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ABSTRACT

An analysis of U. S. ¥avy major aircraft accidents
during the period Piscal Year 1972 - 1974 vas
conducted. Forvard (stepwise) Multiple Regression
techniques were employed on a group of ten basic
variables considered time dependent. The multiple
regression techniquues wvere employed to develop
predictive equations fcr the dependent variable,
Accident Rate with a view to determining which of the
basic variable measures vere significant in accident
rate studies and if the variables are wunique ¢to a
specific aircraft communi.y or yenerally applicable to
all aircraft.

Aircraft considered independently were A-4, A-6,
A-7, and P-4, additionally coaposites of Attack
aircraft (A-3, A-4, A-5, A-6, A-7), Pighter aircraft
(P-4 and F-8), Propeller aircraft (-1, E-2, C-1, C-2,
s$-2, P-3, ¢-117, C-118, and C-130) and Helicopters
(d-1, H-2, H-3, H-46, and H-53) were considered.
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I. INTRODUCTION

The increased sophistication of military aircraft and
the related increased dollar costs of procuring both
aircraft and pilots places ever (reater emphasis on the
importance of determining a feasible method of reducing
losses through aircraft accidents. Many research efforts to
date have dealt with determining the causal factors
underlying am aircraft accident, then using these causal
factors, attempting to develop predictive models for
accident occurence.

Aircraft accidents have been broadly categorized in
teras of aircraft design malfunctions, aircraft equipment
failures, pilot or flight personnel errorv, and weather as
primary causes for occurrence of mahor aircraft accidents.
An accident is designated as a major accident if: 1) 1loss
of life 1is involved; 2) «complete loss of an aircraft is
involved; or 3) substantial damage occurs to any aircraft
involved. Substantial damage is defined in appeadix A of
OPNAVINST 3750.6 (series).

The wmost common cause of aircraft accident cited has
been pilot error. Brictson, et. al. (1969) studied a four
year span of aircraft carrier landing accidents iavolving
attack and fighter aircraft. Approximately seventy-eight
percent of the accidents studied had pilot error as the
primary causal factor. Brictson noted that the majority of
the accidents were of two types, hard 1landings and
undershooting the landing area. The small deck carriers
accounted for seventy percent of the total accidents even
though the large deck carriers had aore activity.

.......




Studies conducted for the Royal Air Porce by Goorney
(1965) dealt with the human factors involved in pilot error.
He determined that pilot fatigue, emotional stress,
complacency, lack of curreat flying experience coatributed
to0 pilot error and, if monitored, could lead to prediction
of the likelihood of pilot error related accidents.

There are some analysts who feel that if pilot error is
a primary cause of accidents then the more prorficient pilot
should make fewer errors. This belief 1leads to the
hypothesis that measures of pilot proficiency could be used
as predictive ameasures. Keller (1961) hypothesized that
flight time was positively correlated vith pilot
proficiency. He stated that were a pilot to fly the proper
amount he would attain a safe proficient ability as a pilot.
The procedure of hov to determine the proper amount of
£flight time npecessary to attain proficiency and how the
aumber of hours needed would interact with fatigue ard
complacency vwere not fully explored.

Collicot, et. al. (1972) compared accident rates of
sirgle-seat aircraft with those of dual piloted aircraft.
They noted that if the operations vere about equal the dual
piloted aircraft had fewer accidents per ten thousand flighat
hours than the single piloted versions. Though the authors
refer throughout their study to pilot proficiency they also
allude to a possibility of temporary mental overload as a
critical factor nanderlying pilot error.

The determination of pilot error tends therefore to
expand to include emphasis on temporary mental overload as
vell as pilot proficiency measures. Efforts by Kowalsky,
et. al. (1974) vere made to examire causal factors in high
pilot error rates. Previous efforts to reduce pilot errnr
had conceantrated on improving pilot proficiency. Kowalsky
and his co-researchers used cluster analysis arnd pattern




recognition techniques and discovered that the single most
iaportant causal factor was that, for non-training,
non-aidair accidents, pilots vere often teaporarily
overloaded and incorrectly evaluated information presented
during the period of overload.

Many studies and wmuch effort has been expended in
accident research. The extensive data base maintained by
the Naval safety Center of accident related inforamation
opens doors for further statistical aialysis of accident
rates with goals of constructing useful predictive
mathematical models.

Myers (1974) hypothesized that asmeasures of pilot
proficiency and experience available in data collection
banks would be sufficient to construct a predictive model.
He used statistical techniques of principle component
analysis applied to two groups of fifty pilots. Onme group,
pilots who had been involved in aircraft accidents, the
second, pilots with no accideats. The results were not as
good as was desired, possibly due to the limited sample
sizes employed.

A second approach was used by Stucki and Maxwell (1975)
who used the techniques of regression analysis applied to
data on over two thousand aircraft accidents as collected by
the Naval Safety Center. Their efforts dealt with pilot
proficiency variables, aircraft variables and type of flight
information. They then appiied regression analysis to the
composite group of all accident involved aircraft in the
Navy's inventory. This effort yielded a predictive equation
composed of four pilot related variables to predict
variations in aircraft accident rates.

Work by BRobino (1974) reported fluctuation in aircraft
by months with the nmonth of March significantly higher.
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Subsequent efforts in this area by Poodk (1976} failed to
support the March phenomena and go oa to demomstrate that
fluctuatioos in aircraft accident rates by month is purely
randoa.

Tke author of this study believes that the preaise
promoted by H#dyer, Stucki and Maxwell and others is valid.
There should be sufficient data available on current
aircraft accidents to conduct detailed statistical analysis
vith the resultant predictive equations both meaniangful and
useful. The variable nature of adircraft accident rates
suggest that the underlying factors may be deiinable and, if
they can be determined, used in accident prevention.

