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AEEH0RD

Thie roport wes prepared in diract support of plaming for the Hammed
Ordital Isboretory and as & pert of ths documented effort of the Training
Researsh Division on the problems of long~tora okill retenmtisn. Tho in-zowvico
plenning, monitoring, snelyees, and writing were ascopplished laxgsly undsr
teak 171003, Rwman Factors in $he Dosign of Systeus for Cporator Training and
Pralvation. %hioc tesk is a part of projest 1710, Bizem Facters in the Dssign
of Training Systesz, undsr the direotion of Tr. Oordon 4, Bokstrand., The
Sunds peedsd for the contractual datz colicotion, prolimimary analyses, and
reporting acoomplished by Martim-Marietta Corporstion {Baltimere Division)
vore drawn from rescurces available for ressarch on Humsn Performance (Budget
Sode 780B). Host of theze funde wers specisily allscated for the purpose and
the rest cane from thoms sssigned to projest 6114, Sismmlation Techniquss for
Asxospace Crews Training, undsr the direction of He, Caxl P. HolMulty.

The actual test, whiok m2e in two phases, was condusted by the Hartin-
Hardetta Corporetion at its Yaltimore Eiviaion under Hational Aoronsutiocs and
S-ace Administretion (HASL) contrects Mifw-1034, Ressarch ca Pilot Skill Bsten-
tion for Hammed Flight and HASw-1319, Test of Pilot Eotention of Sismulated Limar
Misaion Skillz, Ir, MHiltom 4, Grodsky, Hanager of the Kemmsd Huchine BEaginger—
ing Dopartoent, arranged the details of the test, ths data oollection; the
preliminary enalyzes and tho preparation of preliminary reports (Orodsky et al,
1964, 1966a). Hs. wes supported im the work Ly several associstes, especially,
Je 4, Mandour, D, Roberts, Je Ts Warfleld, and T. ¥, Fizherty. Although securad
by Air Fores {unds, the supporting contracts (as indionted by their designstion)
ware arranged by HASA on Pehalf of the Air Fores, This was very dssirable le-
czuse the work complemanted diveotly end required the use of dasta obtained undsr
the FASA contrechs HASw~=833 and HASw-1187, Hmen Reliability Progrem, aleo with
Hartindaristta Corporation, Baltismcres Division, I, Hsber Hoors, initistor
and tochnioal monitor of tho HASA contivots on human »eliabdlity, gzsciously
attondsd to arrangezsats for this progrem as well, participated in initial
ssotings to got the program wndsTvay, provided useful tecimioml suggssiions,
and wes an effective go-bestwsen thwxoughout tho oourse of ths effort.

Within the Air Fores, Col C. Iuiman and later Col H, Allen, \ir Forco
Systems Gommand liaison officers to HABA, provided helpful suggestionsz end
encouragenent and pade the necsssaxy arrangemenis with test persommel for their
participation, The test personnsl wore 12 aerospacoe vezearch pilots who had
previcusly participated in the human reliability program. Thoss partioipating
in the first test phase are Cepiains Jempes H, Irwin, lachlen Hacleary, Albert L.
Atwsll, the late James S. HoIntyre, Bobert K. Parsons, and Bussell J. Soott of
the U. S, Air Force., Those participating in the scoomd tost phase are Capisins
Francis G, Heubock, Thurlow H. Balph, Charles H., Sicne, and James M. Taylor of
the U, S. Air Force and Lientemants Jobn L. Pinley and Rickaxd H, Truly of the
U 8. Navy. All of the pilots raspondad to the ¢test requirements vory well and
porforuod in a thoroughly professicnal mamnor, &8 was most nosscssary to the
validity of tho test,
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Hee Uyl 7. KoFaliy, vhode 1934481 wigings and sugport holped cenaifastly

te m:sate the test, aidsd ths indtial plammivg, msds the foxwsl combrdoinal
et b fora';he £agen Lo sﬁmﬁﬁw of ngamwmg

ﬁﬁ ﬁh&% W 5] $
undsr ooirtrect 4P 33(613)-1824, Psychologlesl Bessstch on %@%W
porforaed dlisgently and unctmpisinivgly by hind & erdad shgeh 62 4hs-dlmie~
$ioms vomiized for tho mein analysdn, v, Robsrt J, Pels; alfe of t8e Thivemsity
of Deyton #nd working wmder the saks dontrash, mzmameﬁm gieciel
intezpretive exslyees and sorved 28 8 stimilating disoussint ¢f tho-énalytio
probleas involvad.
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: . Pour cxews of thres serospecs ressarch pilots were testad on o sislsted

T-dsy lumar landing aission ot different intervels, epprovissting §; 8, §; ezd
13 wesks, efter origival treinivg. Ths O wooks of treining hod culmimated in
the real time pexformmnce of ths missicn W, for the &1 zefentish tast the
nission was cowprsssed imto a eingle L2-howr worklsy W onicsfon of lsas
eignidicant tasks and waiting perinds, Following the $est oue or thyes diys
of additional treining on zelested zisaion phases wes given ail cvems,

The anslyeis of xesuits focussd stteniion on individnal and crew perfors-
ance at the end of training; in the sidll retenmbion test nission, and inm the
folloving retraining trisle, as repressated by 22 selectsd flight conteol
pazenstsrs distrituted over nive mission phases. By ths uss of novel amalytie
tachniquss the lovels of perforuancs observed were reprosanted ss reliabilities,
or probavilities of success in meeting hypothoticsl oriteria for ths paromtiexs.
4lsy, for greater senaitivity 4o changoes in capability, %est and ratraining
porforasnces wero alternstively mepressuted az probabilitiss of susessz in
mesting the level of perforcance estimated achicvable by each indiviéusl in O
of his perforzances at tho end of training,

On carefil evaluation as %o poesible tiazes the obtained probadilities
are taken to indicsts (1) that lack of direot preciics of critical %asks ovar
8 weeks or more in long duration space missions will result inm wnzcosptable
8111 dsterioretion unlesa suitable remedies are sought in design and epore-
tiomal plernings and {2) that sorospace research pilots sxe capable of performe
ing the type of =ission used in this study, providing extrems care iz gives to
their training and thelr individus) pexformance rolisbility is demonstrated.
Feeds for further research on skill retention sre indicated and the advantiges
of tho novel exalytic methodology used s»o stated,
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RETENTION OF SDIULATED LUNAR LANDING HISSION SKILLS:
4 TEST OF PIIOT HELIABILITY

SECTION I
INTROTUCTION

The requirement tc perform specific dutiss and tasks after extonded
poericds during which they axe not performed is & familiaxr experience in both
ailitary operations and everyday living—and, incomplete recall under these
circumstances is a familiar sequel. Howover, the need for long retention of
oritical knowledges and skills has seldom beon so dramatioally omphasizsd, or
bscoms such a matter of importance, as it has in relation ‘o planning for
oxtendad space operations. For, it sesms evident that in the space context
there will be in the foresecable future circumstances in which there is limited
or no opportunity to engage in practioce operstions for training., Furthermore,
there is & significant differsncse betwsen routine activities and space opera~
tions that gives additional reason for interest in retention.

In evoryday living and in routine military operations, there is often a
considerable tolerenca for erroxr so that ths quality of performancs mey vary
widely and still be counted accepiable. But, in current space systems (as in
ths nswest high performance wespon systems), the initial and operating invest-
ments are so largs, the criticality of tho missions so great, and the risis of
failure so mumerous and severs as to ssriously call into question traditiomal
tolerances for human error. In this context, then, of more atringent bhuman
performance requirements in increasingly lengthy missions, perbkaps not inhor—
ently affording opportunities for practice of critical tasks, it is important
to ask; Would oparator performansce be sufficiently degraded through ths procsss
of normal forgetting as to require some kind of apecial remedial attention?

Of course, what one is really interested in, is the more spscific quss-
tion, Would the forgetting of critical skills on tho part of this (or thess)
partiocular opamtoi?:) in this particular system performing this partioular
mission so adversely affect the probability of mission success as 1o warrent
3 special attention in design? The question itself clearly iwplies that certain
| kinds of information must be available if an acourate answor is to he given,
First, it is necessary to know what tho relationship is botween mission tasks

parformed by the operator and the probtability of mission success. Those tasks
which aro most relevant toc mission success and which carry stringent performance o
roquirsments are naturally of primary interest. Socond, it is necessary to A
know the nature of those oritical taslss in suffiocient detail so that accurate
estimates about their rotention can be derived. Soms kinde of .ssks are more &
quickly forgotten than others. Finally, it is nacessary to lmow the capabil-
ities of the operatora—how well ‘they can ecquire and rotain such skilis. Even o

very compotent test pilots differ in their skills at the various kinds of .
ectivities whioh must bs performed on a given mission and in overall ocapability.
Furthermors, the competent individual seldom is capable of perforaing all

aspects of s mission equally well. ho
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If this is o kKind of fnformndicon msedsd fuo & ancredts szaivsy 30 the
guzzticn of sZill setexdion then 4% is appropwists 0 ek, Iy o dstailed
irforpation cm tesk eitienlity, mecifio mm Sanks, epd opmrator <1l
aogudsition end cutentica b5 obinirzed? Premumly, infurzesion om the opid-
i&i%@mmﬁmma%mﬁm@wmm Bz, to ohisin
inforzatiom en ¢ aulor 221l sod SAll roltenbicn rafasy obwisnsly esews %o
regaire o tesh in the astual siesien, Thie, of courea, ia zuled out a3 iopreo~
tical. WUhat, then, ave ths altzxnaltives to such en opdrntional Sest?

