{5

o,

g

A

1

’
oty

. .
~ G, s
] " o N7 M I 3 ‘ s * (3 - S v gk Sk widh s - st o4

2%’5

VOLURE 11

ASSESSING HUMAN FACTORS REQUIREMENTS IN THE
TEST AND EVALUATION STAGE OF SYSTEMS DEVELOPMENT

APPLICATION TO OPTEVFOR OPERATIONS

June 1964
Report No. ND 64-68 C¥ j,/
Prepared Under A - — 3 e
Contract NOnr 4203{00)
for af —C-057
New Developments Research Branch

Parsonne! Reseorch Division
Puceow of Nava! Personnel

Prepered by
Jomes M. McKandry, PA.D.
Pavi C. Horrisen, PR.D.
HRB Singer, Inc.
Science Pork
State College, Pennsylvania

Repreduction in Wheie or in
Pert is Permitted for any
Purpose of the United States
Government




\¥

- VAP B WM W o w s W W e e

ACEKNOWLEDGMENTS

This research was conducted under the technicai direction of the New
Developments Research Branch, Personnel Résearch Division, Bureau of
Naval Personnel. Considerable assistance and guidance was provided by
Captain R. M. Stwart, USN, Division Director, Mr. A. A. Sjoholm, Branch
Head, Mr. W. L. Hopkins, Scientific Oificer, and Mr. N. T. Burwell,
Contract Monitor. Enthusiastic cooperation was also received from numercus
personnel of the Staff of the Commander, Operational Test and Evaluation
Force, Norfolk, Virginia. Finally, the work of other company personnel not
listed on the title page is gratefully acknowledged, especially Mr. Robert
Carter and the technical consultant, Commander James Odom, USN (Ret.)




This i8 the second voliwms of z two volwma repers. Voluwe I outlinzs in

&z‘tml t%s mathodel »gy erployed in ths devalopment of a modsl for mwmn factors
_ evaluztion itncorpcrated in system testing, Volwm II troms.ctes this modsl into
an integrated approach to homan factors testiing by the OFTEVFOR project officer.

- It is the intent of this volume to provide a guids for tke OPTEVFOR project
of'ficsr, in order that ke may iacorporate kcuan factors testing in ths conduct of
ke testa and/or evaluations for which ke hae reeponsibility. The decwment is
orgentzsd around the fromework est:blished by the requirements of vhe prejsct

_officor’s duties as trey are presently camstituted. The chapter headinge reflect

e pain subdlvigions of these Juties, i.8., plaming and preparaticn, preparction
of &he projeat plan, conducting the test, evaluating tke lala, ol preparing ths
F.r.a‘fz'apm ¥rere app=cpyicte, separate comsideration ia miven to the varicus

" Srues af Sests oud eveinabions pith respeet te each of the ubovs categories.

In generai, the cpproash {s one that reecognizes the constra.its of tesiing
in the openticnal envircorment and atlerpis to intcgrate the ‘moxn factors

:iém.aamerm et there 1l D8 a minimem of added hworden. Within

e Z‘Smﬁs izpozed by prariical ccueici ~iions, the suggeations mi recorrmenda-

o fr’oa&‘ d@m&‘e.i within wLIl lezi fo tks acquisitiom ¢f wseful hoom performmice

5;:&'&:3 »:z‘ ke sow time, roduce the 6ffesis ¢f variaticns in howp: performance

4@"&"* ike tests of equiprent edequacy.
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As stated previocusly the purpose of this report is to provide project
officers with a practical, workable gmide for incorporating human factors
teste in OPEVALs, as well as the other activities condacted by OPTEVFOR;

or, in irsiances wheyxe practical contingencies preclude human factors testing

per s, to insure that human factors effects do not complicate cor confound resulis
-c?;h:systems tests. The recommendations and suggested procedures outlined
here are designed tc take into account the many limitations and consiraints imposed
by the cperational environment of the tests, time available to prepare for and
conduct the tests. supporting services obtainable, persomnel for operaticna,
mainrtenarce and testing--ail of which are sormally in scort supply. These factors
comb.ne "4 ith the nature of the questions which must be answered, and the com-
plexity of modern systems, to cenfront the project officer with a most formidable
task. In this context the human factors eifories have been carefully structured o

blend in easily with the existing duties.

in the project planning and preparation phase, suggestions are advanced
concerning pos.ible sources of informa?ion on the aystams persoenel requirements.
operator and technician duties, huran contribution to system operaticn,
criticality of operator positions, and potential effects of error and/or delays.
Because tiere is no gilaranteed source for information on these topics,
suggestions for deveis;ing supplementary data are also included {e.g., job
analyses, consultation with designers, guestionnaires, etc.). Aiso included nnder
this phase are the objectives of the human factors efioris and some indicaticn of
the necessity for anticipating testing needs. Ia this iatier category topics such
2s data gathering requiremen's and ulilization of available test personnel are

discussed. - _—

Freparing the project plan is a crucial phase in the condact of an OPEVAL,
After discussing the usual requiremesnts in the varicus sectiona of the project
plan the human factors control coasiderations are discussed. Control 23 ued
here has to do with attempts to reduce or eliminzte the effects of individual
variztions in aptitude, training, skill, or experience upon the evaluation of ta
3'rstema cperational suitability. Ia particular, the nction _{ control is related
to the differential criticality of operatsr positions ia order that effort ba

.
iy~
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in the gect on focuses upon a sample of the many avaiiable types of data recordi.;
and timing Jdevicec. The i1se of these devices serves a twofold purpose, it reduces

intexference with normal cperation; and, increases the accuracy and reliability
ci the data. Methods of conducting activity analyses of both operator and
technivian tasks are als> outlined.

In the chapter dealing with the actual conduct of the tests the majer concern
" ig ‘o provide project officers with some c.'es regarding the implemeartation cf

_goma ¢of tke human factors tests. Included are discussions 5f questionnaire

and interviewing techriques, activity analysis data collectica, and the prbblem
of mittea or missing data. This latter section is of particular :mportance s:rce
the very nature of 2n CPEVAL predisposes it to be susceptible to 2zta losses.
Tkese losses need 2ot always be detrimsantal to the exp:rimental design, and

- {ke smphasis of the discussion is on agpropriate ways of overcoming these

¥mh1&éns .

. ’fﬁe avaluation of date from an OPEVAL can be divided into four phases,
Sé;‘éemng, catalogirp, reducing and analyzing. The main theme of the chapte:
contexning evalnaticn deals with analyeis. By means of tmo sumen :al examples,

. bI@e desling with an operator functiom, the other with the technician effect.at
3?.@‘3 the importance of keeping tzrack of kuman factors effects. Further, it
- Wﬁ How b:-o@ladge of these effects can aid in the analyris of systems

mﬁo:manc= data. The implications of screening, cataloging and reducing are
31¢: rovered and their purpose raade explicit.

‘,’i’he final chapier deals with the contributions tha: knowledge of human

5 ‘_ ~ iastp% effects cen maku in the interpretation of results and the formulation of

c&nﬁmmﬁs. The tolerance limmit approach can be quite effective in facilitatng

i.ﬂszezm concerning potential aystems suitability since it will permit
e:és'a?ohﬁo:; to "best’ and “worst' cbtaipable perforraance. The questionnare
aai‘a csn also be of further wse in making recommendations for necessary
c}mges and hp:wemenvs to bring the system up to necesgary standards,

Ti:a general couten, of the suggestions coniained ia this report center

aramr- the project .c:zii?:e: 's goal and the nisans by whizh he caa circuravent the
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nume.ous practical M= i«lions impored by the OPEVAL <ituation. Briefly,

the goalis it Zetsrmisz smpirically the relationship beiwcen system performance
and nwnerouy I+ ~xT lactors--e.g. . stzle and amount of training, particular
equiprmant conlryurations, peraw.:. .l apiitude, etc. Once suck data are availahie,
it is possiblx 0 :tate with sowz -»:isainty the personnsl Zzinands imposed by the

mission 1zat the tested egqupmissl v~ falfill.

Bacged upon the 2uthors' review of the OPEVAT. gituation and the orientation

discussed i1bove, tbe following cenclusions are in ordzr

{1} The project officer can gather important humar faciccy data
during an O >EVAL simply by including in his plans a cognizance oI the ways ia

which human perfiormance can inf.uence system perfcrmance. These dz2:iz are,

ia turn, of considerakls value to him when he is required to answer such guesiions

as "wiil this equipmen: work satisfactorily in the 122t «itl, existng persomne’

cr will spec:ai training be necd=d4?

(2) The datz themselves take ths [orm of relating personnel characteristics

and attributes, such as aplit:ie scores, experience. etc.. to sysiems periormance

measuwres. Ideally, {nese relationships would take into account the whole range

of pussitls ycrsconnel variations and their resultant influence on system perform-

an.e. In order to reach this ideal astate, considerable time must be spent gather- 7

iag the late during ar. GPEVAL, aumersus maintenance technicians and equipment
operators muat be etudied, and mary dsta gatherings r-ns must be schedualed.
Whesn such data are collecteg, however, the project oificer can state coambig-
ucusly just how well the system will perform uvsing different personnel comple-

ments, etc.

{(3) Often, OPEvaLs must be conducted within the context of small samples
of data and simply connot be exterdzd ;2 gather the types f datz described above.
In such cases it is best for the project oificer io reduce his task to workable ~ )
portions by first concentrating his eiffo:e¢s on those human factors which <re most
crucial to system performmacce, and secsndly, to study “extreme groups™ of
personnzl 80 that he kucwa approsimately how much variation in system pe:fb;"fnf#
ance accrues from masnipulatic:. of a particular human factor. After re&ie?riz;g
sach datz the project oificer is in a position to call spacific attenticn to key
trouble spots in the human factozs area whick must be carefully watchéed am&;
or corrected. [Meauns of identifying crucial factors and xmplem°nﬁng this

tolerance limit approach are discussed iz detzil in the report. }
L
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f4) Even when smaller amounts of datz ars collected. project _fficers
can expect data losees and certain ditficultiez luberent in measuriag human
factors effects. Tecanigues are available to circumvent these problems, and

when uzed, the proje:t officer can still satisfy his goals despite these adversities

(5) By gathering date of tye type described absove, the project officer's final

repprt answers questions of particular interest to his curreant problem. In

addition, when taken in conjuction with other similar project reports, it can
contribute valuabie knowledge about such human factors problems in general,
This accumulated knowledge will allow a reducticn in the zmount of human

factors testing regqu.r-u 1n each future OFPEVAL.

————ts
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FACTORS AND THE GPEVAL PROJECT OFFICER

Operational Evaluation. An Operatimal
Evaluation is the test and analysis of a weapon
3ystem, support system, compoment or equipment
conducted by the Operatiomal Test and Evaluation
Force, wnder service operation conditioms insofar
as practicable, to determine the ability of a
system, component or equipment to meet specified
operational perjormance requiremenis and/or to
establish suttability for service use. When
appropriate, an Operational Evaluation may be
ordered solely for the development of basic tactical
doctrine, training procedures, arnd requirements for
training aids and/or countermeasures.

Therefore a project officer's primary responsibility is to determine
whether or not the system undergoing cperaticnal test ean accomplish its assigned
mission under realistic fleet conditions. One important facet of realism to
be considered is the "enlisted man" who operates and/or maintains portions of
the system undergoing testing. Thus, human probiems are a crucial aspect of

cperational realismand, as such, merit study.

The purpose of this report is to provide project officers with a practical,
workable guide for incorporating human factors tests in OPEVAL studies as
well as the other activities conducted by OPTEVFOR (these are discussed
separately in Section 2.0); and to insure as well that human factors effects

do not complicate or confound results of the system tests.

For example, failure to control learning, the fieid of human factors itself
is concerned with a host of psychoilogical, socivlogicai, cultural, situational
(work space and equipment arrangement), and procedural {method of work)
considerations which cause human performance to vary in either a positive or
a negative manner. Such variations are of considerable interest to project

oificers because of resuitant effects on the perfcrmance of the system in question.