If statistical analysis of aircraft accident rates can
provide inforusation on accident related variables, be they
pilot-oriented, aircraft oriented or related to some other
source, 7hich vary either directly or inversely with
aircraft accident rates then preventative actions can be
taken %0 suppress the enormous costs in dollars and human
life associated vwith aircraft accidents.




II. HE TROBLEM
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Monthly accident rates exhibit a marked variability wvhen
each caleadar montl is compared to other months. The belief
that some aonths are consistently bigher that others has
been noted frequently in studies. This phenomena has been
noted in studies of U. S. Air Porce accident rates by Zeller
and March (1973) and by Robino (1972) in a study of Navy
aircraft accident rates. Recent work by Poock (1976) at the
U. S. Baval Postgrnduate School displays no statistical
basis for aoy month being consistently high and attributes
the fluctuations to random effects of the underlying causal
factors.

The accident rate is defined as the total number of
accidents in a given month times ten thousand hours divided
by the total number of flight hours flown that moath.

The efforts of this study, motivated by work of Stucki
and Maxwell (1975), were to explore accident rate dependence
on time related variables Ly specific aircraft types where
possible and composites of aircraft types where necessary.
The results desired are a series of predictive equations
unigue to a specific aircraft or a coamunity- It is
believed that if in fact aircraft tyr. has no large effact
on accident rates that the data will yield similar equations
for each type coansidered.




IIXI. ANALYTICAL PROCEDURES

This chapter contains the data seleciion procedure, the
techniques employed in data preparation, a description of
the analysis procedures and a summary of decision criterion
employed in selecting the best equation for predicting the
variance in the dependent variatle rate.

A. DATA SOURCE

All Navy and Marine aircraft accidents and incideats are
reported in detail to the Naval Safety Center, NAS, Norfolk,
va. The repcrting criteria is detailed in Navy Aircraft
Accident, Incident and Ground Reporting Praocedures
(OPNAVINST J3760.6 (series)). As Naval safety Center is a
repository for all data recorded on aircraft accidents they
are the source of data used in this report.

B. DAIA SELECTION

AS the goal of this study is to apply the concept
envisioned by Stucki and Maxwell (7975) to individual type
aircraft where possible and to group type of ai rcraft where
necessary, the same basic data set as provided Stucki and
Maxvell by the Naval Safety Center was employed.

Table 1 1lists the data initially requested from aad
provided by Naval Safety Center.
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TABLE 1
DATA SET REQUESTED FROM NAVAL SAFETY CENTER

Data conceraing tae pilot:

Age

Injuries )

Nuaber of previous service tours . .

Total flying time in aircraft model in which
accident occurred , .

Total fllght.hours.ln previous ninety days,

Total nighttime f£light hcurs in previous ninety days
Total daylight carrier landings in previous thirty

days
To{al night carrier landin%s in previous thirty days
Number of years as designated Naval Aviator

OO 00N EWwN

Data concerning aircraft:

Model

Damage ,

Nuaber of tours between major aircraft rework
Type of last major imspecgtion

Hours since last inspection

Identification of the system or comporent failure

ONEWN
R ER

Data concerning the flight:

Major coammand )

Reporting custodian )
Ships's hull number (if applicable)
Marine Air Wing (if applicable)

Location

Flight Purpose Code
Tgpe of operation code )
Phase of operation in which the accident occurred

ONONEWN) —

Data concerning the accident:

scgident identification number including calendar
ate

Other aircraft damaged

Other personnel injured

contri utlng causal factors

gpeghal data not othervise listed

eather

Accident rate for the month in which the accident
occurred

~NOWEWNN -
s ¢ 00 00

Prom the available data set ten basic variables were
selacted in cooperation with Naval Safety Center personnel

12
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for inclusion in this study (see Table 2).

In general, multiple regression requires that variables
are measured on interval or ratio scale amd that the
relationships among the variables are linear and additative.

The dJdata set provided consisted of information on
Two-Thousand-One-Hundred-Ten accidents or incidents vhich
occurred during Piscal Years 1969 tc 1974, inclusive.
Selection of a suitable tiae span was based upon the
following basic constraint considerations:

(1) The necessity to have as large a sample size as
possible to enhance validity of statistical inferences.

(2) The desire to restrict the years in the sample to
periods when the aircraft inventory was reasonably
consistent.

(3) The necessity to consider gaps and inconsistencies
in desired data points due to changes and/or wmodificatioas
in data collection requirements and recording procedures
that had occurred within the Accident Reporting Systea.

To accomplish these ndjor considerations the entire data
base wvas initially inciuded. Then each +variable vas
examined +throughout the entire data set in terms of how
changes in the reporting procedure or inconsistencies in the
(iata would effect that variable. This treatment resulted ia
the reduction of the data base to the
Five-Hundred-Sixty-Nine accidents occurring during the three
year period PY 72-74 inclusive.

During this period the inveantory of aircraft with which
this study deals was reasonably copstant.

While this treatment did create a complete data bgse
vherein al) information desired was available for all
accidents the resulting size does hamper the investigation
of dircraft types in cases where the inventory is small to
begin with and/or where there are few accidents as in the
A-3 coamunity. This leads in some instances to grouping
data under categories such as Propeller, Attack or Helos.