Haturally, cne thinks of simulabion $zchniques es msnns of providing
realistic operationa for s, ésaign, &4 trodning mrposes. To obbain $bs
nosdad information on pilct skill medepiicn thay aight %meeﬁtwe’f
mm.e%mmamrmmmmmzmﬁmw
pove cpeoielly modified 21ight vehiolss 65 m% 8% lsast ths poxfurss
Mﬁpmi&amlimth@thamﬁmoﬁsmmmm. Tk thave
are specific disadvaniages in the use of eithsr teckmiqus in that the sisaion
combext oot he effweimxy provided with ¢hem. Ths sophist
smtorwmmmwmﬁmmwmmﬂym
lrosd, shored and zegpanced in tims with thoso taszls of spesial indercst cnd o
ninsion of full Queation. Eowsver, iS5 doeo 20 &t the expenss of vons realiss
in task ouos ead, wore izgortently, reslistio hagarda of the actual cpsrntiom.

malised and teauporally roleted in o realicltic
Mwmmnmwmmmmmmiemm 4lgo, even tho
flight rizks are not cozporably great. Tims, the interprotaticn of any test
recults oltiained ty these moens wmust compensate sumsbow for the leok of resliecm,

There am still other Aifficultios involved in gaining inforeaticon uvssful
for deciding aboud ks skill xotenticn pultles if this iz 25 ko émme vexy early
mthupmcfmmlom% At sn early stage the humasw $askn hewe
0% yor Loen cloaTly idsntifisd omd dafined and dhair ariticslity is not keown,
Furthezmore, thmmml for epecific missiong genszally have not
boan idemtificd. A4s a result, it is impomsible to obtain the relatively precise
information zesdsd en the propor persoznel perforuing rolgvent tasika or o
interprot the ¢cxast significansd of any okiil iossss observeds and, cwmslusicns
drawn thorefroa bsosmo ganarally weaker and less usoful for dsolsions,

In view of euch difficuities in agosabling sufficient informaticn froa
dirsot tosts for ecarxly decisioma, it moy thenm be suppoced that the prollem osn
bo conveniently handled on the bzais of proviocus sxporimental studics of akill
retention., There havo bhosnm a nuader of exporiments oondnoted aince 1500 e
this topio (Haylor and Briggs, 1960), Wut fow useful primeiples for design have
becn or oan he exiraoted fxom that rosearch. The main roasons are that simple
tagks hardly representative of oporationzl tasks havo bocn used, ths cubjects
uzod in thssce studies hawe not bosn typical of individuals vho will by called
upon to porforn spoco mizmsioms, end the wvalidity of mwy studies is doubtful
bocause of unsolved methodolozical problems in condnoting them, Thus, froea
this available informotion it may bto oomoluded maerely that oocme dooreccat wy
ocour as a function of (1) the mature of the task, (2) the dogrec of akill
acquired, (3) ¢the rotention interwval, emd (4) ths charcoteristica of tho por—
foreor, Ilittlo else moy bo acooxrtod.
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This stully wee ono of severel vooxut otteepis by the Bohoviorel Ssiemces
mmmwmm@%mwmm@ﬁmmmmﬂgmam
in gpaca opevations, An such, it oy bo placed on ¢hs siddle grownd eomsvbare
mt&amummmmmm m,m@mwmm@sw
%0 szcure wore represemtative dste Uy boving temd porzemonesl, reprasenmts
tmwwlpmgmwaiwim, Mmmmem%wmma
in spaoe. Docause of this the voxulls sve meore dlvestly applicable than oozt
svailable dats in the literaturs on the topic, On the othey hand, beesuss no
88l syastsm wen imvolwved :La tm m&, exaot inforzabtion on task ariticality ms
locking end atmolute significanss
Tharefore, ths resulis mt ‘as cousidared rolative to {h limitatione esf ths
simlsti@ wged and tks prior okill levols sitadined Yy tha tost personns
Bay uot be a5 perdous a drowimok as might bs suppessd. EBolstive iﬁfmtm
zay te more uzsful anghow Bsczuse there ie no essurancs thet specific tasks,
task eriticalities, operativg cnviromments, end eiill levels will xum parellel

in different gystems,

Hore speoifically, the inton? of ¢ha study was to obiain & batisr cztimate
than was othurwise avalilable of ths degres of ekiil lcos in typisul spsce vehiole
oporntions vhick may bs expectsd over pariueds up o 3 monthz durstion. For this
puposs & rolstively compleote simuiated spece mirsion wes used, sa performed by
gpecisily trained ssrospace ressavch pilots.

Pmlminm'; reports of the study (coninoted in ¢wo pheses) have been
prepared by ¥, &. Grodsky, J. 4. Handour, ot =l {1964), =nd by H. A. Grodoky,
D. Robarts and J. Hemdour (1966a), wio wsre diractly respomsible for its axecu—
tion, EHowgver, a different, more intansive analymis of ithe dats than iz pre-
sonted in thoos reports secmed advamtagesous Wy way of providing faramm
precieo statoment of remmlts and additional interpretations., 4lse, as a oon~
venience to users of the information, a singls descxiptiom of the study seenmsd
dosivable., Aoccordingly, this roport ie intendsd as a melstively completo
description of the study with emphasis upon asnmalytio vesulis end thoir inplica=-
tions, Sowms dotails on tasks, insmtrunemtation, and test prosotures have beon
onitted and for those the reador noy rofur to the preliminary reports and the
clesaly related report Yy Grodoky, et al {1966b).
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SECTIGY IX
THE FATUEE OF THE TEST

In btrief, the tast reguirzed the performamce of & simileted lumar landing
nission and, additionslly, eslected tazke fros that missicn by four ressarchu
pilot crews that had besn trained varisus periods of time earlier in ithe mission
tagke, The simulated test mission was porformed in ocomprozszed time 30 thad
intervals requiring ne oritisal missien sotivities wers greatly shortened.

Also, each crowmsmbar performed as crew comasndsy in each main phass ss thet
pogzures wra obisined for epoh individual of cach cvew, Hultiple measurss

of parformance wore obtaimed for eash phnse (with a few exceptions) and the
ssversl linds of task paremeters invoived and releted to the previcusly obazorved
performance. In this secticn the details of the test comcesning the test psr—
sonnsl and their previous treining, the test psrformance zequivemsnts, the
ingirumantation, and the procedures used for testing and data analywnic axe
briefly présenteds

Tho test personnsl oongisted of 12 ssrospacs resesrch pilots who wore
2ll gredustes of ths Asrospace Resesxch Pilots Sohool at Bdwerds Alr Force Base.
At ths time of tost 10 had the rank of Captain and two were U, 8. Mavy lienlen-
enta. Thsy were currently asaigned to experimentel or instruotionsl flying
positions with the 4ir Force, and havs bachelors degrees in either enginesering,
vhysioal acienoce or zmilitary scionce. Their background includes consideradle
nilitove and flving cxporicnos; ospecially in fignter siroraft, as shown by ths
listing in table I.

Bsfoye testing, the 12 pilois had participated, as orews of three, in
exiennive training in the simulated micsion. This tyeining vas aoccozplished
es & neosassry part of tho Fationsl Aeronsutics ond Spaos Adainistzetion study
of uman relisbility described in ths report hy Grodsky, et al (1966b). Two
of tho orews had trained consecutively in the late apring and suzmer of 1964
and the othor two had traimed ooncecutively in the summsr end fall of 1965,
This ociroumstenoce made it possible to obiain a natural variation in retention
interwval Wy tho aimple expadient of oomsooutively testing sach pair of ovews
later. Thus, the first two orows returned at such 8 time as to provide retemtion
intervals of 4 snd 9 wesks and the second two orowa roturmncd at cuch & timo as
to provide retention intervels approximating 8 and 13 wooks, Accordingly, tho
orexs are rsforred to, for oonvenience, as O-4, 0~9, 0~8 and O-13., Similarly,
individusl pilots (P) of the crews are designated by & mmbsr (1, 2, or 3)
indicoting the order in vhich they porformed in test. Thus, P-91 is tho first
pilo% tosted in the 9-woek crew end ho was foilowed by P92 and P-93.
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PAELE X
Pats o the Tost Pormozmsl

Pl (Yes) tvies i B fota
4 34 1n 26800 - —
42 32 10 2200 400 o
43 30 10 1760 s i
o1 34 12 3175 150 3325
92 35 13 1600 800 vi00
93 33 10 12 6 oo
> i ? 2500 100 3600
% 3 9 1620 5 1620
8 3 9 2600 . .
131 34 14 2190 1590 3760
132 27 3 1135 315 1450
133 3 10 4500 . 00

Hean 3109 1003 235060 3&.8 2110.8
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The sizlated missisn for whish the omwa had previcusly xeceived train-
ing we & T=~day lunar lending mission. Ths wisulation bdogan with an ascent
(eutometically comtrolled to 100,000 fest) tc & 100 B pariding orhit end o=
timed through the foliowing succezaion of majlor activitiess

trenslunsr ingsxticn

transpositien ¢f flight modules

pozitica determinations and midoourse eorrsations
lunar o2t insarntion

{trazigsearth insertion

position daterminations and midoourse correotions
sarth entry

sent purposes it terminated zith ths depleyment of the drogue chute
at an al%iﬁudz of 25,000 faet, Interspersed appropristely smong thess major
activities woxe & number of cecondary cheokvut and preparaiory activitios as
woll as similated omergonoies.

