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OLEINTTLION OF INVESTIGATIVE ARLAS FUR HUMAN-EACTOR ASPLLTS
OF  ALRCRAFT ACCTDLNTS

Foo UXECUTIVE OVERVIEW

Introduction

Background--Aircraft wishaps, whether in the military or civilian sec-
tors, represent large losses of lives and property. For operational command-
ers such losses also represent reduced combat effectiveness. Over the last 3V
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 (major)
nishaps per 100,000 flying hours has decreased from 36.2 in 1950 to 2.3 in
1977, Although the Directorate of Aerospace Safety (l6) reported that 19/77-7-
mishap rates had 1ncreased over those of 1974-7a, eftorts to control aircraft
mishaps generally have been successtul.

Jne  factor contributing Lo the reduction of daircraft mishaps has heen
technological  advancement . Increased reliability of avionics, advances in
airfraide consiruction, and augmnented flight control systems have helped the
piint Lo maintain positive control in a variety of flight profiles. These
sane developaents, however, have added to the complexity of the piloting task
and therefore increased the pilot's cognitive and decision-making require-
ments.

Another  development thal has increased the pilot's cognitive and dect-
sion-makinyg requirements has been the lowering of the flight ceiling to 1uu
feet (3.5 ). At 10U feet, pilots must make virtually instantaneous and
absolutely accurate decisions to complete mission requirements while maintain-
ing positive flight control,

the complexity of the piloting task is reflected in aircraft mishap sta-
tistics. Since the 1950's, pilot factors have been involved n approximately
one-halt to one-third of all aircraft mishaps. Recent mishap statistics in
the Air Force show that pilot factors are involved in over 50% of all aircraft
nishaps (44). A recent article by Ricketson et al. (3Y) estimates that "pilot
error” is a factor in 80% of Army aircraft mishaps.

Compared with other factors (e.q., mnechanical failure), the level of
human involvement in aishaps and their prevention is less understood. Inves-
tigative arcas are often unspecified; the object of analysis (human behavior)
is trequently unpredictable; and deteniinants ot human behavior are inter-
active. Behavioral breakdown, Tike mechanical failure, is a dynamic process;
variables influencing the former, however, are much wore difficult to infer
from their effects or outcomes. Moreover, depending on the severity ot the
accident, pilot-factor data wmay be unavailable. These problems combine to
render investigation of human involvenent and assessment of human culpability
extremely difficutt.




Purpose of This Study--The purpose of this study is to conduct 4 system-
atic investigation of pilot factors involved in aircraft mishaps, focusing on
Air Force fighter and attack aircraft. Pilot-factor wmishaps occur when the
pilot fails to maintain positive flight control in « situation where 4 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 wmishap will occur not
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 scupe of the
research. The study identifies major pilot factors involved 1in aircraft
mishaps, identifies aviation technologies with a high-potential value for
diagnosing and/or reducing these pilot factors, dand develops research prograis
aimed at examining these technologies in the context of reducing pilot-related
mishaps. The goal of these research programs 1is to reduce the number and
severity of aircraft mishaps associated with the major pilot factors identi-
fied herein.

Approach

This section presents the methods uscd 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 1 indicates, this task included three subtasks: Review mishap litera-
ture; review investigative techniques used by selected aviation safety agen-
cies; and identify major pilot factors, based on a sample of aircraft mishaps.

1. Review Mishap Literature. Mishap literature was examnined in order to
identify and define the major pilot factors involved 1in aircraft mishaps.
Several sources were used in the literature search, and each article was exam-
ined in conjunction with a standardized review form 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
[1.

2. Review Investigative Techniques Used by Selected Aviation Safety
Agencies. The major sources of data used in this report to identify the pri-
mary 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.
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For wmost of the agencies examned, cunsistency was lacking dacross
individudal mishap investigations. The {four major redsons for this are:
First, no standard definitions exist for pilot-factur terms used Lo describe
the cause of a mishap. Second, persons charyed with conducting the huinan-
factor portion of the mishap investigation vary markedly in their human-factor
training and expertise. Third, investiyative procedures dre not standardized
Lo ensure that consistent, reliable information is extracted from each inves-
tigation. fourth, the pilot is not always dvailable tor questioning after the
mishap; this sugyests that the Air Force wmay want to initidte d near-mishap
investigation procedure with which pilots can be gueried in-depth about what
happened.

3. ldentify Major Pilot Factors Based on a Sample of Aircraft Mishaps.
The purpose of this subtask was to conduct a systematic investigdation 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-
qgations were exanined. These were randomly selected from all U.S. Air Force
Class A and Class B mishaps that involved 4 suspected pilot-factor cause and
that involved a fighter, attdack, or trdainer aircraft.

Guided by a coding form contained 1n Appendix B of this report and
the conceptual definitions of the major pilot factors discussed in Section 1],
the BDM researchers read the investigative reports and recorded appropriate
information. The information included pilot-factor variables that could have
heen instrumertal in the mishap as well as nonpilot factors such as weather
conditions, flight profile, and mechanical operation of the aircraft.

Data obtained from this effort were analyzed to determine 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 Z2: Rank Order tne 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 potentidal which research into each
factor has to reduce the dollar cost associated with that factar. The three
major subtasks were to develop a return-on-investment (ROI) wmetric; apply the
R0OI metric to the pilot factors identifiead in Task 1 and develop a4 specitic
ROT; and rank order the pilot factors in relation to the ROI.

1. Develop an ROl Metric. An ROI metric 1s a tool for estimating the
dollar savings 1in mishap reduction to be realized by undertaking various
levels of research into specific factors present in mishaps. This task 1s
concerned specifically with pilot factors. Assuming knowledge ot the wmajor
pilot factors, three types of information are needed to calculate the ROI:

a. The total dollar cost associated with nishaps resulting fro.
these pilot factors. To estimate how much noney can be saved by reducing or
eliminating 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) of

—




a prtol tactor willl help i estaring the potential effectiveness of reseorch
into 2luninating nrshars due to tnat factor,  If the factor itself cannot b
directly eliminated, i aight be indirectly »limineted by sedifying the ante-
cedent factors thal cause 14 to occur.

C. An estimdte uf how effective research into a specific factor areq
will be. No matter how -uch noney a specific factor costs the Air torce, *f
there 1s no chance uf eliminating mishaps due tu that specific factur, ther o
return on investuent weald be realized by reseerch 1ato thal ared.

2o Apply the ROT Metric. tne dollar cost associgted with each g jor
ailot factor was obtasned by deterwining Lhe monetdry dangge to the aircrat:
and to the equipiuent Hn tae arrcratt. No dollar estimates were daltaChed U
the los. of Tives or ' the resalting loss of compat effectiveness and troin-
NG Custs hecauss ot Che arnitrgry ndbare of such estimates.

Anestiaat ot e e edent causes of omajor pilot factors e,
obtained by correlaling o9 coo roence o nonoccurrence of easch jalot tantur
Wwith a host of ,oadot-rolyet ot sgn-pjot-related factors, Tne results of
this analysts indicarted iy fow gntecedent factors were significantly related
to the major pitor taos s,

The last intoroation needed 1) calculate tue #D0 refric was an esti-
mate of how effective resedrch into the major pilot factors would be in help-
ing to reduce or elininate aishaps due to these factors. The best method for
accomplishing this, and the approgch empioyed here, wdas tu scrubinize previous
research which had attemped to determine remedies for the wmajnr pilot fac-
tors. This literature review showed only scattered and frajaented attempts to
diagnose wrlot fuctors involved ir atshaps and to suggest reaedral solutions
to these prodlems.  Lven when a renedial solution was destired and implemnented,
its success or failure was not evaluated. The literature concerning the
potential effectiveness of research in this area, therefure, is inconclusive,
it does not indicate that any pilot factor is either wore or lesc amendble te
heiny studied than any other factor.

3. Rank Urder the Pilot Factors in Relation to the #dl.  The magor pilot
factors were rank ordered in terms of expected dollar return as a result of
conduct ing effective research into these factors. Application of the R
metric gave no indication that research 1rto dany of the siv major pilot fac-
tors would be more or less successful than researih 1nto any other factor,
Therefore, it is reasonable Lo assume that each factor investigated, given the
same level of researcn investment, would yield approxinately the sane per-
centage of mishap urevention. This means that the return on investment for
studying each pilot factor should be directly proportional to the total dollar
cost associated with that particular pilot factor; i.e., the gareater the
dollar cost associated with a particular factor, the ygreater the ROl te be
anticipated by investigating that factor,

Following this logic, the factars would be rank urderea on the RUI
metric in the following manner:

1) Channelized attent ion
(¢) Uistraction
(3) Disorientation/ver' o




(4) tExcessive 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 technoTogies were
jdentified by systematically reviewing articles on aircraft-mishap investiga-
tions. The articles examined were obtained from a thorough review of the
overall literature on aviation safety and were selected from sources similar
to those in Task 2.

Each article was reviewed in conjunction with a standardized review forum
which provided an easily accessible, organized, and thorough dbstract for edch
study. A more extensive discussion of the details of the literdature search
are contained in Appendix A,

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

Survey "questionnaires"”
Psychological ineasures
Simulators
Training.

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 from 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 programnatic fashion.

Task 4: Design Potentially High-Payoff Programs for [nvestigating 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 wishaps related to pilot
factors. The products of the task included an integrated programatic
approach to the prevention of pilot-factor wishaps, the delineation of several
specific research projects aimed at preventing aircraft mishaps, and the pro-
posal of a research project addressed toward eliminating wmishaps due to the
two major pilot factors--channelized attention and distraction.

Major Findings and Recommnendations

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 tu these fac
tors. Equipped with this information, specific research programs, malching
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,
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1L became apparent that this research 15 in g state of disdrray. Ihe reseerih
1$ characterized by piecemedl attempts to solve various aspects of 111-defined
nhenomena which may or way not be traceablo as causal elenents in aircraft
nishaps.

The aajor problen with the resedarch reported in the literature 15 i
fack of a systemnatic attempl to define and prevent dircraft anshaps. o pro-
gramiaatic attempts have been inade on a4 wide scale to 1dentify and eluningte oy
reduce pilot facltors. tven when o remedial solution has been implenented, iy
success or failure typically was not followed up by evdluation. Mdny studies
41d not even provide conceptual definitions of the pilot factours which tiey
examined,

A lack of consistent definitions is true not only of the research iterg-
ture, but also of the mishap investigation programs of major aviation safety
agencies. The Air Force, for example, investigates all wajor Air torce dair-
craft, amishaps.  Although part of the investigdtion focuses on pilot tacturs
involved 1n a mishap, and although the Air Force has identified a nuinber ot
critical p1lot factors, these factors have not been defined clearly.

Integrated Approach To Reduce Pilot-Factor Mishaps--The rescarch ot
Titeralure and accident reports implies that the key to effective reduction ut
pllot-factor mishaps 15 an inteyrated research proyram thal represents the Air
Force commitment to nishap reduction. A program such as this reqguires threc
elements: a pilot-factor mishap data collection system tu aid in the opera-
tional definition of wmishap causes, an integrated series of research projects
applyinyg remnedial technologies to identified pilot factors, and an automdted
data base management system to provide a needed 1ink between the investiygative
research and the research to develop solutions to pilut-factor wmishaps.

1. Pilot-Factor Mishap Data Collection Systea. The mishap data collec-
tion system includes at least two components:

d. A data collecttion form cuntaining standard definitions of waper
pilot factors involved 1n aircraft wmishaps.

be A prlot-factor checklisi Lo assist the investiydtor an exaaining
the pilot-factor aspects of o wishai.

2. Integrated Series ot Rescarch Projects. A integrated  series of
research projects are the product of Lhis current resvarch eftort.  Thewe pro-
Jects dare based on a standard problem-solving strategy and atwed abl applying
himian-factor technologies n the areas dentified by the anshap data collec-
Lion systemn,

3. Computerized Datd Base Managewent System. tstablishuent of o prlot-

factor data base to provide comnunication between investigative research and
technulogy application will require detailed front-end analysis, review of
existing and emerying conputer hdardware, and an extensive systen architecture
offort. These three olements, when in full operation, can be viewed a5 ¢
pilnt-factor wishap reduction system; Lhey are discussed tally in Section V.
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Major Pilot Factors Involved and Proposed Research Progjects To Prevent

Aircraft Mishaps--One component of the integrated approach is to continually

identify and attempt to prevent pilot factors involved in aircraft mishaps.
Based on an examination of recent Air Force wishaps (fighter, attack, and
trainer aircraft), BDM identified six major pilot factors involved in wmis-
haps. These were rank 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 terms dare given in Section V.

Based on a review of available aviation technologies, 8OM has developed
2-, 3-, and 5-manyear research programs targeted to reduce mishaps due to the
major pilot factors. Essentially, the prograns apply didgnostic and remedial
technologies to these pilot factors in an attenpt to uore completely under-
stand the factors and to develop, implement, end evaluate solutions to the
problems.

As a result of this research, we recomnend that the Air Force undertake a
systematic, programmed approach to investigate and prevent aircraft wishaps
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 wmillion 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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1. [OLNTIFICATION OF MAJUR PLLOT FACTORS INVULVLD
IN AIRCRAFT MISHAPS

The purpose of this section is Lo lay the foundation for proyraan develo;-
went by identifying wmajor piltot factors involved in aircraft mishaps. The
tirst step in this identification process is to review recent dircraft-mishap
literature in order to learn more about pilot factors that contribute Lo wis-
haps. The second step s to compare the wmethods by which pilot factors, are
studied by several safety agencies that conduct investigations into pilot-
celated mishaps. The final step 15 to exanine /4 recent aircratt-aisha,
investigations and dentify Lhe sajor pilot factors involved in these -
haps. These three steps will help assure thal the prlot fdactours identifred
are a4 valid and reliable representation of all potential pilot-related pne-
nowmena.

Review of Literature on ?ilot Faclors Related Lo Arrcratt Mishaps

A thorough sedarch was amade of the overall literdture on aviation safety.
The articies reviewod 1 this sectiun were selected troa the following
SOUrces:

Keyword search ot publications housed at the National Technical intoria-
tion Service (NTIS)

Keyword search of publications listed in psycholoyical abstracts

Review of the journal Human Factors for 1970-79

Review of the Proceedings of the Annual Human Factors Society Meeling for
1973 and 1974

Review of selected populdar magazines such as Aviation wWeek and Avigtion
Digest.

bach article was reviewed using a standardized forw which provided an
easily accessible, organiced, and thorough abstract for each study (see Appen-
dix B, Exhibit B-2)., A more extensive discussivn of the details of the liter-
dture sedrch and an annotated reference section are contained 1n Appendix A,

Major lInvestiydative Areds--The review of the literature identified 12
mdajor investiygyative areas pertaining to pilot factors in aircraft mishaps:

Channelized attention
Discipline
pisorientation/Vertiyo
Distraction

Experience

Fatigue

Panic

Persondal ity characteristics
Pilot ayge

Pilot's physical condition
Shress

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

1. Physiological measures are wusually 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 comnonly cited in the literature.

2. Pilot's self-report measures include rating scales, question-
naires, and interviews. These are subjective measures 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 wis-
hap investigation report. This is the most comnonly used source f 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 psychophysiological
and environmental factors that have contributed to the wmishap. 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,
have 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 inethod of measurement. Unfortunately, no
standard set of conceptual definitions exists. A more detailed description of
the aircraft wmishap 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 pilats' voluntary
responses to various experimental flight situations. Lxperimental flight
situations may be simulated or actual. These inedasures are generc!iy used to
assess a pilot's capability to perform various tasks under various environmmen-
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 during an experimentdl
flight.

5. Computer simulation techniques, usually used Lo wedsure workload,
are computer-based models of aircrew/cockpit environments. They provide d
description of the effectiveness of dircrew station integration in lieu of
collecting actual performance data.

Approaches to the Study of Pilot factors 1n Aircraft Mishaps--To study
pilot factors involved in aircraft mishaps, the investigative ueasures have
been used in four basic approaches:




Too Descrivtive and correlational studies dre gyeneral.ly based on

statistical analyses SF the Tt <ipTied 1o TTight <araeons' tavestigation
reports.  The Tavesiga o sl ly has e et into the data base beinyg used
to study the prlot teotors, Tneretors, the Sofomation provided in thesc
reports s Ssoniet 1aes ceanterpreted by onvestigators andfor supplemented with
addittonal informattur regarding the dewogranhin character:stics and experi-
ence of the nilot.

Descriptive studies repurt tne fregaency with which certain pilot
factors are tnvolved in aishaps; correlationgi siudies report the relation-
ships bhetween these "caousal ' factors and other characteristics ot the mlot
(e.9., ayge, experience) or {light (.., thase of flight, type ot aircraft).
These descriptive and orvelattonmal date ae frequently combined in one
report. In this way, aewe coporvical tanding, gre added tooan understanding of
the problen.

2. Reports bused on previous researcn tandings synthesize oanci-
sions drawn and Tink thed Cogelher into an operation:: hypothests o holo
explain a particular probien.  lhe investigatlor neitner Jeneratsg new data nor
adds any new empirical evidence Lu the study of pilat-taovor causes of air-
craft mishaps. The 1nvestigatsr <uecatales as Lo the nature of a pilot-tactor
problem and its antecadents, and offers suggestions for sclutions,

3. Lab dnd field experiments (computer or flight sinalator and
actual flight) have been used by investigdators Lo collect their own data by
manipulating the pilot's enviramuent, then nieasuring the etffect of the manip-
ulation on the occurrence of pilot factors thought to be causes of gircraft
Mishaps. The investigatnr easures the effectiveness of the manipulation
either by ohysiological wcasures, self-report oweasures, or observa! con of the
pilot's behavior (actual performance measures). With this apnroach the inves-
tigator can stady the oftects of new eqaipent or situations on the pilot's
behavior and learn how to tructure the enyirapaent so that pilot factors dare
less Tikely tn ocour,

4, Surveys wed ty atudy ot factars o aircratt ashaps involve

.

adinintster ing subjoc vve vatang Loales,  pesiionnaires, owr dnteryviews (self-
report neasures) Lo oo orepresentative saeple of oadotos Ino this way, pilots!
attitudes, opimons, and anterpretations ot tne flight  sttuation gy be
nbtained. This approach 1s also used Lo assuss pilots' persondlities when
exploring hypotheses regarding the re'ationsig between cerfain personalily
characteristics and mishap-related benaviur, While often sed oS 4 suppleaen-
tary measurement, Lthis technigque hdas strung research o pport for being valid
as 4 primary diagnostic dpprouch.

Results and iYiscussion--wWe nave invesbigatod cach prlet tactor ddeniatied
j i

AL the beginning ot this  sectron, accaurding to une or several of  ihe

approgches st outTined. fhe nature of the resalts ot ths reseaon 1.
determined, in part, by the investiqgator ' operationgl and concertual detin -
tions of the Levag and by “he approach, e fingrngs vegarding cacn ot
factor will be reviewod, with constder at1on nven when cosanle to hath the
definitions anl approaches aaed, Nosdiry ot the oo o each e

reviveved o provaided onobgqure




PILOY FACTORS

CHANNELIZED DISORIENTATION <
RELEVANT ATTENTION VERTIGO OISCIPLINE SISTRACTION FATIGUE EXPERIENCE
LITERATURE
LIFE CHAMGES & ACCIDENT
BEHAVIOR

PERSONALITY CHARACTERISTICS DF
THE NIGH-ACCIDENT RISK NAVAL
AVIATOR

THE EFFECTS OF FATIGUE ON WEALTH
& FLIGHT SAFETY

DEFINES AND ENUMERATES
CAUSES

A STATISTICAL AMALYSIS OF
SELECTED HUMAN FACTORS
INVOLVED 1N AVIATION SAFETY

THE HUMAN FACTOR IN CYCLIC
AIRCRAFT-ACCIDENT PATTERNS

N APR R DCTJAN MAY BE
ISTRACTED DUE 10 LIFE
EVENTS

HIGH OCCURRENCE OF MISHAPS

REASONS FOR CERTAIX ERRORS N
PILBTING

W0 HARD DATA BUT
MENTIONED AS A FACTOR

BREACH DF DISCIPLINE A
FACTOR

QISCUSSES INSUFFICIENT
PREPARATION AS A FACTOR

CHANGE PACE ANALYSIS

CA WITH TASK

SATURATION DISTRACTION. ¢
HEATTENTION ALt COMBINED
ACCOUNTED FOR 50% OF 58
MISHAPS

A0% OF 58 MISHAPS DUE 10
DISCIPLINE BREAKDOWN

SEE CHAMNMELIZEQ ATTENTION

13% OF 56 MISNAPS OUE TO
FATIGUE

28% OF 56 MISHAPS DUE TO
TRAINING  24% TO
KNOWLEDGE

QUININE WATER BAD
FOR PILOTS ?

INGESTION OF QUINIME MAY
CAUSE SPATIAL
DISOMENTATION

PILCT FACTOR W MIRCRAFT

ACCIDENTS OF THE GERMAMN FEOERAL
ARMED FORCES

4% OF 154 MISHAPS DUE TD
DISORIENTATION

19% 0F 154 KISHAPS DUt T0O
FAILURE 10 DRSERYVE
REGULATIONS

MANY PROBLEMS OCCUR IN
LASY PHASE OF FLIGHY
IMPLYING FATIGUE

72% OF 158 MISHAPS CAUSED
#Y PILDTS WITH LESS THAN
S00 W EXPERIENCE O THAT
AMRCAAFT

ATIGUE N FB 111 CREWMEMBERS

LAB EXPERIMENT MEASURING
FATIBUE / STRESS

SPATIAL DISORIENTATION IN
GENERAL AVIATION ACCIDENTS

18% OF ALL FATAL MISNAPS
N 1968 1975 DUE 10 SPATIAL
CISTRIENTATION/ VERTIGO

AN ANALYSIS OF PILOT-ERROR
RELATED AIRCRAF [ ACCIDENTS

20% OF 74 MISHAPS DUE 10
NEGLEST

DISTRACTION

3% OF 74 MISNAPS DUE TO

18 6% FATAL WEATHER
RELATED MISHAPS INVDLYED
MLOTS WITH 100-200 KR
182% wiTk 1.000-5.000 Nt

L
12% OF T4 MISNAPS DUE T
FATIGUE

0% OF 74 MISHAPS DUE 10
EXPERIENCE

FATIGUE & AIRCREW 1

A5 Many
OF SKILL FATIGUE

FATIGUE PRESLEM CISCUSSED
RECOMMENDATIONS MADE

INCIDEMCE. COSTS. & FACTOR
ANALYSIS OF PILOT ERROR
ACCIOEMTS IN US ARMY AVIATION

8% OF 452 MISHAPS OUE TO
CHANWELIZED ATTENTION

2% OF 452 M{SNAPS DUE TO
DISBRIENTATION/ VERTIS0

10% OF 452 MISHAPS OUE T0
VIOLATION OF FLIGNT
DISCIPLINE

7% OF 452 MISNAPS DUE TO
DISTRACTION. 19% 10
INATTENTION. 7% TO
PREDCCUPATEON

2% OF 452 MISHAPS DUE TO
FATIGUE

7% 0F 452 MISHAPS OUE TD
TRAINING / EXPERIENCE

THE APPLICATION OF AIRCREW
OPINIONS ON COCKPIT TASKS &
EQUIPMENT TO FLIGHT SAFETY
RESEARCH

SUBKCTIVE DATA ON FLIGHT
FATISUE

A CROSS VALIDATION STUDY OF THE
PERSONALITY ASPELTS DF
INVOLVEMENT it PILCT ERROR
ACCIDENTS

PERSQNALITY ASPECTS OF
PILDT ERROR ACCIDENT
INVOLYEMENT

DETERMINATION OF CRITICAL
INTERFACES BETWEEW
S ORGANISM CLASS A MISNAPS BY
REIROSPECTIVE ANALYSIS

42% GF 78 MISHAPS DUE TD
CHAMNEL | ZED ATTENTION

41% OF 76 MISHAPS DUE TD
CISORIENTATION

DISCIPLINE BREAKDOWN

20% OF 76 MISHAPS BVE TO

37% OF 76 MISNAPS OUE T
OISTRACTION

22% OF 78 MISHAPS DUE T0
FATIGUE

PSYCHOPHYSIOLOBICAL EFFECTS OF
AGING. OEVELOPING A FUNCTIONAL
AGE INDEX FOR P1LOTS 1 TAXDMOMY
OF PSYCHOLOGICAL FACTORS

APPLICATION OF A PERFORMANCE
MODEL 10 ASSESS AVIATOR CRITICAL
INCIOENCE

SENAVIORAN ASPECTS B MIRCREW

NUMAN FACTOR APPROACK
TO AMCRAF T ACCIDENT ANALYSIS

11% OF 345 P) NRCRAFT 3
4% B 437 F4 NRCRAFT
MISHAPS BUE TO FATHRUE

EMDOCRINE METABRLIC EFFECTS IN
SHEAT CYRATION, WG WHRRE 040
MISSIONS FEASIBIITY STUDY

PHYSIOLOGICAL MEASURES 3¢
IFUGHT STRESS . MIICATING
FATIGUE

WEREA WORK, OAD

Figure 2.