13




C. VARIABLE SELECTION

The ten basic variablegﬂkelected for inclusion are shown
in Table 2. ’

TABLE 2
DATA SET INCLUDED IN CURBENT STUDY

1. Accident rate by month (BRATE)
2. Pilots age GE{

3. Toda ht time in accident involved aircraft
ande

4. Tota% égg%gt time during cinety days preceding
acciden

5. Tgtgl n%glxzfl)ght time during the preceeding ninety
n s

6. Da?lz ht carcier landans during the preceeding

. thirty days (CLDAY]

7. MNight carrier landings ducing the preceeding thirty
nights (CLNITE

8. Nymber of aircraft tours (ACTOUR)

9. Aircraft flight hours since last major or calender
inspection (ACHRS

10. Number of years designated Naval Aviator (DNA)

In addition to the basic variables the author wused an
eleventh wvariable, DAY90 = 10T90 -~ NITE90, which is the
total dayligut flight time in the preceeding ninety days.

Pilots age and years designated Naval Aviator wvere
included as they are variables that are historically used as
indicators of maturity and perhaps proficiency. If, as the
author believes, the hypothesis that the older pilots tend
to be safer piiots through a finer sense of judgement of
risks involved is a valid hypothesis, the author would
expect a negative simple correlation between AGE and DNA
with rate. However because the number of other confounding
factors is great a negative correlation would not justify
the acceptance of the hypothesis.

The variables consisting of pilot £1light hours and
carrier landings are considered to be measures of pilot
currency and proficiency by wmany in the Navy and are

14




therefore in-luded.

Aircraft tours is included as a neasure of the genaral
condition of the aircraft and as an indication of aircraft
age. Each aiccraft in the Navy's inventory undergoes a
Periodic Aircraft Rework (PAR) for anpalysis, repair and
conversion at intervals unique to the model aircraft after a
specific number of flight hours. This variable also serves

to monitor any reliability anomalies other than
"new-better-than-used" as mentioned by Butterworth, et.al.
(1974) .

Aircraft hours is included as a measure of aircraft
condition and usage since major inspection, primarily the
calendar inspections.

D. DATA PREPARATION

The tasic assumptions for multiple regression analysis
cequire that data be measured in at least interval or ratio
scale and that the relationship among the variables be
linear apnd additive.

All data points used vere ajudged to be measured om an
interval scale. Raw data for each type or group of aircraft
vas averaged by months for each of the thirty-six months
included in the data set where there was an accident for
that type aircraft.

E. THE ANALYSIS TECHNIQUE

The apalysis procedure employed was Multiple Regression
using Porvard (stepwise) Inclusion. The Statistical Package
£nr the Social Sciences(SPSS) coapiled and edited by Nis,
et.al. (1955) includes a forvard stepwise multiple regression
computer prograam package developed by Jae-On Kim and Prank
J. Kobhout at the University of Iowa.

15
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This package was selected as the aeans of conducting the
statistical analysis of the data sets.

Kim and Kohout state that forwvard stepvise multiple
regressicn is a recognized technique: " (1)} to find the best
linear prediction equation and evaluate its prediction
accuracy; (2) to control for other confounding factors in
order to evaluate the contribution of a specific variable or
set of variables; and (3) to find structural relations and
provide explanations for seeaingly complex amultivariate
relationships, such as is done in path analysis.®

The computer program provides the user vwith varcious
options for treatment of data sets, calculation of
statistics aud output formats. The procedure, Listwvise
Deletion of Missing Data, is the default option and the most
conservative in that it maintains sample size and is the
BOSt accurate. Since the data base finally arrived at vas
complete, no data was deleted by the coamputer programs
option. If the data base were aissing quite a few
indiviiual data poiunts this procedure could result in a
drastic decrease in the saample size. This fact vas one of
the underlying considerations in the data base selection
criteria.

The options not selected could, if not used with
considerable prudence and judgement, result in the
introduction of large amounts of bias that would be very
difficult to detect without a very good feel for expected
experimental results. It is for this reason that the
Listvise Deletion of Missing Data option wvas used for all
coaputer runs in the current study. Kim and Kohout state
that:

WThere are many occasions for which sinple linear
models are inadequate, It may be that (1) the bivariate
relatlonship is expected (on the basis of theory) to take
is §§e§i§i§n°°‘é%%‘,‘°§§a‘8§3 ofibitacion of the Eéa%&?'ﬁ’%‘%s

clear deviation froa linnarlty or, at least be
82‘ " “S“S.b nea*efdaasl of fhe %‘32‘533&%5;’225312&
are no 2ti Some of the ways tonhagdle these pes
of nonl ar situa*tions are (1) to transforn the orig Inal

varia les n such a way that the resul tint relationships
among the transformed variables become linear, (2) to find

16




a simple nonlinear fora through <the use of polynoamial
:agiagiégn“ aad (3) to introddce interaction terss as naw
varia R

There are two extremse viewpoints in regression
analysis, with valid arguments to support both cases.
Draper and sSaith (1966) axplain that the +rwvo opposing
viewpoints are " (1) tc make the prediction equation valid
you should include as many predictor variables as possible;
and (2) because of increased cost of obtaining variables anad
monitoring them, the equations should include as feaw
variables as possibla."

The process of selecting the best regression equation
is the process of compromising bet Yen thesea two extreae
viecwpoiats. There is no unique statistical procedure for
choosing the 'best' eguation and large amounts of personal
judgement are required. In this regard the techniques of
regression apnalysis become an art as well as a science.

Initial analysis of data frow <the current study
displayed indications of nonlinearity and interactive
effects between independent variables.

To deal with these effects nn single set of regression
variables vwere deeaed ‘'best' but rather a series of seven
different 1'egression variable packages were constructed.
BEach data set was run with all seven different packages.

