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ABSTRACT

Human factors and system safety e n g i n e e r i n g
concepts  fr e q u e n t l y  have  not been i n c o r p o r a t e d  in  the
des ign  of U .  S. N a v y  a i r c r a f t  cockpit s .  The
r e l a t i o n s h i p  of h a i n a n  f a c t o r s  cockp i t  de f i c i e n c i e s  to

pilot error a n d  ope ra to r  i n e f f i c i e n c y  is e x am i n e d  ~nd

~~e ne€d for a comprehensive data base of these

~.~ fici~ ncies is not’~~trated . A cuestiornaire was

designed ar.d d~ v elo~ ed to collect th~ recuired ~ata

f rom the  o p e r a t o r s  of n a v a l  a i r c r a f t .  F e sj l t s  f r o m

administering the questionnaire to a number of

• subjects substantiate t h e  v a l i d i t y  of the  me t h c d  fo r
gathering the human factors cockpit deficiency data .

R e c o m m e n d a t i o n s  are made  for  e x p a n d i n g  t h e  data
• 

~
-. col lect ion to a N a v y — w i d e  basis.
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I. Q~ Q~2~ 9~

The i m p o r t a n c e  of the  inclusion of H u m a n  Factors
E n g i n e e r i n g  in t h e  design of Nava l sys tem s  has  been
recognized for some time , and in 1968, MIL—H—L46855 , Human

Engineering Requirements for Military Systems , Eguipm ent ,

a n d  Faci l i t ies, was pub l i shed , thus formalizing anew this

i m p o r t a n c e .  C o n c u r r e n t ly ,  M I L — S T D — 1 1 4 7 2 , H u m a n  En g i n e er i n g
Design Criteria for :lilitary Syste~Is, Equipment , a n d
Fac i l i t ies , was  pub l i shed .  M I L — S T D — 1 4 7 2  e s t a b l i s h e d  the
c:it~~:ia ~o: and ~: I L — N — ~~68 55 p a n i a t e d  t~~e ap~~ icat ion of

h u n a n  e n g i ne e r i n g to N a v y  s y s t em s  ac~~u isi t ior . s .  S in i l a r l y ,
M I L — S T D — 3 5 2 , Sy s t e m  S a f et y  P r o g r a m  f o r  S y s t em s  and
Associ a t ed  S u b s y s t e m s  and  E~~u ip m en t , e s t ab l i shed  t h e

• requirement s and nandat~ d the application of s y s t e m  sa f e ty
to Navy acqisitions. Since their promulgation , these

p u b l i c a t i o n s  have  beer superseded by u p d a t e d  vers ions  and it
appears  t h a t  h u m a n  e n g i n e e r i n g  r e q u i r e m e n t s  a n d  design

• c r i ter ia  are  cont inua l ly  be ing  s t r e n g t h e n e d .  Yet Casey and
St u r m ( 19 7 1 4) , a f te r  d o c u m e n t i n g  the  exis tence of t h e  f o r m a l
r e q u i r e m e n t  for  des ign ing h u m a n  e n g i n e e r i n g  in to  Na v y
sys t ems , presented p r o m i n e n t  examples  of h u m a n  en g i ne e r i ng
def ic iencies  in recent w e a p o n  s y s t e m s  acqu i s i t ions .  Among
the sys t ems  i d e n t i f ied  as hav ing  h u m a n  eng inee r ing
def ic iencies  was the  F — 1 1 4  f i g h t e r  bomber .  One conclus ion
w h i c h  emerged  f rom the s t u d y  was t h a t  i n a d e q u a te  h u m a n
e n g i n e e r i n g  in N a v y  sys tems acqu i s i t ions  is a p r o b l e m  tha t
has  not been solve d (Casey and  S t u rm , 1974) . I n c o r p o r a t i o n
of s y s t e m  sa fe ty  in to  acqu i s i t i ons  is a n o t h e r  p r ob l ern  which
also r e m a i n s  to be solved . It  is the  au thors  c o n t e n t i o n
t h a t  the  f a i l u r e  to p r op e r l y  design h u m a n  e n g i n e e r i n g  into
the  s y s te ms  at t he  design s tage , whi le  p a r t ly  a b y — p r o d u c t

8
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of the acquisition process, is due in groat measure to the

fac t  tha t design personnel  a re  not  s u f f i c i e n t l y  a w a r e  cf t he
e n v i r o n m e n t  for  which they  are des igning  and that

i n s u f f i c i e n t  knowle dge  exis ts  of the  Gp er a t i On a l  en v i r c n m e n t
and t he  complex  m a n — m a c h i n e  i n t e rac t ions  of tha t
e n v i r o n m e n t .

One of the  more i m p o r t a n t  areas adverse ly  a f f e c t e d  by
t h e  i n a d equ a t e  h u m a n  e n g in e e r i n g  e f f o r t  h a s  been t h a t  of
ai r c r a f t  cockpi t  design.  D a n i e l s ( 19 7 6 ) ,  in a s t u d y  of U.  S.
N a v Y  a i r c r a f t  cockpi t  d e f i c i e n c ie s, co nc luded  t h a t  t h er e  are
s ub s t a n t i a l  numbers  of n a n — m a c h i n e  i n t e r f a c e  p r ob l ~~ns in
na val a i r c r aft  cockpi ts .  S c h ob e r t ( 1 97 6 )  , in a f o i l o w — a p
st u d y ,  con cl u ded t h a t:

“~~~e c~ c~ p it des ign f ic~~e~~cv sz : ac z~~:e n s~~r a t~~~

that an i d e n ti f i ab i ~ bod y of r~cm e o n  ca u s e  f a ct o r s  ex i s t s
ac ross a la rge  n u m b e r  of d i fr e r e n t  a i r cr a f t . ”

Table I of Schobert ’s st u d y  reveals  t h a t  137 res;ondenrs

• ~~~~~~~ to an open  ques t ion  as to the  presence of ies ign
de f i c i enc i e s  in t he  a i r c r a f t  they  f l e w , we re able  to

• genera te  2~ 6 d iscrepancies  d i s t r i b u t ed  over 26 a i r c r a f t
t ypes .  That  t ab le  is i n c l u d e d  here in  as Table  I of  this
pape r .  Table  II of t ha t  same  s tudy  shows the results of

c a t e g o r i z a t i o n  of those cockpit  d e s i g n  d e f i c i e n c ies  by
deficiency type. This table is included as Table II. The

most significant aspects of the information contained in

those tables are not t h e  numbers involved nor the diversity

of the def ic ienc ies .  More  n o t e w o r t h y  is the  i n f o r m a t i o n
that , (1) All aircraft in the Navy inventory, from the near

obsolete to the most m odern , have  some h u m a n  f a c t o r s  cockpi t
de f ic i encies ;  an d, (2) Since the critica l incident technique

was used tc gather the data , yardsticks established by

F l a n a g a n ( 1 96 2 )  su ggest t h a t  the type  and variet y of

q
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TABLE I — SUBJECT DATA FROM STUDY OF SCHOBERT(1976)

———-
~i~~~m ~~~~~~~~~~~~~~ mr

T Y P E  SUBJECTS I N C I D E N T S  R E P O R T E D  R E P O R T E D
PILOT NFO TOTAL PILOT N?O TOTAL

ATTACK
A— 4 14 — 14 34 — 34 11 .9
RA—5 3 2 5 9 6 15 5.2
A—6 13 2 15 29 3 32 11.2
A—7 7 — 7 20 — 20 7.0

1 — 1 1 — 1 0 .35
Total Attack ~42 102 35.65

7 8 15 17 lB 35 12.25
F— 3 3 — 3 6 — 6 2.1
F— 14 2 2 3 5 8 2 . 3

• Total Figater 22 49 17 .15
0

P AT RO L/A
S— 2 10 — 10 12 — 12 4 .2
3-3 2 — 2 5 — 5 1.7
P—3 20 1 21 37 3 40 14.0

• Tota l P a t r o l / A S W  33

AE W
E — 2  8 0 8 18 4 22 7.7
O V — 10  2 — 2 3 — 3 1.0

Total  A E W  10 25 8.7

10
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T A B L E  II — DEFICI E NCY CA T E G O R I Z A T I O N FR O~1 S T U D! OF
SCHOBERT (1976)

T A B L E  II

5R E A K D O~ N O F I N C I D E N T S B Y
!~1AJO? :~EA DIN G AND CATEGOR’i

CA T E G O R Y  H E A D I N G
I N C I D E N T S  TO T A L  i

I. EQUIPMENT DESIGN 69 24.13
A. Ccntrol 39
3. Display 30

II. AI R CRA FT COCKPIT LAYOUT ERRORS 1~~7 51. 40
A. Ccntrol and DisDlav Location 50
3. Control and DisDlaV Geometry 34• C. workspace Area - - 53

111. VI.510N 23
A. In ternal 15
3. External B

Yl. 2~~7 I 5 C N N E N T 27  3. 44
A .  2 nv ir o r .~~ en t al :o~~~:~~1 13
5. L i f e  Su ~~~~or:  14

V. SA?FTY 2 3 c.99
• A. I na d ec u at e  E a f et v  Ea c t ocs  20

rOTA Ls 2~~ ~~ T~~~ U0
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responses indicate many wore  de f i c i ences  have  yet to be

identified. Daniels(1976) suggested t h a t  every  a i r c r a f t
t y p e  acqu i red  get s to the  f lee t  wi th  a number of “less than

urgent” human engineering problems , that in many  cases the
deficiencies last throug hout the life span of the aircraft ,

and that there is a carryover of similar deficiencies

between types and generations of aircraft . He states

f u r t n e i  t h a t

“Th e cont in u a t i o n  of m a n y  of these d e f i c i e n c i e s
(c i rcu i t  b reaker  panels , scan p a t t e r n s , i na b il it y to
reach or see) f r o m  one g e n e r a t i o n  to th~ nex t  l e a d s  to

the  concl usion t h a t

a .  t h e  Na v y  does not  r e c o gn i z e  t h e s~ d e fi c i~~n c± e~~,
or

1’. does not consi~ e: the n ijDortanz , or

c. has not devised a suitable means of systematic—

al ly  ensu r ing  t h a t  new cockpi t s  do not r e p e a t
the  sam e def ic ienc ies  of older  a i r c r a f t . ”
Da n i e l s( 1 97 5)

It  is a basic tenet  of the Human  Factors  E n g i n e e r i n g
discipline that when human engineering design deficiencies

are present, the efficiency of the system suffers. The way

in which human inefficiency is indicated is through errors

and time (delays) (Neister , 1971) . Thu s , human engineering

deficiencies in the design of individual system components

or in their intera ctions with one anotner , promote both

inefficiency and unsafe conditions because the systen is

pred isposed  to the  ope ra to r  m a k i n g  an  error or beinQ

d e l a y e d .  It fo i l ows  t h a t  the  many  c o c k p i t  d e f i c i e n c i e s  in

13
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naval aircraft promote errors on the part of the m en who fly

them an d this in turn  deg rades mission ef fec tiven ess an d
contr ib~ites adversely to t h e  overall  N a v a l  Avia t ion  accident
ra te .

Naval Aviators and Naval Flight Officers (NFO’s) who  f l y
the Navy ’s aircraft are often ~pushed to their absolute

physica l and mental limits by the demands imposed by today ’s

opera t ing  env i ronmen t .  Not  only are  t he  a i r c r a f t  and
missions more demanding and complex , but lack of funds often

limits flight time (and proficiency) to less than optimal

H levels. With the addition of fatigue , a~ verse weather ,

psychological factors , hectic operat±ons and other

unforeseen factors, the man flying the aircraft s~ ands a

better chdnce than ever of becoming  ove :loade~~. with

ch al ie n c es  such as taese facing him , tae -aviator ot ~1FC can

well do without num an factors design feficienc!es. It is

therefore absolutely necessary, both from t h e  s t a n d p o i n t  of
increasing aission effectiveness arA saf~ ty of fljeht , that

all present human tactors cockpit deficiencies be

identified , categorized , an~ corrected as soon as possible.

A cockpi t  h u m a n  f a c t or s  e n g i n e e r i n g  le f icienc ies  data
base , once establ ished, would  be i n v al u a b l e  to the  Naval
A v i a t i o n  S a f e t y  P rog ram.  Such  a da ta  base could be used for

ca tegor i z ing  and ferreting out potential accident inducing

fac tors  in ind iv id ual  a i r c r a f t  types  as well  as in N a v a l
Aviation as a whole .  I t  wou ld  also h a v e  applicat ion to the
area of design , in that  data base analyses  could be  used to
es tabl i sh  improved design c r i te r ia .

I
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II. BACKG ROUND

A. DESIGN E R R O R S  A N D  THE H U M A N  OPERATOR

Design errors are nanifested in improperly designed

e q u i p m e n t , in f a i l u r e  to ass ign  e f f e c t i v e  roles to e q u i p m e n t
and  pe r sonne l , and in f a i lu r e  to meet sys tem r e q u i r e m e n t s
(~~eister , 1 P71)  . This tnesis ccncentrates primarily on the

asp ect of in c r on e : lv  ~e~~icne d  .~:ui~~n e nt .  It must  b e  d eath

un 2 e :s to o d  at this point t h a t  e q u i p m e n t  im ~~ro perl y de s ign e i
from the human engineering standpoint does, in fact ,

increase the error potential of the eguipnen~ operator .