Matrix of causes--Literature review.
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1. Channelized Attention. Three studies based on statistical analy-
ses of the data provided in flight surgeons' investigation reports have iden-
tified channelized attention as 4 factor contributing to aircraft wmishaps.
One study {Directorate of Aerospace Safety, 16) exanined 59 U,S. Air Force
mishap investigation reports (1977-78) that cited pilot factors as contrib-
uting causes. Channelized attention wdas defined in this report as the phenom-
enon that occurs ‘"when a pilot concentrates on a task beinyg performed to the
point that other cues of impending disaster are not noticed." [t was combined
in the andlyses with distrdaction, inattention, and task saturation, all of
which were categorized as "pilot-induced control loss.” This combination of
tactors was found to have contributed to 50% of the wishaps reviewed. From an
analysis of 452 U.S. Arny aircraft mishaps that occurred in 1971-72, Ricketson
et al. (39) found that only 8% were attributed to channelized attention; how-
ever, no definition of the term was provided. Santilli (44) hdas defined chan-
nelized attention as "the focusing of attention on 4 specific task at the
expense of not attending to others of a higher or more imnediate priority."
In his review of 76 U.S. Air Force mishap investigation reports in 197/7-78, he
found chanrelized 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 1in types of aircraft and missions
involved in the three studies, and to the unreliability of flight surgeons'
reportis,

In a4 study incorporating results from available tests and
research on fatigue and synthesizing information from dozens of articles writ-
ten by doctors, crewnen, and safety ayencies, Mrosla (34) referred to a phe-
nomenon called "fixed vision.” Triis 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. 1In a similar type of study, Dimitrov (15) discussed a
phenomenon resenbling channelized attention which he attributed to insuffi-
cient prepardtion.

2. Discipline. tach Pilot's Information File contains the Alr torce
regulations dand 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 Jetect, determining whether or not the violation
was intentional is difficult.

Dimitrov (1b) discussed breach of discipline as an important fac-
tor in aircrdft 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 overcontidence.

Five studies reviewed hdve addressed the frequency with which
discipline breakdown has been involved in aircraft mishaps. Ricketson et al.
(39) found that 10% of the 452 U.S. Army pilot-factor dircraft mishaps they
reviewed had been attributed to violdation of flijht discipline. [lackenbery
{18) reported that failure to observe reqgulations was involved in 14% of the
154 German Federal Armed Forces pilot-factor mishaps reviewed. In Kowalsky et
al.'s (29) model for categorizing NISB nishap data, neglect was identitied as
a critical-condition category. The flight events that .nade up the cdteqory
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and conceptually distinguish it froa channelized attention, ingttention, dnd
preoccupation--all of which the flight surgeon nust consider separately when
completing his portion of the investigation report. Distraction has been con-
ceptualized as the first step toward channelized dattention; that is, the
pilot's attention is distracted from the priwary flying task and channelized
toward an abnormal condition (39). Santilli (44) presented distraction, chan-
nelized attention, and inattention as separate subcategoies of concentrdtion;
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 and task saturation in the analyses.
In a somewhat different vein, Kowalsky et al. (29), in their mnodel for cdtego-
rizing NTSB mishap data, identified distraction as one of ten "critical condi-
tion categories.” This category consisted of flight events thought tu be pos-
sible distractions for the pilot, such as excessive comwnications with Air
Traffic Control, last minute chunges or other confusion, hurrying, poor desti-
nation weather, and ashtray fire. Distraction, then, was considered to be a
pilot factor in the mishap when any ot these flight events were reported.

Ricketson et al. (39) reported that 7% of the wmishaps Lhey
reviewed were due to distraction; 1Y% tv inattention; and /% to preoccupation.
He did not discuss the conceptual difterences between these three factors.
Santilli (44) found 37% of the mishaps he reviecwed to have been attributed by
flight surgeons to distraction. Similarly, 38% of (he civilian aircraft mis-
haps studied by Kowalsky et al. (29) were attributed to distraction. The
Oirectorate of Aerospace Safety (16) cited the combination of distraction,
channelized attention, inattention, and task saturation as a cause in 50% of
the mishaps reviewed. While these findings are slightly more consistent than
the findings on other pilot factors, the methods of conceptualizing and mea-
suring distraction are still not standard.

Dean (12) studied aircraft mishap patterns and linked them, 1in
part, to pilots' life events and environmental events that occur cyclically.
His data were not directly related to distraction per se; rather, he inferred
that distraction i5 one reason that aircraft mishaps occur iore often during
some months than others. Specifically, his analysis of CF-104 aircraft wis-
haps showed April, July, October, dand January to be high-rate months. He
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 dddresses several aspects of pilot
experience. First i1s the total flying time a pilot has acquired in all type.
of aircraft. Second is "UE time,"” which refers to the totul flying L o
pilot has acquired in the type of aircraft in which the imishap occurred.
These two aspects of pilot experience are measured in number of hours. A
third aspect 1s whether or not a pilot has ever performed the wishap task
before, and if so, how recently. All of these measures are aimed at assessing
the pilot's proficiency, which is assuned to be a direct correlate of experi-
ence. These data are recorded 1n the investigation report.
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desanding  mssion was  assiyned  too oone crew  from o whow ur e saaples were
obtained and andlyzed tor epinephring, norepinephrine, /-nydroxycorticoste-
roids, sodium, potussium, dand ured. Ihe data showed Uthat the crews experi-

enced moderate fatiyue and stress, dagyravated by substantial physical discom-
fort, frum which they recovered quite rapidly. An interesting secondary
tinding wdas the absence of 4 relationship between fatigue scores dnd sleep
duration. That 1s, preflight slecp inadeguacy did not lead to unusually high
fatigue increments, nor did high fatique increments Tead to unusually high
nostflight steep duration. This finding has important implications for the
fatigue frequency data presented in the tlight surgeons' reports since those
analyses were based on number of hours slept prior Lo wmission as dan indication
of fatigue.

In a similar Lype of study, Storw et al. (%) tested an augmented
assembly of neasures tor assessing the relative wmerits of various flight
instranentation systems. The USAF School of Aerospace Hedicine (5AM) stress
battery was included a$s 4 measurc of stress/fdatigue. This battery involves
urine analyses and self-estiinates of subjective fatique. Light pilotls were
assigned to three different flight saths associated with different workloads.
The data showed postflight feelings of i ld fatigue and behdvioral support fur
the urinary findings. The authors cuncluded that the SAM stress battery was -
useful addition to the tlight instrumentation resedarch proygran.

In addition to data that discuss stress as an indicator of
fatigue, several studies deal with stress separately fron fatigue. Like
fatigue, however, stress is difficult to define and isolate. The Uirectorate
of Aerospace Safety (16) has identified and studied two types of stress. The
first is wmissiaon stress which refers to excessive stress generated by the con-
ditions surrounding & mission, usually a nigh-visibility mission. Analyses
showed mission stress to have been involved in 25% of the wmishaps reviewed.
Second is personal stress which may be a factor 1f a prlot has unusual or
severe personal problems. Alkov (1) discussed 1ife changes dand crises in the
pilot as a source of this type of stress. The Directordte of Aerospace Satfety
found personal stress to have contributed to 20% of the mishaps included in
their study.

/. Panic. Though panic 1s a factor an the checklist of the investi-
gations report, which flight surgeons must consider, it 1s rdrely cited 1n the
literature as an important cause of pilot-factor aircraft mishaps. Ricketson
et al. (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 automatically assuwed by the
organisin when faced with a crisis to prepare him to 'fight or flee.'" This
accounted for 28% of the wishaps 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 thr literature, but it seens intui-
tively to be an important tactor, supported by the findings regarding G.A.S.

8. Personality. Personality characteristics regarded 1n the Titera:
ture a5 the best persondality predictors of aircraft wmishaps dre dccident
proneness, excessive motivation to succeed, and overconfidence.

Une investigation of dccrdent proneness wes a statistical dandly-
siv of over 2,400 aviation mishap reports giaed al detenmining whether or not
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literature has not shown the pilot's phycical condition tuo be 4 wmajor contri-
butor to aircraft mishaps, the flight surgeon's investigation is so detailed
with regard to the preexisting physical condition ot the pilot that we consid-
ered it a major factor worthy of further study.

1. Workload. Aircrew mental workload hds been medsured in a vdriety
of ways. WillTiges and Wierwille (57) classified the behavioral-resedrch
literature pertaining to the measurement of aircrew workload into the general
catagories of subjective opinion, spdre wmental capacity, and primdary-task
metrics. They concluded that no single medsure can be recommended das the
definitive behavioral measure of wentdal workload and that the most promising
assessment procedure should include multiple medsures from all three of the

general  cdategories, as well as physiological correlates. The literature
reflects this attitude with the variety of ways in which workload has been
studied.

Through a survey of dgircrew opinions, Rolfe and Chappelow (41)
assessed aircrew workload at each phase of flight. The highest ratings of all
dlrcrew 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 inishaps.
This was based on their finding that half of their mishaps involved distrac-
tion, inattention, task saturation, or chdnnelized dattention, all of which are
tied to mission complexity. Similarly, Storm 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 datd gdve
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 definitions 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 usiny
definitions of different flight surgeons. Mishap investigators, especially
flight surgeons who supply a majority of the data used in mishap research,
need a standard set of definitions Lo 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.

24

A ¢



We have synthesized descriptions dand fragments of definitions frowm the
literature into concise definitions for the ten most anbiguous major pilot
factors. Then, to conduct d more systematic investigation of recent aircrdft
mishaps investigation repurts, we have used these defimitions Lo interpret
flight surgeons' narrative descriptions of events surrounding the mishaps.

® Channelized Attention - A behavioral phenoienon that occurs when 2
pilot's full attention is focused on one stimulus to the exclusiorn of 4l
others. This becomes a problem when the pilot fails to perform tasks or pro-
cess informaticn of a higher or more immediate priority and tnus 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 wmotion is incongruent with
respect tno tarth. This is due to inadequate sensory stimuli, dan incorrect
interpretation of sensory stimuli due to limitations in sensory receptors,
incorrect selection of conpeting stimuli, or the absence of a general cogni-
tive framework that realistically orients the operator within his environnent.

® Vertigo - A form of physiological disorientation that occurs when a
pilot senses that he or the external world is rotating. Any form of disorien-
tation becowes a problem when a pilot is not cognizant of being disoriented
and responds according to his 1incorrect appraisal of the situation, or when
the pilot is cognizant of being disoriented but 1is unable or does not have
enough time to correctly reorient himself while tending to other vital flying
tasks.

® Distraction - A behavivral phenomenon that occurs when a pilot's
tocus of attention on tlying tasks is interrupted by a stimulus unrelated to
those tasks. This becomes a problem when the pilot fails to refocus dttention
on flying tasks of a hiygher ur more immediate priority in time Lo recoynize
and respond to cues ot 1mpending disaster.,

® txcessive Motivation To Succeed - A personality chdracteristic that
predis:-oses 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-
Tem when mission success is afforded a higher priority than caution, judgment,
ar known restrictions.

® Fatigue - A deyraded capability to perform some specified tasks that
occurs when a pilot's present cognitive or physical capacity has been exceeded
over some period of time. This becones a problem when thought processes and/
or muscular reflexes dare retdarded to the point that the pilot cannot meet tLhe
workload demands of a flight.

® (Overconfidence - A personality chdracteristic that a pilot nay
develop with experience or with positive reinforcement during training. It
predisposes the pilot Lo overestimate personal ability, the ability of others,
and/or the ability of Lhe aircraft. It becomes a problem when the pilot
attempt.s to perform tasks that exceed personal or aircratt capabilities.
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® Panic - A heightened psychophysiclogical response stdale thal a piriot
may experience when he 1s stressed to the point that nis adaptive mechanisuis
completely collapse. In such a situation, the pilot 1s seized with sudden,
uncantrollable paralyzing terror which inhibits nim froan perforining the mental
and physical tasks requisite for safe-flight amission completion.

o Stress - A heightened psychophysiological response state experienced
when a pilot perceives that the workload demands of the tlight may excceed his
capabilities and that the successful completion of the flight is thus
threatened. In such a situation, the pilot's adaptive mechanisins become
severely taxed. Problens arise when his adaptive mechanisas dare taxed to the
point that they collapse and the pilot is unable to wmeet the workload demands
of the flight.

® Workload - The amount of dactivity, mental and physical, requisite for
safe mission completion. This becomes a problem wher, for various reasons,
the workload demands of a mission exceed the pilot's capabilities Lo weet
those demands in the amount of time available.

Review of Techniques Used by Selected Aviation
Safety Agencies To Investigate Mishaps

Air Force mishap investigation reports were the iajor svurce of data used
in this report to identify the primary pilot factors involved In aircraft mis-
haps. Since mishap investigations play such an iwportant role in diaynosing
and understanding the causes of adircraft mishaps, the technigues with which
mishap information is collected dare also important. This section will compdre
the investigative technigues of six organizations and provide recommendations
as to how the Air Force's investigation procedures may be iwproved. The six
organizations selected for study were the U.S. Air torce, Army, and Navy; the
National Transportation Safety Board (NTSB), the Canadian Forces; and the
Royal Air Force (RAF) of the United Kinydon.

The information presented here was obtained from otficial agency regula-
tions and discussions with nembers of the agencies. Table 1 presents the
written materials reviewed fur this section. Intormation about the RAF inves-
tigative proygrams was obtained exclusively from discussiuns with RAF person-
nel; official documents were undava:'lable.

Conduct of an Aircraft Mishgap Investigation--After a mishap occurs, an
investigation board 1s convened dand charged with uncovering the causes of the
mishap. Generally the intention of the 1investigation process 1s to obtain
information that can be used to prevent similar wmishaps. bExcept for NTSB, the
board typically consists of a president who 1s a rated pilot, 4 maintenance
officer who is knowledgeable about the aircraft, da medical officer, and a4
recorder. The medical officer (typically ¢ flight surgeon) is chdarged with
evaluating the human-factor aspects of the mishap. He al<o determines the
causes of injuries sustained in the mishap and analyzas, the eyres, and bife
support equipment available,




TABLE 1. DUCUMENTS REVIEWED FOR INVESTIGATION TLCHNIQULS
Ayency docunents

Air Force AFM 127-1, Aircraft Accident Preventicn and
Investigation, 1972; AFR 127-2, The J.5. Air
Force Mishap Prevention Prograi, 19/9; AFR
127-4, Investigating and Reporting .S, Ah
Force Mishaps, 1979

Army AR 95-5,  Aircraft  Accident Prevention,
Investigation, and Reporting, 19/5
Navy NAVAIR  00-80T-67, Handbook for Aircraft
Accident Investigators, 19/3
NTSB Jutline Huinan Factors Investigation/Report
Canadian CFP 175{(2}), Aid to Accident/Incident Inves-
Forces tigation, 1979; Flight Surgeon's Accident/

Incident Check List, 1977, DCItM Report
75-R-1098, Investigation of Human Factors in
Aircraft Incidents and Accidents, 1975

A1l agencies examined here follow this investigation model to sone
extent. There are, however, some important differences. The agencies are
compared on three critical dimensions of the humnan-factor oortion 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 investigation?

{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 danswers to these
three questions. The table shows that five of the six dgencies used medical
officers or flight surgeons to conduct the human-factor portion of the mishap
investigation. This represents only a small portion of tLheir responsibili-
ties. The flight surgeons are also charged with examining the causes and
extent of injuries suffered by persons aboard the aircraft and with analyzing
the egress and life-support equipment involved. OUnly the RAF sends investiga-
tors specially trained in human factors to investigate these aspects of g mis-
hap.

ror four of the six agencies, the hundan-tactor investigator 15 dctudlly a
member ot the unit or installation in which the wmishap occurred.  The NISE and
the RAF send investigators from their central headquarters to the mishap,

The U.S. Army, Navy, and Air torce focus on the saike set of human tacturs
to investigate. Cxhibit B-2, Appendix B, presents the list ot tactors the
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TABLE 2. OVERVIEW OF CRITICAL ASPLCTS OF AIRCRAFT MISHAP
INVESTIGATION PROGRAMS FUR SIX AGENCILS

Human factors Human-factor Final evaluation of
exhibited investigator human-factor causes
Air Force See exhibits Flight surgyeon Ar Inspection and
B-3, B-4* {local) Safety Center
Avrmy See exhibits Flight surgeon Major command (e.y.,
B-3, B-4 (local) FORSCOM, TRADOC)
Navy See exhibits Flight surgeon Naval Safety Center
B-3, B-4 (local)
NTSB Primarily injury Flight surgeon NTSB Board
related {local)
Canadian See exhibit B-5 Flight surgeon Aajor commnand
(local)
RAF Not available Human-factor Board itself
investigator
(central)

*Appendix B exhibits

flight surgeons use to indicate the presence or absence of selected human fac-
tors. The form, developed jointly by the services in the late 1960's, pro-
vides the flight surgeon with a long 1ist of potential human 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 Farce, Army, and Navy also examine personal data for crewnembers
of the mishap aircraft. Exhibit B-4 presents a copy of these variables. The
Mavy 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 human-
factor causes are often difficult to support, the NTSE discourages speculation
on them as causes of mishaps. In the other agencies examined here, the pr
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 encourayed to make
reasoned judgments as to human-factor causes of wmishaps.
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Lxhibit -4 presents the personal ddata and human  factors that  Lhe
Canauian Forces' flight surgeons examine. These factors dre taken trom Lhe
Flight Surgeon's Accident/incident Check List (197/). As is the case for ‘he
J.5. agencies, the Canadian forces do not offer standard definitions for any
of the hunan-factor terms. The Defense and Civil Instituce of tnvironumental
Medicine published a report titled "Investigation of Human Factors in Aircrat!
Incidents and Accidents” (1975) which defines some of the terus but leaves the
bulk of then undefined.

After a mishap investigation 1s completed, the investidating team pre-
pares a final report which summarizes the mishap, presents susvected causes,
and makes recommendations du to how similar mishaps could pe prevented. In
the RAF, the board's conclusions and recomnendalions dare tinal. 1o the ofho
services, the investiygating team's conclusion and recowmendations are subjec
to review and change by higher authorities.

Evaluation--A glaring wedakness n Host aishap  investigations is  Lhe
absence of standard definitions of the human factors involved in mishaps. The
absence of these definitions credtes an ambiguous situation, where the mishap
investigator must nol only try to determine what set of conditions led to a
mishap but also to decide which human-factor labels (e.g., channelized sLten-
tion, distraction, etc.) best describe that set of conditions. wWith no s.an-
dard definitions, different investigators dre apt tu atidch different defini-
tions to a number of the human factors. When this happens, the findings tron
the different investigations will not be comparable.

A second problem with many mishdp investigations is that the flight sur-
geons do not always possess the requisite human-factor expertise tu Jssess the
pilot factors involved in a mishap. [n such instances, the tindings fron tne
investigation may be 1nvalid.

Another problemn is that the flight surgeon must investigate not only he
humian-factor causes of the wishap but alsu the Cguses and extenl of njuries
and the egress and life support that were invalved in Uhe amrshap.  1his can be
a great deal of work for one person to accumplish, so some parts of an inves-
tigation may receive less attention than others.

The human-factor portion ot mishap investigations focuses (perhdaps overly
focuses) on pilot factors that occur in the cockpil. Investigations look tor
factors such as channelized attention or distraction, which amay directly cduse
a mishap. They pay less attention to antecedent factors {which occur before
the pilot enters the cockpit) that may precipitate situdational tactors (fac-
tors that occur in the cockpit). The RAF investigators, in contrast, care-
fully examine a pilot's flight-experience records, persona. life history, and
ather preflight factors that may precipitate mishdp-causing factors in the
cockpit. The Navy, a5 mentioned previously, has beqgun to look at a pilol's
personal life stress in an attempt to pinpoint pretlight fdactours that lead to
nishaps.

Another potential jproblem with ngay ishap tavestigations 15 thdat the
i Yy } ]

final Judgment as Lo the pilot (and nonpilot) tactars nvolyed o the aishay

is made not by the anvestygatara, but by o highor resiewing anthoraty, hy,
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authority reviews Lhe investiyative board's reporl ot Lhe wishap and formu-
lates its own conclusions about the causes ot the mishap and recomnenddtions
for preventing similar mishaps in the future.

Since investigative boards way have little investigdalive experience, the
reviewing authority (which presumably reviews a number of mishaps) brings
experience to the process and may be able to correct awistakes made by the
local investigative board. Different investigative teams, however, do not
always provide the same type of information in the same amount of detdail in
their reports. As a result, reviewing authorities not only may have invalid
information to review, they may have incomplete information; thus, the review
pracess 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 deterwining
mishap causes and recomnending strategies to avoid similar mishaps. Such 4
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 1s lack of consistency among mishap investigations. This
results from the absence of standard definitions of terins, unequal abilities
of investigators, and a lack of standard investigative procedures.

Recomnendation--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 1is to establish standard
definitions of the human-factor information to be ygathered. 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.

[f human-factor specialists cannot be provided because of funding or
other constraints, flight surgeons should be given imore rigorous human-factor
training. Moreover, the investigation task could be made easier and wmore
standard by development of a systematic 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 dand 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 proce-
dures could be augmented by development of a workbook or checkiist which all
human-factor investigators would study and use during the course of a mishap
investigation.




A standardized investigation process would lead to comjdrenility acro-,
investigations. Similar information would be available frow each investiya-
tion, and the meanings of terms would be the same, Hnder these cunditions,
the veview process would be wmore medningtul because the reviewers woild have
reliable and valid inforundation to exanine.

Analysis of an Avrcraft Data Base

Twelve major factors were identified in the literature review on piiot
factors involved 1n aircratt mishdaps. Since the various articles reviewed did
not use the same detinitions ot the pilot tactors, we have pro o used stiondard
definitions.