1

COMOPTEVFOR Inst. P. 3930, 1c. Vol. 1., 1 Aprit 1961.
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Thaus, while the project officer may not be able to trace all of the causes of

variitions in human performance, he is vitally concerned with how much off
deviation in system output is contributed by human factors. Then, the 1d«
OPTEVFOR Staff,in conjunction with human factors specialists from the Bureau co
of Naval Personnel, can derive ways of improving system performance related an
to human factors. ex
The importance of interplay betweer OPTEVFOR project officers and by
haman factors specialists can readily be seen. In order to achiev2 a meaningful ta:
te:

eolution to human factors problems, it is necessary to know not oaly how individual ‘
and equipment characteristics influence human performance, but also to know how 1o:

human performance, in turn, relates io systen performmce. Thus, it is of limited be
value to know how humen performance might be influcnced in general as well as how
systems perform ingeneral, because vhat results is a set of gemeral guidelines. It
In order to go beuond this step, wnat is needed is detailed, comcrete information of
{and data) relating these two links; not in gemeral but in specific fashiom; e.g., al
relate particular aspects of individuals and equipment to specific system per- of
formanoe data of the type readily available to GPTEVFOR but nsually wnavailable : cc
to anyome else. When this.linkage is ‘complete at a practical everyday working ) in
level, OPTEVFOR personnel can bring human factors aspects of their OPEVALs of
into tighter and tighter control and make more definitive statements of just what : th
himan resources are néeded to make a system succeed in an operational cc
environment. th
1.1 THE OPEVAL SITUATION i
In an OPEVAL, project oificers arec required ultimately to make a in
‘'yes-no" judgment concerning whetaer or nct a system undergoing test will w
actually work in the Fleet. Further, because of the high costs of equipment w
development before operationai testing, OPTEVTOR personnel are also I
Trequired to point out the nature and extent of system revisions necessary to : b
bring a system from the "no' to the "yes" category. This latter effort of
development assistance occurs as a result of two practicalities: first, the 1.
Navy wishes to recove - as much of the development costs as possible from '
any systera--these costs are stagg=ring in modern weaponry; second, since .
OPTEVFOR project oificers base their “yes-no" judgment upon a body of r
‘data and information concerning the system, they are in a position to offer ‘:‘
T

to bring a system up to operatiocnzl stangdards.
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Because of the extreme importance of the type of judgments a project
officer must makes, OPEVALSs are conducted in as rigorous a fashicn as possible.
Ideally, the entire test would resemtle a large-scale experimental evaluation
conducted within realistic environments while employing all of the rigor, coatrol,
and precision of the scientific laboratory. As anyone with field data-gathering
experience will recognize, hcwever, the introduction of realism is accompanied
by losses in experimenter control. What complicates tke project officer's
task even more is the fact that he has no real assurance that the equipment being
tested will remain operational throughout the test. When the system is "down"
for extended periods of time for maintenance, important operational data cannot
be collected.

The basic characteristics of an OPEVAL situation are shown in Figure 1.1.
It can be seen that while the project officer is interested in the actual state
of affairs, his data are limited to the test situation; i. e., he cannot include
all possible operational variations within a single test. Thus he has the task
of examining a complex territory guided by a map that is composed of information
concerning oniy the main features of the terrain. He must use his background
information and experience to the best possibie advantage in making estimates
of features not shown in complete detail. To counteract this problem he uses
the test plan to insure that the improved map he is attempting to develop in the
course of the evaluation will be as accurate and detailed a representation of

the territory as possible.

A further complication arises because all of the major sources of
influence (shown as boxes in the figure) interact; i. e., what happens to one,
influences what happens to the others. Therefore, development of a test plan
whick allows the derivation of a sound judgment is an extremely tricky business
where complex interactions need to be anticipated. examined, and controlled.
In view of these considerations, the need for broad operational experjence

becomes even more readily apparent.

1.2 IMPORTANCE OF HUMAN FACTORS iIN OPEVAL.

The diagran- shown in Figure 1.1 and the associated discussion show
rather clearly that gach of the major areas of consideration (the boxes) not only
contributes a direct influence of ite own, but an indirect influence as well by
ite interactions with other major areas of comsideratiom. This indirect




r-—-—-=——-—q

! JUDGMENT OF SYSTEM !
{ OPERATIONAL ADEQUACY !

—m e v -—-_J

TEST RESLLTS

ot fe——— o) TEST ' .
. ENVIRCNMENT PERSOMNMEL
STATE
4
PERFOMIANCE r
A L3 . - —— J
g .= e wn o wn e e e e - e eum e e em Seas wm  am -—!
| ]
! ACTUAL FSTUAL ACTIAL :
! . L <
ENY1 RONNEXT t-—=--- 0' OPERATIONAL b —— FLEEY [
! STATE ! CONDITIONS ! PERZOMNEL 1

,-———--~--——------—---'

NCTE: DASHID LINE BBIES INDICATE WHERE THE PROJECT OFFICER'S JODGWENT AND ESTIMATES PRVIDE
NECESSARY INFORNATION. NORBAL TYPE, SILID LINE BOXES IMDICATE WHERE TOWCRETE OSSERVATIONS
CAN BE WADE

FIS. 1.7 ~ ILLUSTRATION OF THE OPEVAL PROBLENM

R

v oy M . ' " eumid R - - * . ¥




|

-

influence is one of the factors that serves to complicate the project officer's

task even more, for if it is not controlled, it becomes impossible to say
what results can be attributed to each source of influence acting alonc and

what results can be attriouted to interactions.

For example, consider the case where the project officer is focusing
his complete attention on a surface-to-air missile (SAM) system, one of the
A chief advantages of which 1s an ability to engage low-flying targets. In
conducting a tast of this capability, many of the necessary environmental
characteristics are defined, especially the need for flights “on the deck. "
Despite this rather high degree of environmental specification. other environmental
variations can arise to complicate matters; e.g., the weather might change
drastically. In the same manner, human factors variations can arise to make
interpretation of test runs difficult; unfortunately, these are more subtle in
nature and more difficult {o observe but in no case are they any less important.
Consider, for example, that the tracking radar is "peaked” {adjusted with
maximal precision) for high fiights but not as well "peaked" for low flights.
This scurce of variation which is contributed by the maintenance technician

is not easily roted but can cause wide variations in the time to *lock on" a

tarzet. Another instance can result from unnoticed crew variations. It may

be that the tracking console operators are changed systematically but that no
contro! is exerted over the manning of other system operating positions. These
variations may influence tracking consoie operator performarce since it is
quite likely that these men have different amounts of test experience and
differing amounts of practice working within a particular team--not to mention
their prior basic experience and skills. A particularly striking example of

this influence arises with a search radar 6perator~who has learned the value

of “preping" the tracking radar operator; i. e., giving him precise clues on
where to pick up the target. If a substitute is not as adroit in this "preping, "
lock-on times can increase drastically--as has been noted in OPTEVFOR tests
in the TARTAR. Finally, the project officer might get an overly optimistic
view of the system's ability to handie high altitude flights because of radarman's
unique ability to use auditory returns of the radar output to distinct advantage

before the target even appears on the screen, i.e., do his own "preping. "

. ., 5 B . N .
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All of the above examples were gathered from specific OPTEVFOR test
experience; they are not hypothetical cases. According to the estimates of
the project officer involved, such human effects could easilycause lock-on
time performance to vary by a factor of three to one, or even more. Similar
operator influences have been noted in mary OPEVAL's . Therefore, care
must be taken to insure that when these effects are not being studied, they are
controlled in such a way that they do not produce results which will be attributed
to something else (the equipment capability, for example).

The importance of human factors effects, as such, is equally wcrthy
of consideration, since tne project officer watns to know what causes wide
changes in system performance. In Volume I of this report it was <hown
znalytically that for a SAM system, if it is postulated that everyone behaves
cptin. *1v except a single tracking radar operator who is only 10 percent higher
than the standard on his lock-on times, in many raids system performance
(as measured in killz) will drop 33 percent. The impcrtant thing to remember
here is that 10 percent variations in performance between men are routine;
much more sizable- variations often occur. When these are added to variations
in maintenance technician proficiency and otaer operator station proficiency,
the results on system performance become dramatically striking, even when
exanples are chosen vhich are deliberately conservative estimates of effects
noted in research and in OPTEVFOR proje=t officers’ experience.

1.3 EFFECT ON OPEVAL ADEQUACY.

The meaning of what has been illustrated above can be summarized
quickly by reference to what takes place in an OPEVAL. As Figure 1.1
indicates, there are at least three important sources of influence present,
not i> mention effects occurring as a result of source interactinn: (1) the
equipment; (2) the environment; and (3) the humans. If an OPEVAL accumulates
systematic data about only the equipment, zll test data can be par<elled into
only two components: those performance variations associated with equipment
and variations not attributable to any specific source. Obviou_sly, environmental
and human influences have not disappeared by choosing this appreach; their
effects appear as part of the residual variation component. I environmental
eifects are studied systematically, the residual component (performance
varijation unaccounted for) shrinks but the effects of human influence, the

multiplicity of interaction effects and errors remain.
-6-




The point to be emphasized throughout thiz report is that we propose to
show how the residual variation component in OPEVALSs can be reduced still
further by systematic studies of human factors. Ir this manner, more of the
system performance observed can be related to specific types of probisms

and, more importantly, pointed toward different kinds of sclution.

1.4 OPEVAL CONSTRAINTS ON HUMAN FACTORS TESTING

Having discussed at some length the complicaticns and importance of
hurnan factors (HF) in OPEVAL studies, the demands of the problem must be
tempered with practical constrainis levied by the project officer's situation.

These can be listed as follows-

(1) While human factors are important, they are only one of a
number of important factors that need to be considered by
the project officer.

(2) It is unreasonable to ask that the project officer become a
skilled human factors specialist. He cannot trace all of the
implicaticns of what he observes, nor should he be expected
to comprehensively examine exactly how some of the important
human effects he notes can be brought under control.

(3) Most test environments do not have a large enough sample of
men for the project officer to get a clear indication of how all
of the human factors problems arise. He cannot duplicate the
fleet personnel problem on a single ship.

{4) Many human factors tests are extremely time-consuming and
expensive to run because all of the situational conditions must
be repeated exacily with different men working within the
system.

(3) Practical aborts can be expected which will complicate and
sometimes negate the project officer's attempts to complete
a test of anything, including human factors.

(6) The most efficient use of the project oificer's time would be to
concentrate on the most important human factors effects and to
gather data on these effects. Additional associated problems
must, by necessity, remain the province of the HF specialist
who can assembie large amounts of data, carefully study the
personnel situation in general, and draw needed corclusions.
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In recognition of the abcve, the technique used in this report is to concentraie
on a step-by-step approach to IIF which parallels the steps taken in OPEVALS by
project officers. These are discussed in mcre detail in Section 3. 9. Throughout
this implementaiion discussion, care is taken to emphasize what can be done
quickly and easily and what can be done in face of the many "unexpected"

contingencies which arise in testing.

In addition to the peints raised above, one inrther practicality must be
recognized; (7) OPTEVFOR Staff Personnel are sometimes concerned with
OPEVALSs in a slightly different fashion; i.e,, OPEVALSs conducted by
OPTEVFOR subunits such as NORTEVDET, where an OPTEVFOR Staff Officer

acts as 2 monitor and coordinator of the test.

In this case, the OPTEVFOR staff is not concerned with perjorming each and

every step in OPEVAL. Rather, their problem is to insure (by supervision and
gutdance) that all of the necessary actions are taken to insure success of tre

test. In this case, the raterial presented in Section 3.0 and jollowing can
be used as a guide and checklist for the subunit and jor the OPTEVFOR staff
coordinator.




2.0 TESTS OTHER THAN OPEVAL'S
2.1 INTRODUCTION

Responsibility for a number of other types of test and evaluation work

is charged to OPTEVFOR. These include technical evaluation, concurrent
evaluation, logistic evaluation, development assist tests, {leet research
investigations, and fleet operational investigations. Because the main concern

of this er.tire document is the operational evaluation, this chapter will be

limited to a brief discussion of each of the above and 2 short summary of human
factors work that can be accomplished in conjunction with each. These summaries
will reflect two major considerations: first, the accumulation of information

and backgrovznad material useful in the OPEVAL, and second, where appropriate,

the miummizing of human influence on the conduct of the test or evaiuation.

2.2 TECHNICAL EVALUATION

A technical evaluation is the test and analysis required by 2 developing
agency to determin<z whether a2 weapon system, suppezti sysiem, component,
equipment. or inaterial meets design specificaiions and is technically suitable
for zperational evaluaticn or service usc. Where an operational environment
is desired or required in corz=ction with such evaluation, tests incident thereto
are conducted for the dzveloping 2gency by the Operational Test and Evaluation

Force utilizing mutually agreeable plans.