Chapanis (1965) sugge3t~ d this when he wrote
H

“Human factors engineers are the first to grant that

people m a k e  mis takes .  But they raise these important

ques t ions  also: Is some of the blame to be found in the

design cf the equipm ent that peopl e use? Do people make

wore mistakes with some kinds of equi pme nt or vehicles

than others? Is it possible to redesign machines so

that hum at errors are reduced or even eliminated?

Research over the past few decades provides us with a

r e s o u n d i n g  ‘Yes ’ to all these  quest ions” Chapanis  (1965)

Errors can take ma ny forms and be classified many

different ways. ~eister(1971) has stated

“The e r ro r  m ay  revea l itself as

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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(a) a f a i l u re  to p e r f o r m  a required action — t ha t  is ,
an error of omission;

• (b) the performance of that action in an incorrect

• manne r  — t ha t  is , an error  of commiss ion ;  or

(c) its performance out of sequence r at an

incorrect time.”

of course  cockpi t  des ign  de f i c i enc ies  promot e  e r r o r  jus t
as any  o t h e r  equ ipme nt i m p r o p e r l y  des igned fo r  h u m a n  use ,

• but this type of error is known in av i a t i on  c i rc les  as
“pilot error ” . ?ilot error includes the error types

ciass~.fied acove  by leister as well as non—hu m an en •J!neeriig

related error such as that of poor judaement . Acc ording to

~axwell and Stucki (1975), pilot error has been considered

for many years as the single largest cause of aircraft

acc iden ts .  Ricketson , K e n n a m o r e , and Ca l len ( 1°75)  p r o v i d e  a
f u n c t i o n a l  d e f i n i t i o n  of p i l o t ( h u a i an )  e r ro r  and i t s  causal

elements which clarifies the weaning of the express ion.

(see Figure 1) Items one through eight identify basic

e n v i r o n m en t a l  e lements  w h i c h  i n f l u e n c e  t h e  a v i a t i o n  system
and are potentially error producing. Item two is given

added emphasis in Figure 1 since it represents the focus of

this paper. When any of the eight elements , singly C: in
c o m b i n a t i o n , requ i re  a t t e n t i o n  or response f rom the pilot
beyond  his  capaci ty  to respond , he en t e r s  an overload
condition which can culminate in an error. As a result of

th e overloa d , varying degrees of performance degradation can
be expected.

16 
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B. H U M A N  F A C T O R S  A N D  N A V A L  AV IATION

To a large extent  technology has outpaced t h e  muc h
needed cons idera t ion  of h u m a n  beings in sys tem design.  Each
gen e ra t i cn  of sophistication has increased the p o t e n t i a l  for

• m an ’s being placed in a posit ion of sensory or mental

overload. This applies especially to the field of aviation

and specifically to the design of cockpits from which man

m u s t  c ont r c l  inc reas ing ly  c o m p l e x  a ir cr a ~~t a n d assoc ia ted
systems. In particular , it appears that the human aspect of

system performance is not being sufficiently considered at

the operational level. An Air Line ?ilots Association h u m a n
czor5 s~ okesman , a~ ter noting that tne airline in~ ust:v

suffers severely from the lack of application of the

princip les of huma n engineering , stated

“All aircraft manufacturers I have dealt with have human
engineering expertise in their organizatign. The often
ccmproinised effectiveness of the human engineering group
in design and manufacture demends to a great extent on
individual persuasiveness and corporate philosophy .
Once the aarcraft leaves the plant , sc also are l~~tbehind the human engineers. Almost without exception
the cgmpanaes who operate ~ircraft ~nd the governnexr~aut hor~ ty under which the aircraft is certitied and
supervised lack human~ engineering expertise. The n~im berof the changes an aircraft undergoe s in retrofitted
equ ipm ~ nt , revised procedures  and new o p e r a tin
condit ions all t a k e  place wi thou t  the b e n e f i t  of t r a i n e
h u m a n  fac tors  personnel . ” S tone (1975)

The a u t h o r  considers  t h e  above to also be t rue  for  Naval
Aviation but to a much greater extent. There are very few

human factors specialists in the Navy today and virtually

none of these personnel  are engaged  in  w o r k  in  the
operat ional  arena.  The t y p i c a l  N ava l  A v i a t o r ’s o p e r a t i o n a l
environment is one of the more demanding in the Navy today.

Not only does he fly complex , high performance aircraft but

he does sc on var ied  miss ions  a n d  u n d e r  a l l  types  of w e a t h e r
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condit ions.  Equipment  that  m a y  not have  been p a r t i c u l a rl y
well designed in the first place is retrofitted , additional

missions are assigned to a i r c r a f t , procedures  c h a n g e , and
operating ccnditions vary, just as is cited above by Stone,

and this also w i t h o u t  t he  b e n e f i t  of i n p u t s  f r o m  t r a i ned
• h u m a n  f a c t o rs  personnel .

Naval Aviation , in the absense of trained human factors

engineering personnel who fully understood the operational

environment , has not in the past had a program for

identifying and eliminating or decreasing the effects of

h u m a n  fa c t o r s  cockpi t  def i c ienc ies. A l t h o u g h  r ep o r t s  of
design deficIencies submitted by fleet units have  been the
bas is fo r past cockpit modifications, al l  too of ten the
deficiencies are accepted as an unchanceabl e fact of life

and ways are found to circunvent the z t o b i en m . A major

problem in identifying deficiencies is the fact that often

consensus cannot be reached on the degree of severity of a

particular problem by the men who fly the aircraft.

The Navy has had for m any years an aircraft accident and

ser ious inc iden t  r e p o r t i n g  p rocedu re  w h i c h  has had  very
l imi t ed  S U C C E S S  ~ fl identifying cockpit human factors

deficiencies. This procedure is p r o m u l g a t e d  by OP AVI ~ S
3750.6(series). Under the procedure all aircraft accidents

a n d  ser ious incidents  i n v o l v i n g  nava l  a i r c r a f t  are to be
reported with investigative comments to the Naval Safety

Center  w i t h i n  speci f ied  t ime  l imits .  The accident  repor t ing
procedures are basical ly sound , are  of no consequence  to
th is  paper , and w i l l  not be discussed f u r t h e r .  Th i s  is not

• so for incident reporting. Far more incidents and
• n e a r — a c c i d e n t s  occur t h a n  accidents  and un l e s s  the

c i r c u m s t a n c e s  s u r r o u n d i n g  a n d  causin g t h e m  are i d e n t i f ied
and correc ted , the re  is a ve ry  good chance of the i r
dia s t e rous  reoccurrance .  In t h e o r y ,  when  an av i a to r  has  an
accident , near  accident , makes  a ser ious error , or in
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general  gets  h imse l f  in to  a precar ious  s i tua t ion  e i ther
because of huma n error , e~~u i p m e n t  m a l f u n c t i o n , or m a t e r i a l
f a i l u r e, the  facts  a re  repor ted  to the  N a v a l  S a f e t y  Center
for inclusicn in their master data bank. In practice,

mater ia l  f a i l u r e s  and e q u i pm e n t  m a l f u n c t i o n s  make  up  t h e
m a j o r i t y  of the inc iden t  reports .  The re  are a n u m b e r  of
reasons fo r  this , the  fo remos t  be ing:

1. The Nava l  A v i a t o r  and  NFO are  very  p roud  and
c om p e t i t i v e  i n d i v i d u a l s  who d i s l ike  a d m i t t i n g  e r ro r s .
Wh en e r ro r s  are made the tendency is to be close mouthed

about it and try not to let it happen again.

2. There is keen competition among these men to remain

trom otatle within the ~I a v v  r a n k  s t r u c t u r e .  A d m i s s i o n  of

a n  e r r or  c o u l d  lea d o to an adverse e v a l u a t i o n  or  e v e n

runishm ent .

3. The aviators ~ni ~FO’s are wail aware that all

incident reports eventually find their way into the Naval

Safe t y Cen te r ’s c o m p u t e r .  They  r e a l i z e  t h a t  m i s t a k e s  made
by the m f o r  any  reason will fo l low them throughout their

careers, because their complete file is available at any

time to their Commanding Officer.

The fact that many, perhaps even a majority, cf the

errors  m a d e  by these  i n d i v i d u a l s  coul d be d i r e c t l y  or
ind i rec t ly  l inked to h u m a n  fac tors  def ic ienc ies  or o the r
n o n — j u d g e c n e n t  sources , has l i t t l e  bear ing  on the f a c t  t ha t
these men perceive  the  act of r e p o r t i n g  an error as a th rea t
to themselves. For the above reasons it is suspected that

t h e  N ava l  S a f e t y  cent e r ’s da t a  b a n k  is not representative of
t he  real  wor ld  but , note  i m p o r t a n t , t h e  N a v a l  S a fe t y  Center

has lost credibility and with that credibility, a means  of
i d e n t i f y i n g  p rob lem s  b e f o r e  t h e y  spawn accidents .
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C. DATA COLLECT IO N TECHNI~~U E S

There  are a number  of ava i l ab le  t echn igues  for  ga the r ing
the requi red  cockpit  h u m a n  fac tors  d e f i c i e n c y  da ta  base.
Most have  been used at one t ime or a n o t h e r  in t he  past to
g a t h e r  h u m a n  fac tors  data in t he  a v i a t i o n  c o m m u n i t y .  All
h a v e  t h e i r  a d v a n t a g e s  a n d  d i s a d v a n t a g e s  and m a n y  w i l l  be
discussed herein .

The means of collecting the data can best he 3roken into

t w o  general areas; (1) that which uses as the data source

~ h e  a c tu a l  n e r son ne l  w h o  fly the  a i r c r a f t, a n d , (2~ that

whicn uses other sources sich as the Naval Air Develo~ enen

denter Human ~‘actors Brancn personne l, computer simu lations ,

a tra veling teas of human factors experts who co-ild visit

v a r i o u s  N a v a l  Air Stations in searctm of hard data , and other

such “non—human operator ” related collection methods.

Atkins(1969)worked in the oDerational arena in gathering

data for a study of ¶1. S. Air Force a ir c rev  work station

geometry. He concluded , after collecting data from a üroad

range of sources, that none was as comprehensive , easy to

get and as valuable as aircrew generated data obtained in an

o p e r a t i o n a l  e n v i r o n m e n t .  Th e  author concurred with that

e v a l u a t i o n  and wi l l  h e n c e f o r t h  in th i s  s tudy  be con cerned
only  w i t h  those da ta  g a t h e r i n g  t echn iques  using a i r c re w
personnel  as the data source. Techniques  considered were
the at—source , group orientation , and command methods

o r i g i n a l l y  presented  by Vasilas et al( 1953)  ; the  cri t ical
inc iden t t e cb n i q u e ( F i an a g a n , 1963)  , and questionnaire

m e t h o d s ( O p p e n h e i m , 1966) .

Vasilas  et a l ( 19 5 3 )  focused  thei r s tud y on d ev e l op e w e n t
of procedures for gathering U. S. Air Force near—accident
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data .  Three methods  — a t— s o u r c e , group o r i en t a t ion , and
command — were studied. In the first method , individual

repor t b lank s w ere ma de ava i l ab le for  rep or ting hazar dous
incidents after flight . Forms were placed in many

convenie nt iccations and aircrew personnel were instructed

to repor t  any incidents they  experienced or observed.
Completed reports were to be sealed in an envelope and

dropped in a collection box .

In the group orientation method , an interviewer

i n s t ruc t ed  groups of 1~ a i rm e n  at a t i n e  on the  n a t u r e  of
the  p rocedure  and the  va lue  of col lect ing such i nc iden t s .
He then had the men write descriptions of whatever incidents

they could recall and seal them in an envelope prior to

collection. The comsand method for collectinc data was a

sy s t e m  in  o per a t i o n  a t  s e ver a l  a i r  b i ses .  Su n o r d in a t e  an i t s

were  requ i red to m a i n t a i n  w e e k l y  a c t i v i t y  r epor t s  which
inc luded  repcr ts  of  nea r - a c c i d ent s .

A n a l ys i s  of t h e  r e su l t s  of the s tud y showed n e a r l y  t w o
and o n e — h a l f  t imes as m a n y  inc idents  were  obta ined  w i t h  the
group orientation method as opposed to the  a t—source  m e t h o d .
It was thought that this was due mainly to  peer p r e s su re  to
c o n f o r m  and  the increased a w a r e n e s s  of the  need fo r
collection of the incident  repor ts  b r o u g h t  abou t  by  the
presence of the  i n t e rv i ewer .

Over seventeen times as many  incidents  were collected by
the g r o u p  o r i en ta t ion  method  as were collected by the
command me thod .  Cha p a n i s ( 1 95 9 )  made the  fol lowing
observa t ion s regard ing  t h a t  aspect of the  s t u d y :

“iost  of the  incidents  repo rted in the  command m e t h o d
were incidents which were certainly observed by someone
else.