Variables eight and nine £frcs Table 2 were deemed
aircraft oriented variables while the 1i1emai.ing basic
variables were considered human oriented measures.

Regression I consisted of only those basic variables
that wvere human related. Ragression II contained all the
basic variables pilot-or aircraft oriented. Regression III
used the pilot oriented basic variables plus transformations

17
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consistiug of the square and the square root of each basic
variable uscd. BRegression IV includes all of Regression III
plus the square of, the square root of and the tvo aircraft
related basic variables. Regression V contains all of
Regression III plus the twenty-eight possible cross-products
of the eight basic variables. Ragression VI contains all of
Regression V plus the aircraft reiated basic variables,
their squares and square roots and the <cross product of
Aircraft Tours and Aircraft Hours. Regression VII contains
the ten basic independent variables, their sgquares, square
roots and the forty-five possible cross-products.

The decision to eamploy squares and square roots was
made to provide a largyer nuaber of variables capable of
accounting for curvilinearty. The introduction of
cross-products allows for interactive effects of independent
variables. The use of the PForvard (stepwise) Inclusion
Multiple Regression computer program facilitates the
creation and inclusion of m@many various transforas. The
packages uged in the study were considered the most
vearsatile of the trial packages used in preliminary studies
by the author.

F. DECISICN CRITERIA

The forward stepvwise nultiple regression progras
contains preselectable stopping criteria that vere adjusted
to facilitate introduction of variables l1nto the eguation
that by theswselves made a significant coatribution to
explaining the variance in the dependent variable RATE. As
a 'rule~of-thumb' in predictive equution salection the study
attempts to restrict the number of variables i1in each
equation to five. This decision is based upon “he degrees
of freedos in the regression egquation and the need to




e

maintain a significant ratio to provide a soiid statistical
base for conclusioans.

With the degree of freedom restrictions attained the
primary decision criteria are:

1) The equation vith a significance 1level of
100 (1-alfa) percent greater than or equal to nainty-five
percent, aad

2) That eguaticn that accounted for the largest amount
of variance in the dependeant variable.

In those cases where the choice of the ‘'best! equation
vas not clearly iandicated other more subjective measuraes
vere employed, such as, examipation of scatterplots of the
standardized residual versus the standardized predicted
depandent variable, the plot of the standardized residuals,
and consideration of the intuitive impact of the particular
variables in the equations under consideration.

Por example, all other decision criteria being
statistically equal the equation containing CLDAY - (CLDAY)?2
+ (RTCLDAY) would be selected over the equation containing
(AGE) (ACTOURS) + (TTIME) (ACHRS).

Since wmany of the regression packages were very similar
some cases cculd yield the same equations for aore than one
regression package, while other cases could yield 1o
significant equation for any regression package. In either
case for ccapleteness the 'best' equations is indicated in
the results even if that eguation is not statistically
significant.

This chapter has described the analysis procedures used
in the development of predictive eguations for variance in

19
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accident rates by month. The next chapter contains the
results of the analysis by aircraft coamunity and aircraft
type where possible.

20




Iv. RESULIS

The results by aircraft type ot aizcraft comamunity are
contained in this chapter. The best predictive equation
provided by the seven Regression Packages arae shown.

A. ATTACK AIRCRAFT

The a.rc¢raft of the attack coamunity were divided into a
composite regression and three separate regrossions. The
composite consisted of accident involved aircraft of the
types A-3, A-~4, A-5, A-~6, and A-7. All variants of each
type aircraft were included (for example, KA-3, BA~3 and
A-3). The three separate regressions vere conducted on A-4,
A-6, and A-7 respectively.

1.  At&ack Compogite

Thie category vwas used -y drvastigate trends unigue
to the Attack <oswublity and Dol pecuiiar to a specific
attack tyve aireccatt. additionally, tae relatively small
size of the A~3 aund A-5 cowrunities preclud«d an iz dependent
analysis of these¢ aircraft, Rather <4har o2mit A-3'3 andg
A-5%s3 +they were iscluded here. 7he  izcideat involved
arrcraft in this category provided the maximum sample size
of chirty-uix <data points for anmalysis. As the number of
aircrait lncludel »f each type are not equal the category
may be Dbiasedt towards the larger A-4 and A-7 compunitiss,
hovever, the author felt that this would in ao wvay a2ndanger

21
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the results as the Attack community is being considered as a
community. #®hile data was available for A-1's they were not
included for two reasons, firstly, it was desired to liait
the category to jet aircraft and secondly, the A-1 has been
phased out of the active aircraft inventory.

The bazic variables in the regression accounted for
leéss than tveaty percent ¢. the variance in accidents rate,
howaver, the reqressions consisting of transformed variables
yielded two equations of approximately equal gquality which
ares

A. Rate(ATTACK) = 0.98593 = 0.01221 (ACTOUR)Z +
0.00232 (ACHBS) - 0.00226 (CLDAY)2 + 0.62245 (RTCLNITE)
0.00193 (NITE9Q) 2

t

and,

B. Bate (ATTACK) = 0.79467 - 0.00268 (CLDAY)? +
0.68955 (RTCL¥ITE) =~ 0.00664 (NITE90)2 + 0.15186 (NITES90)
0.09602 (BRTTOTS0) .

Bquation A and equation B are both significant at
the 99 percent 1level and equation B accounts for 59.74
percent of variance in rate coatrasted to 51.11 percent £fox
equation A. The author's decision criteria were met by koth
equations, hovever, examination of residual plots favored
equation A by a narrow margin. The Porward (stepwise)
Regression criteria seiects variables for inclusion in tkhe
predictive equation by adding the variable that accounts four
the largest increase in the percent of variance 4in the
dependent variable. It is of interest to note that the
aircraft oriented variables entered the predictive asgquation
first in Bquativn A followed by the pilot oriented
variables. With the deletion of aircraft variables the
sacond eqgunation provided by oaly pilot oriented variables
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accounted for an additional 8.63 percent of variance in rate
but witl a lesser initial effect of the first two variables
added.