The purpose of the effort described n this section was Lo systemdtic iily
analyze recent Air Force arreraft sishep roporis, using the standard def ini-
tions. This refined method of 1identifying the wmajor pilot factors iavoiv.o
in mishaps will provide reliability (o our identification of Jdnvestigat:ve
areas. Access to mishap investigation reports was providesd by the .50 A
Force Inspection and Safety Center, HNorton AR, California.

Data and Method--A human-factor team was used to review aishapy rerorts
and identify pilot factors involved in the wmishaps. To maxinize the relianii-

ity and validity of their judgments, the researchers operated .ndev the fol-
lowing conditions. First, instead of sedarching for 4 wide variety of :)ot-
factor causes, such as the wmany contained on the far tarce flight form, ¢

they
tocused on the 12 factors that were suggested by previous literature {includ-
ing previous exaninations of Air Force mishap reports) us the most inporiant.
Second, the team operated within the framework of standard conceptual and/or
operational definitions for each of these factors, Tnird, the researchers
attempted to be exhaustive in thelr investigalions. They recorded o1l gvail-
able information that would help identify what took lace to bring abuut Uhe
aishaps.  Fourth, the researchers used a standard coding form to guide their
examination of the wishap reports. A copy of this coding form 15 contained “n
Appendix B as btxhibit B-1.

The coding form was developed after caretul review of both the air rait
mishap literature and sampie Air borce wishap reports. The torn was desianed
to key the researchers to laok for end record all available informaetion fha'
could help identify pilot. tacLore that lead teo mishaps. The coding form con-
tains both pilot-factor variables that could be instrumental in the wishap and
nonpilot factors such as weather conditions, flight profile, and condition and
functioning of the aircraft. These nonpilot factors mdy interact with the
pilot factors to produce a mishap. The coding key also includes aircraft
type, date of accident, number of tatalities, and the cost 2t the mishap.

Channelized attention, disorientation/vertiygo, distraction, panic, work-
Toad, and stress were measured by the researchers as potential causal tactors
in the mishaps viewed. Iwo personal ly chargcteristics--excessive Lot ivaetion
to succeed and overconfidence--were also used, as well as tour discipline-
related factors--nonobservdnce of mission rules, directives, dir discipline,
and established procedures.

)




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 abserve 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 mishap 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.

Since 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
may lead a pilot to perform or fail to perform in a manner that results in 4
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nishap. iHence, the strategy used here to indicate the effect of tatique and
experience on the occurrence of pilot-factor mishaps was as ftolluws. First,
the Judgment was made as to which pilot facturs (other than fatiyue and expe-
rience) had a major influence on the wmishap. Second, the indicators ot
fatigue and experience were correlated with these pilot ficturs to determine
whether or not they were dssocidted statistically.

The time period selected was January 1, 19/7 through Uecember 1974, This
period was selected fur two reasons. First, 1t is ¢ period during which dair-
craft mishaps increased over previous rates (Directorate of Aeruspace Safety,
1b). Second, beqginning with January 149//, the mishap-repurting procedure wds
improved somewhat over past practices,

The sample of mishaps was selected from all attack, fighter, or trainer
aircraft inishaps that were classified as resulting exclusively or partly froa
@ pilot-related factor. The population was ndrrowed by selecting only Class .
and Class B mishaps for which complete, or nearly complete, ddati were avdil-
able in the investigation report. Class C mishaps were not included since
these reports contained limited information. Class A mishaps are defined as
those in which damage to the aircraft exceeds $250,000 and/or there is 4
fatality. Class B mishaps range in cost from $100,000 to $250,000. <Class C
mishaps involve damage of less than $100,000.

Fron the population, 70 mishap reports were sdampled. This sauple size
was chosen, on the basis of a standard statistical power analysis, as the num-
ber of cases needed to calculate the Return-on-Investuent Metric (RQ1y.

The sample consists of vb Class A mishaps and five Class B wmishaps. The
nb Class A mishaps involved a human factor and represent 34% of all Class A
mishaps that occurred during 1977-/78. The five Class B mishaps represent only
10% of all Class B human-factor mishaps, but 100% of the Class B human-factor
mishaps that had coaplete or nearly complete mishap reports. Table 3 indi-
cates the aircraft types contained in the sample.

The 70 reports were read by a twc arson research team. Lach person read
approximately 35 reports. In many instances, the data were recorded by
copying the information directly from the appropriate form in the mishap
report; e.9., weather conditions and wany of the pilot-experience and fatigue
neasures. The operation or failure of any of the aircraft components was
taken directly from the board's judgment as to the status ot the component,

The rosedrchers were rvequired to make decisions about the presence or
absence of several pilot-factor items. To do this, they read the narrative
description of the mishap and judged whether any ot these factors were pre-
sent . In making their decision, the resedrchers were guided by the defini-
tions of these factors presented on pages 25 and Zo.

The researchers were told not to make any judgnents about the causal
nature of these factors, but simply to code whether the factors were present
or not present in the mishap. The ndarratives often do not contain cnough
detailed information to make a judgment as to the causal nature of each fac-
tor. The assumption wdas .ade that 1f a factor with the potential to cause a
mishap (such as those examined here) was present in a ldarye nuaber of mishaps,
itocould be inferred to be o causal tactor.




TABLE 3.  TYPL OF AIRCRAFT SAMPLED

Type ‘g_oqu_}wq Type ‘jg.'n,g led
AFD b F10%D Z
ALOA 5 F 105G 2
Fac 1 FLUbA 3
RF4C O Floois 1
ka0 7 FLLIA 1
F4L 4 FLLLD 2
15t 3 FLLLE 1
F15A 4 FLLIF 3
F158 ! FBLLLA 2
F1uop 5 T33A 1
FL1O0F 3 T378 b4
T38A k)

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. Nonmmishap data, how-
ever, are not available. Therefore, inferred causality was based only on the
fraquency 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 mishap.
This information was taken from Form 711GA (txhibit 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 investiya-
tive board was to allow for comparison between the twe sets of judyments.
These comparisons form the basis for determining the reliability of the
findings.

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

Both groups rated channelized attention as the wajor 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 Lo succeed,
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SO My Force
ract cuding Loding
Channelized Attention 3¢ 14k 33 (hdn)
dlstraction Yoo (37%) 21 (e
Uitsortentat ion/vert iyo S2 03 {7 1235
Pxcesstive Motiyat ton T oa oo T Lo Ly (230)
Jvercomtideace 3ot L
Stress P otivn) o
Appretiens ian 4 o 14y,
Visuai [llusion d o (1l
dDid not evalaete this fuctor
tourth, The contract rosearcners Judyged overconfidence ond Stress each Lo

occur e 12 mishaps, aakimg then a tie for Lthe fifoh most frequent piiot fac-
tor. The Air Force anvestigators ranked apprehension ds the fifth most
frequent factor, with overconafidesce and visu b o illusion ried as the sixth.

Although the contract rescarchers did not attespt Lo judge the occurrence
of fatigue, the Alr Forco tnvestiagtoers did and judged 1L not tu be g mdjor
Factor.  Fatigue based on sleep devrivation was judged to occur in onty 5 (/%)

3
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of the mishaps, while “otner a0 que” was Jadged o occur i oonly 20
the aishaps.

The results of corvelat vy e adicators ot tetrgue and experience with
the eight wagor pitot factors (1d not yield o stronyg relationship. Hours
slept during the previous 24 hoears had only 4 sTight relationship to apprenens
sion and visual illusion, with correlations ot L2720 and .29 respeciively.
Total first-pilot hours had a sTight neygative relationship with distraciion,
with a correlation of -.30.

No other significant correfations were seen between any of  Lhe cight
major pilot factors and Lhe indicaturs of fatigue and experience. As
result, fatiyue and experience were not udyged to be major mlot tactors
invoived foar this sample of /0 wishaps.

Reliability ot the bata--The fact that BUM researchers and the Mir baree

investigators closely agreed in their judguents of pilot factors suggests
degree of reliability an the data, Table 5 presents the currespondence
between the *two groups for five af the coght major pitol factors that tney
poth coded.  The percent agreenent yeported below cach tactor 1s obtained by
dividing the tota! naaber ot sishaps tor which the coders agroed (the sum of
the diagonal eleaent "ne-no™ g Mye o oyen™) vy the aial aumber of  ashaps
(70%.  An can be seeny coder agqrecnept yandges from 505 (channeitzod gt tent fon)
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0 3% {overcontidence) . The overatl coder agreement 0s /3%, Ines figure o,
abtained by summing the total aumber ot shaps for which the cuders agreed
bor wcach of the firve oilon factars, theo dividing by 390, While that agree-
went 15 oaccentable By socral science stunddrds, awch of the ayreesent steas
fron the fact that the ceders tend Lo agree when a factor is not present.  ine
highest entry in each of the tables occurs in the "no-no" celT.”

Another aethod tor considering reliability 1s Lo look only daf instanwes
where either set of coders identities one faclor as present and tnen Ly deter-
mine the degree of agreement between the coders.  To do this requires elimi-
nating the "no-no” cell and recelculating the reliabilities. This is done by
calculating the tutal number of wmishaps for which the coders agreed and divid-
ing by ‘the total number of observations 1n the table,  Table b Suiiarizes
these operations; the reliabiiity ranges from 2% (success woutivatiun) ty 43%
fchannelized attention), and ine overcell coder gyreement tour all tive factours
s 3/%,

Uiscussion--The consensas of polh the BDM researchers and the Alir iorce
investigators 1s  that channelized attention, distraection, disorientation/
vertiyn, and excessive wmotivation to succeed are the four fdctors wmost fre-
quently dnvolved in aircraft  wishaps. Jther major factors identified by
2ither set of coders are overconfidence, stress, apprehension, and visual
illusion,

A caretul analysis of these factours shows that they can be divided 1nto
two cdtegories: pred.spositionel and situational. Overconfidence and exces-
sive motivation to succeed are conditions within the pilot which he brings to
a flight and which can predispose him to perform or fail to perform some
activity, with this performance or nonperformance leading to a nishap., For
axample, a pilot overly motivated by success mdy attempt to acquire o target
an his first pass even though he cannot adequately contro! the aircraft during
the pess.  As g result, he may fail to recover during tary t acquisition, dnd
crash.

Channelized attention, distraction, disorientation/vertigo, visual illu-
sion, stress (as defined here), dand apprehension are typically situationdl
factors, which, when they occur, delay the pilot from making a critical res-
ponse.  In an aircraft these situational factors become critical because the
pitot's time to respond to demands is brief. The time-compressed information-
arocessing nature of the pilot's task is the factor that renders these situa-
tional pilot factors problematic. Any time one of these factors occurs, 1t
can interfere with information processing and lead to 4 mishap.

Tnis point deserves some turther amplification. A pilot s somnetiies
referred £ 4as g mission nanager. tssentially, he processes o wedlth of
intormation and performs appropriate responses. The bulk of mishaps related
to pilot factors may occur because the pilot is trequently pushed to his
information-processing limits, and then minor disturbances such as distraction
can lead to mishaps. If this is true, studying time-compressed information
processing may lead to ways to identify a pilot's maximun information-proces-
sing capabilities, reduce the information-processing demdands of the nore
diftficult piloting tasks, and/or increase the pilot's ability to jprocess
information. Lach of these findings could help reduce prlot-factor wmishaps.
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At other times, time-compressed Intormation processing 1s not really Lne
Nishap cause. For example, a pilot may be involved in 2 low-level boabing
nission.  He may be in perfect control ot the aircraft with no inforaation-
processing proolens at all.,  He may, tor some reason, become fascinated with
the trdace uf the bombs on the tdrget and sumply forget to pull out of 1 dive,
and crash. In this scenario, the pilot 1s not pushed to nis nforag! on-
orocessing limits.  His wind s taken off his mission for some unknown v
son. Clearly, @wore information 15 required ds to how these situational fuc-
tors come about. With such information, finding comnon elenents under lyvioe
pilot-factur mishaps could aid in discovering remedics for these wishaps.

While the coders tend Lo ayree abouul the vank ordering of the major oiot
factors, the intercoder reliability between tne Mr Force dand BDM investija-
tors suggests that the two groups may hdave had different notions about he
meaning of terms. The coders tend to ugree when the phenomena are absent, o,
indicated by the high "no-no" value in the reliability tables; however, whe
the factors are present, the coders tend to disagree as to the labels <o
attach to the factors.

An obvicus reason for this disaygreement is the lack of a comnon detini-
tion for each pilot ftactur. While the BDM resedarchers worked with the defirnr-
tions presented at the beyinning of this section, the Air Force investiger.rs
did not necessarily use the same definitions. As a matter of fact, since ¢
number of Air Force investigators were involved in coding these 70 wishaps :na
since the Air Force does not provide investigators with a common sel of def1-
nitions, the Air Force investigators themselves were possibly not operating
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 tactor 1s
often based on the very limited dand incomplete information available after the
ishap.

Recommendations--A consistent. thesie throughout this section has been the
lack of reliability in smishdap investigations due to the absence of standard
definitions of pilot factors involved in mishaps. Therefore, we recommend
that the Air Torce develop such standard definitions and provide them to all
human-factor investigators.

Second, we recomnend that Lhe Air Force initiate the investigation ot
nedr-mishaps. 1o such investigations, Air Force safety personnel will be able
to interview pilots to tind out specifically what occurred in the cockpit Lo
produce the near-mishaps.

A final recommendatioun is that the Air torce develop o conputerized data-
base to house investigation reports. Inis information could be made avarlable
to researchers to explore various dimensions of the pilot-tactor 1ssue.

Suiindry

The purpose of Lhis section was to rdentify the major palot tactors
involved in gircrdaft nishaps.  The first step was Lo review recent aircratt-
mishap literature Lo develop dan 1dea of pilot factors thdt contribute to
pishaps. e second stop wds Lo review the process by which several sately
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agencies exanine pilot-factor mishaps. Etquipped with this information, 4 BOM
research tean examined /0 recent Air fForce aircraft mishaps involving a pilot
factor. These researchers were yiven standard definitions of a number of
potential pilot factors contributing to mishaps. They read mishap investiga-
tion narratives and, using the defined terims, judged the pilot factors present
in the mishap. The resedrchers 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
ayreed as to the major 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 wmishaps. The parenthetic entry
indicates whether the factor was Jjudged 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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g LET. INVESTIGATIVE AREAS RANK ORDERLD IN RLLATION 10
e A RETURN-ON- INVESTMENT MELTRIC

The previous section identified eight pilot factors present in myre than
10% of selected pilot-factor mishaps occurring in 1977-78 and nvolvaing
fighter, attack, or trainer aircraft. The purpose of this section is to Jist
these factors in the order in which they snould be investigated. i
’ priority Tist will be based on the expected return-on-investment (ROl) that ¢
reduction of mishaps due to these causes can be anticipated to produce.

This objective was accomplished by
(1) developing an ROI inetric based on the dollar cost of varigus mishaeps,

(2) applying the ROl metric to the major pitot factors involved in air-
cratt mishaps, and

rank ordering these pilol factors in regdard Lo tne RDI metric.

—
.

Developing the RUI Metric

A return-on-investaent metric is a tool for estimating the dollar savings
from mishap reduction to be realized by undertaking various levels of research
into specific factors present in mishaps. An RO[ wetric can be depicted with
the following formula:

ROT = Totai Dollar Saving - Total Dolltar Research Cost (0

That is, the return on investment is the difference belween how much was saved
and how much was spent to obtain that saving. To obtain an RUOL based wun
research into pilot factors, estimates are needed for both the cost ot piiot-
factor research and the total dollar savings to be realized by such researcn.

For purposes of Lhis report, costs of pilct-factor research projects are
tixed at 2, 3, and 5 manyears. Consequently, teking total research dollar
cost in Formula 1 to be fixed, the ROl requires that the total dollar saving
be estimated.

The maximum dollar saving possible from research intu any pilot factor 1s
the total amount of money that factor costs the Air torce. The total dollar
saving will be the percentage of the total cost associdted with a pilot tactor
that can be eliminated (or reduced) by rescarch into that factor. This can be
depicted by the following formula:

Total Dollar Saving = Total NDollar Cost X Percentdage Mishap
Reduction {2)

For exdnple, suppose pilot-factor £ was associated with $10u anllion
wor th of damage. 1t research could Tead to elumination ot 205 of Lthese s
haps, the dollar saving o be realized by research into prlot-tuctor X would
be approxtmately 5100 million £ .20, or $20 inllion,
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The total dollar cost associated with a particular pilot fdactor cdn be
estimated from data on previous imishaps. Estimates of how effective research
will be, however, are not so straightforward. One reason is that the ultimate
research effectiveness will be based on intangibles such 4s the research team
personnel and their access to and use of relevant facilities and materials.

A possible predictor of how effective this research into a specific pilot
Tfactor 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 1in estimating the potential effectiveness of research into elimi-
nating mishaps due to that factor. If the factor itself cannot be direccly
eliminated, it might be indirectly eliminated by modifying the antecedent fac-
tors that cause it to occur.

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

Finally, a review of the literature will be conducted. Etach 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 totdl dollar-saving paranmeter
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 estimdate of research effective-
ness in regard to the specific pilot-factor areas.

Data--For identifying the pilot fuctors, data were taken from 70 aircraft
mishap repcits made available by the Air Force Inspection and Safety Center,
Norton AFB, Calitornia. The 70 mishaps were randomly selected from the popu-
latign of pilot-factor wmishaps that took place 1in 1977-78 and involved an
attack, fighter, or trainer aircraft. The data were obtained hy two B
researchers who read through the mishap reports dand coded pertinent informa-
tion on coding sheets such as the one in Appendix B (Exhibit B-1).
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The researchers read the narrative of each mishap and wmade their own
judgment as to the pilot factor involved; specific definitions of a number ot
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 [l contains a more detailed description of the data and wmethod in
which the data were acquired.

Major Pilot Factors Involved in Aircraft Mishaps--The major piltot factors
involved in fighter, attack, and trainer Air Force aircraft were identified
from the 70 mishap reports reviewad by the researchers. The BDM research tean
uncovered six pilot factors that were involved in more than 10% (8 or more} of
the inishaps.

In general, the BDM researchers and the Air Fforce investigators agrecc
upon the major pilot factors involved in these 70 mishaps (see Table 4, uvdyc
35). Both groups rated channelized attention as the wmajor pilot factor. Tne
Air Force investigators judged channelized attention as occur-ing in 5445 of
the mishaps; the BOM researchers, in 40%. Distraction was the sccond st
observed factor; disorientation/vertigo, third; and excessive motivation to
succeed, fourth. BDM researchers found overconfidence and stress in 13 uis-
haps, placing them fifth. The Air Force investigators ranked apprehension as
the fifth most frequent factor, with overconfidence and visual 11lusion lied
for sixth place.

Part of the disagreement between the findinys of the BDM resedrchers dand
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 may well have had different conceptions of the same fac-
tor. u

The BDM resedrchers used the following definitions for the major facturs {
they uncovered:

® Channelized Attention - A behavior .| phenomenon that occurs when 4 ‘
pilot's full attention is focused on rne stimulus to the exclusion of all
others. This becomes a problem when the pilot fails to perform tasks or pro-
cess information of a higher or wmore immediate priority ana thus fails to
notice or has no time to respond to cues of impending disaster.

® Disoriantation - A loss of one's place-in-space that occurs when 4
pilot's perception of the aircraft's attitude or motion is incongruent with
respect to Larth. This is due tu 1nadequate sensory stimuli, an incorrect
interpretation of sensory stimull due to limitations in sensory receptors,
incorrect selection of competing stimuli, or the absence of a ygeneral coyni-
tive framework that realistically orients the operator within his environment.

® Vertigo - A form of physioloyical disorientation that occurs when a
pilot senses that he or the external world is rotating. Any forw of disorien-
tation becomes a problem when a pilot is not cognizant of being disoriented
and responds according to his incorrect appraisal of the situation, or when
the pilot 15 cognizant of being disoriented but 15 unable or does nol have
enough time to correctly reorient himselt while tending to other vitdl tlying
tdasks.




® Distraction - A behavioral phenomenon that uccurs 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
tlying tasks of a higher or more inmediate priority in time tu recoynize and
respond to cues of impending disaster.

® [xcessive Motivation To Succeed - A personality chdaracteristic 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. [t 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 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 mechanisins 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 major 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 wmishaps
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 wishap also varies. ‘tor the BOM-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 wmore 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 1f we understood qwre clearly how
these factors originate.
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TABLE 7. TOTAL AND AVERAGE DOLLAR COSTS@ ASSOCIATED WITH EIGHT
PTLOT FACTORS

BDM coding U.S. Air Force coding
Mean Total Mean Total

Channeli zed

attention $4.57 (32)P  $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 4.48  (16) 71.6
Overconfidence 3.67 (13) 47.7 1.80  (8) 14.5
Stress 2.06 (13) 26.8 C
Apprehension C 4.31 (10) 45,1
Visual illusion C 3.85  (8) 30.8

“dIn willions.
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 1 if it was
present.

Clear
Jbscuration
Cloud cover
Turbulence
I oy

Rain

Sleet
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Ty

Snow

Thunder storins
Tornadoes
Special warnings
Visibility--coded as the number of wmiles of visibility L)
Wind velocity--coded in knots

2. Aircraft History and Functioning During the Mission: 4

a. Aircraft History

Total flight hours - airframe

Total flight hours - engine

Hours since last airframe overhaul

Hours since last engine overhaul

Recently unscheduled maintenance: 0O
1

No
Yes

noh

b. Aircraft Functioning During Flight (Coded 0 if component/systen
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 ! if present): h

a. Phase of Flight y

Takeoff
Climbout
Lnroute
Range
Descent
Landing

b. Mission Element

Air-to-ground ordnance delivery

Low-level navigation: below 5000 ft (1500 i)
Low-level maneuvering: below 5000 ft
Air-to-air engagement

Maneuver with formation

Search and rescue

Acrobatics




¢. hme ot Day
Dusk
Dawn
Jay
Night
d. Altitude when Mishap 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. [xperience

Hours flown in previous 24 and 48 hours

Nunber of sorties flown in previous 24 and 438 hours
Nunber of sorties flown in previous 30 and 60 days
Total sorties flown in inishap aircraft type
Previous number of similar missions

Days since last flight

Days since ldst 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 rating

c. Pilot's Age (years)
d. Pilot's Physical Condition {good, fair, poor)

. Yse ot Alcohol or Drugs Prior tg Flight: O = No
1 = Yes

Table & presents the results of the correlation analyses. The corre-
lat1ons presented dre Pearson product woment correlations. The table shows
that very few of the antecedent factors exanined are related to the occurrence
of the major pirlot factors. Various elements of the wission, such as air-to-
yround and air-to-air engaqgements, tend to be related to selected pilot fac-
tors. The strongest relationship is between disorientation/vertiyn and clear
weather, This relationship suggests that on cledr days piluts hdve a tendency
to become disoriented, perhaps because 1t is ditficult to distinguish between
the ground and the sky.
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TABLE 8. ANTECEDENT FACTORS SIGNIFICANTLY RELATLU 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 -.30
Clear wedther Disorientation/Vertigo .70
Pilot's physical condition Disorientation/Vertigo .33

Coded by U. S. Air Ftorce:

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
Hours slept previous 24 Visual illusion .23

Determining whether certdain pilot-factor mishaps occurred in certain
types ot aircraft was not possible. Not enough data points were available to
gyet an adequate sample of mishaps for each aircraft-type sampled.

bstimating the Effectiveness of Research To Reduce or Eliminate the

Major Pilot Factors--The last information needed to calculate the RO! metric
15 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 to
determine remedies for the major pilot factors, assess its effectiveness, and
estimate 1ts cost.