Most  i n t e r e s t i n g ,  howeve r , was the  d i s t r i b u t i o n  of
• t ypes  of i t em~~. In the  c o m m a n d  m e t h o d , most of the

repor ted  inc iden t s  f e l l  in to  the ca tegory  of m e c h a n i c a l
• malfunction. In the group orientation method most of
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the  reported inc idents  f e l l  in the  ca tegory  of personal
errors .

A reasonable in t~ r p r e t a t i on  of thes?  results is tha t
the  crew members  hes i ta te  to report  incidents  under  the
c o m m a n d  me thod  because they  ace a f r a i d  the  i nc iden t s
wi l l  be used to eva lua t e  or p u n i s h  t n e m . ” (Ch a p a n i s ,
1959)

The critical inc ident  t echn ique  is yet ano the r  v iable
means  of ga the r ing  data such as t h a t  required for  the
cockpit  def ic ienc ies  data base. The critical incident

-t echni -gue  was  originated by Flanagan (1962) and involves

asking, “Tell me about some mistake or error you have made

in o p er a t i n g  t h i s  equi p m e nt ” , of t h e  opera to r  of a
particular equipment . The basic assumption underlying the

method is that from a large number of personnel one can

determ ine mcst of the dirficulties (errors) whic~i lead to

critical situations for nv Darticular m an—machine system.

~aniels(1976) successfully used the critical incident

technigue in a group orientation setting to establish the

existence of the Naval Av iator a n d  Naval Flight Officer as a

previously untapped and valuable source of human factors

cockpit  de f i c i ency  da ta .  T h e  data  provi ed in Tables  I and
II was g a t h e r e d  u s ing  t h a t  technique.

Questionnair es have the advantage of being very

versatile and have proven ability to gather virtually any

type of data. Oppenheim(1 66) disc usses at length the

ad v a n t a g e s  and  d i sadvantages  of t h e  many  types  of
ques t i onna i r e s  and  ques t i onna i r e  t e chn iques .

There are undoubtedly many variations and combinations

of the above techniques as well as other less known

t e c h n iqu e s  which  would  be app l i cab le  to t he  cockpi t
de f i c i ency  collection e f f o r t .  Howeve r , the t echn iques
con s ide red  abcve  a re  the more accepted of those a v a il aD l e
and for that reason were the only ones considered for the

da ta  collect ion vehic le .
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D. COLLECTION T E C H N I Q U E  R S QJIR EMENTS

Any successful effort to gather the reguire~
comprehens ive  h u m a n  f ac to r s  cockpit  def ic iencies  da ta  r~ s~
must  f i r s t  overcome a n u m b e r  of p rob lems , some of w h i c h  ar~
u n i q u e  to the opera t ional  e n v i r o n m e n t  f r o m  which t h e  da ta
dil l  come a n d  some of wh ich  a re  co mmon to a n y  c o m p r e h e n s i v e
data gathering effort. The data source itself invoives

thousands of aviators and NFO ’s who man the cockpits of

dozens of different aircraft types. The aircraft squadrons

to which these men are assigned have many different missions

a n d  a re  s c a t t e r e d  w i d e l y  in iccation through the United

S t a tes  a n d  t h e  w o r l d .  H e e p i n g  those  f a c t o :s  in m a n d , it

would therefore be desirahie that rae  -data co l l ec t ion

vehicle possess the following attributes:

1. Be applicable to aircraft types ranging from

hel icop te rs  to f i g h t e r — b o m b e r s  and  to men whose miss ions
vary from highly demanding to exceedingly routine.

2. Be relatively easy and cost effectiv e to

admin ister , collect, and -a nalyse.

3. Be efficient from the standpoint of taking as

l i t t le  t ine as possible t c  complete , since t i m e  is a
pa r t i cu la r ly  v a l u a b l e  asset of f leet  av ia to r s  a n d  NFO ’ s.

4. Be capable of eliciting data to the depth and

det a i l  r e cu i r ed .

5. Be capable of eliciting from the  men i n v o l v e d  t he i r
true thoughts and opinions by removing any threat of

eva lua- ’~ion or p u n i s hm e n t .  If you w a n t  to collect a
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m a x i m u m  a m o u n t  of data  i n v o l v i n g  h u m a n  error y o u  have  to
divorce t h e  t h r e a t  of p u n i s h m e n t  or e v a l u a t i o n  f r o m  the
repor t ing  (Chapan i s , 19 59) -

6. Be s t ruc tu red  such  t h a t  f leet  av ia to r s  ~n d NFO ’s
wil l  f i n d  responding  to be an  in te res t ing  lea rn ing
exper ience  as well  as a du ty .

7. Have incorporated into it a sy st em w h i c h  w ill

p e r m i t  t h e  respondent to quantify, (1) t h e  degree  to
which he perceives a particular deficiency to be a

physically or mentally difficult problem , and , (2) the

degree to w~iich he perceives d p a r t i c u l a r  d e f i c i e n cy  to
be a safety hazard. Such a systen would allow relative

com~ a:iscns of deficiency seie :it ’ i  w i t h i n  t v ? e  ~i : c : a f t,
:iven sutticient data.

25



—
~

E. COLLECTICN TECHNIQUE SELECTION

A v a i l a b le  techniques  f o r  d a t a  collection were
co n sid er ed , the  foregoing  r e qu i r emen t s  being used as the
basis for selection of the collection vehicle. Candidates

were the group orientation , personal interview , critical
incident and ~uestionnair-e techniques . The decision was

made to use a combination of t h e  g r o u p  o r i e n t a ti o n , c r i t i c a l
incident and questionnair -~ techniques as the best course of

a c t i o n  c on s id e r i nc  t h e  r e q u i r e m en t s  of t h i s  p a r t i ct ~lar
sit uation .

Th e  cho ice  of t a c  conDination cf technt~ ues ~as m a d e on

the ~remise that the (data could best be ccllected with a

comprehensive suestionnaire conposed of many detailed , open

ended questions , each recuiring short answers. This

questionnaire would include a ~uantification scheme for

measuring relative magnitudes of deficiency severity and

cr i t i c a l i t y .  In a sense each question could be considered a

separate app lication of the critical incident technique. If

emp loyed on a fleet—w ide basis, the uuestionnaires COUld be

f o r w a r d e d  in quantity to Navy aircraft squadrons where the

squad ron  S a f e t y  C f f i c e r  wou ld  con du ct t h e  b r i e f i n g  of t he
re sponden t s  in accordance w i t h  p rocedures  of t h e  g roup
o r i en t a t i on  me thod .  The ques t ionna i r e s  would t h e n  be
distributed to each individual , to be sealed upon completion

by the individual and mailed individually , or completed

sealed and returned to the Safety Office r for mailing to the

collection center.

The following advantages appear to accrue from usin~ the

comprehensive questionnaire described above as a data

gathering vehicle:
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1. A quest ionnai re  can r ead i ly  be t a i lored  to the
needs cf the  researcher and inc lud e open or closed
quest ions .  The a u t h o r  surmised t h a t , because of the
diverse nature of the aircraft cockpits and missions, the

use of closed quest ions  was not feasible. Too many
question s, or else many different questionnaires would

h a v e  been r equ i r ed .  H o w e v e r , de t a i l ed  open ques t ions ,
probing t h e  m any  and va r i ed  aspects of control , d i sp lay ,
and  çeneral  workspace  des ign , were  feas ib le  and
particularly applicable to the diverse raflge of data

available.

2. The cost of using nailed questionnaires is far

more  r easonab le t h an  other  d a t a  g a t h e r i n g  ~ t an s
avaiiatle.

3. If constructed properly, ~he q~1est~ onzaire would

solicit short answers to th e  open questions ~aich coald

t h e n  eas i ly  be c a t e g o r i z ed .  This would p :3mot~
efficiency from the respondents point of view as well as