It can be observed that equation A contains two
aircraft related variables vhile equation B is composed
entirely of pilot oriented variablez of which three are
included in both equationms. The predictive equation (B)
contains the variable KITE90 in two functional forms. The
net effect on the dependent variable rate is positive for
values of NITE90 less than or equal to 22.87 hours. Por
hours greater tham 22.87 the effect is to reduce the
predicted monthly accident rate.

2. A= Ajgpcraft

This category coantains all accideat involved A-4 and
TA~4 aircraft in the three year period studied and providaes
a sample size of thirty-one cayas. The regression ¢f the
basic variables accounted for only 22 perceat of variance in
rate at a sigunificance level of 75 percent. The predictive
equation considered 'baest' was:

Bate (A=4) = =0.C0804 (DNA)Z + 0.10473 (RTACHRS)
-0.00010 (DAY90)2 + 0.77584 (RTNITE90) - 0.11160 (NITESO) -~
0.13246.

This equation, significant at the 95 percent laevel,
accounts for 42.68 percent of the variance in rate.

It is noted that four of <the five variables are
pllot oriented variables three of which are based on hours
flovn. The predictive equation for Aa~4 aircraft contains
NITE90 4in two functional forms as did the predictive
equation for the Attack community. Again as in the Attack
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cosmunity the net affect of NITE90 is positive for the lover
number of hours flowvn. Particularly the net effect is
positive fcr NITE90 less than or equal to forty-eight hours
and negative for values greater than forty-eight.

3. B=6 2iicraft

This category was restricted to a saaple size of
tventy due to relatively few accidents and a sasaller
comaunity. In order to achieve the largest saaple size
possible the authoxr included EA-6 aircraft with the A-6 and
Ki-6 moduls. The swmall sample size tends to wmake suspect
any raesults derived by regression analysis.

The basic variables accounted for 1less than ten
percent of the variance in rate while the ‘'best' predictive
equation accounted for 40.27 percent. rThis equation is
however sigrnificast only at the 75 percent level. The
author feels that the zmall sample size tends to negate aay
ugefulness of this regression. The equation is included for
continunity of the study and for discussion purposaes. The
eguation is:

Rate (A-6) = 16.28967 - 0.04604 (DHA)2Z2 + 2.33592
(RTDMA) =~ 20.3056% (RTACTQRUR) + 5.34649 (ACTOUR) + 0.05074
(RTTINME) .

it is noted here that only three basic variables are
used in scese functional Sform with a balance of aircraft and
pilot oriented variables used. The independent variables
DNA and ACTOUR are each used ins two functional foras. The
net effact of ACTOURS is positive for values greater than or
equal to 15 tours wvhile the net effect of DNA on the
dependent variable rate is positive for values less than or
equal to 13.70 and becomes negative for values greater than
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13.7 years.

4. A-] Aircrpaft

This category provides a sample size of thirty-two
cases based on all A-7 aircraft models involved in accidents
during the study period. The regression analysis yielded
the following predictive equation:

Rate (A-7) = 0.27170 (RTCLDAY) - 0.01856 (CLNITE)2 +
0.21346 (BTNITE90) + 4.01164 (RTDNA) =~ 0.888396 (DNA) =
3.70545.

This equation, significant at the 99 percent 1level
accounts for 55.01 percent of the variamnce in rate.

The predictive equation £or A-7 aircraft also
contains two functional forms of DNA. Again here as in the
A-6 the net effect is negative for large values of DNa,
greater than 21 years in this case. While the effect on
rate is positive for values less than 21 years the net
effect decreases as the value of DNA approachs 21 years.
This agrees with the intuitive feeling that DNA is a measure
of pilot proficiency and the more experience the safer the
pilot.,
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TABLE 3

ATTACK AIRCRAFT VARXABLE SUMMARY

VARIABLE ATTACK-A ATTACK-B A-4 A-6 -7 FREQ
RITE9O : 0.07382 0.12366 2
ACTOUR «0.17445

ACHRS 0.371152

DNA 0.15431
DAY902 -0.12592

NITE902 =-0.04184 ~-0.0u184 71
CLDAY2 -0.31728 -0.31728 /1
CLNITE2 ~0.23345
ACTOUR2 ~-(Q.37244

DNA2 -0.31353 -0.34703

BTTIME -0.03596

RTITOT90 0.06426

RTNITE90 0.22177 0.22398
RTCLDAY 0.34684
RTCLNITE 0.13914 0.13914

RTACTOUR -0.14537

RTACHRS 0.30860

RTDNA -0.24288 0.22979 2

TABLE ENTRIES ARE THE CORRELATION COEPPICIENT OF THE
DISPLAYED VARIABLE WITH RATE

ol b =k

-
~N
- b s wd N ed et DN b

Table 3 displays the basic and transformed variables
as used in the regression pdckage. The suffix *2* indicates
that variable squared and the prefix 'RT! the square root of
the wvariable. Tabled are the correlation coefficients of
the displayed variables with the dependent variable rate.

