots' life events and environnientil events that occur cyclically.
His data were not directly related to distraction per se; rather, he inferred
that distraction is one reason that aircraft mishaps occur more often during
some months than others. Specifically, his analysis of CF-104 aircraft Nis-

haps showed April, July, October, arid January to be high-rate months. lie
offered explanations such as: in April, personnel whose tours of duty end in
July are preparing to return to Canada and are preoccupied with packing; dis-
tracting bird activity is high in April; in October, preoccupation with plan-
ning Christmas celebrations and vacations is a factor; in January, personnel

are attempting to pay Christmas debts and still meet daily financial obliga-
tions. The speculative nature of these relationships is emphasized.

5. Experience. The literature addresses several aspects of pilot
experience. First is the total flying time a pilot has acquired in all type-,
of aircrdft. Second is "UE time," which refers to the total flyinq iii, ,
pilot has acquired in the type of aircraft in whicn the mishap occurred.
These two aspects of pilot experience are measured in number of hours. A
third aspect is whether or not a pilot has ever perfonited the mishap) task
before, and if so, how recently. All of these measures are aimed at assessin1,
the pilot's proficiency, which is ass'rned to be a direct correlate of experi-
ence. These data are recorded in the investigation report.
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deiiandi rig i ss ion was ( s1 i jtied Lu orl' C oW ft iti vlh j,,i ujr lilT _ ' i i j wer-u

obta ined arid ana lyzed f or- ep I rie hr I tir, !iJrC1 JI ritephrr ne, I /-riydroxycorL Icoste-
roi ds , sod ium , poti ss I uIi, ]rid rsld, ne d aI showed Lha t the crews ex pe r-
enced moderate fatigue aid stress, aggravated by substdntial physical disco:,-
fort, from which they recovered quite rapIdly. An iteresting secondary
finding was the absence of a relat, ionship between fatigue scores drid sleep
duration. That is, pref light sleep inadequacy did riot lead to unusually high
fatigue increments, nor did high fatigue increients lead to unusually high
;ostflight sleep duration. This finding has important implications for the
fatigue frequency data presented in Lthe fliqht surgeons' reports since those
analyses were based on number of hours slept prior to mission as an indication
of fatigue.

In , sinilar type of study, ''turi ,t dL al. (4) tested an augmented
assembly of mieasures for assess inrg the relative merits of various fl ight
instrunentLation systems. The USAF School of Aerospace .edicine (SAM) stress
battery was included as a measure of stress/fdtigue. This battery involves
urine analyses arid self-estimates of subjective fatigue. Light pilots were
assigned to three different flighL )athls assuciated with different workloads.
The data showed postflight feelings of nilId fatigue arid behavioral support fur
the urinary findings. [he authors concluded that the SAI. stress battery was
useful addition to the f11ght instruientation research progrdm.

In addition to data Lhat discuss stress as an indicator oi

fatigue, several studies deal with str2!s separately from fatigue. Like
fatigue, however, stress is difficult to define arid isolate. The Directorate
of Aerospace Safety (16) has identified and studied two types of stress. The
first is mission stress which refers to excessive stress generated by the con-

ditions surrounding a mission, usually a high-visibility mission. Analyses
showed mission stress to have been involved in 25% of the nishaps reviewed.
Second is personal stress which may be a factor if a pilot has unusual or

severe personal problems. Alkov (1) discussed life changes and crises in the
pilot as a source of this type of stress. The Directorate of Aerospace Safety
found personal stress to have contributed to 20% af the mishaps included in
their study.

1. Panic. Though panic is a factor on the checklist of the investi-
gations report, which flight surgeons must consider, it is rarely cited in the
literature as an important cause of pilot-factor aircraft mishaps. Ricketson
et a]. (39) found only 1% of the mishaps they reviewed to have been attributed
to panic. Santilli (44) referred to the general-adaptation syndrome (G.A.S.),
defined as "the heightened physiological state dutomatically assumed by the
organism when faced with a crisis to prel)are him to 'fight or flee.'" This
accounted for 28% of the mishaps reviewed in his study, and although not
referred to as panic specifically, it appears to be a similar phenomenon.
Panic has received little attention in thf literature, but it seens intui-
tively to be an important tactor, supported by the findings regarding G.A.S.

8. Personality. Personality characteristics regarded in the liter,;
ture as the best personality predictors of aircraft mishaps dre accideit.
proneness, excessive motivation to succeed, and overconfidence.

One investLigation of accidunt pruneness wds a statistical arialy-
si s of over 2,400 aviation mishap re port;s a i ed at deLeni ni ng whether or not.
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Iltierature haS not shown the pilot's phyical condition to be a major contri-
butor to aircrdft mishaps, the f Iight surgeon's investigation is so detailed
with regard to the preexisti ng physical cond it i on Of the p i lot that we consid-
ered it a ;najor factor' worthy Of further study.

It. Workload. Aircrew mental workload has been measured in a variety
of ways. Williges and Wierwille (57) classified the behavioral-research
literature pertaining to the measurement of aircrew worklodd into the general
categories of subjective opinion, spare mentdl CdpdC ity, dnd primary-task
metrics. They concluded that no single measure can be recotinended as the
definitive behavioral measure of mental workload and that the most promising
assessment procedure should include multitle measures fromx all three of the
general c teor i es, as well as phys iol g i cal correlates. The l it(r a tre
reflects this attitude with the variety of ways in which workload has been
stud ied.

Through a survey of aircrew opinions, Rolfe and Chappelow (41)
assessed aircrew workload at each phase of flight. The highest ratings of all
aircrew were given to the preflight planning and mission phases. Pilots also
rated approach and landing as high-workload phases of flight. A task analysis
of sorties that require physical workload, perceptual workload, and mental
workload was presented. These authors considered two aspects of the flying
task to underlie other pilot factors involved in aircraft mishaps. These two
are 1) physical and mental workload, and 2) compatibility between the equip-
ment provided and human capabilities.

In support of Rolfe and Chappelow's (41) assumption regarding
workload, the Directorate of Aerospace Safety (16) concluded that mission
complexity is a major underlying problem contributing to aircraft mishaps.
This was based on their finding that half of their mishaps involved distrac-
tiori, inattention, task saturation, or charnelized attention, all of which are
tied to mission complexity. Similarly, Storn et al.'s (54) manipulation of
-nission workload, which effectively induced varying amounts of stress and
fatigue, implied that workload is a contributor to other pilot factors identi-
fied as causes of aircraft mishaps. Santilli's (44) frequency data gave
further empirical support to the importance of workload as a contributing fac-
tor in mishaps. His study showed that overcommitment, defined as "the assign-
ment of task demands and multiple tasks that exceed the pilot's capability,"
was involved in 36% of the mishaps he reviewed. Inconsistent with these find-
ings, however, are data presented by Ricketson et al. (39) which indicate that
only 3% of their mishaps were due to task oversaturation.

Proposed Conceptual Definitions of Pilot Factors--One of the most out-
standing characteristics of the. literature reviewed is the lack of precision
and consistency in the conceptual deli-nitions of the pilot-factor investiga-
tive areas. Often the pilot factors under study are not defined. When
definitions are present to help interpret findings, they are usually those of
the investigator, even though the data used in the study were collected usinj
definitions of different flight surgeons. Mishap investigators, especidlly
flight surgeons who supply a majority of the data used in mishap research,
need a standard set of definitions to which they may refer when reporting on
the pilot-factor causes of mishaps. This would greatly increase the reliabil-
ity and validity of related research findings.
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We have synthesized descriptions and fragments of definitions frol the
literature into concise definitions for the ten Most d ibiguous major p11 ot
factors. Then, to conduct d more systematic investigation of recent aircraft.
miishaps investigation reports, we have used these definitions to interpret
flight surgeons' narrdtive descri ptions of events surroundiig the fi Shaps.

* Channelized Attention - A behavioral phenoienon that occurs when j
pilot's fu attention is focused on one stimulus to the exclusion of dl
others. This becomes a problem when the pilot fails to perforii tasks or pro-
cess information of a higher or more immediate priority and thus fails to
notice or has no tiEiie to respond to cues of impending disaster.

9 Disorientation - A loss of one's place-in-space that occurs when a
pilot's perception of the aircrafL's attitude or iotion is incongruent with
respect to Earth. This is due to inadequate sensory stimuli, an incorrect
interpretation of sensory stimul i due to limitations in sensory receptors,
incorrect selection of co,;ipeting sLiiul i , or the absence of a general cogqni-
tive framework that realistically orients the operator within his environileTL.

* Vertigo - A fori of physiological disorientation that occurs when a
piilot senses that he or the external world is rotating. Any forii of disorien-
tation becomes a problem when a pilot is riot cognizant of being disoriented
and responds according to his incorrect appraisal of the situation, or when
the pilot is cognizant of being disoriented but is unable or does not have
enough time to correctly reorient himself while tending to other vital flying
tasks.

* Distraction - A behavioral phenomenon that occurs wien a pilot's
focus of attention On flying tasks is interrupted by a stimulus unrelated to
those tasks. This becoiies a problemn when the pilot fails to refocus attention
on flyirg tasks of d higher or mtore iliviediate priority in tiniie to recognize
and respond to cues of impending disaster.

• Excessive Motivation To Succeed - A personality characteristic thdt
predis,ses a pl7ot to set unre-alistically high standards for himself and try
to perform tasks for which he is knowingly ill-prepared. This becomes a prob-
lei when mission success is afforded a higher priority than caution, judgment,
or known restrictions.

- Fatigue - A degraded capability t.o perform some specified tasks that
occurs when a pilot's present cognitive or physical capacity has been exceeded
over some period of time. This becomes a problem when thought processes and/
or muscular reflexes are retarded to the point that the pilot cannot meet the
workload deirands of a flight.

0 Overconfidence - A personality characteristic that a pilot May
develop with experience or with positive reinforcement during training. It
iredisposes the pilot to overestimate personal ability, the ability of others,
and/or the ability of the aircraft. It becomes a problem when the pilot
attempts to perform tasks that exceed personal or aircraft capabilities.



e Panic - A heightened psychophys io I ogica I resiponise satLe hdt d pi lot
May experience when he is stressed to the point Lhdt his ddaptlve IeChdnis 2s
completely col lapse. In such a situdtion, the pilot is seized with sudden,
uncontrollable paralyzing terror which inhibits hi. fromi performing the mental
and physical tasks requisite fur safe-flight mission completion.

* Stress - A heightened psychophysiological response state experienced
when a pilot perceives that the workload demands of the flight mady exceed his
capabilities and that the successful completion of the flight is thus
threatened. In such a situation, the pilot's adaptive mechanisms becoiie
severely taxed. Problems arise when his adaptive mechanisms are tdxed to the
point that they collapse and the pilot is unable to meet the workload (demC1arid'.

of the flight.

• Workload - The amount of activity, 'ental dnd physi, --, requisite for
safe mission completion. This hecomes a problem when, for various rusons,
the workload demands of a mission exceed the pilot's capabilities to ,,iet
those demhands in the d&iount of tia avai'lable.

Review of Techniques Used by Selected Aviation
Safety Agencies to Investigate Mishlaps

Air Force mishap investigation reports were the iiajor source of data used
in this report to identify the primary pilot factors involved in aircraft mis-
haps. Since nishap investigations play such an ilp)ortant role in diagnosing
and understanding the causes of aircraft mishaps, the techniques with whiich
mishap information is collected are also important. This section will compare
the investigative techniques of six organizations and provide reconmmundations
as to how the Air Force's investigation procedures may be improved. The six
organizations selected for study were the U.S. Air Force, Army, and Navy; tile
National Transportation Safety 3odrd (NTSB); the Canadian Forces; and the
Royal Air Force (RA ) of the United Kingdoim.

The information presented here wa ( obtained from official agency regula-
tions and discussions with nembers ot t he agencies. Table I presents the
written materials reviewed for this; section. Information about the RAF inves-
tigative programs was obtained exclIUSvely frcun discussions with RAF person-
nel; official documents were, unav,.,lahle.

Conduct of an Aircraft Mishap Investigation--Aftet d mishap occurs, an
investigation board is convened and charged with uncovering the causcs of the
mishap. Generally the intention of the investigation process is to obtain
information that can be used to prevent similar mishdps. Except for NTSB, the
board typically consists of a president who is a rated pilot, a maintenance
officer who is knowledgeable about the aircraft, d medical officer, and d
recorder. The medical officer (typically d flight surgeon) is charged with
evaluating the human-factor aspects of the mishap. He dl]o detnrmrulliw, I.N
causes of injuries sustained in the mm shop ind iflJV±. the egri.,'. irid lif,
support equipment available.
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TABLI, 1. DOCUMLNTS RVLLWLJ FuR INVESTIGATION TLCHNIOULS

Agency Documents

Air Force AFM 127-I, Aircraft Accident Preventin aind
Investigdtion, 1972; AFR 127-2, The U.S. Air
Force Mishap Prevention Progrd,ii, 19/9; AF
127-4, Investigating and Reporting J.5. Air
Force Mishaps, 19/6

Army AR 95-5, Aircraft Accident Prevention,
Investigkition, and Reportirg, D/5

Navy NAVAIR 00-8r f-6/, Handbook for Aircraft

Accident Investigators, 19/3

NTSB Outline Hu~iian Factors Investigation/Repurt

Canadian CFP 175(2), Aid to Accident/Incident Inves-
Forces tigation, 1979; Flight Surgeon's Accident/

Incident Check List, 1977, DCIU4 Report
15-R-1098, Investigation of Human Factors in
Aircraft Incidents and Accidents, 1915

All agencies examined here follow this investigation model to soie
extent. There are, however, some ilnportant differences. Fhe agencies are
compared on three critical dimensions of the human-factor nortion of the
analysis. These dimensions are reflected in the following questions.

(1) What human factors are investigated?

(2) Who is charged with conducting the human-factor irvestigation?

(3) Who makes the final decision as to the human factors involved in the
mishap?

Table 2 presents an overview of each agency based on the answers to these
three questions. The table shows that five of the six agencies used medical
officers or flight surgeons to conduct the human-factor portion of the mishap
investigation. This represents only a small portion of their responsibili-
ties. The flight surgeons are also charged with examining the causes arid
extent of injuries suffered by persons aboard the aircraft and with analyzing
the egress and life-support equipment involved. Only the RAF sends investiga-
tors specially trained in human factors to investigate these aspects ot a iis-
hap.

f-or four of the six agencies, the human-factor rivest igilOr I, actually a
member of the unit or installatiori in which the mishap occur rd. lhe N M ' and
the RAF send investi gators from their central headquarttrs to tie mlshlp.

The iJ.S. Army, Navy, arid Air force focus on the sa;i 'Wt AI huirai factur.
to investigate. Exhibit B-2, Appendix B, present, the 11-,t ut factors th,



[ABLL 2. OVERVIEW OF CRITICAL ASPLCTS UF AIRCRAFT MISHAP
INVESTIGATION PROGRAMS FUR SIX AGENCIL

Human factors Human-factor Finji evdludtion of
exhibited investigator human.-factor causes

Air Force See exhibits Flight surgeon AF Inspection and
B-3, B-4* (local) Safety Center

Army See exhibits Flight surgeon Major COi1111dnd (e.y.,
B-3, B-4 (local) FORSCOM, rRADOC)

Navy See exhibits Flight surgeon Ndval Safety Center
B-3, B-4 (local)

NTSB Primarily injury Flight surgeon N[SB Board
related (local)

Canadian See exhibit B-5 Flight sureon 8ajor command
(local)

RAF Not available Human-factor Bodrd itself
investigator

(central)

*Appendix B exhibits

flight surgeons Ase to indicate the presence or absence of selected human fac-
tors. The form, developed jointly by the services in the late 196O's, pro-
vides the flight surgeon with a long list of potential huimian factors involved
in a mishap, but with no definitions of these factors. Thus the definition of
each factor is left to the discretion of the investigating flight surgeon.

The Air Force, Army, and Navy also examine personal data for crewmembers
of the mishap aircraft. Exhibit B-4 presents a copy of these variables. The
Navy has launched an unofficial attempt to obtain data on pilot life stress
which is hypothesized to impact on pilot performance in the cockpit. Life
stress is characterized by events such as divorce and death in the family.

The NTSB is not concerned primarily with the human-factor causes of a
mishap. It, instead, focuses on injuries to the crew and passengers of the
aircraft and on the egress systems. Only in circumstances where human-factor
causes are obvious (for instance, a pilot who has a high blood alcohol count)
will an NTSB investigation report such causes. One reason for this particular
emphasis is that the NTSB reports are part of the public record. Since humdn-
factor causes are often difficult to support, the NTSIB discourdaes ,pgeculatloi

on them as causes of mishaps. In the other agencies examined here, the pr 1

mary purpose of the investigation is to understand mishap causes with the aim
to prevent these mishaps in the future. Since the results of these investiga-
tions are not subject to public scrutiny, investigators are encourdged to make
reasoned judgments as to human-factor causes of mishaps.
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Lxhi tiL L-B p)r e Sent S t he Per solid 1 dajta drid hflman factor S thot It,
1-1 ,n orces flIi ght sur( eons exariii ne. These factors Lire taken fraom 'hi
Flight Surgeon's Accident/incident. Check List (19/1). As is the Cdse fir ,hit,
J.S. agencies, the Canadian Forces do riot offer stanidard definitions for andfy

oif the huLin-factor termns. fhe Defense and 'Civil lrisL u~e Of Llnvirriiieiital
Medicine published a report titled "Investigation of Human Factors inl Aircratt
Incidents and Accidents" (191b) which defines some of the teri~is but leaves theL
bulk of themr undefined.

After a mishap investigation is completed, the investigating teii Pre-
pares a final report which suiiiiar i zs the in ;had presents susp)ected causes,
id Makes reco:imnendat i~ u di(a t') hOW S -hliit I arIiShalps coo Ild 1)e rovented. In 1

the RAE , t he hoa rd ' COrIC I uIS i OrIS and rec oiiendutLi uris ar e t I rul . Iii the uther
services, the investigating teaimi's conclusion arid recoivilerditioris are subjec'
to review and change by higher authorities.

Eval1 ot ion--A ygI or i ng we,)kns g in l iiio 0 slidp inivestigations1 s the
absence of standa rd de f 1 rem L i oril, of the( human f UCtor - i oIvol Ved i it :ii shaps, . The
absence of these det i ri i t i oils creajtes an anb Iis ,0 si Lua t i on , wher e the iii slapl
investigadtor most not, only try to detoriiie what, -Oct o cond itionis led to a
mishap but. also to dec ide which hinan-factLor luibel(~. channiel ized tc-
tion, distraction, etc.) best describe that set at conditions . With no s,-iei-
lard definitions, different investigators are ap!toL at:ach different def-,m-
tions to a rnumrber of the humain factors. When this happens, the fi nilris tto !i
the different investigations will nut be c-omparable.

A second pr obl em wit litarny mlishap i nve stigaLti ons is5 that the fii ht n-
geans do niot always possess the requ is Ite human- factor expert ise to assess the
P ilot factors i nvolIv ed in ri a isha p. Ini s;uch inst anrces , the f ind inrgs fro '. to
investigation na~y be invalid.

Another Problemi is that the fljh 119 atsrjekmn must invest i yat(e riot only -he
hOINilai-factor causes of tire i ishap) but alOlte case ad cx' -1i. or 1irir ie
aind the egress arid life support, that were inrval vedli ute m shap). 11his crmLieh.
a great deal of work for one person to accoriilish , SO so0,11 parts of on inrve5-
tigatian iiay receive less attention than others.

Tire hurin-factor Port ion at mi shain irvestigit ions focuse,, (prh o vey ly
f)cuses.) On pilot. factors that occur in the cockpit. Invest 1 igatlons) 1o oo ar
fact or s such as channel I IZed attLention or di str action, which Ildy dIrYectly Ycaulse
a mishap. They pay less attention to antecedent factrors (which occur before
the pilot enters the cockpit) that May precipitate situadtional tdIctors (fac-
tors that Occur in the cockpit). The RAE investigators, in contraist, Care-
fully examiine a pi Il's fl ight-exper ierice records, persona 11f Ii Ichstory, arid
other prefl ight factors that ma1y preci pi Late iii sbai-CaW,irig] factors in the
cockpit. The Navy, as Miertiorned Previously, has begun to l ook it aj pilots
personal l ife stress in an atteinpt to) pinpinirt pretlight faictors that. leaid to

Another Potent I j I prohlemil w i ii iiaiy -it i q) I rivo,t i 1 ,m r' i t hit t lie
f inali judijinent as to t he i it0 ( arid rirrn io) I I f a)tm ir , I ivi I vod 1t 'ri f lit, i~
is, :1'11k ni'it, iy thl i'. jto. njt by 'I llii iher ro l~lr eiiW i n o Ii



dathor ity reviews the invest gati ve board' s report ot the wi shap dnd foriu-
lates its own conclusions about the causes of the Mlishap drid reCOi1ilenddtiOni'

for preventing simi ar mishaps in the tuture.

Since investigative boards way have little investigative experience, the
reviewing authority (which presumably reviews a number of mishaps) brings
experience to the process and may be able to correct mistakes made by the
local investigative board. Different investigative teams, however, do not
always provide the same type of information in the same amount of detail in
their reports. As a result, reviewing authorities not only may have invalid
information to review, they may have incomplete information; thus, the review
process has the potential to add even more error to a poorly written investi-
gation report.

The RAF tries to avoid this problem by using central investigative
boards. These boards investigate numerous mishaps and therefore have a great
deal of expertise. These boards are given the final authority for determining
mishap causes and recommending strategies to avoid similar mishaps. Such d
review strategy, however, could become very expensive for an investigative
agency such as the U.S. Air Force if it were charged with investigating mis-
haps around the world.

In sum, the major deficiency in the human-factor portion of many investi-
gative programs is lack of consistency among mishap investigations. This
results from the absence of standard definitions of terms, unequal abilities
of investigators, and a lack of standard investigative procedures.

Recoimnendation--The most pressing need for the human-factor portion of
Air Force mishap investigation programs is to establish a systematic, standard
data collection procedure. Foremost in this task is to establish standard
definitions of the human-factor information to be gathered. The use of stan-
dard definitions will increase the reliability and validity of information
obtained from these investigations.

A second step is to provide trained human-factor specialists as part of
the investigation team. These specialists could provide a valuable contribu-
tion by identifying the human factors involved in mishaps and by freeing the
flight surgeon to concentrate on other parts of the investigation.

If human-factor specialists cannot be provided because of funding or
other constraints, flight surgeons should be given more rigorous human-factor
training. Moreover, the investigation task could be made easier and more
standard by development of a sy3tematic investigation procedure for deter-
mining the human factors involved in a mishap. The procedure would include
strategies both for determining the situational factors which lead directly to
the mishap and for tracing these situational factors back to antecedent
causes. The Army has initiated such a system (see U.S. Army Aviation Digest,
p.10, Dec 1977, and Army Regulation 95-5, 1975). The new investigation procoe-
dures could be augmented by development of a workbook or checklist which alI
human-factor investigators would study and use during the course of a mishap
investigation.
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A Stdardized investlyation process woluld lead to com 'dr ,I; i I I ty 'ic~
Investigations. Similar informnation would be available fron, ecu investiga-
t ion, and the meanings of terms wooldU be the samne. Under tresk on 11 r
the review process woo id be :ior 0 iicon ir Ia 1 easetereiwrswl
reli1abl e and vol id loforiiot.ionl to exalt rio

Anaiy~sis Of an Aircraft. L~ata Base

Twelve Major factors were identified in the literature review on loit
factors invol ved ini airc r a t l 0s;aps. ',IicuG. the var ious art i es revi oed dio
not use the same definitions of lhe l;owtctirs, we haive oor, ascOa r r
definitions.

The ipurpose of the effort described in thi s sectLi or was to systel iOi 1
analyze recent Air Force iai r r a ft 0isa rIort!.,, us i nq the sIan(dr dol
tions. This retfined method of identitying the naj or pi lot factor '

jnin mr s haps w i I FI )r ov i de rei I Iab1)i I i Lty t )o our IdJe nt i f j cot i on o f i )v, ,~' f (
areas. Access to IIshap inivesti gation rep~orts was prov i ec by the
Force Inspection anid Safety Cenrter, florto)n Af 6, CalI I f urnrli I.

Data and Mlethod--A hufiiin-f factor team was uised to) revleo i -e, or '.s
and identify pilot factors involved in the ishaps . To innxi00ize the re 1 ;o:,i
ty and vol idi ty of thei r j udgmnents , tine r esearcher s oIper at ed -,ndey tnEir toI -
lowing conditions. Fir st. , i nstead of scor chinrg for a wi de var Iety M l,
factor causes,* such as the many contairnod or) the t'i r I orce filight ts' ,)Th
focused on the 12 factors that were Soggested by previous literatujre (nlo

ny previous exaiinat ionrs of Air Force mishop reports) as the lnost iio an
Second, the team operated within toe frciiiiework. of stanrdard colicept uo I :indu
opera t ional def in it i o.r for each of the se facotor a. T i rd , there erchr
attempted to be exhauisiive in their i Ovesti gal, ons . They rec ordeO '. 1 1v 'Vi II -

abl e informaltion that. woould helIp i dent ify whait took 1 ic- to hr 1 :iy d)(jol.h
,Irl sha ps . Fourth, the researcher s used a standard cod inri formn to vide Jl ti
examilnationl Of the ii shopi reports. A conly of t,11is codin- riutrji1 1 conitail '[( I
Appendix B3 as Exhibit B-I.

The coding form was, dcvelilw itt f ter car efo review of both OtO 'iir,0
mmcishap literature and sami~ple Air lorse imi hop repurt~. I hie tot ;i was" '( mined
to key the researchers to look for and record all ova ilable intoriiial. 1 ciha
could help ideriti fy pilot , fctoirs that lead to io shops. 1 no codi iii fotmil con-
tai ns both pil1 t-factor var iabl es that couild be instrumental in the Imishap arid
nonpi lot faCtors such as weather conditions, flight profile, and condi I inn andt
functioning Of the aircraft. These rionpi lot. factors nay irter ac t wi th the
pl ot factOr S to p)roduce a l mishap[. The coding key al so irniI des ai1rcraift
type, date of accident, number Of fta~l ities, and the cost )f tLhe ::iishap.

Channel ized attention, disorienitation/vertigo, distraction, man1ic, work-
lOad, and stress were urmeasured by the researchers as pot enti al cinsal( fict,)r
n the ni sha ps viewed. Iwo per son al1 ty n-har actIor i st j c s- -e ie v( ye i I

to succeed and over (ori f i dence- -were( also used, as; well as tourdis
related factors-nonobservanrce, of missitorn riules, directiv es,* air dis IIi rie m,
anid establ ished pr ocediures,
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Pilot's age was calculated from date of birth. Pilot's physical condi-
tion was measured by the flight surgeon's statement or description of the con-
dition, and was coded as "good," "fair," or "poor." Fatigue was measured in
the following three ways:

Hours slept in the past 24 and 48 hours

Hours worked in the past 24 and 48 hours, and

The length of the flight, including time in the cockpit prior to the
flight.