Under this 2=finition, the responsibility of OPTEVFOR is limited to
operationzi planning and conduct of tests that utilize operating forces. The
requirements and specifications of the tests are generated by the developing
agency. Another limiting factor involved in the technical evaluation is the
degree to which special technical assistance is employed during the test itself.
Althcugh regular Navy personnel work on the gear, civilian engineers and other

contractor personznel are on board and do take a direct hand in the proceedings.

Definition taken irom COMOPTEVFOR Inst. P3930, 1 c. Vol. 1, 1 April
194%1.
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The project officer assigned by COMPOTEVFOR must compiete a cycie
cof activities much like those undertaken in OPEVAL. To the exteat which these
activities are the same or highly similar, they will not be discussed here; they
are given extensive treatment in later chapters. Essentially the steps are as
follows: (1) accumulation ef background knowledge abeut the system; (2) develop-
ment of a test plan (in this case the planning is done in close conjunction with
the developing agency); (3) concurrent with these activities, arrangements are
made for the needed services from operational units; (4) during the test phase
the project officer coordinates the activities and aids in supervision of tests

involving the operational environment.

In the data evaluat: n phase, aithough COMOPTEVFOR can and has in the
past reported more extensively,the responsibility is officially on the developing
agency; only a report of services rendered is required firom the OPTEVFOR

officer.

2.2.1 Human Factors in a Technical Evalustion.

The OPTEVFOR representative is presented, during a technical
evaluation, an excellent opportunity for observing and studying the sources of
human influence on the operation of the systemm. While it is true that he can do
little about such influence at this stage, he can identify those points at which
the process is channeled through a human operator. It is further true that little
can be gained from observation of maintenance technician performance because
of the presence of engineers and equipment experts who are often called vpon

for the really difficult corrective maintenaace tasks {particvlarly fault diagnosis).

The exact nature of the abservations that can be made at this time
is difficult to specify independently of the particular system or equipment being
evaluated, but the following are some clues as to the possibilities:

(1) Identificatior of operator functions with emphasis on those
required to initiate or direct action.

(2) Identification of tasks that appear to be most demanding
and difficult (e. z., most fatiguing, most prone to error
or delay).

{3) Estimation of level of training of operating crew (e. g., have
they received special training on this particular gear, or are
they atiempting to transfer skills learned on the previous
generation of equipment?)
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(4) Estimaiion, in the case of on-the-jchk training, of the

amount of practice required to produce adequate performance.

{5) Identification of points available for automatic data recording
concerning operator or component performance.

(6} Identification of special problem areas such as interfaces
between equipments, between operator and equipment, or
between operators.

The above list is not exhaustive and there can be no substitute for the project
officer's insight and ingenuity. The important concept here is that any information
that can be gathered at this time will greatly faciiitate planning when the system,

component, or equipginent is finally brought up for OPEVAL.

2.3 CONCURRENT EVALUATION

A concurrent evaluation is the joint test and analysis of a2 weapon
system, support system, component, or equipment conducted by the developing
agency and the Operational Test and Evaluation Force to determine the system,
component, or equipment meets design.specifications and specified operational
reguirements and is suitable for service acceptance. A concurrent evaluation
is conducted in accordance with a plan prepared jointly by the developing agency
and the Operational Test and Evaluation Force. The plan is fully integrated to

achieve maximum economV oi time, funds. and fleet services.

In effect, the concurrent evaluation is two evaluations at once
(technical evaluation and operatioral evaluation) and as such presents some
rather unique problems to the project officer. First of all, is the division of
responsibility between the developing agency and COMOPTEVFOR, the former
being responsible for technical aspects and the latter, the operationai. The
matter of technical assistance also can operate 10 complicate both the plarning
and the conduct of 2 Concurrent Evaluation since the expert's services may
well be needed in the technical tests but would serve only to contaminate
operational tests. These factors, when viewed against the background of the
requirement for total integration, place severe demands on the personnel who
plan and conduclt the tests. In reality, the situation is more complex than
one would expect from merely adding an OPEVAL to a Technical Evaluation

since the activities in the two different phases interact or have an influence

1 COMOPTEVFOR Inst. P3930, 1 c. Vol. 1, 1 April 1961.
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upon one another. The procedures of the project officer are, on the surface,
a simple combination of his duties in each separate type of test and,therefore,do
not require restatement here. The complications arise in the details involved

in the carrying out of these duties.

2.3.1 Human Factors in Concurrent Evaluations.

The control of human influences on the performance of the
system presents a considerable challenge in this context. As in an OPEVAL,
there can be no substitute for careful planning, but in this case the project

officer may be severely restricted in the degree to which he can employ the

will have even fewer data available, since some of the services will, of necessity,
be devoted to technical tests. Some of the precautions that can be taken are

as follows:

(1) Build into the test plan as much separation of operational
and technical tests as possible. (For example, the data
gathered on an operational test could be unduly enhanced
or degraded if the same personnel had just completed a
long series of runs of the same type for a technical test.)

(2) Make use of the available operator skill level differences
in order that not ail of the data taken in a particular test
is influenced only by a very expert, or inexpert operator.

' techniques discussed in the icllowing chapters. It is quite possible that he
(3) Carefully segregate maintenance data in order that no
contamination by technical experts occurs.
(4) Be particularly sensitive to the effects of factors such
as practice and fatigue (i. e., aiternate personnel at key
positions so that data are not biased by the facilitative
effects of practice nor by the degrading effecis of fatigue).

(5) Attempt to automate within cost limitations imposed as
much of the data-gathering as possible on all fests in
order tc minimize errors and direct influence of data
takers.

irom technical tests with that of operational tests in order

to obtain additional information concerning performance of
certain tasks (e. g., zlthough the primary concern of a

test may be the siew time of a director, data may concurrently
be collected concerning the performance of tracking
operators).

l (6) Be alert to possibilities for combining the portions of data
-12-
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In summary. it can be said that the main human factors concern

in a Concurrent Evaluation may best be focused on those measures that would
tend to reduce the variability observed in equipment parameters that is traceable
to human performance. The major reason for this lies in the already stringent
requiremnents arising irom the necessity to conduct two types of tests at the

same time.

2.4 DEVELOPMENT ASSIST TEST

A Development Assist Test is the testing of a weapon system, support
sysiem, compor:nit, equipment or material in any stage of research and
development, wherein the assistance cf ships, aircraft and/or other appropriate
fleet units 1s requisite to the coliectrion of data necessary for the deterrnination
of the d:rection in which ar estahlicskhed development should advance. Such tests
are conducted by the developing agency, utilizing the services of fleet units

arranged for and coordinated by the Cperational Test and Evaluation Force.

The role of GPTEVFOR in such tests is, by this definition, a limited one
since both the planning and conducting responsibilities lie solely with the
developing agency. It is, nevertheless.possible for the OPTEVFQR project
officer to have an influence upon the tests since his knowledge and experience

are related to the operational environment and missions involved.

2.4.1 Human Factors in a Development Assist Test.

When the Development Assist Test is conducted at an early
stage in the Research and Development, Test and Evaluation, (RDT & E) cycle
the main human factors consideration that should concern the COMOPTEVFOR
representative is the accumulation of information about the functioning of the
system or egquipment. This information concerning system cperation,
information and action flow, manning requirements, special task reguirements,
etc., should be recorded and maintained for later use and updating during a
technical evaluation or for later employment directly in the planning of an

OPEVAL.

In those cases where the Development Assist Test occurs late
in the RDT & E cycle (such as was the case with TARTAR), much human
factors work of the type described later in the OPEVAL chapters of this report
would be applicable.

-13-




- - FTNT AT A TROTNA MUY TRTLY TN T
Lo D L il DNLOTAMOACRNNGIT 1INY Dol

A Fleet Research Investigation is an examination into the military appli-
cation of natural or special phenomena in the operational environment, as

required by 2 developing agency in prozecutioa of research and for which the

operating forces provide assistance for the conduct thereof.

2.2.1 As can be ~-~en from the zbove foir2going material, this is a
sitzetion that is quite similar to the Developmental Assist Test at an early
stage in the RDT & E cycle. This point, coupled with the fac: that there is
no svstem or equipment par 32 involved in this typs of operation, precludes

the discessicn of any human factors work.

2.5 FLEET OPERATIONAL WNVESTIGATION

A Fleet Operationz] Divestigation is an examination or a2 comparisoa by
the operating forces of concept, procedures, techniques, equipments, or
material azimed at enhancing fleet readiness a2rd with the concomitant aim of

determining the adequacy of the RDT & E program in the are¢ 3 investigated.

2.6.1 For the most part, this type of testing is functionally nearly the
same as an Operational Evalviaiion. The questions to oe answered and the
methods employed te obtain the answers are nearly ident.cal. For these reasons
the material in the following chapters will be, in large measure, directly

applicable.
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3.0 INCCRPORATING HUMAN FACTORS TESTINC iIN THE OPERATIONAL
TEST AND EVALUATION CYCLE

3.1 FORMAT DESCRIPTION

Describing in detail the activity cycle of a "typical" project officer
handling a ''normai'* OPTEVFOR project is much like describing the "average"
American man who has 2.4 children, 11.7 years of formal schoocling, etc. The
reason for this is that the project officer's job demands flexibility, and 2
facility to tailor assigned responsibilities to the unique features of each system,
the testing environment, etc. For this reason, it is impossible to proceed beyond
< crude functional analysis of what the project oificer does without full rez.ization
that exceptions can be expected from time to time even at this level of analysis.
By supplying such a description, however, two major achievements result:

irst, it immediately becomes clear that the task of the project officer is
sufficiently complex ané unstructured that he needs to draw often from his fund
of general knowledge and experience; and second, it becomez possible for uz to
supply 2 description of how to derive and implement a2 human factors test at

each stage of OPEVAL zactivity.

In shert, the geal is to present information needed to broaden the scope
of operational testing so that human factors problems are tackled in as rigorous
a fashion as possible with minimal interference in the normal test cvcie. Of
course, additional effort is reguired to gain these extra advantages; furtker,
the material provided is not likely to cover all contingencies which arise in
operational testing. This presentation zims to provide a means of doing the
best job possidle conceming kandiing of kwman factors problems end to do this

in a way that mowm factors testing becomes an integral part of all operational
tests. If this goal is ret, mwomen foctors testing will not be an additional

buréen placed upon the project officer; rather, it will become a source of a
assistance to %im in cbiaining realistic results and workable soluticnms.

3.2 OPEVAL PHASES

Keeping in mind the restrictions described above, th au‘hors’® observations
and the cornments of OPTEVFOR staff members indicate that the OPEVAL
cycie can be considered as being composed of five major phases: (1) preparation

and initial plancing; {2) devising and writing the test plar; {3) conducting the
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tast; (4) evaluation of da.a irom ths test; and (5) derivation of conclusions 1nd

preparation of the final report (inciuding "cutting board" activities). Each of
these phases will be discussed in turn, beginning with a description of what

the project officer is already required to do. and ending with a description of what
steps are required at each stage within each phase in order to provide adeguate
coverage of human factors qQuestions. As an additional assist, the latter

material end: with a set of questions which, when answered, gives the project
officer reasonable assurance that he has not overlcoked important points in

his preparation for human factors testing.
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0 OPEVAL ACTIVITIES IN THE PILANNING AND PREPARATION PHASE

The project officer has three main functicns in the planning and
preparation phase: (1) accumulating sufficient knowledge about the system to
be tested; {2) using this knowledge, plus the text of the assignment letter (as
well as past experience within OPTEVFOR) to specify a set of test objectives;
(3} insuring that the test can be accomplished during a specific time interval
(the due date) by znticipating support needs from other groups, data
recording needs of the test, etc., which require time to program. Having
fulfilled these functions, the project officer has a good idea of what he has to
do and has taken steps to insure that his job can, in fact, be done. Thus, ke

iS 1n a pesition t6 begin to write tkz test plan.

The striking thing about each of the three preparation and planning
functions is the complexity of job demands. For example, in accumulating
knowledge about the system, project officers are required to search for
information ir any or all of the foilowirg sources: contract development
documents; early drafts of technical manuals {finished maruals are rarely
ready at this point); technical evaluation test results {when available); discussions
with OPTEVFOR technicians sent to factory training schools; Technical
Development Plans (TDPs); reports from the Bureau of Weapons and Bureau
of Ships; reports having system descriptions from the Bureau of Personnel; and
discussions with contract engineers and other OPTEVFOR staff members.