For those cases vhere the variable appears in more
than one equation'the correlation coefficients are quite
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consistant vwith the exception of RTDNA where the coefficient
for A~7 is contrary to what would be normally considered
true. While it 1is generally believed, the reaaining
aircraft types bear out, that the adage that the older, more
experienced pilot has fewer accidents, this does not appear
to hold for the A-7 aircraft. It is noted that the values
for DEA and RTDNA in Table 3 for A-7 are positively
correlated, in addition the coefficient for pilot age 1is
also pogsitively correlated for A-7. The author is unable
from his experience to explain this unusual occurance.

TABLE 4

ATTACK AIRCRAFT BASIC VARIABLE SUMMARY

VARIABLE ATTACK-A ATTACK-B A-4 A~6 A-7 PREQ
AGE 0/0
TTINME 1 1/1
TOT90 1 0/1
DAY90 1 11
NITE9O 1 2 2 1 4/5
CLDAY 1 1 1 2/2
CLNITE 1 1 1 2/2
DNA 1 2 5/5
ACTOUR 1 2 3/2
ACHRS 1 1 2/1

Table 4§ relates the usage of basic variazbles in @ach
category in some functional fora. Basic variables AGE,
TTIME, TOT90, and DAY90 are used one time or less indicatinag
that thaese measures have little or no effect on predicting
variance in aircraft accident rates. NITE90 and DNA are the
high wusage variables followed by CLDAY, CLNITE, ACTOUR and
ACHRS wvith moderate usage.
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B. FPIGHTER AIRCRAFT

The analysis of fighter aircraft was restricted to P-U
and a composite of P-4 and P-8 aircraft. The data base diad
not provide enough data to conduct independent analysis of
P-8's by theaselves wvhich led to the composite category.

1. Pighter Composite

This category was included to provide a method of
including P-8 aircraft and to facilitate the fossible
contrast of the Attack and Pighter coamunities.

The composite analysis yeilded a saaple size of
thirty-six cases primarily on the strength of the F-4§
comaunity. The basic variable regression accounted for less
than twenty~-five percent of the variance in rate at a
significance level of 95 percent. Once again the regression
using transformed variables provided a better predictive
eyuation as shown below.

Rate (Pighter) =  1.21906 (RTACTOUR) + 0.23768
(RTDAY90) + 0.01897 (CLDAY)2 + 2.38695 (RTCLDAY) =0.92126
(CLDAY) = 2.48215.

This equation accounts for 40.45 percent of the
variance in rate and is significant at the 99 percent level.

It 1is observed that the variable CLDAY appears in
each of its functional foras and while it does not account
for the amost variance initially in conjunction with the
formas of ACTOUR and DAY90 it adds about sixteen percent to
the accounting of variance in rate. The net effect on the
dependent variable rate of the variable CLDAY is positive
for vaiues less than or egual to 11,56 daytime carrier
landings in thirty days. For values greater than 11.56 the

28

T e e
-‘t_v.-{-»g{ 1 ‘,72"{.»'_‘ R
- ..uzn'.-.-:z;s.mlf‘lrmw -

P P



—

net effect becomes naegative and will tend to decrease the
accident rate.

2. P-4 ajrcraft

The category of P-U aircraft consisted of a sample
size of thirty-six data points. Regression analysis yielded
the following predictive equation: :

Rate(F-4) = 0.19142 (RTDAY90) - 0.03663 (CLNITE)Z =~
0.000002 (TTIME)2 + O0.17982 (RTTIME) -0.01302 (DNA)2 -~
1.59073.

This equation accounts for 34.79 percent of variance
of rate at significance 1level 95 percent. The equation
generated by the basic variables alone accounted for less
than nine percent and were not significant at the 75 percent
level.

The predictive egquation deemed 'best! was generated
froma Regression III and contained only pilot-oriented
variables.

The variable (TIME appears here in two functional
forms with a positive net effect on rate for values less
than or equal to 2006 hours.
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TABLE 5

PIGHTER AIRCRAFT VARIABLE SUMMARY

VARIABLE PIGHTER P-4 PREQ
CLDAY ~0.16666 2
TTINME2 =0.11285 1
CLDAY2 -0.26346 1
CLNITE2 ~0.19546 1
DNA2 -0. 16277 1
RTTIME 0.08688 1
RTDAYI90 0.24865 0.23319 2
RTCLDAY 0.00643 1
RTACTOUR 0.44776 1

TABLE ENTRIES

ABRE THE CORRELATION COEFPICIENTS OF THE
DISPLAYED VARIABLE WITH BAT™

the case BRTDAY90 which appears in both equatioas

ihe correlation coefficients are quite consistent.

noted that the
proficiency variables are negatively correlated
except in the cases where square roots are used.

variables

normally
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TABLE 6

]
PIGHTER AIRCRAFT BASIC VARIABLE SUMMARY

VABIABLE PIGHTER P-4 PREQ
AGE 0
TTINE 3 o2 2
TOT90 0
DAY90 1 1 2
NITESO 0
CLDAY 3 3
CLNITE 1 1
DNA - 1 1
ACTOUR 1 1
ACHRS 0

Table 6 relates the usage of basic variables in some
functional fora by category. The basic variables CLDAY,
TTIMBE, and DAY90 are the high usage variables in this
category and are all pilot related variables. The variables
AGE, TOT90, NITBE90 and ACHRS did not appear in any form in
the fighter coamunity

C. PROPELLER AIRCRAPT

The aircraft considered in tbe propeller aircraft
category consisted of E-1, E-2, C-1, C-2, S-2, P-3, C-117,
C-118, and C-130. Due to the relatively small size of each
individual ccmmunity and the infrequency of accidents it wvas
necessary to combine all aircraft into one category entitled
'PROPS'. This procedure is somewhat unnerving as there are
normally aspirated and turboprop aircraft together as well
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as carrier~based and land-based aircraft. This tands to
bias the results and applications or infereances cannot be
directed toward any particular meamber aircraft in the group.

