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IJUI'".{N FACTORS TESTII,IC IN I/,IEAPON AND SPACE SYSTE4S

by

Joel Cooper
Lynn Eigby

Wilfiam Spickard

Northrop Corporation, Norair Division

llawLhorne, California

Tntroductlon

The developrnent of systan design is a process in which the designer

formally or informal-1y predicts that his design will satiofy the performance

requirements of the syston and then subjects the design to test in order to

deierrnine whether the design has met performance requirenents. The process

is iierative in that, if the design does not nieet the performance;require-

ments, it becomes necessary to determlne the degree of discrepancy and feed

this information back through the syston for a design [fix.t Although much

of this testing is accomplished through formal test programs (qualificati-on,

acceptance, etc.), a great deal of analyLical vork that is done in the

Cesign process is essentially testing. Things such as design review boards,

etc., are fundamentally flheadfl testing, in that they call on, to great

extent, individual- or group ocperience as to the results of fomer test

programs.

For the designer, the data from test prograJns constituie the bases for

the C.esign fifjxesfl that must be accomplished. However, he preriouely

reported data in lhe form of handbook in-formation that has been established

through theories and their proofs; i.e., Olrnrs l,aw, Youngrs Modulus, elc.,

as wel-l as tabl-es of tube curves, netal strengths and so forth. From these

information sources, the ciesigner sets Lhe system design and then deterrnines

the performance test requirenents necessary to (lernonstrate the adequacy of

lhe design. Although he uses fail-ure data as a source of infor:nation, this

is supplementary to performance test data in the adequacy determination.

In contrast to this approach, the hurnan factors specialist, although he

acta as a designer in deterrnining or consu-lting on the systen design for

human performancq generally relies on faifure data or observationaf dala

for his design determinations and recommendations. Thus, though the human

factors specialist fundamental-ly has the same types of sources of background

data, albelt less precise, he essentially fails to take advantage of lhe

possibilities cf methodical perfor:nance testing as a source of design

i n flomat. i o, -

Since the human factors specialist has traditionally used ir.affunction

or observational data as source of information, it may be we]1 to exanine

the problems and uses of these sources as compared with those of performance

UCDU lTdUd.

Malfunction Data ProbleuLs

A study conducted al Stanford Research Institut/has ind,icated that

for seven n:issile systems examined, frc,m 20 to ll percent, of aIL failures

can conservatively be traced lo human-initiation. Addilionally, hold data,

which were available on two of these oystans, showed that 23 percent of a1I

unschedu-led nissile holds were human-initiated. Purther, in each of the
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sysiems examined, contractor test personnel revealed that at least one

disa"strous }aunch or flight failure was human-initiated.

This record of hurnan initiated failures should suppLy the human faclors

speeialist with a good deal of infomation as to the perforrnance cf the human

in the system, yet suprisinqly, this does not seem to be borne out by the

facts. In the slucly reporteC above an exarni-nation was made of malfunction

reports in two of the sr.stsns studied. The reports were separateri into two

malfunction cfassifications; one in which the malfunct,ions could definitely

be traced to hr:man-initiation in the imnediate causal- chain, and another in

which human-initiation was in any way doubtful. This would a1low for a

conservative estimate of the malfunctions which were cl-aisified as human-

iniliated. In each of the systems exa.mined a code provided for a classifi*

cation entitled ttHuman Error.ll Below is a table frorr! the same report. irr

which is shown a compari-son of code reporting nith analysis of the reports.

Missile Nunber of Maffunctions Labeles as Malfunctiar:s Anallzed
Malfuncblons Human Error on Reports as Hum&n-Ini.tiated

A 1391 3 322

B 977 0 193

Jt From Shapero, et. al. -2/

Two points se6n of importance in the apparent discrepancy of the data

above. The first is that malfunction data reporting systsns are, in the

main, hardware oriented. Reports generally come into data analysis by way

of a ttfailed hardwarert tag of sorts. There seeros to 1itt1e if any formal

reportinq of human-initiated failures unl-ess there is a resulting piece of

failed hardware. Most reporting systems exa"mine<i were lirtrited to a fist of

failed parts (to varying rletail of description), use time, replacdrent parts,

area of occurrence, faj.lure sypmtons, cause of failure, and corrective action

taken. Data such as these, however, prove of fittle use to the hr.rnan factors

specialist for the analysis of the human contribution.

