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EXECUTIVE SUMMARY

Chapter I - Introduction. The basic thrust of this

study is to improve our understanding of pilot errors by

examining pilots ’ attitudes toward , and perceptions of,

erLor.~ in a way never attempted betore. Background informa-

tion on a recent study of the game of “Eight Ball” is pro-

vided in this chapter since the “Eight Ba l l”  study was

used as a guide in the examination r~f pilot errors. Com-

puter prc~grams fc’r cluster analysis, mu1t~ dir~ensional

scaling and discriminant analysis were utilized in this

exploratory research project.

Chapter II - Method. This chapter describes the method-

ology used to examine pilot behaviors as pretested on 23

Newport area P-3 pilots. Sixty P—3 pilot behaviors were

typed on 3x5 cards, and each of the pilots was asked to

sort the cardc into two or more piles as they perceived

the behaviors related to one another. The respondents ’

sortings were subjected to cluster analysis, and the solu-

tion resulted in three major clusters that seemed to fit

logically within the realm of P-3 piloting . The clusters

are briefly described and depicted in three dimensional

representations. Since there was a patterning of P-3

pilot behaviors, it was thought that there would be pattern-

ing among P-3 pilot errors.
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Chapter III - The First Fleet Pilot Study. This

chapter describes the first round of interviews that were

conducted with 51 P-3 pilots stationed at a major P-3

patrol squadron base. These pilots were asked to sort

60 cards, on which were typed P-3 pilot errors, into more

than two piles , as they perceived the errors went together.

These pilots were also asked to sort the same 60 errors

into seven slots in a box ranging from “most serious to

“least serious”. Seriousness is discussed in Chapter VI.

The clustering solutions of “1~cceptab1e ,” ‘ Unac~~ ptab1e” ,

and “Runway Environment Technique” errors were depicted

and discussed . Nu~Ltjdimensional scaling solutions weree . . . . p . . . • - •
depicted to show the dimensions of the clusters as named

by the author. These dimensions give us clues as to how

pilots view the errors thus leading us to a better under-

standing of pilots ’ perceptions.

Chapter IV - The Second Fleet Pilot Study. This

chapter fellows the same format as the preceding chapter

in describing the second study of 52 P-3 pilots accomplished

at another major patrol squadron base. These pilots were

interviewed in the same manner as the first group except

that they were also asked to rank order 13 preselected

~rror~ on four ~it t ribu tor~ Career , Rattle , Fmbarrassment

and Fun. Results of these rankings are discussed in

Chapter VII. The clustering solution for the second

iii - 
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gr.~up of pilots, although much the same as 
the first group’s

cluster solution, has some differences that ar~ discussed

along with possible reasons for the differe~ces. Also, as in

the preceding chapter, multidimez’sional scaling solutions

for each cluster are provided .

Chapter V - The Combined Results. The data for all

103 pilots were aggregated and subjected to cluster analysis

and multidimensional scaling. Results are treated in this

chapter in the same format as the two preceding chapters.

The concept that the respondents have views of a “pilot”

that differ from views of an “aviator” is discussed as a

- .  ~. ..   , pqssjbl~ ~~a~on~for~ ~he cl~s~~~ing of Acceptable Errors

and Runway Enviror.ment Technique Errors. As in the pre-

ceding chapters, multidimensional scaling solutions are

provided .

Chapter VI - Seriousness. This chapter treats the re-

suits of the seriousness scaling. The pilots were divided

into groups of low (40—799 hrs), medium (800-1499 hrs) and

high (over 1500 hrs) P—3 flight hours. Using this grouping

and grouping by base location, a discriminant analysis program

could predict group membership fairly accurately, based on

how the respondent sorted the errors. The idea that some

pilots in the “high” group sort errors in the same manner as

the pilots in the “low” group (or vice versa) is discussed
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along with possible implications and applications for the

future. Tables are presented for the discriminant analysis

findings and the seriousness ranking.

Chapter VII - Attributes. This chapter contains a

brief discussion of the results of the ranking of the 13

preselected errors along the four attributes of Career ,

Rattle, Embarrassment and Fun. A table depicts the mean

rankings, and discussion centers on the finding that some

errors are perceived as career wreckers, embarrassing ,

likely to rattle and not much fun, but these are errors

that are not likely to cause much damage or bring about

ldss~o~~1if~e On the other hantl; there are scme~ercors.

that are perceived to have an element of fun that are high

risk errors,and the possibility for loss of life and air-

craft damage is high when these errors occur.

Chapter VIII - Conclusion, New Directions. This chapter

summarizes what has been learned from the study. The points

covered are th~c:

a. It is possible to use clustering techniques

to make explicit certain implicit patterning of pilot errors.

b. Multidimensional scaling can identify Sig-

nificant dimensions of the error space and these dimensions

may give us directions for the future study of errors.

V



C. There are differences in the way pilots view

the seriousness of errors and these differences might suggest

areas for further study.

d. A subset of errors, cw re m~nageahle in size,

might model the total error space.

e. Scaling of errors on certain attributes might

give us clues as to what changes in pi lots ’ at t i tudes to

strive for to ach ieve a safer fly ing environment.
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CHAPTER I

INTRO DUCT ION

Man ’s mi sca l cu l a t i ons—-of  inches or feet ,
seconds or minu te s , th ickness , width , solidi ty
and a dozen other  fac tors - -have  induced great
suffering thro ughout history .l

Human error continues to plague the aviation community

at a time when great s tr ides are being made in designing

sa fe ty  fea tu res  into a i r c r a f t .  Avia t ion  accident rates have

tumbled in the last two decades , yet the percentage of acci-

dents attributed to human error has remained fairly stable.2

Human error research must therefore go on , and improved

understanding is required if there is to be a drastic reduc-

tion in pilot error accidents. We must find the “why ” of

human error.

Background-—The Roberts/Chick Study

In 1977 John M. Roberts and Gary E . Chick conducted a

study of a league of “Eight  Bal l”  players in Western

Pennsy lvania. 3 This exploratory study was an attempt to

construct a model of the behavioral array of actions asso-

ciated with the play of the pool-type game of “Eigh t Ball.”

In this study an informed judge listed sixty “Eig h t Ball”

behaviors , good and bad , important  and unimportant , inter-

est ing and u n i n t e r e s t i n g ,  which he f e l t  represented the f u l l

behavioral array found in “Eight  Ball .” Examples of these

behaviors are : CHALKING THE CUE STICK , RACKING THE BALLS1



and CALLIN G THE POCKET . The select ion of behaviors was only

an e thnographic  j udgment , but  the j udge was a long-term

player who was completely f amil ia r wi th the game and the

league. The sixty behaviors he identified constituted , then ,

a model of “Eigh t Ball” behaviora l space. Expressions

commonly used for the sixty beh aviors by mos t “Eight Ball”

players were entered on 3 by 5 cards . Forty-f ive  experienced

members of the league were given the cards , and each player

sorted them into piles , based on the similarities wh ich he

determined the various behaviors had to each other. An

aggregate similarity matrix based on sorting was then

clus tered.

Clustering refers to a number of related statistical

cl assification techniques that take data units ( in this  case
uEight Ball” behaviors) and ideally group them into clusters

so that elements within a cluster have a high degree of

natural association among themselves , wh ile the clusters

are relatively distinct from one another. The extent to

which a procedure results in such clusters depends upon the

structur ing inherent in the data based upon an aggregation

of the clusters of each participant. Hierarchical. c’luslerinq

techniques produce representations of the data units that

are roughl y analogous to the taxonomies of descript ive

semantics .

Each of the main clusters was treated as a domain , and

the behaviors within the domain were subjected in turn to

2 
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m u l t i d i m e n s i o n a l  s c al i nq .  Roberts and Chick determined

that both the clusters  and dimensions produced by these

procedures have e thnographic  import . Sta ted  somewhat d i f -

f e r e n t l y ,  the c lus te rs  and dimensions mus t be under st ood  i f

people are to unders tand the play of the game as i t  a c t u a l l y

occurs.

Fina l ly ,  the a t t i t u d i n a l  study of a smal l  sample of

experts and a small sample of more ordinary players  was con-

ducted. All of the players scaled all of the behaviors

associated with actual play in terms of the fun they experi-

enced when they performed them. Players also scaled their

estimates of the amount of concentration that  a set of

behaviors required and the degree to which their  concentra-

tion was broken when they practiced certain behaviors.

The total analysis  therefo re , deal t wi th a sample of

actual behaviors occurring in the space on and around the

pooltable in the course of the play of “ E ight Bal l”  and the

conceptual space into which the players place thi s play .

Th en , to a degree , att i tudes towards concentration and fun

were “mapped” wi thin the described space .
4 The total descrip-

tion gained from such mapping leads to a better  understanding

of the play of the game , and the authors believe that it wi l l

also give clues as to the factors that determine why some

players are better than others.

Research Objectives

Until technology produces an automated flying machine

3
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with no pilot aboard , we must continually strive to reduce

human er rors  in av ia t ion . The Navy invests heav i ly  in

t r a i n i n g  and s a fet y  programs in orde r to p roduce a competent ,

safe  p i lo t .  Following the lead of the Roberts/Chick study ,

it seems reasonable th at an unders tanding of pilots ’ att i-

tudes toward errors might furnish insights and suggest new

dimensions for  e f f o r t  in the f i e ld  of t r a in ing  and s a f e t y .

This s tudy is , therefore, an exploratory attempt to discover

more about pilot errors and to search for  a new way to view

the space of errors for the purpose of achieving a f u ll e r

unders tanding of them.

Employ ing the methodology used in the Roberts/Chick study

a “ new look ” at p i lot  errors was attempted.  Because the au thor

is a q u a l i f i e d  P — 3  p i lot  w i t h  mo re than 2800 p i lo t  hours in

the P — 3  ORION an t i — s u b m a r i n e  patrol a i r c r a f t , the s tudy is

focused on P-3 pilots.

4



- -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_ _- -~~~~~~~~~-~~~~

CHAPTER II

METHOD

Prel iminary Testing at the Nava l War College

The author selected sixty of the numerous behaviors

relat ing to all aspects of P — 3  p i lot ing and typed these

behaviors on 3 by 5 cards . The behaviors selected were

those normally accomplished by the pilot and represent

actions whi ch occur in all phases of P-3 operations . The

s ixty  behavi ors are listed in Table I .

The i n i t i a l  f eas ib i l i ty  of mapping s imi la r i ty  matrices

for the clustering was obtained by giving the s h u f fl e d  card

deck to P-3 pilots stationed at the Naval  War College or in

the Newport area and asking them to sort the cards into two

or more piles on the basis of the similarity which the

behaviors had for each other. The minimum and maximum numbers

of piles obtained through this procedure were two and eleven .

The sort ing task was accomplished by twenty-three P—3 pilots

with vary ing f leet  experience and currency in the a i r c r a f t .