This Tliterature review is summarized here and reported sore 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 wishaps
appears to be inconclusive.

Based on the review of the literature regarding daviation technoloyies,

and the current state of knowledge about the major pilot fdctors, no tactor
appedars to be more or less resistant to investigation than any other factor.
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Rank Ordering Pilot tactors in Terms of the RO]

This discussion will be confined to the six pilot factors 1dentified by
the BDM researchers. Because these researchers used standard definitions when
making 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 BDM.

After investigating the ROl from reducing pilot-factor wmishaps, 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. Therefore, 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 ROl metric in the
following manner:

(1) Channelized attention

(2) Distraction

(3) Disorientation/Vertigo

{4) Lxcessive motivation to succeed

(5) Overconfidence

(b) Stress

The average dollar cost associated with the /U mishaps is $3.82 million,
50 prevention of just one pilot-factor mishap would save an average of $3.32
million, and in the case of fatal mishaps, a 11fe. Given that the funding
level of social science research projects is typically less than $1 million,
successful prevention of just one mishap will yield a substantial return on
the research investment. We can, theretore, expect effective research into
the major pilot factors to yield a sizable return on investment.

Discussion and Recommendations

The major recommendation darising from this section is thdat the largest

return on the research investnent would be realized by focusing on the pilot

factor that costs the Air Force the wost money; i.e., channelized dattention.
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 (channelized attention,
distraction, disorientation/vertiygo, and stress) occur in the cockpit duriny
flight. We could not determine, however, exactly what vccurs in the cockpit




Lo precipitate these factors; nor were we able to deteriine which antecedent
factors, 1f any, occur before the pilot begins the tlight, which uy predis-
pose him to be subject to the four umajor factors.

Any research that attempts to develop solutions Lo these major pilot
factors will have to begin with a clear description of the scendrio under
which these factors occur. In an aircrafi, channelized attention, distrac-
tion, disorientation/vertigo, dand stress become critical because the pilot's
time to respond to situational demands is brief: the time~compressed 1nforma-
tion-processing nature of the piloting task renders these situational pilot
factors problematic. Anytime one of these factors occurs, 1t can interfere
with information processing and lead to o .11shap.

A pilot is sonetiines referred to as a mission manager. Lssentially 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. I[f this is
true, then studying time-compressed inftormation processing may lead to ways to
identify a pilot's maximun information-processing capabilities, reduce the
information-processing demands of the more difficult piloting tasks, and/or
increase the pilot's ability to process information. FEach 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 1s required as to how these situational factors come
about. With such inforimation, we may discover commonaiities underiying pilot-
factor wmishaps. 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 ddata 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 enough 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 praoblem, 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 inadequate source of ddta, threc
changes to the investigation process are recommended. First, human-factor
investigators should be given standard definitions of pilot factors that wmay
be involved in aircraft mishaps. This will provide reliability among investi-
gators. Second, the investigators should be trained to explore mishaps more




caretully 1n ourder Lu search for other tactors tnal may nfluesce Lhe oo ar -
rence of the aajor prlot factors.  Third, wne Ane borce shoula con,ider inves-
tigating near-mishaps. By these, Inves igators would e abie o onterview the
pilot to find out speciriically wisl goarced n the cockpit Lo produce The
near-mishan.

Before concluding tnts section, one caveat should pe put forward.  The
RO was calculated based on the assuuption thdat the pilot factors most fre-
guently occurring in a amishap are the gost unportant ddot-tactor "causes” of
mishaps. This inference to causality was based not only on the freguency with
which these factors ovccur, bul alse on the theuretical a4assunption that these
ractors are indeed capable of oooising o 1 shar, The nfercnce ot cduselity
would be even stronger 1f data were avaitable concerning nondishap flights,
It a4 pilot facty s truly a "cause" of a4 uishap, it would occur pri-
marily during mishaps but not duaring nonmishap flights, However, nonnishap
ddatd dre not avarllable, so we wore uanable to see how freguently the ndjor
ailot factors occurred o ononviishap {iights, We Lried to overcone this draw-
back by da statistical technigque invalving reqgression analysis, bul this was
ansuccessful . Some intormation on successful flights would be useful in the

averall process ot identrtying pilot tectyrs anvolved in aircraft aishaps,

9]
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The purpose 2t Lhis seCiion wes Lo cane arder six , ilot tactors, judyged
by a BDM research tuvam Lo be mayor factors an anshaps, 1 teras of the doilar
savings in mishap reduction to be reclized by research into each factor.,

The first step was Lo Jdeteraine “he torval dollar cost dassoctlated with
aishaps occurring from each of these facrtors.  The ne«<l step was Lo determiine
how effective research into cach aread would be.  dhis was done by reviewiny
previous studies that attempled to reduce or eliaingte aireraft aishaps due to
these factors. This ii1terdture resiew indicated Undt no one prlot-factor drea
is nore amenable to effeclive resedarch tnan any other aread.

We concluded, therefore, that if rescarch were conducted into specific
pilot factors, the return un investiient of this research would be pruportionel
to the dollar cost associated with each of the factors. Therefore, the six
pilot factors identified by the BDM rescuarchers were rank urdered in terms of
anticipated return on nvestiment.




V. HUMAN-FACTOR AVIATION TECHNOLOGILS

The purpose of this section is to identify and describe nuian-factor
technulogies in aviation that are applicable to the prevention of prlut-factor
aishaps. We will review some inputs of Section Il to define pilut fdacturs 1
mishaps, list aviation/human-factor technologies previously applied tu mishay
prevention by article, and select most promising technologies available with
regard to the major pilot factors.

Here technoloyy 1s defined as a research procedure designed to establish
causal relationships between selected pilot factors dand aircraft nishaps.
Hard technologies include dctual machines thdat dugnent huien performance, such
as sunulators and instrument warning systems. Soft technologies include
behavioral techniques such as questionnaires and stress indices to study hunar
problems.

The interrelationship between the hard and soft technclogies is 1nportant
in studying pilot factors in aircraft mishaps. For exanple, using & hard
technology such as the NASA/Langley Visual Motion Simulator (VMS) 1n a labera-
tory environment to familiarize the pilot with the sensation of disorientation
is an important methodology. Equally important is using the workload opinion
guestionnaire to identify the pilot's problems. Both technologies can provide
the Air Force with data to help eliminate mishaps.

Major Pilot Factors Involved in Aircraft Mishaps

A teanm of researchers examined a sanple ot 70 aircraft mishap investiya-
tions attributed partly or wholly to a pilot-factor cduse. These mishajs
represented 85% of all pilot-factor wishaps for the period 1977-73 and
included fighter, attack, and trainer aqircraft. The researchers read through
the mishap reports and coded pertinent information about the .nishap on codiny
sheets such as that appearing in Appendix B.

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

The results of this analysis yielded eight pilot factors that appeared in
ngre than 10% of the mishaps examined. These inciuded apprehension, channetl-
ized attention, disorientation/vertigo, distraction, excessive motivation to
succeed, overcontidence, stress, and visual 11lusion.

These pilot factors dre defined as follows:

® Apprehension - A psychosocial phenomenon that results from the anx-
ious anticipation of a flight mission by the pilot. This becomes a problen
when the pilot's apprehension precludes his concentration on vital flight
tasks.
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e Channelized Attention - A behavioral phenomenon that occurs when d
pilot's full attention is focused on one stimulus to the exclusion of all
others. This becomes a problem when the pilot fails to perform tasks or pro-
cess information of a higher or more immediate priority and thus fails to
notice or has no time to respond to cues of ilinpending disaster.

e Disorientation - A loss of one's place-in-space that occurs when d
pilot's perception of the aircraft's attitude or motion is incongruent with
respect to tarth. 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 coyni-
tive framework that realistically orients the operator within his enviromaent.

e Vertigo - A form of physiological disorientation that occurs when a
pilot senses that he or the external world is raotating. 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 Jdoes not have enough time
to correctly reorient himseif 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 problen when the pilot fails to refocus attention
on flying tasks of higher or more Tmnediate priority in tine to recognize and
respond to cues of impending disaster.

e [xcessive Motivation To Succeed - A personality chardacteristic thdt
predisposes a pilot to set unrealistically high standards for himself and to
try to perform tasks for which he is knowingly ill-prepared. This becomes 4
problem when mission success is afforded a higher priority than caution, judg-
ment, or known restrictions.

e Overconfidence - A personality characteristic that a pilot may
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 problem when the pilot
attempts to perform tasks that exceed personal or aircraft capabilities.

e Stress - A heightened psychophysiological response state experienced
when a piTot perceives that the workload demands of the flight may excead 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.

e Visual Illusion - A false visual perception experienced by a pilot
which is a result of his misinterpretation of a real visual image or is 4
fabrication of a visual image. This becomes a problen when a pilot is misled
by the visual illusion or distracted to the point that he fails to refocus his
attention on the flying tasks 1n time to recoynize dand respond to cues of
mmpending disaster.
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With the exception of overconfidence and excessive motivation to succeed,
these factors dre typically situational factors. [n 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 task
is what makes tnese situational factors problematic.

Studying time-compressed 1information processing iay lead to ways tu
identify a pilot's maximum information-processing capability to reduce the
information-processing deiands 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 i
be identified, as with the other eight pilot factors. Time-compressed infor-
mation processing is defined as follows:

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

L e e T T

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 I,
the articles reviewed for this section were obtained from a thorough search ot
the overall literature on aviation safety. Appendix A describes the search
strategy and contains annotated references.

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

Articles chosen for review, based on their significance to pilot fac.ors
related to mishaps, are outlined in Figure 3. The figure cross-references t°
articles to the particular pilot factors which they investigated. Far
instance, Article 1 (Alnutt, 3), "lInvestigation 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 mapped into opposite halves of the linear decision
space. This was the basis for predicting that human operators may comnit
errors of reversal when using the moving horizon display.

For this study, the technologies have been grouped into two phases of
application--diagnostic and remedial. Diagnostic measures, used to 1dentify
and define specific pitot factors related to aviation mishaps, are designed to
analyze the individual's performance and provide information on the causes of
difficulty. Remedial measures dre applied to the identified problem in an
attempt to reduce its severity. In this report, specific instruments or pro-
cedures within diagnostic and remedial technologies will be called techniyues.

AM



RELEVANT
LITERATURE

PILOT FACTORS |

APPREHENSION

CHANNELIZED
ATTERTION

rmsomsu TATION

DISTRACTION

ENCESSIVE
MOTIVATION
10 SULCEED

OvER
CONFIDENCE

STRESS

TINE
COMPRESSED
INFORMATION

PROCESSING

VISUAL
LLUSION

vERTIGO

T WNESTIATION IF PATTERN
RECOMNTION OF ANCRAST
ATTITUES IBOCATOR ISPLATS

HIED NOMZON
MEPAYS (Fr)

FIXED noRUON
GEPLATS (FTM)

HEES WORLIDN
sarLaYy (FTM)

2 TRABSITION OF EXPERKNCED
PLETS T8 A FacovencY
SEPARATE AICRAST ATTITVOE
MWIPLAY

FREBUENCY
SEPARATED &
L]

DIEPUAYS

FREOUENCT
SEPARATED B

[ 471

3 A NRPUANE PEAFORMANCE
CONTRL SYSTRM (PC3)
A RISHT EAPERMMENT

33
conTABL

rn
COMVENTIONA
TRl

4 PERIPHERAL VISR ANE
TRACKING PERS ORMANCE
WHBER STRESS

AT 1 SiMULATOR,

BODISIER
STERNBEAS
WEMORY PROBE

5 EFFECTIVE APPROACNES 10
SISSRIENTATION
FAMILIARIZATION FER AVIATION
PERSONNEL

ROTATIRG CHAIR

REGIATING CHAIR

o HISORIENTATION TRAIN
FAR-CERTHFIED FLIGHT
SROUND SLNOBLS A SUMMARY

tvALuATIOn OF
HEONENTATION
TRAINING

EVALUATION of
L IERTALION
TRAIMINE

EVALUATION OF

ANBUN! 8}
TaaINING

T RESIDUAL ATTENTION AS A
PREBICTOR B¢ PILO:
PERFORMANCE

MRT MOEX

8 WSBAL SCANBNIE: COMPESITIONS|
SETWEEN STUOENT AND
INSTRUCTER PILOTS-EXPERIMENT

VIsvAL
STIULYS
RESPONSE

—

RANDON
MATRIX
POSITIONING

I8 WBMARFACTOR CONBITIONS N
PUOT WARNING INSTRUMENT
SYSTEM

e
WARNING
NSTRIMERT

P
WARNIRG
TR ENT

11 et ESTIMAT:ON A3 A
TECWIIUE 10 MEASURE
WeRKLOAN

Tt
araange
PARADISN

T™e
ISTmation
PARANGH

17 PHLOT PERFORISANCE ARD NEART
RATE BURIAG 1B-FLIGNT W3S 8¢
4 COMPACT HaSTRUNENT
DIOPLAY

MEASURE &F
MEART MATE

NSTRUNENT
DISPLAY

BEASURE 8F
WEART RATE

13 SERERAL AVATIOR PUL
STALL AWARERESS TRAMING
fTeay

naL/tea
TRAINY

asem
RaENe

14 MW MUCH MOULE TOU Pay
o0 THAT BOX?

vALutE o
RAMIG

AN T
TRAHING

VALUE &
A

15 RATIOEALE FOR IPROVING
PROTECTION ABAINST WiBAI
st

st ¢ WIS
COLLISNS
AveBANCE
SEVICES

19 A COMBAT SAREDVERNG
PERFORNABCE WEASURENES |

e o
Exremenct
SUESTIORRAME

LEVEL oF
Expemence
SUEITIONE ARE

17 SHBNARITIES & DWFERENCES
ANORR JUPEHOR. BANMINAL
AND ELUNRATED

GURESSAADRATE PRLIT

19 4 PETEROLONCAL APPRSACH T8
APATION SAPETY

|

10 NORELINS THE EFFECTS OF
ENVRORINERTAL FACTORS 08
NUNAD CONTOR ADS

LABBRATORY

TRACRING
TABRS 1T}

LABBRATORY
aacTINe
TasEs um

LABBRATERY
TRACUNN
TASES 1Ty

LABBRATORY
TRACKING
TasEs utn

Figure 3. Matrix of human factors/aviation technologies--Literature review.
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Figure 4 is a breakdown of specific techniques now being applied to major
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 technigues.

Diagnostic Technologies--Diagnostic technologies provide information
regarding a pilot's sociopsychological and physioloyical baseline state. Pre-
sent operational ability and skill level can be determined by psycholoygical
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.

l. 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 common and effective means of obtaining the
necessary data is the personal interview. It allows the interviewer to gain
in-depth information from the interviewee. Detailed plans must be made to
minimize bias. Use of structured interview techniques 1is 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 dand adequacy o!
training programs are measured through questionnaires dand observational tech-
niques (King and Eddowes, 27; Matheny, 32; Mowbray, 33). Posttraining inter-
views identify pilots' problems related to safety, training methodology, skill
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levgl? and instructor adequacy. Information on human engineering and safety
deficiencies in cockpit design can dlso be gdathered to provide a valuable data
base for relative incidence of human-factor problenms.

2. Physiological Measures. These medsures dre concerned with the rela-
tions between behavior, anatomy, and physiology. The physiologic data are
used to detect the relationship between some physiological condition and
changes in behavior. Respiratory, auditory, visual, and nervous systems all
respond to changes in physical environment. Per fornance degradation 13
related to fluctuations in these physiological systems. Postflight urine Sam-
ples and in-flight monitoring of pilot heart rates are used to medsure stress
and apprehension (Mowbray, 33; Hasbrook et al., 22). Both assess flight
stress and fatique as a function of workload. Recent studies in the area of
voice stress analysis have used voice-signal instrunents to wmeasure 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 froan 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. Simulators. The value of aircraft simulators as diagnostic tools is
their abiTity to reduce cost, improve efficiency, and heighten the effective-
ness of pilot performance. 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 wmeasures residual attention as a function of a primary task
(one-dimensional, compensatory tracking) and a secondary task (choice reac-
tion). [t 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, recoygni-
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 resulting
in loss of life simply does not exist. Some davidtors believe thet withou!
this real-world factor, involvement in simulator training will not be total
and therefore the training may not be as effective as training in flight.
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A host of studies have been conducted to lend support Lo the trans-
fer-of-training hypothesis. The general results are supportive of transfer,
with effectiveness varying directly with fidelity. No matter how 1uch
resedarch support there is, however, training effectiveness of a simulator will
not be enhanced if the pilot does not accept the result of the resedrch.
Future work in the area of simulation effectiveness should emphasize Lhe $iuu-
Jation of positive and neygative results of pilot behavior. fFor exanple, d
schedule of reinforcenent could be constructed to reward the pilot for youd
performance and penalize him for poor performance in the simulator. Lur-
rently, all reinforcement for simulator training is internal and based wun
pride of accomplishiment. Perhaps simulator competition amony pilots, based un
this inherent pride coupled with aeaningful schedule of rewards and punish-
ament, may offset the distrust of simulator effectiveness present in a szl
segnent of the pilot population.

Pilot-warning instruments (PW[) huave been used tu test channelized
attentiun and time-compressed information processing (Grahui, 19). The Wl
alerts the pilot tou the presence of potentially threatening aircraft and
thereby increases his probability of detecting thredt environments. The
pilot's behavior, a5 1t reldates to the simulated stimuli, requires further
study. The relationships between the nature of the alarm systew and pilot
performance dre sone human-factor considerations in PWl desiyn.

Recognition of disorientation and vertigyo can be tested by using d
sotor-driven rotating chair to simulate 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 sensdtions associated with
disorientation. Other pilots observe the process and subsequent behavior and
report their reactions.

Diaygnostic technologies are designed to measure a piloat's overall
performance under vdarying conditions. This testing provides data that inay be
used to modify existing training programs, functiondlly redesign equipment Lo
eliminate and/or reduce pilot error, and determine psycholoyical and physiolo-
gical states. The lTiterdture review (as illustrated 1n Fig. 4) indicated that
many pilot facturs do nmot have associated diagnostic technologies readily
available.

Remedial lechnologies--Technologies that nmay sctually provide solutions
to human-factor probTens in aircraft mishaps dre cateygorized as remedial tech-
nologies. These include training and swmulators. The purpose ot 1dentitying
such technologies 1s Lo enhdance pilot awareness and perfourmiance through trdin-
ing and use of simulators. Bolh have ummedidte practical application to the
pilot's job and augment his ability Lo perforn in a safe nanner,

l. Training. To be a4t its best, wmost performance aust be enhanced by
training--providing the pilot with the knowledge, skill, or dtltitude needed to
perfurm at an expected standdard. Remedial training improves individual per-
formance by enhdancing an operdtor's ability to use tools, methods, and pro-
cesses in a systematic manner,

Hesedrch indicates that underyraduate and preflight training problens
are yenerally related tu student attitude toward lhe overall training pro-
gram,  Skill acquisition is directly related to the orientation program, level
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of confidence, and instructor/student pilot relationships (King and tddowes,
27). Pust-flight-school training, on the other hand, is wore 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 ldter, with
Jore 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 3
spins. One study (Hoffiman and Hollister, 23) identified weaknesses of present
training methods wused 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 Tikely to occur during actual mission. Most studies indicate
that learning takes place and transfers positively to the operational environ-
ment. Effectiveness of simulator training depends wostly on the training pro-
cedures (Hopkins, 24). Other factors alleged to influence the effectiveness
of simulators vdry in their demonstrated importance, however, and the trans-
ferability of simulator motion training to actual flight training has been
questioned. Simulators do cost less to acquire, operate, and maintain thdn
their counterpart aircraft, and are effective training technoloygies.

Simulation of flight exercises 1i1s easy to control in teras of cost
and error rate. For example, the Operational Flight Trainer (OFT) is used to
train student pilots, co-pilots, and flight enygineers on both naninal and
emergency aircraft operating procedures (Robins and Ryan, 40). Computer
equipment in the Weapons Systems Trainer (utilized 1in conjunction with the
OFT) records the effects of operator performance at varying crew stations.
These are wmonitored by the instructor who can “freeze" the simulated ,
conditions at any time during the conduct of traininy. This allows the p
instructor to stop the training, discuss and correct erruneous performance,
and either reset the same situation or continue with the simulation exercise,

Discussion

This section deals primarily with the application of specific technolo-
gies described in the research study. Lach identifiet pilot factor is dis-
cussed with regard to 1) the direct application of technoloygies to the causal
factors in aircraft accidents, and 2) selected technoloyies that are available
for imnediate application. Figure 4 indicdted the most plausible techniques i
to be applied to the identified pilot factors. These technigues will be dis- i
cussed here only as representative sanples of diagnostic and remedial tech-
nologies. In Section V, as they dre developed into specific proygraums, the
technigues will be applied to the major pilot factors awre directly.

e Apprehension--The level of apprenension experienced by piluts s
measured by surveys (questionnaires/interviews) and physinloyical wedsures,
The Naval Aviator guestionnaire and the SAM stress bdttery provide inforaation
das to the pilot's psychophysioloyical state {(Mowlbray, 3). To determnge
physioloyical condition, the pilot's heartrdate is medsured while in fliyht or
in a laboratory-simulated environnent. Anuther assessiaient technique, the

he




Psychological Stress bvaluator (PSt), is used to code voice signals that car
be subjectively scored to measure stress or apprehension-level patterns in the
nilot's speech (Schiflett, 46). These patterns are also translated intu elec-
tronic equivalents and autumated on 4 Varian 73 computer for voice patlern
recognition analysis. This analysis can be applied to apprehension and stress
I oveeal communicdtion systens that require operator workload assessments.

Fatigue data dand sleep loys provide additional datua to indicate
expected level of stress and apprehension (Storm et al., 54). These tech-
nigues provide the investigator with subjective and objective data on the
psychophysiological state of the pilot. Attempts can then be nade to deter-
mine and reduce the causes of high levels of stress, fatigue, and aparehen-
sion, In this way, the anxiety Jevel involved 1in task completion can be
minimized.

The literature review did not identity any technologies desiyned
specitically to reduce the effects of apprehension. Ulagnusing the problea is
fundamental, but no apparent technology exists to eliminate 1t as a factor 1in
aircraft aishaps.

o Channelized Attention--Fectors that commonly increase the degree to
which a person attends to stimuli are--

(1) motivationdal characteristics of the individual,
(2) wovement of stinwuli, and
{3) contrast of the stimuli with overall (background) conditions.

A variety of techniques have been used to study the causes of chan-
nelized attention. These include comparison of the Performance Control System
(PCS) and the conventional flight control with subsequent questionnaire assess-
ment (Bergman, 6). With the PCS, flight error scores were reliably lower than
with the conventional aircraft controls. Pilots showed ¢ moderate preference
for the PCS. With further development, the PCS may become a reliable method ot
renedying channelized attention.