The second point is that personnel shy away from reporting on thsnselves

or their fellow-workers. Rappaport and Coope? obtained critical incj-dence

data from narrative type malfunction reports and compared these data !,ith

data from intervier+s with test personnel for the same system. They found

that written reports reveal mainIy those failures to which a nfailed equipnent"

tag can be att,ached. The verbaf reports, on the other hand, indicateti that

there were a great many failed operations that went unreported" Additionally

l1esign deficiencies were practically undetected in txritten reports yet

occupied a sizeable portion ol verbal reports.

If the -rrritten reporls were analyzed alrrne, it would seem that the most

fruitful areas for correction would be in preventing faulty constrllction.

The interview data, however, would. dernand that faulty operations be looked

at first. ft seems errident that the inforrnation which can be obtained from

a reporting systen is, to a g:"eat exLent, a function of the reporting form

itself lrhich is, in turn, a funetion of for whom the reporting form is origi-

nated as well as who wil1 report on the form. Therefore, unless the human

factors specialist carr lailor lhe rnalfunciion forms to yield specific data

for his needs, he can expect little information from malfunction reporting

arr.ii is presently practiced.

Test Pgrformance Lrata for the_Ulgen_Isctorq Specialisl

To some extent, hunan factors specialists have for years been using

hunan test perfornance daLa. These have originated in the psychological
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laboraLory.and iiefC experlmet.tts. Tlieee Cata are limited but if Lhe iindta-

lions are r"ealized and used properly, lhey quile oflen form a solid basis

for a lesign h)?othesis. Further, riany of these h1,'potheses have been vali-

rjaied to yield much of the huriarr factors engineering principles that are of

use toCay. Too often, however, the human factors specialist has simply fur'-

nished the design engineer with the principles t,hat have evolved from these

experiments. Irom these principles the design engineer is expected to design

a systan in which the hurrian can perforrn adequately. At other times, the

I.ir.r..an factors specialiet runs an experinent in which he deter:nines a choice

between two or niore givcn alternative Cesigns. In the latler case, there is

qurte oflen no deternunatiorL whether either of the alternatives are adequate

bo satisfy perfornance requirements of the s;;stem"

Present +.est programs are ilesigned io yield perfcrtrance test information

on a variety of design predictions in order to feed back data lor redesi-gn

of the systeni. Slnce inforriation from these programs is usual1.r:i in re-qponse

to specific demands of the aerodynamicist, electronic engineer, air.: irarlous

other hardware-oriented engineers, +-he hrman factors specialist :'arei1; iirls

data that are usefuJ- to hfu), except some information Lhat is inadvertantLy

revealei during the course of test. Usually his presence at the test, sii ,

if he lndeed is aU-owed ihere, is lndted to wh.:.t he can observe t+hile keeping

out of the wav.

Many human faclors specialists complain that they have no opportunity Lo

oblain specific data from perfor:rance tests. However, there is a real

question as to whether they can specify the test forrn and the data require-

ments for their needs" Unless there is a method for clearly specifying their

needs, as wefl as the form and method which can supply this, it seems doubt-

fu1 that there r^rill be any sizeable amount of testi-ng in the area of human

performance. The neeris for performance Cata, as indicated by the findings

on human-initiaied nlalfunctions, seens incompatible with the l-ikelihood of

getiing this information until a rnethod of approach to the problan can be

delineated.

An Applgqqh_Lg Hurnan laclors PerfolmancL TesLlnq

It 1s apparent that any suggested approach cannoi be revolutionary in

that it completely revamps present systern practices. However, the mission

of any system can be, anC usually i-s, divided into a series of submissions

or funcNions which wilt be perforrned for test or operational use of the

system. These functions are essentialfy operations and j,t is in an opera-

lional conte.J(t lhat the human ente::s and perfor:ns in the systan. The

opera-"1or+i1 context is tiynanic, the hrxrian is a d5.n&1is elenent in tire

systrxn anci .it 1s lcgicai Lhat il ikiere is to be performance testing for Lire

hui:rn in i:iie system it soul-d i:e i-n +-hj.s ;ivnarnic conle:<t,.