The twenty-three s imilar i ty  matrices were then summed to

produce the aggregate matrix which was entered into the

c lus te r ing  program . This  aggregate mat r ix  was clustered using

the U — s t a t i s t i c  c lus te r ing  technique . 1 This technique is a

non—parametric method of hierarchical clustering which groups

on the basis of the best mean rank of proximity scores

5
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TABLE I

SIXTY P-3 PILOT BEHAVIORS

PF~ FJl~l A NO FLAP 1,I~~D&~
FD(TI2~L 1W L.N~~I)C ~~~ R wrriu,r EIJrrR.ICAL .—
~ JL AN F~i3INE CUE TO TI) SYSTI) I M I i ~~ I ’I ’) .~
GIVE THE (X~ 44~ND TO E’ HANDLE AN kN INI F’3f~ L~~ OIL PRESSURI
PERE F~l A THRKE FM LNE FERRY TA~~~ FF

•p ~
, .f lQ ~ AIRCRAFT WE ‘10 BRAKE FIRE

PF~~~~*4  AN PCIIJAL TH~~~~ E~ KlINE LA~~) I~~
J~lII~ THE AIRCRAFT WITH A FLAT TIRE Ct~ THE ~4AIN I~C1MT

FLY ACTUAL LNS’fR.~~~ tI’S ‘J J PARTIAL I’AN}l
AHDRT ‘1W TAK}EFF AT 80 KI’11~S
IJ~NI) ‘flff ~ PJRCRAF! LF.*j~qIM,
l AND THE AIRCRAPI (~ A S1~)RT }

~.Th~~AY

t .ANU THE AIFCRAP’T ~ l AN ICY ~~~~~~
LAND ‘1W AI~~ RAFT AT NIGHT
LAND THE AI~~ Bi1?r IN A CW~~~~ 1ND
P~~ r FLIGHT THE AIRCRAFT
FflL CUP THE YELLC~ SHE~~F
S~~~JRE ALL THE RADI(~
~~ r ‘r~~ PARKXM BRA1~ IN THE C)fXKS
PIP CR~#4 IN DrI’CHIM STATIC~ S FOR TAX~X.~ F
(i~~]( ‘1W FLAPS srr F~~ TAx~nFr
Q*L~ THE TRIll TABS srr FC1~ TA1~X~~FQ~~~~ ~~AKFS IXJRII4 TAX I
O~~]~ ThE ‘I’ RN LND A CA’lt)RS AND (X1.tPASSIS Ct~ TAXI

~~~~~ FLIGHT (X~tI’1CLS ~~~ FREID24 tJJRP~~ TAXI
D~~~~~ THA.T THE TA1~~JFF C’1*X~< LIST IS O1.~PLETE

~~~~ RADIOS AND HSI ~~ ~~~ pv ~irr YCUR ‘i.m~~~Jr
~~T ~~ JR SEAT H~1T AND SlD. WEP FIAFIIESS

~~xer YCUR SEAT
C*LL POR ‘PI P. B~~rRF c’rp.RI~ cl p u~ ~~~~~~~

~~LL FOR fl~ AFTER START CHECK LIST
S1Q~ .L “CWXK~; CUT’ TO T~O L Il~~4A5
~~~}1~VL ~~X3LN}. START T FJwIL’Rrr A~~ RJ~’l’ S
PRF?LIGI?r THE AI RCRAFT
~ U~T THE CR11n BKEORE DLT’ARTI?~~ ON MISSION
FIT THE PARWWFE AI~~ S’I!Y.’i rr
CAL.L FOR GEAR liP
CALL POP ~~X ~~~~~

.fl~rAIN DIRFrr IL~lAL ~Il?Ta)L ON ‘rpxarF lOLL
AlYJ~NcL THE I~%’JER LEVERS TO 55115 THE TAXEEFF
1~YThTE TEE AI}CMfl’ 111? L’~K TA1~~DFF
ES~I~.BLISII THE ‘ . LMI3
I. IN) I THE Al WPAP~ 1*1 REN~~ Y C~NrERLINE FOR ThI~~~~F
IALI . ~‘ P  ~t i:~ }L&l (
s-j:.; ~ ‘~ 

•;~, .~~ )~~~)fl~~~ ; P}- xTfl5~pj
AL. ~L. fl CIPLE . S’’
‘1S-;Y ~:Trll1~l’l~~ ;ETf I~K; AND REAL) sAx BEE~~RE r~~s~~~~r

~~~~ ~~~ .‘JFYGHT ~NI SPEEDS
.ix I’ ‘lIE BPAKE~~ Arr .? AR Il W~ C~ F INAL

.i. A ’~l FLAPS
AL; ~‘ ~‘ Afl Fl~~~ 1 ~1;i)

~~~~~ AN ~~‘Tt’M.
TI/C.. ION l.~ ~~ I T~~i4I.’TT’S ‘1) ~‘Is1iAL WE~~~ o.wr~~Tr
R PT I~~F TIP 11 LAND n’ai lOLL
.ASl THE R’,~~l A~ AM1 011 FLARE I S  E~~rAEI.tSlThD

MAI~r A I N  )iIRO~~ ; NX. OJ~1’1~.)L 11 lOUixTr BY V~RY fl~~ R E l ~~F
11}~~ Fl THE HJNl’J~Y
SWITc1I LEFT FIANL) PMI’l YOKE TO ~~3fj ’JH~~L STEEPITI3 ON lOLL CU~R}~~F: 1’ WFJ~ AFTER DLscPNr A VT L IT)R ALT~ IUDE
RITt(.: ~

I•}
~ ~ir ..Ffl

6

— -. - -. , —

~

— ,~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ --—~~~-—--



connecting potential clusters . The hierarchical clustering

solution obta ined f rom the computer is dep icted in Figure

1.

Next , a small number of P — 3  pilots examined the cl ustering

solution presented in Figure 1 and agreed tha t  the c lus ter ing

seemed logical and i t  f i t ted  their  experience in P-3 f l y i n g . 2

Th ree major  clusters were accord inqly  id en t i f i ed , agreed

to by the experts and t i t led:

I. D i f f i c u l t y  Cluster

II. Assurance/Checking Cluster

I I I .  Stress Cluster  ( S e q u e n t i a l  Fly ing C lus t e r)

I .  D i f f i cu l ty Clus ter .  The uppermost c luster  of

f i f t e e n  behaviors represents behaviors that  to a degree are

difficult to perform and require a degree of skill , knowledge

and airmanship to accomplish. In general these behaviors rep-

resent problems and malfunctions that confron t the pilot in

non-routine situations . Examples are : LAND THE AIRCRAFT ON AN

ICY RUNWA Y and PERFO RM A NO FLAP LANDING.

II. Assurance Cluster. The center cluster of twenty—

one beh av iors represents an assurance or check ing group of

behaviors . These are behaviors tha t  are undertaken to ensure

t h a t  the f l i ght w i l l  be carried Out properly and s a f e l y .

Most are accomplished before takeoff , a l t h o u g h  a few occur

a f t e r  landing but  are s t i l l  required fo r  the proper prosecu-

t ion of the f l i ght. Examples are: CHECK BRAKES DURING TAXI

an d PREFLIGHT THE AIRCRAFT.

7 
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F I C Ri : I.

NEWPO RT ARE A P — 3  PILOTS Cl U S T E R I N G  OF B E H A V I O R S

PERFORN A NO FlAP L.A.NDINO—L-—[——-r-L
~ 

EXTIND TIlE LANDING GEAR 51T9)JI ELIrI’RLCAL I~..%’&J~
_______________ TIULI, CUF AN F~~1INE LXJE PD TO SY ’Li~~ ~~~~~~~ ‘T!~~

G IVE THE (X14~tAND ‘10 ‘E ’ HANDLE “ .:,. I-’ :I . :~~~ (j

PEREDI~4 A THEE~ EN DIE FERRY TAYIX~ T~
STOP THE AIRCRAFT’ CUE TO BRAKE FIRE

I .  D i E  f i c u 1t ~ RFO~ 4 AN N~TI11AL ThREE FN INE LANDIL ;
C 1us t~~r LAND THE AflCRAFF WITH A FLAT TIRE ‘/. THL MAIN ~~~~~

FLY PCIIJAL U I’Iu~1IfrS i~ PARTIAl. t~~ i .
AB)R’T THE TAKEOFF AT 80 KIXJFS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LW) THE AflCRAP~ EX~~ A~’1ND
LAND THE AIRCRAFT ON A SHORT I~.ThMAY
!A~I) THE AIRCRAFT’ ON AN ICY PLNWAY
LAND THE AIRCRAFT AT NI ’ 1!r
LAND THE AIRCRAFT IN A CROSSWIND

____________________ 
—[j~~ 

PONT FLIGHT THE AIRCRAFT
FILL CUP THE YELLC~& SHEFIr

C SEOJRE ALL THE RADIOS
SET THE PARKING BRAKE IN THE c1FX55

T I .  Ass u ra r  Ce ~~heck ing  
~ur cJ~~ n~ DrTCHflEG STATIONS FOP TAKIXFF

C i u ~~t er  
~~~~~~~~~~~~~~~~~ THE FLAPS s~Ir FOR TAKPDFF

CHEX’1( THE TRUI TABS SET FOR TAKEOFF

~~~~~~~~~~~~~~~~~~~~ 

_____
Q4

~

XD( BRAKES WRB~~ TAXI
CHECK THE TURN INDICATORS AND CCI4PASSES ~ . T?)::
GIUJ( FLIGN’r ‘TROLS FOR FREUXF’I £URPJG :~D :J
INSURE THAT THE TAI~~~FF CHECK LILT 12 CCFPLETL
SET YCXJR RADIOS AND HSI TO CARRY 1) ~r ;s

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SET YCUR SEAT BElT AND SIflJLDER HARNLSS
ADJUST YCUR SEAT
CALL FOR THE BEFORE START CHECK LIST
CAlL FOR THE AFTER START CHECK LIST
SI(~~AL “C1~X’1<S CUr” ‘PD TIlE LrM~ lAN
OBSERVE EEIGINE STARr T ERA’PJ~l )~ Al Il
PREFLIGHT THE AIRCRAFT’

— BRIEF THE CRL’I’~ BEFOPI. l AY’: 1’. 
FIT THE PARACHTJI’E AN) S’i~~i’. ~T

HIE
~! 

CALL FOR GEAR UP
CALL FOR MAX I~~~ER

fl~’~~15 ~~~~~~~~~~~~ CONTROL. ~~, 

ADVANCE THE PCMER LEVERS PD BErIN Ti ll: :A1~ nIT
ROTATE THE AIRCRAFT DUR ING TAKL.
EST”.BLISH THE CLIMB
LINE liP THE AIRCRAFT ON RIJNWAY CFTIFLDL r NL ‘DP ‘I7~KElDFF
CALL FOR NTS CHECKI I ) . . ‘ ‘ S . BRI EF ~~XDT T~ CREW 1*. LAND I~E, I I ~ X ELi

I , C CALL FOR DESCENF CH}XYK l.I:~~
CHECK M~TtfrTh?I EP S~1I’( LY& AND ~LAL .~ : Li 11
OHTItIN IANDIMI WEIGH ) ANO .1 .1
CHECK THE HlIAKLL AF’I’IAI ;,~ i ~.C i’

CALL FOR LA~UlNc I
CALL FOR APPI~~~CII FLAI l;

‘—1 
—c 

SH(XYF AN ACTUAL (ICA
TRANS ITION L’RCt4 IHST’l)UMENrS PD YL. A.. I’E .
REVERSE THE PROPS ON iA’.DIi~ R O L .
LAS ‘FIRI ‘C~Tr AL YANT. LII SLAPF IS ITC~DD Y~OiF’~\4j~r~~TA~~

- 
~ tR:lTFlONAr . CONTROL ON ROLLOL Yr BY V~\ SYINC REVEBSF

TURN Al ’S THE P NI’A’~
SWI P ’ !)  .2-IT HAN) FRCII YC’CO ) NC~~A ’ .-. ! ! I . I . :  STi l I~r>r IN tOE) . CUT
~~~~~ ~~~ /~r.)’1~~ .ILaLI ; ~~~‘ ~1r ;us .‘~ ,‘:i v’ ..oI:
P. IN CT O.M’E}l FOR DT~~~’1I.’I’
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Ill . StresN Cluster. The lower cluster of twenty—four

b~’hav ors is sequt n t i a l  in  x~a~ u re  and appears t o  iiro~eed

I r c , i n  t.ikt~o f 1  I I~ u~ 1ing . Mo st of 1ht LLiuIavior~ in I h i s  e lu s—

I~~~r h~~ ie to do w i t h  norma l f l y i n g , i nvü l ’i in q  m~t n i p u ~~a t ien

of the cont ro ls , changing  the s t a tus  of the a i r c r a f t  or q i v i n g

the orders for  m a n i p u l a t i o n  of the cont ro ls .  The sequential

n a t u r e  of the c lus te r  provoked f u r t h e r  specu la t ion  tha t  any

f l i g h t  produces stress tha t  increases from takeof f  to landing .

Consequently ,  th i s  grouping  was also t e n t a t i v e l y  labeled a

St ;r e 3~: C!  l i N t  ‘S r .  t x am p l e s  are : wfJ ATI: ‘r i lE ALP.c!<AF” r DURING

‘rAKEOF’F , LS’J’AIiLI SI! TIlE CLiMB , CALL 1”OR DES CEN T CHE CKL I ST and

TURN OFF THE RUNWAY .

Subclusters  wi th in  a major  cluster  can be iden t i f ied,

such as l and ing  c lus ter  of f i ve  behaviors at the bottom of

the D i f f i c u l t y  Cluster  (F igu re  1, l i nes  11 through 1 5) .  These

subclusters were not examined closely in this  pre l iminary

tes t ing , however , and wil l  require fu r the r  analys is  in sub-

sequent stud ies.