The instrument pdanel design interview and the Naval Aviator question-
ndire (Hasbrook, 272; Mowlbray, 33} have been used as survey technigues; both
request inforniation as to the pilot's instrument-scanning capability. The idea
of a simplified instrument panel design was favorably received by the pilots,
as indicated in an instrument-panel-design interview. Human-fdactor deficiency
data in cockpit desiyn can be identified with the Naval Aviator guestionnaire.
Eliminating confusion in the instrument panel design will reduce the possibil-
ity of pilots experienciny channelized attention due to unfamiliarity and con-
fusion with cockpit displays.

In addition, a varilety of simulated enviromnents can credte a range
of scenarios designed to induce channelized attention. In this way, the fdc-
tors contributing to channelized attention can be isolated and removed. The
median response time (MRT) index measures residual attention by testiny a ,ri-
ary  task  (one-dimensional, compensatory tracking) and a  secondary task
{choice reaction) (Dewos, 14).  An MRT measures time to react Lo the secondery




task. Fidelity and motion studies and response-time andalyses all provide
additional simulated situations to diagnose or remedy channelized attention as
a factor in pilot errors (Collins, 1ll; Levison et al., 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 channelized-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.

e Disorientation--Awareness of and correct response to disorientation
requires 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 15
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 inforia-
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 retained
during the presentation. The motor-driven rotating chair, Vertigon, and modi-
fied Link Trainer all familiarize the pilot with the sensation of disorienta-
tion and fidelity/motion information. Their data provide the pilot with per-
sonal processing capabilities when confronted with disorientation.




@ Jistraction--Very little has been reported n the area of ;alot dis-
traction. No technologies to prevent distraction were identified frou :he
Titerature review. fbvious deficiencies exist in diagnostic technologies *ao
deal with response to and recognition of stimull outside task-related respon-
sibilities. Vurther technigues need to be identified to eliminate this jrob-
len,

Studies were identified that dealt with the use of steady lights as
opposed to strobe lights on instrument panels {Read, 33). The objective was
to test the alternatives and 1dentify the most nonobstructive instrument dis-
play. Visual perforimance seemed to be better wheri peripheral strobe lights
were used (Schwank, 47). [t was determined, however, that steady 1ight indi-
cators used for heading deviations should not be detrimental to the pilot's
performance. When light indicators were not functioning properly, however,
the pilot's ability to respond was distracted away from other aircraft instru-
ments.

Distraction can also be used in a posilive sense. Strobes mounted o
aircraft were proposed ds a means of positively distracting pifot's attention
from regular duties to the possibility of a wndair collision (Read, 33). ‘v
real technology 15 available to measure or systematically study pilot distrac-
tion. Time estimation, a technique for measuring workload, has been used with
limited success. This technique requires subjects to estimate time lapses
while performing a series of tasks. Investigators then cbserve the effects ot
these tasks on subjects' perceptions of time. More definition is needed, now-
ever, of the types of tasks that are most appropriate for this method of
investigation.

o Excessive Motivation To Succeed--Personality variables that isipact on
pilot performance can be measured by the UPT Attrition Study Questionnaire and
psychological test batteries {Levison et al., 31; Krause, 30). The purnose of
such examinations is fo uncover the salient psychological attributes of u
pilot and thereby provide a behavioral framework from which to motivate that
pilot to a sate level.

A minimal amount of study has been completed on excesSive motivation
to succeed. Alr  combat mission experience, 4as it relates to perforiance
assessment during air-to-air combat, hds provided wmany unique medsurement
problems (Israel et al., 25). A list of measures was developed to discrimi-
nate between high- and low-skilled pilots. The questionnaire and interview
technigue was useful in analyzing performance, though designed to determine
skill-level data. This system, however, is not ready for implementation or
operational wuse.

e Overconfidence--Overconfidence 1s defined as unrealistic beliet an
dircraft ability or 1in one's own ability as a pilot. and manifests itself 1y
unnecessary risk taking. TJo minimize this behavior, a psychological test bat-
tery can be adninistered along with a questionnaire to determine the pilot's
evaluation of his training (Collins, 10; Krause, 30). These psycholoygical
profiles provide a theoretical franework that should motivate pilots to dct
safely, 4 theory derived from positive and negative reinforcement and jpunish-
ment., Attitudes toward the amount of training received :ay also indicate o
pilot's propensity to be ovverconfident about himself and the aircraft. The




test battery indicdates the pilot's perceptions of persondl ability dand the
adequacy ot the training received, but turther study 1s needed to identify
diagnostic and remedial technigues.

® Stress--Pilot stress can be measured in a variety of ways. As men-
tioned earTier, 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 missiun successfully. Physiological medsures such as heart rate,
urine samples, dand fatigue data mdy also be used (Smith and Matheny, 52,
Savage et al., 35). These factors are helpful if used in conjunction with
other measurement techniques. Reliable data may also be identified by voice
stress analysis (Schiflett, 46). Though not proven conclusively, correlations
apparently exist between the level of voice stress and performance. The
results might also be applied to medsure stress in vocal communication systems
that require operator-workload assessient.

Simulated laboratory tracking tasks are also used to wmeasure 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
1S 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 1identified in the literature.
Most studies deal with determining if stress exists and in what specific ways
it 1s manifested in pilot behavior. More emphasis needs to be placed on
eliminating the problem psychologically and physiologically. The design of
tasks and equipment should be sensitive to these problems.

® Vertigo--Studies in disorientation and vertigo are similar, and tech-
niyues to reduce the effects are essentially the same. Techniques described
under "Disorientation" are used to familiarize 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 1in 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 wmay prove effective in
eliminating vertigo as a factor in aircraft mishaps.

e Visual [llusion--Misinterpreting a real visual 1tnayge or fabricdating
an unreal 1image causes a pilot to become distracted. These false perceptions,
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 1llusions.
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Suminary

The purpose of this section was to describe and identify avidtion tech-
noloyies that have a potential for reducing or eliminating aircraft mishaps
Jue to aajor pilot factors,

The four general technoloyies identified for use to study and remedy
pilot-factor mishaps are 1) questionnaires and interviews, 2) physiological
medasures, 3) simulators, and 4) training.

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

No one technoloyy is best for applicdtion to any ygiven pilot factor. To

successfully eliminate any pilot factor, multiple technoloyies must be applied
in a programmatic fashion.
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V.  U.S. AIR FURCE PRUGRAMS DESIGNELD TO APPLY HUMAN-FACTUR TECHNULUGIES
TO ACCIDENT INVESTIGATION AND PREVENTION

The overall purpose of this section is to describe comprehensive progrdis
of research in the domain 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 programnatic approdach to the prevention of
pilot-factor wmishaps,

(2) describe/define a general resedrch strateyy that will guide the
application of human-factor technoloyies to prevent mishaps related
to pilot factors,

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

(4) propose the "best case" resedarch project within the context of the
integrated programnatic approdch.

Integrated Approach to the [nvestiygation/Prevention
of Pilot-Factor Mishaps

As indicated by literature reviews in the areas of mishap investiyation
and human-factor technologies, the field of aviation sdafety research is in g
state of disarray. The research is characterized by fragmented attempts tu
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 resedrch have
indicated that this disarray also pertains to yround and sea transportation.
This evident confusion is not solely the fault of the researchers. In fact,
transportation safety problems are difficult to solve mdainly because they are
menifested in "rare events." For example, there dare approximately 50,000
highway traffic deaths each year, but this seeningly 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, 1979*). Since the
average trip length 1is approximately 9 miles (Federal Highwday 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 wishdp occurrence and assumed causal factors.
To illustrate this point, in the entire history of corralationdl studies in
traffic safety, very few psychological variables in the uvperator have been
proven to be siynificantly correlated with the occurrence of an accident,

*Personal communicdtion. Jdmes #McKnight, National Public Service Research
Institute, Dec 19/9.
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We dlso have the problen of public acquiescence.  Based on i antounded
assumption that "it can‘t happen to me," the Aimerican public has tacitly
accepted this "human sacrifice” as the cost of private autu Lransportdtion,
In addition, automobile accident investigation procedures vdry fron stdte Lo
state and, indeed, frow individual to individual.

Military aviation has severdl inherent advantages that .nake its mishdp
problem more amenable to research and development than is automopile safety.
First and foremost, investiyative and remedial technijues with notential value
for reducing aviation wmishdps can be implemented. For automobile sdafety in
the civilian comwunity, remedies can only De suggested to the state motor
vehicle administration. 1In addition, the population of Air Force aviators is
much more nomogeneous than the civilian driving population. This provides an
immedsurable advantage 1in both reliability and validity when developing noew
investigative technigues and preventive measures. Finally, there 15 a redl
desire and coumitment within the Air Force to solve the problem of pilot-
factor mishaps. Taken together, these advantages pruvide a positive climate
in which to undertake an effective research and development proygram.

The key to effective reduction of pilot-factor mishaps is an 1inteygrated
program of research that represents the Air Force commitient to mishap reduc-
tion. A proygram such as this requires three elements: 1) a pilot-factor mis-
hap data collection system to define causes in operativnal terwms, 2) an inte-
grated series of research projects applying remedial technologies to the
identified pilot factor, and 3) a computerized data bdsSe mgnagement system Lo
provide a communication link between the investigative resedrch dand the tech-
noloygy application.

The mishap data collection system includes at leusl two components: d
data collection form and a pilot-factor investiygator's checklist (Job perfor-
mance  aids). Developinent of the form requires fturther refinenent of the
definitions of relevant pilot factors from Section [l. Tne forn must then be
applied on a trial basis and undergo iterative "fine tuning." The pilot-
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 redl-tine investigator job andalysis.

An integrated series of resedrch projects (the product of this current
resedarch effort) dare based on standard problem-solution strategy and are aimed
at applying hunan-factor technologies in the areas identified by the nishap
data collection system. Fstablishment of a pilol-factor data base to provide
communication between the investigation enhancement nrogram and the technology
application research programn will require detailed front-end onalysis, review
of existing and eneryging computer hardware, dand dan extensive system-architec-
ture effort. These three elements, when in full operation, can be viewed as 4
pilot-factor mishap reduction system illustrated 1n Figure b,

wWhen operational, the system would include an investigation enhancement
program that would constantly accept data from nedr-mishdps via 4 near-imlss
hot line or some other reporting method. Data reyarding situational, behav-
ioral, psychological, and equipment variables would be collected, coded, and
stored in the nedar-mishap data base. The same type of information would be
obtained during pilot-factor mishap investigations, using an enhanced daty
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coltection foru and a “programmed" data collection procedure. These tech-
niques would be implemented by specially selected and highly trained pilot-
factor investigators. The high relijability and validity of the forms and pru-
cedures, together with the well-trained, highly qualified investigators, would
provide for standardized data entry.

The data collected from mishaps and near-mishaps would bte put intu tihe
pilot-factor mishap data base. This data base can be conceived of as rota-
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 arc
input, stored, and analyzed, their results can be fed back to the investiga-
tion enhancement program 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 new tactics, equipment, or pilot-
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 Technulogy Applicatiuns
Program. To provide a framework for USAF program development, 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 proplen-
definition, phase; a remedial, or concept formulation, phase; and an evalua-
tive, or test and evaluation, phase. Based on our review of the literature
which included possible causes, investigative techniques, and human-factors/
aviation technologies, this is the first time this strateyy has been applied
to aviation safety research.

Research based on the system development imodel begins with problen defi-
nition. Diagnostics relating to psychological, physioloyical, and behavioral
attributes will be applied to the specific pilot factor under investigation in
order to pinpoint the independent variables and dependent ieasures and to
establish hypothetical links between thewm. Following this activity, concept
formulation will begin. This remedial phase describes cormion variables arong
human-factor technologies, selects the best remedial approach, and develops 4
prototype remedial technique applicable to some specific pilot factor. ihe
evaluative phase will provide a test situation based on the dependent neasures
established earlier within which to determine the potential efficacy of the
selected remedial approach. These three phases of rescarch are illustrated n
the following progran structure.




Phase 1: Problem Definition/Diagnostics

(1)
(2)
(3)
(4)
(5)

Apply attitudinal measures to selected
Apply physiological measures samples
Apply behavioral measures of aviators

Establish variables, independent and dependent
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

Investigate training applications in regard to
Investigate simulator applications results of
Investigate job performance aids diagnostics

Establish optimal mix based on diagnostics
Develop prototype remedial approach for further refinenment

Phase Il will yield a list of remedial techniques in the areas of

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 IIl: Evaluation

(1)
(2)
(3)

(4)

Test remedial approach in simulator with selected subject pilot

Test remedial approach in instrumented range context

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

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

Specific Technology Application Projects

Matrix Overview of Potential Research QOptions--The major deliverables

required

from this contractual effort are specific high-payoff research
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projects at the 2-, 3-, and 5-manyear levels of effort. The development of
these resecarch projects was based on three activities previously described,

In Section 11, areas of investigation were identified via analytical
literature search and empirical analysis of aircraft mishaps. Thesc areas of
research were then rank ordered in regard to cost-retated ROI metric in Sec-
tion I[I and are defined as follows:

® (Channelized Attention - A behavioral phenomenun that occurs when a
pilot's full attention is focused on one stimulus to the exclusion of all
others. This becoites a problem when the pilot fails to perform tasks or uro-
cess information of a higher or .ore immediate 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 wotion is incongruent with
respect to Earth. This is due to inadequate sensory stimuli, dan incorrect
interpretation of sensory stimuli due to limitations in sensory receptors,
incorrect selection of conmpeting stimuli, or the absence of a general coygni-
tive franework that realistically orients the operator within his environment.

® Vertigo - A fora of physiological disorientation that occurs when a
pilot senses that he or the external world is rotating. Any form of disorien-
tation becowes 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 pilol'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 datteniion
on flying tasks of & higher or wmore imnediate priority in time to recoynize
and respond to cues of impending disaster.

® fxcessive Motivation To Succeed - A personality characteristic that
predisposes a pilot to set unrealistically high standards for himself and to
try to perforin tasks for which he 15 knuwingly ill-prepared. This becoies a
problen when mission success i1s afforded a higher priority than caution, judg-
rient, or known restrictions.

® (verconfidence - A personality chdracleristic that a pilot ay
develop with experience or with positive reinforcenent during training. 1t
predisposes the pilot to overestimate personal ability, the abitity of others,
and/or the ability of the aircraft. It becomes a problem when the pilot
attenpts 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 1s thus threat-
ened. In such a4 situdation, the pilot's adaptive mechanisas becone severely
taxed., Problems arise when his adaptive wechanisns dare taxed to the point
that they collapse and the pilot is unable to weet the workload dendands of the
flight.
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A. Diagnostic Assessment of the Personality and Behavioral
Variables Underlying Excessive Motivation To Succeed.
(Use block 1D of Fig. 6.)

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

2. Approach/Products:

a. Task I: Review the literature and present applications
regarding psychological 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 IIl: 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 1
calender 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 11E of Fig. 6.)

1. Purpose: The purpose of this research project is to diagnose
d1 [

and provide remedial techniques for the underlying psychosocial characteris-
tics associated with pilots identified as overconfident,
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’ gy todeh s andd Prodacts
® Chase {--taynostic Assessient
a. lask 1o Review the literature and present applications

regarding psychological  assessment specific to overconfidence issues.  The
product of this eftort would be an annotated bibliography of 1) applicable
projective tests and asttitude-nessarenent technigues including MMPL, Thematic
Apperception Test, and wedsures ot attitudes toward equipnent; 2) regulations;
and 3) training techniques.

b. Task 1I: Review the literature and present applications
regarding behavioral assessment of self-confidence by role play, focus groups,
leadership evaluation, and competitive scenarios. The product of this review
would be a list ot selecied assessment technigues with high construct validity
in regard to the ssion managenent duties of a pilot.

c¢. Task 111: Inteyrate most reliable/valid psychological and
behavioral techniques with regard tu implementation cost and feasibility. The
product of this effort would be 1 menu of diagnostic batteries specifically
tailored to the issue of overconfidence and yuided by a representative mission
scenario.

d. Task [v: Apply nost teasible and cust-effective diagnostic
battery to a representative sample of aviators who display overconfidence.
The product of this task would b the identification and operdtional defini-
tion of the psychosocial vuariables underlying overconfidence. These detini-
tions would provide the objectives for remedial strateyies based on a pilot-
confidence index.

® Phase 2--Remedial Strateyy Development

a. Task [:  Review potentidl remedial strategies in personnel
selection/retention/reliability literature. This review will be guided by the
pilot-confidence index derived from the Phase 1 diaynostics. Tne 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 and cost effecliveness.

b. Task Il: Validate the pilot-confidence index against behav-
ioral criteria during controlled, risk-taking situations. Select inost effec-
tive remedial strateqgy with which to apply an index of this type. The product.
of this task would provide the objectives frum which Lo conducl a proyram to
reduce the negative effects of overcontidence.

c. Task IIIl: Develop a prototype remedial progran including
pilot-selection technigues, continuous behavioral observation, intermittent
psychosocial assessment, self-reporting, and reaedial counseling/reassign-
ment. The product of this task would enphasize a4 central measure of pilot
confidence which would quide selection, retention counseling, or redassiyment.,

3. Schedule and Level of Lifurt: The project described dabove would

require funding at the 3-manyear LOT and would be perturmed over ¢ calender
years. The progect schedule is shown in bFigure 3.
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C. A Diaygnostic, Rewedial, Lvaluative Apprudch to the
Reduction of Uisorientation/Vertigo Among Air Force
Pilots. {(Use blocks 1, 11¢, and L111C of Fig. 6).

1. Purpose: The purpose of this pruject is to identify and define
the underlying psychological, physioclogical, and behavioral characteristics
that are assuciated with pilot disorientation and vertigo. In addition, this
project will provide prototype remedial  strdategies and  an operationally
oriented test and evaluation paradign,

2. Approach/Products:

® Phase 1--Diagnostic kvaluation

a. Task [: Conduct literature review on psycholoygical assess-
nment of tendencies toward spatial and temporal disorientation, Assessuient
techniques might include the Naval Aviation Questionnaire, the SAM Stress Bat-
tery, and the Witkens Eubedded 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 physicloyical
measurenent techniques to assess disorientation or vertigo susceptibility,
Such measures might include cortical-evoked potentials, electronmyoygram, and
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 IIl: Conduct revicw of existing behavioral measures of
disorientation/vertigo susceptibility.  Such iweasures 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 neasures by conducting quasi experiments on da representative sample of
Air Force pilots. The product of this task will be a list of composite mea-
sures of disorientation/vertigo ranked in regard to the magnitude of the inter-
correlation among measures.

e. Task V: Select battery of psychological, physiological, and
behavioral measures exhibiting the highest degrec of relationship among then-
selves. Apply these measures as dependent variables in a controlled experiment
using a representative disorientation/vertigo-induction technigue on a randon
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 vari. les underlying disorientation/vertigo. In addition, this task will
provide a 1d and reliable easureient battery for possible application tu
related phenuaena.

® Phase Z--Remedial Strategy Development

a. Task I: Based on diagnostic assesssient and resulting opera-
tional definitions of disorientation/vertigo, conduct Viterature review into
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available renedial strategies in the technology areas of aircrew traiming,
simulation, dand jub performance aids. This will provide a list of renedial
techniques from the three major technology areas. This list, togelher with toe
diagnostic measures, could be used to guide the development of 4 "best cane”
revedial approach.

b. Task II: Integrate selected remedial strateyies into cormpo. -
ite solution approaches relating to the specific results of diagnostic assess-
ment. This effort will provide a menu of sclected approaches that represent
contributions froiv the three technology areas. The approaches will be ranked
in regard to feasibility in relation to the diagnostic results and cost eftec-
tiveness.,

c. Task IIl: Select nost effective -emedial apuroach from the

menu above in regdard to results from the diagnustic phase, cost effectivenens
and feasibility,

[}

® Phase 3--Lvaluation

a. Task l: Design and iaplewent sioglatur scendrios thal 1nduace
disurientation/vertigo vranging from part task to high-tadelity  siowulstion.
Conduct experinents applying selected remedial strategies as independent vari-
ables (treatwent) and diagnostics as dependent wmeasures. The results of “hese
experinents will be used to provide yguiddnce for subsequent evialudtion taske

and to refine the selection of remedigl approach.

b. Task 1l: Based on the results of Task 1, select wost proue-
ising reiedial strateyy and nost valid/reliable aeasirvenent systen and evaluate
both experiientally in  an  Instruiented range envirunaent by  creating
disorientation/vertigo situations in two-place aircraft.  (Subject operates in i
observer position.) The resalts of these expertaents will be fed back 1) tir-
ther refine the approach prior to introduction.

c. Task [ll: Introduce selected renedial technigee inoa 1 nted
fashion intn undergraduate and advanced prlot training where applicable.  'lon-
tor subsequent dccident rates of a selected sanple of new pilots with regard to
disoricentation/vertigo as a pilot factor. The results of these ubservations
will be fed into the pilot-factor data base to help wnroject trends in aircraft
mishaps and to quide future technoloyy-application prograus,

3. Schedule and Level of ttfort: The project described above woul i \
require funding at the S5-manyear Tevel of effort and would be perforied over 3 t
calendar years. The project schedule is shown in Figure 4.

The three projects just described represent the end product of
this systematic approach to program developuent. The 2-, 3-, and H-wanyear
programs fulfill the contractual requirements for prograas with a high selec-
tion potential by the in-house staff. These projects are based on existing
diagnostic, reiedial, and evaluation techniques within the reach of USAFSAH
personnel,
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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 technoloygy
applications that are believed to be the most cost effective and potentially
rewarding of all the options.

Recoiended Research Project

The following research project is designed to apply a diagnostic asseus-
ment, renedial 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 nost often in fighter, attack, and
trainer aircraft mishaps. Together they were associated with $254 nillion in
mishap cost over the period 1977-78. Based on our resecarch described in Sec-
tions Il 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 stimulus. Channelized attention .means that o
pilot continues to focus attention on one stimulus although another stimulus
of more irmediate priority should be attended. For example, during a boibing
run, a pilot may continue to focus his attention on target acquisition or cven
on the bomb trace created on the ground instead of on maintaining fliyht posi-
tion control.

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

Neither channelized attention nor distraction are inherently problematic.
They become problems during flight when the pilot's tise to respond to situa-
tional demands is brief. We believe that an integrated research effort
attacking channelized attention and distraction simultancously has the nwost
potential for success and the highest return on investment. This project 1is
based on the underlying construct of allocating attention in a time-compressed
situation and is described as follows:

A Programmatic Approach to the Reduction of Pilot-Factor Mishaps
Associated with Attention Allocation (Use blocks [A, 1A, T[1IA,
I8, 118, and I1IB from Tig. 6.)

1. Purpose: The purpose of this recomnended project is to use valid and
reliable diagnostics upon which to base the development and evaluation of .ais-
hap reduction strategies aimed at the twe major pilot factors, channelized
attention and distraction.

2. Approach and Products:

® Phase l--Diagnostic Assesswment, This phase reflects a multidiscipli-
nary check-and-balance research philosophy.
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a. Task I: Review the psychological-assessiment literature in order
to develop/adopt diagnostics specific to the phenomenon 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 strategy in terms of
scope, sources, time period, and key words.

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

{3) Subtask 3. Develop and apply criteria for ranking assessment
rnethods 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 rultidisciplinary diagnostic battery.

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

(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, electromyoyrai,
GSR, and heart rate.

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

(4) Product. The product of this task will be a rank-urdered
Tist of physiological measurement technigues that could be
used as part of a battery to assess attention under stress.

c. Task Ill: Review the literature concerning behavioral easures
of attention and performance, including technigues such as dual taskiny,
residual attention capacity, and stress-induction methods.