Host of the simuisted flight was acosuplished by the crew of three fren
within & corzmomnd module. Crowsexbers wore noainally dssignated scmmasnder,;
navigator, and enginesy, bat coch member had his turn at performing each
importent activiiy. The mission plan ws arranged =0 as to provids normslly
ca~duty pericds of 2 hours, off~duty periods of 2 hours, and two 4-hsur slesp
poricds evexy 24 to 26 hours. Slesp periods wers generally precedad end followsd
by off-duty pericds, Rxosptions to this schednling occurred in the lunar landing,
exploxation, and takecf? phases, which wore acoczplizhed Wy two of the thres
orewnczbors from aboard a soparate axocursion modiie. For these phaces, crew
nombars weve on cowdimnona Suty from 8 $5 14 hours, depending o pomition, The
reoult was that owor the couplete mission each orewpember spent approxizately
70 hours on—~duty, 50 hours off=duty, and 50 hours sleeping.

il F AR ien, The oritical flight aotivities waich had %o
be acomplish/sd for a moeeenml misaion are lriefly chaseotariced es fellowss

1, Translunar inssytion. Aftor about 2 hours in parking orbit, & remain-
ing boost propulsion unit is rolit to cbtain the edditional volocity
roquired to acoape carth ordbit and entor a tremslunar tmjoctory. This reguires
interrogation of a guidance computer for information (cm wehicle attituds, initio~
tion tizo, and AV), proper attitude comtrol, and timoly initiation and cutof?
of propulsion in accordoncs with the information providads

2. Transposition. Bs?mniug with an initial configuration consisting
of first the command module (Gf), then a service module (M) comtaining flight

propulsion, then ths lumar excursion module (LIX), and & remsining boost pro-
pulsion urit, & rearrangeacnt of modules is accomplished. This roquires Lirst
initiating an automstio separation sogquemcer that soperates the &1 fxon thoe
LEY, jottisoms tho LTI adaptor, und ascolerates ths G=T1 ovmbination forward,
and stops it. Thon the pilot pitches the (-8 180°, flies it btackward with
roforence to a moter diaplay, and dooks it against the 124 uppor hatch. The
reaaining boost propulsion unit is then jettisoned.
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3o Pogition determinations end midoourse corrections. Peaition dolermins~
tions end eny nsoessary aidoourse eorractions are made et four times doring both
the transiunsr and the transearth ccaal phases, These inwelve muking optical
sightings with & navigational instrument to mozsurs tho angle bstween an ecarth
oy poon landmark end & ster, as woll as ster sightings to obiain date for the
guidance computer. Using the automatically csloulsted wvalues, the inartial
meaguring uait is then aligred. On the dasis of the coxrected navigational
inforeation, as analyzed by the computor, the pilot then melss the indicated
7alooity inorercats in the spproprisie direction as to modify the trejectory
towerd the desired path.

4. Immar orbit insertion. On the fer sids of the moom, at paricynthion,
retrothrust is mamuslly appiied to reduce the wolocity appropriately to achieve
an 80 F{ cireular lunar orbit. The CGi~2 ocombinstion remsins in thies ortit while
ths lumar exoursion is carrisd out.

5. lunar landing. The lunar landing sequence is sed of sgveral
distinguishable subzequences, Opexated by two crewmembers (while the third
resains in the (%), the LB is first coparated frem the Gi, tremslated olear of

it and stabilized in the sams oirculer orbit. HNext, at 104° cantral angle fron

the landing site wilth the I¥{ reorisnted toward the cemter of the wmoon, dssomt
propulaion is fired at ths proper time to achieve en ellipiical ordit with a
perilune 50,000 fest over the landing site without changs in orbitel period.

A ballistic desoent trajectory iz then followed with attituds boing condrelled
to permit redar tyoocking of the @i, At the proper time, braking is carrisd oul
bty orienting the LB{ and firing the landing engine to provids a thwust vesior-
the orow’s line of sight bsing 90° rolative to both oriemtation and vestor and
toward the iunar surface, Pitoh and roll adjusimsnts are used to conirol aldi-
tude and lateral displeocemsnt end thrust level ie varied to achieve ssro velcoltly
divoctly over the landing site. The vehicle is then pitohsd wp to noxmal attitude
and thmst adjusted for o hovering position at 0002000 feet. Pinalily, thrust
iz reducad %o achisve an acosptably low rate of dossont to the landing site with
translational corrections mudo to avoid displacsment from the exnol touchdown
site desired.

6. lanar ascent, Upon ocompletion of exploration and other duties on tho
luner curface, the LEM orew prepares for asosnt by separeiing the landing engine,
abandoning it at the site., The ascent engins is fired with the wvehicle oriemted
for a vertical trajestory, yaw being introduced dnring initisl asosnt to obiain
downzenge siews., Pitoh is them introduced to achiows & dssired ascent profile
to 50,000 feot and velooity is adjusted to achieve a Hohman tiemafer orbit with
apiluns at the G orbital altituds. The sequence is initiated at a time vhieh
will recult in the LE! being ahcad of tho Gf in orbdit, Pitch end roll adjust-
pents are used to comtrol altitude end out-of-plano potions. Noxt, with ths
engine off end the wohiole ocossting around the moon graduaslly gaining altitudle,
ths vehiclo is oricnted so that the GI oon be soguired end txacked by radar
and seem (at about 20 Bl soparation) by moons of flashing boaosn. Bondogvous
is then accomplighod by using treaslstional thrust to adjuat tho orbitel velooity
veotor to match that of the Gi, leos & olosing renge rate. This raie is gradually
reduced for stabilisation in the sang orbit with a exall soparation distenocs.
Finally, dooking is scooxplishod by controllinz tho IIM attitude and transle~
tion to obimin olooing et a vory low rato with tho LEX forward hatoh and the GI
foruard hatch alignod, Upon transfer of ths lunar excursion teen to tho G,
the 1ESL is left in lumar ordit.
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T Tronzeaxth oxdit inmssriion. BulPiclent additional volosity 4o
ommmfmmmma %0 esospd ¢hs lunte orbli end emter a
trensearth trajestony. H0ituls contzol and timely inttistion and cuioff of
mmvmmmmwwmmm mﬁe&mﬁ'&amﬂ
piished. Yabseguantly, position Sstersdnstions 3088837y 21800u5s OOETRO~
tions exe roguired.

8, Earth entry. Tos enxth enbry sequance in bogws by jsttiseming tho &
and ammmg %he Gi Yoge forwnxd before the carth's sivosphero is rezchaed, Upon
entxy inte _ - atzosphers, the tim attituds of the vehiocle providss e constant
1ifi~-dveg :m%m ef 05, &ll comirol is used a9 the sole mesns of owmdrolling
the trajestory—dsflaciion in thy direction of the ifY vector baing obtaimsed
in this way, & 2520% feat the baat ehiold is jebtizoned
daployed, and at 15,000 fest ths main ohnde is daployed.

It is evidant {hat these oritical mission activitiss javolved & wardety
of tasks, There mey Mo miw%ly %t&ﬁomm es flight soxtrol, switohing
and inforsstion handling {(1,0., procedures), or navigaticsal tasim. Pliget
ouatrol and switohing tagks ars mxma in ail of the major sotivities, tut
the navigaticnmal tesk ia vequived ealy in the process of making position
doterainations. In this simlation, the flight control was almest styrictly
memal; in thet automatio oontzol waa limited to an attituds~nold fwodion
rolstivs o fixzed imextial gpace or to local vertieal in orbit. Changes im the
attituds of oither vekiclie, initiation snd cutoff of the engines, end trensle-
tory contmal wwe all wmnder diveot pilot cmbrol, OF course, nscossary £iight
information was svsilabie theough appropriate ddsplags snd thyvusgh jiatersogation
of the elmlated flight cvmputer. C(hocklists, customized by ths orews for their
own use, wore ewvnllable to and umed Yy thenm,

hoe gativities, In addition o the major sotivities just desoribed,
the m&m wm mlis%é.mu,y raquired to oarry osut othey ectioms appropriats to
the sisulated misslon and study parpesss. Adjunotusl, of course,; to the main
aotivities they had certain preparatiory checka to mum. Aleo, periodicelly mal-
funciions were introdused for which esssgency procodures wors rogquisred, lso~
rotrio oxurcisse which had besn practiced esrlier weve psrformsd pericdisally.
mea&ﬁr&adfw&mmﬂ@&aﬁ%ﬁm%m&lmmﬁe& Bio-
msdlicnl messuves of blood pressure, oral tesperature, and pulss rete wers
regulerly taken Wy the individusl crewmonbors. Feoes and urine sazples were
packagsd for later anslysis. V¥While cn the lunar surface ths 1M orew identified
rock saxplea, photogrephod & simmlated surfece diepley and desoribed it orally
end in writing. However, such activities az thess s29 not of direst xnlovunee
to the test of akill retemtion prosently being dosoribed, beyond serving to
furthar charagierico the sizmulated migsion for which the test paxscnnel had
bsen trained,

gvicee timindes, Bach of the test arews rwceived 5 wvesks of spscialisod
tmnmg fm.- t.ha simlated pisoisn and than, in the 6th veek, porformad the
simlated mission in real ¢ims. Thwa, for the puaposs of the retertion test,
they woy @ conmidared to hove moeived six woks of tm::mg, tas leat wmak
boing dovoted to a oomplete performance of the actual {sizulated) sission.

During the 5 wweks of preaissicn training, & ssmicustomiged tradning
plen was followed to athioww en ordarly progressiom of akill soquisition. In
general, the oxeus worksd an S-hour &5y, 5 daymw o wook in the simulator, plus
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about 2 hours por day, 5§ days a week a% physical conditioning. The first 3 to

5 days woze dwvoted to leotures (conesmning the mission, the vehisle myatens,
end the displays and controls), o study of mission and gystem writien materiais,
and %0 orsw dovelopzont or refinszent of their checkiisis. A medical exsming=-
tion wez given and physissl conditicning was started st that tims,

Following tho initial peried, each orewmenber was introduced to and allowsd
o prastice individually eaoh main nission task, in turn. The instmotor first
demonstrated the tusk and tben cbsorved end oritiqued as neceseary the crow-
ponber’s initial psrformancss of it. Healistic mission commmication prossiurss
were uzed during ths poried.

