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ABSTRACT

Human factors and system safety engineering
concepts frequently have not been incorporated in +the
design of (o) S. Navy aircratt cockpits. The
r=lationship of human factors cockpit deficiencies to
pilot error and operator inefficiency is examined and
the need for a comprehensive data base of these
deficiencies 1is demonstrated. A gquestionnaire was
designed and developed to collect the recguired data
from the operators of naval aircraft. Results from
administering the questionnaire to a number of
subjects substantiate the validity of the methed for
gathering the human factors cockpit deficiency data.
Recommendations are made for expanding the data

collection to a Navy-wide basis.
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I. INTRODUCTION

The importance of the inclusion of Human Factors
Engineering in the design of Naval systems has bean
recognized for some time, and in 1968, MIL-H-46855, Human
Engineering Requirements for Military Systems, Equipment,
and Pacilities, was published, thus formalizing anew this

importance. Concurrently, MIL-STD-1472, Human Enginesring

Design Criteria for Military Systems, Equipment, and
Facilities, was published. MIL-STD-1472 established the
criteria for and NIL-H-46855 nmandated the application of
human 2ngineering <c Navy systems acguisitiorns. Similarcly,
MIL-STD-882, Systen Safety Progranm for Systems and
Associated Subsystems and Egquipment, established the

requirements and mandated the application of system safaty
to Navy acgisitions. Since their promulgat*ion, these
publications have beer superseded by updated versions and it
appears that human engineering requirements and design
criteria are continually being strengthened. Yet Casey and
Sturm (1974) , after documenting the existence of the formal
requirement for desigrning human engineering into Navy
systems, presented prominent examples of human =2nginecering
deficiencies in recent weapon systems acquisitions. Among
the systems identified as having human engineering
deficiencies was the F-14 fighter bomber. One conclusion
which emerged from the study was that inadequate human
engineering in VNavy systems acquisitions is a problem that
has not been solved (Casey and Sturm, 1974). Incorporation
of system safety into acguisitions is another problem which
also remains to be solved. It is the authors contention
that the failure to properly design human engineering into
the systzms at the design stage, while partly a by-product
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of the acgquisition process, is due in great measure to the
fact that design personnel are not sufficiently aware c¢f the
environment for which they are designing and that
insufficient knowledge exists of the operatidnal envircnment
and the complex man-machine interactions of that
environment.

One of'wthe more important areas adversely affected by
the inadequate human engineering effort hnas been that of

aircraft cockpit design. Daniels(1976), in a study of U. S.
h

Navy aircraft cockpit deficiencies, concluded that there are
substantial numbers of onan-machine interface problzms in
naval aircraft cockpits. Schobert (1976), in a follow-up

study, concluded that:

"The ccckpit desigan deficiency structir2 demonstratad
that an identifiable body of commen cause factors exists
across a large nuaber of different aircraft."

Table I of Schobert's study reveals that 137 respcndents
to an oren gquestion as to the presence of jesign
deficiencies in the aircraft they flew, were able to
generate 286 discrepancies distributed over 26 aircraft
types. That table is inciuded herein as Table I of this
paper. Table II of that same study shows the results of
categorizatiocn of those <cockpit design deficiencies by
deficiency type. This table is included as Table 1II. The
most significant aspects of <the information contained in
those tables are not th2 numbers involvad nor phe diversity
of +he deficiencies. More noteworthy is the information
that, (1) All aircraft in the Navy inventory, from the near
otsolete to the most modern, have some human factors cockpit
deficiencies; and, (2) Since the critical incident technijue
was used tc gather the data, vyardsticks established by

Flanagan (1962) suggest that the type and variety of




TABLE I - SUBJECT DATA FROM STUDY OF SCHOBERT (1976)
1
: TTTTAIRCRATFT NONBEZ OF NUHET % TOTAL
1 TYPE SUBJECTS INCIDENTS RLPORTJD RLPORTED
’ PILOT NFO TOTAL PILOT NFQO TOTAL
B B i esesmse e s e i RS G e i et i e |
T
f 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
A-3 1 - 1 1 - 1 0.35
Total Attack 42 102 35,65
F
5
TIGHTER
3 T-4 7 3 13 17 18 35 12.25
* F-3 3 - 3 6 - 5 2ol
- 14 2 2 4 3 5 8 28
Total Figater 212 u9 17.15
! [=a
! T~
! 2ATROL/ASY |
S=-2 10 - 10 13 - 12 4.2 i
} 5-3 g e S M 1.9
pP-3 20 1 24 3 40 14.0
| Total Patrol/ASW 33 5 20.0
\
f
AZW i
E-2 8 0 8 18 4 22 7.7
ov-10 2 - 2 3 - 3 1
Total AEW 10 25 8.7