While the above enumeration is not exhaustive, it suffices to demonstrate the
difficulty of integrating information cnce it is obtained; more importantly, it
demonstrates the difficulty of getting needed information in the first place. In
deriving the test objectives, the project officer's task is equally complex; he
must begin by taking the objectives as broadly stated in the assignment letter;
ke must, after exiensive reading and numerous mestings, identify, isolate,

and determine how to measure critical performance characteristics; he must
study and weigh all kinds of "environmental" efiects (weather, attack conditions,
state of equipment readiness, extent of countermeasures employed, etc.);

and, finally, he must not only draw upon the experience of OPTEVFOR staif
members who are familiar wich "earlier generation" systems aimed at achieving
the same general mission, but if it is at all possible, he must try to tailor his

plan so that his results can be meaningfully combined with earlier tests to

provide an expanding fund of recorded knowledge at OPTEVFOR.
-17-




Finally, when the project officer reaches the third and l2st step in the

preparation and planning phase, he must, by necessity, make early commitments

of censiderable significance bejore he has had time o complete his plans in
full. For example, if a Surface-to-Air Missile System (SAM) is being tested,
he must arrange for air support ta simulate the targets. He must give some
indication of how long the support is needed and, roughly, what is required of
it so that supporting commanders can arrange to have the proper aircraft and
equipment available. He also has to anticipate personnel requirements on
board the test ship, decide who must be recruited from the ship's company,
and anticipate his personnel and general equipment requirements from
OPTEVFOR so that efficient scheduiing oi OPTEVEFOR resources results.

The complexity inherent in the preceding discussion :s illustrated in
Figure 4.1 which describes in crude form some of the sources of information
used in planning, how these are integrated. and now the resulis interact and
combine to complete the preparation and planning phase activity., No attempt
has been made to cover all possibie sources of mformation or ail likely

interactions among sources of information.

4.1 ACCUMULATING KNOWLEDGE CONCERNING HUMAN FACTORS
CONSIDERATIONS IN THE PREPARATION AND PLANNING PHASE

While the project officer is going thrcugh the three basic steps necessary

to complete the preparation and planning phase of OPEVAL's, concurrent

activities in the human facters area are needed. The iirst step is the accumulation

of knowledge concerning where and how human faectors eifects exert themseives
in the system. X is necessary to recail here that the variations in operational
and maintenance proficiency occur primariiy as a resuli ¢f factors such as
differences in basic aptitude and motivatior, differences in training, and
differences in the complexity of the equipment. in order to take such factors
into account, it is necessary to collect information bearing upon certain
fundamental questions. These questions form the backbone of the huran
factors efforts in this and subsequent phases of the OPEVAL cvcle.

(1} How many men are required tc operate and maintain the system
or equipment to be tested?

{2) What are the exact duties associated with each cperator station
and eack maintenance technician assignment?
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(3) What a2re the forrn and extent of each man's contribution to the
operation of the system?

(4) Which, if any, of the operator and techniciarn positions are
particularly crucial to the system performance?

(5) What is the potential effect upon the system of a delay or an
error by the operator or maintenance techniciar at any one of the
positions in the system?

If answers are obtained to these five questions, the task of accumulating
the necessary background information about the human factors eifects is
satisfied. However, gathering such information is not easy; for this reason,

it is necessary to discuss in some detail how answers can be obtained.

The first two questions concerning how many men are invclved, and
what each of them does, can best be answered by reference to systems (personnel
and training information) furnished by the Bureau of Naval Personnel. If this
information is not yet available in published form, it is possible tc question
technical persornel from the Bureau of Naval Personnel to discover whether
such a study is in progress. If a study is urderway, conferences can be held
with the personnel research specialists tO obtain the necessary data. If no
study is in progress, it is necessary to turn to alternative sources of information.
One of these sources is the Technical Development Plan which generally contains
in crude form the basic human tasks required, as well as the manning statements
for the subject system. From here, concurrent with discussions with
contractor personnel who hzve developed the system as described in 3. 3. queries
can be made to define each task specification. As an added precaution, how-
ever, this information should be cross-checked with operational Naval personnel
on board the test ship to insure that the normal complex of "field modifications"
have b i changed the tasks significantly. If this latter source of information
is mt yet available, the contractor’s information can be preserved and checked

by personnel on the test ship 1s soon as it is possible.

Having accomplished the preceding activities, most of wrich are done
ccncurrently with the activities needed to perform any sort of OPEVAL ihe additional
load on the project officer can be decreased by an arpreciable extent. The
project officer then has a good idea of what each man is supposed to do in the
system. If the number of human tasks is small, study of the human factors

problem stays within reasonable limnits. Ii, however, as is often the case with
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large systems such as the TARTAR, there are more task positions to study
than there are OPTEVFOR personnel available to study them, some compromises
2are in order--the most likely one being to choose te focus attertion on the

“critical" or most important tasks.

Identifying critical hwman tasks within the system is no easy matter.
For example, one answer almost certain to be heard from design personnel
is that "the only critical task is that of maintenance. If the equipment is
functioning properly, there is no operator problem at all." Unfortunately,
such replies often come from a heavily biased set of experiences. The first
of these is the designer's eifort to make the system as fully autocmatic as
possible, usually in line with his contract specifications, and the second is
that practizally ali new systems are beset with malfunction problems at the
prototype stage. What is jorgotten in the process is ithat no cperator effect
on system projiciency can sicw itself when tne system is "dom" for maintenance.
Thus, operator effects maxy well De there but there has been no opportunity to
cbserve them yet. It is fallacicus tc comclude that such problers are not there
sirply because they have not yet been observed.

Rather than become embroiled in a series of emoticrally charged
discussions concerning whether or not operator performance can really
influerce this "foolproof'" system, it is better to approach the operator probiem
systematically and obtain data necessary for deriving conclusions. Tobegin,
it is necessary to trace early potential operator effect through the system to
see how it influences perfcrmance. Usually it is best to begin by considering
the information supplied to the cperator. Then, it is also possible to specify
what actions the operator takes in view of the information. Finally, the
question of how operators make decisions concerning action or no action, or
action No. 1 versus action No. 2, etc., must be considered. In the forseeable
future scine cuch data may be available from studies conducted under the
auspices of the Bureau of Naval Personnel. Meanwhile, the information must
be obtained from the design and operational personrel available. With these
types of data as a background, the next item of concern is to identify thcse
points at which it may be possible to observe the efiects of the actions
selected by the operator and additiorally determine the adequacy or
appropriateness of the actian. Fer example, it may be possible to monitor

the opening or closing of certaiv relays or the arrival of an action signal at
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the next position in the sequence. In this way, the foundation i:as been laid for
determining the effects of various amounts of operator delays or decision errors.
This leads directly to a determination of the potential importance or criticality
of each position and permits the project officer to concentrate his efforts on
those that are most important. This ratioral analysis can be substantiated by
means of direct questions asked of designers and operational personnel in an
atternpt to isclate those positions having critical importance. One simple way

of doing this is to ask what the respondent would do if he had only one outstanding
man--where would he lixe to see him assigned? What if he had two, etc.?
Answers to these questions will probably serve to édentify at least what is felt

to be important. Ar additional part of this problem is the likelihood of errors

or delays at these positions. One way of achieving this is to ask Bureau of

Naval Personnel specialists1 how likely it is that wrong decisions will be made
at each position or what sizable time delays might appear. His replies, when
translated into their effects on systems performance, will allow a comparatively
objective determination to be miade concerning what operator positions are

really crucial to the system. At this point all five of the basic questions proposed
earlier have been addressed but only in terms of the operator aspect of human

factors.

It should be noted that much of the preceding discussion has focused on
the operator effect and disregarded the technician eftect. The reasons for this
are two in number; {first, the importance of the operator tends to be underplayed
for the reasons given earlier (if the equipment isn't working how can we tell
what the effect is?); s=cond, the task of determining the importance of the
maintenance technician is much easier to handie; i. e., the importance of

maintenance is readily acknowledged by practically everyone and it is easier

Contact car be made most directly with the Bureau of Naval Personnel
idaison Oificer at OPTEVFOR.
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to trace the effects of maintenance on system performance. For example,

in many cases, it would be relatively easy to assess the degree of degradation
resulting from operation in a casuality mode as compared to the fully cperative
system. These statements should not be construed as meaning that there are no
cases where cperaior effecte cre negligible; rather, the tendency has beemn to
jump to this conclusion prematurely. As shown earlier (see Section 1.2 us the
equipment remains operativnal (is dom less often) tnese operator effects
dermonstrate themselves more often and become more and more important. Therefore,
it is necessary to look beyond the usucl jungle of maintenance problems to
discover what can happen when the system is reliable.

The logical starting point for considering human factors problems in
system maintenance is the system description. For example, what happens
when various elements are down for mainterance? Can the system still
operate even with a reduced capability or is it out of action altogether? The
nexi step is to consider reliability data to determine how likely it is for each
element to fail. Finally, by projecting variations in the amount of down time,
it is pcessible to quickly calculate the likelihood that the system will be up at
any particular time. For example, if failures are expected in element X, which
when dew'n, renders the systemn inoperative, at a rate of twu per thousand
hours and, if we are interested in the effects of taking 30 minutes, 60 minutes,
or 6 minutes to correct these on the average, we can see that in the 6-minute
case this one element will cause the system to be down 1/5 hour in a thousand;
n the 30-minute case one kour in a thousand; and in the 60-minute case, two
hours in a thousand. When reliability figures diminish, the consequences of

such differences can become especially striking.

However, not all maintenance problems lead to total system failure. What
remains to be explored is the effect that misaiignment has on the system
periormance and the likelihocd that misalignment might cccur at each operational
position. For example. a simple operator tack might suddenly become
extremely difficult if the equipment is badly aligned. Such possibilities should

bz investigated while gathering background material concerning the system.

4.2 SPECIFYING HUMAN FACTORS TEST OBJECTIVES

This step begins by acknowledging what can and cannot be done in general

within the context of an OPEVAL study. For example, it would be extremely

-23-




.«
—— = —

'Y
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affect all types of human performance in the system being tested. To answer
such questions, however, iarge-scale studies are necessary using large
numbers of Navy operational personnel with numercus duplications (replications)
of expensive test conditions (e. g., flying aircraft). Further, it is necessary
to insure that a sufficient sample of data is taken from each person so that
legitimate inferences can be made concerning what each person can do
congistently. A good illustraticn of this last point occurs in analyzing maintenance
activities. Here, in order to eliminate unwanied effects of trouble difficulty,
it is necessary to average repair time scores for at least eight troubles for
each person studied. For these reasons, it is w2ll to acknawledge that full-
scale testing of hwmen factors effects cannot be ~compiished in a single test.
What is more reasonable is to use simulation (which is much less expensive) to
study such questions and to count m a growing body of data from many tests to
point toward generalizable relationships and eomclusions. In some cases,
however, large numbers of persons can be studied using simulated operator
inputs and simulated troubles. When such opporturities arise, it is worthwhile
to contact the Bureau of Naval Personnel representative to obtain assistance on
planning, designing, and conducting the test. In this manner additional value
can be obtained from the available data. The reason for this suggestion is that
the problem of designing studies »f human proficiency is complex, usually
requiring a timed study and practical experience in order to avoid numerous
subtle pitfails.

In view of this situation, a ''tolerance limit" approach is suggested
where the project officer attempts to differentiate between what the best
trained, most capable men available can do as opposed to what the less trained,
less capable men can do. Judgments as to who in the ship complement belongs
in either extreme group can generally be obtained from the Supervising Chief
Petty Officer (CPO) simply by asking "If this were combat, who would want
on this gear and who would worry you most if he were here?" While it would
be better to have more carefully defined extreme groups in an absolute sense,
taking this simple step will provide much additional informa‘ion. Then, in

order to reach any conclusions at all, the following conditicns must be satisfied:
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necessary to insure that the data from each person are actually
representative of performance; if the same data were taken
again, similar results wculd be obtained (insure thaf an ad2quate
activity sample is taken).

(2) No comparisons between different individuals or extreme groups
can occur without assurances that the task of each person is as
similar to the others as possible.

(3) It is necessary to insure that data recorded combine not only
what was done by the person, but also who the person is, what
time it occurred, and what test conditions were in force at
the time.