Flight experience was assessed by the following variables:

Hours flown in the previous 24 and 48 hours

Numbers of sorties flown in the previous 24 and 48 hours

Numbers of sorties flown in the previous 30 and 60 days

Total sorties flown in the mishap aircraft type

Previous number of similar missions

Days since last flight

Days since last flight in the mishap aircraft type

Total flying hours

Total flying hours as a first pilot

Total flying hours in a jet aircraft

Total hours flown in the mishap aircraft type

Total weather instrument hours

Pilot rating.

No arbitrary standards were developed to designate when a pilot is fatigued or
not fatigued or when he possesses sufficient experience; no such accepted
levels exist. Hartman et al. (21), for example, were unable to observe a
relationship between sleep levels and self-reports of fatigue. The best way
to measure the effects of indicators of experience and fatigue would be to
examine samples of both mishdp and nonmishap flights. The strategy would be
to measure the pilots' levels on the fatigue and experience indicators for
both samples and see if significant differences existed.

SinLe nonmishap flight data are not available, an alternative strategy
was used here. The indicators of fatigue and experience are variables that
occur prior to a flight. As such, they do not directly "cause" a mishap, but
mdy lead a pilot to perform or fail to perform in a manner that results in
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ni shal. Htence, the strategy used here to indicate the effect of fatigue and
experience on the occurrence of pi lot-factor mishaps was is follows. First,
the judgment was made as to which pilot factors (other than fatigue and expe-
rience) had a major influence on the mishap. Second, the indicators f
fatigue and experience were correlated with these pilot factors to deter; n ne
whether or not they were associated statisticdlly.

The L ime per iod selected was January i, 19/7 through Deceirber 19/L. !his
period was selected fur two reasons. First, it is d period during which air- ,
craft .;ishaps increased over previous rates (Directorate of Aerospace Safety,
ib). Second, beginning with January 191/, the ishap-reporting procedure wui
imiproved somewhat over past practices.

The saiple of mishaps was selected from all attack, fighter, or trainer
aircraft mishaps that were classified as resulting exclusively or partly fro,;
o pilot-related factor. The population was narrowed by selecting only Class ,
and Class B mishaps for which complete, or nearly complete, data were alval-
able in the investigation report. Class C mishaps were not included since
these reports contained limited infornlati on. Class A mishaps are defined as
those in which damage to the aircraft exceeds $25U,U00 and/or there is a
fatality. Class B mishaps range in cost from $100,000 to $2bo,000. Class C
;ishaps involve damage of less than $100,000.

Fromii the population, /M) mishap reports were salpled. This sarple size
was chosen, on the basis of a standard statistical power analysis, as the nun-
ber of cases needed to calculate !he Return-on-!nvestment Metric (RO1).

The sample cons1sts of rub Class A Mishaps and five Cldss B ni shaps. The
,)b Class A ,iishaps involved a human factor and represent 84% of all Class A
mishaps that occurred during 19//-/. The five Class B mishaps represent only
10% of all Class B hu1lan-factor liii shaps, but 100% of the Class B human-factar
mishans that had complete or nearly complete mishap reports. Table 3 indi-
cates the aircraft types contained in the sample.

lhe /03 reports were read by a twc arson research tea;1. Lach person read
approximately 35 reports. In many instances, the data were recorded by
copying the infornation directly from the appropriate form in the mishap
report; e.g., wecther conditions and nany of the pilot-experience and fatigue
:measmlres. The operation or failure of any of the aircraft components was
taken directly from the board's judgment as to the status oft the component.

The rsearchers were required to make decisions about tile presence or
ibsence of several pilot-facto items. To do this, they read the nar rat ive
descr i pt ion of the irr shap and judged whether any of these factors were pr e-
sent. In niaking their decision, the researchers were guided by the defini-
tions of these factors presented on pages 25 and Zb.

The researchers were told not to make any judgments about the causal
nrature of these factors, hut simply to code whether the factors were present
or not present in the mishap. The narratives often do not contain enough
detailed information to imke a judgment as to the causal nature of each fac-
tor. The assumption was ,ade that if a factor with the potential to cause a
mishaip (such as those exaiined here) was present in a larqe niu;her of mishaips,
It. coold b) inferred to !w o cousa l factor.
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TABU. 3. TYPE OF I\[RCRAF[ TI sMPLLU

No. No.

Type Samp led Type aaip I ed

AFD b F IObD 2

AIDA 5 F 1 J5Y 2

F4C I F IOA 3

RF4C 0 F 10W6 1

F40 7 F I II I

4L 4 1 ID

4I b 4 FIIIF 3

F15B 1 FBIIIA 2

FIOD b T33A I

F ICKF 3 T3B3 2

T38A 5

The inference to causality would be stronger if data were available on
nonmishaps. If a factor occurs frequently during mishaps but infrequently
during nonmishaps and if the factor can theoretically be shown to be able to
cause a mishap, then inferring causality is appropriate. Nonmishap data, how-
ever, are not available. Therefore, inferred causality was based only on the
frequency of occurrence of a factor in mishaps and on the theoretical ratio-
nale that the factor could cause a mishap.

After making a decision about the presence or absence of these factors,
the researchers were instructed to note the investigative board's conclusions
as to which psychophysiological human factors were present in the ilishap.
This information was taken from Form 711GA (Exhibit B-3) only after the
researchers had made their own judgments. The reason for instructing the
researchers to make their judgments independently of the official investiga-
tive board was to allow for comparison between the two sets of judgments.
These comparisons form the basis for determining the reliability of the
findings.

Major pilot factors involved in aircraft mishaps are those factors that
occur most frequently concomitant with a mishap. Table 4 presents the factors
that either the BDM researchers or the Air Force investigators judged to occur
in more than 10% (8 or more) of the 70 mishaps studied. The table shows a
general agreement among the two sets of coders concerning the first fot'r fdc-
tors.

Both groups rated channelized attention as the ;ajor pilot factor asso-
ciated with mishaps. The Air Force investigators judged channelized attention
to occur in 54% of the mishaps. Distraction was the second most observed fac-
tor; disorientation/vertigo, third; and excessive motivation to succeed,

34

.1



4.I)j A) Aii~ A Iii AIiRtlRAI Ia S

iX ud I or C

rm Ii ze Attdin no -o !i

Orss 1 o 01 05d 1h 0!1'. "Or' (

Apy eel' cio do('11 1 1

Vij s I Ai Ill u s Jn>ii

'Ju} i nutL o-vaia I eO i t~u j

h'or Co. L clra Ci rS", s~~ j udij e(: ar 1 -1 e Tr iI, rid Str es eA ch .
)c c ur i n 13 !ti shaps , iik i '; th''er ai Li for CT 1- iti loC s r (e llo t l I t f 1C-
Cor. The Air Force infves,* iii tamrs ra 'A oi ireohas oti Ls the f i ft Ehr)st
freqolot, tACtOr , 41 Lh ()VefrcO ide'ice i;.' v I 11 us Hoit e as t. e x1 ~tn.

AltChough the contract, de~re did lot - 1.1 epto' I- o uje the occurrence
of f ci'.i jne , ihe Air l-rc !neto~s'id drid j J-A it t, to L 0 be mj
Victor. dt i glif aa';'' I)o sl e oi r v I wa 15 iuled !") occur in 1Oly (/
it thie Ilah~i I'cw ) 'o'l 1k, f'r f Ii udv : ctir in on Iy 2 3 ) if

The res~ at Ia': " c'. i~ ldi i t 1. ju uLo ond i xe rI t,nI e witht
rhe ej 'ils iujor 'I lo I (actori s L i ou y il J t J on'j r e dt 10i d fIHu r s
slept dir irig the preCvionsu s haid i J ijht rel ati&h ii) Wo 3ppt eOlen-
s ion ai d v isul Ii11Iias i nn, wi hl c o rrl eI i ns it f3 a nd .29 r es pet:L I vely.
Tota I f ir stC-i lot, fo I r s hat a" Is I ji hT nifq, vI ev r tlIa t u nshi' t wl tOh d istric',i on,
wi th a correl at io I t -j o 3

No o-,t h er , t q i (,in cour r a a j inis v 4 kr r' , ti i tw e i a ny o-)f t u u a fit,
maj or p i Io)t f jc irs and the 1indIdato rs i, f ftit i qti anf A ex per Ionce. AS a
resul t, f ait i oiue a rid iixper i eice we re rot 'l1b; d 1.,) b e ia,, or i Io tac Imtor s
i nvo ved fijr "this ,xmqle o~f /1) 'ii) :;00 pc,.

ked ahi lity of tile iata-The falc t li! 3)24r socer mui trio Air I ic
I T)V e tl()d to0r S C 10a y aq jr.1- e I n their j idl iients, of p i f a icC.)r - SiilJ e,-, i
dle 11r ee o f r o I i j)i I i tIy inr thef dai 1 . 7 01) e 0- p roserit Lthle coiri es Ir kndi
between t he, two ijrOojps for f i v(, - tilhe -1 kjijt, miaj or 1) l Iot t(I (ictor s t hit- theiy
both 'oded. The er-'r en I ,ir uJ one 'ion r i1or oi f e N'If (,Io ci h0 1 ) a' i I in is t (1ii 11ed I!y
'lividinq thei ii t ii1 ri-o, i r it -iii sh i tar wh i ci ihe u o iqt i oed (tho 'oiwi at
the dii oriial o Ia;rii I ''r"Ii-ri' an) Ye -ye-' y Inc Ia -i 'lwll"l' at *aof'l I rs

PI) . c 1 wh ',' . o o r ls '~' f '1 !ll'J" iie i'' lt' 1(m)



CC cw u 0" C'J Li -
- C) >- - ~ ui H

(:3C 0:: IT wiJ) CD "

C-) Q..) c.: -1 M) c -

C)O

j LA

cli

C-)

-D. L-) > L

0 Li C) 0
C-) Lr)

OfO

C) CC C)

coi
CDi

C) C-)CD

CD (D

c'i

LiJ w c iJ- '

C)C)
Li i <1~

-UL

C) ) ~
CCCL CD

L'i 2

Ccc :.n C--C)iC



S (iVer -,mtr I Je!1C() I C ea -V (2' TJem n J /~

rb t a fe d tby S U11 in ri~j trho ,t, II Ii i11b r t i ha S t or wn Ch the u o cr5 dra
faor eac h o f Itoe f ive u lr faicta tru Jr I' 'ho by do 4n jYetfia'I rr
nfl'. ice:u I j I O e i~ I2 s'C z , indadr ds , iuch of the a gr ee!:ie n t'

f the tIc t !.hat Ithe ca s 'erri' wh an~en a facto)r isnot pr esent. n,
hiiQn. riry in edut rat t hi t abul e s WC r S in the "no-no" cell-.

A njth er jietiod fior co()nsidteIr opTI r el1 JD I I i ty is tO lOonly at nfl'- In,_(?
where ei ther set ot coder s idornt i u's one factor ds presenit arid tnien t,, deter -

Mine the degree of ayreierit between the coders. To (10 this requires el iimi -
natinkg the 'no-no cel I arid recdlcalatinmg the rel jaii it ies. Th i s is done o~y
calc cilit inrg the Lital number ot mi ohda s for which the coder,, dureeid ajnd div id-I
i ny by I-he to ta Inumlber Of o ser v' I orms it hre tabl1e. Tat) I e () Sj;ialr i 705
these oper at i ons ,the r e IujPl i ii t y r anges ft im _OW P uces ;JCCC C iu vat iin) to 43,,
(Channel i zed at tent io) 1, )TOiLylne ver aI coder agreemient ta-r all Ilive fajcti.r 5

Discussion- - he2 josno t it)jh the [;D,'1 resedrcniers ond the A~ r ourcc
investigyators is t hat chaurrel -ized at~tention, d istraction, d -,soir i tat i )it,'
ver t i g, ind excessiv e io i v'afLon to) succeed are the four factors 'lost f1r e-
loun ly i nvolv'ed 'in aircraft iti sha;ps . Other rajor factors identified !)j
?i he,- set ')f c oders are overconifidence, stress, a ppr ehen s ion , anid v IsualI
ilus il.

AcarefulI anadsi oY Sf snese factorS shows that they can be divided lnto)
two categories: prcdslosi ional and si ,tuaitiona I. Overconfidence arid exces-
sive nuotivation to succeed are conditions within the pilot which he brings to
a flight and which can predispose him to performi or fail to 1perfori samj~e
activity, with this performance or nonperformance leading to a m1ishap. ForI
example, a pilot overly miotrivated by success mnay attempt to acquire a target
In his first pass even though he cannot adequately contr ol the ajircraft, dur ing
the fwss. As a result, he nay fail to recover during tan, t. c_qui.sitiin, arid
crash.

Oharnelized attentiin, distraction, disorientaioi/vertilio, visual illuI -
s ion, stress ( as def i red here) , arid apprehensioin are typ icall Iy s ituat ionalI
f actor s, wh ich, when they occur , del ay the plilIot f rom riaki ng a cr it iCal res-
p)on se(-. In an aircraft these situational factors become critical because th,,
;)Hot's tuie to respond to) demrands is br ief. The Simre-coirpressed inoformiatiron-
roce Ssinrg nature of the p)ilaI os task i s the f actLor that renders these srit ua-

t inal pi lot factors problematic. Any t ime one of the se fadcto rs oc cur, i t
(in iter forn with iriformat ion processing arid lead to a mnishaip.

Ii ,i po int deser ves !some further amnp I f ic at i on . A 1) 1 o. is .,om i;,ie s
refenr r e to) as a riis s i () itanager . Lssent ial ly, he processes) a wealIt h of
niormaidt ior) and per tuorns ap propr iate responses . The hal I kOf 11i shaps, rela Jted

So pilIot factors nay occur because the pilIot is tr equent ly pushied to his
inforiiition-processinrg limlitS, and then ninor disturbances such as distraIction
can lead to miishaps . If this is tru~e, studying time-coripr essed iformratioan
processing mnay lead to ways to identify a pilot's maximriir informntion-proces-
sing capabilities, reduce the i nforinat i on- rOcC~s~ rig (1lriands of the iiore
difficult pi])i ~ig taisks, aid/or i nc r ease t he p ilIotL' s abilIi ty Lo p r oces s
infor:mat. i on. Lrrich of then,e f i ndi rq", coo Id hel p) reduce pr Int- factor miiso
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At other times, time-compressed lnrt,)riition proces- inq is nut reil ly Ll-

ili shap cayuse. For example, a pilot .,ay be InvoIve l in aj I , l ovre! 'o:i. nj
'Iission. He may be in perfect control of the aircraft wi th no Oifur ;dti ri-
process i n; proa 1 ems it al I. lie may, tor some reason, becomrle fasc i ndtud wi 1
the tr ace of the bombs on the target and simply forget t. ;,', I our ,f ai dI v'
and crash. In this scenario, the pilot is not pushej to nrs ,fo ,,i
;rocessi ig Iilits. Ilis iind is taken off his .,ission for s e i kr w ,iow , ,i--
son. Clearly, iarp irforiidti Or is required as to how Ihose si Ltd to iorio I

tors come about. With such inforiation, finding cotwi n i lelents ,rlder 1'v "
pilot-factor 1iishaps could aid in discoverino relledi L, for these Ii shdps.

While the coders tend Lo agree about, the, rank ordering of the :tapir 1 1
factors, the intercoder reliabili'ty heLweert toie Air [orce aind 1 D invsti;,!-
t.or s suqgests that the two glroips 'lay have had di! f fereft iotions Thou'
ieaniing of terms. The coders tend to agree when the phenomena are aDSeI-, t
indicated by the high "no-ro value in the reliability tables; however, vjlC
the factors are preset, the coders tend to disagree as to the labels
attach to the factors.

An obvious reason for this disigreenent is the lack of a COIIt1Orl dot i;- -

tion for each pilot factor. While the ,.1 researchers worked with the deti,i -
Lions presented at the bejinning of this section, the Air Force investig- ,rs

did not necessarily use the saime definitions. As a matter of fact , s1 Ct-
number of Air Force investigators were involved in coding these 70 .nisha;,'s -,ni
since the Air Force does riot provide investigators with i coiion set of Jef'-
nitions, the Air Force investigators themselves were possibly not operatina

under a common set of definitions. Another reason for the absence of higher
degrees of reliability is that judgment of the presence of a pilot factor is
often based on the very 1 i iited and iricoi;l ltc(  itiforiliat ion available after !he
il shop.

Recommendations--A consistent the;ie throughout this section has been !Ale
lack of reliability in i;iishap investigations due to the jbsenlce of standlr d
definitions of pilot factors involved in tishaps. Therelore, we recoiniend

that the Air Force develop such standard difinitions aild provide them to all
hliman-factor investigators.

Second, wo recoiiend tLhat t.he Air For cc initiate the investigatiq oln ,0
near-tlishdijs. Iir such irivesti.gut ions, Air Force safety personnel will L e able
to interview piilots t.o find out specifically what occurted in tile cozk;t t t

produce the near-mishaps.

A final recommendation is tihtt the Air I orce dovelop it computer il.,d diti-
base to house inv st , iation reports. 1 his i nfori;lat ion could be made (iv 1 aIL)l u
to researchers to explore var ious diimensions of the pilot-f ac tor issue.

The purpose o)f thi'; section was to Idently I le mljor ilot , ,I c t ,
lrvol e¢d ir aircraft i i ,fha ps. The first. ste ) wall to review recent. i1cratt-
,Ii shap I i ter t r, to develop art t deo of pilot factors that contr lilute t u
!11shii I . Tl) e eciond 't.1)  wi' ,o r evi ew the urI ceoct by II t ch ' V eve}r ", II tty
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agencies exdmine pilot-factor mishdpS. Lquipped with this information, d BUM
research teadi examined /0 recent Air Force aircraft mishaps involving a pilot
factor. These researchers were given .tandard definitions of a number of
potential pilot factors contributing to mishaps. They read mishap investiga-
tion narratives arid, using the defined terms, judged the pilot factors present
in the mishap. The researchers were aided in their task by a detailed coding
sheet that cataloyed the specific information they were instructed to collect.

The BDM researchers also recorded the pilot factors that Air Force inves-
tigations had judged to be present in these mishaps; generally the two groups
agreed as to the inajor pilot factors involved. The BDM researchers uncovered
six factors that occurred in more than 10% of the mishaps. The Air Force
uncovered seven such factors, five of which overlapped with the BDM
researchers' findings.

The following eight factors were judged by either the Air Force or the
BDM team to be present in more than 10% of the mishaps. The parenthetic entry
indicates whether the factor was judged important by the BDM researchers, the
Air Force investigators, or both.

(1) Channelized Attention (both)

(2) Distraction (both)

(3) Disorientation/Vertigo (both)

(4) Excessive Motivation To Succeed (both)

(5) Overconfidence (both)

(6) Stress (BDM)

(7) Apprehension (Air Force)

(8) Visual Illusions (Air Force)
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I. INVLSTIGATIVL AREAS RANK ')RDERLD IN R.LAI i I,
A RELTURN-ON-INVESTMENT METRIC

The previous section identified eight pilot factors present in more lian
10% of selected pilot-factor mishaps occurring in 1971-78 and invul,. im
fighter, attack, or trainer aircraft. The purpose of this section is to I1s.
these factors in the order in which they snould be investigated. IinI.
priority list will be based on the expected return-on-investment (RO) that a
reduction of mishaps due to these causes can be anticipated to produce.

This objective was accomplished by I
(1) developing an R0I metric based on the dollar cost of var ios ii Sho!s,

() applying the W)I netr ic tO thW ldjor pilot factors P11volveJ ill air-
craft iii shops, and

(3) rank orderinq these pilot factors in regard Lo Ln ki)l metric.

Developing the ROI Metric

A return-on- investmnent netr ic is a tool for est imat i rig the dol ar savi 'Igs
from mishap reduction to be realized by undertaking various levels of research
into specific factors present in mishaps. An R01 ;etric can bo depicted WS th
the following formula:

R01 l T,)tdi Dollar Saving - Total Dollar Research Cost (I)

That is, the return on investment is the difference between how much was saved
and how much was spent to obtain that saving. To ontain an RO oased on
research into ilot factors, estimates are needed for both the cost of p i it-
factor research and the t.otal dollar sav ings to he real i zed by such resear C.

For purposes of Lh is report, costs of pi 1 ot-factor research pr ojects a e
fixed at 2, 3, arid C manyears. Consequently, taking total research dollar
cost in Formula I to be fixed, the RU1. requires that t.he total dol lay sovi Ing
be estimated.

The maximum dollar saving possible from research into any pilot factor is
the total amount of money that factor costs the Air Force. Ihe total dol bar
saving will be the percentage of the total cost associated with a pilot factor
that can be el iminated (or reduced) by research into that. factor. This can be
depicted by the fol lowing formula:

Total Dollar Sa ving Total I)ol 1,ar Cost X Percentage M i ho p
Reduct ion (,)

I or eXiUfl', Suppose pi lot- factor X w asssuc iated wi th $1JU mil 1I il
wor I.h of lailage. If research could Ieard to el imiritaLion 0i tO of Lhee s lls-
h ps, the loll ar saving 1,o ht, ra Ilized y resir ch mti i loL-i actor X wooi I
be 'Ipproxirm tely IM) ;mil I, ,' X..0, o $,'1) i111 Ionl.
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The total dollar cost associated with a particular pilot factor can be
estimated from data on previous mishaps. Estimates of how effective research
will be, however, are not so straightforward. Orie reason is that the ultimate
research effectiveness will be based on intangibles such aS the research tedm
personnel and their access to and use of relevant facilities and materials.

A possible predictor of how effective this research into a specific pilot
factor will be is how effective previous research has been. The literature
will be reviewed to determine the state of investigation for each major pilot
factor. If the literature review for a particular pilot factor shows a well-
integrated body of research with positive results, and prospects for even more
positive results, then future research should he effective. Alternatively, if
the state of the literature is disorganized and indicates little if any posi-
tive results, then effectiveness of future research would be difficult to pre-
dict.

Knowing the antecedent conditions (if any) which led to a pilot factor
would help in estimating the potential effectiveness of research into elimi-
ndting mishaps due to that factor. If the factor itself cannot be directly
eliminated, it might be indirectly eliminated by modifying the antecedent fac-
tors that cause it to occur.

The approach for calculating the RO metric will be, first, to identify
the major pilot factors involved in aircraft mishap . Then the total dollar
cost in terms of aircraft damage associated with each factor will be esti-
mated. Nrxt, an attempt will be made to identify the antecedent conditions
that help to bring about the pilot factors.

Finally, a review of the literature will be conducted. Each pilot factor
and its antecedent causes will be reviewed. Based on this review, a judgme,;t
will be made as to how effective the research into each pilot factor will be.
This information along with the total dollar cost associated with each pilot
factor will be entered into Formula 2, and the total dollar-saving parameter
will be estimated.

Applying the ROL Metric

This section describes, first, the data used to identify the major pilot
factors; second, the major pilot factors involved in mishaps and the total and
average dollar costs associated with each pilot factor; third, the antecedent
causes of these pilot factors; and fourth, an estimate of research effective-
ness in regard to the specific pilot-factor areas.

Data--For identifying the pilot fictors, data were taken from /0 aircraft
mishap reports made available by the Air Force Inspection and Safety Center,
Norton AFB, Calitornia. The 70 mishaps were randomly selected from the popu-
lation of pilot-factor mishaps that took place in 1977-18 and involved an
attack, fighter, or trainer aircraft. The data were obtained by two BON,
researchers who read through the miishap reports and coded pertinent informa-
tion on coding sheets such as the one in Appendix B (Exhibit B-I).
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[he researchers read the narrative of each mishap and made their own
judgment as to the pilot factor involved; specific definitions of a number At
pilot factors were provided to guide their judgments. Then, to provide a
reliability check on their judgment, the researchers also recorded the pilot
factors judged by Air Force investigators of the mishaps to be involved.
Section I contains a more detailed description of the data and method in
which the data were acquired.

Major Pilot Factors Involved in Aircraft Mishaps--The major pilot fdCtorj
involved in fighter, attack, and trainer Air Force aircraft were identified
from the 70 mishap reports reviewed by the researchers. The BDM research ted:,
uncovered six pilot factors that were involved in more than 10% (8 or more) ot
the mishaps.

In general, the BUM researchers and the Air Force investigators agreed
upon the major pilot factors involved in these 70 mishaps (see Table 4, ;d'j
35). Both groups rated channelized attention as the major pilot factor. Ine
Air Force investigators judged channelized attention as occur'ing in 54k i)i

the mishaps; the BOM researchers, in 46%. Distraction was the second ilsus
observed factor; disorientation/vertigo, third; and excessive motivation to
succeed, fourth. BDM researchers found overconfidence and stress in 13 :iis-
haps, placing them fifth. The Air Force investigators ranked apprehension as

the fifth most frequent factor, with overconfidence and visual illusion tied
for sixth place.

Part of the disagreement between the findings of the 3DM researchers and
Air Force investigators may lie in the tact that the Air Force does not pro-
vide its investigators with standard definitions of pilot-factor variables;
thus, the two groups nay well have had different conceptions of the same fac-
tor.

The BDM researchers used the following definitions for the adjor factors
they uncovered:

0 Channelized Attention - A behavior ! phenomenon that occurs when a
pilot's full attention is focused on rne stimulus to the exclusion of all
others. This becones a proble'm when the pilot fails to perform tasks or pro-
cess information of a higher or more inTnediate priority anu thus fails to
notice or has no time t-o respond to cues of impending disaster.

* Disorientation - A loss of one's place-in-space thOt occurs when a]
pilot's perception of the aircraft's attitude or motion is incongruent with
respect to Larth. This is due to inadequate sensory stinmuli, an incorrect
interpretation of sensory stimuli due to limitations in sensory receptors,
incorrect selection of competing stimuli, or the absence of a general cogni-
tive framework that realistically orients the operator within his environment.

* Vertigo - A form of physiological disorientation that occurs when a
pilot senses that ie or the external world is rotating. Any forml of disorien-
tation becomes a probleri when a pilot is not cognizant of being disoriented
and responds according to his incorrect appraisal of the srtuation, or when
the pilot is cognizdnit of being disoriented but is unable or does not hdve
enough time to correctly r eorlent himself while tending to) other vital tlyinq
t. asks.
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•Distraction - A behavioral phenomenon that occurs When d pi !ot's focus
of attention on flying tasks is interrupted by a stimulus unreldted to those
tdsks. This becomes a problem when the pi lot fai Is to refocus attention on
flying tasks of a higher or more ilmmediate priority in tiiw,, to recognize and
respond to cues of impending disaster.