In the next portion of the iraining sequence, crewmsmbers practiced as
whole sequences of asks, the mein activities involved in the mission (e.g., the
luvar lending seguencss). Spocisl practics on particular tasls was interspersed
as either convenient or needsd.

Finally, during the leat 5 to 7 days, es this treining contimed, propsre—
tions for the mizgion in the form of briefings on checklistas, food, end geology
vers conducied and physical status assessed. In the last twe duys of their yra~
misaion period, O-4 and C-9 performed the mission in fast time, with the cuvast
vhases eliminated, as & whole orew, This permitted some adaptation to the living
axrrangerents and miscellansous mission requirements ss well as further direot
practics of nission teska, C~8 and O~13 verformed thie fast-time mission ssveral
daya eariier in their training sequence,

The simileited mission was then performed in resl time over a 169~hcur
period, as already dscoribed.

In genersl, both pairs of orews received the same type of training, How-
over, the orews trained later (0-8 and 0-13) did receive substantially more actusl
praoctics in the warious mission phases than 3id the earlier crews. This was
largely the natural conscquence of contimuing experience in using the simlator
and iaprovezent in operating routine,.

In the test of skill retention the orews were not, howsver, required to
porform the full T-dsy simulated mission. Instead, in the interest of minimig~
ing costs while atill providing an adequats test, they wore required to psrfomm
the mispion in fast time—that is, with the long translunar and transsarth coast
roxriods apd the position dstemmimations and midcourse corrections normelly per-
forrned in thep eliminated., In addition, the systems and log cheoks normslly
porformed, 88 wsll as the transsarith insortion phase itsolf, also were not
required, Sincs the interest was in primary miesion activities; ths other astiv-
itics originally included also wers omitted. These omissions mede it possible
tc ocoplets the fast time simlated test mission within about 13 hours of &
single worklsy, while atill allowing as before, each oxowmonber to perform sach
pajor activity, X1 this way, considorable test performancs date were guthasred
with ednimel simuletor operating time and cost. The planned test miszion schod~
ules are reproduced in abbreviated form in tables IT and IIY to iliustradte the
terting megusnes, PFrom theso it may bo noted that exocept for iransposition
by 0-4 and C~9 pilots within croews parforumed the test in an invariant ordoer,
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: Tams X
Behodula for O-4 end 0-9 Tozh Hissien
Fhaas Tims (BIST) Pilot  Hov. Eogr,
Briefing @800 «- Pilota! Offios -
Pilot Inseriion and Prelmumch Chsck 0830 1 2 3
Barth Asoent 09C0 b 2 3
Translunar Insertion 0930 1 2 3
Trenslurer Ingextica 0950 4 3 1
Trancluwnar Insertion 1010 3 1 2
Tsonsposition 1020 3 1 2
Transpositien 1050 1 2 3
Transposition 1120 2 3 3
L®{ Status Cheok 1145 1 (3%)
Lanar Orbit Inssrticn 1230 1 2 3
lunse Orbit Fnsertion 1250 2 3 1
Lunar Orbit Tnsortien 1310 3 1 2 |
Innar lending end Ascent - |
5 Dooking with G 1330 3 (1%) (2%)
’q Innar Landing and Agoent -
3 Tooking with Gf 1530 1(2#) 7,
§ Dimar landing and Asosnt =
Doclkdng with G 1730 2 (3%) (1#)
Farth Entry 1930 1 2 3
r Barth Entry 2000 2 3 1
Earth Zutry 2030 I
Completion / Dsbriefing 2100 ~ Pilots® Offico -
# Pogitioned in lupor Exocursion Hoduls
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RAELS IIX
Schedule for $-8 and =13 Teot Hission
Fhsae
Briefing G730 - Piloiat 0fTice -
Earth scant 0800 1 2 3
Transivnar Insoxtion 0915 1 2 3
Pranspogiticn 0935 1 2 3
LE{ Status Chook 0955 1 3
Tamar Orbit Insertion 1035 1 2 3
Lunar lending 1055 1 3¢
Lumer Ascent, Bendesvous, Dooking 1155 1 3
Berth Bntry 1255 1 2 3
Translunar Inssrtion 1340 2 3 1
Trangposition 1400 2 3 i
Limer Orbit Insertion 1420 2 3 1
% iamaxr landing 1440 2 1
Iamar Ascent, Bendesvous, Dooking 1540 2 % 1
Esxth Entry 1640 2 3 1
‘ Translwar Insortion 1125 3 1 2 2
: % Prensposition 1745 3 1 2
i lomay Orbit Insertion 1605 3 1 2 ﬁ
Iunar Lending 1625 3 2 ij
Iunar Asosnt, Rendesvous, Dooking 1925 3@ 2 i}%
Completion / Dobriefing 2115 - Pilote’ Offics - :
» Positioned in Umar Excursion Modulo ‘*’
) 11 5\%
| | b
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Rat; thoss of O-4 snd 0-9 all perfovmed 4 given mission segmemt bafore going
on to the next seogeent, whereas thoss of -8 and U~13 paxrformed the entire
nispion in sequenve before changing positicn. Aotunlly, becauss of their

offeotive and sxpaediticuns performance, the crows comploted their missions
pomevhnt earlicy than iz shown,

0n the 4ay (or days) following thet iu which the Past-time test mission
was porformed; each orew was then furthor required to perforn, repaatedly,
golocted prizery misaion activitiss of special inteorest. 4s in the %est mimsionm,
30k orewmmbsr perforasd on ench of the phases ao that data were obdainsd freo
all ¢ths partioipants. The puxpose of thess trisls was %o obiamin e basis for
estinsting how repidly any akill loss cceurring over the reteniion poricd might
be oozpenested for by renswsd prastice, Also, the sdditicnsl ¢reining affordsd
in thin wy pesmitted & choock on whether the crows had attained maximum ¢fficienocy

at ths end of original treinirg {particularly those having 3 days of additiomel
trials,

For two of the orews, receiving 1 day of repeated trials, ths primary
miseion pheses sslocted were transpoaition, LE] braking and hover, LE{ decking,
trensearth inserticm, end earth entry. For the other two orews, recsiving 3
deys of repeated trisls; the lunar ordit inesrtion wes substituted for tho tranme-
eaxrth insertion and the LI sepavation and doorbit phazs was additicnally reguired,
The numbar of trials given socoxdingly ars showm in table IV, for the two pairs
of orowa, respsotively. Zocevse of their speedy psrformancs, the crews wore able
%o porform more irisls than had bsen plammed originally.

TARLR IV
Repvsated Triale on Missicon Pheses
Zbase
Transposition (TEY) 2 12
Imnar Orbit Inssrtion {101) 12
Sspavation and Deorbit (SIO) 12 (16 for P-83)
Braling and Eover (EH) 8 16 (28 for P=131;
24 for P-132, P~133)
Dooking (Dok) 6 8 (12 for P-132, P~82, P~83)
Transearth Insertion (THI) 2
Earth Mntry (53) 5 12

# Exogpt for P-81 who porformed only 8 SI0, 12 BH, end & EB phasges
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The faciiitiss and squipment used in this test wore thoze used in the
previously mentioned eontrect ressarch on human relisbility, in shioh the trein~-
ing and real time mission were performede. Tho major componente employed were
a similated oczpand podule with asszcoiasted outside displayss e simlated lunar
exoursion module orey compartment with assooiated outeids displays; extensive
analeg copputing and recoriding equipmenit, a simuletion control room with panels
and conscles Tor monitering displays, malcing inputs to them and 1ecording system
outputss and supporting office and maintenance arses. 4 main simulation area
(about 1500 sqg. £t.) contained the two wekicle simumlations, the ocontrol room

was adjoining, and most of the analog ocmputing equipment was in a separate
tuilding over 1000 feet awmy.

Copmand Hodnle. The simuleted 3! was a truncated 60° cone of alumimun
skin on stringer and freme oonstruction having a base of 166 inches diameter
and an encloasd volume of ahout 400 oubiec feet. It uas oriented with the small
énd forward and the axis of symmetry horizontal on a vibration-isolated and
sound~damped cradle. A hatel in the base (or rear) was normally used for entry
and & hatch in ths small end allowsd crew transfer to the LEN, whun attached to
the (i, Figurs 1 depicts the wehicle as seen from the right rear and shows the
normal entry hatch with navigationel squipment nearby. The front ¢f the vehirle
nay be seen in the background of figure 2,

Piguro 1. Right-Bear View of Command Hodule
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The intericr spaos was arrenged Yy msans of suitable part~flooxs and
fixturxes intc several aress. The duty siea wee located in the upper fomemrd
portion, It osmemisted of a m=ain control penel strstching completely across
the wvehiocle, axall side panels, and three ssaiz moumted sids-ty-side famoing
the panel. The middle seat could be moved forward or baokwerd or removed
completely for use in the off-dutyr area. The sests wers allocated to the
cozmandor, navigator, and engineer in left to right placement. In the uppsr
roar pertlon was & sanitation ares for waste dispoeal at the left and a food
and water aves at the right. In the lowsr portion were & sleaping area to the
left (containing & mattress, privacy curtains, snd ssperate lights) and an off-
duty area te the right of a central bay., A navigator's station was just inside
the entrance hatch in the rear hulkhead, Three TV camsras provided separate
nonitor views of the three crowmenmber stations. Thers were live miorophones
in both the duty and off-duty aress as well as individual headsets. Main rocket
engine noise was simiated through a separate spesker above the duty area. The
intorior of the vehiole was lighted and air condiftioned by integral units.