Since the three major clusters defined an overall pat-

tern that seemed to make sense to P-3 pilots , the 60 be-

havior as sorted by the pilots were next subjected to multi-

dimens ional scal ing to search for the structure or doma in of

the clusters. 3 Figures 2, 3 and 4 , with accompany ing Tables

II, III , and IV , show the results of this scaling in three-

dimensional interpoint distance representation . Separate

figures and tables for each cluster were drawn to show a less

cluttered representation of the clusters with in the space of

9
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the total s i x t y  behaviors.  An examina t ion  of each of the

three f i gu re s  shows that  the behaviors do c lus te r , each

group occupying i tS  own “ space ” w i t h i n  the to ta l  space . The

key for  the le t ters  appearing in Figure  2 is g iven in Table

I I .  A s imilar  usage holds for  Figures 3 and 4 where the

keys appear in Tables I I I  and IV.

Each c lus ter  was then mul t id imens iona l ly  scaled sepa-

ra tely,  and cer tain dimensions were iden ti f i a ble but wil l  not

be treated here since fu r the r  research center ing on errors

was desired .

The sor t ing accomplished by the initial twenty-three

War College/Newport Pi lots  served as a pre- tes t ing exper iment

and demonstrated that  the s ixty behaviors were mean ing fu l

to all , and since they had form and s t ructure, they were

cognit ively mapped w i th in  the pi lots ’ minds .  This in fo rma—

tion indicated tha t  fu r the r  probing in the more narrow f i e ld

of errors was possible.

To prepare for f ie ld  test ing , an array of seventy er-

rors was compiled from a Naval Safety  Center statistical

printout  of pilot factor  accidents and incidents , and from

the author ’s f l y i n g  experience. The change from s ixty to

seventy errors represented an attempt to increase the number

in the action space , allowing more opportunity for d e f i n i t i v e

clustering .

The seventy errors were pre-tested on seven War College

P-3 pilots in much the same manner as before , except that  the 

~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE II

DIFFICULTY CLUSTER

Behaviors Dimensions

I II I I I

A. Perform a n o — f l ap  landing — 1 . 3 8 5  0 .0 14 — 0 . 274
13 . Extend the landing gear wi thou t

electr ical  power — 1 .3 9 6  — 0 . 6 1 6  0 . 2 4 8
C. Per form a three—engine f e r r y  takeof f  - 1.582 -0 .299  -0.120
D. Stop A/C due to brak e f i re  -1.539 -0.410 0 . 0 3 4
E .  Land the A/C downwind - 1.404 0 . 2 3 0  -0. 266
F. Abort the t akeoff  at 80 k t s .  — 1 . 0 8 4  — 0 . 2 3 3  0 , .263
G. Give the command to “E ”  handle

an engine for  low oil pressure -1.317 - 0 . 7 4 2  0 . 0 6 6
H. N u l l  out an engine due to TD mal-

funct ion  —1.401  — 0 . 6 4 6  — 0 . 0 0 5
I. Lan d the A/C with a flat tire on

the main mount —1.660 —0.320 -0.016
J. Land the A/C at night —0.594 0.573 —0 .237
K .  Lan d the A/C in a crosswind — 0 . 8 1 3  0 . 4 6 8  -0 . 2 0 9
L. Land the A/C on an icy runway -1 .423 0.235 -0.058
M .  Fly actual instruments on part ial

panel —1.542 —0.178 0.067
N.  Perform an actual th ree—engine

landing —1.447 —0.297 ‘-0.114
0. Land the A/C on a short

runway — 1 . 2 9 7  0 .4 2 1  — 0 . 0 8 8

12
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Figure 3

S 
~~

I T rO~_t2 . 1  E 1 4  t T ~~a, 1 T I T  l iii N C
0

N

F

a,.

0

a
.9.

6
.9.

8

~~

0
8

‘.“ o
. 9’

0
2.a,.
a,’ 6 -. ‘0

8a,’

Three-dimensional representation of interpo int dista nces
of the 21 Assuronce/Chec ki ng behav iors in the 60 behavior space .