• Excessive Motivation To Succeed - A personality chdracteristic that
predisposes a pilot to set unrealistically high standards for himself and try
to perform tasks for which he is knowingly ill-prepared. This becomes a prob-
lem when mission success is afforded a higher priority than caution, judgment,
or known restrictions.

* Overconfidence - A personality characteristic that a pilot may develop
with experience or with positive reinforcement during training. It predis-
poses the pilot to overestimate personal ability, the ability of others, and/
or the ability of the aircraft. It becomes a problem when the pilot attempts
to perform tasks that exceed personal or aircraft capabilities.

* Stress - A heightened psychophysiological response state experienced
when a pilot perceives that the workload demands of the fliyht may exceed his
capabilities and that the successful completion of the flight is thus threat-
ened. In such a situation, the pilot's adaptive mechanisms become severely
taxed. Problems arise when his adaptive mechanisms are taxed to the point
that they collapse and the pilot is unable to meet the workload demands of the
flight.

The dollar cost associated with each ma1djor pilot factor was obtained
by determining the damage to the aircraft and to the equipment on the air-
craft. No dollar estimates were attached to the loss of lives or the
resulting loss of combat effectiveness and training costs since such values
are almost impossible to calculate.

Table 7 presents the total and average dollar costs associated with
each major pilot factor. The costs are presented separately for the BDM and
the Air Force codings. The total dollar costs associated with the mishaps
vary widely. The most costly factors are channelized attention, distraction,
disorientation/vertigo, and excessive motivation to succeed. The Air Force
coding finds overconfidence involved in $14.5 million, and channelized atten-
tion in nearly $200 million.

The average dollar cost per mishap also varies. Ior the BU3M-coded
mishaps, channelized-attention mishaps tend to cost, on the average, more than
twice as much as the stress-related mishaps. For the Air-Force-coded mishaps,
distraction-related mishaps cost more than three times as much as overconfi-
dence mishaps.

Antecedent Causes of Major Pilot Factors--As noted previously, estimating
the effectiveness of research to reduce or eliminate mishaps associated with
the major pilot factors would be easier if we understood :ivre clemrly huw
these factors originate.
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TABLE 7. TOTAL AND AVERAGE DOLLAR COSTSa ASSOCIATED WITH EIGHT

ILOT FACTORS

BDM coding U.S. Air Force coding

Mean Total Mean Total

Channel i zed
attention $4.57 (32 )b $146.3 $5.23 (38) $198.9

Distraction 4.14 (26) 107.5 5.47 (21) 114.9

Disorientation/
Vertigo 3.29 (22) 72.4 5.49 (17) 93.4

Excessive
motivation to
succeed 3.85 (14) 54.0 4.46 (16) 11.6

Overconfidence 3.61 (13) 47.1 1.80 (8) 14.5

Stress 2.06 (13) 26.8 c

Apprehension c 4.31 (10) 43.1

Visual illusion c 3.85 (8) 30.8

din ;illions.

bEntry in parentheses is number of mishaps for which factor was present.

cThis factor was not evaluated. (See Section II.)

This section attempts to identify antecedent causes of these major pilot
factors. The approach selected was to correlate the occurrence or nonoccur-
rence of each pilot factor with a host of both pilot-related and non-pilot-
related factors. These factors were obtained from the mishap investigation
reports and are contained in the coding key in Appendix B. The specific fac-
tors and their operational measurements are as follows.

1. Weather Conditions: The following variables representing weather and
visibility conditions were coded 0 if the factor was absent and I if it was
present.

Clear
Obscuration
Cloud cover
Turbulence
I oj
Pa i n
Pl et,
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Snow
Thunder storms
Tornadoes
Special warnings
Visibility--coded as the number of miles of visibility
Wind velocity--coded in knots

2. Aircraft History and Functioning During the Mission:

a. Aircraft History

Total flight hours - airframe
Total flight hours - engine
Hours since last airframe overhaul
Hours since last engine overhaul
Recently unscheduled maintenance: 0 = No

I = Yes

b. Aircraft Functioning During Flight (Coded 0 it component/systea
was functioning properly during flight; 1 if defective)

Flight controls
Electrical system
Hydraulic system
Radio
Engine
Pneumatic system
Instrumentation
Navigation system
Other systems

3. Flight Profile (Coded 0 if condition was absent and 1 if present):

a. Phase of Flight

Takeoff
CI imibout
Enroute
Range
Descent
Landing

b. Mission Element

Air-to-ground ordnance delivery
Low-level navigation: below 5000 ft (1500 m)
Low-level maneuvering: below 5000 ft
Air-to-air engagement
Maneuver with formation
Search and rescue
Acrobatics
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C I lIII Ot Day

Bus k

Dawn
Day h
Night._

d. Alt i tude when Mi shap Sequence Began

4. Pilot Factors:

a. Fatigue

Hours worked during previous 24-hour period
Hours worked during previous 48-hour period
Hours slept previous 24-hour period
Hours slept previous 48-hour period
Hours continuous duty prior to flight
Time in cockpit prior to flight
Length of flight

b. Experience

Hours flown in previous 24 and 48 hours
Number of sorties flown in previous 24 and 48 hours
Number of sorties flown in previous 30 and 60 days

Total sorties flown in mlishap aircraft type
Previous number of similar missions
Days since last flight
Days since 1(ast flight in mishap aircraft type
Total flying hours
Total flying hours as first pilot
Total flying hours in jet aircraft
Total hours flown in mishap aircraft type
Total weather-instrument hours
Pilot rat ing

c. Pilot's Age (years)

d. Ilot 's Physical Condition (good, fair, poor)

Jsu of Alcohol or Drugs Prior to Flight: 0 s No
I Yes

Table e presents the results of the correl at ion analyses. the corre-
lati,)ns presented dre, Person product moment correlations. The table shows
that very few of the irtecedent factors exam:iined are related to the occurrence
of the major p11 ut factors. Various elements of the mission, such As air-tu-
grourd and air-to-air engagements, tend to be related to selected pilot fac-
tors. The strongest relationship is between disorientation/vertigo ind clear
wedther. Thi s reliationsh ip suggests that on clear days pilots have a tendency
to hecomie disoriented, perhaps because it is difficult to listinguish between
the griund and the sky.
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TABLE 8. ANTECEDENT FACTORS SIGNIFICANTLY RELATED TO
MAJOR PILOT FACTORS

Antecedent Factor Pilot Factor Correlation

Coded by BDM: --
Air-to-air engagements Channelized attention .37
Air-to-ground engagements Channelized attention .29
Total first-pilot hours Distraction -.3o
Clear weather Disorientation/Vertigo .10
Pilot's physical condition Disorientation/Vertigo .38

Coded by U. S. Air Force:

Air-to-ground engagements Channelized attention .36
Low-level navigation Channelized attention .20
Air-to-ground engagements Disorientation/Vertigo .24
Air-to-ground engagements Excessive motivation to

succeed .30
Hours slept previous 24 Apprehension .22
Hfours slept previous 24 Visual illusion "9

Determilning whether certain pilot-factor mishaps occurred in certain
types of aircraft was not possible. Not enough data points were available to
,jet an adequate Sd1ple of mishaps for each aircraft-type sampled.

Lstimatiny the Effectiveness of Research To Reduce or Eliminate the
Major Pilot Factors--The last information needed to calculate the ROI metric
is an estimate of research effectiveness regarding the major pilot factors anc
its applicabiltiy to reducing or eliminating mishaps due to these factors.
The approach we used was to scrutinize previous research that had attempted L
determine remedies for the major pilot factors, assess its effectiveness, and
estimate its cost.

This literature review is suii1narized here and reported more fully in
Section IV. The most striking characteristic of this literature is the lack
of systematization of the research it contains. No organized, programmatic
attempts on a wide-scale to eliminate or reduce pilot factors are recorded.
Only scattered and fragmented attempts have been made to diagnose pilot fac-
tors involved in mishaps and to suggest remedial solutions to these problems.
Even when a remedial solution has been devised and implemented, it is not fol-
lowed up by evaluation of the success or failure of the solution. The litera-
ture on previous research into the major pilot factors involved in aishaps
appears to be inconclusive.

Based on the review of the literature regarding dviation technologies,
and the current state of knowledge about the major pilot fdcLors, no fa tur
appears to be more or less resistant to investigation than any other factor.
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Rank Ordering Pilot Factors in Terms of the RO1

This discussion wil be confined to the six pi lot factors identified by
the BDM researchers. Because these researchers used standard definitions when
iaaking their judgments about the presence of pilot factors in mishaps, we can
be more confident about what is meant by each of the factors named. The Air

Force investigators were not guided by standard definitions, and we cannot be
certain that they used the same meanings as BDVi.

After investigating the ROI frxn reducing pilot-factor" nishaps, we have
no reason to believe that research into any of the six factors will be more or
less successful than research into the other factors. lherefore, we can
assume that each factor investigated, given the same level of research invest-
ment, would yield approximately the same percentage of mishap prevention. If
we assume that percentage mishap reduction is fixed in Formula 2, then the
more total dollar cost associated with a particular factor, the greater the
total dollar saving to be anticipated by investigating that factor.

By this logic, the factors would be rank ordered on the R0I metric in the
following manner:

(1) Channelized attention
(2) Distraction

(3) Disorientation/Vertigo

(4) Lxcessive motivation to succeed

(5) Overconfidence

(6) Stress

The average dollar cost associated with tn /0 iMishaps is $3.82 million,
so prevention of just one pilot-factor mishap would save an average of $3.82
million, and in the case of fatal mishapis, a life. Oiven that the funding
level of social science research projects is typically less thin $1 million,
successful prevention of just one mishap will yield a substantial return on
the research investment. We can, therefore, expect effective research into
the major pilot factors to yield a sizable return on investment.

liscussion and Recommendations

[he major recoamviendatiorn arising from this section is that the largest
return on the research investment would be realized by focusing on the pilot
factor that costs the Air Force the most money; i.e., channelized attention.
Other factors to investigate would be as rank ordered in terms of the ROI.

The review of available data and literature relating to investigative
areas indicates that of the six major factors, four (channel ized attention,
distraction, disorientation/vertigo, and stress) occur in the cockpit during
flight. We could not determine, however, exactly what )ccurs in the cockpit
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to precipitate these factors; nor were we able to deterginne Which drntucedenL
factors, if any, occur before the pilot begins the flight, which iiay predis-
pose him to be subject to the four HdJOr factors.

Any research that attempts to develop solutions to these iiidjor pilot
factors will have to begin with a clear description of the scenario under
which these factors occur. In an dircrafL, channel ized attention, distrac-
tion, disorientation/vertigo, and stress become critical because the pilot's
time to respond to situational demands is brief: the time-compressed informa-
tion-processing nature of the piloting task renders these situational p4lot
factors problematic. Anytime one of these factors occurs, it can interfere
with information processing and lead to u .iishap.

A pilot is sonetimes referred to as a mission m;ianager. Essentially he
processes a wealth of information and performs appropriate responses. The
bulk of mishaps related to pilot factors may occur because the pilo. is
frequently pushed to the limits of his information-processing capabilities,
and then minor disturbances such as distractions lead to mishaps. If this is
true, then studying time-compressed information processing may lead to ways to
identify a pilot's maximum information-processing capabilities, reduce the
information-processing demands of the more difficult piloting tasks, and/or
increase the pilot's ability to process information. Each of these findings
could help reduce pilot-factor mishaps.

We can also describe scenarios where time-compressed information process-
ing is not the mishap cause. For example, a pilot :may not be pushed to his
information-processing limits; his mind may simply be distracted from his mis-
sion for some unknown reason.

More information is required as to how these situational factors come
about. With such information, we may discover commonalities underlying pilot-
factor mishaps. Finding such comnon elements could aid in discovering
remedies for the mishaps.

The lack of more precise information about the major pilot factors is due
partly to the nature of the major source of data about these factors, mishap
investigation reports. Two deficiencies can be identified in the investiga-
tion process. First, the investigators don't have standard definitions of the
human-factor terms that are used to label mishap causes. Second, the human-
factor investigators are not always well enoug) trained to "dig into" the
mishap to determine specifically what went on in the cockpit prior to the
mishap or what preflight factor may have led to the mishap.

Another problem, unrelated to the investigation process per se, is that
much of the information needed to determine what occurred in the cockpit prior
to the mishap can be obtained only from the pilot, who is frequently a fatal-
ity.

Since mishap investigations provide an inadequdte source of data, thre '
changes to the investigation process are recommnended. First, hulidn-fdctor
investigators should be given standard definitions of pilot factors that may
be involved in aircraft mishaps. This will provide reliability among investi-
gators. Second, the investigators should be trained to explore mishaps more



c are t i I I y I ni order, Lu seard l i or- )tilO! 1") t' I la id)' lit I I' th e Jib., ir -
rence of the :iaijor, pi lot fta iL or- 5. h1 I t h jI II I ur5'J1 shiol Ic 'dr i r V es -
t i y t i no nea-i:ii shaps . Dy tlC1 , 1 1 1n. e, K- ~o I j ) i ) i n U. ri ,r v iH e li
p 1 i -Ot Lu f i rid 1)11. Wpec i fin i ,I/1j. 1 ii 1-(- 1 71 i:.l (O 1. o( 1 ) - "r 1A f- It
near -1 i sli ao

B~efore conc I 1 rig ! ii Sec t I n , o)le c-dVedtSh' , I n iturward. Tt
i~was c a Ic jl ated ba sed ori t hoe usi-ipt lull that Lhe i1 it ftu~ 'ost Ire(-

queritly occurring Inl (I11; are the iwL iiyor-tuit 1,Jo t- tdt i c of
ii shops . This infer ence to causal Iity WA s based not oily on he tr,,ire riecy w 1 thl
which these factorYs occuir, LiiS ol so ),i'-h Puheort Lcd ls' i that these,
factors are indeed CO)dble 9f ' . -1 ri hI Jl. Ih fie'-rfre- ,f Odu ,dl ity
would be even strunger- if dai~d were'( Jci 1, a~ e cunc.ernriy roioo.i lt

It j pi lot factorc is truly a 0 1i >i iship, it would occur pi -
1on ly durinq mshp bt iii.) Er 1s iio ''i fu II ightS. However, nonilo sh a
daota ore not dcii I aPIii 5 we wc(10 o I 1 o 0 see how fire~ently ',he oaid- ir
ilot. factors occiarre,,l m1 riliii f11 I :*hts . W~tr ixed to verc,,ie this driy-

back by d Stal1ti~ tca utchn i -ie i wird l ui t r k'ires'S I.CA alIys i s, !G, th is wa s
Insuccessful. SYie 11!0 :itort Iiii -)f ccss ul tl lots vold be useful in the

O I-r'l process ot moo yij 14 v t rvol e~d i!' aitcrafl .1 <Snas

rJ I .r

The purpose o)f !j -nc t), t,ir ) order , 1x Io~ tufct!or'S, j ud-ed
by a BDM research te&;i 1,: !)e :it~ )r 1IL tot'Ir Jn1i Sho ',' , I .11 1iS of the doT I ar
Sa im os in fi Shdan reduc ir9! ti i)e t 2 e,,, uy rsearch )Wt. ouch fuc tor

The fir st sltep wais to1-0 1r it, I ji- UKi .)o ostu associaited wit11h
.i s h aps oc cur r in y fro(; i e. ic' i )ft fies f ' ~r. The mK'S q as; to de termin iie
how effective research in to .Pan.ea imu O ii: donie by revjiewi ig
previous studies that atteiip Lid to medlcc of! el.iwitt ,crf ;iiciaps due to
these factors. Thi s ii teruturire ie . (, O c e fSnai, no one iilot-factor urea
is m,,ore aimenabl e to effective r-esear-ch trian any ither- area.

We concl aded , thierefore, that, if reerh viere conducted 1into specific
pil1of factors, the return on invest,;ienl. of ;.hil co feerhwadbeir;oto

to the dollar cost associated withi eocllh of trio factu~rs . Threfore, the six
pilot factors i den t ified by the 13DM rs10hrswereo rank unrted inm torts of
antic ipated retu rn on ivest,;ient..



I[J. HUMAN-FACTOR AV[ATION TECHNOLOGIES

The purpose of this section is to identify and describe numJdn-fa _tJr

technologies in aviation that are applicable to the prevention of pilit-facl
;ishaps. 'We will review some inputs of Section II to define pilot tdcturs fII

:;ishaps, Iist aviation/human-factor technologies previously applied to i:mlJ i
prevention by article, and select most promising technologies dvai)dL)le wiTh
regard to the major pilot factors.

Here technology is defined as a research procedure designed to establish
causal relationships between selected pilot factors and aircraft .ishod$.
Hard technol ogies incl ude dctual machines that augment hu.;1an perfor,:irnce, sich
as simulators and instrument warning systems. Soft technologies include
behavioral techniques such as questionnaires and stress indices to study hula,
probl ems.

The interrelationship between the hard and soft technologies is viiportant
in studying pilot factors in aircraft mishaps. For example, using a hard
technology such as the NASA/Langley Visual Motion Simulator (VMS) in a labora-
tory environment to familiarize the pilot with the sensation of disorientutiun
is an important methodology. Equally important is using the workload opinion
questionnaire to identify the pilot's problems. Both technologies can provide
the Air Force with data to hel p eliminate mishaps.

Major Pilot Factors Involved in Aircraft Mishaps

A team of researchers examined a sample of 70 aircraft mishap investi/d-
tions attributed partly or wholly to a pilot-factor cause. These miishaps
represented 85% of all pilot-factor mishaps for the period 1977-76 and
included fighter, attack, and trainer aircraft. The researchers read through
the mishap reports and coded pertinent information about the nishap on coding
sheets such as that appearing in Appendix B.

To guide their judgments, the researchers were given specific definitions
of a number of pilot factors. Also, to provide a reliability check on their
judgments, the researchers were instructed to record the pilot factors that
the Air Force investigators of the ;nishap had judged to be involved. Section
1I describes more fully the method in which the data were acquired.

The results of this analysis yielded eight pilot factors that ap;peared in
,tiore than 1(0% of the mishaps examined. These included apprehension, channel-
ized attention, disorientation/vertigo, distraction, excessive motivation to
succeed, overconfidence, stress, and visual illusion.

These pilot factors are defined as follows:

0 Apprehension - A psychosocial phenomenon that results fran the anix-
ious anticipation of a flight mission by the pilot. This becomes a probleim
when the pilot's apprehension precludes his concentration on vital flight
tasks
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0 Channel ized Attention - A behavioral phenomenon that Occurs when d

pilot's full attention is focused on one stimulus to the exclusion of dll

others. This becomes a problem when the pilot fails to perform tasks or pro-
cess information of a higher or more imavediate priority and thus fails to
notice or has no time to respond to cues of impending disaster.

e Disorientation - A loss of one's place-in-space that occurs when a
pilot's perception of the aircraft's attitude or motion is incongruent with
respect to Earth. This is due to inadequate sensory stimuli, an incorrect
interpretation of sensory stimuli due to limitations in sensory receptors,
incorrect selection of competing stimuli, or the absence of a general cogni-
tive framework that realistically orients the operator within his environment.

e Vertigo - A form of physiological disorientation that occurs when d
pilot senses that he or the external world is rotating. Any form of disorien-
tation becomes a problem when a pilot is not aware of being disoriented and
responds according to his incorrect appraisal of the situation, or when the
pilot is aware of being disoriented but is unable or does not have enough time
to correctly reorient himself while tending to other vital flying tasks.

e Distraction - A behavioral phenomenon that occurs when a pilot's
focus of attention on flying tasks is interrupted by a stimulus unrelated to
those tasks. This becomes a problem when the pilot fails to refocus attention
on flying tasks of higher or more imnediate priority in tinie to recognize and
respond to cues of impending disaster.

e Excessive Motivation To Succeed - A personality characteristic that
predisposes a pilot to set unrealistically high standards for himself and to
try to perform tasks for which he is knowingly ill-prepared. This becomies I
problem when mission success is afforded a higher priority than caution, judg-
ment, or known restrictions.

* Overconfidence - A personality characteristic that a pilot mlay
develop with experience or with positive reinforcement during training. It
predisposes the pilot to overestimate personal ability, the ability of others,
and/or the ability of the aircraft. It becomes a problein when the pilot
attempts to perform tasks that exceed personal or aircraft capabilities.

* Stress - A heightened psychophysiological response state experienced
when a pilot perceives that the workload demands of the flight may exceed his
capabilities and that the successful completion of the flight is thus threat-
ened. In such a situation, the pilot's adaptive mechanisms become severely
taxed. Problems arise when his adaptive mechanisms are taxed to the point
that they collapse and the pilot is unable to meet the workload demands of the
flight.

* Visual Illusion - A false visual perception experienced by a pilot
which is a result of his misinterpretation of a real visual image or is a
fabrication of a visual image. This becomes a proble:i when a pilot is misled
by the visual illusion or distracted to the point that he fails to refocus hi"

attention on the flying tasks in time to recognize and respond to cues of
impending disaster.
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With the exception of overconfidence and excessive motivation to succeed,
these factors are typically situational factors. In an aircraft they become
critical because the pilot's time to respond to situational demands is brief;
therefore, the time-compressed information-processing nature of the pilot tdsk

is what makes tnese situational factors problematic.

Studying time-compressed information processing may ledd to ways to
identify a pilot's maximum information-processing capability to reduce thK
information-processing demands of the more difficult piloting tasks, and/or to
increase the pilot's ability to process information. Each of these findings
could help reduce pilot-factor mishaps.

Given the potential impact of the time-compressed information-processing
factor on the mishap process, aviation technologies regarding this factor will
be identified, as with the other eight pilot factors. Time-compressed infor-
nation processing is defined as follows:

9 TCIP--inInediate assimilation of information received so that response
can be made within appropriate time limits. This becomes a problem when tOe
time needed to perform some critical task approaches or exceeds the time
available because of other mission constraints.

Identification of Aviation Technologies

Various aviation technologies related to pilot factors in aircraft mis-
haps were identified in a systematic literature review. As for Section II,
the articles reviewed for this section were obtained freUl d thorough search ot
the overall literature on aviation safety. Appendix A describes the sedrch
strategy dnd contains annotated references.

A standardized review form (Appendix B, Exhibit B-2) provided en easily
accessible, systematically organized, and thorough abstract for each study.

Articles chosen for review, based on their significance to pilot fdcurs
related to mishaps, are outlined in Figure 3. The figure cross-references t"
articles to the particular pilot factors which they investigated. For
instance, Article 1 (Alnutt, 3), "Investigation of Pattern Recognition of Air-
craft Attitude Indicator Displays," utilizes the Fourier Transformation Model
(FTM) to evaluate and classify attitude-indicator displays. Spatial disorien-
tation, vertigo, and visual illusion can be studied by using the FTM for
pattern-recognition problems. Results of this experiment show that fixed and
moving horizon displays are Rapped into opposite halves of the linear decision
space. This was the basis for predicting that human operators nay commiit
errors of reversal when using the moving horizon display.

For this study, the technologies have been grouped into two phases of
app lication--diagnostic and remedial. Diagnostic measures, used to identify
and define specific pilot factors related to aviation mishaps, are designed to
analyze the individual's performance and provide information on the causes of
difficulty. Remedial measures are applied to the identified problem in im
attempt to reduce its severity. In this report, specific instruments or pro-
cedures within diagnostic and remedlal technologies will be called techniques.
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Figure 4 is a breakdown of specific techniques now being applied to mdjor
pilot factors; it can be used as a ready reference for techniques suited to
diagnose and remedy pilot factors in aircraft mishaps. The figure shows three
broad diagnostic technologies--questionnaires/interviews, physiological mea-
sures, and simulators. Simulators can also be used as remedial techniques
applied to training. The following discussion more fully describes these
technologies and discusses some specific techniques.

Diagnostic rech:nol ogies--Diagnostic technologies provide inforiiation
regarding a pilot's sociopsychological and physiological baseline state. Pre-
sent operational ability and skill level can be determined by psychological
assessment using measures such as questionnaires and interviews; physiological
measures such as fatigue data, sleep logs, heart rate, and urine samples; and
simulators with tests designed to measure performance during actual working
tasks.

1. Psychological Assessment. One survey technique that can be used to
assess pilot performance is a questionnaire. Because of the relative ease and
speed with which it can be administered, tiie questionnaire has definite advan-
tages in survey research; it saves both time and expense. This technique can
be aimed at obtaining factual data as well as opinions, impressions, or esti-
mates. The written questionnaire may be regarded as a substitute for the per-
sonal interview. The disadvantages of the questionnaire lie in the uncer-
tainty of obtaining replies and in the difficulty of extracting reasons behind
responses; there is no opportunity for an interviewer to probe the respondents
and clarify opinions, perceptions, and misconceptions.

In a survey, the most cominron and effective means of obtaining the
necessary data is the personal interview. It allows the interviewer to gain
in-depth information fron the interviewee. Detailed plans must be made to
minimize bias. Use of structured interview techniques is expensive and
hampered by time contraints.

Paper and pencil tests and/or interviews have been used to determine
psychological profile, information-processing capacity, aircraft preference,
and assessment of aircraft-handling capability. Although Krause (30) pre-
sented no data as to the actual effectiveness of the psychological profiles,
the information is useful in applying psychological principles to aviation
safety. Emphasis is on the salient psychological attributes of the pilot.
These tests provide necessary information regarding a behavioral framework to
motivate the pilot toward flight safety.

The SAM stress battery, for example, is administered to evaluate
anticipatory stress and mild flight stress (Smith and Matheny, 52). This
stress battery appears to be a useful addition to flight instrumentation in
assessing pilot workload as it applies to designing more effective cockpit
displays. When administered 1 hour prior to each flight and 30 minutes after
each flight, the SAM stress battery is valuable in assessing subjective pilot
fatigue by questionnaire methods. Technical understanding and adequacy ol
training programs are measured through questionnaires and observational tech-
niques (King and Eddowes, 21; Matheny, 32; Mowbray, 33). Posttraining inter-
views identify pilots' problems related to safety, training methodology, skill
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level, and instructor adequacy. Information on human engineering and Safety
deficiencies in cockpit design can also be gathered to provide a valuable datd
base for relative incidence of human-fdctor problems.

2. Physiological Measures. These measures are concerned with the rela-
tions between behavior, anatomy, and physiology. The physiologic data are
used to detect the relationship between some physiological coiidition and
changes in behavior. Respiratory, auditory, visual, and nervous systems all
respond to changes in physical environment. Performance degradation is
related to fluctuations in these physiological systems. Postflight urine sam-
ples and in-flight monitoring of pilot heart rates are used to measure stress
and apprehension (Mowbray, 33; Hasbrook et al., 22). Both assess flight
stress and fatigue as a function of workload. Recent studies in the area of
voice stress analysis have used voice-signal instruments to measure operator
workload (Stodola, 53); stress ratings in speech were correlated with perfor-
mance scores. Information on subjective level of fatigue and loss of sleep
are collected before and during the airborne missions (Storm and Hapenney,
55). These data provide the pilot and groundcrew with baseline information to
refine procedures and analytical techniques when preparing for demonstration/
evaluation of new and modernized equipment. Information obtained fron these
various physiological measures helps in understanding causal factors such as
fatigue and overt hypertension due to time-compressed information processing,
apprehension, and stress.