The result of aggregating the above aircraft is a saample
size of twenty-six cases vhich provides an equation of basic
variables tbhat accounts for less than thirty percent of the
varjiance in rate at a significance laevel of seventy-five
percent. |

Regression packages ¥V, VI and VII provided tLe sanme
equation which was judged 'best' by the author.

Rate (PROPS) = 0.35935 +  0.00002[ (TTIME) (NIT290] =
0.00022  (NITE90)2 =~ 0.00001 [ (AGE) (*TIEE)] + 0.00108
[ (CLDAY) (CNA) ] ~0.00595 (CLNITE)2.

The predictive equation accounts for 43.25 percent of
the variance in rate at a significaance laevel of 95 percent.
This category provides the only case where crogss-products
contribute to the predictive equation. The equation
consists of only six basic variables in some functional
form, and all six are pilot oriented variables. This could
be indicative of the inherent safety of large multi~engined
propeller aircraft wvhere a flight may be aborted due to a
mechanical failure with a lower probability of an accident
resulting frca the mechanical failure.

The inclusion of pilot oriented variables in the area of
carrier landings «casts doubt upon tue validity of the
predictive equation because wmany of the aircraft are not
carrier~-based and their pilots do wnot trecord carvier
landings. The equation is still cousidered valid :y the
author in that a value of zero vwas recorded for those pilots
with no carrier .iandings and if the regreswion technique
still selects that variable it is due to the correlation
interactions with that variable and the comhined independent
variables 4included in the equation with the dependent

32

S




variable rate.

TABLE 7

PROPELLER AIRCRAPFT VARIABLE SUHMARY

VARIABLE PROPS
NITE902 | 0.09764
CLNITE2 -0.22505
CLDDNA 0.21845
TTNITE 0.55415
AGEDNA 0.19878

TABLE ENTRIBS ARE THE CORRLLATION CORPFICIENT OF 7THE
LDISPLAYED VARIABLE WITH RATE

TABLE 8

PROVELLER MIRCRAFT BASIC VARIABLE SUMMARY

VARIABLE PROPELLERS FREQUENCY
AGE 1 1
TTIME 2 2
TOT90 0 0
DAY90 0 0
RITBI0 2 2
CLDAY 1 1
CLEITE 1 1
A 1’ 1
ACTOUR 0 0
ACHRS 0 0
33
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Table 7 shows that only one variable, CLNITE2, is
negatively correlated with rate, while the remaining
variable forms are all positively correlated. Table 8
reflects the degree of usage of each basic variable with
total tine and night hours Dbeing used twvice and the
remaining basic varaibles one tim# or not at all. ‘

D. HELICOPTERS

The category halicopters consists of the aggregate of
H-1, B-2, H~3, H~U46 and H~53. This category like that of
Propellexrs did not provide sufficlient Jdata to c¢onduct
independent analysis by <type aircraft. The aggraegate
yielded a sanple size of thirty-three cases.

The analysis yislded only {vo predictive eguations forx
the seven regression packages. The equation provided by the
basic variables was ajudged 'best' and is:

Rate (HELO) = 0.00062 (TTIME) + 0.65405.

This equation, significant at the ninety percent laevael
accounpts for 9.30 percent of the variance in rate. The
second equation provided by the remaining five regressions
accounted for 11.45 percent of the variance in rate. Tue
difference of 2.15 percent was not deeamed sufficient
increase to use the sacond equation which consisted of the
variable TTIME squared.
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V. DISCUSSION

It is inceresting to note that even thougk the variable
AGE was the most significient single variable in the overall
equation arrived at in the study by Stucki and Maxwvell that
AGE appeared only once in the curreat study. The variavle
AGE appeared as a cross product with TTIME in the prediction
equation for propeller aircratt. The current study employs
the variable DNA which was not used by Stucki and Maxwell.
The variable DNA was used in some functiosal form seven
times and represents the highest single useage of any basic
variable. The simple correlation between AGE and DNA is
quite high in each of the eight categorys. Intuitively this
implys that one or the other will dominate and both will try
to account for the same portion of variance in rate
explainable by this ¢type of variable. A similar trend
appears in looking at the usage of TOT90, DAY90 and NITE90.
As the sum of DAY90 and NITE90 equals TIOTI90 it would be
expected that one of the variables would dowinate the
predictions. This is in fact the case as NITEJ( is used six
times, DAY9Q0 three times and T0T90 enters only in the
alternate best equation for Attack aircraft. The variables
TTIMNE and CLDAY are each used six times in some functional
fcrm while CLNITE appears four times. The aircraft oriented
variables appear a total of six times in some functional
form, four times for ACTOUR and twice for ACHRS.

Although some of the Regression Pachages yielded the
same equation wvithin categories, Regression Package IV can
be credited wvith the bert equation in five out of eight
categories. Regression IV provided the best equation in the
four attack aircraft categories and in the category Fighter
aircraft. Regression Package V provided the Propeller
equation, Regression II the Helicopter equation and

35




Regression III the P-4 saguation. The prelictive equation
for P-4 is tke only case vhere the best equation wvas
provided by a regression package that contained only pilot
oriented variables. The category consisting of Helicoupters
vas the only case where the transformed variables did not
provide a large improvaemeat over pure basic variables in the
predictive equation generated.

The wsajority of the variables entered in the eight
predictive equations vere of the variable squared or the
square root of the variable, thirteen and fourteen times
respectively. Three cross pr'ducts used six variables and
the basic variables appeared six times.