13 

~~~~~~ .- .,~~~~_



TABLE III

ASSURANCE/CHECKING CLUSTER

Behaviors Dimensions

I 11 III

A. Pos t - f l ight the A/C 0 .4 0 5  — 0 . 0 6 0  — 0 . 9 2 7
B . Fill out the yellow sheet 0.710 —0.190 -0.757
C. Put the crew in ditching stations

for takeoff  1.195 — 0 . 1 6 4  — 0 . 0 1 2
D. Set parking brake in chocks 0.798 0.237 -0.617
E. Set seat belt and shoulder

harness 0 . 7 6 3  — 0 . 4 9 0  0 . 0 9 7
F. Preflight the A/C 0.638 —0.660 -~0.325
C. Brief crew prior to departing on

mission 0.618 — 0 . 7 8 6  — 0 . 2 3 9
H.  Ad j ust your seat 0 . 7 9 7  — 0 . 2 8 2  — 0 . 0 5 5
I .  Cal l for  before—star t  check list 0.731 — 0 . 4 5 9  — 0 . 1 2 9
.3. Call for  a f t e r - s t a r t  check list 0 . 7 5 6  — 0 . 3 6 3  - 0 .0 57
K.  check brakes dur ing taxi 0 .912  - 0 .2 4 9  0 .146
L. Observe eng ine start temperatures

and RPM’ s 0 .3 3 4  — 0 . 513 0 . 0 9 3
N . Fit the parachute and stow it 0.819 -0 .719 -0 .322
N .  Check the f laps set for  t akeof f  0 . 9 3 3  -0.012 0 . 180
0. Check turn indicators and compasses

on taxi 0.918 — 0 . 3 3 3  0 . 174
P.  Secure all  radios 0 . 5 3 2  — 0 . 0 4 8  — 0 . 8 8 0
Q. Signal “ chocks out ” to  linemin 0 . 7 3 4  — 0 . 4 0 0  — 0 . 133
R . Check t r i m  tab s set fo r  t~akc ’ot ’ l 0 . B 78  — 0 . 1 . 4 3
S. Check f l i ght  con t rols i o i  f rcedom

dur ing  taxi  0 .7 6 8  — 0 . 4 6 8  0 . 2 3 5
T.  Insure  tha t  the takeof f  check list

is complete 0~~768 — 0 . 2 8 3  0 .~. l0
U. Set radios and fI SI  to carry out

c I i . inbOUt 0 . 7 8 0  — 0 . 1 3 7  0 . 3 5 1

14 
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Figure 4
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TABLE IV

STRESS CLUSTER ( SEQUENTIAL FLYING CLUSTER)

Behaviors Dimensions

I II  I I I

A. Call for gear up - 0 . 6 0 2  0 . 2 7 7  0 . 5 3 2
B. Call for max powe r 0 .534  0.155 0.57 1
C. Call for NTS check 0 .2 6 5  0.318 0 .7 4 7
D. Brief cockpit crew on landing

procedure 0 .459  0.310 -0 .202
E.  Shoot an actual GCA -0.584 0 .368  -0 .205
F . check brakes after gear down on

f ina l  0.4 10 0 .6 2 7  — 0 . 209
G. Maintain directional control on

takeoff —0.053 0.041 0.539
H.  Call for descent check list 0 .559  0 .385  —0 . 140
I . Reverse props on landing roll -0.015 0 . 5 7 4  0.115
J. Transition from instruments to

visual when contact — 0 . 4 7 1  0 . 6 3 4  — 0 . 0 8 1
K. Check altimeter and read back

before descent 0 .516 0 . 4 5 4  — 0 . 3 7 3
L. Reset powe r a f te r  descent to vector

~1titude 
0.058 0.339 —0.050

M. Advance P/L to begin takeoff 0.111 0 . 0 2 9  0 . 5 4 5
N.  Call for landing f laps 0 . 2 4 0  0 .505  0 .0 4 6
0. Turn off  the runway 0.178 0 .2 62  -0.255
P. Rotate A/C during takeoff 0 .032  -0.013 0 .500
Q. Establish the climb 0.006 0.066 0.565
R. Obtain landing weight and speeds 0 . 5 87  0 . 4 4 6  -0.096
S. Reduce power for  descent 0 .201 0 . 4 4 9  — 0 . 0 4 2
T. Call for  approach flaps 0 . 4 3 6  0 . 7 2 7  0 .041
U.  Switch l e f t  hand to nose wheel

steering on rollout 0 . 0 6 7  0 . 4 5 5  0 . 2 9 5
V. Maintain directional control on roll-

out by vary ing reverse — 0 . 3 4 8  0 . 5 5 4  0 . 0 7 9
W. Line up A/C on runway centerl ine

for t akeof f  0 .304  — 0 . 1 0 7  0 .4 9 6
X.  Ease the powe r as f l a re  is estab-

lished 0.002 0.468 0.046

16 



pi lots  were asked to r e t u r n  more than  two p i les , to get

grea te r  d e f i n i t i o n .  Some of these pi lots  had sorted the

f i r s t  s ixty behaviors , and some were u n f a m i l i a r  w i th  the

procedure. In addit ion , the seven p i lo ts  were asked to

sort an identical  card deck into seven slots in a box ,

ranking the errors from “most serious” to “least serious.”

Cards already slotted could be seen by the sorter and could

be changed to another  slot if desired . The seventy errors

did show d is t inc t  clusters, and the seriousness rank ing

seemed s u f f i c i e n t l y  promising to j u s t i f y f ie ld  test ing . It

was decided , however , that  the increase from sixty to seventy

errors made the task prohibitively cumbersome , and a decision

was made to employ only sixty errors. The ten errors

dropped were selected because they were very similar to an

error already in the deck or because they were very general

in nature .

17
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CHAPTER III

THE FIRS T FLEET PILOT ST UDY

Fifty—one P— 3 pilots rang ing in age from 24 to 4 3 an d

in P—3 pilot hours from 40 to 4000 were surveyed at a major

patrol squadron base in February 1978. As in the preliminary

error study , the pilots were asked to sort the errors into

more than two piles, based upon their perception of how the

errors related to each other.

No time limit was imposed nor was there a limit on the

number of piles a respondent could make. The pilots were

assured anonymity and told only that the sorting was for a

survey related to aviation safety . They were also asked to

sort the same 60 errors into seven slots in a box , ranging

from “i~ost serious ” to “least serious.”

The clustering solution for the errors sorted by the

51 pilots is shown in Figure 5. This solution was examined

by several War College P-3 pilots who aided in n aming the

major clusters and sub—clusters . The three major clusters

were titled:

I. unacceptable Errors

II. Acceptable Errors

III. Runway Environment Technique Errors

I. Unacceptable Errors. The uppernost cluster of

18 errors is a grouping of errors that are “killers.” These

errors are highly unacceptable to most pilots , even though

18
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most pilots wil l  admi t to having committed at leas t some

of these errors arid survived or escaped having an accident.

Examples are : FLY INTO A KNOWN THUNDERSTO RM ARE A and

CONFUS ION AS TO IFR ALTITUDE ASSIGNMENT, NEAR MISS.

Sub—cluster 1. The upper sub-cluster of nine

errors that are deliberate errors , errors that the pilot

• has t ime to ponder before committing. They are, then,

errors where a judgment factor or headwork comes into play .

Examples are : FLIGHT SHOUL D NOT HAVE BEEN FLOWN , WEATHER

and TAKE OFF WITH A DOWNING DISCREPANCY.

Sub—cluster 2. The lower sub-cluster of nine

errors are spur—of—the—moment errors . These errors occur

as a result of necessarily rapid decisions or actions on

the part of the pilot. Judgment is less a factor here than

reaction to stimuli or fast moving events. Examples are :

CALL FOR THE WRONG ENGINE TO BE FEATHERED and ATTEMPT AN

ABO RT AFTER REFUSAL WHEN ENGINE FAILS .

II. Acceptable Errors. The center cluster of 25

errors is a grouping of errors tha t are more acceptable

to pilots. Th ese errors are more common and occur more

frequently. They are expected from less experienced pilots

and wa tched for and anticipated by senior pilots in the

instructor role . Many pilots have committed these errors

or witnesse d the commission thereof. In some cases , these

erro rs have occurred and escaped detection by supervisory

authority whe n no damage or injury resulted from the error.

20
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Examples are:  TAKE OFF WITH PITOT COVERS LEFT ON and

SE CURE AN ENGINE IN-FLIGHT PRIOR TO DETERMI NING IF ACTUAL

MALFUNCTION EXISTS .

Sub-clus ter 3. The upper sub—cluster  of 17 errors

appears to be a grouping of inattention or distraction

errors . These are items that a pilot should have detected ,

but through inattention, temporary distraction, stress ,

fa t igue  or a break in habit pattern , the occurrence is

missed or the pilot errs in the action required by the

event. Examples are : CHECK LIST NOT COMPLETED and TAKE

OFF WITH PITOT COVERS LEFT ON.

The f i r st two errors of this sub-cluster, FAILURE

TO NO TE “VO R OFF” FLAG and FAILURE TO USE ALL AVAILABLE NAV

A I D S . . .  are “outlyers ” i . e . ,  al though joined wi th  ea:h other

at the f i r s t  level , they are not joined in another grouping

unt i l  the seventh level. It is difficult to determine the

reason for this unless the errors were semantically segre-

gated by reason of the f i r st word , “FAIL URE .”

Sub-cluster 4. This sub—clus ter  of eigh t errors

appears to involve a lack of knowledge of the a i rcraf t  systems .

Pilots may also feel that the respons ibility for these errors

lies at least partially with other crew members such as the

Flight Engineer or the Co—pilot; clearly though , these errors

relate to aircraft systems knowledge. Examples are : IMPROPER

USE OF DEICING EQUIPMENT and ATTEMPT TO START A DECOUPLED

ENGINE.
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I I I .  Runway Environmen t Technique Errors. The lowe r major

cluster of 17 errors is a group ing of errors that  occur in

the runway environment and are mostly techn ique errors  on

the part of the pi lot .  Most of these errors ref lect  hands—

on operation of the a i r c r a f t  controls and occur in the action

of chan ging the status of the a i rc raf t, i.e., a change from

airborne status to on-the—ground operation or vice versa.

Examples are: FLARE TOO HIGH arid RAISE THE LANDING GEAR

PREMATURELY .

Sub—cluste r 5. This  upper sub—clus ter  of n ine

errors represents a group of errors wherein  an outside

influence , such as wind , snow , lack of day li ght , or short-

ness of runway , contributes to the occurrence of the error.

In these cases , then , there are o ther  than rout ine  factors

that are  involved or c o n t r i b u t e  to the occurrence of the

error .  Examp les are : TAXI THE AIRCRAF T INTO A S NOW BAN K

and ALLOW PROP TO CONTACT RUN WAY DURING CROSSWIND LANDING.

As in sub— cI ~~ster 3 , th~-r~ are two “ o u t l a v e r s ” found in

this sub—clus te r .  The f i r s t two errors , SALVAGE A LANDING

FROM A POOR APPROACH THAT SHOULD HAVE BEEN A WAVE OFF an d

ACCOMPLISH AN UNAUTHORIZED OVERWEIGHT LANDING , are joined

with each other at the f i r s t level but do not jo in  again

unti l  the seventh level.  A possible ex planat ion  here is

that both these errors  have d strong success f ac to r  involved

in their  occurrence , which  i i-5 to say tha t  i f  a p i l o t  can ski l l -

fu l ly salvage a landing from a poor approach or land an
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overweigh t aircra f t  smoothly , he experiences some posit ive

a f f e c t  from the action. (The phenomenon of pos i t ive  a f f e c t

resul t ing from an error w i l l  be examined fu r the r  in the

Second Fleet Pilot Study.)

Sub—clueter 6. This lower sub—cluNt&~r of eight.

errors is a grouping of motor—ski l l  errors . The pilot

tech nique displayed in commi tt in g these errors reflects a

lack of hand , eye , and brain coordination . These errors

may be associated with pilot experience levels. Examples

are: SHIFT HAND TO NOSE WHEEL STEERING TOO SOON and OVE R

ROTATE ON TAKEOFF.

MULTIDIMENSIONAL SCALING

Each of the major clusters was separately scaled multi—

dimensional ly  in an attempt to iden t i fy  the dimensions of

the action space . Figures 6 , 7 , and 8 wi th  accompanying

Tables V , VI , and VII represent the mu l t i d imens iona l  scal ing

solutions for  each separate cluster .  Dimensions for each

clus ter were named by the author.

UNACCEPTABLE ERRO RS

Dimension I: Decision Time Frame. The errors in

t h i s  dimension range from , I tem (Q) MAKE A WHEELS UP PASS ,

(F) ABORT TAKE OFF BEYOND REFUSAL SPEED WHEN SMOKE DOO R POPS

OPEN , and (D) DISCHARGE HRD INTO WRONG ENGINE DURING TRANS-

FER which are rapidly occurring events , to (R) GO IFR ON A

VFR CLEARANCE and (B) FLIGHT SHOULD NOT HAVE BEEN FLOWN ,

2 3  
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1JNACCEPTA~3LE ERRORS

Errors Dimensions

I II III

A. Fly into a known thunderstorm area 0.448 -0.317 —0.272
B. Flight should not have been flown ,

weather 0.963 —0.381 —0 .439
C. Attempt an abort af t e r  r e fu sa l  when

engine fails —0.757 0.371 —0.457
0. Discharge HRD into wrong engine

during transfer —0.918 0.907 0.172
E. Fly below GCA minimums on actua l

approach 0.091 —0.525 —0.018
F. Abort takeoff  beyond refusa l  speed

when smoke removal door pops open —0.912 0.463 -0.359
G. Injury results to crewman from pilot-

induced a i rc raf t  maneuvers 0 . 6 0 2  0 .415 0.158
H. Fail to maintain safe flying speed ,

enter uncontrolled flight —0 .600 —0.203 0.070
I. Allow crew entry into load cen ter

during flight 0.113 0.316 —0 .351
J. Descent through 200FT in daytime

MAD pattern — 0.17 8  — 0.100  0 . 8 9 4
K. Take off with downing discrepancy 0.198 —0.006 -0.879
L. Crewman injured during heavy

weather f ly ing  1.268 1.075 0 .29 1
M. Continue flight with hail-damaged

aircraft 0.786 —0.042 —0.318
N. Confusion as to IFR altitude

assignment , near miss —0.094 —0.575 0.725
0. Call for wrong engine to be feathered —0.700 0.558 0.451