There is logic behind i.he use of operations as a basis for testing; ihe

d;,rrie"i,rics previousll- nenlicnei, the fact, ti:at operaNions can be chosen at any

colverrien! J.evel, lhe diffjculties involved in complete systar lest, the

faci: Lrat one part of a syetem can be ,]slonstrated before the rest is com-

pi-ei;e, the sequential dependencies lhal occur between funct,ioris, and the

ability to riernonstraie sysLe-rn interacLions for all system elements concerned

in +-he cperation. However, 1i is necessary to state some hypothesis Lo be

tested and the acadsnic t,raining of ihe l'ruman factors specialist is ideally

suited to set the hypothesis and fomi the experj-nental design to validaie.
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For the formulation of this hypothesis he needs the historical data that the

previous laboratory and field experjments have supplied.

The resuIts of such perfor:nance testing would add to the store of useful

historical- data, lead to further hypothesis for test, and establish the

hunan factors specialist in a society (engineering) which implicitly states

a hypothesis in each design decision that it makes. Further, this society

demonstrates the efficacy of the prediction (design decision)by setting the

test to prove the prediction.

Since there is an expression of operations presently in use ln systerns,

it seens logical that if these operations wer:e obJectified and anal)rzed they

could be subjected to the following measuranents:

a. The mean-man ti.:a,e in which the individual operation couLd be performed.

This would require either references to known times for given tasks or esti-

mates of such times. But such estinates can be reasonably made, and much

more e).acting times can readily be obtained via experimental techniques.

b. The cost of operations in terms of the required instrumentation, ex-

pendables, etc. Cost is an ambiguous criterion, for cost ramifications are

frequently elusive. However, estimates of the cost of a given operation

could be made, or costs could be computed with greater or lesser degrees of

accuracy, depending on the issue at hand. The fact rmains that mantime

cost, for instance, can be readily conpared to automation costs and that

similar cost measures would be exLranely usefu.f in accomplishing design

trade-offs.

c. The variability with whrch operations can be performed. In a sense,

variability could be measured in terms of the error bias indicated in the

performance of the task type. Probab)-y a simple nominal scale would provide

boih a rneans of estimating and evaluating variability as an operations cri-

terion.

d. The accuracy with which the operation can be perforaedl e.9., the

level of confidence regarding the degree to which the task or function can

be performed reliably to specified tolerances. This, too, could be measured

in an exacting fashion, but agai-n, such e:ecting measurelnent would prove in-

practical, for such measurement would require considerable ocperimentation

on each and every operation. This would not be feasible when a designer was

waiting to nake a design decision. Here, too, a si:np1e ncm"inal scale would

pr.obably serve the purpose.

A look a,t measur€ments of operations such as proposed should eventually

Iead to a store of quantitative data for standard handbooks for human factors

engineering.

Choicd of Operations to be Examined.

Ideally, the course of systsn develoEnent would be such as to exa.rn-ine

each operation that will- be perforrned. Practically, the complexity, ti:ne

limitations, econornic factors, and pure lack of knowledge of what operations

will be performed preclude an undertaking as voluninous as this. It becomes

necessary, then, to make a decisj.on as to the choice of operations to be

exarnined. To look at operations in this context it is necessary to examine

than within a systan. Sone operations are unique in the system in that,

though they nay be affected by previous operatione, they thonselveE affect

no succeeding operati-on. Others are sequential and affect succeeding oper-

ations as weJ.l as being affected by previous operations. As such, it may be

well- to ask of any operation.
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How nan. other operations are affected by the failtre of this operation/

Secondl;r, thoueh lhe operation r,ay affect marLy other operations, questions

as Nc the effects of the loss of bhe operation niust be asked. Tirese questions

can be stated thus:

ItIi.lf the }oss of lhe operalion abort the mission.

Wilf the loss of the operation oegrade the mission, and to what degreeJ

Ailditio:ral-fy, it musl be recognized that operations are subject to tlpes of

failures, such as:

Onission of operation or neglect to accomplish.

