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FORRWORD

In 168, Hunien Sodenoss Begsaveh, e, initbalod u posedreh pros
geam slined al aymhssis of system vapeeral methodoiogy.,  The progeam
i wnder spars pehip of the Peitoinel and Tealning Besnch, Payihologi-
cad Hotanees v islon, OHon of Naval Reseacoh (Contrast Mopg - SRENGHH),

The contrrd alma of the program are (o pystomatically reviaw and
fikegrate the mathods which have been emploved v studies of vamples
il rndhine eyatema) W compare altepnetive methods and procsdures
which have baen veesd 10 caifey oul various aleps of suoh system atuidien,
ard 8 detarminn the major methodologlonl wenknosges coguiring conesns
tenied pesearah siforl,  Bubsldiney alma are (o dovelop s feame of pofors
siige ahidl @ commen maguage withiy the aystem peasarch domain 0 ald
staminuplcatlon kmong scientists from diveres deeiplinegs, and o sugges!

msang of appiying sdlsting methods L oW m"ﬂbla‘%m Epdag,

Phgne | of the program war 2 feasibility study in witieh 8 genseal
Fripewerk for analyales of methodology was developed,  Phase 1§ called fyp
valldation bng eeflaemant of tis framawork by olilialng it i e conduat
of savarsl ensgoing syeiem rezessch investigations, During Phages 1
i?i}_“?i#i’#éé'é! simphasls wag g:,m*zsii upan tntegeation of mothode for one Key utaga
0f the syatem regsanrch process - estabiliahing system nod aub-systsn
Pagiipemanis,

R

Hodulty of thy vegenvch program ire pregentod o o eoviee of

Q

-d!‘.

= .A.;

SR B ST ~
ToRIpiE gseifpRie,

regorts Hstad at the end of s paper, 'Thiz ie repert 5 1
B deavripes the methodology vasd (n develapmoent of soquiramenta for

denlgn of duplays and contrale for the cackpll of » msnned speca vehiole,

The design study within which the sluily heee reporied was earpied

aul wisd condueied for the Air Force by a large arporafi manufahizer,
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By Betilpg and Brope

The study reportad hare (s piet of o fonslbilly and derign Rttty
ondugied by & 25?5*" BEEOURM manufastursy undep BORERTL W the Afp
Faren, The eblestive of the study wer design of » manned » npace flight
BYHLSN,

Tho toial design affaee wWhE, of ooures, divided RiGaE a wimbes s
bammpanien, agencine, sid arganisatlong, ssoh he Ing 1ie kpaotsl area of
interest; s, g, guldanee ub=ayveiem, bobsiop z;ui‘sea;@fmmm cermunication
Bubsaysien. Two parth of Wis lueger sffort woes conoeened with the
mannsd dapecls of the svetem

Lo Heiman faotors in the & Mght vehiols,

20 Human facioes in the EPOURE guppaet dvalem,

This repert will be sopesrned arly with the formaer,
The Iimine fantors sffee! had saversl gosla)
Yoo Bstablislimen of derign rogulremeinis for dlzplay faces and
Enti0ig,

2. DBstermination of dealgn requirsimenta lor the humay PUvE s

estal Lv BROvt aysism,

o Bpecification of Flght erew tealuing eriulPementa,

Fhe preaasnt papee fovuass o the [leat of thase goals,

The vausarch problsin was ds sftned by the set of qustationg for which
answers wors soughl,  The questions includsd the follwy Yo

L What ahould be the alincation of functions bstwesn mas an

Daiching ¢

2. What slae should the craw by

Ao What Infurmation should e pissonted 1o e aperator

4. What canteol capabilliles abould be plven o the oparator

% & "@f :
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B, Wherea shoulid the Haplayi amd contrals be placady

< %

. What form should they take?

Although thesn sams guartions vsn b ssked 1 many diffspon
ferme, they Fefucs, sssuntially, 10 wwo beste questions
Lo Whnt pele should man pley i the oyaiem ¢

4. How can Ne Best b equlippod to parfar (hat rale?

The mathedelogy smployed tn the human factors approach o these

Gieeaiiong 8 the fous of this papst,

‘The injtlal
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Huplications of Uia set of gensrsl aystam peguicemenis, Fop @mmg!a ;

& periormanee vequirament wns staled whioh, when constdered in cambl .