(4) Precautions must be taken to insure that the data recorded are
not cor.taminated by such factors as practice effects, e.g.,
one operator works "cold' while a second works with people who
have just completed a series of highly similar tasks {the effects
of the adequacy of help given by other persons will surely show
itself in a2 person's performance score).

If the above precautions are taken, there is cause to believe that the
generz! objective of obtaining a2 reasonably workable, reliable, and valid set
of data will be met. What need tc be added 10 these generalizations are the

specific goals to be met in each test.

4.3 ANTICIPATING NEEDS FOR HUMAN FACTORS EVALUATION

The last step in the preparation and planning phase involves anticipating
testing needs. These are of three basic types: {first, determining how the
test ship's complement meets the requirements for setting up "extreme group"
or "tolerance limit" tests; second, on the basis of material gathered in Step
of this phase, to determine how information concerning the results of human
activities can a2utomatic::lly be recorded and,thereby,reduce demands on
observers; and third, to reconcile reccrding equipment demands with supplies

available on board ship and at OPTEVFOR supply.

The second item mentioned above deserves elaboration because of its
essential importance. Anything that can be done in the way of reducing the
load on the OPTEVFOR observers is worthwhile, especially whern it adds
refinement and precision to data gatuering procedures without greatly

increasing costs.
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monitor the performance of the
TSTC operator in the TARTAR system. There are twc aspects of his performance
that are of importance; the timeliness and consistency of his updating of the data
stored in the target tracking channel. Both of tkesc factors can influence the
speed with which the target can be acquired. The most apparent way of obtaining
data con these functions is not, in this case, the most appropr:ate one. Because
f the press of activities aiready conducted in the CIC/WDS compiex, the
addition of an c¢bserver with a stop waich 1s just nct fcisible. Furthermore,
even if such an obzerver could bz placed in thie CIC/;WDS, his observations
would te oper o f2rious quastiion on several grounds, e.g., his reaction time,
his influence or cperator pecformance (can be ecither facilitatire or deleterious),
etc. This being ‘he case, il would be desirable to obtain those eata in an
automated fashios--preferably at some rzmote location. In the spe-ific case
in Question, it is poscible to do this by means of an events recorder loczated
in the urattended equipments space 2nd connected to certain relays in the
target-tracker unit. This method will produce complete permanent records
of operator performance and allow ier accurately timing to 0.1 second without
interfering in 2ns way with the operater's fask or the general conduct of the

Cic/® Ds.

4.4 SUMMAKRY

In the preparation and planni.ug rhase of OPEVALg, steps tzken by the
project cfficer to account for human factors are 2li of a practical nature; i.e.,
they are ceatered about the poteatial irfluence men have upon the system's
ullimate missicn and the extent to which practical iimi*ations of the OPEVAL
sitvaticn allew 2mpirical assessment of these potential effects. :gerefore,
what needs to ye done in thc p:eparation and planning phase can be summarized
gaickiy by attempts tc answer the fol.owing guestions:

(1) How many men are involved in operating arnd mainta. ning the
system to be tested?

{2} What does each of them do a2nd what are theis primary
cresponsibilities?

(3) How do these human actions effect system performance?

() What happens to system performance if human performance
efiiciency varies considerably in either s positive or aegative
manner?
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Which of the operator and maintenance tachnician pesitions

have the greatest potential effect on system performance?

(6) According to early, crude estimates, which positions are likely
to have sigrificant effect?

(7) How might these efiects be monitored without increasing the
load on project personnel?

(8} How much of the human factors problem can be studied within
the practical constraints of the OPEVAL (limited number of
personnel, limited time, etc.)?

(9) What is the general plan of attack aimed at assessing influence
of those human factors selected for study?
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5.0 PREPARATION OF THE PRCGJECT PLAN

In this phase, project personnel face impertant and critical aspects of
the OPEVAL cycle. The project plan is a guide to all that follows, and it is
axiomatic that omissions or misjudgments at this point have far-reaching
cor sequences. The substance of the plan itself has been thoroughly outlined
in COMOFTEVFOR inst.P3930. 1lc, 1 April 1961, but a brief consideratior,of
each section in the plan and its implications will be undertaken here in order

to stress the many interlocking decisions and considerations involved.

5.1 DISCUSSICON OF TEST PLAN SEGMENTS

Purpose of the tests. General objectives of the tests are defined by the

CNO assignment letter. These must be further refined and made explicit in
terms cf the mission or task the equipment under test is designed to accomplish.
At this point much of the experienced judgment of the proiect personnel comes
into play, as well as the background information obtained in the previous phase.
The combination of these three elements produces cbjectives that are reasonable,

consistsnt, and achievable.

Previous work, background, and materiai. Aithough this may not result

in the actual preparation of 2 section in the project plan, it must be remembered
that though the effort in accumulating necessary background information is
iaborious, it is vitally important to the development ¢f the necessary understanding
c¢f and competance with the system. Many a2spects of the actual testing will be

influenced by the knowledge collected and iniegrated in this phase.

Supporting activities involved. Here 2g2in this section as it appzars in

the actual projact plan document has its main importance insofar as it refiects
adequate advance planning in terms of the types and amounts of services scheduled
ané the provisions made for the various functions reguired in the conduct of the
tests. For example, have apprepriate provisions been made for specialized

data taking activities such as photographic coverage., or for oa board “quick

lcck" dzta analysis, etc.? An additional important function of this section is

to deiineate the arsas of responsibilities of the various personnel and/or

commands participating in the evaluation.
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and effective manner. This often necessitates much trial and error tentative
scheduling which is continualiy revised arnd modified in response to the operating
realities of the units providing the support. These operating requirements may
severely limit the flexibility ef the final schedule--as, for sxample, when
aircraft having special equipment or capabilities will be available only on certain
days. A further restriction is often introduced by the operating areas assigned
ior the tests since the distance from the source of air services has a direct
influence upon the available aircraft time in the test area a2nd,therefore,upon

the amount of data that can be obtained per run.

Plans for the tests. This section is, of course, the heart of the prcject

plan, and it will receive most of the attention in this chapter. The central
objective of the test plans section is todescribe the tests required and the
procedures to be followed to obtain data which will produce valid conclusions.
This objective is approcached with two underlying considerations in mind. The
first of these is that the finished plans will be in sufficient detail so that someone
other than the author can be entrusted to conduct the tests. Sscondly, because
of uncertainties impocsed by the operating environment, plans must contain much
inherent flexibility. it is almost certainly true that in this type of testing
unforeseen events will occur that will necessitate ckanges in plans. 1t is
incumbent, therefore, upon the planner to provide reasonable contingency plans
and to so construct and schedule the tests that modifications can be made 'on

the spot"” which will not adversely affect the accumulation of the required data.

In connection with outlining procedures for the tests, ample detail must
be supplied not only concerning conditions of the tests (e. g., mode of operation,
flight prefile, ships maneuvers, etc.) but also on the methods of collecting
and recording data. Sample daia sheets must be supplied. Starting, marking,
and stopping procedures for automatic recorders must be given. Detailed
instructions for photographic coverage and provisions for '"dry runs" must
be included. Care must also be taken at this point to plan data reduction and
analysis procedures, since the requirements here will have direct bearing on
the type and amount of supporting data that will be required. For example,
if it is planned to correlate measuicments iaken at o d¥ierent points in the

system, it will be necessary to insure that they are taken at similar times. Such

a stipulation would undoubtedly require special procedures to coordinate the data takers.
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5.2 HUMAN FACTORS CONTROL CONSIDERATIONS IN THE DEVELOPMENT
OF A PROJECT PLAN
As with other aspects of the OPEVAL, the plaaning phase is the point
at which the crucial decisions are made. Provisions must be made uere for
whatever controls and/or data gathering procedures will be employed in the
tests to deal with human factors variables. Because this is true, it seems
appropriate tc go into considerable detail concerning the sort of provisions
necessary in order to cope adequately with these variables. There are two

main areas of consideration: control procedures and data gathering procedures.

Control procedures have to do with thie attempt to eliminate, or at least
to minimize, the efiect of individual variations in aptitude, training, skill, or
experience upon evaluation of the systems operational suitability. One of
the primary questions asked concerning the gear being evaluated is, "Will
it do the job under fleet conditions when operated and maintaired by regular
Navy personnel?" It is important to note that the procedures to be outlined
here do not have as their goal elimination of the effects of different operators
or technicians, but rather the freeing results from the influence of 2 particular

operator or technician. In short, the control procedures are introduced so that

a particularly skilled or unskilled crew cannot cause an erronecus conclusion

to be reached concerning operational suitability.

The project plan, employing the information collected in the preparation
phase, must take into zccount the possible effects introduced at certain
previously identified critical points. For example, if two ocut of six possible
positions to be studied not only have a large potential effect on system per-
formance but are indeed iikely tc have this eifect 2s well, care must be
taken o insure that human facters 2t these two positions are either studied
directly or at least sufiiciently well cocntrolled to eliminate contamination of
observecd results. In order to study such effects directly, it is necessary to
time-correlate human actions with system functions on the observationai
record and assign operational personnel in a fashion which allows these

objectives to be met.

5.3 RECORDING HUMAN PERFORMANCE DATA

The focus here is on preventing contanmiination of data by human errcors.
y

Because of the necessary reliance on human observers for poriions of the
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automatically recorded. In addition, because of space or power requirements

or cost, it may not be feasible to autcmate human performance data recording

in all instances. As a general rule, however, it will probably be advantageous tc
autgdmate as much as possible in order to minimize human error. Therefore,
some suggestions are made here 25 to instrumentation that would be useful

for this purpose. These are given below in the form of a list of potential
reccrding devices some of which now exist in the fleet 2nd others which weculd

not be difficult or expensive to obtain.

(a) Operations events recorder. There are many exaraples of this
type of recorder, but perhaps the most common is the 20 pen Esterlice Angus.
When the desired data is the occurrence or nonoccurrence of a specific event,
(defined as any discrete happeaing, e.g., onset of a signal, closing of a relay,
etc. ) the time between two separate events, or recurrences of the same event,
this is 2 most useful piece of apparatus. It will display and record in a time-

correlated fashion up to 20 separate functions simultanecusly. Depending upon

chart speed, the timing of intervals between events can be accomplished with
an accuracy of + 0. 05 sec. It can be set up and monitored at a site remote
from the actual scene of the activity, thereby minimizing the chance for
interference with operational activity. Its major disadvantage lies in the

time requirements for data reducticn.

(v) Recycling timers. H 2 function or task of scme length requires
timing, it is often advisable to use an instrument of this type rather than a
kand held stopwatch. The advantage here accrues from the fact that the timer
is started and stopped by a signal from the equipment itself, thereby eliminating
the reaction time variable introduced by the stop®atch cperator. The data
taker has only to record the time displayed on the tirmer, recycle it, and await

the next reading. The remote site advantage 2lso applies here.

{c) Tape recorders. In additior to their more obvious uses to
reccrd communications, sonar signals, doppler returns aed the like, tape
recorders can be an important adjunct to many othexr data taking activities.
Properly employved, they facilitate the taking of notes and keeping of records
concerning the conditions of a test and potentially important occurrences during
a test. Notes taken by tape recorder are much more likely to be complete and

accurate than written notes simply because of the increase in the speed with
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ecocrded. An additional benefit can be derived by makingz use
of the fact that tape speed is known and fairly constant--a distant advantage in

time correiating data points.

{(d) Counters {(hand operated and automatic). Either of these rather
simple gadgets represent a substantial improvement over the tally mark method
of recording frequency data such as is required for blip-scan ratic computations.
Of course, where feasible, the automatic cocunter is to be preferred, but even

the hand operated models will improve data accuracy.

(<) Function recorders. Aithough this class of instruments is large
and diverse. it can be characterized in general as consisting of various types
of motor driven charts upon which a pen or pens automatically trace the shape
of the monitored function. For example, employing an instrument of this
type it wouid be possible to monitor the smoothness of a fire control director
tracking function or to produce 2 permanent visual readout of a sonar signal
or & doppler return. There are, of course, other types of special purpose
data gathering apparatus but the above are judged to be the most likely to be
useful,and they serve to exemplify the possibilities for improving en human

observers.