10




TABLE IT = DEPICT
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CATEGORIZATION FROM STUDY OF
RT (1976)

e EQUIPMENT DESIGN 659 24.13
A. Ccntrol 319
B. Display 30

TE. _AIRCRAFT COCKPIT LAYQUT ERRORS 147 51.40
A. €entrol and Displav Location 60
B. Control and Display Geometry 34
C. Workspace Area 53

III. VISION 23 8.04
A. Internal il
B. External 8
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NVIRCNMENT ' 27 J.44
» Environmental Control
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1 adeguate Safety Factors 20
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responses indicate many more deficiences have yet to be
idenrtified. Daniels(1976) suggested that every aircraft
type acquired gets to the rfleet with a number of "less than
urgent" human engineering problems, that in many cases the
deficiencies 1last throughout the life span of the aircraft,
and that there is a <carryover of similar deficizncies
between +types and generations of aircraft. He statas

furtner that

"The continuation of many of these deficiencies
(circuit breaker panels, scan patterns, inapility +*o
reach or sez2) from one generation to the next leads to

the conclusion that

a. the Navy Jdoes not rescognize these deficizncies,

O

T

o

. does not consider them important, or

c. has not devised a suitable means o0f systen
ally ensuring that new cockpits do not rep
the same deficiencies of older aircraft.”
Daniels (1976) 1

It is a btasic tenet of the Human Pactors =Engineering
discipline that when human engineering design deficiencies
are present, the efficiency of the system suffers. Thz way
in which human inefficiency is indicated is through =rrors
and time (delays) (Meister, 1971). Thus, human =2ngincering
deficiencies in the design of individwal system components
or in their interactions with one anotner, promote both
inefficiency and unsafe conditions because th2 systen is
predisposed to the operator making an error or being
dalay=d. It follows that the many cockpit deficiencias in

13




naval aircraft promote errors on the part of the ma2n who fly
them and this 1in turn degrades mission effectiveness and
contributes adversely to the overall Naval Aviation accident
rate.
p

Naval Aviators and Naval Flight Officers(NFO's) whe fly
the Navy's aircraft are often 'pushed +tc their absolute
physical and mental limits by the demands imposed by today's
operating environment. Not only are the aircraft and
missions more demandirg and complex, but lack of funds often
limits £1ight time (ard proficiency) to less than optimal
levels, With the addition of fatigque, adverse weather,
psychological factors, hectic operat¥®ons and other
unforese=sn factors, the man flying the aircraft s*ands a
better chance than ever of becoming overloaded. Wit?
challang=ss such as these facing him, the aviator or YFC <can
well do without nruasan factors design deficienc
therefore aksolutely necessary, both from the standp
increasing a1ission effectiveness and safezy of £ t
all present human tactors cockpit deficiencies be

s s

identified, categorized, and corrected as

A cockpit human factors engineering deficiencies data
base, once establishad4, would be invaluable to the Naval
Aviation Safety Program. Such a data base could be used for
categorizing and ferreting out potential accident inducing
factors in individual aircraft types as well as in Naval
Aviation as a whole. It would also have application to the
area of design, in that data base analyses could b= uszd to
establish improved design criteria.

2o
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II. BACKGROUND

A. DESIGN ERRORS AND THE HUMAN OPERATOR

Design errors are manifested in inproperly d=signed
equipment, in failure to assign effective roles to p
and personnel, and in failure *o me=2t sSystem requirements

n

(Meister, 1571). This thesi ncentrates primarcily o

ent improperly desi

e
i e i
aspect of improperly designed eguipment. It must be cle
understood at this poiat tha q

g

a
uipm ig
fron the human engine=rin standpoint does, 1in fact,
ncrease the error potential of the eguipment operat

i
Chapanis (1965) sugges=ted *his wWwhen he wWrote

"Human factors engineers are the first to grant that
people make mistakes. But they raise these imporcant
questions also: Is some 0f <he blame to be found in the
design cf the equipment that peopl=2 use? Do people make
more mistakes with some kinds of equipment or vehicles
than others? Is it possible to redesign machines so
that humarn errors are reduced or even eliminated?
Research over the past few decades provides us with a
resounding 'Yes'! to all these guestions"™ Chapanis (1965)

Errors can tak2 many £forms and be <classified many

different ways. Meister(1971) has stated

"The error may reveal itself as




(a) a failure to perrorm a required action -~ that is,

an error of omissicn;

(b) the performance of that action in an incorrect
manner - that is, an error of commission; or

(c) its rperformance out of sequence or at an

incorrect time."