the analyst.

~~~
. Use of a q u e s t i o n n a i r e  wi th  de ta i led  ope n qu e s t ion s

would allow quantification by the respondent of s e v e r i t y

and criticality of specific and general deficiencies .

This qu a n t i f i c a t i o n , w h e n  averaged  over enough responses ,
would  provide  a number which would allow rankings of
cockpit  def ic ienc ies  for each a i r c r a f t  in t e rms  of degree
of severity.

5. The questionnaire which can be completed at the

r e s p o n den t s  l e i sure  in p r i v a c y  can most r ead i ly  p romote
the imp o r t a n t  idea of a n o n y m i t y .

6. By p r o v i d i n g  det a i l e d  ques t ions , inc idents  wh ich
may not h a v e  been r e ca l l ed  us ing the crit ical i n c i d e n t

27



t e c h n i q u e , s tand  a much  b e t t e r  chance of being recalled .
Detailed ques t ions  could also be used to edu ca te  the
avia tor  or NFO in the basic p r inc ip les  of h u m a n  factors
eng inee r ing  as a s ide  e f f ec t  of r e spond ing  tc the
ques t ions .

28



I I I .  METHOD

A. QUESTIONNAIRE DEVELOPEMENT

The questionnaire was designed around general principles

establis he d by O p p e n h e i m ( 19 6 6 )  . It was envisioned that the

final product would be a comprehensive , open question

questionnaire with sufficient questions of creat enough

detail to includ e all relevant aspects of huaan factors

en ~ineerine in cockp i t  d e s i g n .  ~o w e v e r , it  is n o t e d  t h a t

b ecause  of the d i v e r s i t y  of a i r c r a f t  t y p e s , t h e  f a c t  tha t
Naval Aviators and NFO ’ s a re  involved , a nd the s ubj e c t i v e
nature of the perceived deficiencies, the questions could

not ne made detailed enough to resul t  in across the  board
- - shor t  a n s w e r s .  That , a n d  the fact that the questionnaire

was necessarily lengthy in order to cove: the broad

appl ica t ion  of h u m a n  f ac to r s  in cockpi t  des ign , are
p r e l i m i n a r i l y  r eccgn ized  as d i s a d v a n t a g e s .

The process of formalizing the questionnaire was a

l e n g t h y  one i n v o l v i n g  decisions as to  t h e  con ten t  of the

m a n y  i n d i v i d u a l  questions , the conten t  of the qu e s t i on n a i r e
in t roduc t ion  and i n s t ruc t ions, the  types  of persona l  data  to
request  f r o m  the  responden t , the  t y p e  of de f i c i ency  s e v e r i t y
q u a n t i f i c a t i o n  scheme to em p l o y ,  and m a n y  other  inp c r t a n t
fac tors  such as q u e s t i o n n a i r e  f o r m a t , etc. T h e  ove ra l l
gu e st io n n air ~ design em p l o y e d  O p p e n h e i m ’s pr inc ip les  as well
as the  data  collection r e qu i r e m en t s  d iscussed p r e v i o u s l y .

Ques tions  were  grouped w i t h i n  the  ques t i onna i re  into
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f o u r  m aj o r  categor ies of Controls  and P r i m a r i l y  Tactile
Funct ions , Displays and P r i m a r i l y  Visua l  F u n c t i o n s ,
Psychological  Factors, and  Miscel laneous Factors .  A short
i n t r o d u c t i c n  was p rovided  f o r  each c a t e g o r y .

The in t r c du ct i o n  to the ques t i onna i re  was designed so as
to acquain t  the  respondent  w i t h  h u m a n  f a c to r s  e n g i n e e r i n g
concepts and  g e n e r a l l y  put  h im  a t  ease. The  pr e lude  to t h e

- 

questions themselves required a short description of the

concep t  of s y s t e m  s a fe ty  a n d  h u m a n  f a c t o r s  e n g i ne e r i n g ,  an
expla nation Cf the purpose of the survey and its genor~ l
contents , definitions of key terms such as “control” and

“dis~ lay ”, inst:uctions for completing the questionnaire and

a st atement of the anonymity of the sources of specific

data. (See Ap Dend ix A which conprises the finished

cuestionnaire.)

In  o r d e r  to n a v e  a ~i e a n s  of q u a n t i f y i n g  the  a m o u n t  of
physical or nental difficulty a particular deficiency

presents to the operator , a severity scale was conceived . A

cri t i ca l i t y  scale was also conceived , th is scale be ing  a
m e a n s  by w h i c h  the  opera to r  qu a n t i f i e s  his perception of the

def ic iency ’ s h aza rd  to s a f e  f l i g ht.  Both scales r a n g e  f r o m
one to five with five r e p r e s e n t i n g  t h e  h ighest  s eve r i t y  or
c r i t ic a l i t y .  Table  III , whic h  appea r s  also in the
ques t i onna i r e, expla ins  t h e  rat ings m ore  t h o r o u gh l y .  It is
h y p o t h e s i z e d  t h a t  these  q u a n t i f i c a t i o n s  of de f i c iency

-~~ sever i ty  and  c r i t ica l i ty ,  w h e n  avera ged over a mode ra t e
n u m b e r  of responses fo r  a pa r t i cu la r  de f i c i ency ,  wi l l
p r o v id e  a v i ab le  measure  of s e v er i ty  and  c r i t i c a l i t y .  This
wil l  p e r m i t  the  r a n k i n g  of de f ic ienc ies  for  a p a r t i c u l a r
cockpi t  in term s of t h e i r  perce ived  c o n t r i b u t i on s  to
i n e f f i c i e n t  and/ or  u n s a f e  ope ra t ions .

An i n i t i a l  da ta  sect ion at t h e  b e g inn i n g  of t h e
ques t ions  comprises  t h e  o n l y  personal da ta  r e q u i r e d  Cf the

30 
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S E V E R I T Y  A N D  CRITICALITY R A T ING SHEET

You are  asked to ra te  de f i c i ency  seve r i ty  and c r i t i c a l i t y
numerous  t imes  wi~ h in  th i s  qu e s t i o n n a i r e .  The scale ranges
f rom 1 to 5 w i t h  the  h ighe r  n u m b e r s  i nd ica t ing  increased
seve r i ty  and c r i t i ca l i ty .  In order to provide c l a r i f i c a t i o n
of the  m e a n i n g  of each r a t i n g  the  fo l lowing  i n t e r p ret a t i o n
is prov ided :

~~!~~~~X—The d i f f i c u l ty t h e  na m ed  de f i c i ency  presents  to the
operator.

Rating Reaching, seeing, interpreting, etc., th is

contro l  or d i sp l ay  or performing this act , in

my opinion ,

1 is not at  a!! d i f f i c u l t  or only s l igh t ly  so
2 is s o m e w h a t  d i f f i c u l t
3 is quite difficult

‘4 is extremely difficult

is impossible or nearly so

CRITICALITY—The po ten t i a l  of the  n a m e d  d e f i c i e n c y  for

- - 

- - caus ing  an accident  or ser ious  i n c i den t .
Rating Reaching, seeing, interpreting, etc., this

control or display or performing this act , in

my op i n i o n ,
1 has v i r t u a l l y  no e f f e c t  on flight safety

2 has  some po t en t i a l  fo r  caus ing  an acc iden t  or
serious inc ident

3 has considerable potential for causing an

accident  or ser ious i nc iden t
‘4 nas g rea t  potent ia l fo r  caus ing  an  acc ident  or

serious inc iden t
5 e i ther  a l re a d y  has  caused an  acc iden t  or serious

incident  or w i l l  cause  one in t h e  nea r f u t u r e

Tab le  I I I  — S e ver i t y  a n d  C r i t i c a l i t y  R a t i n g  Sheet
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respondents . Reques ted  is t h e  da te , t h e  squad ron  to wh ich
the i n d i v i d u a l  is assigned , w h e t h er  the  r e sponden t  is a
pilot or NF 0 , the  a i r c r a f t  t h e  r e sponden t  c u r r e n t l y  f l i e s
and is cL i t iq i n g ,  the h o u r s  f l o w n  in t h a t  a i r c r a f t  and  th e
total hours flown. This data will allow analyses as to

d i f f e r ences  in perce ived  deficiency severity and criticality
among pilots and NFO ’s of different experience levels.

The ques t ionn a i re  c o n t e n t , wi th  respect to i n d i vi d u a l
question composition , was drawn from a variety of sources,

i n c lu d i n g  the authors ’ experience , MIL— STD—1 ’472,

?1IL—Sfl—3~ 2, the work done by Schobert (1976) in categorizin g

d e f i c i e n c i e s, and the  a c t u a l  c r i t i cal inc iden t  technicue
da ta  col lected by D a n i e l s ( 19 7 6 ) .

The question naire was prin ted in double—space d for~ at on

one side of the paper only, for ease of reading as well as

ease of r e fer i n g  to p r ev i o u s  pages  while completing the

~u e st i o n n air e .  It w a s  con s ide red  t h a t  these  a d v an t a g e s  as

well as comment s made in the introduction , would overcome
‘ the negative psychological aspect associated with a

moderately lengthy questionnaire.
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B. DATA COLLECTION

The completed ques t ionna i r e  was  adm in i s t e r ed  to
t w e n t y — o n e  Nava l  Av ia to r s  and four  N a v a l  F l igh t  O f f i c e r s  in
a t t e n d a n c e  at a s i x — w e e k A v i a t i o n  S a f ety  Of f i ce r  course  at

• the  U . S. Naval  A v i a t i o n  S a f e t y  School , Naval  Postgraduate

School, Mcntere y, California. This population serves

excellently as a test group for verifying the applicability,

reliability and validity of the questions ccntained in the

questionnaire , in that the ~nen in vol v ed are for the most

part currently proficient in an operational aircraft , and

are assigned to ma n y ~•iffer~ r.t typos of aircraft. It would

i~e feasible for the author to collect a large q u a n t i t y  of

data on a specific tvce aircraft. However , it is p r e f e r a n l e

at this point to instea d concentrate on ensuring that the

-uestior.aire content is broa d enough and yet specific ~nou~ h

to apply to all naval aircraft. The respondents were given

one week to c o m p l e t e  t h e  q u e s t i o n n a i r e .

~
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Table  IV summ ar i ze s  the numerica l  data obta ined f rom the
twenty—five completed questionnaires . For each guestica the

total nunfter of responses to that question , total number of

different aircraft types cited , and breakdown of severity

and criticality ratings, by  responses per r a t i ng , a r e  g i v e n .
For ex am p l e , question nuober one obtained forty—one

responses distributed ove r  e i g h t  d i f f e r e n t  t y p e s  of

a i r c r af t . w i t h  re~ a rd s  t o  c r i t i c a l i t y ,  s ix  of  t h e
def icitn cies identified via uestion one were judged ~s

having great potential for causing an accident or serious

incident (assigned a rating of -~) , and two were considered to

have either already caused an accident or serious incident

- ‘  

-

~ 
- - 

or would cause one in the near future (assigned a rating of

5) . The asterisked columns in the table identify the number

of responses for which no rating was assigned. The final

page of Table IV provides a percentage breakdown of the

severity and criticality assignments overall. In all , 539

hum an factors coccpi~ deficiencies were identified by 25

respondents. The 539 deficiencies were distributed over 15

different aircraft types.

r h e  v a r i e t y  of responses  an-i  t r .e d e t a i l  which m a n y  of
th~ r~ spondents provid ed m ade summarization of the complete
dat a n-~ariv imsible. r h e r e f o r ~ Tab le s  V and  11 are
provided as e x a i r l e s  o~ the  v ar i e d  responses obt~ ine-d .
Tan i-- V r~ n~’r~ s~ s ‘n-a ~: ~- n ~ e~ ~o Uiestion t h i r t y — o n e  whil e

I! c r ’ ~~ r: r e ;~~o nses to ~u e s# iO n

3,4
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TABLE V — RESPONSES TO QUESTION THIRTY—ONE

QUESTION: During critica l phases of flight such as
take—off , low altitude manuevers, nultipi~ aircraftren dezvous ’, a pproaches, and landings , are you ever bothered
by distractions from inside the cockpit such as flCiECS ,
lights, etc.?

SEVERITY/
RES2ONDE :~T AIRCR AF T cRIT:~ AL Iry RESPONSE

~- 1FO A—G E —/3 F L A S H I N G  ~~~~A K A i A Y  L I G H T S  I N
? LOTI S OPTICAL s:GHT —

Cau ~~ea w e a p o n s  co~~pu ~~er
rna :unct or .
~ aza:dous  ~ur~~n ;  ~ca:r~~e: ap oac~i.

~-I L O :  F—1L4 A 2/2 CLOVE JA NE POSITION LI’ HTS—
~xtre~ elv bricht. Co~ e on
when nutting ~~ear and flags
down ~or a~ c~oach. Ve~ y
di s t r a c t i n g  - and vertigo
inducing in IFR conditions.

PILOT P—3 A 2/ 2  COCKPIT LIGHTING — The
location of the floodlight
used to illuminate the pilots
approach olate is such that
the pilots head interferes
and casts a shadow.

PILOT S—3A 3/3 ACLS ADVISO RY LIGHTS — ACLS
lights cannot be di~une-d .

PILOT S—3 A — I —  NIGHT ?OR~~A TION FLIG 1j I— The
3—3 canopy ~s very large and
the cockpit lig hting is
reflected back towards the
p ;iot . Ve ry distracting for
nigh t formation flying.

PILOT S—3 A 3/ 3  ACLS A DV I S ORY  LI G H T S  — No
rheostat for the ACLS
adv i so ry  l ights .  T h ey  ire
very distracting on night
approaches .
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TABLE V — CONTINUED

SE V E R I T Y /
RESPONDENT A IRCRAFT CRITICALITY RESPONSE

PILOT S—3 A 2/2 MAD READY LIGHT — No
rheostat. Is a real bother  at
night in the MAD pattern.

PILOT A—L&/T A— 14 2/2 LAWS AU RAL TONE — No volume
control on the Low Altitude
Warning System aural tone.
On low level routes tcne is
super loud .

PILOT A-4/TA— LF 2/2 1FF CAUTION LIGHT —

• Fre-~uently ccmes on in flight
and is particularl
distracting becau~e ~t ~s reand fairly close to th€ fire
warning light.

PILOT F—~4J 3/3 c -1 IN DS H I E L D DEFOG — I find it
very uncom fortable on descent
an-i s 

approach to have hct air
blastinc in my face so I

- - don ’t always use it although
required to.

P I L 0 I  A — 7 E  2 / 2  M A S T E R  F U N C T I O N  S W I T C H E S
W h e n  selected at nicht the
yellow lights are too bright
and  cause c o n s ide r a b l e

- - 
- annoyance .

PL..OT A —7 E 2/2 CXY G ~~N L I G H T / M A ~ T E R  C A U T I O N
—On 75% of all catapault
shots the oxyaen liqht will
coni c on and âause t~ e ~asterCaution Light to flash. This
is an inonoortune time tc

-
- - have to lôôk down at the

Master Caution Panel.

PILOT 3—31 4/2 ACLS LIGHTS — Way too
bright. No brightness

-~ cofltro~~. When we are olanningon f l y i n g , n igh t  a roaches  we
take na~ King tape to put over
these lights and that doesn ’t
help too much.

PILOT A— (4/TA— 4 1/2 1FF LIGi-~T ON G L A R E  SHIELD —

Distracting in almost any
phase of fliaht. It’s neaf
the FIRE light:
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TASLE VI — R E S P O N S E S  TO QUESTION TE N

Q U E S T I O N  — Think  spec i f i ca l ly  of em erg ~ ncy procedures .  Do
any of these req uire niatiipulat igns o~ switches and controls
or sequencing of actions which , in your opinion , are too
complex and time consuming?

SE VER IT
- 
RESPONDENT AIRCRA FT CRITICALITY RESPONSE

L PILOT F — 1 4 A  3/3 TRI�~ PROCEDUR F — Eme :oencv
procedure in case of .~pli~flaps/slats or shick
spoiler (in flight) requires
at t e mp t i n e  to c o u n ter  an
u n~ omhand -~d roll
conosice lateral stick while
trimming :n the nppos~ :e

-
~~ direction to provide naammum

opoosite spoiler deflection.
The movemen t of the stick and
t r i m m i n g  ar e  done
simultaneously in opposi’ e
directions with the same
hand.

NFO RF—43 3/2 RADAR SCOPE — R~ dar  scope is
a distracting nuisance to the
pilot .

pILor P—3 A 3/3 .. EGRESS fROM PILOT’S SEAT —

were ever reguired
to ban ---3ut of a P3 he would
most likely not make it.

NFO RF—4 .E 5/4 CIRCUIT BREAKERS —

Controlling circuit breakers
in . eui~ rgenc y , procedures for
this a ir c r a f t  is a pro~cedure
tha t  is hopelessly c o m p l e x .

PILOT S— 3A 3/2 AIR START PROCEDURE — Ther e
are 10 separate items cn tne
memory checklist.

4
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TABLE VI — CONTINUED

SEVERITY/
R E S P O N D E N T  A I R C R A F T  CRITICALITY RESPONS E

PILOT S—2A 4/2 WING FIRE — Requires
location of several different

- - circuit breakers on the
overhead panel.

PILOT S—2A 2/5 EMERGENCY LANDING GEAR
EXTENSION — Takes too much
time, effort an~ attention
from the pilot if he has to
do at h imse l f  a n d  wi l l
severely distract the
co—pilot. This has caused
previous fatal acci~ ents.

PILOT A—7 A 1/4 EMERGENCY L~~ DING GEAR
EXTENSION — Requires using• left hand (normally on
throttle) to null han1 i~ and
h o l d  it out  w h i l e  th e  gear
slowli extend. As cear
exten-~, d:ac increases
causing aircfaft t~ SlOw.
Power as added by reachina
across body with rigr.t hand
thus taking racht hand from
stick. This i~ a very unsafe
and uncomfortable procedure.

PILOT A—7A/B/C ~/5 EMER GENC Y POWER PACKA GE —

Unless cat shot taken with
this deployed (debatabl€ ) the

- 
- re~ ction/actioii/run—up time

would be too lonc. You cannot
get to the EPP fast enouah
oecause of its poor locati5n
an the cockpat.

— — 
—
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V. CONCLUSIONS

In all, five hundr ed and thirty—nine human factors

cockpit deficiencies were identified by twenty—five

respondents to the Cockpit Deficiency Questionnaire. This

factor alone provides ample justification for placing

additional emphasis on this technique for gathering the

r e q u i r e d  h u m a n  f a c to r s  coc~~~it d e f i c i e n c y  da t a .

approximately twenty—two responses per respondent compares

v e r y  f a v o r a b l y  w i t h  the  a V e r a g e  two  responses per respcn:~?’~t

o bt a i n ed  by D a n i e l s ( 1 - 37 6 )  and  Sc a ob e r t ( 19 7 ~~) . ~~
c o nt a in e d  in T a b le s  V ari d ‘11 e v i d en ce s  t h e  wide v a r i e t y  of
ex i s-t ina  cock p i t  de f i c ie nc i e s  an d  t h e  r a :~~ e of sev e r i t y  a n d

c r i t al i t y r a t i ng s  of th o s e  d ef ic i en ci es .

While the Cock pit D e f i c i e n c i es  ~u e st i on n a ir e  w a s  ve ry

successfu l  in g a t h e r i n g  v a r i e d  1ata , t h e re wa s  an
insufficient number of respondents reporting on  any one

specific aircraft cockpit to permit analysis of a specific

cockpit. The numbers of respondents for a -~iven type

aircraft varied from five S— 3A pilots to one A— 6E NFC and

one F— 14A pilot. Therefore , the comm ents and conclusions

made herein are at best tentative and serve only to identify

trends and probable areas for concern on the part of safety

specialists and design engineers. Further application of

this data collection technique to large groups of operators

will provide the material nec-led for in—depth analyses.

Subjective analysis of the data from the twent y—five

complete~ guestiornair’!s leads the ~utho : to the following

tentati ve conclusions as an exanpie of the tyrses of existing 
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cock p it def ic iencies  whi ch can be id en ti f ied wi th the
questionnaire technique .

1. Design personnel have not in the past taken into

account the fact tha t aviators and NFO ’s must at times

wear hea v y ,  bu l k y ,  restrictive clothing such as wet suits

and winter survival equipment . When this type of

equipm ent is worn in most of today ’s aircraft the

operators capability for reaching required controls is

degraded significantly. This problem and the related one

of fitigue associated witn wearin-e a wet suit for long

periods of time , extends across many types of aircraft.

2. ~i:cuit breaker location and accessability appears

to be a problem in ~ an v  a i r c r a ft .  As an  e x a m p l e , ? — 1 4 A

f:ont c-e c~ nit cir:ui~- br~ ace:s are u n u i ~~ht e~ a n d
_ : : .c u_ :  to : .— a cn  ~~ i c i l  ne -i -- ~ r _ e - ~: : a i s a~. f a - L : o r

or an acciden t .sno’ai.. nher~ a:i•;e a :e-;ui:eni -ent fe: tee

~iio-t to :ull or reset one at ni -~~t in an extrenis

s i tu a n ic n .

3. T h e  S— 3 A  ai:c f t  appears to have a numbe r of human

L - - factors deficiencies designed into its cockpit. Anen g

the many deficiencies cited ny the five S—3A pilots a re

tee following:

(-a) The flap switch is actuated by reaching over and

oehind the throttles. This control is detented su ch

that when a flap movement is required the pilot must

devote his full visual attention to the task.
-
~ (b) The launch bar switch is easily inadvert ently

actuated. A lowered launch bar will cause damage if it

is down during an arrested landing.

(c) The ACLS(Automatic Carrier Landing System)

a dv isory lights are very bright and cannot he dimmed.

The ~CLS is primarily of value in night ,I?R conditions

and thus , u t  order to use the ACLS , one must -accept the

di s t ra c t i o n s  at a t i m e  when  t h e y  are  least  n e e d e d .
This problem is identified in Table VI.
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(d) The fire warning system is easily confuse -i .

There are two warning ligats, one  in front of each

pilot, which warn of a fire in either of the two

engines. When the pilot sees the fire warn ing lig~~ he

is to immediately look to the “fire pull handles ”.

Lights  in t he  “ pull h a n d l e s ” i d e n t i f y  the  e n g i n e  which
is on fire. He is then to place the appropriate

throttle off, pull the correct pull handle , an d secure
the correct ignition. Apparently a number of

experienced aviators have mistakenly secured the 3
l e f t  (g ood) e n g i n e  w h e n  g iven  a r i c r h t  eng ine  fa i l ur e  i n
the S — 3  simulator. :t appears likely that the fact

that the pilot obnerves the left han d light tore

clearly than the right hand light , ~redisposes him to

i- ienti f’inc the left en-iine as the ~r-en1en .

4 .  ~-~rscnai e-4uirnent an f cc vi gation p ablicati n

stowage constitutes a real problem in many aircraft

cockfits floe the P—3A to the F— 14A.

5. Ejectio n seat disconifort an-f related fatigue

factors are a major source of contention among aviators

and NFO ’s. In addition , it appears that the

pr:aa-ry(upper) firing handle on most Navy ejection seats

is unusable to a large segment of the operators.Nea:ly

fifty percent of the deficiencies noted in question

fifty—five were related to e~ ection seat problems -and

received ratings of four or five in criticality. See

Table III.

6. There appears to be a problem across most aircraft

I with warning signals such as fire warning lights.

Question fifty—four , which queried respondents as to the

adeguecy of the signals , received eighteen responses

across ten aircraft types.

In addition to providing cockpit deficiency data , the

twenty—five completed questionnaires yielded information

pertaining to the quality and applicability of the
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questions. Again the small number of respondents for each

type aircraft limited the author ’s ability to make firm

conclusions. The following tentative conclusions are made:

1. The majority of the respondents considered the time

spent completing the questionnaire to have been very

worthwhile. Negative reaction to the length of the

questionnaire was minimal.

2. Questions 20 , 21 , and 22 appear to have s i g n i f i c a n t
overlap as presently written and could be combine -i into

one question.

3. Question 1 should be m oved into the interior of th~
-
~ 3uestiotnai:e as its generality and position as the first

question answer ed , prompted many responses which better

f i t  -ether questions . A more .a~-ecific question should be

ccosen for the lea f—- o ff ~iestion .
-
- 

- 4. Thought should be given to combining ~aes:icnr 19

an-f 39 in as much as the respondents were unable to

clearly differentiate between toe two situations .

5. Questions 4, ~ , 13 , 17, 22, 24 , 25, 34, 36 , 1, 48,

49 , 50 , 53 , So , 57 , 58 , and 63 received three or less

responses each and should be reviewed with resoect to the

rewording or combining of -guestions.

On the basis of the 539 ieficienci-e s identified an-f

rated for severity and criticality, t h e  q u a r t t i f i c a t i m r .

technique appeared to be valid. Additional data must me

collected and analysed before the technique can be fully

validated , however , the overall response summ ariration

provided in Tabl e IV shows that the responses tend to b.-~
approximately normal for both severity and criticality

ratings. In both cases the distribution is skewed slightly

left with the modal response being a two.

The only major questionnair~- technique disadv3rlta ge

4 noted by the author was the fact th&t the responses are

4 9
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descriptive and , although the majority are short , there is

nevertheless a requirement to read and analyse each ccmm ent

to determine the precise nature of the deficiency~ This is

time consuming and inefficient and viii ultimately impact

substantially on the cost of the data collection program .

However , the subjectivity and variability of the data is a

re f lec t ion  of the v a r i a b i l i t y  of the h u m a n  operators

involved and is the very thing which makes ,the data valuable

and worthwhile.
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vi. RECOMMENDATIONS

I

The Cockpit Deficiencies Questionnaire should be

validated further as soon as possible by being administered

to approximately one—hundred pilots and NFO ’s from each of

two  a i r c raf t  communi t i e s . P r e f e r a b l y  a s ingle - sea t  a n d  a
p i l o t /N ED m a n n e d  a i r c r a f t  would  be chosen.

Once t h e  q u e s t i o n n a i re  has been a d e q u a t e l y  va 1 idat ~ d i~
should  be a d m i n i s t e r e d  N a v y — w i d e  t o  a s u f f i c i e nt .  n ’ i n h e r  of
.~v i a~~ors an d  N F O ’ s f r o m  -each tv~~e -airctafe to

~stablishment of m e  hunan factors cockpit defiri~ency -~ata

base. Having established tne data base , a comprehensive

effort can be made to identi fy deficiencies which exist

across different aircraft types. The resulting analysis

should be directed towards improving and updating present

design ctiteria. -

Concurrent with the effort to provide better design

criteria should be an effort to identify, categorize , and

correct the most critical deficiencies existing in to-day ’s

aircraft. Tne information being gathered on each specific

aircraft for inclu sion in the data base can oe analysed

separately with the goal of ranking deficiencies in -term s of

deficiency severity and criticality. Such an analysis will

allow establishme nt of priorities in the program to correct

or lessen the effect of existing deficiencies.
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A P P E N D I X  A

COCKPIT DEFICIENCIES QUESTIONNAIRE

IN:~ODUCTIC N

This questionnaire involves System Safety/~uman Factors

Engineering(SS/HFE) and its relationshi p to you , the pii~t

or N F O  assi~ ned a seat in on~ of the dozens of aircraft

t~~~Cs in  t h e  Navy inventory. The results of ~~~t.s su r v ey

will affect Nava l Aviation Safety as well as futur e aircraft

design.

3ystem Safety/Human Factors Engineering can most simply

be described as “the process of designing for safe an-f
- 

~ - ef f i c ien t huma n use ”. The objective of SS/HFf as it relates

to cockpit design is to provide you , the human operator ,

with a cockpit which is designed wit h the full range of your

capabilities and limitations in mind. Cockpits should be

adapted to your im itations; you should not be the one who

does all the adapting. Please note that the word cockpit as

use d herein refers  to  the  en t i r e  cockpit layout  inclu d ing
seats, control system and other controls, displays ,

env i ronmen tal system , etc.

There are certainly many good and bad designs for each

item in a cockpit and SS/H?E strives to incorporate toe good

while eliminating the bad. Unfortunately, System Safety and

Human Factors Engineers were non—existent when som e of the

aircraf t we f ly  were  designed a nd , for var iou s rea sons , the
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latest SS/HFE technology and knowledge has not been fully

integ rated into the more modern aircraft. Thus, the cockpit

in which you presently get your flight time may have

benefited to varying degrees from SS/HFE expertise.

As noted above there are goo d and bad designs. But how

is the good to be differentiated from the bad? In t h e  old

days if man could function at all in a cockpit, the design

was considered a success. We have come a long way since

t h e n  b u t  wh i l e  a g r e a t  deal of r e sea rch  is b e i ng  do n e  in
cockDi t  design , th e e f f o r t  c o n t i n u e s  to be h inde red
s u b s t a n t ia l l y  by t h e  lack of c o m p l e t e  u n d e r s t a n d i n g  of how
t h e  h u m a n  m ind  f u n c t i o n s  in r e c ogn i z i n g,  p r o c e s s i ng  and
responding to stimuli. In the abscence of concrete

i n f o rm a t i o n  a m a j o r  ( a n d  c o s t ly )  source  of ~at .a  w i t h  r e sp e c t
to  ‘soo~1 v e r s u s  bad des ign  t u r n s  out  to be t h e  a i r c r a f t .
accident report. If a particular display or control can be

di rec t l y  re la ted  to  an a c c i d e n t  it h a s  a good c h a n c e  of
b e i n g  i d e nt i f i e d  as a p r o b l e m .  A t  wo r s t  t h e  p r o b l e m  w i l l  he

recognized and additional training and emphasis will be

devoted tc countering ( adapting to) the hazard.

~ut wha t  about the p r o b l e m s  whic h a re  not so obv ious?
How a bo u t t h e  “pilot error ” accidents  wh ich  never r e a l l y  -set
to the  h e ar t  of the  m a t t e r ?  W h a t  of the  m a n y  i n c i d e n t s  or

-j near accidents which go unreported because of our

i nc l ina t ion  to feel that no ma tter how well or poorly

designed a system is, we should be able to master it just

the same. The fact is that you and all of your

contemporaries are limited in your capacity to perform by
many factors, the most significant of which involve the

functioning of the human brain. Absolute limits exist in

t h e  a m o u n t  of i n f o r m a t i o n  you can process a t  a n y  one  t ime ,
r~~act ion times,ezc. Deficiencies in t h e  des ign  of t he

4 controls and displays located around you in the coc kpit can

slightly slcw your actions , overloa d your ability to process
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sensory inputs, confuse you when you don ’t need to be

c o n f u sed , and in general cause you not to be at your best.

The purpose of th i s  s u r v e y  is to i de nt i t y  t h e  :najor

deficiencies whic h exist in the current inventory aircraft

as seen by the  men  w h o  f l y  t h e m .  U n b e l i e v a b l y ,  th i s  has  not
been done before or. t h i s  scale.  The r e s u l t i n g  -d a t a  w i l l  be

an invaluable aid in identifying current safety problems and

will provide the basis for improved design criteria.
4-

INS IR tJCT IONS

The q u e s t i o n s  in t h i s  s u r v ey  h a v e  bee n cr o u pe~ in t c  f c u r

main categories according to the general subject of the

u e s t i o n .  dach sect ion is pr ecede-i  by  a b r i e f  d e s c r i p t i o n
of t h e  s u oj e c t  m a t t e :  i n c l u d~~-d in  t h a t  sect ~~on .  T h e  f u r

sections are:

1. Ccntrols and Primarily Tactile Functions

2. Human Behavior (Includes conditioning and transf~: of

training)

3. Displays and Primarily Visual Functions

4. Miscellaneous ( I n c l u d e s  e n v i r o n m e n t , N F O / c o — D i l o t

station lighting, etc.)

iost of the questions involve your identifying specific

componen ts which you consider deficient within a particular

context. In addit ion to identifying that component , ycu ar e
asked to assign a number from 1 to 5 which you feel best

describes the degree of severity of the deficiency( to what

extent is it a physical or mental problem to you) and the

criticality of the deficiency ( .t~ what extent does it

constitute a safety hazard) . In both cases the number 1
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represents the lowest extent and the number 5 the highest.

At this time you should detach the very last page frcm the

su rvey ,  as that page provides further guidance with respect

to the meaning you should attach to each code. Keep tha t

page handy for reference while filling out the survey.

The questionnair e was designed so as to require of you a

mini m um amoun t of writing and as small an investment of your

time as possible. -The disadvantage of this, however , is

that it restricts you from fully expressing your opinions in

cases where the guestionnaire doesn ’t include enough options

or -doesn ’t cover a particular area. Please feel free to

write notes in the marg ins or expound at length on the

reverse side of a page. All comments will be rea d and taken

into account in ev a lu a t i n g  y o u :  response .

You will undoubtedly encounter some redundancy in the

questions and you will undoubte lly find yourself identify ing

the same c om p o n e n t  as a p r o b l e m  in t~~o or m ore  c on t e x t s .

Tha t  is to be expected . R ach  nuestion is significantly

differ-ant in regards to its purpose in the overall data

gathering effort.

Comment only on the a i r c r a f t  you  are now flying mr

flying in. Also comment only on the seat you occupy unless

instructed differently. If you are flying two or nore types

of ai rcraf t concurr ently, select the one with which you are

most familiar. If you feel very strongly about a deficiency

in another aircraft feel free to include that information

but please denote those entries with an astenisk(*) in the

left margin.

NFO ’s —— Deficiencies in the controls and displays you

operate and monitor will imping e heavily on mission

effectiveness and directly or indirectly affect safety of

flight. But if you are in a si-fe by side cockpit arrangement
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you have a need to monitor the pilot ’s ins trumen ts an d share
some functions with him. You therefore should identify any

problems with items that are on his side of the cockpit but

which  you also opera te  and moni to r  on a s har ed  basis .
However , id enti f y  also all con trols an d d i sp lays  f o r w hich
you alone are responsible . The intent of the survey is to

identify all control and display problems , not just the ones

the pilot has. -

Work independently on the survey. Please don ’t attempt

to rally the rest of the squadron around your point of v~ aw.

If a particular item is a problem it will be identified by a

s u f f i c i e n t  n u m b e r  of individuals to stand out in the final

analysis.

::y to t a k e  i n t o  a c c o u n t  ~ h en  h i n k i n g  ab o u t  each
p a r t i cu l ar  qu e st i c n  t ha t  we as i nd i v i d u a l s  ted to l e a rn  no
live with deficiencies and in tine accept them as ncrmal .

Sonc call this the “can dos’ spirit. The point is that in

taking this survey you are being asked to car e fu l il  ref lect