5.4 PURPOSES OF HUMAN PERFORMANCE DATA CCLLECTION

The devices mentioned above are introduced (0 minimize error in data
coilection which may be attributed to human errors in recording and to maximize
accuracy and reliability in data collection as well as to provide 2 means for
such collection which does not interfere with the basic conduct of the test. One
point should be stressed when empicying such devices, however: A careful
note should be made of personnel operating and maintaining the equipment at
various times in the test period. This shoulé help define the limits of variation
in systemn performance attributable to human factors effects and aid in
determining variables between personnel which are significant in terms of

systems operations.

As was stated previously, while automatic data coliection is desirable,
certain important information cannot be gathered utilizing mechanical devices.
The project officer's task requires that he mazke recommendations about ways
in which the system could be improved, not merely state that the system does

or does not reach certain specifications.

-32-




i1 4

While, ideally, onc maight wish to 1ake the approach utilized by experimental
personnel working in a laboratory and experimentally manipulate each portion
of the equipmert to determire how each shouid be designed for maximal efficiency
in terms of maintenance and operation, such procedure is usually precluded
by factors of time and cost. Pragmatically, then, one must work within the

confines of a given piecc of hardware and s<2ek to irnprove its performance.

Under these constraints, the study of human factors variables become
crucial because (1) man is the most flexibie part of the system, and (2) a study
of the critical functioning areas which seem most difficult for those concerned
with the operation of the equipment will reveal subtasks where changes

introduced into the operation and technician tasks would have maximum effect.

In view of these coisiderations, the project officer should seek to determire
several types of factors about the personnel involved with the maintenance and
operation of the equipment. The first concerns the prior training and alleged
job effectiveness of such individuals. This information in general form can
be gathered from the personnei officer and f{rom interviews with such persons'
superiors on the ship. If differences between individuals exist in either
dimension, as mentioned earlier, care should be taker to insure that conditions
under which persons with more training or competence operating at a given
work station are similar to those which persons with less training or competence
encounter. An example of the way irn which such procedures couid be implemented
is given in Section 7. If plarning along such lines has been introduced into the
original design and is implemented in the dzta gathering phase, the project
officer will have some basis for stating in his report the effects which he
believes are attributable to personnel training and competence. He =,
therefore,make recommendations about the type of perscanel who sk_uld be

assigned to operate and maintain this equipment.

5.5 ACTIVITY ANALYSIS OF MAINTENANCE TECHNICIAN TASKS

It was mentioned previcusly that a job analysis or study of the work
involved in operating and maintaining the equipment would be valuable in
terms of determining where the introduction of change in the hardware itself

could be expected to produce maximal change as far as overall operating efficiency
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of the system is concerned. Previously it was poirted out that in ‘he plannin
phase the project officer should determine those aspects of the system which
seem most crucial to its operation. Having determined these, he should then
attempt to narrow the field by determining which particular subsystems and
particular tasks within the subsystem are crucial. The empirical approach
taken to gather information about this would be similar to that which would
ideally have b=en taken to determine what aspects of the system one would
study, if practical considerations would not preclude such steps (e.g., complete

experimental manipulation of all key variables.)

In this phase of the date gathering process, it may be helpful to
differentiate potential methods of gathering data from those concerned with
the maintenance of equipment and irom those concerned with the operation oi

equipment.

Date concerning the maintenance techrician can be obtained from failure
report forms (such as Bureau of Weapons Form 8000/13) completed while the
actual test is underway. It should be emphasized that an accurate record
should be kept of the technicians who actually performed the maintenance,
remermvering that sometimes these reports are signed by the senior technician
on duty even though he did not actually perform the work. It would also be
useful, for future planning, to have the technician indicate on the reverse side

of the form, the eiffect cf this failure on the operation of the entire system.

The advantage of collecting these data while the test is underway is that
the project officer knows that the forms are being completed in a way which wiil
allow him to make use of the data. The disadvantage of this method is that the
sample of failures may be so small as to make the drawing of conclusion

impossible.

There are two ways of increasing the sample size to a level which makes
analysis possible. The first is utilization of reports oi failures which occurred
before the actual test began. In order to take maximal advantage of this source,
it might be wise for the project oificer tc request that copies of such reports,
including the names of the technicians who actually worked on the failure and
the effect of the failure on the whole system, be kept for him for a2 period of
about twdo or more weeks of operation before the actual test begins. In lieu of
this, he could try to obtain.copies of past failure repcris submitted on the

system in which he was interested or Te<ort te a study of the equipment log.
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Both of these latter mentioned sources have the disadvantage of not having
avaiiable as much detailed, unbiased information as might be desired. While
the possibility exists of asking the technicians involved to try to remember

what failures they dealt with and how they affected the operating system, such

reliance on memory is tenuous and may result in misleading conclusions.

From failure report data information concerning the probability of failures
in certain subsysiems can be gleaned as well as information concerning the
length of time required to correct certain failures. This, combined with
information concerning operator training and competence, can lead to specific
recommendations conceming what aspecis of 2 job consume the largest amounts
of time, are most iraportant, etc. In order to consclidate such data from a
number of individuals operating at 2 number of positions within a single system,
the format of the task analysis form must be comparable. In this case, since
a standard maintenance form already exists, there is no problem. In the case
of the operator study, however, the project officer must generate the necessary

forms.

5.6 ACTIVITY ANALYSES OF OPERATOR TASKS

With regard to the task of the operator, the chief methods of coliecting
data would be by the employment of mechanical recording devices such as those
discussed earlier and by the employment of questionnaires. If questiornaires
are to be utilized, it is necessary to prepare them in advance. One of the most
impor“ant aspects tc remember about the use of such devices is that care must
be taken to insure that responses obtained in such a2 manner from different
individuals are comparable. This should have been considered in the planning
phase if utilization of questionnaires was contemglated in the data gathering
phase. With respect to the use of questionnaires in the data gathering phase
per se , only a few obvious precautions must be taken: (1) unambiguous responses
should be elicited; (2) questions should be phrased to deal with specific
rather than general problems; (3) respondeats should be reminded of the importance
of making independent answers; (4) respondents should be urged to answer as
completely and as accurately as possible; and, {5) respondents should be
assured that replies are used for research purposes and not to appraise the

respondent.
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Such questionnaire data can be obtained during times when equipment is
down, runs are cancelled, or no runs are scheduled, thereby utilizing

unscheduled '"free time' for data acquisition.

The questionnaire itself should probably begin by (1) identifying those
areas of communality between jobs, and (2) dividing each job into a series of
nearly independent component tasks performed in sequence. Then, by asking
questions as to the time spent on each component as well as to the estimated
importance of each, estimates of relative criticality of the various components
can be obtained. When such data are available, a priority system exists by
which each difficulty associated with each job can be attacked with assurance
that these early efforts will have the greatest chance of upgrading system
performance. When efforts later in time yield smaller and smaller returns,

a2 logical stopping point can be iderntified.

Two further items need to be considered in devising project plans. First,
in addition to job analysis procedures as described above, questions should be
added to solicit opinions as to what simple steps could be taken to improve
performance {change in training, emphasis, etc.) as well as the consequences
of failing to perform adequately on each task component. Second, there are
cases where cross-comgariscn of operator task components becomes impossible
throughout the entire range of tasks studied. Data bases within each task shouid
then be made as large as possible to insure that identification of critical task

components is accompiisked as accurately as possible.

-36-




il

rle
id

6.0. CONDUCTING THE TEST

In a laboratory testing situaiion, it is sometimes possible to attain an
"ideal" state where the conduct of a test offers no problems, even though it
might consume sizeable amounts of time, Since it is recognized that the
""ideal" state is not normally met even in the laboratory, however, a "trial
run' or pilot testing phase is inserted to insure that the actual test itself is
completed with few, i. any, difficulties. In the case of an OPEVAL, or
testing under operational environment conditions, a project officer can
anticipate numerous problems often to the point of substantiating Murphy's

Law of ""what can go wrong, will go wrong! "

In overcoming these practical difficulties, the project officer has to
amend his plans, shift his emphasis at times, and, in essence, be extremely
“flexible."™ Much of this "flexibility" evolves from a clear recognition of the
fact that what he wishes to test cannot be tested completely. Therefore, he
must salvage what he can from the situation by conducting subtests in order
of their priority (which he bas already established). In addition, by shifting
features of "test runs, " he is able to get the maximal amoant of data out of
what he has available for use.

The authors will not presume to describe how a project officer accéOmplishes
these feats since, by definition, they are rather clearly an art and not a
systematic (planned, controlled) science. However, since the problems of
human factors testing may te somewhat novel te project officers, some time
should be spent indicating things likely to cause trouble and what can be done
in the face of these difficulties.

6.1. PROBLEMS IN QUESTIONNAIRE ADMINISTRATION.

One common reaction on the part of human subjects is to immediately
"pick holes" in any questionnaire--no matter how carefully it was developed
and pretested. Usually, prectesting on other operational personnel serves to
eliminate some cf the resulting criticism, but the preject officer should .
recognize that a ngyuler of points of contention will remair in the instrument
he carries on-’goard the test ship. The reasons for this human reaction are

many. First, it is impossible te use written English and be perfectly lucid.
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Second, much of the information desired requires personriel 10 make difficuit
decisions aid choices {for example, "____that troub!
Number 8, about how long did it take to find the source of difficulty? ). People
do not like to make difficult decisions or choices or to be exact in their answers.
Third, since all pecple are human, it foliows (to them) that they are experts

in understanding human problems. If your apprcach happers to differ from
theirs, trouble cam be expected. Finally, asking detailed questions of anyone
tends o make him suspicious. Persons often feel that the questioner's purpos.

is one of fixing blame on the respondent.

i3 of these difficalties are compounded in as GPEVAL by the fact that
the project ofticer has a higher military rank than the people he guestions.
Because of military discipline, many obvious reacticns of the type described
above will not appear in a way that the project officer can sec themm. What
migat happen, howsver, is that the respondents do a haphazargd job of answering
questions, thereby making the carefully-controlied, well-analyzed responses

meaningless.

To overcome this type of reaction, one shouid anticipate it in advance
and take steps to eliminate it before it has a chance io arise. Based :pon the
author's experience in collecting field data, :t is possible to circumvent problems
by doing the following: First, let the respcndent know that you are aware that
they can "beat the system' and probably fool you in the process. Second, admit

that while the forms have faults, they are the best things available at the time.

I they have ideas for future improvement, you would be happy to get them. Thirég,

let the respondents know that if the forms are going to be carelessly completed,
you would rather not have them completed (a small vygiid sample is better than

a large invalid one). Fourth, have the questions prepared and presented verbally
by an assistant (the personal attention often gets large amounts of ccoperation

from an otherwise indifferent source).

6.2 PROBLEMS IN ACTIVITY ANALYSIS DATA COLLECTION

Collecting questionnaire data is not especially difficuit since this can
bagin aring the trip to a testing site and continue on the return trip. However.
it is best to quietly review responses to questions to insure that answers are

complete, the respondent is properiy identified, etc.
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Activity analysis forms, which describe what each man did when
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correcting a trouble or reactingto his operator demands during a test run,
are more prone to errcr. These should not cnly be reviewed for completeness
but checked as to accuracy as well. For example, consider that the project
officer on his return trip to Norfolk finds thatall activityanalysis formsare complete
He can then select a few ir a random manner and question the men who completed
them. If it were a record maintenanc: activity sample, the gquestioning maght
be along the following lines.

"Jones, I notice that you had trouble with a thumbgadget on Wednesday
when we were conducting high altitude test runs. ™ "Do you remember that
one?"

"Very much, sir, because the chief was on my back tc get the computer
operating as quickiy as possible.

“Did it take you more time to iocaie the trouble :c 2 cabinet or to locate
the trauble to a subassambly within 2 cabinet once you knew which cabinet
was at fault? "

“"Working inside the cabinet was what really took the time, sir.™

By comparing Jones® answers 1o such Juestions with what he wrote ox
the form, an estimate can be obtaired cf how accurzately the forms were

s reasonable

g
t

completed. By selecting a report whick jores remembers well, it
to expect that his answers to questions will be consistent. I they are not, a
question arises concerzing which answer is correct. Jnslances where the man
completing the form differs irom the man who did ithe work can also be noted

by this process, thereby cor-scting a potertial error in zssociating an individual
with a particular task during the test. Because of the massive pressure ang the

resulting confusion during a test rua, some erroTs of this type can probably be

expected.