0f course cockpit design deficiencies promote error just
as any other eguipment improperly designed for human use,
but this type of error 1is known in aviation circles as
tpileot arrorh. Pilot error includes tha erro:z typ=2s
classified above Dy 4deister as well as non-human =2nginsering
related error such as that or poor jucdgement. According to
Maxwell and Stucki(1975), ©pilot error has b2en considerad
for many years as +the single largest <cause of aircraft
accidents. FRicketson, Kennamor=, and Callen(1975) provide a
functional definition of pilot(human) error and its causal
elements which clarifies the meaning of the expression.
(see Figure 1) Items one through eight identify basic
environmertal elements which influence the aviation system
and are potentially error producing. Item two 1is given
added emphasis in Figure 1 since it represents the focus of
this paper. When any of the eight elements, singly co¢r ir
combination, require attention or response from the pilot
beyond his capacity to respond, he -enters an overload
condition which can culminate in an error. As a result of
the overload, varying degrees of performance degradaticn can
be expected.

16
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B. HUMAN FACTORS AND NAVAL AVIATION

To a large extent tecnnology has outpaced the much
needed considera*ion of human beings in system design. Each
generaticn of sophistication has increased the potential for
man's being placed in a position of sensory or amental
overload. This applies espacially to the field of aviation
and specifically to the dssign of cockpits <from which man
must contrcl increasingly complex aircratt and associated
systems. In particular, it appears that the human aspect of
system performance 1is not being sufficiently considered at
the operational level. An Air Line Pilots Association huran
factors spokesman, after noting that the aicline industry
suffers severely from +the 1lack of application of the

principles of human engineering, statad

"All aircraft manufacturers I nave dealt with have human
englneeglng expertise in their organizaticn. The often
ccopromised effectiveness of the haman englneerln% group
in_ ,design and manufacture depends to a gr=at extent on
individual persuasiveness and corporate philosophy.
Oonce _the aircraft leaves the plant, sc also are left
behind the human engineers. Almost_ wlithout exception

the companies who  operate aircraft and the goveramen

authority under which the aircraft is certified and
supervised lack human engineering expertise. The nunmber
of the changes an _aircfaft_ undergoes 1in retrofitted
equipmant, revised procedures ~and new operatlng
conditions all take place without the benefit of traine

human factors personnel." Stone (1975)

The author considers the above to also be true 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 ia work in the
operational arerna. The typical Naval Aviator's operational
environment 1is one of the more demanding in the Navy today.
Not only does he fly complex, high performance aircraft but

he does sc on varied missions and under all types of weather

18




conditions. Equipment that may not have been particularly
well designed in the first place is retrofitted, additional
missions are assigned *to aircraft, procedures change, and
operating ccnditions vary, just as is cited above by Stons,
and this alsc without the benefit of inputs from trained

human factors personnel.

Naval Aviation, in the absense of trained human factors
engineering personnel who fully understood the operaticnal
environment, has not in the past had a program for
identifying ard eliminating or d=creasing the effects of
human rfactors cockpit deficiencies. Although r=sports of
design deficiencies submitted by fleet units have tezn the
basis for past cockpit modifications, all tco often the
deficiencies are accspted as an unchangeable fact of life
and ways are found to circumvent the ©problen. A major
problem 1in identifying deficiencies is the fact that often
consensus cannot be reach2d on the degres of severity of a

particular problem by the men who £1y the aircraft.

The Navy has had for many years an aircraft accident and
serious 1incident reporting procedure which has had very
limited success in 1identifying cockpit human factors
deficisncies. This procedure 1is promulgated by OPNAVINST
3750.6 (series). Under <the procedure all aircraft accidents
and serious incidents involving naval aircraft are to be
reported with investigative comments to the Naval Safety
Center within specified time limits. The accident reporting
procedures are basically sound, are of no consequence to
this paper, and will not be discussed further. This is not
so £for incident reporting. Far more incidents and
near-accidents occur than accidents and unless the
circumstances surrounding and causing them are identified
and corrected, there 1is a very good chance of their
diasterous recccurrance. In theory, when an aviator has an

accident, near accident, makes a serious error, Or in

19




general gets himself 1into a precarious situation <either
because of human error, eJuipment malfunction, or material
failure, the facts are reported to the Naval sSafety Center
for inclusicn in their master data bark. In practice,
material failures and equipment malfunctions make wup the
majority of the incident reports. There are a number of

reasons for this, the foremost being:

1. The Naval Aviator and NFO are very proud and
competitive individuals who dislike admitting -errors.
when errors are made the tendancy 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
cromotaktle within the Navy rank structure. Admission of

error couid l=ad to to an adverse avaluation or =aven

3 The aviators and NFO's are well aware that all
incident rerorts eventually find th=2ir way into thes \Naval
Safety Center's computer. They realize that mistakes made
by taem fcor any reason will follow 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 made by these individuals could be directly or
indirectly 1linked to human factors deficiencies or oth=ar
non-judgement sources, has little bearing on the fact that
these men perceive the act of reporting an error as a threat
to themselves. Por the above reasons it is suspected that
the Naval Safety Center's data bank is not representative of
the real world but, more important, the Naval Saf=ty Center
has 1lost «credibility and with that credibility, a means of

identifying problems bhefore they spawn accidents.

20




C. DATA COLLECTION TECHNIQUES

There are a number of available *technigues for gathering
the required cockpit human factors deficiency data base.
Most have teen used at one time or another in the past to
gather human factors data in the aviation community. All
have their advantagss and Jisadvantages and many will be

discussed herein.

The means cf collecting the data can best be broken into
two general areas; (1) that which us2s as the data source

the actual »personnel who fiy the aircraft, and, (2) that

=

hich us=as other sourcss such as the Naval Air Develogement
Center Human Factors Brancia personnel, computer simulations,
a traveling tesam of human factors experts who could visit
various Naval Air Stations in search of hard data, and other
such '"non-human operator" relatasd collection methods.
Atkins (1969) worked 1in the operational arena in gatherinag
data for a study of U. S. Air Force aircrew Wwork station
geometry. He conclud=d, after collecting data froa a broad
range of sources, that none was as conprehensive, easy to
get and as valuable as aircrew generated data obtained in an
operational environment. The author concurred with that
evaluation and will henceforth in this study be concerned
only with those data gathering techniques wusing aircrew
personnel as the data source. Technigues considered w=are
the at-source, group orientation, and command methods
originally gresented by Vasilas =t al(1953); the critical
incident technique(Flanagan, 1963), and questionnaire
methods (Oppenheim, 1966).

Vasilas et al(1953) focusad their study on developement
of procedures for gathering U. S. Air Force near-accident

&
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data. Three methods - at-source, group orientation, and
command - 'uere studied. In the first method, individual
report blanks were made available for reporting hazardous
incidents after flight. Forms were placed in @many
convenient lccations and aircrew personnel were instructed
to report any incidents they experienced or <cbserved.
Completed reports were to be sealed in an envelope and

dropred in a collection box.

In the group orientation method, an interviewer
instructed groups of 10 airmen at a time on th2 nature of
the procedure and the value of c¢collecting =such incid=nts.
He then nad the men write descriptions of whatever incidents
they could recall and seal them in an envelope prior to

llection. The command m@method for collacting data was a
syst=m in operation at seva2ral air bases. Subordinate uni=s

#ere required to maintain weekly activity reports which
n

Q

luded repcrts of near-accideats.

Analysis of the results of the study showed nearly two
and one-half times as many incidents were obtained with the
group orientation method as opposed to the at-source method.
It was thought that this was due mainly to peer pressure to
conform and the increased awareness of the need for
collection of the incident reports brought about Dby tae

presence of the interviewer.

Over seventeen times as many incidents were collected by
the group orientation method as were collected by the
command nethod. Chapanis(1959) made the following
observaticns regarding that aspect of the study:

"Most of the incidents reported in the command method
ufre incidents which were certainly observed by someone
else.

Most interesting, however, was the distribution of
types of items, In the_ command method, most of _the
reportad incidents fell into the category of mechanical
malfurnction. In the group orientation  method wmost of
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the reported incidents fell in the category of personal
eIrors.