P. Let aircraft descend below safe

al t i tude at nigh t — 0 . 4 6 9  — 0 . 7 9 1  0 . 4 2 3
Q. Make a wheels-up pass -0 .873  — 0 . 7 9 2  — 0 . 4 7 6
R. Go IFR on a VFR clearance 1.032 -0 .374  0 .385
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TABLE VI

-\CCEPTABLE ERRORS

Errors Dimensions

I II III

A. Failure to note “VOR OFF” flag -0.821 —0. 673 —0 .490
B . Tak e off  wi th  f l aps  not set at

“take-off and approach” 0.705 —0 .432 0.691
C. Allow improper fuel transfer

procedures —0.577 0.300 —0.157
D. Check list not completed 0.498 -0.624 0.526
E. Take off with trim tabs set im-

properly 0.500 —0.501 0.136
F. Not recognizing a pitchiock condition -0.268 0.486 0.648
G. Not .nvestigating cause of “ANTI-ICE”

light illumination 0.243 0.306 0.695
H. Secure an engine in-flight prior to

determining if actual malfunction
exists — 0 . 2 2 0  0 . 7 0 3  0 . 2 0 7

I . Failure to use all available navaids
to determine position -0.659 -- ~~4 -0 .831

J. Attempt to start a decoupled engine -0.674 1.007 0.508
K.  Decouple the prop due to excessive

airspeed on restart  — 0 . 0 0 8  0 . 8 3 5  0 . 0 5 3
L. Restart  an eng ine in- f l ight with ci r-

cuit breakers not properly reset 0.275 0.347 —0.119
M. Improper use of de-icing equipment -0.602 0.669 -0.449
N . Allow prop wash to cause damage to

other aircraft 0.668 0.111 —0.740
0. Set up radios/IISI wrong for climbout

clearance — 0 . 2 5 1  — 1. 1 4 2  0 .291
P. Allow cabin altitude to exceed

10 ,000 feet —1 .301 —0.053 0.065
Q. Not securing engine s tart  when bleed

did not return to pre-start
pressure 0 . 4 3 9  0 .855  0. 168

R. Unable to raise gear due to gear pins
being left in 0.963 —0.271 —0.030

S. Fueling/access panel not properly
secured for  f l ight 0 .8 3 2  — 0 . 0 9 6  —0.4 11

T. Declare a low fuel state due to head-
winds —1 .061 —0.598 0.697

U. Exceed design airspeed for flap setting—0 .303 0.221 —0.688
V. Ingest engine intake cover during

night  s tar t  0 . 9 0 7  — 0 . 27 1 — 0 . 293
W. Take off with Pitot covers left on 1.015 —0.149 0.163
X. Raising gear before brakes cool blowing

thermal plugs 0.247 0.529 —0.594
Y. Misread altimeter —0.547 —0.914 —0.048
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TABLE VII

RUNWAY ENVIRONMENT ERRORS

Errors Dimensions

I II III

A. Salvage a landing from a poor ap—
proach that should have been a
wave—off  0 . 4 6 0  — 0 . 8 8 1  0 .860

B. Raise the landing gear prematurely -0.553 —0.639 0.655
C. Accomplish an unauthorized over-

weight landing 1.682 —0.300 —0.126
D. Sh i f t  hand to nose wheel steering

too soon 0 . 4 2 0  0 . 6 4 3  0.161
E. Taxi the a i rcraf t  into a snow bank 0 . 0 2 0  -1.009 -0 .422
F. Flare too high 0.135 0.717 —0.511
G. Applying too much brake on landing

rollout — 0 . 0 0 6  0 . 6 7 6  0 .084
H. Tap brake while applying rudder on

rollout — 0 . 2 6 9  0 . 6 2 6  — 0 . 3 7 9
I. Mak e a hard landing, “G” meter

exceeds 5.2 “G’ s ” — 0 . 0 5 6  — 0 . 0 0 3  —0.718
J. Turn of f runway too fas t , blow tire 0 . 2 4 2  -0.163 — 0 . 0 7 5
K. Allow prop to contact runway du r ing

crosswind landing — 0 . 5 8 1  — 0 . 5 9 6  — 0 . 5 5 0
L. Reversing too fas t  on no—flap

landing, pitchiocked prop -0.742 -0.409 0.048
M. Over—rotate on takeoff  0 . 2 6 3  0 . 7 0 7  0.419
N. Induce an autofeather by rapid

movement of P/L — 0 . 8 0 9  0 .2 7 8  0 . 4 6 6
0. Taxi off  the taxiway at night — 0 . 10 4  — 0 . 976 —0.314
P. Overtemp an engine by rapid movement

of P/L — 0 . 5 5 3  0 .888 0 . 3 2 4
Q. Ret ract gear before flaps during a

wave—off 0 .451 0 .44 1  0. 917
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WEATHER where the decision to commit these errors is not

usual ly  made in a time sensit ive environment .

Dimension II: Seriousness. The errors in this

dimension range from (0) MAK E A WHEELS UP PASS and (P )  LET

AI RCRAFT DESCEND BELOW SAFE ALTITUDE AT NIGHT which are

f a i r l y  serious errors , to ( L )  CREWMAN INJURE D DURING HEA VY

WEATHER FLYING and (D )  DISCHARGE HRD INTO WRONG ENGINE DURING

TRANSFER which are errors of a lesser seriousness.

Dimension I I I :  Respons ibi l i ty.  The errors in

this dimension range from ( K )  TAKE OFF WITH DOWNING DISCRE P-

ANCY and (Q) MAK E A WHEELS TiP PAS S which are the type errors

that  would , in the author ’s op inion , be solely the responsi-

bility of the pilot, to (J) DESCEND THROUGH 200 FT IN DAY-

TIME MAD PATTERN and (0) CALL FOR THE WRONG ENGINE TO BE

FEATHERED, errors that may be momentary overs ights , over-

reaction or overcontrolling and although the pilot is

responsib le , he may assign some of the responsibility to

other people or other occurrences in the f l y i n g  environment .

ACCEPTABLE ERRORS

Dimension I: Attentiveness. The errors in this

dimension range from (P) ALLOW CABIN ALTITUDE TO EXCEED

10,000 FEET and (A) FAIL TO NOTE VOR OFF FLAG both of which

recjuir~’ closc attenLion by Lh~ pi lot not to miss , to (W)

TAK E oFF WIT!! PITOT COVE RS T~EFT ON and (R) UNABLE TO RAISE

GEAR DUE TO GEAR PINS BEING LEFT IN, bo th of wh ich are

easier to discover and prevent from happening.
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Dimension II: Professionalism. The errors in

this dimension at first seemed to be uninterpretable , ranging

from naviga tion errors at one end to systems knowledge at

the other. In the pilots ’view , knowledge of aircraft systems

is a sign of professionalism and while all these errors are

acceptable , the navigational errors are oversights that a

pilot , even though very professional , may make . The errors

then , range from (0) SET UP RADIOS/HSI WRONG FOR CLIMB OUT

CLEARANCE and (Y) MI SREAD ALTIMETER to ( 3)  ATTEMPT TO START

A DECOUPLED ENGINE and (0) NOT SECURING ENGINE START WHEN

BLEE D AIR DID NOT RETURN TO PRE-STA RT PRESSURE .

Dimension I I I :  Consciousness. Although there is

a lack of consciousness in making all these errors , the

author detects a greater degree of this failing along this

dimension . Ranging from (N ) ALLOW PROP WASH TO CAUSE DAMAGE

TO OTHER AI RCRAFT and (U) EXCEED DES IGN A IRSPEED FOR FLAP

SETTING , which seem to show that the pilo t was thinki ng of

something else at the time , to ( D )  CHECK LIST NOT COMPLETE

and (F ) NOT RECOGN IZIN G A PITCHLOCK CONDITI ON , errors tha t

occur as the pilot is dealing with t ha t  very situation.

RUNWAY ENVIR ONMENT TECHNIQUE ERRO RS

Dimension I: Deliberateness. The errors in this

dimension range from (C) ACCOMPLISH AN UNAUTHORI ZED OVER-S

WEIGHT LANDING and (D) SHIFT HAN D TO NOSEWBEEL STEERING TOO

SOON which are deliberate actions on the part of the pilot,
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to (N )  INDUCE AN AUTOFEATHER BY RAPID MOVEMENT OF P/L and

( K )  ALLOW PROP TO CONTACT RUNWAY DURING CROSSWIND LANDING

which are caused by the pilot but have less an element of

deliberate action on his part.

Dimension II: Skill. The errors in this dimen-

sion range from CE) TAXI THE AIRCRAFT INTO A SNOW BANK and

(0) TAX I OFF THE TAXIWAY AT NIGHT which are errors that are

“headwork ” type errors and may denote the experience level

or lack of sk i l l  of the pilot , to (D ) SHIFT HAND TO NOSE-

WHEEL STEERING TOO SOON and (F) FLARE TOO HIGH wh ich are

motor-skill type errors that in the pilots ’ perception do

not denote as much a lack of skill  as “headwork ” errors .

Dimension I I I :  E f f e c t  to Cause. The errors in

this dimens ion range from (F )  FLARE TOO HIGH and ( I )  MAK E

A HARD LANDING “G” METER EXCEEDS 5 .2  “G ’ s ” which are , in a

w a y , e f f e c t s  of errors , to (A ) SALVAGE A LANDING FROM A POOR

APPROACH THAT SHOUL D HAVE BEEN A WAVEOFF and (B )  RAISE THE

LANDING GEAR PREMATURELY which , in a way,are causes.

In s ummary , these dimensions may be a r b i t r a r i l y  named

and interpreted , but still provide us w i t h  areas fo r  possible

study or themes for training programs in the future .
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CHAPTER IV

THE SECOND FLEET PILOT STUDY

Fifty—two P—3 pilots ranging in agc from 23 to 43 and

in pilot hours from 50 to 3700 were survey ed at a second

major patrol squadron base in Apri l 1978. The pilots inter-

viewed in this study fly a slightly different version of the

P-3 aircraft than that flown by the first group, although

it is essentially the same in terms of actual f ly ing in the

domain examined in this study . The interviews were con-

ducted in the same manner as the f i r s t s tudy excep t that

additional data on four attributes were gathered from each

pilo t af ter the sorting and ser iousness determi na tion tasks

were completed . The ai~a~ y~ is of the ~ttiibuLe data is dis-

cussed in Chapter VII.

The clustering solution for  the second group of f leet

pilots is depicted in Figure 9. Slight differences from

the f i rst group ’s clustering can be detected , bu t the basic

cluster ing s t ruc ture  of Acceptable Errors , Unacceptable

Errors and Runway Envi ronment Technique Errors  is s t i l l

present.

I .  Unacceptable Errors. The mid-lower cluster of

sixteen errors from CONTINUE A FLIGHT WITH P. HAIL DAMAGED

AIRC RAFT to FAIL TO MAINTAIN SAFE FLYING SPEED appears to

be an Unacceptable Error Cluster. As in the f i r s t study ,

these errors are killers and unacceptable to most pilots.
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The sub-clusters of deliberate errors and s p u r — o f - t h e —

moment errors are not as distinct in the second study as

in the f i r s t .

II. Acceptable Errors. The Acceptable Error Cluster

is the mid—upper c luster  of twenty-one errors from TAK E OFF

WITH FLAPS NOT SET AT ‘~TAKE-0FF AND APPROACH ” to IMPROPER

USE OF DEICING EQUIPMENT. As in the first fleet pilot study ,

the sub-clusters of inattention and systems knowled ge errors

were present.

III. Runway Environment Technique Errors. The lower

cluster of sixteen errors from ATTEMPT AN ABORT AFTER REFUSAL

WH E N ENGINE FAILS to OVE R TEMP AN ENGINE BY RAPID POWER LEVE R

MOVE MENT is the Runway Environment Technique Erro r Cluster .

Again the sub-clusters are not as d is t inc t  in this group as

they were in the f irst f leet  pilot s tudy.

The f i r st two small clusters at the top of the clustering

sequence are “ out lyers” and contain errors from each of the

three major clusters (Acceptable , Unacceptable e tc .)  of the

first study . The occurrence of several major P—3 accidents

during the period between the two studies may have influenced

the sorting of the second group of pilots ; alternative hypo-

theses , however , involve diffe rences resulting from geographic

location, aircraf t  model differences , differences in deploy-

ment sites , command influence and differences in antecedent

t ra in ing .
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In summary , the differences in the clusterings of the

two groups shows that , notwithstanding the fact that P—3

pilots are a select group, highly trained in very specialized

wor k , they have differences in the way they array errors in

the i r  minds . C u s t o m a r i l y ,  cognizant  Navy officials at all

levels tend to think of a P— 3 pilot as “A P—3 pilo t,” s imi lar

in most respects, standardized and di f f e r i ng on ly in h is

experience leve l as measured by how many f l igh t hours he

has accumulated. He is treated accordingly and assigned to

billets as “A P—3 pilot ” with other factors , such as overall

performance , determining which P-3 pilot b i l le t  he occupies.

In contrast  to this  approach , the subtle d i f fe rences  shown

in the clus tering of errors may suggest d i f f e r ences

in P-3 pilots tha t  should be taken into account , at least

in terms of required training and likely safe ty record of

an individual pilot.

The presence of the basic s t ructure of Acceptable, tJnac-

ceptable and Runway Environment Technique Errors might indi-

cate , for ins tance , that some errors are loosely structured

in pilots ’ minds and that  if the Navy is s t r iving for a

s tandardized P-3 pi lot , some formal t raining in error

s t ruc tu r ing  which would strengthen these clusters in a

desirable fashion might be indicated.

Mult id imensional  Scaling. Each of the major  clusters

was separately scaled to attempt to identify the dimensions

of the action space . Figures 10 , 11, and 12 with accompany ing

- J
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TABLE VIII

UNACCEPTABLE ERRORS--SECOND FLEET PILOT STUDY

Errors Dimensions

I II I I I

A. Fly below GCA minimums on actual
approach 0.575 —0.123 —0 .532

B. Accomplish an unauthorized over-
weight landing —0.712 0.227 —0.797

C. Injury results to crewman from pilot-
induced aircraft maneuvers -0.750 -0.164 0.123

D. Decouple the prop due to excessive
airspeed on restart -0.456 —0.846 0.883