A‘.

ot 1a _.

nation with ihe stalespf-thy- af prapeslisats, gave PiAe 8 maxmnwm
walght requirement, This Feiquirement Lmpogsed o wolght Hmitadion upon
svery wlemmant of syatem deslgn, which i turn ihmited the dunign alternn -

tves that could Y eongldered il ol donign lovel,

Within the humsn fpotore sren, the binpleations of syetsm roquire.

mants wore traced oul by 8 series of analigie cyeles, designed to prodoee
pragrauplvely mors detalled ataiemonts of deglgn 2eiquirements and speot.
flubtlont, The fivel ryele bogas with the general aysiom requiroments,
Infaruw tian wag collected and aynthesized Ipto o et approdlmation of a
flnal eolutivne <& preliminary soft moechup of te spy eblas daplayi and
cinteale,  The gsyrgcg Wh f‘ﬂpagh‘i[z gavirnl tines in the couprge uf the jrivie s
Jevt, ench tiran ywlt!i;teg move detitled repolin, wmcre haciep materiad foy

deaigh decinlong, and modifications femi red by shanges in athor anpecis
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uf the deslgn,

The spprosch, cosalating of B nunbuee of guecersive #ppran matians
Friber than & gtep hy step prograssion 1o the Hasl solutlon, wis choses
Besiige of the vonstaat aiste of fuy o infermation abiiit other nepsile of
syitan design, Buch a svde of flus appRare to e the rule tn enrly wlages
of gy aysten donlgn stuidiss, ‘The teial eyatem e divided inle pleves,
eiith halng worked oy gimultanscunly, Wach parl of e eftor provesds os
the braia of carimn sgmeaptions abowl sthsy PRELE OF the aysiem- =t thee
ERmnptions are caneiritly ehapglng, 118 not reasensola, therefors, W
aliampt o 08 prematurely any of m:} parametsrs with whioh you must
work. Tewiwld probably be tneffolent o provead slep by step, one te,
thifGugh thy Hieps neceanary w reseh deslgn conelusions cuniberning dipe
plays and coptroly, becaupe by the time the flapl aﬁgg wers foachad tha
information on which wrly slope were haged gl wihiedly wauld have

ehintigod,

Haoh eyole conaisted of eallsotion snd aynthests of Infermation, anil
wopropriaie evaluatlons. In the early eyeles of the humas fBelors rereiyek
affurt, evaluation whes haverearily Wendted to dagion] snrlysls of intepnal
Gty E e ¥ af the detplled e i‘*u!it@nwnm! vanslale ey of the ‘33%&3&2"& fii%'?fﬂlﬁﬁ
idogration), and vapability af the dos lgn o salinfy doslgn requiremants,

I later wyclas, sfter development of the hapd fmockap of the srelor of
the cabiln, svaluation tmoluded dge and poseh toats of the dig playe sl cons
trivda 1o the pliol station,

¥

The gpecifie mathads Ly which thess gucosgislve CYLIE8 webrs

varrted ond gre doscribed in the Roxl aoetiogn,
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when the funelions wiasl be performed,

The analysis began with a sintemsnt of gysiem requiveientd,  Then
o oget of funotione whioh the gestem murl acoomplish ware agiablishad by
loglenl deduction, These prinsipsl fanetiens weie furiher dalinssted info

subssfunctions,  Thay wera nol apeeifioally aspigned o map oF Mmrohing,
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Al the #&mie tme, & bakio sission was selacis
csufivenienl phdsas, which represspiad successive Ume sevitds more op
e homogensous o gesls and avtivitdlas, Then the fupttlons sad pub-
functions woere lald Gul I ey of phaaes, snd the Tanetanal aetivities
peruived for ench pubsfunetion withdn each phase wers speoifisd,  This

muteix of funetiaesl sotivities geavided the haple pegulremuiis
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pubseguent verpareh piaps wete bsped,