A reasonable interpretation of these results _is that
the crew members hesitate to report incidents under the
cemmand method because they are afraid the incidents

q%;%)be used to evaluate or " punish thnem." (Chapanis,
2

The critical incident technique is yet arother viable
means of gathering data such as that required for the
cockpit deficiencies data base. The «critical incident
technigue was originated by Flanagan(1962) and involves
asking, "Tell me about some mistake or =2rror you have made
in operating this equipment", of the operator of a
varticular eguipment. The basic assumption wunderlying *he
method 1s that from a large number of personnel one2 can
determine mest of the difficultiss(errors) which 1lead ¢to
critical situations for aav particular man-machine systenm.
Danizsls(1376) successfully used the critical incident
technigue in a group orientation setting to establish the
2xistenc2 of the Naval Aviator and Naval Flight Officer as a
previously untapped and valuable source of human factors
cockpit deficiency data. The data proviied in Tables I and

11 was gathered using that technique.

Questionnaires have the advantage of being very
versatile and hava proven ability to gather virtually any
type of data. Oppenheimn(1966) discusses at 1langth the
advantages and disadvantages of the many <types of

questionnaires and questionnaire techniques.

There are undoubtedly many variations and combinations
of the above techniques as well as other 1less known
techniquss which would be applicable to the <cockpit
deficiency <ccllection effort. However, the techniques
considered abcva are +the more accepted of those availaple
and for that reason were the only onss considered £for the

data collection vehicle.
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D. COLLECTION TECHNIQUE REQUIREMENTS
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Any successful effort to gather the required
comprehensive human factors cockpit deficiencizs data pase
must first overcome a number of problems, some of which are
unique to the operational environment from which the data
will come and some of which are common to any compreanensive
data gathering effort. The data source itself involves
thousands of aviators and ¥FO's who man +the cockpits of
dozens of differsnt aircraft types. The aircraft saquadrons
to which these men are assigned have many different missions
and are scattered widely in 1location through the Unized

Statecs and the wo

2}

ct

1d. HKeeping those factors in mimd, i
wculd therefore be desirable <+hat the data <collectiorn
e W

following attributes:

1. Be applicakle to aircraft types raaging from
helicopters to fighter-bombers and to men whose @missions

vary from highly demanding to exc2edingly routine.

2. Be relatively =2asy and cost effective to
administer, collect, and analyse.

3. Be efficient from the standpcint of taking as
little time as possible tc complete, since time is a
particularly valuable asset of fleet aviators and NFO's.

4. Be capable of eliciting data +to th= depth and
detail recuired.

5. Be capable of eliciting from the men involved thair

true thoughts and opinions by resmoving any threat of

evaluation or punishment. If you want to collect a
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maximum amount of data involving human error you have to
divorce the threat of punishment or evaluation from the
reporting (Chapanis, 1959).

6. Be structur2d such that fleet aviators and NFO's
will find responding to be an 1interesting learning
experience as well as a duty.

7. Have inpcorporated 1into it a system which will
permit the respondent to gquantify, (1) the degree %o
which he perceives a particular deficiency to be a
physically or mentally difficult problem, and, (2) the
degree to which he percsives a particular deficiency to

be a safety hazard. Such a system would allow relative

comparisons of deficiency severity within type aircraft

Q-

given sufficient data.




E. COLLECTICN TECHNIQUE SELECTION

Available techniques for data ccllection were
considered, the foregoing regquirements being used as *he
basis for selection of the collection vehicle. Candidates
were the group orientation, personal interview, critical
incident and guestionnaire techniques. The decision was
made to use a combination of the group orientation, critical
incident and questionnairs techniques as the best course of
action ccnsidering the requirements of this particular

situvation,

The <choice of th= combination of technigues was mads on
the premise that the data could best be ccllected with a
cemprehensive guastionnaire compos23i of many detailed, open
ended questions, each requiring short answers. This
questionnaire would include a gquantification scheme for
measuring relative magnitudes of deficiency severity aad
criticality. In a sense 2ach question could be considered a
separate application of the critical incident technigue. If
employed on a fleet-wide basis, the guestionnaires could be
forwarded in quantity to Navy aircraft squadrons where the
squadron Safety Cfficer would conduct the briefing cf the
respondents in accordance with procedures of the group
orientation method. The questionnaires would then be
distributed to each individual, to be sealed upon completion
by the individual and wmailed individually, or completed
sealed and returned to the Safety Officer for mailing to the

collection center.
The following advantages appear to accrue from using the

comprehensive questicnnaire described above as a data

gathering veanicle:
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1. A questionnaire «can readily be tailored to the
needs cf the researcher and include open or closed
guestions. The author surmised that, because cf the
diverse nature cof the aircraft cockpits and missions, the
use o0of <closed dgquestions was not feasible. Too many
questions, or else many different questionnaires would
have been required. However, detailed open guestions,
probing the many and varied aspects of control, display,
and ceneral workspace design, were feasible and
particularly applicable to the Jiverse rangs2 c¢f data
available.