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

(2) Subtask 2. Review 1in depth selected articles, buuks, and
ongoing research. C(Concentrate on areas such as inforuation
processing, hot cognition, artificial intelligence, and
nmemory structure.




(3) Subtask 3. Develop and apply criteria for ranking behaviorg)

assessment methods according to feasibility, validity, and
cost effectiveness.

(4) Product. The product of this task is a list of assessient

(1)

(2)

(3)

(4)

technigues based on behavioral observation and ranked 1in
regard to operational consideration. This Tist will be used
in conjunction with the psychological and physiological nea-
sures in Task IV.

d. Task IV: Cross-validate high-ranking attention allocation iea-
sures in psychological, physiological, and behavioral assessment described in
Tasks 1, II, and III.

Subtask 1. Design and perform guasi experiments on a Suall
representative sample of Air Force pilots to provide prelini-
nary data for technique validation.

Subtask 2. Perform multiple correlation and regression
analysis on results of the validation studies to deterimine
the strength of relationships among neasurenent technigues.

Subtask 3. Construct a list of composite attention medasures
rank ordered by strength of relationship, cost of implementa-
tion, and feasibility.

Product. The pruduct of this task will be recomnaended atten-
tion-assessment batteries.

e. Task V: Select and refine the wmost promising wltidisciplingry
assessiment battery,

(1)

(2)

Subtask 1. Choose the combination of psychological, physio-
lTogical, and behavioral measures that exhibit the highest
degree of interrclationship amonyg the measures.

Subtask 2. Apply this assessment battery as dependent mea-
sures 1n 4 controlled experiment asing a imssion-based,
attention-allocation task and ¢ representative sauple of Air
Force pilots.,

Subtask 3. Feed back the result of this experiuent 1n order
to refine and specify the measurement batlery n regard to
pmission objectives. Input results to pilot-factur-mmshap
data base.

Product. The produc: of this task, and of Phase |, will be

the 1dentification and precise woperationdl definition of

psychological, physiological, and behavioral variables under-
lying attention allocation., This effort will also provide o
valid and reliable measurement battery for future application
to this attention factor and related phenomena.




———

e Phase 2--Remedial Strategy Development. Based on systems integra-

tion approach; i.e., requirenents vs capabilities.

ae

Task 1: Conduct literature reviews of remedial techniques yuided

by results of diagnostic assessiment.

b.

(1) 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 renedial
techniques according to feasibility, wvalidity, and cost
effectiveness.

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

Task Il: Integrate attention-allocation recimedial strategies frow

technology areas of training, simulation, and job performance aids.

ment.

(1) Subtask 1. From the three technology dareas, choose pronisiny
remedial techniques based on operational criteria.

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

(3) Product. The product of this task will be & list of the
three most promising remedial approaches to the reduction of
attention-allocation nishaps.

Task IIIl: Select optimal remedial strategy using a quasi oxperi-

(1) Subtask 1. Select/adopt representative mission 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 wmedsures.

(3) Subtask 3. Analyze data frum experiment and select ost
effective and reliable remedial approach.

(4) Product. The product will be a best-case remedial approdch

based on empirical research findings, operational feasibil-
ity, and potential return on investment.
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¢ Phase 3--tvaluation. This phase is based on a successive-approri-
mations approach to evaluation under operational conditions.

a. Task 1: Design/conduct simulator experiments to evaluate roe-
dial approach.

(1) Subtask 1. From operational missions, design or adopt spo-
cific scenarios that produce situations associated with
attention-allocation problems.

(2) Subtask 2. On sizable, representative sample of Air Force
pilots, conduct controlled experiments desiyned dround is-
sion scenarios. Employ remedial strategy as independent
variables and diagnostic battery as dependent measures.

{3) Subtask 3. Collect, reduce, and analyze data, then input (o
pilot-factor-nishap data base,

(84) Product. Results of these experiments will orovide guidence
to subsequent evaluative tasks and refincuent to the reaedi ;)
approach and investigation prucess.

b. Task [I: Based on results of fTask 1, subject retined remedial
strateqy or alternate remedial strategy to instrunented range cvaludation,

(1) Subtask 1. Desiygn or adopt scenarivs froua Task | to specitic
requirenents of instrumented range siaualation. Arrange
administrative details.

(2) Subtask 2. 0On stringently sclected sample of Alr toree
pilots, conduct controlled experinents designed argund ns-
sion scenarios shown tu produce attention-allocalion prob-

lens. Use reciedial  strategy as treatient, dand dragnostic
battery das dependent nedsures. Record wisstons for future
analysis.

(3) Subtask 3. Collect, reduce, and analyze ddata and 1mput Lo
pilot-factor-mishap data base.

(4) Product. The result of these experiments will be fod back Lo
further refine the remedial appruach prior to antroduction
and will be input Lo the data base.

c. Task lII. Plan the intraduction of remedidal approaches to redace
attention-allocation ishaps.

(1) Subtask 1. Plan the integration of the new reaedial approach
with underyraduate  and  advanced pilot-trartaing  curricalda
according Lo interservice procedures for Instruclion Systen
NDevelopnent.,

(2) Subtask 2. Design g procedure Lo wonitor sabscquent nshag

and near-imishap rates for a selected sample of pilots over o
S-year period,




F (3) Product. The product of Task 1II, and Phase I11I, will be a
' plan for introducing the refined remedial approach, to be
[ implemented by the Air Force.

3. Schedule and Level of Effort: The recomiended approach to reducing .
mishaps associated with channelized attention and distraction would require v
funding at the 7-manyear level of effort, [t would be conducted over 39 b
calendar months with a 3-month report-evaluation period included. The hypoth-
esis that channelized attention and distraction dare two aspects of attention q
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.
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APPENDIX A.  LITERATURE SEARCH STRATEGY AND
ANNOTATLD REFERENCES

Much of the information contained in this report was obtained frow liter-
ature in the field of aviation safety. The wmajor focus of this review was the
pilot-factor causes of aircraft mishaps and current aviation technolugies that
have potential for reducing or eliminating mishaps due to these causes.

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

Sources and Search Strateqgy

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

Table A-1 presents keywords used to scan the holdings of each source.
For the NTIS search, combinations of keywords were used. This is reflected by
first-level and sccond-level search terms in which each first-level terin is
searched by itself and in combination with a second-level search terit, D1f-
ferent keywords were used for NTIS and Psychological Abstrdacts since the two
sources have different keyword-retrieval mechanisms. The review was confined
primarily to articles and reports written during the 1970's.

In addition to these major sources, three other suvurces of materials were
scanned.

(1) Human Factors, the journal of The Huwan Factors Society, for the
period 1970-79. This journal frequently publishes articles on avia-
tion safety.

(2) The Annual Proceedings of The Huian Factors Society, for the wectings
in 1978 and 1979.

(3) Selected populdr nagazines and newspapers, including the U.S. Aray
Aviation Diygest, Air Force Mayazine, Aviation and Space Technology,
Air Force Times, and the Arny Times.

Search Strategy--Threc passes were iede through the literature. The
first pass was a keyword search of NTIS and Psychological Abstracts and a4
review of the other sources on the basis of which a number of articles and
reports were sclected. Second, the abstract, introduction, and conclusion
sections of edch article were read to see if the article pertained to either
pilot-factor causes of mishaps or the technologies available to remedy these
mishaps. Third, articles that were selected on the basis of this pass were
read in depth,
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The reading of these articles was guided by an abstracting foru (Lxhibit
B-2, Appendix B). The form 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 followiny
annugtated references.,

Annotated References

1. Alkov, R. A. Life changes and accident behavior. Approach, pp. 13-20,
Feb 1975.

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 incredse his or her accident liability. A tabular presentdation is yiven
of lifestyle changes during deployment for Naval officers. The total effect
of these changes is thought to tax the aviator's ability tu cope.

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

A behavioral analysis was inade of fatal pilot-error aircraft accidents in
the U.S. Navy during fiscal years 1975 and 1976. A 43-item recent Iii1fe-
changes questionnaire, developed by Dr. Thomas Holmes and Captain Richard
Rahe, was sent to squadrons reporting fatal pilot-error dccidents for comple-
tion by survivaors, A dozen pilot-error accidents involviny 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, The psychologist's role in aircraft accident investiga-
tions. [n K.G.G. Corkindale (tEd.). Behavioral aspects of aircraft
accidents: NATO AGARD Conference Proceedings No. 132. London: Tech-
nical kditing 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 1 long-tern study of the usetulness of the third type ot activ-
ity. This approach to improving flight safety makes use of information and
techniques fron the fields of applied experimental psycholoyy, organizational
psychology, eryonomics, 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 oryganizational systemn were recomuended.

4, Bateman, R. P, Investigdtion of pattern recognition of aircraft attitude
indicator display. Wright-Patterson AFB, Ohio: Air Force Institute ot
Technology, Master's thesis, June 19/3.
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Spatial disorientation accident statistics and unsuccessful attempts to
prevent these aircraft accidents dare reviewed. The lack of a theoretical
basis for flight instrument design is noted. A systems dapproach to the prob-
lem 1s proposed, which requires a knowledge of the human visual system. It is
suggested that attitude indicator displays, the interface petween wan and
machine, should be designed to be compatible with an internal model of spatiil
position. Orientation in space by the usc of flight instruments is identificd
4s a4 pattern recognition problem. A Fourier transform model of the human
visual system is used to evaluate and classify attitude indicator displays.
Analgorithm 1is proposed for separating patterns with respect to a single
characteristic. Results of this experiment show that the fixed and .woving
horizon displays are mapped into opposite halves of the linear decision
space. This discovery is the basis for a prediction that the human operator
may comnit errors of reversal when using the moving horizon display. The
predicted reversals have been reported as results of an in-flight experiment.
The filtered Fourier transform ilodel 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,
mental load, physical overload, and psycholoyical factors are discussed.

b. Bergman, C. A. An airplane performance control systew: A flight experi-
ment. Human Factors 18(2):173-182 (1976).

Pilot performance and preference neasures were obtained for 12 pilots in
actual flight operations using a twin-engine general aviation aircraft with
both conventional controls and a Performance Contral System (PCS). The P.>
provides zero-order control of aircraft bank angle and vertical speed over 1ne
ranges of t60 and :457.2 m/min, respectively. An infurmation-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 "strony" preference fur
each of the two control systems, showed a moderate preference for the PCS as
the median response.

7. Beringer, D. B., et at, The transition of experienced pilots to 4
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 Beechuraft C-45H using the moving
horizon, moving airplane, and frequency-separated attitude displays. The
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 perforuance
of both the frequency-separated and moving horizon displays when compared '
the moving airplane display during unknown attitude recoveries. The freguency-
separated display was superior to all others during disturbed attitude track-
ing. It was concluded that the flight performance of experienced pilots during
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thelr initial transition to a frequency-separated flight attitude presentatiocn
is at least comparable, and for some tasks superior, to their flight perfor-
mance with the conventional moving horizon presentation.

3. Bermudez, J. M., et al. Peripheral vision and tracking perfurimance 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 a
ratural stress-resistant information channel that could be used to input
information during stressful flight situations. [t 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 male
cadets, The 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 memory 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. MWright-Patterson AFB, Ohjo:
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.

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

A 10-item, voluntary questionnaire answered by 674 flight and ground
schools provided information on (1) the conduct of formal instruction about
disorientation, (2) the occurrence and content of lectures on disorientation,
(3) use of on-the-ground denonstrations of disorientation, (4) use of 1n-the-
air demonstrations of disorientation, (5) use of films on pilot vertiyou, (<’
amount of instrument-flying training students receive, {7) amount of inucr -
ment-flying training required of flight instructors to maintain “heir v oo
ciency, (8) adequacy of the school's program oun disorientdtion froonoe
other comments, and (10) nunerical data regarding the rngwer
beginning and completiny various tlight and/or groundt .h o
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More than one-third of the respondents evaluated their disorientdation
training program as inadequate and detined the inadequdcy .aost often as a lack
of appropriate inaterials, aids, and information. Tabulations of responses lu
the separate items suygested aredas for improvement in disorientation train-
ing. Recommendativns were nade.

11. Collins, W. t. Effective approaches to disorientation famniliarization
for personnel. Washington, D.C.: FAA Office of Avialtion iedicine.
Report No. AM-70-17, Nov 1970.

The purpose of the report is to explain dan dpproach Lo familiarizing
aviation personnel with the hazards of disorientation and to provide sugyges-
tions for use in other training prograns. The methodoloyy is not desiyned to
train pilots so that they will be immune to disorientation problems, but only
to familiarize them with many of the unusual and false perceptions of vestib-
ular origin that can occur in flight and to iipress upon them the iwportance
of obtaining an instrument rating and maintaining instrument proficiency.

A modification of a rotating device (motor-driven rotating chdir) is used
to simulate aircraft motion. A pilot sits in the chair, others observe. Roou
lights are turned off and the pilot can see only "approachingy aircraft,”
framed through his "window." Smooth clockwise acceleration is applied, then
constant turning velocity. The pilot 1is asked to report turning rate and
direction. He is then instructed to turn his head in various positions dnd
report his sensations. Finally the chair 1is 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 .ovement is actually a con-
stant velocity, turning in a clockwise direction.

12. Dean, P. J. The human factor 1in cyclic aircraft accident patterns. In 1
K.G.G. Corkindale (td.). Behavioral aspects of aircraft accidents: 4
NATO AGARD Conference Proceedings No. 132. London: Technical Editing
and Reproduction Ltd., Dec 1973.

Investigations were directed toward (a) identifying and describing any
cyclic yearly patterns in the accident rates of the CF-104 flying with the
Canadian Forces Europe, (b} isolating the human factors that produce such pat-
terns, and (c) translating the findings into recommnendations that can 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
jinitial 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 thesc 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 1976.

The performance of instructor pilots was compared with that of student
pilots in two visual scanning tasks. In the first task both groups werc shown




slides of T-37 instrument displays. Soe  slides contained o siynificant
deviation from a predetermined straight and level course, and the task was Lu
detect the error as quickly as possible. Instructor pilots detected errurs
faster dand with yredter dccuracy thdan student piltots, thus providing evidence
tor the validity of the procedures employed. However, contrary Lo the concept
ot o fixed cross-check, student pilots showed a yreater tendency to use o
systeinatic sedrch pattern than did instructor pilots. This result suyggests
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 ewphasize inportant or difficult aspects of the display.

In the second experiment the attention diagnostic method task wdas
employed to determine 1f the experience in visual scanning obtained in the
flight situation would transfer to a novel scanning task. In the first ses-
sion, instructor pilots, student pilots, and 4 group of university students
showed no differences in response latency. Instructor pilots, however, showed
a significant linear decredse 1in latency over the course of eight sessions,
while this trend was absent in the other two groups. This sugygests 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 uUPT
program to facilitate the more rapid development of adaptive scanning strate-
gies.

14. Demos, D0. L., Residual attention as a predictor of pilot perforiance.
Human Factors 20(4):435-440 (1978).

Sixteen student pilots perforimed a task combination desiyned to measure
residual attention. Scores on this combination were correlated with perfor-
mances 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. Dimitrov, D. Reasons for certain errors in piloting, Wright-Patterson
AFB, Ohio: Translation and Foreign Technology Civisions. Docunent
No. FTD-ID(RS) I-1/62-76, Feb 1977.

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

16. Directorate of Aerospace Safety. Change pace danalysis. Norton AFB,
California: Air Force Inspection and Safety Center, Aug 1973.

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

The study concludes that the stability of USAF destroyed-aircraft rates,

as deternmiined in 1974-76, is changing. The 1977-78 rates appedar Lo be signif-
icant increases. 0f the mishaps, 81% occurred during daylight hours and 433
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were involved in special snissiuns.  Additional analyses highbight the relative
cuntributions of expertence, tradning, overcoursitaent, and distraction,

17. Famiglietti, L. Quinine water, bad for pirioes?  Air torce Tuaes, Sep
1979.

This article discusses Arued furces Iastitute of vathology (Af1P) tind-
ings that guinine contained in "mixers® gy produce spatial disurientation and
contribute to aircrafL mishaps. The general disruption of inner-car functions
ie addressed and a forthcoming AFIP study is cited.

14, Flackenbers, 8. Pilot factor in aircraft accident of the German tederal
Aruied Forces.  In K.G.G. Corkindale (Ld.). Behavioral aspects ot air-
craft accidents:  NATU AGARD Conference Proceedings No. 132. London:
Technical tdating and Reproduction Ltd., Dec 1973,

Apn aralysts was made with reference to the most freguent types of silot
error in 154 aireraflt gccidents which occurred in the yedrs 1967-70.  Sf spe-
cial interest were diftorences oetween pilots of jet aircraft, propeller air-
craft, and nelicogters. The flying experience of the pilot, his aye, ang
other time-variablo factors were alsy taken into consideratiuon,

In general, errors predoainantly occurred during low-level flight and
during the leadimg ohase dnwediately before touchdown.  In jat aircraft acci-
dents, @10St errurs were cusnditted by the pilot due to an extreme workloaed in
handling his daircraft. In olher cateyories, particalarly propeller-driven
aircraft, the uwre pronounced types of errors were those that  aay e
attributed to lhe pilot's personal attitude (in extreae cases, resulting in
violatiuns). Wher  cothors'  findings related Lo tlying experience were
confirned. The age dist-ibution of pitots differed remarkably froa data o
other publications,

19.  Grahan, W. Huinan  tactors considerations in pilot warning instrument
systems. Washington, D.C.:  FAA Systeas Research and Development Ser-
vice. KReport No. FAA-RD-71-114, Dec 1971,

A pitol warning instrument (PUl) alerts the pilot to the presence of
potentially threatening aircraft and thereby increases the probability of
detection. Every time a PWl alaris, the piltot can compare the position ot
aircraft scen, 1f any, with the nformation ygiven by the PWl. Whenever
another dircraft is seen, the pilot can consider whether or not the PUl has
signalled its presence. These experiences will condition the pitot to attach
more or less urdgency to PWIL alaruis, and Lhe degree of urgency will directly
affect the ultility of the PWI. Sume rate of alarws on undetected taryets
will cause the pilotl to ignore or turn off the eguipment.  The question of the
reiatinnship between the nature of aldrws and pilut perforidnce 1S quantita-
tive; a siswlator capable of reproducing the same stimulus conditions 1.,
essential for comparison of various PWl systems. A shuulator capable of gen-
grating realistic stimuli is essential to obtain quantitatively meaningful
results. This report summarizes the aspects of pitot behavior related to PWl
gperdtion that require study, outhines a aodel for generation of appropriate
threat environments, and describes a siulator facility designed specitically
to study the human-factor considerdations 1 PUL desiygn.
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20. Gunning, P. Tuae estimation as a technigue to measure workload. Huran
ractors Conference Proceedings 22nd Annual Meeting. Santa Municae,
California: The Human Factors Society, Inc., 1978.

Based on S. Hart's (NASA Research Center) findings, a secondary task
mmvolving tine estimation was used as a measure of workload on a flight simu-
lation study. The results of the time estimation task were compared with per-
formance scores for two pilot transport craft and subjective workload ratings
to evaluate the adeguacy of the task. The successes and failures of the tech-
nique are discussed.

21. Hartman, B. 0., et al. Fatigue in FB-111 crewnewpvers. Aerospace Medi-
cine 45(9):1026-1029 (1974).

Fifteen biomedically dedicated missions of 8-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- anc
post-nission sleep. In addition, urine samples obtained from one crew on an
unusually demanding mission, were analyzed for epinephrine, norephinephrine,
17-hydroxycorticosteroids, sodium, potassiuan, and urea. The data showed that
the crews experienced moderate fatigue and stress, aggravated by physical
discoifort, from which they recovered after one night uf sleep.

22. Hasbrook, A. H., et al. Performance and heart rate during in-flight US{
of a compact instrument display. Washington, D.C.: FAA Office ot
Aviation Medicine. Report No. FAA-AM-75-12, Nov 1975,

[nstrument panels in any gencral aviation aircraft are beconing increas-
ingly crowded, presenting the pilot with an instrument scanning problei.
Because most aircraft instruments require use of central (foveal) vision, the
pilot must look directly at each instrument to obtain necded information,
taking time that may not be available during an instrument approach to pub-
lished minimuns. To sce if problemns of adequate scanning might be alleviated
by reducing and changing the size of certain instruments and utilizing the
pilot's peripheral vision, an in-fliyht study of pilot performance was con-
ducted with an experimental instrument display. The display was used in
flight by low-time and high-tine professional pilots. The major findings of
this study indicate that pilot perforimance 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 perfornance
with conventional instruments, in spite of little familiarization time and
without regyard to pilot experience. No difference in stress (as weasured by
heart rate) was evident between the experimental and conventional displays.
The pilot's subjective reaction to the new type display was favorable. Panel
space requirements can be reduced at least 25% 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  Systems Research and
Development Service, Report No. FAA-RND-77-26, Sep 1976.




Stall/syne accidents dnvolving gener ) avialion slrorat'  acesunt tor
lTarge nuaber of fuat .l and sertons arguries.  inodan eftort 1o reduce this acct-
dent rate, focas s placed on te potentyal of enitanced ot Craining o the
areas of stall/qpin recoanition, avoidanco, and recoydaery.

The objectives ot Lhy study were Do delernine Vhe wesknesses ot prosent
flight training syllabi, the methods of Craiaing asod, and the t1ight instruc-
tion presently provided in the stali/soin area; Lo conceive dan expertaental
stall/spin increment to an estadlished thight and ground training syllabus,
and to conduct thight and ground test ovaluations of this oy1labas change and
the flight insiraction Loonny ues regpared,

Velunteer stuadent nitots were dovided into four grogss tor the evalaation
procedures:  Lrad b owas Lhe conbrcd e and recotved nooadditional o siall’
spine Inshouction, froun Coveceived alirtionat o ground Iingiregcrton i stalls/
SPINs; Urodp 5 received O houars of flhiant instenaction on o stall oand spoin oavoird-
ance in addition {9 Uhe dround school  inereacnt, Groupy 4 was given the same
instruction as Grous 3 ola Uraiac:r voantentronat spins, Pvaludtton flight
tests were conducted vrior to ard crer Che Seaiaing peviod,

Resulis yndicate that addriaonal croand troyaiag v the sabject of stall
and spins, additional tliaht trooo g anostall o swareness, and/orointentional
SPIN fravaing o wouid sl o naca o et it hence o retacing Tadadvertent
stalls wnr oo s,

2000 Hop tnsy T o0 o wiach v G vou cay for that o box! o Human Tactlors
Lidminhnd-n41 (1479,

Some clatmed coso, caftety, fiiciency, and ettectiveness advantages of
aircratt simulators tor training are eguivocal.  Hftectivensess ot simulator
training deponds wostly upon Lhe treining arocedures. Other factors alleged
Lo influence the effectiveness of siaalators vary in thens dowonstrated iapor-
Lance., These are considered n the context, of physical somalation vs. psy-
chological simataltion, suualation {idelity and mobivdtion, and pilot dccen-
tance. One of the more costly areds ot engineering development Lo 1ncreas.
fidelity of physical simulation s motion systons,  No o experimental evidence
is available to show that siaulator motion enhances Lransfer of training.
Cost effectiveness hds not been demonstrated for many interesting and attrac-
tive teatares that are standard iruwings on fiight training simulators.  The
acquisition of simiutaltor, costing several ties das awch to own and nperdate as
their counterpart artrplanes ey produce o backlash that will set back the
desirable use of cost-eftective stauldiors in reasonable research and Lraining
pruyramns.