Collecting more objective data can also cause preblems. For example,
the preceding chapter extoli:d at some length the numerous virtues of automatic
recording apparatus. Obviously, such automatic equipment is prone to failure
and shculd be checked periodiczlly during runs, as well as before and after
such activities. In addition, a sn:all pilot test is in order to insure thzt the

respense recording system is accuratec.
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e checkout procedure.
ixed sequence and a
monitor determines whether each is accurately and clearly recorded. Then,
tests are made to insure that time-correlated data can be inserted on the same
record. In this marner, before the data are returaed to OPTEVFOR, the
project officer has appraised himself of how much data ke has available for
processing and analysis, as well as having estimated the worth of the data

accumuiated in cross correlation of ore type cf response with another.

6.3 THE PROBLEM OF OMITTED RESPONSES

Despite all precautions taken to the contrary, the project officer can be
assured that some data points will be iost in the testing process. Causes
of missing data points are numerous; by taking steps outlined in Segments
6.1 and 6.2, some of the lost data can be retrieved. However, if vacancies
still remain, one of two possible alternatives is available to the project officer.
First, he can simply leave the space blank ané analyze the data that he has
(the more defensible option}. Second, he can insert data ir a carefully con-
trolled fashion. For example, the method of dropping data is sometimes
precluded by the need to have all cell entries filled for the more orthodox types
of statistical analysis. Consider the case where a project officer is going to
have each of two operators perform at a weapons assignment console during
three successive testing days where numerous target runs are prasented to
each man on each dzy. If he has taken the precaution of giving each man

eqguivalently difficult runs or each day, his data chart might look like this:

*a)
v ]
Pt

23

1
(%)
o
~
(o]

45467 8;1 23 456

Operator A
Operaicr B

hoa maserd ot s

Within ezch cell, performance measures can be entered, e.g., target intercept

range in vards.
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If ali data points {(cells) are filled, the project officer can employ difference

- = = A~ 332 2 - _ - o~ 23 0 - - _ . e -
SCOres (Leil 1 SCores minus Lell ¢ Scores, etc.) ana test the periormance

differences between operators A and B oy 2 simple t test having 23 degrees of
freedom. If, however, data points are lost, the number of available degrees
of freedom decreases, and concurrently the chance of detecting significant
differences when thev arise (the power of the t test) decreases alsc. In this
case if the t test is to be used, the most appropriate thing to do is to accept

the loss in test power.

if, however, the project officer had needed 10 conduct 2 more complex

F analysis where he also 2nalyzed the effects of eight different types of runs

and the three ditfercut days ot runs, the problem of overcoming missing data
peints becomes significant. The only way to do this in any realistic fashion
is tc insert data based upon best estimates of what would be likely to happen.
Consider that the two starred cells in the figure above are vacant. The first
step is to determine whether data can be inserted at all. As a rule of thumb,
if the missing data points constitute less than five percent of all data points for
small samples of data or with a lower percentage in larger samples, it is
reasonable to insert data. That is, reasonabie if other conditions are
satisfied and conclusions which are based upon the data, consider that this
step has been taken. In our case, there are 2 total of 16 X 3 = 48 data points
possible ,and two missing for a percentage of 4.2% (1/24). Second, the two
missing data points occurred on separate days, on different types ci runs, and
to different operators. Thereforz, whatever errors might result as a con-
sequence o1 the data insertion process will be reasonably distributed. I,

for example, thev were both for the same run, that run would have to be
dropped from the analysis with an accompanying loss in power of the F test.
With the first two conditions satisfied, however, it is reasonable to mnsert
for each star the average of the scores for the other two days for that run for
that person. Then the F test may be conducted. If it resuits that there is no
significant performance variation from day to day, the data insertion process
probably had littie practical effect. If there is significant "day"” effect, the
inserted data will probably be a conscrvative estimate of what would probably
have happened. In either case, 2s long as results of the ¥ iest are not at the
level of borderline significance, the d2ta insertion process should not cause
srouble. Certzainly, by its use, an otherwise impossible method of analysis
ble.

becomes DOSS
-41-
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7.0 EVALUATING OPEVAL DATA

In the evalvation phase of OPEVALSs, a project officer is concerned with

the following:

(1) Sereening data recorded during the test to insure that they are

as accurate and complete as possible.

(2) Cataloging data so that appropriate associations are made and

the data are prepared for processing.

(3) Reducing the screened and catalogued data, usually by computer
or calculator operations, to iansure that selected descriptive statistical summaries

describe adeguately major trends in the data.

(4) 4nalyzing the summarized data to derive implications of results

which lead to as firm conclusions as possible.

The above mentioned steps are standard operating procedures for anyone
in the research and evaiuation field, and the numerous complexities and
difficulties involved ere readily recognized. This description will not attempt
to provide what is, in essence. a manual of scientific procedure; rather, it
will focus on peculiarities of the OPEVAL procedure which make these four
operations especially difficult. For example, a project officer rarely has the
options of the laboratory scientist; ke usually cannot run the test 2gain because
it cosis too much. Furthermore, the project officer cannot hedge in his

cozciusions because he must be able to dejend this deeision against eriticism.

There are certain similarities between the tasks of a project officer and
of the laboratory scientist, however. Neither can be absolutely certain of
his interpretation of the data. Our current fact-finding procedures are such
that a statement of absolute certainty cannot be substantiated. In addition,
neither can one hope to cope with 21l pcssible criticism of his conclusicns.
Constructive criticism may be utilized by each i improve interpretations,
later test plans, etc. {"Destructive" criticism may aiso ke valuable, but all
too often criticism cf this type is merely the pointing out of the failure of
obtaining absolute results, a panacea for 211 ilis, a goal which any trained
researcher recognizes as being unattainable.) However, both the project
officer and the iaboratory scientist should be reasonably well assured that the

conclusions which are derived from the data are accurate.
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In the remainder of this section, a new method of presentation will be
used. Throughout earlier chapters, human facior stieps were presented
separately from other OPEVAL steps. By the evaluation stage in OPEVAL,
human factors effects areintimately andpremturely attached to data showing
other effects. Therefore, it is best to present both the '"normal'' qnd the human
factors considerations simultaneously. Ctherwise, a false division results

which may tend to be confusing.

7.1 IMPLICATIONS OF THE SCREENING, CATALOGING, AND REDUCING
FUNCTIONS UPON DATA ANALYSIS
The steps above are descriptions of what a project officer does. Naturally,
these operations are performed for 2 reason; in this case, there are two
pu:poses involved: (1) to insure that the data under study are as reliable, valid,
meaningful, and comprehensive 2s possible; and {2) tc transform data into a
form which facilitates accurate interpretation. The problem, of course, is to
insure that in the often complex process of data manipulation, synthesis, aad
analysis (including the usual statistical gyrations), important factors having
significant implications on system performance do not become ocverlooked.
¥ such oversights occur, interpretations can be less than optimal or, even

worse, they can be erroneous and misleading.

The essence of the above argument is that it 1s important not to lose
track of well known effects in the course of an analysis--including human
factors effects. Factors which can be expected to influence performance, such
as weather, maintenance and operating personnrel, etc., must be duly noted
and taken into account in the analysis. This point, which is extremely simple
to understand at first glance, is not simple t0 implement in practice--especially
when operating under the conditions routinely encountered by a project officer.
Often cnly small amounts of data are available, and 2 number of factors have to
be taken into account. In tiis regard, ancther similarity betveen the problems
feced by the project officer and those of ihe research scientist becomes apparent;
it is extremely wuniikely that anything can be dome to take ascownt of faotors vhich
were not anticipated. In testing, if atterpis are made to study factors of knom
or suspected irmpsriance wnder operaiiomal conditions, tnis list forwms an upper

imit on the menber of effects which oan be analyzed and inierpreted. Oftem,

beczuse of data loss, only sore of the 1ist can be siudied,
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be illustrated by the use of two examples. Both examples will be as realistic

as possible, but in order to keep this report unclassified, the data employed

will be artificial. Both examples will include two features which are particularly
relevant to the project officer's job. First, the amount of data studied will

be sufficiently small to induce problems in interpretation. Second, additicnal
effects not under the control of the project officer will arise to make analysis

much more diificult.

7.2 FIRST NUMERICAL EXAMPLE

Assume that one of the objectives of a SAM OPEVAL wouid be to cbtain
accurate 2cquisition envelopes for tracking radars when very high altitude
targets are employed. Since aircraft with this capability are not as readily
available for OPEVALs as others, practical contingencies might have allowed
only six overflights on a two-per-day basis. Also, assume that radar propagation
cunditions were 1ear : .aximal on the first day, degraded on the second, and
excellent on the third. There is little argument that this unwanted variation
in propagation conditions rus? be duly noted in the analysis. Under these

conditions the data might appear as follows:

Acquisition
Range

Day 1, Renl = 32,000 yds.
Day 1, Run 2 = 48, 000 yds.
Day 2, Run 1 = 36, 000 yds.
Day 2, Run 2 = 44, 000 yds.
Day 3, Runl = 38, 000 yds.
Day 3, Run 2 = 60, 900 yds.

EFrom these data it is simpie to compute a2 mean for each day and to
compare the three mecans tc get some indicaticn of the propagation condition
effect. On Day 1 the mean (average) performance score is 40, 90C yds; on
Days 2 and 3 the means are 40, 090 and 49, 000 vds., respectivelv. If the
first and third days' performances are averaged and compared to the second

day's, an advantage of 4500 yds. results (for a good propagation conditicn),
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which can be indicative of the effects of the observed amount of propagation
change. Thus, the project officer might indicaie thal while the targei acguisiiion
range for high altitude targets is a function of the propagation conditions present,

values will tend to range from 40, 000 to 50, 000 yds.

While the above procedure does what it can to estimate the effects of
variations in radar propagation conditions, it overlooks what appears to be a
significant human factors effect. it is a common observation that people
generally perform better in a situation gfier they have met it once: and it is a
fact that the novelty of a high overilight decrzases with each experience {(run).
In fact, it is reasonable to expect a marked decline in novelty after it occurs
once. From this hypothesis we can proceed to examine the data to determine

whether they support the idea being advanced.

The first support for the idea that learning {decreased novelty) has an
effect comes irom looking at the variation between means for each of the three
days: Day 1 was 40, 000 yds: Day 2 was 40, 000 yds; and Day 3 was 49, 000 yds.
Thus, a slight trend can be noted toward increased acquisition ranges,
especially when it is remembered that on Day 2 propagation conditions
deteriorated. More striking differences emerge, however, from a second
indicatica of learning effects, viz., the second run was always more successiul
than the first run. The mean {average) target acquisition range for all three
first runs was 35, 300 yds. while the mean for 2il secoad runs was 50, 600
yds. Therefore, it is more than likely that a learning efiect oi the type
described above exists and is sizeable. 4lso, since it is wnlikely that a high
aliitude overjligni can be expected in cdvance, it migni De appropriate to consider
the 35,300-yd. value as being more deseripiive of cperaticncl perjormance.
¥ this value is too low to be tolerated, 2 training recommendation might be in

ordex.

However, there are more direct ways of tackling the training problem--
ways that allow data to be accumulated to support recommendations. i, for
example, a project officer found that on this test ship he had one operator who
hagd received a special course and one who had not, he could take some steps
to assess these effects. In determining what to do, it is obvious that each of
the two men should be tested under equivalent conditions. Eve.n after all
precautions are taken, however, it is impossible to make the tests completely

equivalent because whoever is assigned when the first overilight occurs has
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axample below) insofar as possible. In this case, it would seem wise to use
both operators during each day (one run each which serves to neutralize the
propagation effect) and to alternat~ which one works first. Since three runs do
not allow complete alternation, someone has to get the first run twice. If the
first day's first run is likely to be the hardest, the man who gets this assignment
should probably get the easier assignment on Days 2 and 3. In short, what the
project officer would like to do is follow this schedule {if he had 4 days of 2 runs

each):

Day 1, Runl - Operator A
Day l, Run2 - Operator B
Day 2, Runl - OCperator B
Day 2, RunZ2 - Operator A
Day 3, Runl1l - Operator B
Day 3, Run 2 - COperator A
Day 4, Runl - Operator A
Day 4, Run 2 - Operator B

Since he does not have this latitude, he can only follow the schedule through Day 3.

Assuming that this schedule was followed, it is possibl= 0 get some
estimation of the effects of training (with practice and propagation conditions
balanced insofar as possible). In the example, Operator A therefore has
a mean acquisition range of 45, 300 vds. whiie Operator B has an average score
of 40, 706. If Operator A had the special training, it would appear that it was
worthwhile and contributed an effect approximately equal to that of the prcpagation

effect noted.