E. Fail to maintain safe flying speed ,
enter uncontrolled flight -0.066 —0 .3o3 -0.117

F. Allow crew entry into load center
during flight —0.822 0.322 0.463

G. Allow prop to contact runway during
crosswind landing —0.608 —0.747 —0.192

H. Descent through 200 feet in daytime
MAD pattern 0 . 1 4 4  — 0 . 3 5 3  — 0 . 5 9 1

I. Declare a low fuel state due to
headwinds 0.725 1.002 0.477

J. Crewman in jured during  heavy -weather
f l y i n g  — 0 . 8 2 9  0 . 6 9 0  0 . 3 6 8

K . Continue f li ght with hail-damaged
a i rc ra f t  —0 .593 0 .613  — 0 . 1 7 6

L. Confusion as to IFR al t i tude
assignment , near miss 0 . 9 2 7  0.135 — 0 . 1 7 7

M. Let a i rcraf t  descend below saf e
alt i tude at n ight  0.515 — 0 . 1 9 2  -0. 195

N.  Make a wheels—up pass 0.470 -0.938 0.124
0. Misread a l t imeter  1 .266 — 0 . 0 2 9  0 . 5 3 5
P. Go IFR on a VFR clearance 0.2 15 0 . 9 6 4  -0 .197
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TABLE IX

ACCEPTABLE ERROPS--St~COND FLEET PiLOT STUDY

Errors Dimensions

I II I I

A. Take off with flaps not set at “take-
of f and approach”” — 0 . 603 0 . 2 7 3  — 0 . 3 7 1

B. Allow imprope r fue l transfer pro-
cedures 0.503 —0.773 0.299

C. Check list not completed —0 .333 0.202 -0.524
D. Take off with trim tabs set improperly — 0 . 8 3 2  —0.113  -0.101
E. Not recognizing a pitch iock condition 0.876 0.201 0.304
F. Discharge HRD into wrong engine

during transfer 0.675 0.378 0.154
G. Not investigating cause of “anti—ice ”

light illumination 0.808 —0.407 —0.337
H. Secure an engine in-flight prior to

determining if actual malfunction
exists 1.154 0 . 190  — 0 . 0 9 2

I. Attempt to start a decoupled engine 0.791 0.395 —0.392
J. Restart an engine in-flight with

circuit breakers not properly reset -0.023 —0 .295 —0.357
K. Improper use of de-icing equipment 0.844 —0.478 0.574
L. Taxi aircraft into a snow bank -0.786 0.793 0.587
M. Allow prop wash to cause damage to

other a i r c r a f t  —0.9 1 1  0 .178 0 . 8 6 6
N .  Allow cabin altitude to exceed

10 ,000 feet 0.368 —0 .861 0.919
0. Not secur ing eng ine start when bleed

air did not return to pre—start - f
pressure 0.460 0.485 —0.743

P. Unable to raise gear due to gear pins
being left in —0.664 —0 .358 —0.491

Q. Fuelinq/access panel not properly
secured for  n i ght — 0 . 7 3 8  — 0 . 7 3 3  — 0 . 2 6 3

R. Ingest engine intake cover during
ni ght  s tar t  — 0 . 7 7 2  — 0 . 2 6 3  — 0 . 2 5 7

S. Taxi off the taxiway at night —0.755 0.739 0.711
T. Take off with pilot covers left on -0.734 -0.316 -0.420
U. Call for  wrong engine to be

feathered 0 . 6 7 2  0 . 7 6 4  — 0 . 0 6 5
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TABLE X

RUNWAY ENVIRONMENT TECHNIQUE ERRORS--SECOND FLEET PILOT STUDY

Errors Dimensions

I II III

A. Attempt an abort after refusal when
engine fails 1.468 0.050 0.069

B. Raise the landing gear prematurely 0 .632 -0.472 0.702
C. Abort takeoff bey’ nd refusal  speed

when smoke removal door pops open 1.382 0.252 0.085
D. Shift hand to nose wheel steering

too soon — 0 . 5 4 6  0 .058  0.196
E. Flare too high —0.627 0.708 0.119
F. Applying too much brake on landing

rollout —0 .494 0.318 —0.261
G. Tap brake while applying rudder on

rollout — 0 . 6 4 0  0 . 266  - - u . 2 8 l
H. Make a hard landing, “G” meter ex-

ceeds 5.2 “g ’s” —0 .234 0.477 —0 .202
I. Turn off  runway too fast , blow tire 0.067 0.235 —0.611
J. Reversing too fast on no-flap

landing,  p itchiocked prop 0 .556  -0 .027  -0.531
K. Over-rotate on t akeof f  -0.412 0.5 15 0 . 3 0 2
L.  Induce an autofeather  by rapid move-

inent of P/L 0 . 0 7 9  —0 .88 1 — 0 . 6 9 2
M. Exceed desi gn airspeed for f lap setting -1.262 -0.525 0.631
N . Raising gear before brakes cool blow-

ing thermal plugs 0 .084  — 1 .0 4 7  0 . 52 2
0. Ove rteinp an eng ine by rapid movement

of P/L — 0.416  — 0 . 607 — 0 . 5 7 5
P . Retract gear before f laps during

a wave —off 0 .363  0 . 6 7 9  0 .~~27
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Tables VIII , IX and X represent the multidimensional

scaling solution for each separate cluster. No attempt

was made to scale the outlyers since there were too few

errors to obta in  s i g n i f i c a n t l y  stressed dimensions . The

dimensions of the major clusters appeared to be the same

as in the first study and will not be discussed here .
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CHAPTER V

THE COMBINED RE SULTS

After the Second Fleet pilot study da ta were anal yzed ,

they were combined with the data from the first study . The

result ing data base for  all 103 pilots was subjected to the

hierarchical  clus tering program. Although s l i gh t l y  d i f f e r e n t

f rom each of the individual  studies , the combined cluster

s t i l l  re ta ins  the bas ic  underly ing s t r u c t u r e  of each of i t s

component parts. Figure 13 is the combined clustering

solution for all 103 pilots.

I. Acceptable Errors. The mid— lower cluster of

errors listed from TAK E OFF WITH FLAPS NOT SET AT “ TAK EOFF

MID APPROACH” to NOT SECURING ENGINE START WHEN BLEED AIR

DID NOT RETURN TO PRE-START PRESSURE is essentially the

Acceptable Error Clus ter of the past two studies . The f i r s t

ei ght errors form a sub—cluster  of che ck—lis t  or p r e f l i g h t

errors , and the next ten errors form a sub-cluster  of air-

craf t  systems knowledge errors. In all , these errors are

inattention or oversight errors that display a lapse , for-

getfulness or a kind of personal shortcoming , and may be

said to denote a lack of professiona lism on the part of

the pilot.

II. Unacceptable Errors. The uppermost cluster of

nine errors listed from FLY INTO A KNOWN THUNDERSTORM AREA

to ACCOMPLISH AN UNAUTHORIZED OVERWEIGHT LANDING is the
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Unacceptable Error Cluster. It is still much an outlyer

from the other major clusters showing that these errors are

those that pilots find the hardest to associate with other

errors. Stated somewhat differently, they seem to be a

special class of errors. There is a deliberateness in most

of these errors. This may be the factor that sets them

apart from the other errors. Instead of being a blunder ,

a slip or an inadvertant mistake , these errors seem to be

conscious , in tentional , made-by—decision—errors .

The mid—upper cluster of eleven errors listed from

FAILURE TO NOTE VOR OFF FLAG to MISREAD ALTIMETER appears

to still be ano ther unacceptabl e group ing with a slant

towards weather or Ins t rument  Flying Rules ( IFR )  f l y ing.

Most errors involve dial or instrument monitoring and most

were situated in the Unacceptable Error Clusters in the two

prior studies. Also this cluster does not join the other

major clusters until the 8th level which is very similar to

the position in first fleet pilot study.

I I I .  Runway Environment Technique Errors.  The lower

cluster  of twenty- two errors listed from ATTEMPT AN ABORT

AFTER REFUSAL Wh EN ENGINE FAILS to RAISING GEAR BEFORE BRAKES

COOL , BLOWING THERMAL PLUGS is the Runway Environment Tech-

nique Cluster. These errors display a lack of experience

and are coordination or motor ski l l  errors . These are errors

that involve actual control of the aircraft and , as described

below , point out the conception that P-3 pilots may have of
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differences between an dviatoi and a p ilot . These are the

“stick and rudder ” pilot ~-rrors , as differentiated by P—3

pilots from the aviator errors in the 1~cceptahle Error

Cluster.

It is the author’s opinion that in the subculture of

P — 3  p i lo ts  the re  is a perceived d i f f e r e n c e  between a “ p i l o t ”

and an “aviator” (author ’s terms). The “pilot ” may be an

accomplished “stick and rudder man ,” who is a precision

flyer in terms of physically handling the aircraft , wh ile

at the same time he can be a poor aviator——sloppy in his

attention to detail and shallow in his knowledge of aircraft

systems. On the other hand , the “aviator” might not be as

skilled in precision flying but is more expert in administra—

tion , instructing, leadersh ip , and judgment. For instance ,

a good “pilot” may always land the aircraft precisely on

speed at the touchdown poin t, but he may be prone to over-

look an item on the checklist , whi le  an “aviator ” might not

be as precise in f ly ing  the a i r c r a f t  but would be pro fessional

in his supervision of the crew , and unlikely to miss an item

on the p r e f l i g h t .

The desired flying officer from a safety point of view

is an officer who has the good points of both the “pilot”

and the “aviator ,” and certainly the P-3 aviation community

has some of these. However , the segregation of the Acceptable

Errors when compared to the Runway Environ men t Techn ique

Errors seems to bea r a relationship to the “pi lo t/av ia tor”

conception.
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In all , the combined c lu s t e r ing  represents a smoothed-

out or averaged c lu s t e r ing  when compared to i ts components.

It tells us that P-3 pilots , although not formally trained

in error structuring , do have a basic cognitive mapping

of errors. Something in their cultural pattern tells them

to s t ruc ture  the errors  along three g roup ings :  Acceptable ,

Unacceptable and Runway Environment Technique areas. More

sophisticated research should , howeve r , define more suc-

cinctly the nature and limits of these groupings. The com-

bined cluster ing also tells us that there ar e certain errors

that P-3 pilots find difficulty in grouping within these cate-

gor ies because they appear to be unaccepta ble while at the

same time showing a cer tain level of wil f u l  deliberateness.

Without question , further study of this special group of

errors is warranted .

Multidimensional Scalin.j . Each of the major clusters

was separa tely scaled to attempt to identi fy  the dimensions

of the action space . Figures 14 , 15 , 16 and 17, with accom-

panying Table s XI , XII , XIII , abd XIV , represent the multi-

dimensional solutions for each separate cluster . The two-

d imensional solutions fo r the Deliberate and IFR clusters

were uninterpretable. Although par t ia l ly  changed by errors

shifting between clusters , the three-dimensional solutions

for the Acceptable and Runway Environment Technique clusters

still reta ined d imens ions found in the f irs t two studies.
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TABLE XI

UNACCEPTABLE DELIBERATE ERRORS--103 PILOTS COMBINED

Errors Dimensions

I Ii

A. Fly into a known thunderstorm area -0.156 0 .684
B . Salvage a l and ing  from a poor ap-

proach tha t should have been a
wave—off 1.619 —0 .087

C. Flight should not have been flown ,
weather 0.067 0.677

D. Accomplish an unauthorized overweight
landing 0.838 —0. 386

E. Injury results to crewman from pilot-
induced aircraft maneuvers -0.834 -0.129

F. Allow crew entry into load cen ter
during flight —0.559 0.126

G. Tak e off with downing discrepancy 0.451 0.379
H .  Crewman in jured  during heavy —weathe r

flying —1.277 —0.696
I. Continue flight with hail-damaged

a i rc ra f t  — 0.148  0. 112
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TAB LE XI I

IFR ERRORS--l03 PILOTS COMBINED

Errors

I II

A. Attempt to start a decoupled engine 1.071 0.075
B. Fly below GCA minimum on actual approach -0.158 -0.002
C. Failure to use all available navaids

to determine position 0 .426  0 . 6 14
D. Set up radios/HSI wrong for climbout

clearance 0 . 3 77 - 0 . 0 4 1
E.  Al l ow cabin a l t i tude  to exceed

10 ,000 feet 1.831 —0 .370
F. Descent through 200 feed in day time

MAD pat tern  — 0 . 9 2 0  — 0 . 7 9 2
G. Declare a low fuel state due to head-

winds —0.522 1.045
H. Confusion as to IFR altitude assign-

ment , near miss — 0 . 3 9 6  — 0 . 1 12
I. Let aircraft descend below safe

a l t i tude at n i ght —0.706 —0.428
J . Misread a l t imeter  0 .167 - 0 . 5 2 8
K.  Go 1FF on a VFR clearance —0.170 0.539
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TABLE X I I I

ACCEPTABLE INATTENTION ERRORS--l03 PILOTS COMBINED

Behavior Dimensions

I II III

A. Take o f f  with f laps  not set at “take-
o f f  and approach ” 0.772 —0.574 —0.118

B. Allow improper fuel transfer pro-
cedures —0 .550 0.689 —0.668

C. Check list not completed 0 . 6 2 0  -0 .407  -0.631
D. Take o f f  with tr im tabs set im- -

properly 1.001 0 . 0 7 2  — 0 . 3 4 0
E .  Not recognizing a pitchlock condition -0 .825  -0.384 -0 .087
F. Discharge HRD into wrong en gine

during transfer —0.532 —0.194 —0.351
G. Not invest igat ing cause of “ anti

ice ” li ght i l luminat ion -0 .463  0 . 7 8 7  0 . 3 7 6
H.  Secure an eng ine in - f l igh t  prior to

determine if actual malfunction
exists —0.949 0.000 —0.058