25. Israel, D. R., ot al. Ralionale for wmproving Lhe protection against
midair colliston.  Washington, D.C.:  FAA Associate Administrator for
Cngineering and Development, Report No. VAM-ED-75<1, Vol. 1, Dec 1975,

This Jdecaient summarizes the tindings, conclusions, dand recomnendat ion
ot 4 Vederal Aviation Adminisiration working yroup established under  the
ausnitces of the Associate Admintastrator for {ngineering and Development to
consider the perlinent data, anilyses, test o and other factors bedaring on
nossible methods and technigues tor orovent g midatr collisions.  Mandatory
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airborne collision-avoidance equipment has no apparent benefit for wuch of tiw
fleet. Supporting details and information developed by the working ygroup are
available in the form of a large nunber of self-explanatory briefing cherts
and tables which are contained in Volune 11. Source documentation is listed
in Lhe bibliography.

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

Due to the complex, dynamic, and fast-moving nature of the air conbat
task, performance assessment during air-to-air combat provides many unique
measurement problems. A combined analytical and empirical technical approach
was used to develop a candidate wmeasurement structure and algorithm for
measuring pilot perfurmance during one-versus-one combat maneuvering. Thirty
oilots and 405 air engayements were considered in the analysis.

dedrly all 2¢ candidate measures were found to discriminate between hiyh-
and low-skilled pilots during free engagements on the simulator for air-to-air
combat. Discriminant analyses provided a measurement alygorithm consisting of
13 measures that accounted for b1% of the variance in the perforamance data and
which predicted memnbership in high- or low-skill groups with 92% accuracy.

27. King, N. W., and E. k. tddowes. Similarities and ditferences anong supe-
rior, wmarginal, and eliminated undergraduate pilot training. Williaus
AFB, Arizona: Air Force Human Resources Laboratory. Technical Report
ido. AFHRL-76-12, May 197¢.

A recent study of attrition of students from undergraduate pilot training
(UPT) revealed a number of problens with UPT as perceived by the eliminees,
fhat study, however, could not determine whether the probleins were specific to
eliminees or whether they were indications of yeneral problens for all students
in UPT. This study gathered data about training problems from students about
to graduate from UJPT. Comparisons of information from the Jgraduates with
information from the eliminees permitted conclusions to be drawn as to prob-
lemns general to UPT students as opposed to those specific to students elimi-
nated from the progran.

Z28.  Kirkham, W. R., et al, Spatial disorientation in general aviation acci-
dents., Oklahomae City, Oklahoma: Federal Aviation Admininstration,
Technical Report No. FAA AM-78-13, Mar 1978.

Accident reports made by the National fransportation Safety Board for 4

recent b6-year period were reviewed. Statistical computations were made
relating spatial disorientation {SD) to fatal accidents. SO was involved in
2.5% of all yeneral 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., SD was a cause or factor in 16% of all fatal
accidents. When 5D was described as a cause or factor in an accident, 90% of
the time that accident involved fatalities. Small fixed-wiing aircratl (under
12,500 1b) accounted for 97.3% of all SU accidents.
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JU. 0 Kowalshy, MNooBo, oot al. Anoandbys ey of o pilot-ercur-related aircraft
dccrdents.  Wasiinglon, U.L.: Nattonal Aeronattics and Space Adminis-
tration. Report do. CRZ449. Jun 1974,

A multidisciplinary teany approgeh tu pilot-error-related U.S. air carrier
Jet  aitrcraft accident  anvestrgation records  successtally reclatued  hidden
hugian-error inforudation not shown an statistical studies.  New analytic tech-
nigques were developed and applied Lo the data Lo discover dand idenlity wulii-
ple elements or commonal ity and snared chardcteristics within tils yroup ot
accidents.

Three techmigies uf analysis were used: (1) Lritical-element danalysts,
which dewonsirated the naportance ot a subjective gqualitative gpproach to raw
accident data and surfaced intorngtion heretofure anavaildble; {2) cluster
analysis, which wis an exploratory research toel that will lead L0 increased
understanding and Taproved organization ut facls, the discovery of new aneaning
in targe data sets, and the generation ot explanatlury hypotheses; dand (3) pdt-
tern recognitian, by which accidents can bo cdtegurized by pattern contorianity
after critical-cloment dentifica: ton by cluster analysis.,

3U. Krause, . Lo A psychoioyitcal cpprvach 1o aviation safety.  Haxwell AbS,
Alabana: Arr Command and Staft Colloege,  Peport Ro. 13bd-77, ilay 1977,

Prlot st superyisory errer conlio.e Looaccount tor over one-halt ot the
Alr Force's aviatten accidencs. through o sarvey ot ad pirlols, Lhis study
atteapts to apply psychological prancigles Lo aviabion safety, auphasize the
salient psychological atiributes of the pitot, and provide a behavioral frane-
wark within which to wiobivate the pilot Lo acl sately.

3le Levisorn, We Hey oLl al. HModel g the eftects ol envirvomaental factors on
hunan control and information. dright-Patterson AFS, Dhio,:  Air Force
Medical Resvarch Laboratory. ANRL-TH-/u-/4, Auyg 1976,

The optimal-controal pilot/vehicle aodel has been woditied to allow
difterent treatient of sotor-related nlol "norse.”  Specifically, the concept
of “pseudo nmotor noise” has been dapleuented Lo provide o wwodel  paraveter
related wore directly to uncertainties dabout the control system as well au
uncertainties aboul the pitot's control nput.  In addition, noise s 1njected
on control rate ds suygested moa previons study.

Application of the revised nodel dues notl support the hypothesys that
vibration degrades tracking perfornance by interfering with otor-related
feedbacks. A more tenabie hypothesis s Lhal vibration introduces uanwanled
stochastic control nputls that directly perturb the control systen.

32. Matheny, W. G. Tratning resecarch progran plans:  Advanced swmmwlation in
undergraduate pilot training. Brovks AFB, Texas: Air torce Huuan
Resources Laboratory. Technical Report Noo AJA-DIH-486, June 1975,

This study reviewed major training resedrch questions, assessed priori-
ties via QOelphi technigque, and produced a Tist of critically needed suwudies.




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

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

Huinan factors and system safety engineering concepts frequently have not
been incorporated in the design of U.S. Navy aircraft cockpits. The relation-
ship of human-factur cockpit deficiencies to pilot error and operator ineffi-
ciency 1is exanined, and the need for a comprehensive data base of thesc
deficiencies is demonstrated. A guestionnaire 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-factor
deficiency data. Recommendations are made for expanding data collection to 4
Navy-wide basis.

34. Mrosia, C. A. Fatigue and aircrew management. Maxwell AFB, Alabawma:
Air Command and Staff College/EDCC. Report No. 1730~77, May 1977.

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

35. North, R. A., and K. Graffunder. Evaluation of pilot workload nmetric for
sirulator VTIOL landing tasks. Proceedings of The Huinan Factors Society
23rd Annual Mecting, pp. 357-361. Santa Monica, California: The Huuan
Factors Society, Inc., 1979.

A methodological approach to measuring workload was investigated for
evaluation of new concepts in VIOL aircraft displays. Multivariate discriai-
nant functions were formed from conventional flight performnance and/or visudl
response variables to best detect experimental differences. The flight per-
formance variaple discriitinant showed naximui differentiation between cruss-
wind conditions. The visual-response-measure discriminant saxinized differ-
ences between fixed vs. motion base conditions and experiiniental 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 agrcement with previous studies. High wmuscle 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.

36b. Pierce, 3. J., and J. Deilaio. Validation of an in-flight perforaance
sethodology, F-Y yround attack training evaluation. Proceedings of The
Human Factors Society 23rd Annual Meeting. pp. 320-373. Santa Monica,
California: The Human Factors Society, Inc., 1979.
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Validity and applicability were assessed tor o weasurement aethodology
developed to evaluate airborne perfurmance on conventional weapon delivery
maneuvers. The miethodology provides an analysis of pitot performance using a
stage-by-stage rating technigue. Pilots assiyned to an F-4 training squadron
served as subjects. Instructor pilot ratings of the individudal stages of the
delivery yielded a reliable indicator of the yuality of performance on that
pass. The data addressed issues regarding which stages of the waneuver were
most difficult, which improved wmost over training, and to whdt extent thiy
inprovenent affected performance on the entire delivery.

37. Price, D. L. The effects of certain gimbal orders on tardet dcquisition
and workload. Human Factours 17(b):571-76 (197%).

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

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

The limitations of see-and-avoid imposed on the pilot are reviewed, and
actions are recommended to lessen the effect of these limitations. Saine
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 by eliminating and further com-
bining routes. This action 1s 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 comsunity.

2. Initiate the Sectional Aerunautical Chart printing/publicity pro-
yram. This action is considered the only suitable means available tu adver-
tise tha locations of the routes to the denerdl aviation pilot in a usable,
practical method. [t would be number one in priority if reducing the nunber
of routes was not necessary in order to prevent the potential unacceptable
clutter from charting all present routes.

3. Equip all agircraft using low-altitude training routes with high-
intensity strobe 1lights. This proyram should be continued on the schedule
recorxiended by the General Officer Panel with eaphasis on these aircraft.

39, Ricketson, D. S., et al, [ncidence, cost, and factur analysis of pilout
accident errors in U.S. Army aviation. In K.uG.G. Corkindale (Ld.).
Behavioral aspects of aircraft accidents: NATJ AGARD Conference Pro-
ceedings No. 132. London: Technical tditing and Reproduction Ltd.,
Dec 1973.
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From 1953 throuyh 1972, pilot errour was a consistently large and costiy
cause of accidents. Past analytic and prevention efforts have not dpprodched
pilot-error accidents in tne context of malfunctions amony the Dpasic ian-
nachine-environment elements. Such an approach was proposed and seeks to
identify the common husnan-errur events 1n pilot-error accidents. A pdrtial
test of this appruach was nade with helicopter and airplane wmishdp inforimation
'noits present form. A factor danalysis produced nine meaningful and represen-
tative factors: disorientation, overconfidence, procedural decisions, crew
coordination, experience, precise amultiple control, tdask saturation, atten-
tion, and weather. A component score analysis yielded pilot and mishap back-
ground information which was helpful in interpreting the fdctors. An experi-
mental human-error-events reporting furm was developed which holds promise for
c¢learer identification of wishap-causing system elements and corrective
measures required,

40. Robins, J. E., and T. G. Ryan. Lvaluation of the role of simulators in
training airborne ASN operations? In K.G.G. Corkindale (Ld.). Behav-

ioral aspects of aircraft daccidents: NATO AGARD Conference Proceedings
No. 132. London: Technical Editing and Reproduction Ltd., Dec 1973.

This study investigated the effectiveness of U.S. Navy device 2FbYB, a4
weapons trainer for the P3A and P3B aircraft. The device provides tactics
crews with tean training in the detection, tracking, and destruction of modern
deep-diving submarines. Careful selection, variation, and control of provlen
conditions should enable instructors to train the tactics tedams to analyze and
respond to situations likely to occur during the actual anti-submarine-warfare
missions. Study results indicate that learning takes place in the stawulator,
wWwith positive transfer to the operational environment. However, there 1s roon
for improvenent and modification of the training curriculun. This study was
performed under a U.S. Navy NATEC contract.

41. Rolfe, J. M., and J. W. Chappelow. The application of dircrew opinions
on cockpit tasks and equipwent to flight safety research. In K.G.G.
Corkindale (Ed.). dehavioral aspects of aircraft accidents: NATO
AGARD Conference Proceedings No. 132. London: Technical tditing and
Reproduction Ltd., Oec 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 amount of workload during nine phases of flying, the nature
of the tasks involved at each phase, and cockpit design were assessed by yues-
tionnaires completed by pilots. The premise was that in the flight safely
context, the opinions nf aircrew on the conditions of their job are particu-
larly relevart to accidents attributed to human error,

42. Sanders, M. G., et al. Personality aspects of pilot-error dccident
involvement. Washington, 0.C.: U.S. Army Medical Research dnd Oevel-
opment Command. USAARL Report No. 75-1, July 1974,

The consistently high frequency of pilot-error accidents 1n both wilitary
and civilian aviation proygrams does amuch to support explordatory resedarch that
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atght help arvleviate the problen. Cattetlt's Sixteen Personai ity baclurs Jues-
tionnaire (1o PH) and o dynenic decision-making task {inder risk) were yiven
to 51 Arny aviators. Accident files were then exautned Lo classify the avie-
tors as to their prior pitot-error accident involvenent.  Jiscriainant danaly-
ses revealed tnat the decision-uoking Liask scores were unrelated to the prlot-
error accident yrodpings, while the lo P scores were odle tu correctly
classify so% of the avidtors as Lo whether ar not they had been previously
listed as a cause factor in a military accident. Dependency, practicality,
and forthrightness were listed as contribuling variables.

43. Sanders, M. 4., et al. A cross-validation stidy of the personalivy
aspects of dnvolvement in pilot-error accidents. Washington, J.C.:
oS Arny HMedical Research ardd developnent Comnand.  USAARL Report No.
75-15, Mar 1475,

Pilot-error accidents have dumninated  gccrdent  statistics consistently
from the 14940's to the resent. Sialy-51x ovialors were given the 16 PEoan an
attemipt to cross-wvalidite the findings repurted oy Sanders et al. in 1974
(Ref. 42). The results Iindicale thal the persunalivy factors did not signifi-
ca ..y discriminate between Lhe pilou-error accident groups. The prinary
personality difterences between thc present sample and the origingl  sdaple
were due to variation. mn the prluc-error accident-free yroups.  The tindings
indicate that individudal diffterences in personality characteristics of  the
avidtors prevent conststent adentificavion of traits associated with pilot-
error yroups.

44, Sant1lli, S R. Uritical anterfaces between environment and organisia in
class A mishaps: A retrospective analysis. Brooks AFB, Texds: USAF
School of Aerospace Medicine.  SAM-TR-38U-3, June 1930.

Aircraft aishap prevention efforts in the past have been extrenely sic-
cessful.  Since 1970, however, the mishap rate decrease has leveled off, ang
Wost experts agree that it can be further reduced.  This study focuses on the
human-factor aspects of mishap caisation. Human-tactor aspects have bdeen
grominent causes of ishaps, but have only recently received significant
scrutiny. The assumption of this study is that both the enviromient and the
organisa bring with thew o certain degree of mishap potential which is iriy-
gered by the interface of the two. Determining these critical interfaces oy
retrospective analysis of jpast anshaps 1s the wethod used here; the ianediate
goal 15 to define the problem more clearly.

A series of 34 major variapbles were analyzed, 12 attributaole to the
enviromnent and 22 attributable te the vperators.  Spectal attention was pdid
to physical, systen, and descriptive vdriables. Recomwendations are otfered
for future efforts to avoid these critical 1interfaces or to decrease the ms-
hap potenLial inherent 1n the environuent and the orygaenisi,

45. Savage, R., et al. Evaluation of the sensitivity of various aedsures ot
operator workload using randon digits as a secundary task. Ihnaan | oc-
tors 20:649-5%4 (1978).

Problems have been encountered in previous  research  in developing
secondary task wmeasurce of aental worklaoad thal s both sensitive and stable.
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Irdinarily o single aedsure ot secondary task ts dnalyzed gu dan ondicator ot
difference in workload. The purpose ot the experiwment repuried here wdas U
determine whether alternate measures tdaken from a single seconddry Utdask wluhil

Srove  ore  sensitive. Twelve subjects  participated in the experlient
involving g priwary tdsk [aeter pointer nulling) and ¢ seconddry Lask (redding
randon drgits  aloudj, ‘e independent  varidble {priaary tase diffically

level ) wds adjusted oy cnanying the number of seters Lhet had Lo be monitores
(two, three, or four geters). Dependent ieasures were taken on the (1) nuaber
of random digits spoken (usual workload formula), () lonyest interval belween
spoken responses, (J3) longest consecutive string of spoken diyits, and {4) the
number of "triplets" spoken. Results show that dependent measures (1), (3),
and (4) were significant, with (1) being the most sensitive.

46, Schiflett, S. 4. Vuice stress analysis as a measure of operator work-

load. Proceedings of The Human Factors Society Z23rd Meeting, p. 573,
Santa Monica, California: The Human Factors Society, Inc., 1979.

This study attewpted to determine it trequency .wdulation changes can be
uased to detect the agiount of situational stress in the voice while subjecte
performed a four-chuice information-reprocessing task ai different presenta-
tion rates.

A response analysis tester (RATER) presented a4 four-choice discriming-
tion task in which the subject was required to match d respunse key Lo egdch ot
four stimuli (numbers 1, 2, 3, and 4) appedring In a Hrsplay window. The
sequence of stimull was randomly presented in an autondtic-paced mode for riing
l-minute tests. The stimuli presentation rates were sel dat one syabol per l.o
seconds, U.75 second, and U.HU second.

The voice was analyzed by a device called a psycholoyical stress evaluu-
tor (PSE), manufactured by Jeklor, Incorpurated, and developed specifically as
a deception-detection instrunent. Voice signals were initially recorded on
maynetic tape, then jprocessed through filtering circuits dand displayed on
strip chart for subsequent visual andalysis dnd interpretation. The coded
charts were subjectively scored without dny knowledge of conditions Dy twe
interpreters trained to recognize stress patterns in speech. The subjective
scoring criteria were translated inty electronic eguivalents dnd automated on
a Varian 73 computer for voice pattern recognitior analysis. A comparison of
scores from the subjective versus the automated outpuls wds dndlyzed tor
extent of concordance.

4/7. Schwank, J. C., et al. ?Pilot performance during flight simulation with
peripherally presented visual signs. Proceedings of 'he Human Factors
Society Annual 23rd Meeting. Santa Monice, California: The Human
Factors Society, Inc., 1979.

The increasing complexity of modern aircraft systems places a substantial
information-processing load on the pilot. This complexity has created a need
for alternative wethods of nonobtrusive instrument displays. Recent studies
indicate dual, independent systens for focal and peripheral vision. In view
of nonconscious processing by the far periphery, it follows that the far-
peripheral visual tield would be a possible locdtion for alterndte instrumnent
displays.
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This repurt oy a ol onatten 0 e e e sy nvalving 40 aale pilol
tratnees, that inveslogoloed Lhe oiteos ivene, S thres wypes  of  anstrunent
displays during thight oo 3 Ldi-0 woaalator, 0L experinents  showed nu
decrenent 1 prlat perturaance ducig o coneled tnstruosent adneuver involving
noraal and peripheral dirsplays. Sabgecto o were less prone Lo devidte from o«
given Coupass heading  since thie ecinocal dispiay (PHELODL). A secondary
task {(digrt canceling) ased tu o1 wilate secundary tasks involved 1n actual
flight also ¢id not ditanish pectoraance across s lays.  Fhese results dre
consistent with g dual theory ot vissial ruces .ty o and the notion of nonob-
strasive proapling.

45, Shannon, H. . Application vl ¢ perturaance dodel Lo d4ssess avigtor
critical ncntence. Veoseedigs ot ne Haadan bactors Society  Z22nd
Aannaal s Tle ey, e T co g, Lelitornia: The iiuoan
Facluth LoCiviy, 17o., .

Previods rescdaven o the i bed developed niae regression Cgudalluns
L0 assess stadent avidlor cector e s ot car ous Stayes of naval gir trataing,
The predictor variabley were oo o 0 s Losed on errar ochavior in the first
stage of traininy (prinury cadsel. e sacpsbe of Lhe gresent reseqarch was Ly
extend this wodel vy lungliadinel iy essessing 73 prlots nto tne fleet, lis-
hap safety records of theoe lon gere vestijated.  Jf tads sample, 2U had

had an incident anywhers foeo 0 0 eto, Loon poars dfler Lhe urladry trdaining
phdse.  Discrimtnate danalysts wa porTarad sty o Lwu-4rodp separdtion inty
critical and noncviticel pertorders. ihe predicior varidgplas were the same 12

factors and nine Stage groadds ance ! cteelegoweatel developuent. A chi-soguare
test was perforaed  un the Jo0 waole 91 redicted-versas-dactudl  critical/
noncritical behavior. ik valude was Ctrgiily signiticant (xZ - 2.0 p < LU0k
With b3 hits, 20 disse o, and g retanon ot W3340 0 A paradoxical trend
was indicated by the datu: viebie tialo wrth gl grades and tow errors were
the ones who had the via,or suare 3 oaunen, Hhile Uhie veverse was true of Lhe
noncritical perforiers.

49. Shannon, R. o, and w. Lo sdaneg. hoeadn tactors approach to aireraft accr-
dent analysis.  In v.G.G. Lovkander (Ld.y. Behiavioral aspects ot air-
craft accrdents:  WATO AGARD tonterence Proceedings No. 132, London:
Technical Lditing and Reproduction id., dec 113/3,

Naval accident reports dinvolving the P-3 and t-4 aircraft were examined
over 5- and /-year periods, respectively.  P-3 data from July 1966 to June
1971 and F-4 data from January i4ed to veceuber 1909 were collected frun
records kept on file with the daval sitely tenter 1n dorfolk.  The criticdl
incident technique was udsed tu cataloyue, descrive, and analyze operational
flightcrew error in both aircrufi.  Ine P-3 and -3 agircraft were selected
because of their coapletely different flecei wnssions and handling characteris-
tics.

Human errars were cdategorized vy three lyges: (1) vigtlance crrurs, (7
procedural errors, (3) perceptual .wwtor errors.  Phases of flight uperation
were divided into four seygments: (1) servicing preflignt/posttiight, (2)
start/taxi/shutdown, (3) takeoft landing, (4) wnflight. Four remedial areas
were autlired for reducing huitgn erear: (1) crew courdination, (2) design,
(3) discipline, (4) training,




From the F-4 accident reports, 417 human errors were isolated; and frow
the P-3 reports, 345 errors. Twenty-eight .wajor error categories emerged fou
an analysis of these errors. The accident reports were further analyzed for
errors thdt occurred in both aircraft. Twenty comnon-error groups were found,
representing 11,9% and 13.3% of the total errurs in the P-3 and the F-4
respectively.  Procedural errors and the tlight segment of the takeoff/landiny
shared the most comnonality across the two aircraft.

The results of this investigation suggest that dlthough common errors can
be isdlated across highly dissimilar aircraft with highly different flight
missions, they comprise a relatively small percentage of totdl errors. By
far, the majority of errors concern characteristics unique to a pdarticular
aircraft. Implications for the remedial areas of crew coordination, training,
discipline, and desiyn are discussed.

0. Sieyfried, J. G. Psychophysiological effects of aging--developing a
functional age index for pilots: [l. Taxonomy of psychological fac-
tors. Washington, 0.C.: Federal Aviation Admninistration. Technical
Report No. FAA AM-73-16, Mar 1973.

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

Three methodoloyical approaches used to deterinine the psycholoyical and
psychophysiological factors thouyht to be representative of and essential to
effective pilot performance are (1) analysis of successful pilot behavior uas
displayed under simulated and operational conditions, (2) analysis of unsuc-
cessful pilot behavior (pilot error) das related to aircraft accidents, and
(3) evaluation of pilot performance during the selection and training proce-
dures ds reported in the literature. By means of factor analyses, loygical
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, (o)
stamina, (7) cognition/mentation, (8) interpersonal relations, (9) decision
making, (10) experience, (11) learning, (12) personality, (13) mechanical
ability, and (14) wmotivation.