~~~~ I2~~ ~~~~~~~ ~2 ~~2L~! i~n tLI ~i2

~~~~~!~~t1 X~~~fl~1 ~~~~ ~~~~~~~ 12~~ ~~~~
m~~nor .  Ycur ratings of severity and criticality for each

i t e m  wi l l  indi cate  t h e  degree  to w h i c h  you  t h i n k  it  is a

problem. An item which may constitute only a n~iisance to

you becaus e you have overcome it , ma y present a serious

problem to someone else.

The words “control” and “display ” are used often in this

survey. They are general terms and for the purposes of this

survey are defined as follows:

COLT BQL

Any stick , pus~i button , thumbrhe el , knob , pu l l  h an dle,
toggle switch , rotary switch , pedal , cran k , lever ,
handwhee l , etc., which is used by a human operator to
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control something in the cockpit.

Any cathode ray tube, gage, tape , s igna l  li ght , i n s tr u m en t,
ins trumen t face, la bel, etc., which provides some type of

visual information to the human operator.

r Don ’t rush through this survey. It may get tedious in

spots but for the most part the questions are of the type

which shculd h - ye been asked years ago and should be of

interest to you.

Because this questionnaire has been written for pilots

and ~?O’s ~nd for every aircraft ina-ginaole in is
necessarily ~eneral . If you feel that particular questions

are too ~erieral and that valuable data is going to mo

uncollected then make some specific criticisms oii the last

page in the area reserved for general comments .

Please note that you are not asked to identify yourself

at any point in this survey. This has been done in crder to

make you feel secure in the knowledge that any adverse

comments you make can never be backtracked to you. The

final analysis will be looking at groups , not individuals.

Also note that the originators of this survey are not

un der the illusion that this survey and the results thereof

w ill be a cureall for Naval Aviation Safety’s ills. The
- - 

originators do, howev er , expect to get from this survey a

valuable data base which ma y then be used to work toward a

short term goal of eliminating serious design deficiencies

in present aircraft cockpits and a longterm goa l of

designing System Safety and Huma n Factors En~ ineering into

the cockpit at the design stage.
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Please fill in the blanks in the following questions

before continuing with the survey, this data will be used

in the analysis portion of the project.

Dat Squadron 

Are you a pilot or NFO (circle one)

Type  a i r c r a f t  y o u  c u r ren t l y  f l y  a n d  which  y o u  a re

c r i t i q i n g  in t h i s  s ur v ey . __ __ ___
Hours  in t h a t  t y p e  a ir cr a f t ( a p p r o x . ) _ 

Total  fl i :ht  ~ t u : s ( a p p r o x . )  

- i

5a



CONTROLS AND P R I M A R I L Y  TACTILE FUNCTIONS

This section applies primarily to controls. As noted

- previously, types of controls include sticks, push buttons ,

- : thumbwheeis , knobs , handles , toggle switch-a s, rotary

swi t c hes , c r a n k s , lev ers , ped als, h an d w h e e l s , etc.  In
an s uer i n ;  these  qu e s t io n s  t r y  to ~ut  y our s el f  m e n t a l l y  in to

I 
tn -e  seat  wh i c h  yo u n or n a l l y  occupy in f i i gn t  v i su a l i ze
th e  ~r ob ie rn s you have or h a v e  had  in t he  past .

j
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1. Do you feel that the controls in your cockpit are well

placed fro m the standpoint that the more important an] more

used controls are given preferential locations over controls

that are less used an.i not as critical? (Do you find

yourself frequently reaching across the cockpit for

something which should be better located?) If you feel

there are any problems in this regard note the control and

proble m or just c o m m e n t  g e n e r a l l y  be low.  Pay  p a r t i c u lar
attention to emergency controls.

C O N T R O L  T R O B L E I  SE’~~~ — CR I T I —
T ?  C.~t L I T Y  

_IiiIiI-_iiiii=iIii_-IiIj iIIiIii_ 

I  

----~~~~~~ 

-a 
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2. Are  you a w a r e  of any  con t ro l s  t h a t  are  l oca ted or
designed such that they stand a reasonably good chance of

being inadvertently actuated by your elbow , for ea rm , side of

han d, flight suit sleeve, knee, etc., as you are doing

something else? If so, please identify the control and the

type problem it presents.

C O N T R O L  P R O B L E M  3~~7 E R —  C R I T I —
I T Y  CA L I T Y  

———- — —

61

______________ ___________ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _  - -

3. Vibration as well as excessive G—forces sometinea have

a tendency to change power settings or other ccntrol

positions without the operator becoming fully aware . Is

this a prcblem with any of your controls? If so, please so

commen t below.

CONTROL PROBLEM SEVER— CRITI—
IT! CALITY 

———— — 

62 
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4. Do you have any controls which you consider poorly

designed because the y have too m a n y  f unc t ions  on one  switch

or have diverse unrelated functions on the same switch? If

this type of problem exists then identify the problem below .

- 
CONTROL PROBLE�! SEVER— CRITI—

IT! CALITY

~1

- 63
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5. Some controls which govern sequential type operations

are detented such that one can proceed in a logical fashion
f r o m  one step to another. If you h~~~e any de ten ted  controls
and you have problems wi th  them please identify them below.

CON TROL PROBLE M S E V E R —  CRIT I—
IT! CA LITY

t
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6. Do you find that operation of a particular control or

controls tends to be vertigo inducing? If so , p lease  note

the control and phase of flight.

C O N T L ~OL P R O B L E I  S E V E R —  CRITI—
-
~ IT ! CALIT Y

I
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7. Are the controls in your cockpit standardized; ic,

pushin g u~ on a toggle switch should turn things on ,

clockwise on a knob should increase whatever the knob

con trols? If you f in d tha t y ou con tinua l ly  tr y  to do
something “backwards” with a control, it is a pretty good

bet that the control is non—standard. Remember , controls

include buttons, switches, pull handles , pedals, knobs,

t hu i ab whee l s , etc.

C O N T R O L  P R O B L E M  S E V E R —  CR I T I —
I T Y  C A L I T Y

66



8. Do you feel that the functions you perform routinely

in flight are balanced sufficiently between right and left

hands?  There migh t  be a p rob le m if q u i te  a few t h i ng s  a re

being done by one hand such that that hand is overloaded

while the other is often free. If you have strong feelings

about this comment briefly below.

CONTROL PROBLEM 3~ VER— CRITI—
. 

IT~ CALITY

1111111 1111 III
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9. Are  you re~1uired to opera te  any  cont ro l s  w h i c h  are so
ccmp lex  or 

- 

“t r i c k y ” to  o p e r a t e  t h a t  t h e y  c o n s t i t u te  a
proble m ? Ident i f y any  such controls  and the assoc ia ted
problem be low.

C C N T R O L  PROBLEM S E V E R —  CR I T I—
IT! C A L I T Y

68



10. Think specifically of emergency procedures. Do any of

these require manipulations of switches and controls or
- 

. 
sequencing of actions which, in your opinion , are too

complex and time consuming? If so , please  i d e n t i f y  the

problem below.

C O N T R O L  P R O B L E I  S E V E R —  CR 1-T I-
lT! C A L I T Y

69
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11. Do you have any controls which you find p hys ica l ly
difficult to operat e because of the excessLve force

required? Pedals, pull handles, etc., mi ght fall into this

category.

CONTROL PROBLEM SEVER— CRITI—
IT T CA LITY 