Mup: Michine Allocation

The second msjor analyels taek within *he buman (reiors effort wes
g determination of the proper aliovation of furetione o man snd 0 mechine,
Two geiaerel anuress of Information were uilisad:

o The bady of kaowledge sopcepning poriormae s capsbilitiss sl

Himlatanes of the human in tapks Bimilsr {0 thoae oplied far in
the ayatein,

4. The atate-of theeatt of sgulpment capabilities for taghis vegulred
in the By rlem,
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With rospact o the farmer BOUreE, B review of sumirsreke of 8
pge numbtiar of exparimentel studisp of man's gmm’a’j;-’fs‘mm under varivig
tiak and witustional condilions provided estlmates of the peeformance napa-
Wilities of ma with Feapect (0 the requives Anctionsl aeiferlag, A 1o e
fatier aourne, work on other poytons of the toial gvetem offort wip e
Viewsd 1o detepming ths mubpygtoms and bagoelpied G nt propaned
for tneluston within the tentative syatom dealgn, and the Gutss fune{ione
and funetional antivities whieh i Wy ware &slgned 1o seasinplien,

Thate two #sia af information were arought tagether snd relatad
to the required Nactional setivitiss whieh had § seen identiflad, A ayiteme
B poviow of sag h s ?i:‘.‘i!'é?ii;? i terms of maching and | Buknah chpabliiiag foy
lig parformance led io its teitative allsoation 16 man or to various {¥pes
of s dpment. ‘Fhiﬂ tanintive alloestion provided o Frat approdlmuiion of
a "deslgn solutlon" feom the human fertors pirdnt of view,

This partion of the study methodolagy maris the weskent link In
sEeant buman fectory mathodol iy, While a vast aroust of smgiripal

yeigmally and gepspale

s

data sxinte, thars g, 88 yei, no comprohensive,
tgabdy misterent of huinen performunee capahiities wad Hmitatone, now
{w there s common langusge within which hiumen sl machins performunoe
ven be deseribed and compured, T?‘i??ﬁéfﬁé;‘ﬁ%, &N hilooaiion of syrlem tasks
b oanan and (e machine w1 rests argely on intultive procedurss, It pap
b, ol bedt, & sough approdimation; ang ters 18 no appueange thiat it ig

an opitimel or sven & feuaible selution.

Gacond- by Bevand Speraiional Annlysia
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msthads ars prasently (n 8n early stage of developimant,  Howave), the
sludy 1ok adyeniage of revenl advances In the seen by e Hepnders
€, H, Lindauist, end B, L, Groas of ﬁiii!‘ti}ﬁ{sf}iiﬁi‘fﬁi?f‘&%?wfﬁﬁ.l Bpecifis
catly, w wecond=ly-gecond ojieraiongl analysls {HHCAY of the lotal flight

mlagion wag conducted,

The 5304 vonsiders the vaokplt o nozus of Infarsastion ehannely,
with the pidol &8 the osnnecting Mk Between the fnpul sid Gidpul cheanels,
Information chapnels which aee aveiloble for dleplay W the plot &Y vons
sidaredd input shannols, Chipels theough whioh the pllet exerelssg contrgl
{introduees bifermation inty (he syetam) Rpe u{};sﬂdurmi patpur shantala,
The HEOA anplysee & tepionl wlssion or padt of & leelon i i9rme of tha
flow of infopmation theough the eoskipi.  This fdaw of Infortaation through
the Gookiptt (8 conslldared to he Bi Infarmaiion exchange betwaan the pilid

iwnd the vehilole,

The information cpreied by lnpid chnpele i3 exmminsd 6n & mission
fome-tng, to determine the regqueney o Pate of mophering required,
i the fellowing fashlon,  The seeor Uil of ssoh informs ton paramaizes
the value boyund which the parametar oannt go whthoul a eesulting catag-
trophe -« (o agtabiished, on the basig of date abaet the physieal and dydsmie
ghapneteristien of the syatam, or slmilss saystemy, snd the anviroiment
i witieh the systam will eperate, The seras rate-s ey masimuern fate
al whiah the parametler ong change fram & degired or normal condition-»
te datermined by 8 glodlar mshnee, feroe tate and arvor Hmid see then
waetd o deterinine the pingmum Ume o b perameter W chanfe N a