At the pilot's station (figure 3), in addition to appropriste function
switches and status indiocators, wers the main instruments and controls for
controlling the wehicle. A sidestick for translation w@a located on the left
arnrest and another for attituds control was located on the right armrest.
Doflection of the translation sontrol resulted in proportional translatory
accelerstions, Moticne in ¥~ and Y-dimensions produced compatible forwsrd or
sideward accelerations, respectively, and clockwisme twisting resulted in down-
vard accelerations, Dsfiection of the attituds control producad proportional
angular velocities in ths same direstions as a conventional aircraft stick and
the additional tu.st motion producsd yaw in the direction of twist. A J-axis
ball indicator with pitch and yavw oxror needles provided primary attitude informs~
tion., A digital indiocator was provided for setting in dssired velocity incre-
zents, a8 in orbital insertions and corrections., This would pulse down %o zexro
as the thrust was introduced. at which time the pilot wus to cut off the engine.
For transposition a J-needle diaplay indicated the information on G positiom
relative to the LB necessary for the pilot to translate back to it, by com~
pensating for the indicated errors., For reentry, & 2-nssdle roll mster indicated
the 1l program and actual 10ll superposition of ths ¥wo mssdlss boimg the
contimiously desired status. Actually, since this status was virtuslly impos—
sible to achieve, deliborate uncommandsd roll corrections were required.

At the navigator's station (figure 4) wore nounted a single line of
sight scanning telescope, a dual line of asight soxtant, a small 2-axis stick
(for proportional control over shaft and tmumnnion angular rates of the tele-
soope and one sextant line of sight relative to tho other sextont lins of
sight), a small 3~axis atick for "beng~bang” conirol of attitude drift, and
associated switches, Outeside the module, oporated in conjunotion with the
navigatorts equipment was a gimbal-mounted asgen™'\y of a starsphere and slide
projectors. With those, a starfield (110° vinible) and ons of up to six
different earth or moon views were prosented on a T-1/2-foot spherical screen
as 8 lisplay for navigational fixee and guidancs systen alignmemta in cislumar
space. The navigetorts attitude drilt ocontrol movad the entire scene in yaw,
pitch or roll at very slow rates through the gimbal drive msobanisns,
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Piguro 4. BHavigator's Station

The entire (4 simulation was programmed on one Pase 231R Computer using
several aconomization techniques. Because of the communalitles in equations
for orbital insertions, midoourss corzsciicus, transposition and earth entry,
it was possible to program the rotational equations and change of velooily
ozloulation once for all these phases, With this arrengemsnt and additional
programmed calculations, as required (for sarth entry, in particular), the
change from one phase to another was ascomplishsd merely by changing certain
potentiometer ssttings (e.g., mass, mass flow rate, thrust, mement of inertia,
control gain). No more than 12 changes were required in any circumstance.
Earth ascent and pcsition determination required umique programs, tmt relatively
1little computational egquipment by comparison., Then, additionally, to obtain
desired information o pilot performance from flight paramsters and manipula—
tions of them, the program was separated inte two patch panels. One contained
all phases to sarth entry snd the other ocontained only the earth emtry phase.
These were arrangod in such & way that different potentiomstora were used, thus
enabling a switoh from ons to the other without changes in potentiometer soitings.
Appropriate checkout and oalibration teclmiques wure used following changeovwsr
from cne phass to another to insure a corroct simulation. The computer controls
were wired go that appropriate portions of the program automatiocally beoame active
vhenover the pilot selected a given ocontrol condition, and terminal velues at the
oompletion of the task were automatically held for readout.
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LEL Cxx spacinent, The simmlated IR orew compariment of aluwinuz
skin on stringsers fruses provided suffioient spacs for sido-by-sids seating
of two orew membors facing forwrd in semiervect posture, Ths ssats consistod
of harnssscs attached to vertical oradles of tubing, A forwmrd hatoh permitted
acoees from and rotuwm $o the (H vhen the LEX was attached. The compertzent wos
supported at the conter of gravity ty & 3~axis, hydraulically drivem gimbal
systenm that peraitted ettituds changes of < in pitch and roil and % 180° in
yew in respounse to computer signals, (Aotually, piteh and xoll wero used only
in dooking to the limits of * 15°,) The gimbal systen was supported by a stesl
stand of such haight that the hinge~point was 8~1/2 fest above floor lewol, The
front or hatch end of the I orsw coupartnont pay o scsa im the middlegroumd
of fégtﬁ 2, whick shows the compartment just ahesd of ths simnlated Gf, whickh
iz at ¢ AT

At the pilot's station the primary comtrels provided for flight control
wore an attituds stick, & trenslation stick, and & main engine throttle. The
attitude stiok was floor-mounted. Doflsotion of it in a given direction produced
proporticnal angular retes im pitch, roll, and yaw. Bsarward dsflesction resulted
in pitoch-up, movemsnt to the right produesd yaw in the szme divection, and
counterolockwine twisting producsd right roll. To opsrate the stick it wae
necsasary to depress a trigger which, when roleaszed, retwrned the systen %0 an
antozatic atiituds hold condition. The txenslation oontrol w2s a T-stick projeot=
ing horigontslly from the instrumen’t pamel. In ons mode used for deorbit, ¢
rendozvous, and dooking, deflections produced proportional translatory acscelers~
tions. In the othsr mods, ussd for hovering, deflection produced proportional
translatory rates., Upward-dowmward, right-left, and forwaré-rearwvard motions
which it permitted all resulted in translations in the corresponding directiona,
A trigger on the translation stick coupled the throttle to it and looked the
simmlated vehicle in 2 hover whils gtill ensbling trenslations.

The primary displays inoluded & AV counter; a combined orossrange and
orogsrange~rate mater, a combined attitude and attituds ruto moter, a range
moter, & rango rate neter, and a CRT display of downrango and crossrango dis-
placenent fxom the landing site. As in the simmlated &, tc add welocity the
piiot set the computed velue on & digital meter, fired the emgine at the proper
time and cut off the engine whon the indicated walue reached zerv. The range
and range rete meters were interpreted with ths aid of & table attached to the
panel which showsd the schedules of rang® rale with range for various throttle
sottings produoing a vehicle stop at the landing site. The attitude control
display was a large meter indicsting attitude by position of a long horismontal
ngedle and attitudo rote Ly position of a shoxt vertiols nocdle—the optimm
contimmed interseot of the two for various treking attitudes being shown by
eppropriste ocurves. Similarly, en aszcent profile on the ssme moter guided the
rowored ascemt. In addition to the CRT display of downrenge and crossrange
dieplacsment, a downrange rate neadle wae also included on ths orogerange mater
to faoilitate the hovering and landing teaks.

A sphorical szoreen, two projector asseamblies; and e trenslator were used
to provide reslistlic outeide views in ths verious phacea of the lunar exoursion,
Separate tri,%ula.r windows in the orew compartmont allowed each orvowmember &
viewtield £ 90° in agimuth and 18 to -=90° in slevation. Thoe appropriste wiews
wore simulated by projeotions on a 24-foot diamoter soveen., A star-horizon
prejeotor mounted on & 3-axie ginmbal systcs on tho coiling of the simalator room
and driven Yy computor sigrals xave realistic indications of pitch, xoll, yaw,
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central angle and altituds, The wtavsphere of 18~inch dismetor includud the
2300 trightest stars. 4 small incandsscoeut lamp and suitableo mazks saiuiied
outside it gave tho iliusion of the moon and eopth and moon horisens., For
rendsgvous; a ssparate projector =mprtsd on & 2-axis gimbel support end orienmted
bty computer signals darived from thoaa representing the orbite of the vehioles
(LM ard G£) gave o reslistic view of the (£ cutlined Wy its flashing bssoon
vhich booams e steady outlins inoreasing in sise with diminisking renge. Ooin-
cidsmtalily, ss rangs roachsd 12 feet, through nomspparent 3/32+4inch perfora~
tions (spaced 1/2~inch) in tue soresn, the orew viewed an illuminsted trenslator
consisting of o lightwoight sholl of the sams shaps as the Gl. Then, for doch-
ing, the soreen wes repidly soparated along & vertical centerline and the two
halves rotated beskwand and to the eids Wy puoumatioc pistone and hydresulic sotun~
tors., With the IXY¥ cospartment ginmbals permitiing pitch, roll, and yew motioms
and the translator mounting permitting vertical and lateral travels up to £ 5
fest and fore=eft travel up to 12 feol, phynical docking was then scovapiishad.
Translations, hy means of dixect cnrrent eieciric motor servosysicas and cable
drives, wsre sigraled hy the computer on ths basis of pllot deflections of the
18 translation stick. The & wae asoumod stabilized in relative positiom. The
simuiated LE4 compsriment, the soxreen (partly cpem), and the translator (Gf) may
be ssan in the center to »sarground of figure 5. Just the aidewnll of the
sizulated GI shows in the foreground of this view,

The LB simulation required the uss of two Pace 231R Computsrs and con~
aiderable associated switching snd relay circultry. Bacanse of dissimilarities
in parameier ranges, ccmmand imputs, eic., the mission was dividsd into & series
of individual probicus or paasss. Also, bsocsuse of ths nature of the operation,
two axes of roferencos are required:s an orbital, wiith iranelisting origin and
nonrotating axis for dsorbit amd rondsgvouss and suborbital, with nontranslaiing
origin for braking, landing and ascent. Tho equations of moiion were programsad
cnly once and stepper switches wero ussd te go from ons phase to ths next. Exospt
for the inolusion of attitude hold eircuitry and rotation of ths roll axis to
90°, the rotational equations wore psrformed in ths conventional woy. In pro~
grazming ths transistion equations, because of the displsy rangs requirements,
careful attention was given to the problem of scale changes. Thess wore accom-
plished by switching thoe displacsments at the rescaling point of the runge die-
play and by slternately using parallel integretors and storing the variatle
valuos at & moale factor 10 timoes higher than the one being used. The loung
coasting descent and ascent phases wore function-genszated rather than computed.
As with tho Gi simalation, tho ccmputer controls wore wired so that terminal
values at the completion of the phases wore sutozatically held for readout.