2. The cost of using mailed questionnaires 1is

Fy

mora reasonaple than other data gathering =

o
Q
o]
n

availatkl=.

3. If constructed properly, the questionnaire would

solicit short answers to the aopen guesticns which could

en easily be cat=agorized. This would proaote

efficiency from the C2spondents point of view as well as
a

nalyst.

4. Use of a guestionnaire with detailed open questions
would allow quantification by the respondent 0of severity
and criticality of specific and general deficiencies.
This guantification, when averaged over enough rCespcnses,
would provide a number which would allow rankings of
cockpit deficiencies for each aircraft in terms of degree

of severity.
5. The gquestionnaire which can be completed at the
respondents leisure in privacy can most readily promote

the iazportant idea of anonymity.

5. By providing detailed guestions, incidents which
may not have been recalled using the critical incident

27
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technique, stand a much better chance of being recalled.
Detailed guestions could also bPe used to educate tae
aviator or NFO in the basic principles of human factors
enginsering as a side effect of responding +tc the
questions.
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A. QUESTIONNAIRE DEVELOPEMENT

The guestionnaire was d2signed around general principles
established by Oppenheim(1966). It was envisioned that the
final product would be a comprehensive, open guestion
questionnaire with sufficient qQquestions of great enough
detail to include all relevant aspects of human factors
engineering in cockpit design. However, it is noted that
bEecause of the diversity of aircraft tjpes, the fact that
Naval Aviators and NFO's ar2s involved, and the subjective
nature of +the ©perceived deficiencies, the quasticns could
not pe made detailed enough to result in across the board
short answers. That, and the fact that the questionnaire
was necessarily lengthy in order to ~cover the broad
application of human factors in cockpit design, are
preliminarily reccgniz=d as disadvantages.

The process of formalizing the questionnaire was a
lengthy one involving decisions as to the content of the
many individual questions, the content of the questionnaire
introduction and instructions, the types of personal data to
request from the respondent, the type of deficiency severity
quantification scheme to employ, and many other impcrtant
factors such as gquestionnairs format, etc. The overall
questionnaira design employed Oppenheim's principles as well

as the data collection requirements discussed previously.

Questions were grouped within the questionnaire into




i rour major categories of Controls and Primarily Tactile
i Functions, Displays and Primarily Visual Functions,
5 Psychological Factors, and Miscellaneous Factors. A short
introducticn was provided for each category.

The intrcduction to the guestionnaire was designed so as
: to acquaint the respondent with human facters engincering
: concepts and generally put him at ease. The prelude to the
guestions themselves required a short description of the
conc2pt of system safety and human factors enginsering, an
cxplanation cf the purpose of the survey and its gensral
contents, Jdefinitions of ke2y terms such as "control" and
"display", instructions for completing the questionnaire and
a statement of the anonymity of the sources of specific
data. (See Appandix A wiaich comprises the finished

gqusstionnaire.)

In order to have a means of guantifying the amount of

1 physical or mental difficulty a particular deficiency

presents to the operator, a severity scale was conceived. A
criticality scale was also conceived, this scale being a
3 ‘ means by which the operator gquantifies his perception c¢f the
deficiency's hazard to safe flight. Both scales range £from
one to five with five representing the highest severity or
: criticality. Table 5 13 i which appears also in the
questionnaire, explains the ratings more thoroughly. Tt is

hypothesized that these quantifications of defici=ncy

severity and criticality, when averaged over a moderate
number of responses for a particular deficiency, will
provide a viable measure of severity and criticality. This
will permit the ranking of deficiencies for a particular
cockpit in terms of their perceived contributions to

inefficient and/or unsafe operatioas.

3
|
i
|

An initial data section at the beginning of the
questions comprises the only personal data required cf the
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SEVERITY AND CRITICALITY RATING SHEET

You are asked to rate deficiency severity and criticality
numerous times within this questionnaire. The scale ranges
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 providead:

operator.
L]
Rating Reacking, seeing, interpreting, etc., this
control or display or parforming this act, in

my opinion,

n\
=
b
ot

1 is pot at all di
FE 4

di
is gquite difficult

or only slightly so

semawhat ul

(39
-
U

(a8

()

extremely difficul+

(€ I =S VY]
'
n

is impossible or nearly so

CRITICALITY-The potential of the named deficiency for

causing an accident or serious incidant.