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

5l. Simpson, T. R,, et al. Estimation of UG3RD safety benefits., Washington,
D.C.: Office of Aviation Policy. Technical Report No. FAA-AVP-77-3,
Jan 19/77.

This study estimates the value of aviation safety improvements that could
be obtdined by implementing various alternative configurations of the Upgraded
Third Generation ATC System. tstimates are based on the central assumption
that the frequency of aviation dccidents per operation observed in the past
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will be repeated unless identifiable steps dre tdken to eliminate specitfic
classes of accidents. Recent accident data on midair collisions and con-
trolled collisions with the terrain were examined to identity types of acci-
dents that could be prevented by the UG3RD. Preventable accident rates werc
calculated and used to torecast future accidents under dan extension of today's
system, as well as accidents that could be prevented by the UG3RD.

52. Smith, J. F., and W. G. Matheny. Continudation versus recurrent pilot
training. Brooks AFB, Texas: Air Force Huinan 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 comnunication 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 inore specific
information is recommended. Some of the findings are as follow:

e Motor skills associated with VFR flight are retained lonyer and
regained much more quickly than instrument or procedural and verbal
skills.

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

e If instrument flight skills are maintained at a high level, contact
flight skills tend to remain at an dcceptable level.

e OQOverlearning promotes improved retention of all categories of skills.

53. Stodola, E. K. Visual collision avoidance in high-speed, low-altitudc
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 problemn 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 gquantitative 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 inuch
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: USAt
School of Aerospace Medicine. SAM-TR-76-30, Auy 1976.
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A study was conducted at the USAF Instrument Flight Center to test an
assembly of easures for dssessing the relative wmerits of vdrious flignt-
instrumentation systems. The USAF School of Aerospace Medicine (SAM) Stress
ddattery was included. tight pilots were provided with three different flight-
paths associated with different workloads. Although the study was not
designed to permit an optimal evaluation of the SAM Stress Battery, anticija-
tory stress, mild flight stress, and no habituation adacross missions were
noted. The SAM battery appears to be a useful addition to the flight-
instrumentation research proyram. ‘1

55. Storm, W. F., and J. D. Hapenney. Mission crew fatigue 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-
mary purpose of the test was to refine the procedures and analytical tech-
niques in preparation for an upcomning demonstration/evaluation of a new and
nodernized system. Results indicated that only minor changes in procedures
and techniques were necessary. The data also provide unique baseline inforna-
tion for future comparison and evaluation of similar data from the modernized
system.

B s - . Zhr'e S

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

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

57. MWilliges, 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.
tach class of measures was sumnarized in terms of background, applications,
and implications for research and implementation. [t was concluded that no
single medasure could be recommended 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 INVESTIGATIVE ALDS

EXHIBIT B-1.

Aircraft type

Date of accident

Number of fatalities

Cost of accident

WEATHER: (Tab C)

Sky condition

Visibility

Wind direction
Wind velocity
Tewperature
Dew point

Weather condition

CODING GUIULE

110

Computer card
column #

(1-5)

(6-9)

Mo. Day VYear
(10)

(11-18)

1 - Clear
2 - Obscuration (19)
3 - Cloud cover
4 - Turbulence
9 - N/A
(20-22)
[Code # of miles)
MD=999
(23-24)
MD=99
knots
MD=999 (25-27)
Fahrenheit
MD=99 (28-30)
Fahrenheit
MD=99 (31-32)
0 - Clear
1 - Fog
2 - Rain
3 - Sleet (33)
4 - Snow
5 - Thunderstorias
6 - Tornadoes
7 - Special warnings
9 - N/A

u
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SLUANTCAL/EQUIPMLNT : (Tab D)

Adrcraft
fotal flight hours # hours(34-38)
MD=99999
Hours since last overhaul # hours(39-42)
MD=9999
F1ight hours since last # hours(43-46)
overhaul MD=9999
Engine:
Total flighl hours # hours(47-51)
MD=99999
Hours since last overhaul # hours(52-54)
MD=999
Fiight Controls/Instruments: (Tab I and §)
Flight Controls 0 - Operating (55) i
1 - Defective %
9 - N/A ]
b
ELECTRICAL/MECHANICAL: (Tabs I and S) )
;
!
Electrical systen 0 - Operating (50)
1 - Defective 1
9 - N/A
Hydraulic systen 0 - Operating (57)
1 - Defective
9 - N/A
Radio 0 - Operating (58)
1 - Defective
g - N/A
tngine 0 - Operating {59)
1 - Defective
9 - N/A




HUMAN FACTORS: (Tab X)

Pilot age yedrs (bU-61)
MD = 99
Days since last flight # days(62-65)
MD = 9999
Hours flown previous 24 hours # hours(66-67)
MD = 99
Hours flown previous 48 hours # hours (63-59)
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(79)
MD = 9
Total number of sorties flown
this aircraft # sorties(76-73)
MD = 999
Hours worked previous 24 hours # hours(1-2) ‘
99 = MD ;
Haurs worked previous 48 hours # hours(3-4) h
99 = MD L
Hours slept previous 24 hours # hours(5-6)

99 = MD |
| |
: Hours slept previous 48 hours # hours(7-8) ;
% 39 = ™MD l

Hours continuous duty prior
to mishap # hours(9-10)
99 =MD
Time in cockpit prior
to flight # minutes{11-13)
999 = MD
Number of days since last
flight (this model) # days(14-16)
Flying hours (total) # hours(17-21)

i 99999 = MD




Flying hours as first pilot

Flying hours (jet time)

Sorties (this aircraft):

Prior 30 days

Privr 60 days

Total weather instrument hours

Pilot rating (Tab A)

Tabs (S and X)

Nonobservance of mission rules

Nonobservance of directives

Nonobservance of air discipline

Nonobservance of established
procedures

Previous nusmber of similar
nissions

# hours(22-26)

99999 = MD
# hours(27-31)

99999 = MD

# sorties(32-33)
99 =M

# sorties(34-35)
99 = MD

# hours(36-38)

999 = MD
1 - Pilot
2 - Senior Pilot
3 - Cormand Pilot (39)
9 - MD
0 - No
1 - Yes (40)
9 - N/A
0 - No
1 - Yes (41)
9 - N/A
0 - No
1 - Yes (42)
9 -MD
0 - No
1 - Yes (43)
9 - M

# missions(44-46)

999

=MD

PP Wy




Note: The next eleven items refer to the coder's own interpretation of the
accident. If you feel a factor occurred during the flight, mark i¢
down. You do not have to rely on the opinion of the Investigation
Board.

Channelized attention - No (47) b

Yes

- N/A

L
]

Vertigo/Disorientation - No (48)
- Yes

- N/A
Distraction - No (49)
Yes

-~ N/A

Location of distraction - In cockpit (%0)
- Qutside cockpit
- N/A

O O - O O
]

- No (51)
Yes
- N/A

Panic

O O
]

Alcohol/Drugs 12 hours
prior to mishap - No (52)

Yes

- N/A

O~oO
1

- Ho (93)
Yes
- MD

Work load too heavy

C - C
]

e m————g . — e

- No (H4)
- Yes
- MD

Preexisting pilot illness

- No (55)
- Yes
- MD

Stress

- No (56)
-~ Yes
- MD

Overconfidence

Excessive motivation to succeed - No (57)
~ Yes

~ MD

O~ O O -0 (Yol ol e} C—C
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Pilot's physical condition Good (58)
Fair

Poor

0w N =
|

Length of tlight # hours(59-60)

SITUATION: (Tab C)

Altitude when wmishap sequence
began # Feet(61-65)
99999 = MD

Tine of day - Dusk (66)
- Dawn
Day

- Night

W~
|

Phase of flight (Tab b) - Takeoff (67)
- Cliimbout

- Enroute

Range

- Descent

- Landing

- N/A

Lo whr
1

Mission element 1 - Air-to-ground (68)
ordinance
delivery
2 - Low-level
navigation
(below 5000 ft.)
3 - Low-level
maneuvering
(pelow 5000 ft.) :
Air-to-air i
engagement i
- Rejoin formation i
Maneuver with
formation
7 - Search & rescue
8 - Acrobatics

-
]

o v
]

[D number 2 (71-74)
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HUMAN-FACTOR CONCLUSIONS OF INVESTIGATING BOARD

Psychophysiological Factors:

food poisoning 0 - HNo 1 - Yes (1) .
Motion sickness g - No 1 - Yes ( 2)
Other acute illness 0 - N I - Yes { 3)
Other preexisting disease/defect 0 - No 1 - Yes ( 4) 1
Get-homeitis D - No 1 - Yes ( 9) )
Hangover 0 - No 1 - Yes ( 6)
Sleep deprivation, fatigue 0 - No L - Yes ( 7) "
Fatique, other 0 - No 1 - Yes ( 3) ;
Missed meals 0 - No 1 - Yes (9
Drugs prescribed by medical officer 0 - No 1 - Yes (10)
Drugs, other g - No 1 - Yes (1) 1
Alcohol 0 -~ No 1 - Yes (12)
Visual illusions 0 - No 1 - Yes (13) b
Unconsciousness Q0 - No 1 - Yes (14)
Disorientation/Vertigo g - No L - Yes (15)
Hypox ia 0 - No 1 - Yes (16)
Hyperventilation 0 - No 1 - Yes (17)
Dysbarisin 0 - No I ~ Yes (18)
Carbon monoxide poisoning 0 - No 1 - Yes (19)
Boredon 0 - 4o 1 - Yes (20)
Inattention 0 - No 1 ~ Yes (21)
Channelized attention 0 - No 1 ~ Yes {22)
Distraction 0 - No { - Yes (23)
Preaccupation with personal problens 0 - No 1 - Yes (24)
Excessive wmotivation to succeed 0 - No 1 - Yes (29)
QOverconfidence 0 - No 1 - Yes (26)
Lack of self-confidence 0 - No 1 - Yes (27) .
Lack of confidence in equipwent 3 - No 1 - Yes (23) q
Apprehension 0 - No 1 - Yes (29) f
Panic 0 - No 1 - Yes (30) 3
Cader's general impression:

Accident sequence initiated by 1 - Human factors (31) }

Z - Nonhuman factors

9 - N/A !

!

Pneumatic system 0 - Operating {32)

1l - Defective

9 - MD
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Instrunentation

Navigation systen

Other systens

Recently unscheduled maintenance

Hours flown - this aircraft

ID number

0 - Operating

1 - Defective
9 - MD
U - Operating
1 - Defective
9 - MD
0 - Operating
1 - Defective
9 - MD
1 - No
1 - Yes
9 - MD

# hours
9999 = MD

(37-40)

(71-74)




EXHIBIT B-2. ABSTRACTING FORM

DOCUMENT REVIEW HUMAN FACTORS IN AIRCRAET ACCIDLHT,
("TECHNULUGIES" ARTICLLS)

Fitle:
Author, organization:
pocuiment number: Date: Reviewer:

1. Brief description of article

2. Brief description of technology

3. Problemns it is used for

4. Method by which it was tested

a. Number of cases:

b. Population tested (e.g., Air Force, Army, civilian)

c. Description of testing procedure




o
.

Results (i.e., Did the technology work?  Nute jww the evaluation of the
technology was slade.)

Cost of implementing the technology (if available)

llere other technologies mentioned and evaluated? (If so, describe)

Reviewer's perception of the quality of the study and the technology

Other studies cited that may be of use

il




DOCUMENT REVIEW HUMAN FACTURS IN AIRCRMFT ACCIDLATS
("CAUSES" ARTICLES)

Title:
Author, organization:
Jocument nuniber: 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, trans-
port, lTarge/smnall passenger, etc.)

5. Effect of the variable under study (including variables, dollar costs
associated, strength of relationship, relative importance of variables to
other factors).




Remedies suggested to overcome problems

Evaluation of remedies

Reviewer's perception of guality of the study

Jther studies cited that may be of use
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EXHIBIT B-3. MAJOR HUMAN FACTORS INVESTIGATED BY AIR FORCE, ARMY, AND NAVY
DAY IS TN YN BN vt LIl ®hon f,liea (n.
14, PSYCNOPHYSIOLOGICAL AND EMViRONMENTAL FACTORS
INSTRUCTIONS Complete on sil occupents o1 sitcrage, PHASES OF M1 SHAP FACTCR WP STAN T
sil injured prrsons  and sil persons porsitly coa- . «cc oEwT TR I
teibuting to the (Ause of the myshep. Suprrvisory L €scary INTRB,TED
tectors ettributed to personsy not .n 'he sircraty LAMD I NG . 4 . carcim
end such fsctors aa te n or sesther thould be re- s Sumvival - Inciudes . INDITIIN PRENENT
ported only 1or tURAe person (n Pprimefy contiol ot tne Chule iandings P ST TP
arrcratt Factors (ontributing (0 injury Juring [} atscut R VR B Y a4
mid-a1e .ollisi0ons. cresh endingy. ditchings . LENT Se N, ey
are to be ‘onsiderea pert of survivel phese Use
codes 8t right to 31how only those lactors prrsent ar
cOAtFIbUting 1n *aCh Phese
FACTCRS alefcisir FACTORS ATe L sTa
T
. . VISLAL 1LLuSIONS (AR} N
© SUPERLISORY 4+ ACTORS 8 . — 4
N - .} umconstiousness e Vo
—r—t
(NADEQUATE BRI LS NG 10 ) 01301 ENTATION, VAT GO (X5} :
OROLAGO/ LEO ON FL)GUT SEVOND CAPARIL I TY 02 NYPOZI A [
PO0R (NEw CO0MD I nNAT.ION LR v NYPECAVENTILATION €
oOTuER « Specaly) [X1) « OYSQAN | SM LRN ]
L ! CARBON WONOXI10E PO SONING (]
s0RC00M STRE
O PAE-FLIGHT FACIORS +
. < INAYTENTION o2
FAULT™ FLIGHT #yLan Sl Cranmil) ZED ATTEINTION 22 ‘
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+
FAULTY PREPARATION UF PERIONAL LOQU1I® ’°‘L PREQCCUPATION #(TH PERSONSL 2R0BL LMY 424 M
WURRIED DLPARTURE e ! [ EXCESS vl MOTIVATION 10 SUCCEED 023 n P
+ ot
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aTmim (Specaiy) 29y ' LACK OF CONFIDENCE ‘N EQUIPMENT s2e ' f
| APPREMENSION 29 T
PaniC ISEN R
3 EXPERIENCE/TRAINING FACTORS 3 " . + —
5 N , oTHER { Spacily) e | | {
INADEQUATE “RanstTion 101 - : T -+ : :
— +—t
CiMiTED TOTAL EXPEMtENCE 302 | | ¥ 4 f
—t 4 —
LiMiTED WECENT €XPERIENCE 303 : ' ;
v T » 104 I .
FaiLURE TO USE ACCEPTED PAOCEOUALS — ENVIRONMENTAL FACTORS
otuEr (Speciiy) I8 ,
+
! ! i ACCELERATION FORCES. smefLIGHT o1 | !
> § <« § ACCELERATION FORCES. 1MPaCT o2 ] 1
4 DESIGN FACTORS e
. 5. ] OECOMPREIYION ACH] |
DESIGN OF I NSTAUMENTY. CONTROLS 401 X vIORATION 04 1 | .
+
LOCAYION OF 'NSTRUMENTS. COMTROLS 401 | GLaAL co8 | .
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WORNSPACE I NCOMPATIBLE Wi TH MAN 408 ' [ I VIS.RESTH - 1ICING. WINDOWS FOGGED. ¢ TC 7n1 i
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- CTHER ( Specaly) I |
S. COMMUNICATIONS PROBLEMS o7 o 3
% " IS .
WISINTERPRETED COMMUNICATIONS 301 T
01SAUP TED COMMUNICATIONS 012 !
8. OTHER FACTORS YO BE CONSIDERED
LANGUAGE neen 303
NOISE INTERFERENCE 204 WABIT INTERPER. . ySEO WROWE CONTROL 801 .
oTHER [ Speciiy) e CONFUSION OF CONTROLS. QTnim e02 !
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FQR OFFIZ AL SSE INLY When i iled i)

1v. PERSONAL D
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A .. IONTRIBUT ING I | E
M 4
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'
3. PHYS IOLOG!I CAL AND YERYTIGO TRAINING (Per sil! persennei)
4 ¢
TYPE IF TRAINING ACCOMPLISHED PLACE TRAINING ACCOMPL) SHED SomPLETeo .9:(
woNTH TEaR “iSHaAP '
i
4. ANTHROPOMETRIC DATA !
A. OATE OF BIATR (Day-Menth-Year) 0. $ITYING EIGHTY (Tnches) G. BUTTOCKaNEL LEMGTH (laches)
8. HLIGHT (Inches) €. TRUNR wE1Gnt (Taches) w. LEG LENGTH (Tnmch: !
C. stiGuT (Lbs.) F. FUNCTIONAL REAlK (Tnches) T (WOULDER wi0OTH (BIBELTBIO) |
(Inches)
3. TOTAL YEARS OF FORMAL COUCAT!ION [ GRADUATION FROM UNDERGRADUATE FLIGHT TRAINING
(T3] DATE
7. AVIATION SCHOOLS ATTEMDED SINCE GRADUATION (Include dote o/ compietion)
8. FLYING EXPERIENCE
(Attach copy ef individual flying euperience ae outlined by AFR 127.1)
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EXHIBIT B-4. PERSONAL DATA RECORDED (AF Form 711GA)

INSTRUCTIONS FOR CODING PAGE 4 PERSONAL SURVIVAL AND ESCAPE EQUIPMENT

The “Required’ and “Ava.leble’ blecks shouid be answered with an X ler “Yes™ ond left biank for
“Na ‘T ““Required” relers to USAF major air cemmand or bese directed requirement. “Aveiiable” refars
to the items present in the asrcraft

The “Used.” “Needed.” “Divcarded.” “Leatrt " #8d “SFesjed’ celumns sre to be merked with on A. E L.
S. R. or combinstion of the letters te indicate the phase of the mishap whan the :ite
uged. etc (A refers te the sccident phese; L to the vacape; L to landing. 5 to survival end R to
rescue . )

fasl. are

The lost column =Probleams.” 10 te be comploted by inserting numbers /irom the follewing liat that
correapond to the prebi enceuntered

01  NOT AVAILAGLE . SUPPLY PROBLEM 3. DONNING/REMOVAL PRODLEM

02. NOT AVAILABLE . LEFT BEMIND 32. DISCOMFORT/BULKINESS

03. D1SCARDED 33. POOR FiT

04 LOST 34. LEAKED

05. DAMAGED - MINOR 35, MATERIEL DEFICIENCY

06. DAMAGED - MAJOR 36 DESIGN DEFICIENCY

07 BURNED . MINOR 37. MANGUP/ENTANGLEMENT (WiTH A/C OR OTWER
EQU | PMENT)

08. BURNED . MAJOR
38. ENTANGLEMENT [PARACHUTE SUSPENSION L INES
©9 DESTROYED BY EXTREME FORCE/FIRE ONLY) MAJOR

10. FAILED TO OPERATE (RADIQ. ACTUATOR, ETC.) 39. ENTANGLEMENT (PARACHUTE SUSPENSION L INES
ONLY) MINOR

1. OPERATED PARTIALLY
40. DRAGGING (PARACHUTE ONLY)
12. DIFFICULTY LOCATING
41. NON-STANDARD CONF IGURATION
13. BEYOND REACH
4Z. AIDED IN LOCATION/RESCUE
14. CONNECTION/CLOSURE DIFFICULTY
43. NOY EFFECTIVE !N LOCATION/RESCUE (USED 'w

15. COMNECTION/CLOSURE FAILURE AREA OF SAR VEWICLES)
16. RELEASE/DISCONNECT DIFFICULTY 44. PREVENTED/MINIMIZED INJURY
17. RELEASE/DISCONNECT FAILURE 45. EQUIPMENT PROPLEM (LOSS. FAILURE. ETC | &

FACTOR (N PRODUCING INJURY
16. INAOVERTENT RELEASE/QISCONNECT
4¢. EQUIPMENT PRODUCED INJURY (HIT 8Y EJECTION

18. INACVERTENT ACTUATION SEAT. ETC.)
20. ARCTUATION OIFFICULTY 47. FAILURE/DELAY IN USING COMPROMISED SURVIVAL/
RESCUE

21. ACTUATION FATLURE
48. ALL CREW EQUIPT (CODE OMCE ONLY)
22. ACTUATED 8Y OTHEN PERSON
49. MAINT/ INSTALLATION ERROR
23. RESTRAINT/ATTACHMENT INADEQUACY/FAILURE
30. PROBLEM EXPERIENCED BY OTHERS IN ACTUATION/
24. MESTRAINTS/ATTACHMMENTS NOY USED PROPERLY FOR RELEASE OF EQUIPMENT

MAX IMUM PROTECTIOM
$1. RIVETS PULLED LOOSE
25. IMPROPER USE [OTMHER)
75. LANDED ON UNDEPLOYED SURVIVAL K1T
26. UNFAMILIAR WiTH USE
88. OTRER
27. COLD HAMPERED USE

28. 1NJURY MAMPERED USE
29. WATER MAMPERED USE

30. OTMER EQUIPMENT INTERFERED

W5 vEASE OF PAGE )




EXHIBIT B-5. HUMAN FACTORS INVESTIGATED BY CANADIAN FORCES

FLYING HISTORY

MPLOYMENT: STUDENT

1ST SQUADRON APPT

- LATER SQUADRON APPT
l INSTRUCTOR - NONFLYING APPT
| - EXTRA QUALIFICATIONS
i - INSTRUMENT RATING
F DATED

AEROMEDICAL
LAST 82, LAST AMT, LAST EJECTION/SURVIVAL TRAINING

MEDICAL CONDITION

FULL FIT, MEDICAL PROFILE

AWAITING ADMISSION FOR
SUFFERING FROM
CONVALESCENT FROM

MEDICATION IN PREVIOUS 4 WEEKS
NIL, TREATMENT, SELF-MEDICATION

ELG, ECG, HEAD INJURIES

FLYING TIME
TOTAL FLYING TIME
TOTAL 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
ASSESSMENTS
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PHYSIOLOGICAL STRESS

HYPOXIA

DISORIENTATION

HEAT STRESS

COLD INJURY

INTOXICATION BY CO/OTHERS
DECOMPRESSION SICKNESS
AIR SICKNESS

ACCELERATION

BAROTITIS MEDIA

UPSET OF CIRCADIAN RHYTHM

INCAPACITATION

HYPOGLYCEMIA

HYPERVENTILATION

COMBINED STRESSES: ALCOHOL
FATIGUE
NUTRITION

SELF-MEDICATION

PSYCHOSOCIAL FACTORS

PREVIOUS 30-DAY DUTY/OFF-DUTY HISTORY

PREVIOQUS 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 as
friends, relatives, supervisors, instructors, personal physicians, and

other observers who may comment on long-term persconal
habits, general health, and ordinary behavior of personnel.
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2

NUTRITION

HOURS SINCE LAST FULL MEAL
LAST MEAL WAS
CANTEEN AVAILABLE
IN-FLIGHT FEEDING
! ABNORMALITIES OF FEEDING
FLUID INTAKE (STATE OF HYDRATION)

PRESENT PGSTING

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 i

ACCIDENT HISTORY !

AIRCRAFT
MOTOR VEHICLE
OTHER 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

ACTIVITIES DURING PRLVIOUS 72 HOURS