I. Attempt to start a decoupled engine —0.997 0.050 0.488
J. Decouple the prop due to excessive

airspeed on restart -0.483 —0.786 0.355
K. Restart an engine in—flight with

circuit  breakers not properly
reset 0.138 0.149 0 . 0 4 5

L. Improper use of de—icing equipment —0 .823 0 .836  -0 .364
M. Not securing engine start when bleed

air did not re turn to pro—star t
pressure — 0 . 4 7 8  — 0 . 12 7  0 . 7 9 1

N .  Unable to raise gear due to gear
pins being left in 1.040 0.075 0.157

0. Fueling/access panel not properly
secured for  f l i ght  1.012 0 . 5 07  0 .308

P. Ingest engine intake cover during
night start 1.097 0.200 0.179

Q. Take off with pitot covers left on 1.027 —0.079 0.199
R. Call for wrong engine to be

feathered —0.607 —0.815 —0. 279
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TABLE X IV

RUNWAY ENVIRONMENT TECHNIQUB. ~ER~ ORS--11~3 ..BILGTS COMBINED

Errors  Dimensions

I II III

A. Attempt an abort after refusal when
engine fa i l s  0 . 9 3 5  — 0 . 7 6 7  — 0 .30 7

B. Raise the landing gear prematurely 0.242 -0.684 -0.479
C. Abort takeoff  beyond re fusa l  speed

when smoke removal door pops open 0.810 -0.709 -0.307
D .  Sh if t  hand to nose wheel steer ing

too soon —0.905 —0 .065 0.048
E. Taxi the aircraft into a snow bank 0.719 0 .824 0.186
F. Fail to maintain safe flying speed ,

enter uncontrolled f l ight 1.121 — 0 . 2 5 8  0 .154
G, Allow prop wash to cause damage to

othe r a i r c ra f t  0.5 19 1. 226 -0. 589
H. Flare too high —0.781 0.003 0.152
I. Applying too much brake on landing

rollout —0.781 0.003 u .l52
J. Tap brake while applying rudder on

rollout - J . 6 7 0  — 0 . 0 1 0  0 .3 2 1
K.  Mak e a hard landing , “G” meter ex—

ceeds 5 .2  “ G ’ s ” —0. 157  — 0 . 062 0.550

L. Turn o f f  runway too fas t, blow tire -0.071 0.355 0.164
M. Allow prop to contact runway during

crosswind landing 0 .5 3 2  — 0 . 267 0 .4 19
N. Reversing too fast on no-flap

landing, pitchlocked prop 0.182 -0.223 -0.202
0. Over—rotate on takeoff -0.640 —0.342 0.504
P. Induce an autofeather by rapid

movement of P/L —0 .364 —0.239 0.79 8
Q. Exceed design airspeed for flap

setting —0.853 0.842 0 .149
R. Taxi off the taxiway at night 0.574 0.798 0.087
S. Raising gear befo re braxes cool

blowing thermal plugs —0 .143 0.402 —0.856
T . Overtemp an engine by rapid move-

ment of P/L — 0 . 9 4 7  0 . 0 7 8  — 0 . 5 2 5
U. Make a wheels—up pass 1.277 0.077 0.790
V. Retract gear before flaps during a

wave—off —0.635 —0.802 —0.03 4 —
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CHAPTER VI

SE RI OUSNESS

As previously described , each group of pilots was asked

to sort the sixty errors into seven slots in a box , from

“most serious” to “least serious.” Average rankings (means)

for  the seriousness of the errors were computed for  the f i r s t

group of pilots , the second group of pi lots  and an aggregate

of all 103 pilots combined. A discriminant analysis program

was run between the firs t qroup of 51 p ilots and the second

group of 52 pilots. The results of this  analysis showed

that  the second group of pi lots  assigned more seriousness

to the errors than did the first group. Group 2 assigned

a higher mean seriousness than Group 1 to 49 of the sixty

errors , while  Group 1 had higher means than Group 2 for

only eleven errors. More seriousness being attached to

errors by Group 2 could be the result of the in tervening

accidents previously mentioned but coul d al so result from

di f ferences in safety prog rams at the two bases an d/or

other stimuli.

Group membership ( location 1 or location 2 )  , based on

the seriousness ranking of the errors , could be predicted

with 77.67% accuracy . As the following table illustrates ,

some of the pilo ts in Group 1 (11, or 21.6%) ranked the errors

in a manner similar to the members of Group 2, and some of

the pilo ts in G roup 2 (12 , or 23.1%) ranked the errors in a

manner similar to that of Group 1:
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TABLE XV

GROUP CLASSIFICATION BASED ON LOCATION BY
DISCRIM IN AN T AN ALYSIS

Responden t’s Sorting Respondent ’s Sorting
Correct ly  Predicted Did Not Predic t
His Location (HIT) His Location (MISS)

Patrol Base 40 11
Locatio n 1 ( 7 8 . 4 % )  ( 2 1 . 6 % )

(N=5l)

Patrol Base 40 12
Location 2 (76.9%) (23.1%)

(N= 52)

Percent of “grouped” cases correctly c l a s s i f i ed :  77 . 6 7 %

Time cons train ts woul d no t allow for  iden tif ica t ion of

those cases tha t did , or did not classify properly . Certainly

an area of f er tile ground for f u ture study woul d be to learn

if the ma jo r i t y  of cases not correctly c lass i f ied  were younge r

or older pi lots , or pilots with low or high fligh t hour accu-

mulation .

When queried , the computer ident i f ied the ten errors th at

discriminated best between the two groups. Table XVI shows

tht’ urn mw~t (Ii M~ r 1 nitri a t ~ r rors , and th~ d i rec t  Ion of  the

geriousri ess a~~ i gned by t h e  two groups .
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TABLE XVI

‘t’cu Most I ) j  s~:rimina t tnq I - t i u ~t~~ Nu-
Group (‘1~~ss i. I i~’nt io n  ~. Di rect ion

DISCRIMINANT ERROR Location 1 Location 2

ACCOMPLISH AN UNAUTHORIZED OVER- less serious more serious
WEIGHT LANDING

TAKEOFF WITH A DOWNING DISCREP- less serious more serious
ANCY

FAILURE TO USE ALL AVAILABLE NAV more serious less serious
AIDS TO DETERMINE POSITION

TAP B RAK E WHILE APPLYING RUDDER less serious more serious
ON ROLLOUT

APPLYING TOO MUCH BRAKE ON less ser ious mo re serious
LANDING ROLLOUT

NOT SECURING ENGINE START WHEN less serious more serious
BLEED AIR DI D NOT RETURN TO
PRESTART PRESSURE

REVERSING TOO FAST ON NO FLAP less serious more serious
LANDING , PITCHLOCKED PROP

SHIFT HAND TO NOSEWHEEL STEERING less serious more serious
TOO SOON

OVER ROTATE ON TAKEOFF less serious more serious

ALLOW CREW ENTRY INTO LOAD more serious less serious
CENTER DURING FLIGHT

Again ser iousness rankin g di f ferences could h ave been a f fected

by the accidents occurring in the interva l between surveys ,

but the author believes tha t cultural  var iations resulting

from command inf luence , geograph ic location , aircraf t model ,

etc., also had an impact upon the group rankings. Two facts

support this belief. First, the most effective discriminator
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between the two groups is ACCOMPLISH AN UNAUTHORIZED ~ VEP -

WEIGHT LANDING. One of the sligh t differences -~~‘.~vn ~ir-

craft models flown by the two groups is in the landinq year

configuration , and thus the consequences for makin i an

overweight landing are not the same for the group operatin i

one mode l as they are for the other.

Second , to point out the effect of an accident on the

seriousness ranking of a subculture , the third most discrirn-

inant error (and one of the two ranked as more serious by

the firs t group) is FAILURE TO USE ALL AVAILABLE NAV AIDS

TO DETERMINE POSITION . The survey of the first group of

pilots was made less than one month after an a i r c r a f t  and

crew was lost unde r circumstances that pointed to the

commission of th i s  type error. These two associations point

out that there is ethnographic import to the seriousness

ranking, and whatever the stimulus for the differences , fur-

ther and mor~ sophisticated study of these differences should

bear fruitful i-esu1h~.

A second discriminant analysis program was conducted

for all 103 pilots , tasking the computer to search for dif—

fererices in seriousness ranking of pilots with low P-3 flight

hours (40 — 799 hrs .) , medium P—3 fligh t hours (800 — 1499

hrs.), and h i g h  P—3 fligh t hours (more than 1500 hr~ .). This

was an .ittempt to determine how attitudes toward seriousness

of errors chanqe as a p ilot . qains in experience and ac’cumu—

I t q h t  he~urs. Idhi , \ V I  I he1~~w ~- hows the res~d ts ot

group classification by f1 i q ht hour accumu’ation .
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TABLE XVII

GROU P CLASSIFICATION BASED ON FLIGHT HOURS
BY D ISCRIMINANT ANA LYSI S

Respondent ’s Sorting Respondent’s Sorting
Correctly Predicted Did Not Predict His
His Flight Hour Grp. Grp.

(HIT) (MISS)

Low Fit Hr
Pilot 30 14

(N 4 4 )  (68.2%) (31.8%)

Med Flt Hr
Pilot 21 11
(N 32) (65.6%) (34.4%)

High Fit Hr
Pilot 16 11
(N 27) (59.3%) (40.7%)

Percent of “grouped” cases correctly classified : 65.05%

The MISSES in Tables XV and XVII above represent an

interesting group of pilots. If a pilot ’s ranking of serious-

ness causes him to be misclassified he may be in a subculture

of pilots who, although they have a high number of flight

hours , continue to view seriousness in the same way as the low

flight hour group. Without stating which group has the

optimum view of seriousness , the pilots in the group by virtue

of their  experience that do not conform to the group “norms ”

might bear special study.

The ten errors that most discriminated among the three

f l ight time groups with a direction of seriousness assigned

are shown in Table XVII I.
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TABLE XVIII

Ten Most Discrimina ting Errors for Flight Hour
Group Classif ication and Direction

DISCRININANT ERROR DIRECTION OF SERIOUSNESS

EXCEED DESIGN AIRSPEED FOR FLA P 
— MORE SERIOUS

SETTING LOW HIG MED

RAISING GEAR BEFORE BRAKES COOL
BLOWING THE RMA L PLUGS HIG flED LOW

FLARE TOO HIGH HIG LOW MED

IMPROPER USE OF DEICING EQUIPMENT HIG LOW MED

MAK E A WHEELS UP PASS BIG MED LOW

NOT INVESTIGATING CAUSE OF “ANTI ICE”
LIGHT ILLUMINATION MED I-JIG LOW

GO IFR ON A VFR CLEARANCE MED LOW HIG

MAKE A HARD LANDING “G” METER EXCEEDS
5.2G ’s MED LOW BIG

TAKE OFF WITH FLAPS NOT SET AT “T.O.
AND APPROACH” MED LOW lu G

INDUCE AN AUTO FEATHER BY RAPID P/L
MOVEMENT LOW lIED BIG

Nine  of the ten errors listed above are from the Accep-

table and Runway Environment Technique Clusters described in

the previous chapters .  In t e re st ing ly ,  it is not the most

serious errors that discriminate , but general ly the less

serious , innocuou s , acceptable errors that best portray the

discrimination . This phenomenon may support the “ p i l o t ’

versus “aviator ” concept described in Chapter V , in that

attitudes towards Acceptable Errors (errors that “pilot” -type

f l yers are likely to make) and attitudes towards Runway
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Environment Technique Errors (errors that “aviator ” -type fly-

ers are likely to make) are attitudes that change most as

a pilot gains in experience .

Table XIX shows the aggregate seriousness ranking by

103 pilots for all sixty errors. Listed to the right is

the posi t ion of each error as ranked by ea ch f l ight  hour

group . It is apparent from this table that all three groups

agree that FAIL TO MAINTAIN SAFE FLYING SPEED , ENTER UNCON-

TROLLED FLIGHT is the most serious error and SHIFT BAND TO

NOSEWHEEL STEERING TOO SOON is the least serious error.

The errors between all vary in seriousness , with some varying

to a small degree and some to a larger degree .

The s tudy  of these changes in seriousness obviously

requires further research. U l t i m a t e l y ,  however , they may

give us clues as to how to structure ~ur safety programs,

training sequencing, or even primary flight training error

emphasis. What is needed is to link pilots ’ attitudes toward

the seriousness of errors with scme real-world indica tor of

the actual seriousness in some desired criterion such as

dollars or lives lost. Then some form of sequenced error

emphasis in training or safety programs could be presented

to attempt to close the gap between the seriousness applied

to errors by pilots and the real seriousness of errors in

terms of cost. A check on the changes in attitudes toward

seriousness might be in th e  form of card sortini much

_ _ _ _ _ _ _
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l I K j ! r R  V I  I

As b r i e f l y  dt~~sri~ cu ~:i Cna : tcr  I’~’ , t h e  -:ooun d f l eet p i lot

st udy cr o u- ~- of 5~. p i l o t s , in a dd i t  ion to the sor t ing  and

seriousi: ss r a n k i n g ,  ~-er e a sk e d  to i n k  - o ~or t h i r t e e n

errors in terms of the f c-i 1n ~~-~~nq four attr~ hutes: CAREER ,

k~ i 1 : ~~~J\SSr-k5 cT un d  F5~~. ~oc t h i r t e en  e r ro r s  were

cncs~ o because  t h ey  ft i l i cI~~se 0 sh e  t h r e e  7 -:es of the-

m u l t i d i m t - n - -- i o n s ’ t s t _ nj - ~li  s i x t y  e i:  - i s  f~~r the f i r s t

f l e e t  s :-ilot gr ~ up ,  n ea r  t he  u r . d n  ~r n - i p o in t s  f those  axes .

E r ro r s  WC4 C a lso sel -otud shot we r e  d~~st r r ot ed  th roughou t

the th ree ~oj c r C~~u s t e ’ 1 f l q S .  I t  i s  b e l i eved tha t  a lt hou gh

t h e  t h i r t e e n  ar e  - smal l , m~ n a q n ab i e  nurr ber of er rors , they