In swmary, it con be said that significant hwmn factors effects can be
operating in any test; furthermore, it is possible to estimate their ejfects even
when tne total amownt of available data is small. While ikhe procedure is
admittedly crude, it is alout as refined as prectical circumstances permii it, and
it offers new opportunities to the project officer to determine how the suystem
undergoing test can be brought wp to operational demands. For example, assume

that a 40, 000 acquisition range is required for operational use. (ne way of
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practice (perhaps a training device) or to provide special training. Both of
these options are altermatives to system redesign and can be substantiated by
OPEVAL data.

7.3 SECOND NUMERICAL EXAMPLE

The example discussed on earlier pages was one in which data were
scarce and the effects to be considered were many. In the second illustration,
we will concentrate on a case where data are still in short supply, but are
sufficiently available to allow decisions to be made (and substantiated) on the
basis cof statistical analyses. Also, the example will serve to illustrate how
human facters effects enter into any OPEVAL through the performance of

maintenance technicians as opposed to equipment operators.

Consider, for example, that failure report data gathered over a five-day
test period show that the times for correcting twenty troubles which arose in
each of two subsystems were those listed in Table 7.1. For purposes of
simplification, we will assume that the system being studied requires only two
subsysterns which perform their tasks in sequence. That is, in order to
accomplish the mission, Dotk subsystems must be operative. Therefore, the

system can be incperative under any of the following conditions:

Subsystem 1 is up but Subsystem 2 is down.
Subsystem 1 is down while Subsystem 2 is up.

Both Subsystems 12and 2 are down.

The remaining possible state is, of course, that both subsystems are up.

The first question a project officer might investigate is the probability
of each subsystem being down for maintenance and the gystem being down as

well, based upon his observations. * In Subsystem 1, equipment was incperative

* Assume that no delays occur because of a lack of replacement parts or
that no time is lost detecting the existence of the trouble.




Subsystem 1

65
90
60
125
30
45
80

100

Total time = 1000 minutes

Average time = 50 minutes

Subsystem 2

N
Ut

(¥

Total time = 545

Average time = 27. 25 minutes

Table 7. 1: Ilustrative example of time (in minrutes)
spent by technicians correcting tweaty
troubles on each of two subsystems
within the system undergoing test.
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for 1000 minutes during the five-day or 7200-minute
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proportion of '"down" time becomes approximately . 14 and, as is frequently the
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case, this is considered as the equipment failure probability--one value of P q°
.14, For Subsystem 2 the value of Pd is lower, being 545/7200, or approximately
. 075. Tkerefore, based upon this small sample of data, estimates of "up" and

""down'’* times for the systems car be given as follows:

Subsystem 1 Subsystem 2
P a4 = . 140 . 075
Pu = . 860 .925

Recalling that the system can be inoperative under any of three possible states,

the probability cf system availability can be summarized as follcws:

ey,
-

Probability of both Subsystems being up = . 7955
. i Probability cf Subsystem 1 being up and 2 down = . 6545
1 Probability of Subsystem 1 being down and 2 up = . 1295
’ Probability of both subsystems being down = . 0105
. TOTAL 1. 0000
ti robability of svstem being dowa = . 2045
ff:,é The second question of interest is whether or not the differences in down
;A time between Subsystems 1 and 2 are statistically significant. If so, it would
Sf‘c, appear worthwhile to concentrate efiorts on improving the availability of
‘ Subsystem 1. Taking the difference between means for the two columns shown
% in Table 7.1 {50.900 - 27. 25 = 22. 75j and dividing by the standard error of the
T difference tc obtain a t ratic {Sd = 9.173), a t value of 2.481 results,whick
£ 73 indicates that the amount of'down"timeinthe two subsystems is indeed different
(P < . 05).
s
ﬁ;g On the basis of the analysis illustrated above, valuable information has
: been gained by the preciect officer. Now we will proceed tc illustrate how taking
S account of one particular human factor could serve to present to the project
' officer a whole set of new alternatives by which subsystem availabiiity could
"‘ be brought up tc desirea levels.
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onsider, for example, that the first ten troubles in each sudsystem were

(@]

& man with SiX monihs' mainienance experience, while troubles

11 through 20 were corrected by a technician with three years' experience on
similar equipment. The questivn now becomes, "Does experience make a
diifereuce and if so, what are the implications of thkis finding?'" Here again
statistical analyses can be used to test the question. In the case of Subsystem
12t value of 2. 203 resuiis which irdicates that experience does make a
significant difference (P < .05). In the case of Subsystem 2, a similar result
obtains t =4.11, p<.005. Therefore, it is reasonable tc infer that technician
experience does make a difference throughout the entire system. These

differences are shown below in terms of average times to correct a trouble.

More Experienced Less Experienced
Technician Techrnician
Subsystem 1 33. 0 min. 67. 0 min.
Subsystem 2 16.5 rmin. 38. 0 min.

On the basis of these additional analyses, we can see that we might obtain
approximately a 50% reduction in average'dowr'time per trouble in each sub-
system if only more experienced men are used. Furthermore, it can be seen
that the average time per trouble taken by an experienced man in Subsystem 1
is very similar to the average time per trouble taken by a less experienced man
in Subsystem 2. In short, we begin to see possibilities for ""trading off"" equip-
ment complexity with technician experience. For example, if we have a limited
number of experienced technicians, we might choose to put them to work in

Subsystem 1.

One final point is worth noting. Ojten Garing a test an "extra efjort”
situation prevails with the rosi experienced tehknician vorking on all troubles
vhich arise.. I this were the case in our numerical example, resulting estimates
of the probability of subsystem availabiiity would be biased in an upward
direction. That is, it might be passible to pexform in an extra-eifort manner
during a crisis periud {with the most experienced man getting little sleep, etc.),
but can the maintenance crew be expected to act this way all the time? If not,
two systems' availability estimates arz 2ppropriate; cne for skort-run crisis

periods and the other for normal periods. X the second is not available, it
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should be indicated that the availability figures given are for short-term
crisis p-riormance. 3ut, if data are not coded to refiect these technician
effects, they camot be noted and used to advantage by the project officer. In
fact, these hidden effects become a distinct liability.

7.4 SUMMARY

Throughout this scction numerical data have been used to illustrate the
poirt that by taking account of human factors, a project officer gains additional
information about the system in question. That is, at the end of the test he
has numerous options open to him concerning how to meet system requirements.
This additional advantage is gained by taking the residual variation left in
system performance data (after equipment effects have been removed) and by
removing from it the portion directly attributable to operator and maintenance
technician performance. By this process,it becomes possible to determine
more accurately numerous combinations of specifications which can serve to
insure that systemn performance standards are met. Also, by the study of
human factors effects, it is possible to be more certain that what is labeled as

an equipment effect is in fact an equipment effect.

In short, advantages can be gained by the project cfficer by taking human
factors into account in GPEVALs. However, in order to obtain these advantages,
care must be taken to insure that in the process of screening, cataloging,
reducing, and analyzing didta, humar factors effects are not overlooked. In
other words, what comes out of an analysis is not only a function of the preparation
and planning that went into it, but is a function of the data handling procedures

as well.
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8.0 PREPARING THE FINAL REPORT

The project officer's respcnsibilities and activities at this phase of
OPEVAL are covered in some detail in Vol. I, COMOPTEVFOR Inst. P3930,
lc, 1 April 1906]1. For that reason they need not be reiterated here. What
should be mentioned, however, is thatell of the intricacies involved are concerned
with a single goal: arriving at definitive conclusions substaniiated by data
gathered d:ring the OPEVAL. Therefore, attention will be centered upon how
human factors studies in OPEVAL might serve to modify, influence, and assist

the project officer's basic task.

8.1 USE OF THE TOLERANCE LIMIT NOTiON

Throughout this report, it has been stressed that while project officers
rarely have the opportunity to study human eifects in considerable deiail, they
can usually gather important data concerring how much variation in system
performance can be anticipated as the result of human components. To
illustrate how these data lead to conclusions, the hypothetical datz used in

Sections 7. 2 and 7. 3 will be employed.

Assume that one of the requirements placed upon 2 SAM system iz that it
must be able consistently to acquire very high altitude targetsata range o, £0, 000
yds. Within the range of propagation differences employed in the test, it
appears that the fcllowing estimates can be derived: first, the lower limit of
system performance which is likely to occur,using operators with little practice
in searching for and handling such targets,is approximately 35, 000 yds. Second,
by using an operator without specialized training but having the advantage of
practice, it appears that acquisitions can be made at or above the required
standard of 40, 000 yds. Third, by using an opersior who has specialized
training but little practice, acquisiticns will probably be made at considerably
less than 40, 000 yds. Finally, by using an cperator with specialized training
and practice, target acquisition ranges can be increased to .:pproximately

50, 009 yds.

Thus, a graphic depiction of how the range of human effects center about
the desired acquisition range can be shown below,where XL indicates the lower

limit of human effects and X_, the higher limits.

H




Range of human variation

Xy Xy

10 20 30 40 50 69

Acquisition Range in Thousands of Yards

If this range is subdivided intc 2 below-standard, standard, ard high-standard

section, the following descriptions are appropriate:

Acquisition Range Appraisal Conclusion

35, 000 to 40, 000 yds. inadequate Without practice even
specially trained
operators fall short
of the standard.

40, 000 to 45, 000 yds. marginal With practice a man
can make this range
even without special
training.

45, 060 + yds. adequate Special training and
practice are required
to attain this geal.

All of the above evidence indiccies ithat in order to De reasonably assured
of successful attainrent of the 45,000-yard objective, both practice and speciclized
training are required on the present system. Perhaps, by slight job modi-
fications and a different approach to the task, this average acquisition range
for high altitude targets can be extended well beyond the 40, 000-year standard.
Answers to questionnaires provided by the test ship's crew might be of
considerable help in isolating possible points of modification. In this manner,

statements and conclusions remain definitive and can be substantiated by data.

A second specific requirement might well be named, e. 3., that system
availability be greater than 90%. By using illustrative data introduced in
Section 7.3, it can be seen that the system will potreach this standard. New
tolerance limits can be drawn to indicate the range of performance available
simply as a result of considering human factors. First, it is apparent that by

using both highly experienced andrelatively less experienced men in both
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subsystems, it is doubtful that availability will surpass 80%. Second, if we

choose to use only highly experienced men on Subsystera 1 with the mixed
experience group on Subsystem 2, this figure can De increased to appreximately
83%, which still falls considerably short of the desired goal. Third, if we

used oaiy less experienced technicians in both subsystems, availability is likely
to plunge to less than 80%--the results of which would be disastrous. If we use
only highly experienced men on both subsystems, equipment availability
reaches approximately 85%. In short, no matter how well ezperienced the
tecimicians are, the system availability goal eanmot be reached. Ways of
simplifying the job of maintenance should be studied thoroughly by using the

results of questionnaires to suggest means of improvement.

Consider, for 2 moment that in the abovz example an 85% subsystem

Cahiad daiid

availability is the standard instead of 90%. From our 2naiyses, we can see

o™

that this goal can only be obtained w:th highly experienced personnel. If this
is the case, an inquiry directed to the Bureau of Naval Personnel's (personnel
research specizlists) would be in order to see whether personnel with these §
qualifications could be provided in sufficient numbers to meet the entire Fleet
demands. If the number of such men falls short of what is required, we again
conclude that improvements must be made to bring the system up tc the 85%

standard. In short, while it may be theoretically possible to reach the goal

under certain special conditions, practical contingencies might preclude meeting

the necessary conditions.

8.2 USE OrF QUESTIONNAIRE DATA

As was shown in the preceding examples, the tolerance limit notion is
useful in deciding whether or not the system can attain its stated requirements.
But when it comes to suggesting how to correct existing deficiencies, question-
naire data from the test ship complement are extremely useful. As was
indicated earlier, it is possibie by means of questionnaires to isolate especially
difficult and time consuming aspects of bsth operator and technician jobs. At
the same time, it is also possible to acquire suggestions concerning how

present difficulties can be overcome.

With information of this sortavailable, the projectofficer is able to pinpoint
whataspect of a man's job should receive greatestattention (when corrective measures
are needed). Also, he has some suggestions of how to go about reducing existing diffi-
culties. Naturally, theprojectofficer’s personal observations and insights areof

considerable assistance also. -54-