~~~~~~~~~~~ 

—   

— —— —— —— —— — — — — — — ——— — — — — — ——— — — — —  _ — —
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12. Do you have any controls which are p hysically
difficult to operate because of the awkward Dositioning

movement required? Perhaps there is insufficient leverage ,

or an obstruction to movement which could cause this

problem.

- CONTROL PROBLEM SEVER— CEITI—
ITY CALITY

71
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13. Do you h a v e  a n y  controls  w h i c h  give you p r cb l ems

because they are difficult to adjust as precisely as

required? If so, please note the problems below.

CONTROL PROBLEM SEVER— CHITI—
ITY CALITY

72
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114 . Are you able to reach withou t difficulty all controls

which you feel you need to reach while securely rest rained

in your seat as if for takeoff or landing? If not please

identify thcse controls which present a problem.

CONTROL PROBLEM SEVER— CRITI—
ITY CALITY 

73
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~ 15. Are you able to reach without diff iculty all controls

w h i c h  you f ee l  you need to r °ach  w h i le  in n o r m a l  f l i g h t  (not

necessarily securely restrained) . If not please identify

thcse controls which present a problem.

- CONTROL PROBLEM SEVER— CRITI—
IT !

H
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16. Can you think of any controls which require excessive

visual attentio n in order to operate them properly? (you

must spend too much time looking at that control or

control—display interface as you actuate it when you should

be monitoring other things. A control—display interface

micht be something like the control with which you check

fuel quantity when you have numerous tanks but only one

needle on the gage. If you need to hold a button or switch

in a c e r t a i n  p o s i t i o n  too long while checking something then

you may have a problem.) Identify any s u c h  p r o b l e m s  be low.

CONTROL PROBLEM SEVER— CR1-TI—
I T Y  ~ A L I T Y  

H

I
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17. One way in which we receive information is via

feedback throug h our tactile senses. Artificial feel in a

control stick is an example. Can you thii~k of any controls

which lack this feel but which could be better operated with

- : it incorpcrated?

CONTROL PROBLE?~ SEV ER— CRITI—
IT! CALITY

—1
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18. Are  t h e r e  any  p r o b l e m s  in the  area  of foo t  opera ted

controls such as rudder pedals and brakes? ( Problems m i g h t

be such things as too much pressure required , can ’t reach ,

foot slips off, etc.) Please identify any deficient

controls and the problem below.