also to resent the e nt i  rc d u t i ~~n sriace of the  total  si x ty

er r s >o - .

~- : ,ch p i l o t  was asked to a s m pi i sn  uocn  of the  fo l lowing

us 1r~ T the 500. 1 card deck o€ : f l rr t n e r i  sOle- c ted er ro r s :

Ra nic o.t j cr  t h e se  er r o r s  fr o r l  ‘ Tr . st ”  to “ l e a s t ”
as you ne c ce os’ tcs -s y wou~ d r u in  :~ ur  career if
th e~ were  to h ap p en to- s o n .  ( T it l e d  t h k L ’ 1~ ) —

R a n k  ~ r sir r t h e  ~~
- - er r o r s  fr o m  “ mo s t”  to “l e a s t ”

as ye -i n - ~. cc- - ye. ‘ ~‘y w o u l d  r a t t l e  you c:- r break
y e a r  co nce -

~ rat LOT ,  f che~’ s:-:.- r e -  t o  happen to
you (Ti  tle€~ ~ci-~ ‘iF  -

~- l nk. o rder  I lO Sc  - -  r r13  t rom ‘ oust  to ‘ l eas t”
d S  “CU perce Y- t h ey  would  embarra ss  you if

i n:is~-~ ~hr ii a r d  --ou r sn :: a- - sn w a s  no~ i t ied
( T it l e d  L- ’~~~R Rj \ : k-~-P -~~ 



Al though making these errors would be no real
fun , strange as it may seem , there is some
positive affect from making errors . For the
sake of research , rank order these errors
from “most” to “least” as you perceive they
are fun. (Titled FUN )

A word should be said here about the attribute of fun .

In the “Eight Ball Study ” and other sports related studies ,

Roberts , et al., found that certain behaviors had positive 
—

affect for the players even though the behaviors were in

fact , mistakes or examples of poor play . An example from

the “Eight Ball Study, ” is MAKING A BLAST SHOT. This be—

havior in the game of “Eight Ball” was an example of poor

play but for many players , fun to perform . Many pilots ,

including the author , found it difficult to think about

error making as fun , but , with some explanation the pilots

were able to rank order the thirteen errors on this attrib-

ute. For example , some p i lo ts  did agree tha t  a cer tain

pos i t ive  a f f e c t  was associated w i t h  s a lvag ing  a landing

from a poor approach .

The thirteen errors shown in Table XX are listed in

order of adverse impact , as perceived by the 52 pilots .

This  rank order , based upon mean position runs from most

adverse effect (TAXI OFF THE TAXIWAY AT NIGHT) to least

adverse effect (FAILURE TO NOTE VOR OFF FLAG).
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1’.\H I E  XX

C.5T ?LER ASJ K OR2hR

CA~~oE R PATJLE ! - M ’ i / d < R I P S  F U N
T A X I  -5 ~-’F F U K  5 A < [ ’ s OY  AT Sl I~~~it  1 - - 12
~-‘.-~ F-. L  A ~ P E E L S  liP PAS S 1 1 11

C) . B F2C - .)\ P ~-s F J — ~A L  , 3 3 9
S -l- -k~ 14F.N ’VA L f l t O } -  Por ’ :; ‘EN

~~ d- FOR W R I r O F N C [ N E  TO P-K 4 2 6 10
F E A T U ’~ RED

ORRW MA N IN JURE D D U R I N G  h EAVY 5 7 7 13
W E A T B E R  FL Y I N G

T A K E  OFF W f 3 h  r - : ro’i’ COVE RS 5 3 7
L : FT ON

:ECLARE A Ls - 1-~~ ~ STATE DUE 7 8 8 8
TO lE ~~D W i N : ; S

;N A ~[3LO TO P J U SE  GE AR h U E  10 8 10 2
GEA~-t P I N S  h i s t h O  L E F I [N

[N D ’S AN Af t’ - F E A T H E R .  BY 9 9 4
RAPID P/L MO V SYENT

GO IFR ON A VFR ( ‘U ° ’  -k’ . .. 5 ii) I i  12 3
P A l - S A G E  A Lxi . : [NC ~

‘ S~ M 2- . 11 q 10 1
POOR ~h ’ Pr<c -A-~ 

EXCEED SSSIGN SI RS PEED FOR 1 12 11 5
FLAP ~OCTT k G

FAILURE rn N ~‘;~ VOR OCT FLAG 13 13 13 6

The career dttribate w~~s ch os-~ r f or  t he  w r i t t e n  l i s t i n g

in Table k .  s T i- C it :  r ep r e se n s s , in th e  au t h o r ’ s v i e w , the

pilot ‘s perception of how “ the sys  te:i ’ ( t h e  Navy  as an organ i-

za t ion ) looks at  t h e  e rac- r acti-u r- seace. St a ted in ano the r

TA/ I OFF TH E TA X I W A Y  ST N I G H T  ar : i MAKE ~ . WHEELS UP PASS

are  not as l i k e 1~ to be t o le r a ted  by cognizant ka~~ officials

as [5XC~~[-L D D E - - G N  A I R S P E E D  ~OR FLAP iE~~T I N C  and FAILURE TO

NOTE VOR OFF FLAG.  In Taole XX , th o:, we : ; avt ~ a r a n k  o rde r ing

of er -o - rs t h a t  ::p jr  ~~oras  th e  real  w i n d a c c ep t a n c e  of these

er r - -~~- - by N a v ~~l ‘i h o n i t i e s - — a t  1.en~~t 
-
~c t he p i l o t s  themselves

i ye t h a t  accep tance . L i  s t ed  to t h e  r i gh t  on ‘rable XX

~ 

j



are the averages of rank order  s t a n d i n g s  for  each of the

othe r three a t t r ibu te s. I t  i s  apparent tha t  the attributes

of RATTLE and EMBARRASSMENT show much the same rank ordering

pattern as the CAREER attribute , and as mi ght be expected

the attribute of FUN is ranked in roughly an inverse order

when compared to the other three attributes.

An examination of this table poses some interesting

questions. For example , the error perceived to be the

n umber one career wrecke r , TAXI OFF THE TAXIWAY AT N I G H T ,

as compared with the third from the least (11th in rank

order) perceived career wrecker , SALVAGE A LANDING FROM A

POOR APPROACH THAT SHOULD HAVE BEEN A WAVEOFF , tells us

several interesting things. If a pilot runs his aircraft

of f  the taxiway at n ight , he feels it will affect his career ,

it wi l l  ra ttle h im somewh at, it will embarrass him , and it

will not, relatively speak ing , be fun. On the other hand ,

to continue on to a landing from an approach that was so

poorl y executed that  the approach should have been abandoned

wil l  not, in the pilot’s perception , seriously a f f e ct his

career , nor ra ttle or embarrass h im, bu t he does perceive it

as fun , in fact i t  is n umber one in the fun ranking.  Para-

doxically , howeve r , common sense tells us that taxi ing off

the taxiway at nigh t is not the type of error that will

ordi na r i ly result in extensive damage to the aircraf t and

loss of life. Available evidence indicates clearly that the

approach and lan ding phase are the mos t cri tical portions
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of the f i  - : h t  , and i:  -urc rc’h on : 1  lundin’ ’ ac’:i de nt s  a re  much

more likely to ca :::e fata’ ities and aircra ft -damage than

taxiinq off the ta:-:.wa; a t n i g h t .  G L m p le c o m p a r i s o n  of

avera-Jt - ai r-cr-a A upeeda f o r  Cs: i np i e , w hen each er r o r

occurs tells the stouy, 5—10 knots taxi iri ’~ and 120—140

knots  d ur i n g  t h e  op -p r o - i - sb  a n d  l a n d in q .  The same a r g u m e n t

car - : be o : -p l f c d  to CO IFR Ok’ A \‘FR . ‘ - EAECE and EXCEED

DES 1—G N A/S FOR E1.-’J~ SETT N C . Both c r r :rs ~re perceived

as not likel” to rattle , - ‘reberrass , nor affect one ’s career ,

b u t  tr - i- , it a -va-: , f- t n. The r i s~-: of m i - S - - a i r  c o l l i s ion  or

c o l l i s i o n  w : P t h e  ~ ioun i i n  a i . -. :~’,’s ~.-r , :5en ’ ~h f P  1 pilot

goes I F R  cp i V  FR - a l c : ir an c~ - , and th -~ risk of structural

f a i l u r e  of f l o j - ~ a nd  ‘ ‘s n u l t  ~ t i ~~ - :n con t r o lled  f l ig h t  is a

real  possib i l  ty  a r i d  p rn s - - r t  when er- :c-aeding des ign  a i r speed

limi tations for the flap set.t :nq. Doth r a ! e  t he  p o t e n t i a l

to res-o1~ in much  ~ r - - ot er  dar t - ~e th a n  t a x i i n g  the a i r c r a f t

o f f  t u e t a x i w a1 .

The t a sk  t he-n is to char ge p ilotS ’ perce uti.ons of the

“ s~~~tern ” ar:d t h e i r  u . tt .i t ides , in o rde r  to r ak e  it mo re career

:amaoing , mo re u T La rr a s s  no  and  less  f a r : to  r - - .-mrs i t the errors

t u i ’ - i r c  li~~~ly ~o i C - i L L  to logs  of l i ves  and a i r c r a f t  damage .

(~ ro : rsc t n ’  ooa is no ~~~ to t r ak e  p i lot s  less conscious of

- e r r - : r , b ut  i n :~ t ead  to i s - s h e  h i m  more aw a re of the  

- 
- o~ t ! i e n a i ; a n c — a — i  ti L i n g  e r r o r .  One answe r

o r d r - r  t h at  w i l l  allow pos t fligh t

i tio ”~ , h- :  h i ’her  aul honl t 7’, leading



to discovery of errors of the salvage-a- landing type.

In other words , it  may be advisable to change a t t i tudes

toward errors to br ing these attitudes more in line wi th

the real costs , in the broadest sense , of each error.

Because of the exploratory na ture  of th is  s tudy , a

number of other promising at tr ibutes were l e f t  for  study

in the fu tu re . These include real importance , admiration ,

shame , blame and luck . Obviously thi s ground is fertile

for future research.
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C !IAP S’ER V I I I

C INC’LUS ION , 2 3KW DIRECTIONS

This  an a l y s i s  of some o f  the f act or s  involved in error

s t r u c t u r i ne  one attitudes tuwas ci ~r- ror s nay be likened to

s c u l p t i n g  the Venus  de E lla  w i t h  a b lu n t  sledge hammer .  Th e

. iu t h5 - r is n~-~~ther a t r a i n e d  be haviora l sc ien t i s t, an th ropo l—

f og i e t  nor a safety expert . M o r e o v e r , k nowledge of men ta l

sr :;a n i za t i on  i t s & - L t  is s t i l l  iii the disci:very stage . Prac—

t i . ’ai r e~~~~ms-iidati- :-nr canno t  be made w i t h o ut  f u r t h e r , more

r e f i nc i studs’, but we believe that the novel approach pre-

sented h e-re  t e l l s  a gr ea t  - S ea t  about the real world of p i lot

er r o u s air S, sugges ts  a wide  range of promis in g  avenues fo r

f u r t he r  r e s e a r c h .

‘A it  hove  we [e~ rned? We have learned  (a l t h o u g h  cer-

t a i n l y  not  c cn c l us~ v e l y )  Lbo ’  i t  is poss ible  to use h i e r a r c hi c a l

c l u s t e r in g  t o ch n igu e s  to mak e exp lici t c e r t a i n  imp l i c i t  pa t-

t e rn ing  of ~~i b  t er rors  t h a t  ~:xisted in the 5-3 pi lot  popula-

t ion w h :  the  survey ~ca i  :s ru~ r r .  Our evidence  demonst r a t e s ,

we bel ieve ,  tha t. n : io ts have a sort  of c o g n i t i ve-  nap of the

error sr--sce into wi tch the-’; fit things w h i c h  go wrong . They

have er ro r  c l u s te r s  t h a t  d y e  d imens ion , shone and structure

to the error domdin . A furthe r study of this domain may show

cultura l differences and - r i . ’- - us rrrdic,stors of the optimum

or safest struct uring -and h~ w to ta ilor our training and

~1 )



safety programs to achieve that optimum structuring . This

whole concept can be applied to any other aircraft , pilots

in general , submar ines , shi ps or any veh ic le or mach ine

operated by man .

This study also suggests , but doe s not f u l l y  demonstrate,

that multidimensional scaling can identify significant dimen-

sions of the error space for the P-3 pilot population. This

underlying constellation of error s that has interpretable

dimensions tells us how pi lots  view errors , g ives us clues

as to how to impart knowledge about these errors and gives

us directions for the further study of errors.

The use of scaling and d iscr iminant  analys is  in the

study of pi lots ’ perception of the seriousness of errors has

shown us a va r ia t ion  in a certain percentage of errors be-

tween groups of pilots with varying amounts  of f l i g h t  hours ,

as well  as differences which appear to be associated with

factors unique to the two locations. These differences in

a t t i t udes must  be examined more c lose ly ,  bo~ we believe that

they too hold significant implications for the structure of

t r a i n i n g  and sa fe ty  programs .

The scaling of pilots attitudes toward the attributes

of FUN , CAREER , RATTLE and EMBARRASSMENT suggests rather

convincingly that it is possible to use a selected subset of

errors  to model the la rger domain , and that pilots ’ attitudes

expressed toward errors may not coincide wi th  what is optimum

from a safety viewpoint or what is desired by their superiors.
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The basic thrus t of this s ’-u d v  h a s  been t c  discover

group attitudes and p e ’ r c eI .  L o r i s  toward errors on a broad

cultural plane. The ii~~~ ’t s te p  mus e P t  t aken w i t h  care and

cannot be taken w i t h o u t  a -j r o a ~ deal of carefully designed

research . That  s tep is to br id - i e the gap f rom broad cul—

tura l  group a t t i tudes  to i n d i v i du a l  perfo rmance and behavior.

The u l t i m a t e  goal of t h i s  research would  be even tua l l y  to

use our knowledge of error space structuring in such a wa’s

tha t  given g roups ’ or i n d i v i d u a l s ’ problems could be diag-

nosed and corrected.

In all , t h i s  s tudy was in tended  to examine whether

pilo t errors are culturally patterned; in general this

pa t t e rn ing  does seem to ex i s t  and to match the rea l i t ies

of the s i t ua t i on. However , there is evidence of bias and

lack of r e a l i t y  as w e l l .  I t  is this area of bias  and lack

of r e a l i t y  tha t  requi res  much f u r t h e r  s tudy  md u l t i m a t e ly ,

perhaps , co r rect ion in the f u t u r e . 
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