pormal condiiian & the mit, 10 is sesnned that mentoring the channsi

ng,:r!egmm' Ch B st Greoss, B L, Hmess sagineering mane
machine gtudy of 0 weaspoy syeisim, Minneapolig: Minneapolis-Hunnywall
Hegulator Campany, October 1068, (MH Asre Report Noo #- 8D 6084)

i

Butian Bulencan Bevaaroh, Ing. . ..
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at intervieie of 8t laset ooe hall he mistanun tise wables the parameted %
g i be contpeiled within telapaner Hpdts,  'Fhe régquived sealinring rate :
for enoh inpit Informition chennel 18 determined Iy this manner, Tarh 2
L7 A 3
g the Hma peguivad to Nssty od #nd nderpret ehch lnlormation paramaier |s
A rg
determined, aithar by asleuiations based on sxisting human fsotors data |
g abaut huinse esapanes thme and data pPocessing ratus, ur by ssperimaptal 1
doteyvsninaiiogm, A slmilar deterpinsilon g ales made with cospact o 5
N
h . 3 i
g aiiipul {nfarmation vonirel sotlonal, i

X The bewie B80A dava chert Mot inpai and outpid information duws
% the avdinets, and Haie e, frem beglnaiag o end of 8 glves misslon,

along the shsvissa, 'The celle of the veeulitng mptvlr sre used 1o (ndicsts

R Y e LR 3

wHpEy

whather g glven ohannal dosg or dees mnt redgiilve attentisn at esch sncoesd
b the misslen. The aet affeel of theee aperationg iz 1o reduoe the toisl

g Intoyvtion fow theaugh the cockpls 6 a commen metrie, tms,
g Mute thal detepmination of grroe lindt and errar vite 1 o pamt f;
) Bound to e cherseteriptlon of the aver-all design sad s p iﬁgmszzfi
g sgulmment,  Thuas, the BHOA L uat cerpled ol Independent of 8l dessd o %
N tontative deslgn solution. I whould slso be neted thet the BEOA beplas
%’ With 8 sat of vequived Information parametare. & Hed of Input aid ouipot r
informuation which could vengonslly be ponvelved of as veluable o the s
% eantroller tautamatic op pliot) In compiled,  The working sut of error :
.. ralgs  ervor Hodie and Hestion Umes maey indlests that some of the ﬁ
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informaion chenneis are unimporiant rod could ba allminates, However,

there e s ayriomntie cheak without B804 procedures by which sddiienal
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& The BHGA providen 8 seguastisl sid guantifisd desorhiton of the
% ffoemation suchsige which oceurs batween the vebilole antd the pliot during
- o typieal mington, The date provided by the BSGA 10 81 the mon gpneifie
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Fihip Work Basd Anglysis

fane Tarm of summarisation of the basle BBOA dets ylelds indiveg
of pnsealop work load for saeh time intavest b iy minaton, Por the work
lead spalysta, the v sistement of each dlaores Informistinn srchange
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Lipk Analysis
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[ty indioss ware wles viad 16 detorming e location end grouping of dlaplays

andd eopptyaia,

Rumiary

\/

¥Phe treks desoribed showe’ spresent the ingloal zequence ol slepn
taken o devalop deslgn requiveraents e the dlapleys and conirols of the
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Genaral Apprasali oo Follow on Bludies

The ressarih doacribed rbove waa perfovmed under & sludy cono
praat in which the deslga pivesss was corvlod oply se far a8 fullvsoale
hard meckups, Thug; there was iiitle oppogiunity 0 performn valtdstion
checks en the real sydiem, [ wan apsumed that the ragent ol taske don:
fpied shove carky the Pavesroh provess khoul sy far ae 18 posalbls uaing
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meptation with {he sysiem o0 o slmplation of i,

Two mpjor repesrel phased should fellow. A st program baned
an alrmulation of &l or ssme aspocts of the desigaed wystem la ihe logiral
nekl phege in the jotal humab fastors regabeeh offort. It is often, though
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be pericesod only t;y stipplation foe 8 aysiem degigned (o npevits In 8peos,
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