3. Simmiulators. rhe value of aircraft simulators as diagnostic tools is
their ability to reduce cost, improve efficiency, and heighten the effective-
ness of pilot performiance. Transfer effects to actual aircraft flight are
normally positive. Simulator testing allows close maintenance and assessment
of pilot proficiency.

Using simulators as a diagnostic tool to measure pilot performance
includes such applications as establishing a median response time (MRT)
index. This test measures residual attention as a function of a primary task
(one-dimensional, compensatory tracking) and a secondary task (choice reac-
tion). It also measures the time necessary to react to a secondary stimulus
(Collins, 10).

Simulators are the primary vehicle for direct testing of pilot per-
formance. They may be used to investigate gimbal order systems (roll-pitch,
yaw-pitch, and pitch-yaw) as they affect pilot disorientation (Williges and
Wierwillie, 57). Gimbal order negatively affects target detecLion, recogni-
tion, and identification performance; it also increases operator workload
during target detection, recognition, and identification responses. In both
cases the roll-pitch has been the worst.

Simulators must not, however, be viewed as the universal panacea to
all flight training problems. No matter how realistic the simulation is, it
is still only a simulation. The actuality of catastrophic failure resultinq;
in loss of life simply does not exist. Some aVidtors believe thdt. wihou!.
this real-world factor, involvement in simulator training will not be totdl
and therefore the training may not be as effective as training in flight.
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A host of -tudies have been conducted to lend support to the trdtis-
fer-of-training hypothesis. The general results are supportive ot transfer,
with effectiveness varying directly with fidelity. No mutter how iiuch
research support there is, however, training effectiveness of a sirnuldtor will
not be enhanced if the pilot does not accept the result of the resedrih.
Future work in the area of simulation effectiveness should emphasize "he s1:,,-

lation of positive and negative results of pilot behavior. For exadple, a

schedule of reinforce:nent could be constructed to reward the pilot for goad
performance and penal ize him for poor performance in the simuljtor. Lur-
rently, all reinforcement for simulator training is internal and t)dsed u,
oride of accomplishment. Perhaps simulator competition among pilots, basedi an
this inherent pride coupled with ieaningful schedule of rewards and punish-

ment, may offset the distrust of simulator effectiveness present in a s,1I
segment of the pilot population.

Pilot-warning i nstruments (PWI) hive been used to test channel ied
attention and time-compressed informration processing (Grahuii;, 1q). The i'I
alerts the pilot to the presence of potentially threatening aircraft and
thereby increases his probability of detecting threat environments. The
pilot's behavior, ds it relates to the simulated stimuli, requires further

study. The relationships between the nature of the alarm system and uilot
performance ore somIle human-factur" considerations in PWI design.

Recognition of disorientation and vertigo can be tested by using d

-iotor-driven rotating chair to si nulate aircraft motion. The pilot is asked

to indicate turning rate and direction, as well as to report his sensations

(Collins, 11). The pilot becomes faMiliar with the senisationis associated with
disorientation. Other pilots observe the process and subsequent behavior and
report their reactions.

Diajnostic technologies are designed to measure a ilot's overall
performance under varying condi tions. Ihis testing pro, ides data that may be
used to 'nodify exist ing tra ininri prugrams, funct ion l T redesign equi pmen to
el iminate arld/or reduce pi 1o error, arid dei.ernine psychologi(:l arid phys I olo-
gical states. The lTiterature review (as illustrated in Flig. 4) indicated mat
many pilot factors do not. have assoc i ited di agnostic technologIes readd I y

avai lable.

Reied ial echnoloy fes-- [echnologies that nay j-t a 1' provide sol utions
to hUmmia-factor problens iin dircraft mishaps dre categorized as rei;iedial tech-
nol ogies. These include trainiing arid slimulators. The purpose of idenitifying
such technologies is to enhance pilot awareness and perturmanice t.hruoug train-
ilg and use of simulators. Both have immediate practical appl ication to the
pilot's job arid augment his al)l]iLy to perforn in a safe iainer.

1. Traini rig. fo be at, its best, most perforlmnarice ,iust be Unhanced )y
training--providing the pilot with the knowledge, skill, or aLtltude needed t.,)

perfurni at an expected standard. Remedial training improves individual per-
formance by enhancing an operator' s ability to use tools, methods, arid pro-
cesses in a systematic manner.

Pesedrch i rid icates that undergraduate and preflight tralii rg I rob 1 .Is
are general ly related to stjdetL altitude toward Lthe uveraIl I tra 1 iit ig n -
Jr afl. ')k ill ac(I I is i(n i, di rect I y reT I ted to the or ient.tioii proyra:m, level
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of confidence, and instructor/student pilot relationships (King and Lddowes,
27). Post-flight-school training, on the other hdnd, is ,lure specific in
nature and results in upgraded response times. Two levels of specificity pro-
vide the pilot with training: first at the basic needs level, and later, with
more experienced pilots, at the specific skill level.

Pilots' ground training in stalls and spins, even the awareness of
these factors, has a positive influence toward reducing inadvertent stalls and
spins. One study (Hoffman and Hollister, 23) identified weaknesses of present
training methods used in spins and stalls; actual in-flight training was
deemed most helpful in dealing with this phenomenon.

2. Simulators. Simulators are used extensively to train for responses
to situations likely to occur during actual mission. Most studies indicate
that learning takes place and transfers positively to the operationdl environ-
ment. Effectiveness of simulator training depends mostly on the training pro-
cedures (Hopkins, 24). Other factors alleged to influence the effectiveness
of simulators vary in their demonstrated importance, however, and the trans-
ferability of simulator motion traiiny to actual flight training has been
questioned. Simulators do cost less to acquire, operate, and Ilairltain thdn

their counterpart aircraft, and are effective training technologies.

Simulation of flight exercises is easy to control in terms of cost.
and error rate. For example, the Operational Flight Trainer (OFT) is used to
train student pilots, co-pilots, and flight engineers on both nominal and
emergency aircraft operating procedures (Robins and Ryan, 40). Comiputer
equipment in the Weapons Systems Trainer (utilized in conjunction with the
OFT) records the effects of operator performance at varying crew stations.
These are monitored by the instructor who Cdn "freeze" the simulated
conditions at any time during the conduct of training. This allows the
instructor to stop the training, discuss and correct erroneous performiance,
and either reset the same situation or continue with the simulation exercise.

Discussion

This section deals priliarily with the application of specific technolo-
gies described in the research study. Lach identifie 4 pilot factor is dis.-
cussed with regard to 1) the direct application of technologies to the causal
factors in aircraft accidents, and 2) selected technologies that are available
for ilmnediate application. Figure 4 indicated the most plausible technique'
to be applied to the identified pilot factors. These techniques will be dis-
cussed here only ds representative samples of diagnostIc and remedial tech-
nologies. In Section V, as they are developed into specific programs, the
techniques will be applied to the major pilot fdctors more directly.

* Apprehension--The level of apprehension experienced by pilots i s
measured by surveys (questionnaires/interviews) and physiological ,easure:,.
The Naval Aviator questionnaire and the SAM stress bdtterj )ruvlde 1!ifor,ntol
as to the pilot's psychophysiological state (Mowlbray, 3). Jo deternlinli
physiological condition, the pilot's heartrate is Measured while in flijht or
in a laboratory-simulated environment. Another assessment technique, the
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Psychological Stress Lvaluator (PSL), is used to code voice signals that car
be subjectively scored to measure stress or apprehension-level patterns in the
pilot's speech (Schiflett, 41). These patterns are also trdnslated into elec-
tronic equivalents and automated on a Varidn 73 computer for voice pdtt.ern
reconi it ion arIa I ys1 s. thls analysis can be applied to apprehension and ,Lres,;

TI v,.,1l cummunicajtion systeiis that require operator workload assessments.

Fatigue data and sleep Ioys provide additional data to indicate
expected level of stress and apprehension (Storm et al., 54). These tech-
niques provide the investigator with subjective and objective data on the
psychophysiological state of the Ipilot. Attempts can then be iade to deter-
mine and reduce the causes of high levels of stress, fatigue, and ap,rehe'
sion. In this way, the anxiety level involved in task completion car bc
minimi zed.

The literature rev iew did not identity any technol ogles de s iJed
specifical ly to reduce the effects of apprehension. Diagnosing the pruble.,
fundamrental, but no apparent technology exists to elimi nate it as d factor in
aircraft Mi Shlps.

e Channel ized Attention--Factors that commonly increase the degree to

which a person attends to stimuli are--

(1) uiotivatiomdl characteristics of the indivldual,

(2) moveient of stimuli, and

(3) contrast of the stimuli with overall (background) conditions.

A variety of techniques have been used to study the causes of charn-
nelized attention. These include comparison of the Performance Control System
(PCS) and the conventional flight control with subsequent questionnaire assess-
ment (Berg;ian, 6). 'With the PCS, flight error scores were reliably lower than
with the conventional aircraft controls. Pilots showed a mioderate preference
for the PCS. With further developrient, the PCS may become a reliable method ot
re;iedying channelized attention.

The instrument panel design interview and the Naval Aviator question-
naire (Hasbrook, 22; flowlbray, 33) have been used as survey techniques; both
request inforiation as to the pilot's instrument-scanning capability. The idea
of d simplified instrument panel design was favorably received by the pilots,
as indicat.ed in an instrument-pdanel-design interview. Human-factor det Ici ency
data in cockpit design can be identified with the Naval Aviator questionnaire.
Eliminating confusion in the instrument panel design will reduce the possibil-
ity of pilots experiencing channelized attention due to unfamiliarity and con-
fusion with cockpit displays.

!n addition, a variety of simulated environments can create a range
of scenarios designed to induce channelized attention. In this way, the fac-
tors contributing to channelized attention can be isolated and removed. The
median response time (MR[) index measures residual attention by testing a p i-
* ary task (one-dimens ional , compensatory track i rig) arid a secondary task
(chor(-i rtmctim n) (Jei;mm,,, 14). An MRT measures t. ime to react. to the secordtry
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task. Fidelity and motion studies and response-time andlyses all provide
additional simulated situations to diagnose or remedy channel ized attention as
a factor in pilot errors (Collins, 11; Levison et dl., 31; North and
Graffunder, 35).

Remedial techniques with regard to training include various colli-
sion-avoidance methods which familiarize the pilot with channelized attention
data (Israel et al., 25). These collision-avoidance devices provide the pilot

with information to augment current ground systems. By automatically monitor-

ing and checking for possible collisions, the chanrielized-attention factor in
midair collisions is reduced.

Certain simulators have proven effective in familiarizing the pilot
with channelized-attention dangers. The Operational Flight Trainer, which
contains the Weapons Systems Trainer, separates skills required for aircraft
operation from submarine detection, tracking, and destruction (Robins and
Ryan, 40). This particular simulated flight environment allows the instructor
the flexibility to interrupt a situation long enough to discuss and correct
erroneous behavior.

All of these techniques help the pilot recognize and be familiar with

the effect of channelized attention. Recognizing specific signals or signs
will ultimately decrease the occurrence of channelized attention.

. Disorientation--Awareness of and correct response to disorientation
rpcquires proper training and recognition. Techniques to be applied to spa-

tial disorientation in pilots include questionnaires discussing the phenome-
non, such as the Naval Aviators questionnaire (33). This questionnaire is
open-ended in four major categories: 1) controls and primary tactile functions;

2) displays and primary visual functions; 3) psychological factors; and 4)
miscellaneous factors. Though used primarily to gather human-factor data on
cockpit design, the questionnaire deals specifically with operator inefficiency

as a function of safety concepts. Motion-related displays as they aid in
visual functions are tested for adequacy in this questionnaire.

Questionnaires designed to evaluate the adequacy of pilot training
in disorientation are also available (Collins, 10). Significantly, one-third

of the respondents in Collins' study found their disorientation training
inadequate, usually due to a lack of appropriate materials, aids, and informa-
tion. This questionnaire could be utilized as a diagnostic or remedial mea-
sure.

Simulated laboratory exercises, such as with the Link GAT-2 attitude
display and the Vertigon, are available to test a pilot's awareness of dis-

orientation (Bateman, 4; Beringer et al., 7; Collins, 10). These simulations
deal with the issue of perceptions and classification of attitude, roll rate,
and symbol response times. The Link GAT-2 attitude display helps detect
deflections in attitude and provides control-compatible prediction indicatiuns
of flight-attitude changes. Conventional moving horizon displays are retdi1ned
during the presentation. The motor-driven rotating chair, Vertigon, and mnodi-
fied Link Trainer all familiarize the pilot with the sensation of disorienitd-
tion and fidelity/motion information. Their data provide the pilot with per-
sonal processing capabilities when confronted with disorientation.
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4 Distraction--Very little has been reported in the area uf iI(ut ,h s-
traction. No technologies to prevent distraction were identified frX-i 'h,_,
literature review. Obvious deficiencies e~ist in diagnostic technol *)s 'u
deal with resijonse Lo and recogni tion of st imul i outside task-rela tkJ res ,un-

iI) ilitif r urther techni ques need to be identified to el ininate thi S ,ro:)-

Studies were identified that dealt with the use of steady lights ,i
opposed to strobe 1 ights on instrument panels (Read, 38). The objective wds
to test the alternatives and identify the most nonobstructive instrum;ient dis-
play. Visual performance seemed to be better when pieripheral strobe lights
were used (Schwank, 47). It was determined, however, that steady light indi-
cators used for heading deviations should not be detrimental to the )ilot's

perfor:arice. When light indicators were not functioning properly, however,
the pilot's ability to respond was distracted away from other aircraft instru-
men t s.

Distraction can also be used in a positive sense. Strobes :iounted wli
a ircraft were proposed as a i;leans of positively distracting pilot' s attentioni
trxi regular duties to the possibility of a midair col I ision (Read, 3;3). 'i.u
real technology is dvailable to m~ieasure or systematically study pilot distrac-
tion. Vime estimation, a technique for Measuring workload, has been used with
limit ed success. This technique requires subjects to estimate Lile lise,
while performing a series of tasks. Investigators then observe the effects 01
these tasks on subjects perceptions of time. More definition is needed, now-
ever, of the types of tasks that are most appropriate for this m:iethod of
investigation.

* Excessive Motivation To Succeed--Personality variables that i:ipact on1
pilot performance can be measured by the OPT Attrition Study Questionnaire and
psychological test batteries (Levison et al., 31; Krause, 30). The purpose of

such examinations is to uncover the salient psychological attributes of a
pilot and thereby provide a behavioral framiiework from which to ;iotivate tnat
pilot to a safe level.

A miinimal almounL of st.udy has been completed on excessive iotiv,,' on
to succeed. Air comibaL iilSSiOn exper ience, as it rel ates to pertor:;iance
assessment during air- to-air combat, has provided Many unique mneasurem.ient
problems (Isrdel et al., 25). A list of measures was developed to discrimiii-
nate between high- and low-skilled pilots. The questionnaire and interview
technique was useful in analyzing performance, though designed to dei-,rimine
skill-level data. This system, however, is riot ready for implementation or
operational use.

* Overconfidenice--U)verconifidence is defined as unreal istic bel iet in
dircraft ability or in one's own ability as a pilot, and manifests itself in
unnecessary risk taking. To minimize this behavior, a psychological test bat-
tery can be administered along with a questionnaire to determine the pilot's
evaluation of his training (Collins, 10; Krause, 30). These psychological
profiles provide a theoretical fram;ework that should motivate pilots to act
safely, a theory derived from positive and negative reinforcement arid unish-
inent. Attitudes toward the aount of training received iay also indicate a
pilot's propensiLy to be uverconfident about himself and the aircraft. The
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test battery indcdtes the pilot's percepL ions of personal ability dnd Lhe
adequacy Of the training received, but further study is needed to identify
diagnostic arid remedial techniques.

0 Stress--Pilot stress can be measured in d variety of ways. As men-
tioned earTer, established survey instruments such as the psychological test
battery, Naval Aviation questionnaire, and SAM stress battery are helpful
(Krause, 30; Mowlbray, 33; Smith and Matheny, 52). These instruments provide
data on the level of information processing that a pilot can handle. Meas-
uring the perceived workload demands by psychological questioning and inter-
viewing helps determine if the pilot is being tasked beyond his capability to
complete a missioJn successfully. Physiological measures such as heart rate,
urine samples, ind fatigue data nay also be used (Smith and Matheny, 52;
Savage et al., 45). These factors are helpful if used in conjunction with
other iiedsurement techniques. Reliable ddta may also be identified by voice
stress analysis (Schiflett, 46). Though not proven conclusively, correlations
apparently exist between the level of voice stress and perforimance. The
results might also be applied to measure stress in vocal communication systelas
that require operator-workload assessment.

Simulated laboratory tracking tasks are also used to measure stress
(Levison et al., 31) and can be used to desensitize the pilot to external
stress and lower the level of excitability. For example, familiarity with
roll-axis and steady-state tracking situations may be helpful. The objective
is to make the pilot aware of unfavorable attitudes so that the responses in
stressful environmental situations do not become excessive.

No techniques to remedy stress were identified in the literature.
Most studies deal with determining 1, stress exists and in what specific ways
it is manifested in pilot behavior. More emphasis needs to be placed on
eliminating the problem psychologically and physiologically. The design of
tasks and equipnent should be sensitive to these problems.

* Vertigo--Studies in disorientation and vertigo are similar, and tech-
niques to reduce the effects are essentially the saie. Techniques described
under "Disorientation" are used to fdmiliarize the pilot with the sensation.

Although most studies deal with disorientation and vertigo as the
same phenomenon, BDM defines these two as separate, though related, factors
that affect aircraft mishaps. Disorientation is the loss of one's place in
relation to the ground, while vertigo is the sensation of rotating. Both
problems can be manifested in the same Manner. In treating the problem,
fidelity in motion and stall/spin instruction familiarize the pilot with the
sensation, and help discriminate between the two causes. Also, using simula-
tors to reinforce pilot reliance on attitude displays may prove effective in
eliminating vertigo as a factor in aircraft mishaps.

* Visual Illusion--Misinterpreting a real visual i,;mage or fabrlcdtinq(
an unreal image causes a pilot to become distracted. These false perccption,.
result in loss of focus on the task at hand and impede proper response.
Although proper response to visual cues can be conditioned, no study identi-
fied techniques available to eliminate response to visual illusions.
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Suamnary

The purpose of this section was to describe and identify aviation tech-
nologies that have a potential for reducing or eliminating aircraft mishaps
jue t .maj or pilot fdctors.

The four general technologies identified for use to study and rewedy
pilot-fdctur mishaps are i) questionnaires and interviews, 2) physiological
measures, 3) simulators, and 4) training.

Specific instruments and procedures within these broad technology areds
were examined, and their applicability to specific pilot factors.

No one technology is best for application to any given pilot factor. To
successfully eliminate any pilot factor, multiple technoloyies must be applied
in a progrdmmtic fashion.

I-

6, 1



V. U.S. AIR HJRCE PROGRAMS DLSIGNLD 1O APPLY HUMAN-FACTOR TLCHNULUGLLS
[0 ACCIDLNT INVESTIGATION AND PRLVENFION

The overall purpose of this section is to describe comprehensive programs
of research in the doinain of the behavioral sciences which will aid in inves-
tigating and preventing aircraft mishaps related to pilot factors. Our goal
has been to

(1) describe an integrated prograI riatic approach to the prevention of
pilot-factor mishaps,

(2) describe/define d general research strateyy that will guide the
application of human-factor technologies to prevent isiihdps related
to pilot factors,

(3) delineate several specific research projects aimed at preventing
aircraft mishaps by using techniques from high-payoff areas ot
investigation, and

(4) propose the "best case" research project within the context of the
integrated progral[Vitic approach.

Integrated Approach to the investigdtion/Prevention
of Pilot-Factor Mishaps

As indicated by literature reviews in the areas of mishap investigation
and human-factor technologies, the field of aviation safety research is in a
state of disarray. The research is characterized by fragmented attempts to
solve various aspects of ill-defined phenomena that may or may not be trace-
able as causal elements in aircraft mishaps. Both our experience and seren-
dipitous findings in other areas of transportation safety research have
indicated that this disarray also pertains to ground and sea transportation.
This evident confusion is not solely the fault of the researchers. In fact,
transportation safety problems are difficult to solve mainly because they are
manifested in "rare events." For example, there are approximately 50,000
highway traffic deaths each year, but this seemingly horrendous figure
(approximately equal to all U.S. Viet Nam combat deaths) translates to 3.9
fatalities per 100,000,000 vehicle miles (Accident Facts, 1919*). Since the
average trip length is approximately 9 miles (Federal Highway Accidents,
1972*), one's probability of being involved in a fatal accident on the highway
is .00000034. One major problem when dealing with extremely rare events is
that they are not amenable to the usual statistical manipulation; i.e., they
are not normally distributed. This causes great difficulty in attempting to
calculate correlations between mishap occurrence and assumed causal factors.
To illustrate this point, in the entire history of correlational studies in
traffic safety, very few psychological variables in the operator have been
proven to be significantly correlated with the occurrence Jf an accident.

*Person7a cornunicatiori. Jdmes McKnight, National Public Service Research

Institute, Dec 1919.

",!



We al o hive Ihe )robI e i of iub]iC dcqu
" l e "cence. Bsed m , ml ourrdn I

assumption that "it can't happen to me," the American pubI ic hdS tacitly
accepted th is "humdn sacr i fi ce" as the cost, of prl Vate autJ Lrdnspurtdt ion.
I n addi tion, ditoobi Iac tccident investigation p)rocedures vary fr'li sLate t,
state and, indeed, froi individual to individual.

Militdry aviation has several inherent advantages that lrake its mi1shd)
problem more aienaole to research and development than is auLJOoL)ile safety.
First and foremiost, investigative and remedial techniques with potential vdlue
for reducing aviatiot nishaps can be implemented. For automobile safety in
the civilian corinuniLy, remedies can only be sujgested to the state motor
vehicle administration. In addition, the population of Air Force aviators is
much more homogeneous than the civil ian driving population. This provides Il
inineasurable advantage in both reliability and validity when developing new
investigative techniques and preventive measures. Finally, there is a real
desire and cormnitment within the Air Force to solve the ivrobl em of pilot-
factor miiishaps. Taken together, these advantages provide a positive climalte
in which to undertake an effective research arid development progrdm.

The key to effective reduction of pilot-factor mishaps is an integrated
program of research that represents the Air Force commi taent to mishap reduc-
tion. A program such as this requires three elements: 1) a pilot-factor mis-
hap data collection system to define causes in operationdl teris, 2) an inte-
grated series of research projects applying remedial Lechnulogies to the
identified pilot factor, and 3) a computerized data bose nanageiment system to
provide a communication link between the investigative research ard the tech-
nology application.

The mishap data collection system includes at. least. two components: d
data collection form and a pilot-factor investigator's checklist (job perfor-
'ance aids). Development of the form regui res further refineaent of the
definitions of relevant pilot factors from Section II. The form must then I)e
appl ied on a trial basis and undergo iterative "fine tuni og." Fne pi lot-
factor investigator's checklist will require 1) research on error detection
and fault-free analysis, 2) specification of Air Force investigation technol-
ogies, and 3) research on real-time investigator job analysis.

An integrated series of research iprojects (the product. at this current
research effort) are based on standard prou)le.n-solution strategy and are ained
at applying human-factor technologies in the areas identified by the nishap
data collection system. Establishment of a i IoL-factor data base to provide
communication between the i nvestigat ion enhancement m.rograin arid the technology
appl ication research progran will require detailed front-end analysis, review
of existing and emerging computer hardware, and dn extensive system-architec-
ture effort. These three elements, when in full operation, can be viewed as a
pilot-factor mishap reduction system illustrated in Figure 5.

When operational, the system would include an investlgation enhdnCeImeIIL
program that would constantly acce)t data from near-mishap' vim a near-mi s
hot line or some other reporting method. Data regarding situational, behov-
ioral, psychological, and equipment variables would be col lected, coded, ,and
stored in the nedr-nishap data base. Ihe same type of intorinatmun would )e
obtained during pi lot-factor mishap investigations, isirig (in enhanced dat,
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collection forih and d "programmed" data collection procedure. [hese te.h-
niques would be iiiplemented by specially selected and highly trained pjiloL-
factor investigators. The high reliability and validity of the forms and ;)ru-
cedures, together with the well-trained, highly qualified investigators, wouldl

provide for standardized data entry.

The data collected from mishaps and near-mishaps would be put intu the
pilot-factor jmishap data base. This data base can be conceived of as rosa-

tional in nature. It could be designed with data storage files on the periph-
ery and data analysis function in the center. Once the investigation data ire
input, stored, and analyzed, their results can be fed back to the investiga-
tion enhancement prograo to refine techniques and be available to the ongoing
technology application research.

The purpose of the application research is to provide proven remedial
strategies designed to alleviate problems associated with primary pilot fac-
tors. Input from the investigation program, which is stored in the data base,
could be used to reorder the priorities of selected pilot factors or to add
new ones. In addition, extrapolation of trends could be seen as excursions
based on the predicted introduction of rnew tactics, equipment, or uilot-
training techniques. Output from the three phases of technology application
research would be fed back to the data base for storage and to the investiga-
tion program to assist in refining investigation techniques and procedures.
Finally, the technology application module would output proven remedial strat-
egies to reduce the contribution of selected pilot factors in specific sitid-
tions.

General Research Strategy

The focus of the present effort is the Remedial Technology Applications
Program. To provide a framework for USAF program developmaent, both a general
research model applicable to mishap reduction and a program format to illus-
trate the model have been devised.

The research strategy to be used consists of a diagnostic, or prooleml-
definition, phase; a remedial, or concept formulation, phase; and an eval jd-

tive, or test and evaluation, phase. Based on our review of the literdture
which included possible causes, investigative techniques, and hui:an-factors/
aviation technologies, this is the first time this strategy has been applied
to aviation safety research.

Research based on the system development model begins with proble;i defi-
nition. Diagnostics relating to psychological, physiological, and behavioral

attributes will be applied to the specific pilot factor under investigation in

order to pinpoint the independent variables and dependent ineasures and tu

establish hypothetical links between them:i. Following this activity, concept
formflation will begin. This remedial phase describes co,,rion variables aimong

human-factor technologies, selects the best remedial approach, and develops a
prototype remedial technique applicable to some specific pilot factor. the

evaluative phase will provide a test situation based on the dependent m:ieasires

established earlier within which to determine the potential efficacy of the
selected remedial approach. These three phases of research are illustrated in
the following proyraom structure.
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Phase I: Problem Definition/Diagnostics

(1) Apply attitudinal measures to selected

(2) Apply physiological measures samples

(3) Apply behavioral measures of aviators

(4) Establish variables, independent and dependent

(5) Establish hypothetical constructs or relationships among variables

The product of Phase I will be the specific pilot factors associated
with mishaps. Selection of these factors will be reliable and valid because
only those that are pinpointed by all three methods of diagnosis will be
selected for future research. Establishing hypothetical relationships among
pilot factors and between these factors and potential mishaps will allow pre-
diction with some measure of statistical confidence.