There does not appear to be any treand or tenmdency for
any particular basic variable to be consistent over the
range of the eight categories considered. If the hypothesis
that the older more experienced pilot is a safer pilot is
valid and if the variables of AGE and DNA can be considered
as measures of this hypothesis, then the author would expect
the siample correlation coefficients of these variables to be
negative, This 4is not the case as five of the sixteen
coaefficients are positive., It is possible that due to the
relatively ssmall size of each sample and the fact that there
are asonths wvhere only one accideant occured that a
coefficient could  Dbe only slightly positive without
violating the hypothesis. This does not explain the
coefficients of the A-7 category (see Table 9) where the
coefficient of AGE is on the order of 0.26 and DNA is 0.15.
As stated previously the author is unable to explain this
phenomena. Similar srguments can be generated for each of
the ten basic variables. The closest case to being
consistent in sign is with CLNITPE wvhere all coefficients are
negative except that of A-6 which is 0.07. The value of
0.07 for A-6 combined wvwith the extremely small sanmple
consideraed in this case (20 data points) leads the author to
discount any significance in siyn for this variable.
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TABLE 9

ATTACK i-4 A-6 A-T7
AGE -0.27305 -0.12430 -0.30084 0.26525
TTIME -0.05110 ~0.08715 ~0.09278 0.17624
TOT90 0.02845 «Q0.01864 ~0.02922 -0, 03100
DAY90 0.01701 -0.08675 0.02350 -0.07358
NITE9O 0.07302 0.12368 ~J.11615 0.07386
CLDAY ~0.19153 0. 05906 ~0.02135 0.21725
CLNITE ~0. 19847 «0.01026 0.07686 -0.037M
ACTOUR ~0.,33037 0. 11157% ~0 1T4eS ~0.16477
ACHRS 0.3%152 0.29628 ¢.10899 ~0.11530
DA ~Q 18404 ~0. 25457 «0.268%43 0.15431

PIGHTER Py PROPS HELOS

AGB -0.006448 $.00785 “Q.06703 J.09091
TTIME 0.15639 0.01361 0.214M1 de 30509
70190 0.11077 0.14855 0.08224 Q. 09746
DAY 90 0.23847 0.20732 -0.00069 0. 12454
NITENO “0.22743 -0. 14624 0.16823 -0.00036
CLDAY ~0.16666 0.10926 0.20479 -
CLBITE -0.16156 ~0.12479 -0.22141 L
ACTOUR 0.42709 0.19403 0.14963 -0.0786%
ACHRS 0.03460 0.20765 0.12285 0.08244
DNA -0.02518 -0.05232 ~Q.05969 0.04829

*% no carrier landings recorded
TABLED VALUES ARE THE COBRELATION COEFFICIENTS OF THE BASIC
VARIABLES WITHd ACCIDENT RATE BY CATEGORY

The net effect on Rate by the combined functional foras
of 4 bagic variable was discussed in the results by
category. It srould be noted, however, that adjusting the
values of a basic variable to bring about a decrease in the
accident rate could potentially cause one of the other
measures to shift in such a way that the total net effect
vould be to increase the accident rate.




VI. RECOMMENDATIONS

The current study consisted of analysis ot aircraft
accident rate by type aircraft. 1In this approach the size
of the communities and the resulting size of the datu base
are such that the analysis is constrained by the degrees of
freedom available in regression techniques. As a future
study the techniques and hypotheses employed in this study
would be a useful starting point. The necessity of a larger
data base would be overcoae by time as the inventory studied
is not that different from the curreant Navy inventory. The
sensitivity of some of the basic variables employed in this
study suggest that future studies procure additional data of
the following types:

1) In addition to the pumber of day and night carrier
landings in the past thirty days, a numerical grade of the
quality of each landing made should be included.

2) A breakdown of twthe hours flown in the preceeding
ninety days to include, for exaaple, £light hours in past 24
hours, £light hours iau past 72 hours. This would allow
inclusion of concepts of fatigue versus proficiency.

3) In addition to AGE and DNA, the number of months in
operational flying billets and the nuaber of wmonths in
current tour.

The d.ta base eaployed contained auch inforamation on
accidents and allows constructing a profile of the pilot who
had an accident. The single most severe hinderance to this
author in draving conclusions was the lack of adequate or
egqual knowledge of the pilot who did not have an accident.
It is recomaended that prior to any €uture studies of this
type the analyst procure data on accident free pilots with
as many variables in coamon with the accident involved pilot
as feasible. The hinderanmce to this author was that a
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profile of the accident involved pilot may be identical to a
profile of the non-accident involved pilot. Without the
results of this comparison the usefulness of the predictive
eqguations . for prediction cannot be demonstrated
statistically. It is possible however that the equations
could be validated by using them to attempt to predict and
coaparing the actual resulting rates.

The real benefits of this study are in the analysis of
tue variables that enter the egquations and by using the
frequency of aprearance in planniag future studies with even
greater detail in those areas where the variables appear to
contribute the most.

While this study is somevhat broad in scope it does
provide encouragement for'future efforts along this line of
reasoning. The ever increasing necessity to reduce loss in
human life and dollars due to aircraft accidents provides
the inceantive.
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APPENDIX A

AVERAGE MONTHLY DATA POINT VALUES

This appendix contains the average monthly data point
values for the basic variables and the dependent variablae,
Rate. Each aircraft type or cummunity examined in the study
is recorded in a table.

The dependent variable Rate is the aircraft acc¢ident
rate per ten thousand hours. BRate is calculated by taking
the nuaber of aircraft accidents for the month times ten
thousand hours and dividing by the total number of hours
flown by that type aiicraft for the month.
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