CONTROL PROBLEM SEVER— CRITI—
IT! CAL I TY

77
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19. Can you think of any situation wherein your primary

means  of identifyin g a part icular con t rol is b y ~~~~ but
there is ano ther con trol in close pr oximi ty which is very
s imilar  and coul d easi ly be confuse d w ith the one you wan t?
If you have ever in the past almost actuated the wrong

con trol , it may  h a v e  been the  r e su l t  of a prob lem such as

this. Please identify any problems below.

C O N T R O L  P R O B L E M  S E V E R —  CRITI—
ITY CALITY 

——— —  ——— — —— —

-4
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Although , in actuality, c ircui t breake r s  h ave a very
im por tan t p lace in an a i rcr a f t cock pit they are of t en secon d
cit izens w h e n  it comes to f i n d i n g  a place to pu t  t h e m .

• Occasionally the y are hard to operate and this, com b ined
with intermittently having to stand on ones hea d to reach

them , sometimes presents a problem. Please focus your

attention on circuit breaker problems for the next few

quest ions.

20.  Do you  h a v e  a n y  d i f f i c u l t y  in  id~~n ti f!in~ sp ec i f i c

c i r c u i t  b r e a k e r s  w h e n  y o u  h a v e  a need to check  t h e m , reset

them , etc., becadse of lick of labelina or con±lsing

l ab e l i ng ?

CR P R O B L E M  S E V E R —  CRIT I —

ITY CALITY

79
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21. Are  key circuit breaker s located such that they are

difficult to see or reach? Note whether the problem is in

- seeing,  reac h i n g ,  or bo th .

CR PROBLEM SEVER— CRITI—

ITY CALITY

.4
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22. Do you have any physical problems in pulling and

resetting circuit breakers as may be required? Do gang bar

• type circuit breakers present any pa rticular problems? If

so, identify the problem circuit breakers below.

CR PROBLEM SEVER— CHITI—

IT! CALITY

81 
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HUMA N OPERATOR LIMITATIONS

As a consequence of your status as a member of the human

race there are definite limitations on your capacity to

p e r f o rm  spec i f ic  phys ica l a n d  men ta l  acts . But we find it

difficult to admit to our limitations, in part beca use we

don ’t really know what they are. One of the things which we

encounter throughout our lifetimes and which we seldom

consciously consider is a thing called negative transfer of

t r a i n i n g  or , in shor t , n e g a t i v e  t r a n s f e r .  T r a n s f e r  of
training refers to the way in which new learning is

in f lu en c ~~d by  p r ev ious  l e a r n i n g ;  n e g a t i v e  transfer refers to

a s i t u a t i o n  wh e r e i n  pr~~v ious  l e a rn i n g  i n t e r f e r e s  w i t h  n e w

l e ar n in o .  (O f cour z ~ p o s i t i v e  t r a n sf er  r e f e r s  to  tr i e
situa tion wherein w ’~at we aa ve  l ea r n e d  c r e v i o u s l y  h e lp s  is

to l ear n  n e w  m a ter i a l  and  t ai s  13 w h a t  we s t r ive  f cr  in our

training ~:o-;:ams .)

But let us take a look  at n e g a t i v e  t r a n s f e r .  H a v e  you

ever com~ across a light switch for w h i c h  “ up ” t u r n e d  t he
li ghts off , a set of water faucet controls with hot cn the

ri g ht  a nd  cold on t he  l e f t , or a h a n d l e  f o r  a w a t e r  f auce t

which had to be turned clockwise to get water? Most of ‘is
have encountered something like this at one time or another

where it seems that a particula r control or fisplay “work s
backword s ” or “works  oppos i te  to  wha t  it should” . But the

reason it appears to work backword s is that we have learned ,

to the point it has become habit , that light switches, water

faucets, etc., work a particular way — — — the right wa~’.

Thus , if you are trying to learn to operate a light switch

for which “down ” is “on ” you r u n  into ne gative tr a n s fer in
all its -ilory.

Another concept into which we seldom delve is that of
the fact that when we are u n d e r  stress, inattentive , or

82
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fatigued we humans tend to revert to our best 1€arned

res2onse to a particula r stimulus. Thus , if we thoroughly

learn how to operate the “backwards ” light switch on the

p r e v i o u s  page , we wi l l  h a v e  a t e n d e n c y  to t r y  to o p e r a t e  it

the old way (the way we learned first and best) if we are

required to operate it under stress. This same phenomena

affects you in your flying. You learn many procedures and

responses to the point of their becoming habit. Many

emergency procedures are overlearned to the point that they

becom e  a u t cm a t i c .  U n f o r t u n a t e l y  d i fr e r e n t  a i r c r a f t

sometimes require d i f f e r e n t  p rocedures  in r e s p o n s e  to t h e

same stimuli. A certain control may be located in six

- a i ff er ’~n t  po s i t i ons  in as m a n y  a i : c r a f t  cockpi ts .  T h e  f ac t

ti~at there are differences between airc raft and the fact

t h a t  ~ou need to overlearn sone o~ edu:es , o~ ens you uo to

r~ e p-) ss~~r~~l 1ty m a n  y o u  w:~~l -o c ca s i -o n a ij Y  s u nst ~ tute &
previousl -z learned and incorrect response in an ~ r e r g en c y
situation.

~eepin-g in m ind the concepts of “negative transfer ” and

“best le3rne-i response under stress” try to answer as best

you  can th e  following questions:

83
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23. Can :lou think of any specific ~~~~ in your cockpit

wi~ich operate oppositely from what you think they should or

very differently fro m similar displays in another aircraft ,

such that you tend to occasionally misinterpret them? If

so, do you think this is because of some previously learned

means of interpreting a display ~hic h you lust cannot

unlearn or is it j u s t  a b a d l y  des igned d i s p l a y ?  N o t e  the

display dnd probl’im below.

DISPLAY PROBLEM SEVER— CRITI—
ITY CALITY

N 
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24. Can you think of any specific 
~~~~~~~~ 

in your cockpit

w h i c h  o p e r a t e  oppos i t e ly  f r o m  wha t  you  t h i n k  t h e y  shou ld  or

ve ry  d i f f eren tly from s imilar  con trols in another aircra ft,
such that you tend to occasionally try to go the wrong way

with them ? If so, do you think you are being influenced by

some prev iou sly learn ed means of opera tin g a sim i l a r  con trol
whi ch yo u jus t canno t un lea rn ? If so , list the control and

problem below .

CONTROL PROBLEM SEVER— CRITI—
ITY CALITY 

———— — —— — 
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25. Under stress, when fatigued , or when inattentive have

you ever caught yourself reaching for a control or looking

for a display which does not exist in your cockpit. If so,

you are probably responding as you would in another cockpit.

If you have caught yourself do ing that in your present

aircraft please attempt to identif y the control or display

and the origin of the problem. Pay special attention to

those items involved in emergency procedures.

DISPLAY 
-

CONTROL PROBLEM SEVER— CRITI—
ITY CAL~ TY  

—--—-—----— 

I
4
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The Navy is becoming increasingly reliant on ccckpit

trainers and simulators to train and maintain the

proficiency of aviators and NFO ,s. If you nave occasion to

use such a device please answer the following question .

26. In your opinion does the trainer or simulator teach you

bad habits in the way of setting up false conditioning or

negative transfer . If so, comm ent below on the item and on

how you feel it adversely affects your ability to respond

properly in the real situation. Identify the training

device or simulator.

~EVI E PR OBLEM SEVER— ~~I?I—

:Ti CALITY 

————— — — —— — ——  
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27. Forgetting is a very interesting aspect of human

behavior . Gear—up landings and fad starvation due to

“forg o t t e n ” control  ac t iva t ions  are  a f a c t  of lif e in N a v a l
aviation. No matter how much is said or done about the

subject we continu e to “for-get” things. It is fact that the

deg ree of attention you are able to give to something you

-j w ant to remember , will have a lot to do with whether you do

in fact remember it. Oat of all the switches , controls,

etc., you operate in the cockpi: and all the things you

need to monitor , can you think of any which stan d out as

bein -~ more easily forgotten than others? Please note that

turning a switch on aad forgetting it can be just as

-Iisasterous as forgetting to turn one on. T h i n k  r f  all

tho se “fo :gettin-~ errors ” you ’ve m ade in the Dast an-i

identify the i te m  for-gotte n - m i  any other pertinent

in f o r m a t i o n  b oio~~. R -~m e m b e : , th i s  su r v e y  is t c t a l ly
a n c nn n o u s .

C O N T R O L  P R O B L E M  S E V E R —  C R I T I —
FrY CALITY 

— — ——— — ————  I
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28. Just as we sometimes have no control over “forgetting ”
things whic ri should not be forgotten , we sometimes have no

con trol over our ignorin g th ings wh ich shoul d not be
ignored. An example cones from the airline industry where

it has been suggested that a possible reason for commercial

airline pilots unintentionally flying below decision height

on an appcoach , in spite of a warning light which they have

preset to illuminate at decision height , is that day and

night , good weather and bad , the pilot sees that light cone

on. Since he sees it countless times and does not use it

~m a J  since it is s-appi ementa: v :nforma tion to the barometric

an-d radar altimeters in any event , the pilot by haoit , at a

tim e of high ta~~ loal , learns to olocc this important

siJn-a i fron his a-4aren~ s3. Can you nh in k of any sitJ3tions

which you encounter :n ~-our flyine wnic h may be similar to

this in that you becone conditione d t o  ignore  imp c r t a n t
informa tion because of -the m anner in which it is ~resented .

If so, please describe briefly the sLtuam ion an-I associated

-display.

CONTROL PROBLEM SEVER— CRITI—
- FrY CALITY

- — —~~~— . -  _ ___._ _ _ _ _ __ -
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29. Do you have any displays or controls which are
unreliable to the extent that you have become conditioned to

expect them to be erroneous and thus have trouble convincing

yourself to believe them when they are right? If sc, p1-ease
c o m m e n t  on t h i s  problem b e l o w .

- 
- 

DISPLAY
CONTROL PROBLEM SEVER— CRITI—

ITY CALITY
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30. In the proce ss of scanning an instrument panel you

eventually build up the experience which -allows you to know ,

without specifically focusing on a display, that it is

genera l ly  in the “ballpark ” when it is working properly.

Once we become very familiar with a display we seldom look

closely at its detail because the hum an mind no longer

requires it. Are there warning devices built into your more

critical instruments suc h that failure of the instrn~ent

will be iwaediatell apparent to you? If you hav e to inspect

t h e  d i s p l a y  closel y to de tec t  the  f a i l u r e  then  you hav a

- - 
pro ble:ft . Id~e nt i fy  a n y  such p r o b l e m s  b e l o w .

DIS?LAL PR JBLf! SEV ER— CRITI—
rY CA L TY

I
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31. During critical phases of flight such as takeoff , low
altitude inanue vers, mu ltiple aircraft rendezvous ’,
approaches, an d landin gs, are you ever bothered by

distractions from inside the cockpit such ~s noises, lights,
etc. If so, please identify the phase of flight and

distraction below.

ITEM PROBLEM SEVER— CRITI—

ITY CALITY 

- —-- —
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DISPLAYS AND PRIMARILY VISUAL FUNCTIONS

This  section applies primarily to displays. As noted

previously, types of displays include CRT’s, gages, tapes,

w a r n i n g  l i g h t s , i n s t r u m e n t s , i n s t r u m e n t  f aces , labels , etc .
Displays ar~ anything which provide visual information to
-
~~~~~~

-
~~ huma n operator .
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32. Do you feel that the displays in your cockpit are well
placed from the standpoint that the more important and more
used displays are given preferential treatment over displays
that are less used and not as critical? If you feel there
are any problems in this regard note the display and problem

or just ccmment generally below.

DISPLAY PROBLEM SEVER— CRITI—r -r y C A L I T Y

¶ - --—- - ---- 

—  
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33. Can you think of any displays which require too much

of your attention either during normal flight or during a

particular evolution? Perhaps the excessive attention you

need to devote to this display keeps you from monitoring

other equally important things. please note below the

displays , if any, you consider to be a problem

DISPLAY PROBLEd SEVER— CRITI—
I T Y  C A L I T Y

‘N
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34. Are the d i sp lays  in your  cockp it s u f f i c i e n t l y
standardized as far as you are concerned; ie, circular gages

have pointers which increase in a clockwise direction , tape

movement upward corresponds to a numerical increase in the

factor bein g measured? Identify problem displays below.

DISPLAY PROBLEM SEVER— CRITI—
ITY CALITY

‘N
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35. Are the more important displays in your ccckpit

j sufficiently standardized in size such that they ccmpete

egually for your attention or is there an important display

wh ich is smaller and a pro blem because of its size ? Please
note any problem displays below.

DISPLAY PROBLELI SEV~ B— CRITI—
ITY CALITY

97



36. Do you find that you have trouble getting information

from displays because the displays vibrate excessively? If

so, identify the dIsplay and the flight regime during which

the problem is most pronounced.

CONTROL PROBLEM SEVER— CRITI—
ITY CALITY

.