Phase II. Concept Formulation/Remedial Technologies

(1) Investigate training applications in regard to

(2) Investigate simulator applications results of

(3) Investigate job performance aids diagnostics

(4) Establish optimal mix based on diagnostics

(5) Develop prototype remaedial approach for further refineient

Phase II will yield a list of remedial techniques in the areas uf
training simulation and job performance aids. The Air Force could mix and
match techniques from this list in regard to specific pilot factors to
construct a prototype remedial program.

Phase III: Evaluation

(1) Test remedial approach in simulator with selected subject pilot

(2) Test remedial approach in instrumented range context

(3) Apply findings to remedial approach in an iterative "fine tuning"
effort

(4) Introduce into real world on a limited basis and monitor performance
of selected pilots.

Specific Technology Application Projects

Matrix Overview of Potential Research Options--The major deliverables
required from this contractual effort are specific hi'h-payoff research
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projects at the 2-, 3-, and 5-manyear levels of effort. The development of
these research projects was based on three activities previously described.

In Section I, areas of investigation were identified via aolaljtical
literature search and e;mipirical analysis of aircraft mishaps. These areas of
research were then rank ordered in regard to cost-related ROI :ietric in Sec-
tion III and are defined as follows:

* Channel ized Attention - A behavioral phenomenon that occurs when a
pilot's full attention is focused on one stinulus to the exclusion of all
others. This becoies a problem when the pilot fails to perform tasks or pro-
cess information of a higher or ;iore iunediate priority and thus fails to
notice or has no time to respond to cues of impending disaster.

* Disorientation - A loss of one's place-in-space that occurs when a
pilot's perception of the aircraft's attitude or motion is incongruent with
respect to Earth. This is due to inadequate sensory stil;uli, dn incorrect
interpretation of sensory stimuli due to limitations in sensory receptors,
incorrect selection of competing stimuli, or the absence of a general cogni-
tive framework that realistically orients the operator within his environm;ent.

* Vertigo - A for;i of physiological disorientation that occurs when a
pilot senses that he or the external world is rotating. Any form:i of disorien-
tation becomaes a problem when a pilot is not aware of being disoriented and
responds according to his incorrect appraisal of the situation, or when the
pilot is aware of being disoriented but is unable to, or does not have enough
time to, correctly reorient himself while tending to other vital flying tasks.

* Distraction - A behavioral phenomenon that occurs when a p)iloL's
focus of attention on flying tasks is interrupted by a stimulus unrelated to
those tasks. This beco,:ies a proble;i when the pilot fails to refocus dttention
on flying tasks of a higher or more iuimediate priority in ti:me to recognize
and respond to cues of impending disaster.

* Excessive Motivation To Succeed - A personality characteristic that.
predisposes a pilot to set unrealistically high standards for himself and to
try to perform tasks for which he is kn,,wingly ill-prepared. This becooes a
proble-i when mi.ssion success is afforded a higher priority than caution, judy-
cient, or known restrictions.

* Overconfidence - A personality characteristic that a p ilot , uy
develop with experience or with positive reinforcei;ient during training. it
predisposes the pilot to overestimate personal ability, the ability of others,
and/or the ability of the aircraft. It becomes a problem when the pilot
atteipts to perform taks that exceed personal or aircraft capabilities.

* Stress - A heightened psychuphysiological response state experienced
when a piTot perceives that the workload demands of the flight may exceed his
capabilities and that the succesfu completion of the flight is thu; threat-
ened. In such a sitdtion, the pilot's adaptive mechanis,as beco i e severely
taxed. Proble;is arise when his adaptive ;chanisins are taxed to the poil int
that they collapse and the pilot is unable to imieet the workluud dei;nands of the
fl ight.
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A. Diagnostic Assessment of the Personality and Behavioral
Variables Underlying Excessive Motivation To Succeed.
(Use block ID of Fig. 6.)

1. Purpose: The purpose of this research project is to identify,
operationally define, and prioritize the underlying personality and behavioral
characteristics dSSoCiated with pilots described as being excessively mrti-
vated to succeed.

2. Approach/Products:

a. Task I: Review the literature and present applications
regarding psychologicaT assessment specific to success motivation issues. The
product of this effort would be an annotated bibliography of applicable pro-
jective tests such as the McClelland Need for Achievement Test, the Thematic
Apperception Test, the MMPI, and others from Boro's Mental Measurements Year-
book.

b. Task II: Review the literature and present applications
regarding behavioral assessment techniques that could be used to define causal
elements underlying success motivation. The product of this effort would be
an annotated bibliography to include techniques such as role playing, competi-
tion, and focus groups.

c. Task III: Integrate most reliable/valid psychological and
behavioral techniques with regard to implementation cost and feasibility. The
product of this effort would be a menu of diagnostic batteries specifically
tailored to the issue of success motivation.

d. Task IV: Apply most feasible and cost-effective diagnostic
battery to a representative sample of pilots who display excessive motivation
to succeed. The product of this task would be the identification and opera-
tional definition of the variables underlying success motivation. These
definitions would provide the objectives for remedial strategies.

3. Schedule and Level of Effort: The project described above would
require funding at the 2-manyear level of effort and would be performed over I
cdlender year. The project schedule is shown in Figure 7.

B. Diagnostics and Remedial Strategies for the Personality
and Behavioral Factors Underlying Pilot Overconfidence.
(Use Blocks 1E and HE of Fig. 6.)

1. Purpose: The purpose of this research project is to diagnose
and provide remedial techniques for the underlying psychosocial characteris-
tics associated with pilots identified as overconfident.
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'. sk -1 Re v i (? thie I11 te r t aire anid pr es enrt d p i 11Ca t I onl,
reydrd 1rig psyc ho og-) __ i ia ass es sment ,ec 1if i c to overconf idence i ssues. The
product at this et t rt would be in drnnota ted hib hi ography of 1) app I icdbi e
proj ecti ye tests i id jtt ie_ a irme t ec ho ue, inclui n 1 MP I, Theira tic
Appercept ion lest, ind oesures ot at, 1. tdes toward egui mient ; 2) regul dti onS
and 3) training technIgJUer.

b. Tdsk I1I: Review the i terature anid present app]licdtions
regardi ny behav ioral ads-sess3;nent of sel f-confidence by rol e pl ay, focus groups ,I
Ileddership evalI idt. ori, and competi t ive scenarios . The product of this review
would be a list .)i se ect'e isses,;iet Itechri ues wit Hi Lih construct val idity
in regard to the airs; io Ol uanageiient duties of a pilot.

c. task I II: I ntegrate uiost re] iadble/valI i'd psychol ogical anid
behavioral techn i qies wi th reglard to impl enentati on cost ind feas ibilIi ty. The
product of this effort would be iaeim of diagnostic batteries specifically
tailored to the issue of overcomiiderice arid guided by a representative Hilss ion
scenario.

batr o d. Tdsk !V: Apply most. teasible- and cust-effective diagnostic_
battry o arepresentative sample of aviatLors who display overconfidence.

The product of this task woiild bo the identificaitioi arid op~erdtioncil defini-
t ion of the psycbasoc i a vatr iabPI arider Ijugy overconfti dence. These del irii-
tions would provide the objectivesI for remedial straitegjies baCsed on a pilot-
confidence index.

* Phase 2--Remedial Strategy Developnnt

a. Task 1: Review potenitiail remedial strategies in personnel
selectioni/retenitioni/relfadbility literature. This rev-,ew will be guided by the
pilot-confidence index derived froii the Phase2 I diagnostics. The product of
this task will be a list of potential remedial techniques related to specific
underlying psychosocial variables. This list, will be rank ordered with regard
to both feasibility anid cost, effectiveness,.

b. Task 11: Validate the pilot-confidence index against behav-
ioral criteria during controlled, ris.k-taking situations. Select mlost effec-
tive remedial strategy with which to apply an index of this type. The product,
of this task would provide the objectives from which to conduct a irugra to
reduce the negative effects of overconfidence.

c. Task III: Develop) a prototype remedial progruill including
pilot-selection techniques, continuous behavioral observation, interiiitteni
psychosocial assessment, self-reporting, and reiaed ialI counseling/reassign-
inent . The product of th is Las k woulId emuphas ize a cetral CdI eS ure of pilIot
confidence which would guide selection, retention counsel irig, or reaissigniiien..

3. Schedule and Level of Lffort: The project described above woold
requi re fund ing at the 3-inanyear LOL ari woul d he jxrt ormed over 2 cal cruder
years. The project schedule is shown if) I ig.ure 8.



*1i

I
4-)

C)

IT QT

a..

I T 1C
-4 >

C..

c, 0>'

V)~~(~ :: li

Cl- CZ)>U-

C79



C. A Diagnostic, Reiaedial , Lvaluative Approach to the
Reduction of Disorientation/Vertigo Among Air Force
Pilots. (Use blocks IC, 11i, and 111C of Fig. 6).

1. Purpose: The purpose of this project is to identify and define
the underlying psychological, physiological, and behavioral characteristics
that -are associated wit. pilot disorientation and vertigo. In addition, this
project will provide prototype rem iedial strategies and an operationally
oriented test dud evaluation parad ii i.

2. Approach/Products:

S Phase 1--Diagnostic Evaluation

a. Task I: Conduct literdtore review on psychuoylcdl assess-
rient of tendencies toward spatial and temllporal disorientation. Assessment
techniques iight include the Naval Aviation Questionnaire, the SAM Stress Bat-
tery, and the Witkens E;ibedded Figures Test. The product of this task will be
a list of candidate techniques ranked in regard to validity and feasibility.

b. Task II: Conduct state-of-the-art review of physioloyical
.ieasurement techniques to assess disorientation or vertigo susceptibility.

Such -easures might include cortical-evoked potentials, electro:iyogra i, arid
galvanic skin response (GSR). The product of this task will be a list of
candidate physiological measures selected for feasibility, validity, and cost
effectiveness.

c. Task III; Conduct review of existing behavioral mieasures of
disorientation/vertigo susceptibility. Such ;easures could include orienta-
tion (terrain walks), road-rally-type exercises, or reorientation subsequent
to vertigo induction. The result of this effort will be a list of behavioral
techniques ranked with regard to feasibility and validity.

d. Task IV: Cross validate the three classes of disorientation/
vertigo edasures by conducting quasi experiments on a representative sa;lple of
Air Force pilots. The product of this task will be a list of coiiposite Ilea-
sures of disorientation/vertigo ranked in regard to the imgnitude of the inter-
correlation among measures.

e. Task V: Select battery of psychological, physiological, and
behavioral measures exhibiting the highest deqree of relationship among theml-
selves. Apply these nedsures as dependent variables in d controlled experiment

using a representative disorientation/vertigo-induction technique on a rando,;o
sample of Air Force pilots. The product of this task will be the identifica-
tion and operational definition of the psychological, physiological, and behav-
ioral variY es underlying disorientation/vertigo. In addition, this task will
provide a id and reliable iieasurement battery for possible application to
related phe,;iena.

* Phase 2--Remedial Strategy Development

a. Task I: Based on diagnostic assessment and resulting opera-
tional definitions of disorienLatiun/vertigo, conduct literature review into
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available reriedial strategies in the technology areas of aircrew trjinimg,
si:iulation, and job performance aids. this will provide a l ist of reiiedidl
techniques from the three imiajor technology areas. This list, together aith i,:
diagnostic ,ieasures, cou ild be lised to guide the developi:ient Of a "best cd,."
reitedi a i approach.

I). Task II: Integrate selected remedial strategies into co)-y',,-
ite solution approaches relating to the specific results of diagnostic asses--
ment. This effort will provide a menu of selected approaches that represent
contributions from the three technology areas. The approaches will be ranked
in regard to feasibility in relation to the diagnostic resuilts and cost oftc-
ti veness.

c. Task III: Select lost effective ei;edial aparoach fro;' t
iienu above ir regard to resiilts fro;ia the diagnostic phase, cost effectiven,_,,r ,
and feasibility.

* Phase 3--Evaluation

a. Task 1: Design and itrl i aIee t sij'l , oLOr "cendr Iu tOWL I JL I
disorientation/vertigo ranging tromi parL Lask to) high-fidel Ity -, ;:,1J I L1i ;1.
Conduct experimlents applying selected reimedial strateg ies a' independent ,jrl -
ables (treatment) and diagnostics aS dependent :aedsures. The results of T-hesu
experir-ents will be used to provide guidance for subsequer, evalIation task,
and to refine the selection of remaedial ajproach.

b. Task 1I: Based on the results of Fask I, select :ust pro-
ising re~iedial strategy ind ,iost val id/reliable ;easirea:l syste and evaliiate

both ex perilenta I ly in an i rstruriented range en vi ro)nlenl by creat i no
disorientation/vertigo situations in two-;)lce aircraft. ( jbject ooerates in
observer position.) The results Of Lhese experients wil De fed Iick I e

ther ref i ne the approacl r or to i otrodact i n.

c. Task III: rtradace selected rf ediiI te_ 1i.nil in: I1 1 1Le.
fashion into u ndergradu ate and advancel pi I it tra r i ng where aj1 i cab 1 . 'in i--
tor subsequent acci dent rates of a sele cted ',d,;le Of new ii1 ots wi th regjori t
disarientation/vertigo as i p ilot fact')r. The resu lts of these ubservatiol,,
will be fed into the pilot-factor dat.a base to help project trends Th aircraft
!ishap)s and to guide futire technology- .up 1iplc,itiin prograiis,.

3. Schedule arid Level of Ltfurt: The project desclibed i,)ove imil 1
require funding at the 5-i;ianyedr level of effort and would be perforiied over 3
calendar years. The project schedule is shown in Figure a.

The three projects just descrilbed represent the end produc: of
this systematic aipproach to program developi-ent. The Z-, 3-, and o-.arnyear
programas fulfill the cuntractual requireiments for programs with a high selec-
tion potential by the in-house staff. These projects are based on existi.
diagnostic, rei;edial, and evaluation techniques within the reach )f IJSAISA,
personnel.

;!



3 6 9 12 15 18 21 24 27 30 33 36 39

Phase I

4CM
TASK 1 (3 PM)

TASv I1 PM) 4CM

4CM
,ASK III 3 PM) NM

TASK IV 4 PM) 3CA

TASK V (9 PM) sCM

Phase 2
4CM

TASK 1 (4 PMf) N-

3CM
TASK 11 (3 PM)

5CM
TASK 111 (4 PM) -

Phase 3

5CM
TASK 9 PM) I - tl

5CM
TASK II (9 PM) I I

2CM
TASK 111 (4 PM

3ELIVERABLEL (5 P).

interlm Pep. j

.nterin. Rep. 2 A

:nterlm Rep. 3 A

rinal Report

Iraft A

inal

PM *PERSON MOJNTHS

CM * CALENDAR MONTHS

Figure 9. Project schedule for a diagnostic, remedial, evaluative approach
to reducing disorientation/vertigo among Air Force pilots.
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In the following section, we recommend a project of technology
applications that are believed to be the most cost effective and potentially
rewarding of all the options.

Recom-ended Research Project

The following research project is designed to apply a diagnostic assess-
nent, remedial approach, and operational evaluation to the problems associated
with channelized attention and distraction. Based on the data we examined,
these pilot factors are the two that occur -mst often in fighter, attack, and
trainer aircraft mishaps. Together they were associated with $254 dec illioi ec
mishap cost over the period 197a-7c. Based on our research described in Sec-
tions II and IV, we have concluded that channelized attention and distraction
are really opposite sides of the same coin. Both are essentially concerned
with allocating attention to a stifulus. Channelized attention ,;:eans that J
pilot continues to focus attention on one stirulus although another stimulus
of more iimiediate priority should be attended. For example, during a buimbing
run, a pilot :may continue to focus his attention on target acquisition or ,ien
on the bomib trace created on the ground instead of on ;,aintaining flight posi-
tion control.

Distraction, on the other hand, means that a pilot's attention is divert-
ed frol one stimulus to another. For example, the pilot miiay be on a bomoing
,,ission when an object apparently appears outside the cockpit or a light
flashes on the instrument panel. The pilot iaay pay attention to this stiilus;
and fail to refocus on the tasks required to maintain positive flight control.

Neither channelized attention nor distraction are inherently problelaldC.
They become problems during flight when the pilot's tim;ae to respond to situd-
tional de;mands is brief. We believe that an integrated research effort
attacking channel ized attention and distraction siMultaneously has the !lost
potential for success and the highest return on investment. This project is
based on the underlying construct of allocating attention in a tirtle-comipressed
situation and is described as follows:

A Programvatic Approach to the Reduction of Pilot-Factor Mishaps
Associated with Attention Allocation (Use blocks IA, 11A, 1ILA,

IB, 118, and IIB from rig. 6.)

1. Purpose: The purpose of this recomiiended project is to use valid and
reliable diagnostics upon which to base the development and evaluation of ii-

haU reduction strategies ai;)ed at the two miajor pilot factors, channelized
dtterition and distraction.

2. Approach and Products:

Phase 1--Diagnostic Assessment. This phase reflects a iultidiscipli-
nary check-and-balance research philosophy.
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a. Task I: Review the psychological-assessment literature in order
to develop/adopt diagnostics specific to the phenohmenon of attention alloca-
tion. Assessment techniques in the area of stress perception, aircraft han-
dling qualities, and aircrew station design will be considered.

(1) Subtask 1. Define literature-search ,trategy in terms of
scope, sources, time period, and key words.

(2) Subtask 2. Review, in depth, selected articles, books, and
ongoing research, using search tactics derived from standard
abstract forms.

(3) Subtask 3. Develop and apply criteria for ranking assessment
methods by feasibility and cost effectiveness.

(4) Product: The product of this task will be a rank-ordered
list of psychological-assessment techniques that will be used
to develop a multidisciplinary diagnostic battery.

b. Task 11: Review the literature dealing with physiological mea-
surement of attention and performance so that existing techniques can be
adopted to assess attention allocation in airborne mission bmanagement.

(1) Subtask 1. Define and apply parameters of the literature
search strategy including scope, sources, time period, and
key words.

(2) Subtask 2. Review in depth selected journal articles, books,
and ongoing research efforts in areas related to measurement
of attention under stress. These areas might include
cortical-evoked potentials, pupil dilation, electror;myogram:',
GSR, and heart rate.

(3) Subtask 3. Develop and apply criterid for ranking physiolo-
gical assessment techniques in regard to real-world ddpllca-
tion, validity, reliability, and cost effectiveness.

(4) Product. The product of this task will be d rank-ordered
list of physiological measurement techniques that could bu
used as part of a battery to assess attention under stress.

c. Task III: Review the literature concerning behavioral iieasures
of attention and performance, including techniques such as dual taskin9,
residual attention capacity, and stress-induction methods.

(1) Subtask 1. Define and apply literature search strdtegy
including scope, sources, time period, and key words.

(2) Subtask 2. Review in depth selected articles, utks, drid

ongoing research. Concentrate on areas such as inforiilatrnn
processing, hot cognition, artificial intelligence, and
m;emory structure.
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(3) Subtask 3. Develop and apply criteria for ranking behavioral
assessment methods according to feasibility, validity, and
cost effectiveness.

(4) Product. The product of this task is a list of assess init
techniqoes based on behavioral observation and ranked in
regard to operational consideration. This list will be used
in conjunction with the psychological and physiological mea-
sires in Task IV.

d. Task IV: Cross-validate high-ranking attention allocation iea-
sures in psychological, Physiological, and behavioral assessient described in
Tasks I, II, and III.

(1) Subtask 1. Design and perform quasi experii;ients on a s:,mall
representative sample of Air Force pilots to provide preli:li-
nary data for technique validation.

(2) Subtask 2. Perform ;iultiple correlation and regression
analysis on results of the validation studies to deLermine
the strength of relationships among i;ieasure;ient techniques.

(3) Subtask 3. Construct a list of composite attention madsures
rank ordered by strength of relationship, cost of impilementa-
tion, and feasibility.

4) Product. The product of this task will be reco:mmeoded atten-
tion-assessment batteries.

e. Task V: Select and refine the miiost promising IultIdiscipI inry
assessment battery.

(I) Subtask 1. Choose the coi;ibination of psycholog ic,i , jliys I-
logical, and behavioral m Teasures that exhibit the highest
degree of interrelationship among the I:asires.

(2) Subtask 2. Apply this assessment bdttery as depiendent ;ka-
seres in a control led experim;ient os inty a 1I ssin-based,
attention-al locat ion task and a rel)resentdt i ve sa:yl . of A 1 r
Force pilots.

(3) Subtask 3. Feed back the result of this experim~ent in order
to refine and specify the measurement battery in regard tO

iii ssion objecti ves. Input results to )1l',t-factor-i1',ha 1
data base.

(4) Product. The produc. of this task, and of Phase 1, will be

the identification and precise operational definition of
psychological, physiological, and behavioral variables jnder-
lying attention allocation. This effort will also provide a
valid and rel iable ieasureiment battery for future appil ication
to this attention factor and related phenomena.
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. Phase 2--Remedial Strategy Development. Based on syste;is inteyrd-
tion approach; i.e., requirements vs capabilities.

a. Task I: Conduct literature reviews of remedial techniques guided
by results of diagnostic assessment.

(I) Subtask 1. Define and apply literature search strategy with
regard to variables identified from the diagnostic phase.

(2) Subtask 2. Review selected articles, books, and ongoing
research in the content areas of aircrew training, simula-
tion, and job performance aids.

(3) Subtask 3. Develop and apply criteria for ranking re:edial
techniques according to feasibility, validity, and costeffectiveness.

(4) Product. The product of this task will be a Matrix com;iposed
of rank-ordered techniques in remedial technology areas of
aircrew training, simulation, and job performance aids. This
.matrix and the result of the diagnostics will be used to
guide further development of a best-case reedial strategy.

b. Task It: Integrate attention-allocation remedial strategies fro,
technology areas of training, simulation, and job performnance aids.

(1) Subtask 1. From the three technology areas, choose pro:)isiny
remedial techniques based on operational criteria.

(2) Subtask 2. Combine selected techniques from Subtask 1 as
guided by the result of the diagnostic assessment.

(3) Product. The product of this task will be a list of the
thrce .ost promising reciedial approaches to the reduction of
attention-allocation oishaps.

c. Task III: Select optimal remaedial strategy using a quasi experi-
ment.

(1) Subtask 1. Select/adopt representative issiun scenario
related to attention allocation.

(2) Subtask 2. Design/perform a quasi experiment around mission
scenario, using remedial strategies as independent variables
and diagnostic battery as dependent Mieasures.

(3) Subtask 3. Analyze data from experiment and select ust
effective and reliable remedial approach.

(4) Product. The product will be a best-case remedial approach
based on empirical research findings, operational feasibil-
ity, and potential return on investment.
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.0 Phase 3--Evaluation. This phase is based on a successive-appruxi-
inations approach to evaluation under opUr-ational conditions.

a. Task I: Design/conduct siirmlator experiiments to C!v.luta o roeic-
dial approach.

(1) Subtask 1. From operational m ,issions, design or adopt sice-
cific scenarios that produce situations associated with
attention-al locdition problecls.

(2) Subtask 2. Oin sizable, representat'ive saiiple of Air- Force2
pilots, condujct controlled experiiments desi~p,'ed around riii'>
sion scenarios. Employ remedial strategy as iidiepurideiit.
Variables anid diagnostic battery as dependent rieasjires.

(3) -Subtask 3. Collect, reduce, anid analyze data, then iinpuit
pilot-factor-ritishop) data base.

(4) Product. Reso Its of these ux per i ents will p)ro~v1de iid:r
to subsequent evaloati ye tasks and -efi nei~iorit tfi the ri edI
dpproach and investigation process.

b . Task I I: B ased on re su ILs o f Task I, subject, refti ned r-eiled ial
strategy or alternadte rei;ied ialI stra tegjy to inrstru iirented ranige eVaIluailti.

(1) Subtask 1. Design or adopt scenarios froi 1 ask I to sp)ec ifi1
reqo i reilents of i nstruinented rarlyc s il 1~v I j 70o. Arraij
dministrative details.

(2) Subtask 2. (On stringently seleIc(-ted sampl Ie af Ai1r I urce V
p il1ot s, condi c t coot ro.i l1ed cxiri:eiis des i-jmid airjorild 1 11
sion scenar ius shown tj Produice ttet'In-al ILdt ian jpro:-1
I ems . Use rci;icdial straitcjy ij, trt',i icrit , arid I ~i
battery as dependent mieasures. Record ;ii ssions f or f itijru
analysis.

(3) Subtas k 3 . toll I c t , redouce, and analyze dat, Mrid 1 '1pY]' t')
Pi T t_-fctor-miishap) data base.

(4) Product. The result of these exeietwill Lie f ed huick to(
further refirie the rei;iedi al approaich r Yi or ti) litroduct ion
anid wil1l he input to the data bday'

c. Task I I I. I ]an the i otrudoct ion of reliledial atruch L rel'ict
attention-all ocation i'ihap)s.

I1) -Subtask 1. P1 in the integralinin of the tiei'v re ii,1 I iyro'101
wi th ooderjraidliate an rd aid va nced(1 1~ ml. - t ra, 1i .i 11miju rr- It ( I (
accordingy tU i oterser vice( p)rocedo res fa)r Iitrct1'liiystec

(2) Subtdsk D lieu jn a p)rocedure o I.,) i she~w~i 'Ji,''

and near-i:ii shaip rat(-, for, a ,i ected t~r I f lil1ot', over, a
b-year period.



(3) Product. The product of Task 111, and Phase III, will be a
plan frintroducing the refined remedial approach, to be
imnplemiented by the Air Force.

3. Schedule and Level of Effort: The recoirviended approach to reducing
mishaps associated with channelized attention and distraction would require
funding at the 7-manyear level of effort. it would be conducted over 39
calendar months with a 3-mnonth report-evaluation period included. The hypoth-
esis that channelized attention and distraction are two aspects of attention4
allocation enables their simultaneous investigation at a level of effort lower
than would be required for two separate investigations. The project schedule
and resource allocations are illustrated in Figure 10.