Sirulation Control gnd Pscordinz. The entire simulation was monitored
and coordinated from an adjacent comtrol room, & view of which is shown in
figure 6. Includod wore 2 commumiocator's oconsole, a flight director's comscle,
syctoms opersiion comeoles, and datn rocording equipzent., An intercom systen
comectod the control room with the sismlated webiclss and computer persommsl.
It provided for monitoring of all ocommmiocation Wy control and computer porsom
nel, tape roconrding of all vehisle~ooutrel room communioations dnring aigsions,
and separaete comxmmdocations with the obmerver-spsrator in the main simmlatiom
rooz. Vehicle~control cocmmiocations could be delayed &s a fimotion of rangs.
A direct tolophono lino waa asveilable Yotwoon the flight director and computer

pergomel. Ths cozmmunicator hsd available the nocessary ocamunioation oquipnont, o
a mission time indicator, damplioztes of all Gi and LR{ csution and warning indi- w
oators, and 5 TV ponitor {switchable to any of the three Gf crow position z,g
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ronitors or & camere viswing the LEf docking. The flight director had avail-
able a similar TV monitors dnplicates of most Gf and LI £1ight instrusontss
duplicates of all (! and LB warning snd caulion indicotorsy indiocators sud
switches relating to comirol; navigation and vadar systemss and contwrols for
the mission timer and outside projection dieplays. Humercus systenz opornticms
congvles provided indicator lighis, switches, and poteniiomsisrs corzespoading
to lights, switches, and meters on the aimulated vehicle paneis., Thess allowsd
full monitorship of the fiight orew’s opsraticn and appropriate responsss to

it as woil az the intreduction of malfunctiom indications.

Within the conirol room, thres 100-channel Brush binary recordsrs wore
connsoted to either the simulated Cf or LEM comparitment to zwcord runming
irformation on swituh positions and status indicstor lighta. A fourth was
conneoted to the Gi inflight test system. Nonflight system moter readings,
motions of the navigation optics, and foress axertsed during the isometric 1
exorcises wore recordsd with thrus 50-channel Comsolidated Electrodynamics
oscillographs. In the computer laboratory, flight msasures were recornded on
five Mark 200 8~chaimsl rectilinear recorders and two 11 x 17-inch X~Y plotters
and digital printouts made of relsvant terminal conditions on the somputers,

Linitations jin the me In view of the smphasis upon assessing
‘ask sldll, as such, tus ai:miation was conpidsed to be reasonably adsquate
for the purpose of this study. This may be evident from the brief dssoription
Just given of the instrumentaticn, although the reader wish %0 check op
ces*ain details in the report by Orodaky, Handour, et al (1966b) or othexs to
shich that report mokes refersnce. Howsver, certain rather obvious deviations
from a8 full, high~fidelity simalation should be noted for the record.

Firet, oues and oonditioms deriving from motion were sirulated in &
linitod way. Although attitude and translatory motions could be made up to
rsasomebls limits for the upose of spscific mansuvers, there wis no simile~
tion of escent and resantry acosleratioms and vibrations or of impsoct G on land-
ing. The condition of weightleesress alac was not similated. Sacond, in the
1lifs support arca the envirommamt deviated significantly from the real one in
that appropriate varietions in atmogpheric oomposition end pressure, toxic geses,
and radiation were not included. Also, a fully realistic handling of mutrition
and eanitation was not required nor was the use of perzonal protective equip-
zent roquired. Third, with respect to specifioc tasks the lunar landing was
made with reference gololy to instruments rather than with at least part use
of an ocut~the~-window view. Simulation of the cut—the~window view was considered
umneocnsarily expensive in view of the s®udy purposes. Finslly, the contexi
of missiozn actuality was necessarily miss with the likely result that orew-
momber rmotivations and emotionsl responses (particularly anxiety) were some~
what different than may be expected on & real mission,

Just what effaect thesse departures from realism may have had on ths out-
cozo of the study is diffioult to guess. There are reasonsble basss for erguing
that speoifio ask parformance may have bwen esleotively lmproved, or se.ectively
degraded, or ewm unchenged by thess oiroumstances; and specific oases may be
nade and suppoiied Ly previcus studiea of thsse variadbles, Howsver, it is
doubtful whethe: overall performance op & real amission of this nature would
axceed sthat displaysd in the teat. The prinocipal edvantege acoruing in ths real
nission is considarea tv bo the resulting motivaticn to perform woll and without
failure, All the teat persomnel gave evidemce of such an intent., Certainly,
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their xosponze to the gimulation was gemerally fevorable-~tbe principal exosy-
ticn Yeing the ovitioizz by O~4 and (=9 of the unconventionzl fly-from arrange-
snt of the landing site displacement indicaior in the aimulated LEY crew compart-
zent which cansed confugicn in dixwetiom of control motions, Coneequently, ths
diresticnal respoase of this indicetor was reversed, so as to e conventional,

for 0-8 and O-13,

Togt Procedurss

The details for arvengement end conduoct of retention testing were simple
and straightformaxd. Baving previocusly been contacted informally concerning
their availebiiity ond warned of the probable requirement for their presence,
the test persomnel wore subsequently directsd by mesesgse from Alr Forcos Systenms
Coumend to be present for the spscified period—3 days for C~4 and 0~5, 5 days
for C-8 and 0-13,

Acoordingly, and in kesping with informal word passed toc them, each crow
arrived at the teust site for duty Just after noon their first day. As scheduled
in the first phase, the first orew %o ba tested {C~4) arrived on a Monday and
conoludsd test duties Wednesday evenings the second orew (0~9) arrived on the
semo Wednosday and concluded test duties Friday eveming. All testing in this
phass was conducted during the 5 days of a single workweek., As acheduled in
the sesond phase, the first crew to be tested (0-13) arrived on Monday and
completed work the following Fridsy and the pecond crew (C-8) arrived the
sucoseding Honday and completed work ths succesding Friday. There was ons
exception to this general arrangement in that P-81 of (-8 was obliged, because
of unforescen other duties,; to leave at noon Wednesday rather than to complete
the workvesk,

Uponi arrival at the test site for duty, sach orew was given a briefing
Wy Air Foroe and Martin-¥Marietis persomnsl about the purpose. general arrange~
mentz for, and manmer of conducting the test. Following this, each orew was
aliowed {0 choose how it would review the systems and teske in the balance of
time aveilable that afternoon. Thaix chagkiists wore available to them al that
time and subosgquently. After hearing a ghort review briefing on systems tasks
and desoriptions of any change in the simulation (these were trivial), C-4
spent about 1/2 hour, (~9 spent sbout 2 hours and 0~8 and O-13 each spent about
1 hour reviewing their tasks and procedures. However, the crews wsre not per-
mittsd to view the actusl displays and controls or entexr the asimulators. This
comploted the first day's test activities and crewmembers were then fres to
pureue their own oconcerns until the following morning.

On the sscond day, each orew then perrormed the simulated fast time
nission discussed earlier end outlined in tables II and III. On completion
each was once again free of duties until the following day. On the third
day, and the follewing two days for 0~8 and C~13, seach orew than repeatedly
porformed sslected mission phaseg, as showm in table IV. On completion of
these at the end of the workday, they were given a very short briofing on
generel outoome of the tost, encouraged to meksm any oomments they chosc con—
coxning the test and their test poxrformance, and then relessed to return
hoza.

g 3 LargA A e s ot et B R e

g SEg AR NGRS R
SN b R R, T TG gy S SN
RNt 2 A NN A R

R g 4 eE,
# oéu..:—».a. h}.;

& o

,:’”zl-o
K Bl s A

e e,
N »3‘1

gy
W

AR b el

&

X e

By 4w
e R

S
B WL N
ORI -~ P ]

Prbh s e
e
R

Gove M b
THa su Mo

EY
R BRGGRTN

Iv‘f;"

i,

I
®
“




-
%
E
A
o
Y

. ML . 7,

il B

#g

T Y

".w

the simuiated mission and mission panss perfoOrmANOGE, APPIC=
prista control of the sizmmulation wae maistainsd ¥y -ontrol room porscimsl and
rezlistic cozmunicatiorns preceduves were uesd. Certain othsr MartinBarietts
end Air Fores personnsl also ware pressut periodically to monitor the oondned

of the tast, but they did not interuot with the pilets during aotuel tsst
PoTLorEance,

Faving compressed the normal T=day =mission int 8 single workdsy by
onitting the miscellansous astivities normally required and ths long ocast
phaaes, including ths navigational tasks of those pl 18ss, the msesurable aspeots
of performance were considerably reduced. Nevertbsless, there wers 2 mmber of
mousures etill obtainable, suoch as the various gysicm parsasters reflesting upon
f1igkt control, the associsbed switching requirements, and ths procsdural checks
preceding and following various phuses, However, in the rutest performance of
0~-8 and G~13 on the days Lollowing the test mission even ths procedural and
switching aciivitias wors sliminated in order tc obiain additional data on the
apparently more ssnsitive flight control capability. The net result of these
constraining dscisions was to limit the prizary utility of {he data %0 the area
of flight ocontzol. Furtharmore, as dssoribed hy Grodsky et al (1966a) and
Orodsky et al (1966b), the data on switching and procodures d» not show evidamt
sensitivity to the retention varisble. 4Also, bsing of a frequansy nsbture and
subject to various fractiomations as %o oriticalily, phase, positlon and so
forth, it sesms unlikely that wvalid infexences could e based upun the few csses
in each properly distinguished subsst, On ths oconolusion, then, that hsse data
contritute little to the understanding of skill retention in this inst .  they
are pot treated in this report, tut they ars summariged for ths curiow Jar
in appeundix I.