-----~~~~~~~~~~~~~~~~~ — —  
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AT THIS POINT STOP AND CONS IDER WHAT YCU ARE DOING. Are
you givir~g this questionnaire your best effort or are you
going thru the mo tions? If you are go±n~ through the

• motions then STOP , relax fo: a few minutes , and t h e n  t r y
again. Dc you r best to determine the ratings for severity
( h o w  p h y ~~icali y or nentall~i d i ff i c ult is the  act of ~oi~~ a

~a rzicu la :  t h i n g ? )  and cr i t i c a l i ty  (:~cw u n s a f e  is t~~e
problem ?) as o b j e c t i v e ly  as you can .

I
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37. Do you experience any problems with glare on ccclcpit

displays during daylight operations? Please identify the

displays invclved below .

DISPLAY PROBLEM SEVEi~— CRITI—
ITY CALITY

i

I
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38. Do you have any paralla x problem with regard to

judging control settings? This type of problem might cause

erroneous interpretation of rotary switch positions , because

of the angle from whic a you view the control. Not~ any

problem controls below.

CONTROL PROBLE?! SEVEa— CHITI—
ITY CALITY 

4
I
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39. Are you required to work with any controls (toggle

switches, push buttons , pull handles,etc.) which yo~i
identify primarily by sight and which look similar , f u n c tion
similarly, are located nea r each other , in your opinion
stand a reasonable chance of being mistaken for each other

and yet have entirely different functions? (If you have

ever reached for and actuated or almost actuated the wrong

control then that combination probably constitutes a

p r o b l em . )  Fa t igue , stress or in a t t e n t i o n  w ou l l  c o n t r i b u t e
to a p rob le a~ of this sort .  I d e n t i f y  a n y  such p rcb lems
below.

C C N I R O L  P~ O B L E 1  S L7a ’~~— ~~ ITI—
I T Y  ~~ LITY 

- ---

H
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40. Can you think of any displays which are hard to

• interpret during night flight because of bad lighting ? If

you find yourself straining to read instrumen ts at night ,

lightin g guality or guant ity could be the prcblem .

Disregard glare effects - you have a shot at that in the

next question.

DISPLAY PROBLEM SEVER— CRITI—
ITY CA LITY 

11:iii iiiii iiii IiiiIiiii ----
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41. During night flight , does glare on instrum ent faces or
from glass covers on instruments keep you from clearly

seein g the display? Please identify any problems of this

sort below.

DISPLAY PROBLEM SEVER— CRITI—
I TY CALITY 

—— —— — — — — — —_ — —— —_  

I
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• 42. Do you have an unobstructed vie w of all cockpit

displays which you feel you need to see while securely

restrained in your seat as if for takeoff or landing? If

not , please identify the displays which present a problem .

DISPLAY PROBLEM SEVER— CRITI—
ITY CALITY 

—— — — —  — — —_—  
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43. Do you have an unobs t ruc ted  v iew  of a l l  cockpi t
displays which you feel you should be able to see wh ile in
normal  f l i g h t  (not necessari ly securely r e s t r a i ned )  7 If
not , please i d e n t i f y  the  d isp lays  w h i c h  present a p rob lem.

DISPLAY PROBLEM SEVE R — CR IT I—
ITY CA LITY

I
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4(4. Do you have any problems interpreting displays due to

parallax problems? (this night involve displays which

require precise interpretation but which are easily

misinterpreted due to the angle from which you are forced to

view them)

D I S P L A Y  P R O B L E M  S E V E R —  CR111—
I T Y  CA L [ TY

N.
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45. Many of the newer aircra ft in the Navy inventory use

cathode ray tubes as cockp it displays. Radar and television

displays are the most common form of CRT’s. Do you feel

that you have adeq uate control over CET b r i g h t n e s s  and/or
other CR? features? (If it blinds you at night and cannot

be seen in the bright of day you proba bly h-ave a prcbien)

Please identify the CRT and problem , if applicable.

DISPLAY PROBLEM SEVER— CR111—
ITY CALITY 

—----------—----—---------—
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One of the first things you learned in the training

com man d was developement of an effective scan pattern for
monitoring the instrument panel. The scan may vary from

evolution tc evolution depending on the aircraft . The

effectiveness of your scan can be helped or hindered by the

way in which the various instruments are located in relation

to each other , their proximi ty, relative brightness, etc.

The following questions relate to this area .

46. Are displays grouped such t h a t  you  are ab .e to
efficiently scan taose you consider to be most impor tant?

N o t e  p r o n l e m  d i sp l ays  b e l ow .

D I S P L A Y  £ R C B L E M  S E V E R —  CR I T I —
I TY CA L I TY
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47. Are the displays you feel you need to include in your

scan, illuminated at night such that they are all about

equally easy to see and interpret ? Please note problem

displays below.

DISPLAY PROBLEM SEVER— CRITI—
ITT CALITY 

--- - —----_-_

I
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48. Do the displays you feel you need to include in your

• scan compete equally for your attention? (Are som e displays

much larger than others and , if this is the case, does the

larger one seen to dominate or is the smaller one equally

• attention getting?) Note any problems below.

DISPLAY PROBLEM SEVER— CRITI—
• ITY CALITY

4
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49. Are the displays you feel you need to include in your

scan equally easy to interpret such that you are not

required to spend an excessive amount of time on one lisplay

at the expense of others? Note the problem displays , if
any, below.

• DISPLAY PROBLEM SEVER— CRITI—
IT T CALITY

N
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50. Can you think of any displa ys which are hard to

interpret because of the confusing way in which the

information is presented? (rather than glancing at this

display and almost immediately getting the information , you
must actually stop and take time to interpret what you see.)

Please comm ent below on any problems of this type.

DISPLAY PROBLEM SEVER— CRITI—
ITT CA LI T Y

113
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51. Do you find that checking a particular display or

displays tends to be vertigo inducing? If so, please
identify the display and phase of flight.

DISPLAY
CONTROL PROBLEM SEVER— CRITI—

ITT CALITY

N
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52. Is the infor mation your displays give you

sufficiently detailed? (If ycu need to know engine

temperature to the nearest degree or altitude to the nearest

foot, do the displays give you that or must you

interpolate?) Are your displays telling you everything you

need to know cr do they give it to you in pieces and make

you do m ental calcula tions wh en your min d wo uld be better
off flying the airplane? List below any problem displays

and briefly identify the problem.

D I S P L A Y  P R O B L E M  S E V E R —  CR111—
ITY CALITY

N
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53. The last question was concerned with whether your

displays gave you sufficiently detailed information. This

one looks for the opposite situation. Do you have any

dis play s which , in your opinion , provide excessively

detailed information when in fact that amount of detail is

not required? Not e any problems below.

DISPLAY PROBLEM SEVER— CRITI—
ITY CALITY

116
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54. Visual warning systems such as fire warning lights,

caution lights, and annuncia tor panel lights should b e very

a t t e n t i o n  g et t i n g .  Please note  be low a ny  w a r n i n g  l i gh t s

which you feel are not as attention gettina as they should

be and w h y .  (Reasons  m i g h t  be too d im , snould f l a s h , wrong

color, not in field of view , etc.)

• DISPLAY PROBLEM SEVER— CRITI—
I T Y  CA L I T Y

EEEEEE EEIEEE~~~IiE
N 
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MISCELLANEOUS

This section comprises the “cats and dogs” of Systen
Safety/Human Factors Engineering problems. The last
question in this section gives you the opportunity to speak
your min d on a wide range of topics. Do so.

S5. Do you have any c o m m e n t s  r egar ’i i r .g t h e  seat f r o m  wh ich
you operate. Comfort , ease of adiustment , range of
adjustment , harness r e s t r a in t  system , ejec t ion ha n dle desi gn
and accessability, etc., could constitute p o t en t i a l  probl~ n
areas. Please note any problems below.

:TE:~ PhOELEM ~~V~~ — C~ I?~ —

::Y CALi~ Y

N.
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IF YOU ARE A PILOT OF A SINGLE—SEAT AIRCRAFT OR IF YOUR
AVIATING DUTIES IN A DUAL PILOTED AIRCRAF T ARE P R I M A R I L Y
LEF T SEATJ SKIP TO QUESTION 60.

This series of four questions inv olves the design of the
co—pilot or NFO s seat in a side—by—side cockp it
arrangement (A— 6, E—2 , 5—3 , P—3 , etc) and the N?O’s seat in
aircraft such as the F—4 or F—1 (4. tae purpose of the
questions is to determine those critical controls and/or
displays which are not accessable enough or not accessable
at all to you , the co—pilot or ~1?O , who need then to fulfill
your responsibilit y of bac . ing—uD th~ pilot.

‘N
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56. List those controls which you can operate only with

great  d i f f i c u l t y  (you  can get .  to the n , bu t  not very easily)

but which you feel should be more accessable.

CONTROL PROBLEM SEVER— CRITI—
a ITY CALITY

120
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57. List those controls which you cannot operate at all

(you can ’t get to them at all) but which you feel you should

be able to operate.

CONTROL PROBLEM SEVER— CRITI—
I1’Y CALITY

121
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58. List those displays which you can monitor only with

great difficulty but wh ich you feel should be more easily

monitored.

DISPLAY PROBLEM SEVER— CR111—
• • ITT CALITY

N
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59. List those displays whic h you cannot monitor at all

but which you feel you should be able to monitor.

DISPLAY PROBLEM SEVER— CRITI—
V ITY CALITY

N.

I
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60. The problems of lack of stowage space in the ccckpit
often arises. If you have strong feelings on this topic
please comment below .

PRO B L EM SE V E R I T Y  C R I T I C A L I T Y

- 
~~~~~~~ V V j~ V~~
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61. Aural warning systems are somet imes used in place of

or as backups for visual warning systems. Examples are the

tone whic h gces off when you go below preset radar altimeter
limits an d the various Ecu w a r n i n g  sijnals. If  ycu are

a w a r e  of a n y  problems in th i s  area such as signals being too
wea k, no t  a t t e n t i o n  g e t t i n g  enoug h, too lou d, etc., please

identify th em below.

SYSTEM PROBLEM SEVER— CR111—

ITY CALITY

V ——— — — —— 

—— — — — ——— — — — —
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62. Do you have sufficient control over floodlight and

peripheral lighting so as to be able to easily adjust the

lights tc a level you find comfortable? Do not consider

instrument and control panel li;hting. If, in your. opinion ,

there are prcbleins, please note below the offendin g light or

lights and the type problem (too bright, too dim , can ’t

adjust, bad location, glare, etc.)

S Y S T E M  P R O B L E M  S E V E R —  CR I T I —

I T Y  CA L I T Y

N. — —  —-——-- — 
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63. Do you have suff icient control over the instrument

and console lighting so as to be able to adjust these lights

to a level you deem comfor table? A situation where you ha d
4 to live with a bright panel or instrument next to a dim one

might cause a problem. I d e n t i f y  any problems below.

SYSTEM PROBLEM SEVER— CRITI—

ITY CALITY

I
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64. If you have any general comments on the transition

back and forth between simulators and actual aircraft please

m a k e  them in the space b e l ow .

I

, V
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65. Do you have any comments regarding the environmental

conditions in which you are r e q u i r e d  to w ork? Envir onmen tal
factors can cause distraction and induce fatigue. They

include suc h things as temperature , vi bration , illumination ,

noise, humi d ity, pollution, etc. If any of these factors

present a significant problem in your cockpit please

identify the problem below.

F A C T O R  P R O B L E M  S E V E R —  CR111—

Ii~Y CALI IY

N. — -- — —— - ——— -——————----——————— --— —
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66. This page and the following one are provided fcr you

to expound to your hearts content as to your opinion of this

questionnaire , your view of SS/HFE and its role in your

future , your biggest complaint with regard to Nava l Aviation

Safety, etc. In other words you are being asked to unload ,

in the name cf research , any pent up obse rvations you have.

Rave at ‘em .

1
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SEVERITY AND CRITICALITY RATING SHEET

You are asked to rate deficiency severi ty and criticality
numerous tines within this guestionnaire . The scale ranges

V 

from 1 to 5 with the higher numbers indicating increased
severity and criticality. In order to provide clarification

of the meaning of each rating the following interpretation

is provided:

~~J~RIi!—The difficulty the named deficiency presen ts to the
• o p e r a t o r .

Rating Reaching, seeing, interpreting, _etc., this

control or displa y or p e r f o r m i nq  thl . s  act , in
my op in ion ,

1 is not at all d i f fi c .l lt or oni” s l i gh t ly  so
2 is som e w h a t  di~~f icu l ~
3 is q u i t e  d i f f i c u l t

is ex t r em e ly  d i f f i c u l t
S is impossible or nearly so

c~~~~~c~ Lj Tx—The  po ten t i a l  of the named  d e f i c i e n c y  for
caus ing  an accident  or ser ious  inc ident .

N..

R a t i n g  R e a c h i n g ,  seeing, i n t e r p r e t i n g ,  et c. ,  t his
control or d i sp l ay  or p e r f o r m i n g  th is  act , in
my op inion ,

1 has virtually no effect on flight safety

2 has som e potent ia l  for  causing an accident  or
serious incident

3 has considerable potential for causing an
accident or serious incident

4 has great potential for causing an accident or

serious incident
5 either already has caused an accident or serious

incident or will cause one in the near fu ture

132 
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