3 6 9 12 15 is 21 24 27 30 33 36 39 42
*~~ Y I

Phase1

TASK 1 (5 PM) 4CMA

TASK 11 (5 PM) 4CM

TASK I1I1 (5 PM! 4CMo

TASK I V (6 PMI) 4CM

TASK V (10 PM) scm

Phase 2

,ASK 1 (6 P-) C

TASK 11 6 PM) C

rAS,.I 1f (6 PM). SCMA

Phase 3 
c

TASK 1 (10 PM)

TASK I1I ( 1? PM)
3CM

TASK II 1 (6 PM)-

)ELIVFRABLES (7 PM) ________________________________________________

Interim Rep. I

Interim Rep. 2

Interim Rep. 3

Interim Rep. 4

Interim Rep. 5

Final Report

Draft

Final

P14 - PERSON MONTHS
CM - CALENDAR MONTHS

Figure 10. Project schedule for d progrdnwndtic approach to reducing
pilo0t-factor mishaps associated with attent ion dI OCdtO. .
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APPENDIX A. LITERATURE SEARCH STRATEGY AND
ANNOTATED REFERENCES

Much of the information contained in this report was obtained from liter-
,jtre in the field of aviation safety. The major focus of this review was the
ilt-factor causes (if aircraft mishaps and current aviation technologies that

have potential for reducing or eliminating mishaps due to these causes.

Most of the literature is contained in unpublished govern;ient reports or
published professional journals, primarily in the fields of psychology and
humian factors. This appendix describes how the specific articles treviewed in
Sections 2 and 4) were selected and reviewed, and provides annotated refer-
ences used in this report.

Sources and Search Strategy

Sources--Two major sources were examined, the National Technical Inforia-
tion Service (NTIS) and the Psychological Abstracts. The formaer source con-
tains abstracts of over one million reports from a number of govern ient agen-
cies. The latter reviews and abstracts articles from nearly 600 professional
journals and reports.

Table A-i presents keywords ujsed to scan the holdings of each source.
For the NTIS search, combinations of keywords were used. This is reflected by
first-level and second-level search terms in which each first-level ter:i is
searched by itself and in coibination with a second-level search terf:i. Dif-
ferent keywords were used for NTIS and Dsychological Abstracts since the two
sources have different keyword-retrieval mechanis;;is. The review was confined
primarily to articles and reports written during the 1970's.

In addition to these major sources, three other sources of :2aterials were
scanned.

(1) oi;an Factors, the journal of The Huiman Factors Society, for the
period 1970-/9. This journal frequently pulishes articles oi1 (ivla-

tion safety.

(2) The Annual Proceedings of The llumiaii Factors Society, for- the eetings
in 1978 and 1979.

(3) Selected popUlar magazine,, and newspapers, including the U.S. Ar:.y
Aviation Digest, Air Force Magazine, Aviation and Space Technology,
Air Force ri;es, and the Ariliy ri :ies.

Search Strategy--Three passes were made through the literature. I he
first pass was a keyword search of NTIS and Psychological Abstracts and a
review of the other sources on the basis of which a nui:ber of arLicles ind
reports were selected. Second, the abstract, introduction, and conclusion
sections of each article were read to see if the article pertained to either
pilot-factor causes of ;ishaps or the technologies available to remedy these
mishaps. Third, articles that were selected on the basis of this pass wjere
read in depth.
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The reading of these articles was guided by an abstracting forii (Lxhibit
B-2, Appendix 13). The for was developed to insure that the reviewers
abstracted reliable, relevant information from the articles. The most useful
of these articles are cited in the body of this report and in the followinj
annotated references;.

Annotated References

1. Alkov, R. A. Life changes and accident behavior. Approach, pp. 18-20,
Feb 197b.

This report concludes that the majority of accident behavior can be
explained by personal stresses that cause a person to perform in such a manner
as to increase his or her accident liability. A tabular presentation is given
of lifestyle changes during deployment for Naval officers. The total effect
of these changes is thought to tax the aviator's ability to cope.

2. Alkov, R. A. Personality characteristics of the high-accident-risk Naval
aviator. Unpublished manuscript. Naval Safety Center, Norfolk Nd/al
Air Station, Norfolk, Virginia, Nov 1976.

A behavioral analysis was made of fatal pilot-error aircraft accidents in
the U.S. Navy during fiscal years 1975 and 1976. A 43-item recent life-
changes questionnaire, developed by Dr. Thomas Holmes and Captain Richard
Rahe, %as sent to squadrons reporting fatal pilot-error accidents for comple-
tion by survivors. A dozen pilot-error accidents involving pilots with per-
sonality profiles resembling those described by Reinhardt (1966) were identi-
fied from the completed questionnaires and from the medical officer's reports
of aircraft accidents. Most were due to flight violations on the part of the
pilot.

3. Alnutt, M. F. [he psychologist's role in aircraft accident investiga-

tions. In K.G.G. Corkindale (Ld.). Behavioral aspects of aircrdft
accidents: NATO AGARD Conference Proceedings No. 132. London: Tech-
nical Lditing and Reproduction Ltd., Dec 1973.

The article concludes that psychologists can make three contributions to
the reduction of human-error aircraft accidents: (1) analysis of human-error
accident data, (2) research on human-factor aspects of flight safety, and (3)
contribution to accident investigation. The RAF Institute of Aviation Medi-
cine engaged j long-tem study of the usefulness of the third type it actlv-
ity. This approach to improving flight safety makes use of information amid
techniques from the fields of applied experimental psychology, organizational
psychology, ergonomics, and clinical psychology, and it is hoped will result
in a reduction of aircraft accidents. As a result of the inquiry, changes to
the cockpit layout, the method of operation of equipment, and the design ot
the organizational system were recontiended.

4. Bateman, R. P. Investigation of pattern recognition of aircraft attitude
indicator display. Wright-Patterson AFB, Ohio: Air Force Institute ot
Technology, Master's thesis, June 19/3.



Spatial disorientation accident StdtiStiCs and unsuccessful attempts to
prevent these aircraft accidents are reviewed. The lack of d theoretical
basis fur flight instrument design is noted. A systems approach to the prob-
lem is proposed, which requires a knowledge of the huian visual system. It is
suggested that attitude indicator displays, the interface Detween mran and
miachine, should be designed to be comipatible with an internal model of spatial
position. Orientation in space by the use of flight instruments is identifiu.,
as a pattern recognition problem,. A Fourier transform model of the humar;
visual system is used to evaluate and classify attitude indicator displays.
Analgorithl;i is proposed for separating patterns with respect to a single
characteristic. Results of this experiment show that the fixed and iwving
horizon displays are mapped into opposite halves of the linedr decision
space. This discovery is the basis for a prediction that the human operator
may commit errors of reversal when using the movinig horizon display. The
predicted reversals have been reported as results of an in-flight experimient.
The filtered Fourier transform model results, in agreement with psychophysical
phenomena, are found to provide a basis for instrument design.

5. Bergin, K. G. The effects of fatigue on health and flight safety. Air-
line Pilot, July 1976.

A conceptual review of fatigue, health, and flight safety is presented.
The author appears knowledgeable, but no data are presented. Responsibility, I
miental load, physical overload, dnd psychological factors are discussed.

6. Bergman, C. A. An airplane performance control systeii: A flight experi-
rient. Human Factors 18(2):173-182 (1976).

Pilot performiance and preference iieasures were obtained for 12 pilots in
actual flight operations using a twin-engine general aviation aircraft with 'I
both conventional controls and a Performance Control System (PCS). The P&. i
provides zero-order control of aircraft bank angle and vertical speed over U1e
ranges of ±60 and ±4b7.2 m/in, respectively. An information-processing side-
task was also used. With the PCS, flight error scores were reliably lower
than with conventional aircraft controls. Pilot preferences, using a six-
point scale ranging from "slight" to "moderate" to "strong" preference fur
each of the two control systems, showed a moderate preference for the PCS as
the median response.

7. Beringer, D. B., et al. The transition of experienced pilots to a
frequency-separated aircraft attitude display. Human Factors 17(4):
401-414 (1975).

Independent groups of eight navy pilots each were given one flight in a
Link GAT-2 simulator and one flight in a Beech,.raft C-45H using the moving
horizon, moving airplane, and frequency-separated attitude displays. lhe
flight tasks performed by the subjects included recovery from unknown atti-
tudes, disturbed attitude tracking, and completion of an area navigation
course. Data collected in the C-45H aircraft demonstrated superior perfori.ance,
of both the frequency-separated and moving horizon displays when compared jI

the moving airplane display during unknown attitude recoveries. The frequency-
separated display was superior to all others during disturbed attitude track-
ing. It was concluded that the flight performance of experienced pilots durin,,
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their initial transition to a frequency-separated flight attitude presentation
s at least comparable, and for some tasks superior, to their flight perfor-
rance with the conventional moving horizon presentation.

3. Bermudez, J. M., et al . Peripheral vision and tracking performance under
stress. Proceedings of The Human Factors Society 23rd Annual Meeting,
pp. 402-406. Santa Monica, California: The Human Factors Society,
Inc., 1979.

The complexity of modern aircraft systems places substantial information-
processing loads on the pilot. These loads are exacerbated during periods of
cognitive and emotional stress such as during emergency landing situations.
Physiological and behavioral evidence for two human visual systems that may
differ in susceptibility to psychological stress suggests the possiblity of d

natural stress-resistant information channel that could be used to input
informiation during stressful flight situations. It follows that the extreme
peripheral visual fields could be a possible location for adjunct visual dis-
plays that serve to orient expeditiously the pilot's focal vision and atten-
tion to critical instrument displays during emergencies or other situations.

This report presents data on two followup experiments involving 46 iiale
cadets. rhe data concern the effects of three types of instrument displays
used under varying levels of stress during a simulated instrument landing.
Stress was defined as demand for primary task-related cognitive activity. A
modified Sternberg nemory probe technique was used to impose these demands.

9. Berry, J. R., and S. L. Deloach. A statistical analysis of selected
human factors involved in aviation safety. Wright-Patterson AFB, Ohio:
Air Force Institute of Technology. Technical Report No. LSSR 6-784,
1978.

This report presents a review of the biorhythm theory and a statistical
analysis on over 2400 aviation accidents, obtained from the Army Aviation
Safety Center, Fort Rucker, Alabama. The analysis was performed to determine
if a statistically significant relationship existed between aviation accident
dates and biorhythm caution days. The Binomial Goodness-of-Fit Test was
applied against the data. No significant relationship was found between the
aviation accidents and biorhythm caution days.

Ii. Collins, W. E. Disorientation training in FAA certified flight dnd
ground schools: A survey. Washington, D.C.: FAA Office of Aviation
Medicine. Report No. AM-77-24, Sep 1977.

A 10-item, voluntary questionnaire answered by 674 ftI jht, and grojnd
schools provided information on (1) the conduct of formal instrucliorm about
disorientation, (2) the occurrence and content of lectures an disorientationl,
(3) use of on-the-ground demonstrations of disorientation, (4) use of in-ttme-
air demonstrations of disorientation, (5) use of films on pilot vertigu.
amount of instrument-flying training students receive, (7) amount omf mn ,
iment-flying training required of flight instructors to nalnt-iin h , ,
ciency, (8) adequacy of the school's program on disrient tm I
other corments, and (10) numerical data regarding the nj ' t)
beginning and commpleting vrious flight and/or ,jrmn .
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More than one-third of the respondents evaluated their disurientdtion
training program as inadequate and defined the inadequacy Muost often as a lack
of appropriate materials, aids, and information. Tabulations of responses to
the separate items suggested areas for improvement in disorientation train-
ing. Recoimmendations were made.

11. Collins, W. L. Effective appruaches to disorientatiun tdli I iadriZdl.ion
for personnel. Washington, D.C.: FAA Office of Aviation Aedicirie.
Report No. AM-70-17, Nov 1970.

The purpose of the report is to explain dn appruach Lo familiariziny
aviation personnel with the hazards of disorientation and to provide sugges-
tions for use in other training programs. The methodology is not designed to
train pilots so thdt they will be immune to disorientation problems, but only
to familiarize themi with many of the unusual and false perceptions of vestib-
ular origin that can occur in flight and to impress upon then the iiportante
of obtaining an instrument rating and maintaining instrument proficiency.

A modification of a rotating device (motor-driven rotating chair) is used

to simulate aircraft notion. A pilot sits in the chair, others observe. Roc;,

lights are turned off and the pilot can see only "approaching aircraft,"
framed through his "window." Smooth clockwise acceleration is applied, then
constant turning velocity. The pilot is asked to report turning rate aid
direction. He is then instructed to turn his head in various positions ad

report his sensations. Finally the chair is decelerated and stopped, and
again he reports his sensations. The procedure is designed to create dis-
orientation in the pilot. Pilots almost invariably report changes in speed,
direction, and attitude which they sense when the movement is actually a con-
stant velocity, turning in a clockwise direction.

12. Dean, P. J. The human factor in cyclic aircraft accident patterns. In

K.G.G. Corkindale (Ed.). Behavioral aspects of aircraft accidents-:
NATO AGARD Conference Proceedings No. 132. London: Technical Editing
arid Reproduction Ltd., Dec 1973.

Investigations were directed toward (a) identifying arid describing any
cyclic yearly patterns in the accident rates of the C-104 flying} with th
Canadian Forces Europe, (b) isolating the human factors that produce such pat-

terns, and (c) translating the findings into recoimmendations that ,cdn be used
to prevent aircraft accidents. A preliminary analysis of accident rates in
the CF-104 has indicated that accidents tend to occur more frequently in Janu-
ary, April, July, and October than in other months. The paper presents the
initial analyses and discusses the proposed investigations of this pattern,
particularly time-series analyses. The paper also discusses cyclic human fac-
tors that the author suspected were operating in these months and the current

investigations into changes in life events of the pilots.

13. Demaio, J., et al. Visual scanning: Comparisons between student and
institute pilots. Brooks AFB, Texas: Headquarters, Air Force Human
Resources Laboratory, AFHRL-TR-76-10, June 19/b.

The perfomance of instructor pilots was compared with that of ,tuderl'

pilots in two visual scanning tasks. In the first task both groups w'ru shown
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slides of T-31 instrument displays. Som;le slides contained a sigrlificant
deviation froim a predetermined straight and level course, and the task wds Lu
detect the error is quickly as possible. Instructor pilots detected errurs,
faster and with greater accuracy than student pilots, thus providing evidence
fur the val idity of the iprocedures employed. However, contrary to the coicept
,t j fixed cross-check, student pilots showed a greater tendency to use !
systLe;iLatic search pattern than did instructor pilots. This result suggests5
that rather than using a rigid scanning pattern, instructor pilots, by virtue
of their additional flight experience, use a flexible scanning strategy which
allows them to eiaphasize iaportant or difficult aspects of tue display.

In the second experiment the attention diagnostic method task was
employed to determine if the experience in visual scanning obtained in tih

flight situation would transfer to a novel scanning task. In the first ses-
sion, instructor pilots, student pilots, and a group of universiLy students
showed no differences in response latency. Instructor pilots, however, showe,1
a significant linear decrease in latency over the course of eight sessions,
while this trend was absent in the other two groups. This suggests that
instructor pilots learn to attend to critical features more efficiently than
do individuals with little or no flight experience. The results of the pres-
ent experiments recommend the use of a variety of scanning tasks in the UPT
prograra to facilitate the more rapid development of adaptive scanning strate-
gies.

14. Demos, D. L., Residual attention as a predictor of pilot perfor;iance.
Human Factors 20(4)-:435-440 (1978).

Sixteen student pilots performed a task combination designed to mleasure
residual attention. Scores on this coiibination were correlated with perfur-
miances on flight checks administered periodically during flight training. The
multiple correlation between performances on the flight checks and the task
combination increased as the students progressed through flight training. The
usefulness of residual attention as a predictor of pilot performance is dis-
cussed.

15. Diiitrov, D. Reasons for certain errors in piloting. Wright-Patterson
AFB, Ohio: Translation and Foreign Technology Uivisions. Docuiment
No. FTD-ID(RS) 1-1162-76, Feb 1977.

A series of case histories are presented that higimlight pilot factors
which might have an impact on flight performance. Discipline, fatigue, and
incoiplete learning are discussed. No data are presented for the reader's
inspection or analysis.

16. Directorate of Aerospace Safety. Change pace analysis. Norton AFB,
California: Air Force Inspection and Safety Center, Aug 1978.

A series of 59 mishaps were studied as to type of activity at the timle
the mishap occurred, type of aircraft, second-level cause factors, and unique
factors such as mission urgency and stress.

The study concludes that the stab i I i ty of USAF destroyed-a i rcraft rates,
as determ;ined in 1914-10, is changing. The 1971-78 rates appear to be signiil-
icant increases. Of the mmishaps, 81% occurred during daylijht hours and 432'
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werec irrvol Ved inl special ;;15 r llls. Add! r1 a dr)m),rIalIyueu! i i 1 1, ht Lire relativu
contribut Ions of exper'ienrce, I ra Ill :!t,'verk-ol ii.r Ll elit , aInd di1 strict- Ion.

1. [a1miql ietti , L- Qu irrrno iter, haid fur 1) 1r~s A ir I o rce Im1;e, 'jcO)

1979.

This artticle discusses Armied I rces ltisL i tute uf i'atholg,y (Af Pi) f Ind-
i nys that qu in ine corita m ted in "iiixe'S" , Iay rod(uceQ patd aL d suri en La Lion and
contributte to aircra fL riistraps. Fhit gerieral di srudl-ion of Inner- ear turrct 10onS

iS addressed and i forticriny A4 IP study is ci ted.

11 . Fl ackenber'3, iz. Illot ftictor in aircrcaft accident of the ieriran uder il

Arm;ed Forc; .inl K .G.Cl. Cork i idotl 2 (Ld . ) feiaviorcil asi-4ctS of a1ir-
':raft a crc d en[ts: I.P\ i AGAR1i Conference Proceed i ng( No. 13'?. L.ondon:
Iec in i i I - i t I rikiarid Rep)rodiuction Ltd., Dec N9/3.

Anl inal Is YS 1 o, ', :dde wi L In re ference to the iost f reqUentL types o f di~ 1 at
error i n 15 4 jI r,"ri ft ic c i dents whiiCh occurred in 11he1 year s 196 7- /0. 'J1i s pe -
ci al interest werc ifaore otweeui pli lots of jet aircraft, p)ropel er air-
c radft , and hiel icuooers. The flyiny experience of thle pilot, his aye2, annd
other tii~re- van abC, a fac ars were, Ll si taken into con~.i deration.

In jenieral , errors predoki irunl y occurred durhi I low-I eve I f1 IyhLt adl,

d1u n y thIi!e led i n dri,su i!m~ediately beQfore touchdown. In jet aircraift dcci -
dents, a ost erroirs werk2 cui;r~iitted ,)y the pi loat doe tu an ex treire workloaid iti
handl rIrIy 1is ai rrcraftL. In l e cal-cyories , purL icai airly propel 1cr-driven
aircracft , tile maire pronounced type)s of errors w4ere2 those triat Iay De
attributed to tihe pios personajl attitude ( ini ext r e.e cads e s, r e su ILinyIJ i
viol at iuois) . tirer hors' i a d i nys rel ai Le2d Wto Iyi ny eX per I 21Lc WAlne
con f1 riied. T1he2 oij-, d i tL" i bo t Iol at p) I lots d i f f ered rer;larkoblIy fro,.r ditW i it
other publ icati rs.

19. Grcihanim, Wi ir.IanI factors, con ii i dolon s in pi I at warnii ny inst rameri S
SYS temS. Jshinyton, D.C.: FAA Systurs Research and Development Ser-
vice. Report No. FAA-iD-/I-114, Dec 19/1.

A pilot wurrr ly instrum~ent (PULI ) alerts the pilo t to thle presence of
potentially threatening aircraft and thereby increases thle probability ol
detection. Every tiime a P14I alar;:rs, thle pilot can coi;ipare the posit ion of
aircraft seen , if any, wi Lii thie nifor;ation givyen by thle PAI . W1henever
another aircraft Is' seen , thle Pi l ot can consider whether or riot tile P111 nas,
srynalled its presence. These experiences will condition the pilot to dtac
miore or less uryency to PWI alarm~s, and Lire deyre2e of urgency will directly
affect the ultility of the PWI. SomeC rate Of alarms on undetected taryets
Wil 11Cause thle Iii t tOr gynure or urrioff ile eqlio rnen t. The Juestionl Of tIe

rS t-insipbetweeri tire nrtare Of alarm s arid pi1lat performaicnce is qudritl ta-

ti ye; a sitau I a tor Capable of reproduciny the same stimulus conrditLions 1,
essential for compdrison of variouis PWI system~s. A sirrUlator ca.pale Of yell-
eratting real istic stiinEl i is essetial to obtain quariti tatively icaniryfull
resul ts. This report skiriiiari zes tie aspects of pilot behaivior related to PWI
operation: thait require study, outl ines a maodel for generation of appropriate
threat environments, anid descrioes a ro:ujLor facility designed specifically
tro sttudy tire humain-faictor consideraliftins lit PUI~l desiyrr.



2U. Gunning, P. Time estimation as a technique to measure workload. Hui;lari
Factors Conference Proceedings 22nd Annual Meeting. Santa Monica,
California: The HuMan Factors Society, Inc., 1978.

Based or S. Hart's (NASA Research Center) findings, a secondary task
invOlving ti ie estimation was used as a measure of workload on a flight sii:iu-
lation study. The results of the time estimation task were compared with per-
fori-iance scores for two pilot transport craft and subjective workload ratinyg
to evaluate the adequacy of the task. The successes and failures of tile tech-
nique are discussed.

21. Hartman, B. 0., et a]. Fatigue in FHi-111 creieizoers. Aerospace Medi-
cine 45(9):1026-1029 (1974).

Fifteen biomedically dedicated missions of 3-hour duration were flown in
the FB-111 as part of its initial operational evaluation. [ach two-man crew
provided data on subjective fatigue, discomfort, efficiency, and pre- anu
post-mission sleep. In addition, urine samples obtained from one crew on an
unusually demanding miission, were analyzed for epinephrine, norephinephrine,
17-hydroxycorticosteroids, sodium, potassium, and urea. The data showed that
the crews experienced moderate fatigue and stress, aggravated by physical
discomfort, from which they recovered after one night of sleep.

22. Hasbrook, A. H., et al. Performance and heart rate during in-flight USC
of a compact instrument display. Washington, D.C.: FAA Office ot
Akviation Medicine. Report No. FIA-AM-75-12, Nov 197b.

Instrument panels in any general aviation aircraft are becoi;ming increas-
ingly crowded, presenting the pilot with an instru:ient scanning problem.
Because most aircraft instruments require use of central (foveal) vision, the
pilot inust look directly at each instrument to obtain needed infori;ation,
taking time that may not be available during an instrument approach to pub-
1 ished miniluimis. To see if problems of adequate scanning m:iight be alleviated
by reducing and changing the size of certain instruments and utilizing the
pilot's peripheral vision, an in-flight study of pilot performance was con-
ducted with an experimaental instrument display. The display was used in
flight by low-time and high-time professional pilots. The major findings of
this study indicate that pilot performance with the high-contrast instrument
display, which employs a vertical and horizontal format and occupies substan-
tially less space than conventional instruments, is equal to pilot performance
with conventional instruments, in spite of little familiarization tim;le and
without rOjard to pilot. experience. No difference in stress (as measured by
heart rate) was evident between the experimnental and conventional displays.
The pilot's subjective reaction to the new type display was favorable. Panel
space requirements can be reduced at least 2b% by using the design concepts
outlined in this study.

23. Hoffman, W. C., and W. M. Hollister. General aviation pilot stall-aware-
ness training study. Washington, D.C.: FAA Syste:ls Research and
Development Service, Report No. FAA-RD-77-26, Sep 1976.
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fdeIi ty of phy's icii -, no1" I at1 o 11 's, (Wut n syst uiis 1'. No oxper imenit,) I dence
s dj v 1 I1) 1 to shrow au 1 a tui dl 'w !:1) o t t hir i I riosw o r of raijn) j Iq.

t otct.lvellua-S hais ritA 1ien deitIlxisi.eta I or, ritriy lfit cr(-Li ng aInd Itttrac-
Live teatiras that1 'ire stanfoIrd ;ruwh q, H a I I iqht, tIra iminil iJ:mdators. Thu,
a(: II is it 1or'n I 1i 'Io at.or , (-S! i niq ";0 V 12Y' 1 I waS is 1 oa111th ' 0 OWn Au op( e ratLe as"
thei r couniterpiart. dlI rpl rI IIes Iii y1 trifbIutIe I baick]I asflI that . wi I I set, back Lte
desi rabl o use at Last-ef fecd VO ve it' 1 11It or 1 i! o siIai a ) resear-ch aind t rdaIn I i
;lrayrdins.

25. I srae I . Q . , I It . PRat, oyi I f or impljrov I rip the prot-ct ion aqali nst
mit i ( r c0 I I I oiii. :4ish iri,;t art, 1).(. FAA Assas a; IIto Adini n i s LraItor for-
tL n] I neer I n(1 arid [love 1 opincrit , Report lob. A" - I) /- ,0Vo . I , F~e 11/V.

r I .Ir loo-11!t, nAIII1 Zes O th i n id i nqs, , cutrc 1 is o n,, arild recoibtlen(Iat. i ow'
ilt a Federal ArrI at i on dmai ii .rmt ion work i riq tjitip1 0astabi Psiled under the
aisices at tho As,;oci ale Adiorirstrait~r ftr I not i ricerIt liq aInd lDeveoallr'rt (ro
con', dor the pert ineotL dat.), lit i Iyes , I. , indl otlier- fic tirs licarin I1 oil

in' it mthod1 aind techot pijt-s Iu )t r 'i ild i. 1](, r cal Its i oil" Mndaitorv



airborne coil ision-avoidance equipment has no apparent benefit for iuch of tic
fleet. Supporting details and information developed by the working group are
available in the form of a large number of self-explanatory briefing charts
and tables which are contaiawd in Volume I. Source documentation is llst~e,i
In the biblloqrdphy.

26. Kelly, M., et al. Air combat maneuvering performance measurements.
Human Factors Conference Proceedings 23rd Annual Meeting, pp. 324-326.
Santd Monica, California: The Human Factors Society, Inc., 1979.

Due to the complex, dynamic, and fast-moving nature of the air combat
task, performance assessment during air-to-air combat provides many unique
measurement problems. A comoined analytical and empirical technical approach
was used to develop a candidate measurement structure and algorithm For"
measuring pilot performance during one-versus-one combat maneuvering. Thirty
pilots and 405 air engagements were considered in the analysis.

,early all 2 1 candidate measures were found to discriminate between high-
and low-skilled pilots during free engagements on the simulator for air-to-air
combat. Discriininant analyses provided a measurement algorithm consisting of
13 measures that accounted for b1% of the variance in the performance data and
which predicted membership in high- or low-skill groups with 92% accuracy.

27. King, N. W., and E. F. Eddowes. Similarities and differences among supe-
rior, marginal, and eliminated undergraduate pilot training. Williais
AFB, Arizona: Air Force Human Resources Laboratory. Technical Report
o. AFHRL-76-12, May 1976.