Rating Rsaching, seeing, interpreting, etc., this
control or display or performing this act, in
my opinion,

1 has virtually no effect on flight safety

2 has some potential for causing an accident or
serious incident

3 has considerable potential for causing an
accident or serious incidant

4 nas great potential for causing an accident or
serious incident

3 either already has caused an accident or serious

incident or will cause one in the near future

Table III - Sevarity and Criticality Rating Sheet

31
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respondents. Reguested is the date, the squadron to which
the individual 1is assigned, whether the respondent is a
pilot or NFO, the aircraft the respondent currently flies
and 1is «critiging, the hours flown in that aircraft and tne
total hours flown. This data will allow analyses as to
differences in perceivad d=ficiency severity and criticality
among pilots and NFO's of different experience levels.

b The questionnaire content, with respect to individual
question composition, was drawn from a variety of sources,
including the authors!? expaerience, MIL-STD-1472,
MIL-STD-882, the work don= by Schobert{1376) in categorizing
jeficisncies, and the actual «critical incident technigue
data collected by Daniels(1976).

The gquestiornnairz was printed in double-spaced forzat on
F | one side of the paper only, for eas2 of reading as well as
ease of refering to pravious pages wnile completing the
Juestionnaire. It was considered that these advantagses as

well as comments made in the introduction, would overcoae

the negative psychological aspect associated with a

moderately lengthy questionnaire.
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B. DATA COLLECTION

The completed gJuestionnaire was administered to
twenty-one Naval Aviators and four Naval Flight Officers in
attendance at a six-week Aviation Safety Officer course at
the U. S. Naval Aviation Safety School, Naval Postgraduate
School, Mcn*erey, California. This population s2rves

excellently as a test group for verifying the applicability,

ot
3
D

reliability and validity of the quastions ccntained in
questionnaire, 1in that the wmen involved ars for the most
part currently proficisnt in an operational aircraft, and
are assigned to many different types of aircraft. It wou
be feasible for the author to colizsct a large gua
data on a specific type aircraft. Howev=r, it is prefe 5L
at tnis point to instead concentrate on ensuring that the
guestionaire content is broad =rnough and yet specific =aoug
to apply to all naval aircratft. The respondents we

one week to complete th2 guestionnaire.




Table IV summarizes the numerical data obtained from the
twenty-five completed questionnaires. For each questicn the
total numkter of respons=as to that question, total number of
different aircraft types «cited, and breakdown of severity
and criticality ratings, by responses per rating, are given.
For example, question number one obtained <forty-one
responses distributed over eight different tyres of

o
a

%
Ln]
n

Et. with regards to criticality, six of the

~
(O3

~
-~

r-J
W
=

es identified via guestion ons wers Jjudged as

X

0

D
< rt

[

C
great potential for causing an accident or serious

> o

aving
incident (assigned a rating of 4), and two were considered to
nave <cither 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 percen*age breakdown of the
severity and criticality assignments overall. In all, 539
human factors cockpit deficieancies were identified by 25
respondents. The 539 deficiencies were distributed over 15

different aircraft types.

The variety of responses and tne detail which many of
the respondents provided made summarization of the complete
data nearly impossible. Therefore Tables V and VI are
provided as examples of the varied responses obtained.
Tahle V comprises ¢the ra3sponses to question thirty-one while

Table VI comprisas the responses to guestion ten.
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TABLE V - RESPONSES TO QUESTION THIRTY-ONE

QUESTION: During critical phases of flight such as

take-off, low altitude manuevers, nultipie aircraft
rendezvous', approaches, and landings, are you ever bothered

by

distractions from  inside the ceockpit such as ncises,

lights, etc.?

SE
RESPONDENT AIRCRAFT CRIT
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azardous during
carrier approach.

=)
SR R%
O tn )

2/2 GLOVEZ _VANE PO
Extremely brig
whan putting
down for é
distracting and _ vert
inducing in IFR conditioans.

a
ay
i

Qar

PILOT P=32A 2/2 COCKPIT
location, o
used to ill
agproach pall
the

NG .. = .. The

floodlight
e the rpilots
1 such® that
gd lnterferes

oMt

pilots
and casts a

PILOT S=3A 3/3 ACLS ADVISORY LIGHTS - ACLS
lights cannot be dinmmed.

PILOT S=-3A /= NIGHT PORMATION FLIGHI- The
S=3 canopy is very larges and
the cockpit 1lighting is
reflected back towards the
pilot. Verz_ distracting for
night formation flying.