Hith respect to flight control, of ccurass, & lexge mumbsr of measurebla
parameters were recorded, and some limitation as to which would be oonsidared
was necossary to keoep the analysis and interprstation tasks managesble. Thua,
baving enjoyed the opporhunity ‘o compamt concerning the various measurement
possibilitios hefore they woro seleocted, it seemsd appropriste to use in this
analysis of retentior approximately the sams msesurss agrsed to by Hsrtin-

Maz ietta and HASA for uso in the olosely related human relisbility program
(Contract NASw-1187). This group of measures had been carefally selosted frow
the many poasible with tho intent of providing a suffioiency of information

for adaquate representation of tho flight control psrformance and their general
significance can hardly be questioned, The use of essentially ths same measures
also allows for more direct oroas~oomparison of fiadings in the two studies and
of results obtained via differcont analytic methods, Accordingly, flight control
and operations wore represented ty the various measures; as briefly described
in the following paraegrephs. The associstod hypothstical system aritexion for
each, arrived at in tho sazme way and in view of early data, is also included.

.

In these throe insertion phaacs tho aspeots of performance consldared nost
critical are the velooity cut-off and tha adoquacy with which the pitoh prog-em
is tracked. Any error in initial orieniation of the wvehicle (¢1) would be
promptly mulled out as a pitch error. engirs-ignition mey ooccur within a time
span of 30 seocnds withcut difficulty, and cossting attituds is not critical.

24

e e RN

.o o

? A
\‘.;;.m & .o,
TR
JRT T 0 T R

£ gl o

>

-

3
R
¥ B

e

I

b



SN

S iR il

FlenBrabio sin” sl oo Wit o 34”3 oricincin S5t ot mio

-

Since & speoific velocity was rujuired at cuteff, ae indicat. 4 by 2 counter
pulsing to zero, it was appropriate to almply record in feet per sscond the
deviation from the required value. Similariy, since pitch control adequacy
wvas reflected in minimel deviation from an optimal progrem, the differential
was integrated over time to indlcate overall accuracy. Howsver, acouracy ocan
be reflected in two obvious ways——as averags or arithmetic msan deviation and
@8 a variation or standaxrd deviation about that mean. Hence, both the mean
pitch error (X) and the standard deviation of pitok error (ss were recorded.

In the analysis presonted in the following these have been combined on & trial-
by-trial basis to provide an estimste of the meximel errcr coourring 95% of the
time (X.95), assuming ths error distribution normal. The actusl relationship
used is

i.95 b i + 1064493

In this way pitch conurol accuracy was represented by a single measure. The
criteria selected were I 10 fps for welocity and £ 0,1° for both pitch error
mean and standard deviation, or ¥ 0,2645° for the combined pitch error,

Trangposition (m). Performance of the transposition phase was considsred
bast reflected in the displacemant and displacemont rate of the two vehicleas at
docking, the closing rate at impact of the two vehioles and the fuel required
for accomplishment of the pLase. Initial separation and stabilization wore
accomplished automatically and any error in inversion to 180° could sasily be
corrgoted. Hence, displacement (in feet), displacemsent and impact ates
(in fps), and fuel (in slugs) were recordsd. However, in the following snalysis
displacement wes omitted from consideration on the argument that if the phase
* a8 accomplished at 2ll, the amount of displacement would be acceptable. The
corresponding criteria selected wore 1 fps for both rats measures and 10 alugs
of fusl.

Sepaxetion and Deorbit (SIO). Separation of the LEM from the O and
subsequent deorbit in tho LEM conmtitute the first main phase in tha lunar
exoursion sequence. The most oriiical aspacte geem to be the propsr orisnta-
tion at the time of ignition and timely engine ocutoff upon achieving the rvoper
chongs in velosity. Accordingly, the measures selected as of spacial interest
wore velocity cutoff error (in fps), pitch angle error (in degrees) and yav
angle srror (in degrees). The corresponding oriteris wers set at 2 fps and
£ 29 and ¥ 19, respectively.

H . After t.s deorbit and subsequent ocoast descent
(in whioh no piloting is required) the braking and hover phase of the lwnar
landing must be acoomplished, This is naturally a oritical phase and, at least
in this simulation, & complex one having a nunbar of measurable aspects, As &
result, a varioty of weasures wors selected for special attention. These in-
cluded the porceniage of available fuel consumed (an effioclency meaaum), the
displacement (in foet) from intended touchdowm site, the vertiocal translation
or impact rate (in fps), the lateral trauslation or displacement rate (in fps),
ths roll and pitoch angles (in degrses) and ths attitude change rates (in degress
por second) in all axes at touchdown. Bowever, in the following analysis several
of these moasures wors omitted as less importsat for olose sorutiny and the
porformencs is represented simply by fusl consumpiion, displacoment, and dio-
placemsnt and impact rates. The corresponding oriteris are 99%9 200 %, and
10 fps for both rates.
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aar Anae The powored szcent vhass iz relastively simple. Eogine
igniticm mxi oapmls orientation to ascent sliituds pressut no probism. Traclke-
ing the altitude profile by varying piteh angls wis not particaisriy difficult
becanss of the slow rate of change involved nor wie subpsquent resrientation

at 1,000 fys velocity., Bowswexr, proper cutoff of the engine at ths desired .
velooity is critical and, undsr these circumstanoces, spparemtly gubjeoct to srror
mssulting froa sattention to othar aspsote of flight contrel. Thorefors, velosity
cuto?f error {in fpa) wus taksn to reprassut psrformances adsquacy in this phass
and the orxitericn waus sof &% 10 fps. Ths following cosst asosmt reguized onily
the sasy task of medndaining radar Lock on the Gi.

2 Upon reaching an approxizaticn of ths (3 ortital
altitud@, mndszms with it was acocorpliched by soguiring & visual fix on its
beasen and stubilising in a cocrbiting position relative ¢$o it by operating thoe
L2 translation stick. This pexrformzance wms congidered btost repressnted by the

efficiensy soasuio of percentage of available fuel coneumad in the proosss, snd
the oritorion wes again set at 95%.

. ok 1ike the earlisz trensposition phass, the suboeguemt dook-
ing or ph;mical ;goin-up of the LEX with the &f is reflected in the oritical
perforsance agpects of displacement eand displacenment »ate end in i@act rats,
Theso were éuly considersd in ths anslysis desoribed in the following, the

criteria being 1 ft, 0.5 fps, and O.1 fps, rospectively. (Displeccment was
retained in this case, partly bscause no indspendsnt measure of efficiency, as

fuel conmumpiion, was taken,) Additional msasures selocted and recorded, but
not included in this analyeis, wore yaw a@ piich angle errors (in degress) and
rsto ervors (in degzrees per second) in al. axes.

9, FR). The earth eniry, as performed in this oirmulaeiion, again
impoaeo. fairly camplex requiremsnts which were, in turn, reflected in a variety
of measures., Initially, proper oriemtation had to bte assumsd and this was
reprosented by attituds emgle orror (in degroes). Then for the first 210 seconds
tracldng of & roll program of rempe and flais was critical. Performance of ihis
was again represented; like pitoh tracking in the ingertion phases, by the aver~
age snd ths standard doviation of exror during the period., HNext altitude and
altitude rate errors and later crossronge and orossarange rate errors wasrs con~
trollsd Yy approprimte doviaiions from the commandsed roll progrum. Performance
in those respects was comsidered best represented by average and standard devia-
tion of error. Overall accouracy of the entry was represented by the terminal
displacenent from the landing site and efficiency reprossnted by fusl oconsmed.
A11 of thess measures wore oconsidered and recorded as of speoial interest; how-
ever, again as a matter of economy and convenisnce, a atill more restricted set

was used in tho following amalysis. Thus, the measures used in this analysis
are eimply terminal displacesant and altitude and orossrangs errors (all in
feet) Tho altitudo and orossrange measures used were again the estimation
\based on ths respective mcan and standard deviation of error) of the maximum
error ocourring with $5% froquenoy, as for pitch error in the orbital insertions.
The oriterisa sot were 50,000 fset displacement and 8,579.6 feet in both altitude
and crossrengs error (based on & msan of 2,000 and a standard doviation of 4,000
foot). Puel consumption was not considered tecsuse, although quite possibly
useful in differontisting axomg differemt levels of accepiable porformance, it
iz of slight relovancs {0 nisaion effectivensss in this phass,
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Even though the number of measures was ssvereoly limitsd in the fashion
described, there still remaln 22 measures, distxrituted over 9 mission phases,
tc represent each pilot's flight conirol performasnce in the test mission.
These are presumed to effectively repmssent porformance aspects which are both
oritical ¢o mission success and sensitive to diffsrences in performance within
and among individusls. Thsse measures ars summarized (with sbbreviations)
and the associated criteria are given in table V.

alytic Hethedol ooy

That there were s¢ many measures of pilot performance raised significant
problema in analytic methodolegy. It is conventional in psychological ressarch
t0 1limit the measures of psrformance (the dependent variable) tc one or a few
messurss, taken repeatedly. This arrengement pormits a determination of perform—
an~e differences directly in terms of the measures used and any significant
variation in performancs and performence differences may readily bs attributable
to exparimental menipulstions in the variable undsr study. Buk, as applied to
this circumstancs, such a method would lead to, agein, a total of 22 outcomes
for each individual and comparison of interest-—csrtainly an unmansgeadls number
to interpret effactively in a diraot marmer., Murthermore, the 22 measures make
reference to almost as many different ranges of variaticn in magnitude and 5
different units of measure and so cannot be dirsctly combined without wndesired
bias., Neverthelesa, it was impsrative, as a study goal, *Lat the data be inter-
preted in such a way as to permit statemants concerning overall phase and, in
turmn, mission offectiveness—not just a collsotion of stafemsnis concerning
performance in individual parameters. Also, it seamed very desirable %o express
these overall statements in terms of performancs reliabilities (probabilities)
rother than in terms of arbitrery units of msasure. BExpression in terms of
raliability, or the langurge of design effectiveness, would enhance the moaning-
fulnass of the results to gz brosdsr —sadsrship and maks them more direstly

applicable to design problems.