A recent study of attrition of students fromi undergraduate pilot trainiliq
(UPT) revealed a number of problems with UPT as perceived by the eliminees.
[hat study, however, could not determine whether the problems were specific to
eliminees or whether they were indications of general problems for all students
in UPT. This study gathered data about training problems fromim students about
to graduate from dPi. Comparisons of information from the graduates with
information from the el iminees permitted conclusions to be drawn as to prob-
lems general to UPT students as opposed to those specific to students elimi-
nated from the progrtim.

28. Kirkhamn, W. R., 12t al . Spatial disorientation in general aviation acci-
dents. Oklahoma (City, Oklahoma: Federal Aviation Adiiininstration.
Technical Report No. FAA J4-78-13, Mar 1973.

Accident reports made by the National transportation Safety Board for d
recent 6-year period were reviewed. Statistical computations were imade
relating spatial disorientation (SD) to fatal accidents. SD was involved in
2.5% of all general aviation accidents, nonfatal and fatal. However, So
ranked as the third highest cause in fatal small fixed-winged ,ircraft acci-
dents and was closely related to the second highest cause, continued VFR
flight into adverse weather. Si) was a cause or factor in 16% of all fatal
accidents. When SD was described as a Louse or factor in an accident, 90% of
.he ti;ne that accident involved fLlities. Smal I fixed-wii'j dircrdtL (under
12,5UO Ib) accounted for 97.3% of all SO acciaents.
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9 a w1 s k y, 'I k- , r iti. - i !i I IiL-CrrIJ-uI L ed aircraft
dcc blu Int s. lIs Tn,i 0J L, . Nat. tlana I Acr'oncri L i c'. (ind SlndCe Adi;ij n i s-
tra t on. ;4;orit dJo. 0 2Z44-1 JJO 1,1/4

A :lul tidisciplinary tea: nipruacLh 1u H ilot-error-notated U.S. air carrier
jet aircra ft acCi dent 'Ivest i 1. ion rOcords ,uccesst-j I1 y rec I d teid h i ddett
human-error informaL ion not 53)0011 in st~LC aIstud Ius. New analytic tech-
ni yues were duvel opud And applIi ci Lu t ile datar Lu di sCOVur dand iden Li ty t i
pie ceements of connuiaid ty andi snared characLe.ri1stics witin iitis group of
accidents.

Thrtee tUChn1QO Uf2 dtndlyS 15 were u sed: (1) Lr i cl -el ciant anal ysis,
which deiionstrited 'Oie itportdnce ot at sub)Ject e laa1litivl e dpprodclr to raw
a~cc ident datal Mi surldeed 1utoaLi oi Wireuotoru ma ld ii dbe; (2) cluoster
analys IS, which wa C an ex 1 uratory r usuarcil Luol LhdaL Will lead to increasedI
anderstaiidin ny i ii yr ovud oryanizo L ni ul i acts, * Li discovery of new 1:ruaninjt
in l arge data set,,, ind the yunurdtbon ol expl Onatory IyotiuSus; dnd (3) pait-
tern recoqn itkor! )'V 'dlhi OIC IO. Ciij)2 ct~j onzed uy pdturr contor-ii ty
a fter CrILi Cl-1 bi dntl l o vc S !(r aniiySIS.

30. Kransu, r. L. A psychoi,,o.~liapah )) Iioi Safety. 'ldx W4l 1 Al Li,
AlIdhdnha i ai ir ,o iiiand and at i t (,o1i eyu. i.e 1),jrL 1,o . 13 bOi /, J ;y 19/I

F-i 4p" 'i pr I uric' i I'< rJC) CUi !ir a'V r ie-hlIt i.t the
Air I-ONSe dVdLO i dO W~~LS. lhruuq d smnvei Ai Ao il os, Lh1 s stody
attuipst Loply psyCho1 ojiC i ii... p I uS LO aV i LlS): sifety, eipihasi ze thuc
sadl len ;iyhIjia Oti ei tin I t, ind )ruvite d behavioral icnane-
wornk within which to iotivate ! lie! ~L(~. acL sdtely.

31. cevisCOt, . !., 2L ai . Aude I ini Jon I tuctsohCi J1 eVriii;aeiito factors o:i
hu ;ian Control aild 4infor; Iac en. 10 i3 ~esi hd, I)hi ,: Air Force
Mud ical Ruejerch L ab"Awtor. AM-hNK4- 4, Wg 1916.

The optim~al -control pil1ot/vehicle inel his been iodi t ied to all Iow a
d i f terent trea tiiint of tOotor- rel jti 1) 11 it)' "io 1 12 . .'hi LC I f IcalI I y , tile cOlcept
of~ "pseudo :1utr noise" has been i y I cuLd Lo lirovide a model parameter
relIated lore d 1 rucLy to ittcer Ldi n Lius dbu .L We conitrol sys Lo as well1 a,,
uricertaifitie, aboiot tile pilot's control intli t . I n add 1t i Lo, lol SC se 1 i jcted
on cointrol1 ratIe is adgyc'Led in i re-v lotssdy

Application of the revi sed nudel does nlt S~p put' L Le hiypothe si. Lh tt
vi brat ion degrades track iny per1 ar-ance by 1 lter fuer i ny wi tli mtur- rel a ted
feedbacks. A more tujiahi e hyiths i i C Lil L v i Irit iotn intrudAces miniated
stochadstic cotttrol ints, that d i rcAl y JUnrb1 tU C0111,1r-0 systeitl.

32. Mothuny, W. G. Ira ii ny research proyriti pl ans: Advatnced Sit~~tu Iat ot int
undergradoate pilot trairtinq. Brooks AFB, Tux s : Air Force iiutin
Resources Laiboratory. Technical HReport No. AJA-.Jlb-486, Juite 19P).

This study reviewed vidjor tra ini ng ruseanch puesti flSJ asesed iori-
ties via Del phi techni-ue, an wroduced a list of critically needed sL-idies.



Siiulators were determined to be a useful adjunct in the study of ,:otion/
vision, visual display contact, sequencing of training tasks, cognitive pre-
training, individualized instruction, feedback, and instructor training.
Methods for mleasuring the rate of stall of acquisition were also provided.

33. Howlbray, J. F. Identifying and quantifying the criticality of huiran-
factors deficiences in naval aircraft cockpits. Naval Post Graduate
School, California: Master's thesis, Mar 1977.

Human factors and system safety erigineering concepts frequently have not.
been incorporated in the design of U.S. Navy aircraft cockpits. The relation-
ship of human-factor cockpit deficiencies to pilot error and operator ineffi-
ciency is examined, and the need for a comprehensive data base of Lhese
deficiencies is deimonstrated. A questionnaire was designed and developed to
collect the required data from the operators of naval aircraft. Questionnaire
results substantiate the validity of the method for gathering human-factUr
deficiency data. Recoimviendations are made for expanding data collection to
Navy-wide basis.

34. Mrosla, C. A. Fatigue and aircrew management. Maxwell AFB, Alabaiia:
Air Command arid Staff College/EDCC. Report No. 1780-7/, May 1977.

The author expresses increasing concern over the human factor involved in
the C-141 accidents in the Military Airlift Comnand. In particular, the
fatigue factor is analyzed in regard to the crew duty limitations imposed by
current regulations. This study incorporates results from available tests arid
research on fatigue and synthesizes information from dozens of articles writ-
ten by doctors, crewmen, and safety agencies. The conclusion of this study
emphasizes the need to reduce the crew duty-time limits in a noncombat envi-
ronment.

35. North, R. A., and K. Graffunder. Evaluation of pilot workload metric for
simulator VTOL landing tasks. Proceedings of Tile Human Factors Society
23rd Annual Meeting, pp. 357-361. Santa Monica, California: The Hu,;mn
Factors Society, Inc., 1979.

A methodological approach to measuring workload was investigated for
evaluation of new concepts in VTOL aircraft displays. Multivariate discri;i-
nant functions were formed from conventional flight performance and/or visual
response variables to oest detect experiimental differences. The flight per-
formance varianle discrii;iinait showed miaximum differentiation between cross-
wind conditions. The visual -response-measure discriminant maximized differ-
ences between fixed vs. motion base conditions and experillental displays.
Physiological variables were used to predict the discriminant function values
for each subject/condition/trial. The weights of the physiological variables
in these equations showed agreement with previous studies. High muscle ten-
sion, light but irregular breathing patterns, and higher heart rate with low
amplitude all produced higher scores on this scale and thus represented higher
workload levels.

3b. Pierce, 31. J. , and J . DeMa io. Val idat ion of an in-fl ight performance
;tethodology, F-Y ground attack training evaluation. Proceedings of The
Iluman factors Society 23rd Annual Meeting. pp. 320-3?3. Santa Monicd,
California: 1he Human Factors Society, Inc., 19/9.
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Validity and applicability were assessed fir j i.ieasaremerit .:iethodology
developed to evaluate airborne performance on conventional weapon delivery
maneuvers. The methodology provides an analysis of pilat performance using a
stage-by-stage rating technique. Pilots assigned to an F-4 training squadron
served as subjects. Instructor pilot ratings of the individual stages of the
delivery yielded a reliable indicator of the quality of perfor:lance on that
pass. The data addressed issues regarding which stages of the maneuver were,
most difficult, which improved most over training, and to what extent this
improvement affected performance on the entire delivery.

37. Price, D. L. The effects of certainl gimbal urders on target acquisitinu
and workload. Human Factors 17(b):571-76 (1971).

If air-to-ground imaging sensors are 13ounted to aircraft by different
gimbal order systems, the displayed scene will rotate differently even thouyh
the flightpaths are identical. Eighteen experienced pilots were tested to
investigate the effects of three giobal orders--roll-pitch, yaw-pitch, and
pitch-yaw--on target detection, recognition, and identification performance
and also on operator workload. The pitch-yaw 'gimbal order was associated with
the greatest range-to-target scores arid the lightest workloads.

38. Read, R. L. Midair collision prevention of VFR low-altitude training
routes. Maxwell AFB, Alabama: Air War College. Technical Report No.
181, Apr 1977.

The liimitations of see-arid-avoid imiposed on tile pilot are reviewed, and
actions are recoimeended to lessen the effect of these limitations. Some
actions are already being pursued, while others require support from the DOD
and the FAA for initiation. Recommended actions are listed in order of
priority.

1. Reduce the total number of routes oy eliminating and further com-
bining routes. This action is considered primary as it can be accomplished by
DOD efforts alone and is necessary if the sectional printing program (Action
No. 2) is to gain acceptance of the civil aviation commtniLy.

2. Initiate the Sectional Aeronautical Chart printing/publicity pro-
grain. This action is considered the only suitable means available to adver-
tise ti locations of the routes to the general aviation pilot in a usable,
practical method. It would be number one in priority if reducing tile number
of routes was not necessary in order to prevent the potential unacceptable
clutter from charting all present routes.

3. Equip all aircraft using low-altitude training routes with high-
intensity strobe lights. This program should be continued on the schedule
recoinended by tile General Officer Panel with emphasis on these aircraft.

39. Ricketson, D. S., et al. Incidence, cost, and factor analysis of pilot
accident errors in U.S. Army aviation. In K.u.G. ,orkindale (Ld.).
Behavioral aspects of aircraft accidents: NAFJ AGARD Conference Pro-
ceedings No. 132. London: Technical Editing and Reproduction Ltd.,
Dec 1973.
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From 1953 throuh 1972, pilot error was a consistently large and costly
cause of accidents. ildsL analytic and prevention efforts have not apProdched
pilot-error accidents in tne context of dialfunctions along the Dasic IaN-
iachine-environment eleiients. Such an approach was proposed and seeks to

identify the coimion hj; idn-errur events in pilot-error accidents. A pdrtial

Utet of this approach was -iade with helicopter and airplane miishap inforiiation
,n its present foriu. A factor analysis produced nine meaningful and represen-
tative factors: disorientation, overconfidence, procedural decisions, crew
coordination, experience, precise ,multiple control, task saturation, atten-
tion, and weather. A component score analysis yieldeo pilot and mishap back-
ground information which was hel)ful in interpreting the factors. An experi-
iiental human-error-events reporting for-t was developed which holds promise for
clearer identification of itishap-causing system elements and corrective
neasures required.

40. Robins, J. E., arid T. G. Ryan. Evaluation of the role of simulators in
training airborne ASN operations? In K.G.G. Corkindale (Ld.). Behav-
ioral aspects of aircraft accidents: NATO AGARD Conference Proceedings
No. 132. London: Technical Editing and Reproduction Ltd., Dec 1973.

This study investigated the effectiveness of U.S. Navy device 2FoYB, a
weapons trainer for the P3A and P3B aircraft. The device provides tactics
crews with teaj, training in the detection, tracking, and destruction of modern
deep-diving submarines. Careful selection, variation, and control of proule;i
conditions should enable instructors to train the tactics teamIls to analyze aind
respond to situations likely to occur during the actual anti-subilarine-warfare
missions. Study results indicate that learning takes place in the simulator,
with positive transfer to the operational environment. However, there is rooiI
for improvemnent and modification of the training curriculum. This study was
performed under a U.S. Navy NATLC contract.

41. Rolfe, J. M., and J. W. Chappelow. The application f aircrew opinions
on cockpit tasks and equipment to flight safety research. In K.G.G.
Corkindale (Ed.). Behavioral aspects of aircraft accidents: NATO
AGARD Conference Proceedings No. 132. London: Technical Lditing dnd
Reproduction Ltd., Dec 1973.

Twenty-two pilots who flew LLGA aircraft, 15 crews of two-place (pilot
and navigator) LLGA aircraft, and 10 crews of four-place (pilot, co-pilot,
navigator, and engineer) aircraft were surveyed on tasks, equipment, and
safety.

Opinions of aount of vorkload during nine phases of flying, the nature
of the tasks involved at each phase, and cockpit design were assessed by ques-
tionnaires completed by pilots. The premise was that in the flight safety
context, the opinions of aircrew on the conditions of their job are particu-
larly relevant to accidents attributed to human error.

42. Sanders, M. G., et al. Personality aspects of )ilot-errur accident
involvement. Washington, D.C.: U.S. Army Medical Research and Jevel-
opment Commtnand. USAARL Report No. lb-1, July 1914.

The consistently high freqency of pilot-error accidents in both nilitary
and civilian aviation programs does much to support exploratory research that
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'A 1ilt hlelIp d II e VId ', the )fr0b5lci. t~ I i x teer k' rurPf aII I CtLuors le"-
tionna i re ( lo PF ) and a dlynaiic dec i 5lon-i.iaki rig tasr. I irdcr r isk) were g i Vert
to 51 Army aviators. Accident fi les wer o tLhen exalimred L) lasi fy tie *iviu-
tors as to the ir pr or pi 'aot-error acc i lent i vol veilero.. Ji s.cr 110i nant arlidly-
ses revealed triat the dee s ior-iikitj og isk score,, were Lirirelcated to the ii 'at-
error accident 'iroa ,p ig ~s , wh iIeo thre I b PI *co)res were a5 I e to correctly
cl assi fy 6till at the aviators as to whether' or riot they had been previoasl y
listed as a cciOsO factor in a T-,il 1tory acci dent. De,)endericy, [Jr cl i:al 1 ty ,
and forthrii tfiess were 1I isted as coni! r, iho Li Ig nar id Ih es.

43. Sanders , M1. tS. e al . A cro-vo-\Ll Idat'1oi: 'I Ly I J f the wi-sitiiui I i
aspects i' f i rivalI veiierit in p i Io-t-error acc idents. .Jasli rljtoni, 3.
U . S Ariiy 'Iedical osetar-i iiid ieveluopiierita;i- sol SAi re;ort o.
15-15, Mar 191b.

P110 t-errur jc( 1idents lw u no : e ac -1 del t It 'L I 1cscos I teritly
frau~ the 1'940's to Ui Pcreontl . Si.,t- iA cat irs were 1 iven the In P1 iii i

atte!:pt to cross- vol1 id1te toe f idings reporteud oy S)anders et alI . i 1D7/
(Ref. 42). [ne resuilts indicate hi tto he pierSonl ty factors dlid riot s1 i I f i-
ca. -,y di scri minate oetwCerl tie p11i ;ut;-error occie nit groups. T Ie p ri1.iory
per sonalIi ty d if te renc es betLween t ic pr ese2nt sa0113l i nd the aniy iuii sad
were doe to aniat, tort, ini the ) Io -error a cc iden-f ree g roap)s. T he fi lid i llo
indicate that i nd iv idual d i ffere nc s in p)ersonaility chorcicteristics of thu
aviators )revent Coin,to idertlIicat-ioii of traits associated With pilot-
error jiroups.

44. Sorit il I1 , S. . 1-ri Lti calI interfaces between envi ranient -ind organiis;.i it)
Class A ishapsd : A retrospective analysis. Brooks AFB, Texas: USA[-
School Daf Aerospace Medi.cine. JA-u-I-3 qoe 19311.

Aircraft '11 Shap! prevention efforts in the past have been extrel-el y s ic -
cessfii I . S'inrce N70), however, the no] shap rate decrease has leveled off, ajnt
ios.t expo(rts- agree that it cani be furthler redoced. This study focoses on the

hwiwan- factor aspects of ;0ishap cdaSation. ludin-tictar- aspects have oceri
proinent cause's of );i s;aps, bot have only recently recei ved si giti crLt
scrotiny. [he asson~iptioli of this Study is that both the coy] rornilent arid the
organi1si-r hrbring with theim a certa in deg roe of i ishop 110otent ial whch li s trig -
gered by the interfa.Ce of the two. Determ~iiiing these critLical inter-faces D -
retrospective arialys is of past ;ii shops is the ;ietliou used here;1 thre i..lllCd lat
goal is to define the problem .aore clearly.

A series of A4 m;ajor Variaules were m'alyzeu, 12 attributaaie to thu
eriviromniert arid 22 attributable te the operatirs. Special aitt,2ntion1 Was pall
to physical, syste;m, arid descriptive vdridbleS. Recoie~indat ions are atfereco
fur foture efforts to avoid the-sa critical interfaces or to decrealse tue il11s-
hadp potential inrherent in the eivi rori~iert arid the 'arjani so,.

45. Savage, R., et a]. Evaloation of tiie sensitivity if various iearsures,,n

operator workload osi ny random digits as a secorroory taisk. liiandt I ac-
tors 20:649-b4 (1918).

P rob I ems have been encortre iii pr(,v Ioki reearchl if) devOl o, iltiga
secondairy task meaisure of mewn tl wArrk1 id aL that 1, hati wwrsitLive aridstl -



Jrd i no r 1 y a s 1 n I e ia u re ot seconrdatr-. tosk is dni yzed d m mri l . or ot
difference it) work 1 oid . The purpose a)t theiv ux1jeriilent re~r dhtre was tj
determine whether al ternate meo sores token from a si ry1 e seconodry tdl S i K A1it,

rIove miore sensitive. T welIve subjects part ic ipa ted inr the err'a'
n rvrl nI v i prioiry t ieter pointer nul I i ng) arid a Secotloary tujsK ( rea& 131,

ani} d Iits ow ,J. rie I ide'endent, vdridble (pr idry td ,I d it f icli 1
I uvel )was idjusted Dy cnan'jing tne numnber of ik-ters tIlat hadJ Lo be hofl torn
(two, three, or four, iieters) . Dependent mieasures were tiketi ott the (1) ilurluer
Jf randouii d i -j i ts s)o Kent ( usiLi I wor klIoad touriiu 1,-) , l)Ioriiest t uter-vo bet'Ieeu
spoken responses, (3) lanijest consecutive string of spoken digits, and (4) tlu
number of "tri plets" spoken. kesul ts ,how that, dependent 't-,asrires(), 3
and (4) were significant, with (1) being the iiost sensitive.

46. Schiflett, s.'. Voice stress analysis ds a measure of );,crdt:or vwarr-
l oad . Proceed i rgs of The Humaldri [ac tors Soc 1 ety 23 rd Mee t ing, :). '
Santa Monica, Cal1ifornia: The Humia f ictors Society, Inc-., 1979.

Th is stutdy att'tdto det erin re it t req uenicy ilud ai d tion chan( es Canr. te
,jsed to de tec t the &IMon t, if S to Li tIona I strt'ss in twvoice Ai le su~bjefct
pierformed a four-cna ice nftortttat iori-re)rnces i nq taisk c, different 'resent-
tion rates.

A response analysis tester (kATLN) pjresentedi a four-chci ce di scriitid-
tion task in which the subject was required to match a respc-nse key 1to CdCrt it
four Stimtul i (numtiers 1, , 3, and 4) appearing it) a isplay witndow. Tne
sequence of stittlali was raitldoulily presented iti atn autLo:atic-podced miode for nlie
1-illnote tests. The Stiiiuli presetttatin riltes were ,,ut ilt tine sy tibal per 1. t
seconds, 0. 75 second, and 0.50( seconld.

The voice was analyzed by a device cal led a psyctlologicdl stress evatau-
Lor (PSL) , manufaictured by Dektor, Incorporated, and develo)ped specifically is
a deception-detectioni itistr.iiettt.. Voice sigrtails were initially recorded art
miagnetic tape, tnlen processed through filtering ciJrcuits, atid displayed aot
strip chart for subsequenlt Visual analysis and irnterpretation. The coded
charts were subjectively scored without any knowledge oft conditions by twu
interpreters tradined to recognize stress patterns in speech. The subjective
scoring criteria were translated ititu electronic eouivalents and auitotlated oni
a Varian 73 computer fur voice patternt recognitior' analysis. A comtparison of
scores froiil the subjective versuis the automated outIputLs Was analyzed tar
extent of concordanIce.

4/. Schwdnk, J. C., et a]. Pilot perforlance durintg flight Sitltion With)
peripherally presented vistual signs. Proceedings of the Hanani [acturs
Soc iety AnnualI 23rd Meeting. Santa Monica, Clifo)rnia: The Itottan
Factors Society, Irnc. , 1919.

The icreaS inrg coiilolxity of toderti a ircra ft systelS l a(:es a SUbstallt ial
infort ai on-processi rig load ott the pilot. Fhis coittlplxiity has created a ried~
for al1ternativye iethods of ttonobtrusi ye inlstruitlent di sprlays . lkeccrt studies
ndicate dual , i rldepctlderlt systetms for focal arnd perT pheral vision. In view

of nonconscious processing by the far periphery, it, fo)ltows that the far-
peripheral visual f ieldl would bie a possible loccatioi for al terniate itistroiluett
d i spl ays .



TI rel , a c III I v u I v IA in. r, a, I'w ii 4c) 1'j 1J
trati nees , that. - ,i L ,,: o~l tw 2jiI ' 1--re t. Y e OS i rIIs t ru i; IentI
diSpl ayS dU rI ltj t 11,' jL i)) i- I I L!/. COl )e r iImen ts showed nlu
dec reient i n i Io t , er f )rw iiiti da ti t I t, L r tjienL ;.dfleu ver i nvolI v i ny

nor:;ia I and Oeriphr~i 1 di ay,. 1 1, vwcrc.- I roe to deviate fru;.i
Y i ven ColI pds SS a ht, d AI fj L, 1 '. 'i tl 1 .1ry( I (PH oi)1). A seconidary
task (di I L. Cdtlcel 1!1,j) !'-Ad I ;,ii ei Aitdorr , .sK nIYiu) ved in aictual
f Ii itit alIso i Id nu t d in 1:1 ri I r- Iic I~ AC: Yi ishese rcsu I tS aro

cons stt wit Si t (a tic~ fli 1 .~ i h Oin 'if !lUtrob-
straisive iprolij)d nj.

48~. Sharnon, i . AIl lcat r *j)l or-tur wrrioc vjdo21 -u j s e S !, a v 1a L Ur-

crIi U 't 1 ilc I Ien tu I I k2t,1w ne I i dolors, ',( so iuty 'L2ndJ
"o I! 1ul 1

PrevjioiC rr:,cor..-1 I V.'i I: I I aj~kd i rcy reL,'iu I e 1 kj IdtI U NS
to asse~sstdei 'j\ id : -1 ,tufj,! of iivil dir traliiinj.
The predictor' vur: Ot I O. .wr k2, mt o~r r Lcihov br ill tue first
stage o f t ra i n inyi k ir y 1ia sc I: 1)1 4 fino )r(2seIrt reSectrch td S t
extend this iodull iy 1tmng I -i 1;, Io pi ts into tile fleet. :, -
hap safety recor.:, -i A iiY I jr 'l atod. it LtWii Sdl;ile, 20 had
hdd an H(- ery~'nor. r,>w 1, a Lo trii 1ar1;ITy tra iril ry
,-Iha se . JcrriiI W1 I,, t. t~ r Uij j wu- - ja s ep)a radtio 1,11itoU
c r, ILI Cdl Id 16 1 o I ( I I :w IL t ) I~ Vd d I ( were Lthe Sdane I

test wuS s~ fr le ";kd I ICIi ;red I cte(I- -i ijC-ac tod1I cr itLicil
rioc r i tic o t0 hi v ior. " i' ii t'. I f, I ~ rc ant ( x~ 12.0 f) < .001j

oit 5 h C I n ,jt .394 . A )i rdocl trend,
was i lid it ItCd !)y tn d '*: ' if jh jrr(i - ami- Ilow errors were
the ones ImohaO L.' ne :i - 11 I . ih I I ;Wtr lVer St Wd S true 'of tuhe
noncri tical perforiicers.

49. Shannon, R i~ .H, dri' I,. . i .0~i t i to rs aiYdcni to a irc raft acci-
dent aridlyl In Y, ~ u I~krf S' .jJ II .-G C'lidViaral dS,)ects ot air-
cra ft dccI J( ( nL S : A FJ AjAL J 1-ter(oc' k2 IroCe(ed H j1 ii'J ?. 1 32. Lo ndon
lechnical Ld 1 ti ng vi iHeirodicik 1 oH :d. , UC 1'/3 .

Naval accident reports inivol v 113j tno P-3 ond V-4 J ircrdtt were e!xaminted
over 5- and Y-year periods, re;,)ecti'/ody. P-3 data from~ July 1966 to June
1971 and F-4 data froii January i ' ci to Jeceirber 19Ib9 were collIecto!d trui
records kept on til 1e withf the )aol I a_ ;11Ly iinter in Ifurfol k. The critical
incident techniqUe was P,(ed tW Ldca tloi,, deSCr-ioc, and aiialyze operational
fliyhtcrew error in both coircrutt. jhf. P-3 and! F-4 aircraft were selected
ticas o f the ir coiripIe tel y d i f ferertI- i, 611 SS 10 Iun, arid hanid 1ir ly cha rac ter i

[lurdn errors were categori zed uy three vyim (I IU i nce errojr-,(?
procedural errors, (3) perceptual riotor, errors. Pna~es of 11 ight upurdt in'
were divided into four segm,,ents: (1) -,crvin V p l refi11 iit/ post t I 9ht, 7
start/tax i/shutdown, ( 3) takeof f 11;a1dl'lk (4 it1rYliht . Four remedial areais
were ou tli ned for reducing fiuiaion cr r r (1) crew coo rdinaii on , (2) design,
(3) discipline, (4) trciiniriq.