Accidental activation, interference or clama.ge of related features.

Inaccurate performance of operalion.

Each operalion shoufd be examined in lerms of ils susceptibility to these t;pes

of failures. - To summarizer- there are lwo areas for consideration of operal,ion-

al naffunction; Iikelihood of malfunction and results of mal-function. If it

is founri that an operational failure is critical, it is wise to ask:

Can the operation be performed differentll.r

Can the operation be perforrned at a different timel

Cn the other hand, if the operation ls found to be non-critical, it is in

order to ask:

Is the operation necessaryr

The fevel at which the operation is chosen wil-I certainly have an effect

on the ansuers to the proposeC questions. For example, if the operation is

chosen at a level as broad as lflaunch missilert, the loss of the operation

wou-l-d certainly abort the mission. If instead, the operation were chosen at

a level as low as rllighten screw on access doorE and there were sixteen screws

in lhe door, lhe failure to tighten one screw would probably have 1ittle

effecl on the success of the nission. Where an operationaf faifure will

cause a systern failure, it may be necessary to overlook certain efficj-encies

in order to increase system reliability.

System Testing

The consideration thus far has proposed an abstraction of elements of

the system for consideralion. Inasmuch as the probldn that the human engi-

neer faces is one of total- s),stem performance, it becones necessary to

exaJrLine human perforniance under system operational conditions; i.e., field

test" The development of eqllipnent follows a prescribed course of design,

development etc. rith testiqq at each }evel. rKnownsrr in this contexL are

not usually subject to t,est, but unknowns and interactions are specificalfy

'bested through the course of development. At a later stage the total systeril

is fleld tested under conditions which attdnpt to sirnulate rrealrt conrlitions

as closely as possible.

The field test a1lows, for the first time, a iest of the total rnan

machine systan w-ith all its interactions, coordination and coneomitant pro-
1/bl-ens. Meistef'sums the reasons and results of human engineering field

testing thus:

Evaluation of the adequacy of the hucan en-
gineering recomnendaLions made during design
and development.

1
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Resoluti-on of hunan factors probl-ems re-
vealed by testing,'which wiJ.l lead to im-
provenent in the design of equipment and
procedures 

"
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FThe new test envirorment presents special
problems of its own because man*machine



system elernents must now function in a co-
orCinated fashiorr. Special emphasis must
be placed on procedures for inierrelating
operal,ion, maintenance and communication
functions' This is not to salr that no
thinking has been done about these inter-
relalions prior to the test phase; but
these interrelaLionships must now be
checked out and imProved.

l+. To nteasure the operability, maintainability
and communications acequacy of the systan.

in tl.re field test, time, error and variabil'ity r,rust be recorded; the

means for accornplishing are clepenclent on the particular situation. Control

and manipulation of vari-ables, such as r+ould be done under laboratory condi-

tions, is virtuall;g irnpossible for the human engineer. 0bservation, recorded

".rata, anrr interviews with personnel must be obtained without changing test

conditions. Thus fielC Lesting-becomes, lo a great extent, a means of veri-

fyrng the preciictiorr of the human engineer.

ilopefully, the original predictions and consequent design recomendations

wilt be sufficiently valid so as to i:npose little necessity for 'Jesign or

procedural change. Those changes which result from the interactiorr effects

should provide some basis for predicting interaction effeets for future

systens.

Space s;rstons present the same problems in testing albeit in a somevrnat

different envirorunent. The nost lol,:ical choice of a test facility seems to

Iie in an aciaptation of a ttspace Crew Holding Facilitytt (See Aslronautics,

February 196C). Since the concepl ilseff is one of simulation of lhe oper-

ating coriclitions in space, it is particularly adaptable to providing the

test information short of actual space conditions.

The hrmran engineer then must assume the obligation of using the knowledqe

that he has available to irake predictions of design adequacy in terrns of Lime'

error and variability, tesl the individual predictions in a dynanr'ic content'

feed back the error in tems of design changes' and verify the prediction in

a setting ihat inclucies the problems of interaction between systen elements'
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