PILOT S=324 3/3 ACLS ADVISORY LIGH
rheostat for the
advisory lights. They  1re
very distracting on
approaches.
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RESPONDENT AIRCRAFT

PILOT

2ILOT

PILOT

PILCT

FILQT

PILOT

PILOT

PILOT

S-3A

A-4/TA-4

A-4/TA-4

o
|
~J
8]

A-U/TA-4

TABLE

€

2/2

2/2

3/3

2/2

2/2

4/2

1/2

Vv -
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CONTINUED
RESPONSE
MAD READY LIGHT = No

rheostat. Is a real bother at
night in the MAD pattern.

LAWS AURAL TCNE - No volume
control on the Low Altltuie
Warning System aural tone.
On low léevel routes tcne ts
super loud.

TEF CAUTION LIGHT =
rrogusntly ccmes on in flight
and is particularl

distracting because it is re
and fairly close to the fire
warning light.

WIVDSHIEZLD DEF i
very uncomfortab on descen
and approach t 3
blasting_ irn m
don't &lways u
regquired to.

MASTER FUNCTION SWITCHES
when selected at night tae
vyellow 1lights are too tright
and cause considerable
annoyance.

(

CXYGEN LIGHT/MASTER CAUTION
-0n 75’ of all cataoault
shots the oxygern 1light "will
come, on and causc_the Master
Caution Light to £lash, This
is an inopportuns time to
have <+o 100k down at the
Master Caution Panel.

ACLS LIGHTS = Way too
bright, No brightness
control. When we are planning
on flylng 11ght approaches we
taks maskin ge To put over
+these llghts an hat doesn't
help too much.

IFF LIGHT ON GLARZ SHIELD -

Distracting _in almost any
hase of "flight. TIt's neart
he FIRE 1ight.




TABLE VI - RZSPONSES TO QUESTION TEN

QUESTION - Think specifically of emergency procadures. Do
any of these require manipulations of switches and controls
or  sequencing "of actions which, in your opinion, are too
complex and time consuming?

RESPONDENT AIRCRAFT C Y RESPONSE

PILOT =142 3/3 TRIM_ PROCEDURE = Emergency
grocedure 1nl case: of sgllt
tlaps/slats S or stuck
spoiler (in flight) «r=esguires
attampting to COUNTEr _an
ancominanded £oll With
coposicte lateral stick while
trimming in the,K opposits
direction to_provide maximum
ofposite spoiler d=flection.
The movement of the stick and
trimming are done
simultaneously in opgposite
directions with the sane
hand.

NFO RF-U43B 3/2 RADAR SCOPE - Radar scope is
a_%litractlng nuisance to the
pilot.

PILOT P-34 3/3._____ _EGRE

S
D
to ba
most 1

CM PILOT'S SEAT -
were ever requirad4d

t . 0of a P3 he would
not make 1it.

S_ FR
ilot
Ti--ea
ikely

NFO RF-4E S5/4 CIRCUIT, .BREAKERS =
Controlling circuit breakers
in, emergency B procedures _for
this airéraft 1is_a procedure
that is hopelessly complex.

FILOT S

3a 3/2 AIR START PROCEDURE - There
are 10 separate items cn tne
memory checklist.
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RESPONDENT AIRCRAFT CR

PILOT

PILOT

PILOT

PILOT

TABLE V

EVERI

ITICA

S-2A 42
S-2A 2/5
A-7A 174
A-7aA/5/C /5

T
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CONTINUED

RESPONSE

WING FIRE - Re uires
location of several different
circuit breakers on the
overhead panel.

EMERGENCY LANDING GEAR
EXTENSION - Takes too amuch
time, effort and attention
from the _pilot if he has to
do it himself and will
severel distract the
co-pilot.  This has caused
previous fatal accidents.

ZMERGENCY NDING CGEAR
EXTENSION - Reuulres using
left hand (normally on
throttle) to pull hz2ndl- and
hold it out while the gear
slowl { ax+and. As gear
extend drag 1nc*sasos
vau°1na avrcraft to slow.

Power 1is dded by _ reaching
across bo*y with®rigant haad
thus taking right hand £from
stick. Tnis iS a vary unsafe
ani uncomfortable procedure.

EMERGENCY POWER PACKAGE -
Uniess cat shot taken with
this  dep 10{ed(debatab’e) the
reaction/ac ion/run-up time
would he too long. Y<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>