Froml the F-4 accident reports, 417 human errors were isolated; and frui,,
the P-3 reports, 345 errors. Twenty-eight major error categories emerged fuij
an analysis of these errors. The accident reports were further analyzed for
errors that occurred in both aircraft. Twenty coirrnon-error groups were found,
repre-.uriting 11.9% and 13.8% of the total errors in the P-3 and the F-4
reL, pucAtively. Procedural errors and the flight segment of the tdkeoff/ldndlnu
shared the most coammonality across the two aircrdft.

The results of this investigation suggest that although common errors can
oe isolited across highly diss imilar aircraft with highly different flight
11issions, they comprise a relatively smal percentage of total errors. By
far, the majority of errors concern characteristics unique to a particular
aircraft. Implications for the remedial areas of crew coordination, training,
discipline, and design are discussed.

0. Siegfried, J. G. Psychophysiological effects of aging--developing
functional age index for pilots: It. Taxonomy of psychological fac-
tors. Washington, D.C.: Federal Aviation Administration. Technical
Report No. FAA AM-73-16, Mar 1978.

One major objective of gerontological aviation psychology is to determine
the psychological variables, functions, abilities, skills, and factors that
underlie, constitute, or are associated with pilot performance and p'ofi-
ciency. They must be identified, analyzed, and measured if functional age is
to substitute for chronological age as a criterion for terminating an avia-
'or's career.

Three methodological approaches used to determine the psychological arid
psychophysiological factors thought to be representative of and essential to
effective pilot performance are (1) analysis of successful pilot behavior as
displayed under simulated and operational conditions, (2) analysis of unsuc-
cessful pilot behavior (pilot error) as related to aircraft accidents, and
(3) evaluation of pilot performance during the selection and trdininy pruce-
dures as reported in the literature. By means of factor analyses, logical
deductions, and clinical interpretations of the results obtained by various
investigators, 14 factors are identified and described. These are (1) percep-
tion, (2) attention, (3) reaction, (4) orientation, (5) sensorimotor, (6)
stamina, (7) cognition/mientation, (8) interpersonal relations, (9) decision
making, (10) experience, (11) learning, (12) personality, (13) mechanical
ability, and (14) motivation.

No attempt is made to assign weights to these factors or to rank then in
accordance with their importance to flying proficiency. However, their rela-
tionship to age and the aging pilot is discussed.

51. Simpson, T. R., et al. Estimation of UG3RD safety benefits. Washington,
D.C.: Office of Aviation Policy. Technical Report No. FAA-AVP-71-d,
Jan 1911.

This study estimates the value of aviation safety improvements that could
be obtained by implementing various alternative configurations of the Upgraded
lhird Generation AIC System. Estimates dre based on the central assumption
that the frequency of aviation accidents per operation observed in the pest
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will be repeated unless identifiable steps dre tdken to ei imiiiate spei liL

classes of accidents. Recent accident data on midair col lisionb and con-
trolled collisions with the terrain were examined to identity types of dccl-

dents that could be prevented by the UG3RD. Preventable dccident rdtes weru
calculated and used to forecast future accidents under dn extension of today's
system, as well as accidents that could be prevented by the UG3RD.

52. Smith, J. F., and W. G. Matheny. Continuation versus recurrent pilot
training. Brooks AFB, Texas: Air Force Human Resources Laboratory.
Technical Report No. AFHRL-TR-76-4, May 1976.

This report provides a brief survey of literature on retention of motor,

procedural, and coiiwiunication skills judged relevant to pilot training. Also
included are data concerning more recent pilot recurrent training information
available from the United States Air Force, the United States Army, and the
Federal Aviation Agency. Implications of this data for USAF continuation
pilot training are discussed, and an approach to obtaining more specific
information is recoianended. Some of the findings are as follow:

" Motor skills associated with VFR flight are retained longer and

regained much more quickly than instrument or procedural and verbal
skills.

" Inactivity for 1 year results in near inaximum loss of skills (one
estimate is 90%), and subsequent periods of inactivity add little to
average upgrade time requirements.

• If instrument flight skills are maintained at a high level, contact
flight skills tend to rerairn at an acceptable level.

* Overlearning promotes improved retention of all categories of skills.

53. Stodola, E. K. Visual collision avoidance in high-speed, low-altitude
testing and training operation. Kirtland AFB, New Mexico: Air Force
Special Weapons Center Report No. AFSWC-TR-76-1, Apr 1976.

This technical report is directed to the special problem of potential
collisions between aircraft of different operating speeds, and examines quan-
titatively some factors involved in determining both horizontal and vertical
evasion maneuvers. Simple criteria are given for assessing collision poten-
tial and evasive maneuvers.

A simplified quantitative consideration of collision avoidance by an air-

craft substantially faster than the possible-collision-hazard aircraft indi-

cates that judgments of collision potential and avoidance maneuvers can be
based on simple viewing angles rather than time-consuming estimates of the
rate of movement of the line of sight (relative bearing rate) to the other

aircraft. In altitude-change evasion maneuvers, the fast aircraft has much
greater potential for climb than does the slow aircraft and, in general,
should climb rather than descend.

54. Storm, W. F., et al. Endocrine-metabolic effects in short-duration,

high-workload missions: Feasibility study. Brooks AFB, Texas: USAI
School of Aerospace Medicine. SAM-TR-16-30, Aug 1916.
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A study was conducted at the USAF Instrument Flight Center to tes an
assembly of neasures for assessing the relative merits of vdrious fliqnt-
instrumentation systems. The USAF School of Aerospace Medicine (SAM) Stress
3dttery was included. Eight pilots were provided with three different fliyht.-
paths associated with different workloads. Although the study WdS 110t

designed to permit an optimal evaluation of the SAM Stress Battery, anticipd-
tory stress, mild flight stress, and no habituation across missions were
noted. The SAM battery appears to be a useful addition to the flight-
instrumentation research program.

55. Storm, W. F., and J. D. Hapenney. Mission crew tdtigue during Rivet
Joint operations. Brooks AFB, Texas: USAF School of Aerospace Medi-
cine. SAM-TR-76-36, Sep 1976.

Subjective fatigue and sleep data were collected from a USAF Security
Service airborne mission team before and during an airborne mission. The pri-
nitary purpose of the test was to refine the procedures arid analytical tech-
niques in preparation for an upcoming demonstration/evaluation of a new and
modernized system. Results indicated that only minor changes in procedures
and techniques were necessary. The data also provide unique baseline informa-
tion for future comparison and evaluation of similar data from the modernized
sys tem.

56. Williams, R. R. Proposed military characteristics for collision warniny
device. U.S. Army Aviation Board. Technical Report No. AN 4356, Feb
1957.

This article describes, in detail, the functional characteristics of a
collision warning device. The method of warning and presentation of data
along with reliability arid operability dimensions are also specified.

57. Williges, R. C., and W. W. Wierwille. Behavioral measures of aircrew
mental workload. Human Factors 21(5):129-141 (1979).

Behavioral research literature pertaining to the measurement of aircrew
workload was classified into general categories of subjective opinion, spare
mental capacity, and primary task metrics. Thirteen specific classes of work-
load measures related to these general categories were reviewed specifically
in regard to aircrew workload assessment in the flight test and evaluation.
Lach class of measures was sumnarized in terms of background, applications,
and implications for research and implementation. It was concluded that no
single measure could be recommnended as the definitive behavioral measure of
mental workload. Due to the multidimensionality of workload, the most prom-
ising assessment procedure apparently should include multiple measures of
subjective opinions, spare mental capacity, and primary task measures as well
as physiological correlates.
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APPENDIX B. EXHIBITS OF INVESTICATIVL AIDS

EXHIBIT B-i. CODING GUIDE

Computer cardcolumn #

Aircraft type (1-5)

Date of accident (6-9)
Mo. Day Year

Number of fatalities (10)

Cost of accident (11-18)

WEATHER: (Tab C)

Sky condition 1 - Clear
2 - Obscuration (19)
3 - Cloud cover
4 - Turbulence
9 - N/A

Visibility (20-22)
(Code # of fiaies)
MD=999

Wind direction (23-24)
MD=99

Wind velocity knots
MD=999 (25-27)

Temperature Fahrenheit
2D=-9 (28-30)

Dew point Fahrenheit
MD-99 (31-32)

Weather condition 0 - Clear
1 - Fog
2 - Rain
3 - Sleet (33)
4 - Snow
5 - Thunderstor.is
6 - Tornadoes
7 - Special warnings
9 - N/A
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'L'.1-',, 1lUAL/LQUIPMLNT: (Tab D)

Aircraft

[o(Ijdl H iqht hours # hours(34-38)
MD=99999

Hours since last overilaul # hours(39-42)

Flight hours since last # hours(43-46)
overhaul MD=9999

E ng ine :

Total fl ijhL hours # hours(47-51)
MD=99999

Hors since last overhaul # hours(52-54)
MD=999

Flight Controls/Instruments: (Tab I and S)

Flight Controls 0 - Operating (55)
I - Defective
9 - N/A

ELECTRICAL/MECHANICAL: (Tabs I and S)

Electrical system 0 - Operating (b)
I - Defective
9 - N/A

Hydraulic system 0 - Operating (57)
I - Defective
9 - N/A

Radio 0 - Operating (58)
I - Defective
9 - N/A

Lngine 0 - Operating (59)
I - Defective
9 - N/A
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HUMAN FACTORS: (Tab X)

Pilot age yedrs (bj-61)
MD = 99

Days since last flight # days(62-65)
MD = 9999

Hours flown previous 24 hours # hours(66-67)
MD = 99

flours flown previous 48 hours # hours(68-69)
MD = 99

Number of sorties flown
previous 24 hours # sorties(70)

MD = 9

ID Number 1 (71-74)

Number of sorties flown
previous 48 hours # sorties(75)

MD = 9

Total number of sorties flown
this aircraft # sorties(76-78)

MD = 999

Hours worked previous 24 hours # hours(I-2)
99 = MD

Hours worked previous 48 hours # hours(3-4)
99 z MD

Hours slept previous 24 hours # hours(b-6)
99 = MD

Hours slept previous 48 hours # hours(7-3)
99 = MD

Hours continuous duty prior
to mishap # hours(9-10)

99 =MO

Time in cockpit prior
to flight # minutes(l1-13)

999 = MD

Number of days since last
flight (this ;nodel) # days(14-1,)

Flying hours (total) # hours(17-21)
99999 = MD

112



Flying hours as first pilot # hours(22-26)
99999 = MD

Flying hours (jet time) # hours(27-31)
99999 = MD

Sorties (this aircraft):

Prior 30 days # surties(32-33)

99 = MD

Prior 60 days # sorties(34-35)
99 = MD

Total weather instrument hours # hours(36-38)
999= MD V

Pilot rating (Tab A) I - Pilot
2 - Senior Pilot
3 - Comxiand Pilot (39)
9 - MD

Tabs (S and X)

Nonobservance of mission rules 0 - No
1 - Yes (40)
9 - N/A

Nonobservance of directives 0 - No
I - Yes (41)
9 - N/A

Nonobservance of air discipline 0 - No
I - Yes (42)
9 - MD

Nonobservance of established
procedures 0 - No

1 - Yes (43)
9 - MD

Previous number of similar
hinssions # missions(44-46)

999 = MD
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Note: The next eleven items refer to the codler's own interpretation of the
accident. If you feel a factor occurred daring the flight, ,ark i.
down. You do not have to rely on the opinion of the Investigation
Board.

Channelized attention 0 - No (47)
1 - Yes
9 - N/A

Vertigo/Disorientation 0 - No (48)
1 - Yes
9 - N/A

Distraction 0 - No (49)
I - Yes
9 - N/A

Location of distraction 0 - In cockpit (50)
I - Outside cockpit

9 - N/A

Panic 0 - No (51)
1 - Yes
9 - N/A

Alcohol/Drugs 12 hours
prior to mishap 0 - No (52)

I - Yes
9 - N/A

Work load too heavy 0 - 'No (53)
I - Yes
9 - Mu

Preexisting pilot illness - Nu (54)
I - Yes
9 - MD

Stress 0 - No (55)
1 - Yes
9 - MD

Overconfidence 0 - No (56)
I - Yes
9 - MD

Excessive motivation to succeed 0 - No (57)
1 - Yes
9 - MD
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Pilot's physical condition 1 - Good (58)
2 - Fair
3 - Poor
9 - MD

Lenfjth ut til ight # hours(59-60)

SITUATION: (Tab C)

Al titude when ,,ishap sequence
began # Feet(61-65)

ritie of day I - Dusk (66)
2 - Dawn
3 - Day
4 - Night

Phase of flight (Tab 5) 1 - Takeoff (67)

2 - Cli ,bout
3 - Enroute
4 - Range
5 - Descent
6 - Landing
9 - N/A

Mission element I - Air-to-ground (68)
ordinance
delivery

2 - Low-level
navigation

(below 5000 ft.)
3 - Low-level

inaneuveri ng
(below 5000 ft.)

4 - Air-to-air
engagement

5 - Rejoin formation
6 - Maneuver with

formation
7 - Search & rescue
8 - Acrobatics

ID nurber 2 (71-74)
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HUMAN-FACTOR CONCLUSIONS OF INVESTIGATING BOARD

Psychophysiological Factors:

Food poisoning 0 - No I - Yes I1)
Motion sickness 0 - No I - Yes (2)
Other acute illness U - Nj I - Yes (3)
Other preexisting disease/defect 0 - No I - Yes (4)
Get-hoineitis (3 - No I - Yes ( )
Hangover 0 -No -Yes (b)
Sleep deprivation, fatigue 0 - No I - Yes (7)
Fatigue, other 0 - No I - Yes (3)
Missed meals 0 - No I - Yes (9)
Drugs prescribed by medical officer 0 - No I - Yes (10)
Drugs, other 0 - No I - Yes (11)
Alcohol 0 - No I - Yes (12)
Visual illusions 0 - No i - Yes (13)
Unconsciousness 0 - No I Yes (14)
Disorientation/Vertigo 0 - No I - Yes (15)
Hypoxia 0 - No I - Yes (16)
Hyperventilation 0 - No I - Yes (17)
Dysbarisn 0 - No I - Yes (18)
Carbon monoxide poisoning 0 - No I - Yes (19)
Boredom 0 - No I - Yes (2())
Inattention 0 - No I - Yes (21)
Channelized attention 0 - No I - Yes (22)
Distraction a - No I - Yes (23)
Preoccupation with personal problems 0 - No 1 - Yes (24)
Excessive iaotivation to succeed 0 - No 1 - Yes (2b)
Overconfidence 0 - No I - Yes (26)
Lack of self-confidence 0 - No I - Yes (27)
Lack of confidence in equipment 0 - No I - Yes (28i)
Apprehension 0 - No I - Yes (29)
Panic 0 - No I - Yes (30)

Coder's 5eneral impression:

Accident sequence initiated by I - Human factors (31)
2 - Nonhuman factors
9 - N/A

Pneumatic system 0 - Operating (32)
I - Defective
9 - MD
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Instrutaentation 0 - Operating (33)
1 - Defective
9 - MD

Ndi~jdti'n systen1 0 - Operating (34)
1 - Defective
9 - MD

Other systems 0 - Operating (35)
1 - Defective
9 -MD

Recently unscheduled maintenance I - No (36)
1 - Yes
9 - MD

Hours flown- this aircraft # hours (37-40)
9999 : M I.

ID num-ber 3 (71-74)
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EXHIBIT B-2. ABSTRACTING FORM

DoCUMLNT REVIEW HUMAN FACTOR IN AI1RCR~AFT AC(IOLT,4

('TECHNOLOGIES" ARTICLLS)

Author, organization:

Documient number: Date: Reviewer:

1. Brief description of article

2. Brief description of technology

3. Proble,-is it is used for

4. Method by which it was tested

a. Number of cases:___________________

b. Population tested (e.g., Air Force, Army, ciVilidn)

c. Description of testing procedure
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5. Resul ts (i.e., Oid the technology work? Note iuw the evaluation of thle

technology wds .;ade.)

6. Cost of iimplementing the technology (if available)

7. Were other technologies mentioned and evaluated? (If so, describe)

8. Reviewer's perception of the quality of the study and the technology

9. Other studies cited that may be of use
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DOCUMENT REVIEW HUMAN FACTORS IN AIRCP.'.FT ACCIULTS
("CAUSES" ARTICLES)

Title:

Author, organization:

Document number: Date: Reviewer:

1. Brief description

2. Source of data used

3. Number of cases

4. Types and models of aircraft (rotary/fixed wing, fighter, trainer, trains-
port, large/sinall passenger, etc.)

5. Effect of the variable under study (including variables, dollar costs
associated, strength of relationship, relative importance of variables to
other factors).
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6. Reiniedies suggested to overcome problems

7. Evaluation of remedies

8. Reviewer's perception of quality of the study

9. Other studies cited that may be of use
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EXHIBIT B-3. MAJOR HUMAN FACTORS INVESTIGATED BY AIR FORCE, ARMY, AND N4AVY
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IV. PERSOAL DATA

ROLE JF THS ,NO CIOUAL 4 THE !OSE F THIS ACCIDENT

.. 1 . .. 1I . I .. .. -- of . .sst -... o...

C. OUTY OR ROLE If -9'N OF ACCEC[.T

2. IACKGROUNO DATA (Co.,Iete 1~ 141 o, lot. -d othR r A* NoIobi b 1a1E to a, I
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,.OO IS REELST I S. S,cK C. D oELAY NO........ 0..___. ......___,____..........._____ :00... ....
0. 0ATE or Air P11 0US C."OURS 'La.. IN LAST IA C-01 N.AS? G. SORTIES 'LOWN . .AST

'LIGNT (We-*. m'v) NOURS OuRS :5 1OURS
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T
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S. DATE T O S V 40. OATS , l , , S.C O .

PHYSIOLOGICAL AND VERTIGO TRAINING (Por .ll )

TYA tTANNGACMLSE LNCK -NA.ING ACCOMPL.S1EO CONPLITEDS NiLE

4. ANTHROPOMETRIC DATA

A. DATE , gl.ON (D.,'.. A'S..r) 0. SI TTING IKNT .G.A,.) S. BUTTOCK.ASEE LENOVA (4.00..)
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(/NcO..)
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SCAL RATISA NN SATE CAL ONt0SO A o ONTE TATE IC ,AST IRECO - R

DUTY
A. AVIATION SERVICE CODE A FL-W, AC'I lTy -,ATEGOV A, U, I ETC.!
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*RKNI, . S IRO InI•

IT~~~~~~... ......~h.~N C *I I . .

123



EXHIBIT B-4. PERSONAL DATA RECORDED (AF Form 711GA)

iNSTImCTIONS FOR CODING PAGE 4 PERSONAL SURVIVAL AND ESCAPE EQUIPMEN

Th. -equirad ad "*AnlaJ.b" blnA. *haild .. ... -r.d Ih an I., "'.." .. d 1.1 b1.. for

.o Id.. ... .O"iiied" ,Sje, Ie LSAP solo , .if 05e-nd or ho.t drecIed reQumren Av. "Av abJ." reftrm
to hb Pno.e, in Ch. irc .t)I

Th. "eed.' Ne.ded. "D. rdad.' "teal ""*d "-:*:Ied" c.I,.n. ar. I. ha urhd with *, A. C L.
S. I. or coaba.lf~o at th... Ie~r e*leeIe (n ai)0l b le o at lb ai.bop .01. lb .ill Ii.,. or

uieA. *lc (A Itr. I. th ocdont phs.:; to Iha *.ca; 1. L1 I.ndinj. S to .u.....I Cnd 1 I.

Tb . ol~e{ CO., R-P,.h~a.." a I. - ,lpJatd by qnaer .lh... 0r-t tb. l.11..onll 1J.r th.l
correspond to lb. p,.hles. *Ateoal.,.d

01 NOT AVAILABLE . SUPPLY PROBLEM ]I. OONNING/R11OVAL PROBLEM

02. NOT AVAILABLE . LEFT BEHINO 3Z. DISCONFORT/IULKINESS

03. DISCARDED 33. POOR FIT

04 LOST 34 LEAKED

OS. DAMAGED - MINOR 35. MATERIEL DEFICIENCY

06. DAMAGED MAJOR 34 DESIm DEFICIENCY

07 BURNED MINOR 37. %ANGUP/ENTANGL[oENT RI %T A/C OR OTHER

EQU IPMENT)
OR. RURNED MAJOR

30. ENTANGLEMENT IPARACHUTE SUSPENSION LINES

09 DESTROYED BY EXTREME FORCE/FIRE ONLY) MAJOR

10. FAILED TO OPERATE (RADIO. ACTUATOR. ETC.) 39. ENTANGLEMENT (PARACHUTE SUSPENSION LINES

ONLY) MINOR

II OPERATED PARTIALLY
40. DRAGGING (PARACHUTE ONLY)

IZ DIFFICULTY LOCATING
41. NON-STANDARD CONFIGJRATIO

13. REYOND REACH

4Z. AIDFD IN LOCATION/RESOJE
A4 COiNNECTIONICL.OSURE DIFFICULTY

43. NOT EFFECTIVE IN LOCATION/RESOJE (USED 'N

IS CONNECTION/CLOSURE FAILURE AREA OF SA VEHICLIES)

I. RELEASE/DISCONNECT DIFFICULTY 44. PREVENTED/MINIMIZE3 INJURY

17. RELEASE/DISCONNECT FAILURE 4S. EOUIPMNT PROBLEM (LOSS. FAILURE. ETC I A

FACTOR IN PROOUCING INJURY
16. INADVERTENT RELEASr/OISCONNECT

4A. EUJIPMENT PRODUCED INJURY (HIT BY EJECTION

ID. INADVERTENT ACTUATION SEAT. ETC.1

20. ACTUATION DIFFICULTY 47. FAILURE/DELAY IN USING COMPROMISED SURVIVAL/
RESCUE

2I. ACTUATION FAILURE

AS. ALL CRED EGIJIPT (CODE ONCE ONLY)
22. ACTUATED DY OTHER PERSON

4A. MAINT/ INSTALLATION ERROR
23 RESTRAINT/ATTACHIENT INAOEOUACY/FAILURE

W0. PRORLEI EXPERIENCED DY OTHE*S IN ACTUATION/
24. RESTRAINITS/ATTACHMENTS ROT USED PROPERLY FOR RELEASE Of EQUIPMENT

MAXIMUM PROTECTI ON
SI. RIVETS PULLED LOOSE

2s. (IAVOPeR USE (OTHER)
75. LANDED ON UNDEPLOYED SURVIVAL KIT

26. UNFAMILIAR WITH USE

66. OTHER
27. COLD NAIMPERED USE

2R. INJURY HAMPERED USE

29. WATER HAMPERED USE

30. OTHER EQUIPMIENT INTERFERED

)VIlS!F Df PAG[
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EXHIBIT B-5. HUMAN FACTORS INVES[IGATED BY CANADIAN FORCES

FLYING HISTORY

EMPLOYMENT: STUDENT - 1ST SQUADRON APPT
- LATER SQUADRON APPT

INSFRUCTOR - NONFLYING APPT
EXTRA QUALIFICATIONS

- INSTRUMENT RATING
DATED V

AEROMEDICAL

LAST B2, LAST AMT, LAST EJLCVION/SURVIVAL TRAINING

MEDICAL CONDITION

FULL FIT, MEDICAL PROFILE

AWAITING ADMISSION FOR

SUFFERING FROM

CONVALESCENT FROM

MEDICATION IN PREVIOUS 4 WEEKS
NIL, TREATMENT, SELF-MEDICATION

ELEG, ECG, HEAD INJURIES

FLYING TIME

TOTAL FLYING TIME

[UTAL TIME ON TYPE

IN LAST 30 DAYS (IF A NIGHT ACCIDENT, INCLUDE TOTAL NIGHT FLYING TIME IN LAST
30 DAYS AND NUMBER OF TAKEOFFS AND LANDINGS)

IN LAST 48 HOURS

IN LAST 24 HOURS

ON DAY OF OCCURRENCE

ASSLESMENTj
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PHYSIOLOGICAL STRESS

HYPOXIA

DISORIENTATION

HEAT STRESS

COLD INJURY

INTOXICATION BY CO/OTHERS

DECOMPRESSION SICKNESS

AIR SICKNESS

ACCELERATION
BAROTITIS MEDIA :1
UPSET OF CIRCADIAN RHYTHM

INCAPACITATION

HYPOGLYCEMIA

HYPERVENTILATION

COMBINED STRESSES: ALCOHOL

FATIGUE

NUTRITION

SELF-MEDICATION

PSYCHOSOCIAL FACTORS

PREVIOUS 30-DAY DUTY/OFF-DUTY HISTORY

PREVIOUS 3-MONTH HISTORY INCLUDING LIFE CHANGE

(FAMILY, PERSONAL, FINANCIAL, OCCUPATIONAL)

LIFESTYLE (BIOGRAPHY, ACTIVITIES/HABITS, DRIVING)

ATTITUDE AND MOTIVATION

GENERAL INTELLIGENCE, EMOTIONAL STABILITY

PERSONALITY CHARACTERISTICS AND BEHAVIOR

Note: Information of great value has been obtained from sources such da

friends, relatives, supervisors, instructors, personal physicians, anti
other observers who may comment on long-term perndal and flyii)q
habits, general health, and ordinary behavior of persannel.
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NUTRITION

HOURS SINCE LAST FULL MEAL

LAST MEAL WAS

CANTEEN AVAILABLE

IN-FLIGHT FEEDING

ABNORMALITIES OF FEEDING

FLUID INTAKE (STATE OF HYDRATION)

PRESENT POSTING

LENGTH OF TIME AT BASE, ACCOMMODATION, DISTANCE FROM BASE

PERSONAL HISTORY

AGE

MARRIED: WIFE--HEALTH, AGE

CHILDREN--HEALTH, AGES

SINGLE: GIRL FRIEND, RELATIONSHIPS

ALCOHOL, TOBACCO, HOBBIES, SPORTS

CAR: TYPE, CONDITION OF EXHAUST SYSTEM

FINANCIAL, ECCENTRICITIES, OTHERS

ANTHROPOMETRICS

ACCIDENT HISTORY

AIRCRAFT

MOTOR VEHICLE

OFHLR INVOLVING INJURY

FATIGUE

TIME AT CONTROLS THIS FLIGHT

NUMBER OF SORTIES LAST 48 HOURS LAST 7 DAYS

HOURS OF DUTY LAST 48 HOURS

AMOUNT OF SLEEP DAY/NIGHT LAST 24 HOURS

RECENT FATIGUING FACTORS

ACTIVIrIES DURING PRLVIOUS 72 HOURS
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