Thersfore, rather than to limif the ireatment of the recordsd dats to a
simpie transformatica in.. Z~acores {i.e., interpreting the rav date in iterws
of & normal density function having the same sstimated paramster values), which
is a oommon method for reducing multiple moasures to a common besis for combina-
tion, a novel method was developed and employed. Essentially, this involved
the interpretation of perfermence on each parameter at any stage of the study
(training, test or retest) as an estimated probability of performing a* a
specified oriterion value. Tusse probebilities or relimbilities were them com-
bined in each of two wayes to arrive at oomewbat different kinds of statementa,
all with uniqus and ussful msaning, ouncerning performance reliability in the
varicus phases and over the whole miseion. Thus, sa a result, it is possible
to state, alternatively, the following about perforwance on any givem osoasiont

(1) the prolability of meeting critericm performance in & measured
paramoetor of a given mission phase; definasd as

PeZIlp
™
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(2) the probability of mseting oritericn performancs in all
mpasuraed parematers of 2 given miszgion phase, definsd as

ﬁ-"'f"IP

(3) the probability of meeting oritsrion performsnce in a
msasured paremdster of the complete miesion; defined as
L]
5 - zI zi P

K
Z, my

{4) +the probability of mesting oriterion perforgance in all : !

measured parameters in & pvhass of the complete missiong :
dsfined as

3.5Tp
k

meagured paramoters of all phases of the compleote missiong

(5) the probability of masting oriterion performance in all i
%
dsfined as :

H

k

5. TP

In sach of the defining expreossions m is the rumbar of messures in 2 phase ;
and X is the mmber of phases in ths mission.t Teksn together thess five indiw :
cants reprosent a hierarchy of inclusiveness, The first, B, represents mersly
the aversge probability of success in a given paramster, as satimated on the ‘
basis of a given phage; whereas the laat, %, represents the probability of
successfully performing the whols mission (i.0., not exceeding the oriterion
for sny peramoter).

Seen in snother way, of course, the indicant b also represents the result— .
ant of a partioular modol of pilot flight control within ths simulatsd system. !
. A relevant question which may be raised then is whether the simple model sxpressed
5 by relationship 5 is an appropriate one for the present purpvss. While not
3 without problems, ag noted iater, this model &id sosm 10 b6 the best choice
wivthin the limits of present methodology. In faot, if the nesed is stringenily
3 oxpressed it may be considsred the only choice posaible, A gemeral discussion
‘ of the methodological problem of modeling (or meaauri.ng) complex task perform— P
ance and this approach to it ies plammed for early publication. Appendix II “
includes a description of the analytic details appliocable to this study.
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Pinally, tesides tho problsm of handling the differunt measures obtained :
in such a way as to arrive at useful statements concerning phase and misasion )
reliabilities, there is yet ancther analytic problem posed by these data. It i
is simply that, for any performance comparison of interest, except certain i
comparisons of performance em the part of the same individual, there is only
one unique measure available. Thus, with respect {o retention interval each
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For 1eaders unfamiliar with the other symbols, £ stands for "the sum of" the
item peries indicated and T etands for "the joint product of" tho item series
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(2) +as probability of meeting oritericn performsncs in &1l
maasured paramstsrs of a given mission phase, defined asg

i»w‘ff?

{3) the probakdlity of meeting oritericn performance in a
measurad parazgtar of the nomplete mpissiong defined as
K TP

5 I ilt' P
Zm

(4) the probebility of mesting oriterion performance in all

neasured paramsters in a phase of the complets missicng
dofined as

5.5Tp
k

(5) the probability of meeting oritericn performsnce in all
aeasured paremeters of all phases of the complete missiong
dofined az

. L]

k n
p=TTP

In sach of the dafining cxpressions m is ths mumbor of measures in a phase
and k is the mmbsz of phazes in the mission.! Taken together these five indi-
cants represznt 8 hiersrchy of inclusiveness. The first, P, representa morely
the aversge predability of success in & gi?en parsmstor, as estimated on the
basis of a given phase; whercas the last, p, represents the probability of
successfully performing the wholeo mission (i.e., not excesding the criterion
for sny paremeter).

Seen in another way, of courss; the indicant p alsc ropresanis the resuli-
ant of & particular model of pilot flight control within the simulated system,

A relevant question which may be reised then is whether the simple medel expresbed

by relaticnship 5 is an sppropriate one for the presaent purpose. W¥hile not
without problsms, as noted latsr, this model did seem to be the besi choice
within the limite of present methodology. In fact, if the need is stringently
exprossed it may be considered the only choics possible, A general discussion
of the methodologiczl problem of modeling {or measuring) complex task perform-
ance and this epproach to it is planned for early publication. Appendix II
includes a description of the analytic details applicable to this study.

Finally, besides the problem of handling the different measures obtained
in such a way as to arrive at useful statements concerning phase and mission
reliabilities, thers is yot another analytic problem posed by these data. It
is simply that, for any performance comparison of interes$, except certain
comparisons of performance on the part of the same individual;, there is only
one unigue msasurs aveilsble. Thus, with respect to retention interval each

-

* For readsrs unfamiliar with the othor symbols, Z stands for "the sum of" the
itom series indicated and W stands for "the joint product of* the item series
indicated.
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Heosgures Used in Anclysis of Flight Control

Tranglurar Inssrtion (PLI) #
velooity cutof? exror (V)
pitsh eomtrol error (P)

Transposition (TEH)
displacemsnt rate (IR)
impact rate (XR)
fusl conmmed (F)

Lunar Orbit Insertion (10I)
velocity cutoff error (V)
pitoh control sxror (P)

Separation and Deorbit (SI0)
velooity eutoff error (V)
yaw control arror (Y
pitoh control arror (P)

Brals and Hover (BH)
displacement (or range error) (D)
displacement rate (IR)
impact rate (XR)
percentage fusl consumsd (F)

lamar Ascent (La)
veloocity cutoff error (V)

Rendezvous {Rend) '
percentage fuel consumed (F)

Dookding (Dok)
displacement (D)
displaceront rate (IR)
impaoct rate (XE)

Esrth Eatry (ER)
displocenent (or range erxror) (D)
altituds error (i)
crogarange orxor (C)

[~ 3]

200 £t
10 £p
10

5%
fp

et
o
a

)
]

KLY

1%
0.5 fps
9.1 fpa

50,000 £t
8,579.6 2%
8,579.6 £t

# Almo applicable to Transoarth Insortions (TEI) porformed Yy O-4 and

C~9 in retroining.
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of the orsws wae tested at a nomewbet different intervel and so mey not {exoopt
poasidbly for O~8 und 0~3) be defensibly combinsd. Ruther evident diffexences
in the adequacy of originel training in the two phases of the study {ee wild

ba shown) argue against combining C~8 and (=9, even if 8~ and G-woek intervals
are otherwise consideorsd the mame for the purpoes of this study.

Furtheormore, within each group ihe orounanmbers wsys toeted in & wmigue
order on ths supposition (borme out hy ths data) that those tested sacond and
third might bemsfii from participating in the precsding tesis, even though not
acting as pilot, In addition, @aa is alszo suggested by the data on porformance
at the end of training, each pilot cams %o the test having previously acquired
a unique level of sgkill on the several mission taske not nocsszarily paralleling
the level of skill achieved by any othsr cne. TYot, it is known that previcus
lovel of akill may strongly influsnce amtumt of measured akill retention, There-
fore, ths performancss of the aeversl pilote within & given ocxew may nob bs
combined for croas~comparison purposes and ased for obiaining error estimates
bagsic to testing the significance of differences without incurring the risk of
selective bias resulting from the interactions operating,

The net oconsequance of these facts is thait the study data must bs viewed

and the results consistently .nterpreted with refersnce to the rather complsx
dats structurs illustrated in table VI. In the pressntation of results o

TABLE VI

Stmoture of the Iets

Craw/}letemion ___Stages of Rxperiment
—~intervel Iraining Tast Retraining
1 0~4 - Pilot/Ordsr 1 '
f 2

4 3

1 -9 - Pilot/Order 1

k

: 2

3

4 ,

" 0-8 = Pilot/Ordsr 1

E

. 2

&

C-13 ~ Pilot/Order

s
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frliow the values obiained for the several crewmembers of & given orsy bave
boon oombined, on ocsasion. Bub, the dubiety of thisz prossdure, in view of

ths previous, mxeuld bs consiantly torpe in nind. Conventions) tests of
significancs wore not oonsidered appropriaste and the interpretation of the
regults must rest upon tho obdserved intemal and logical consistensy of the
date. The siftuation is fremldy desoribsbls, frem a statistical point of view,
82 & zoro dogrvess of froedom cese. KNevertholess, the nmature of the data psrmits
the drawing of sows ussful conclusions.
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SECTICN IXI

RESUITS

In kseping with the previocus statement on methodolegical considerations,
the main results of the study pertinent to flight ccontrol are prezented in this
seotion in terms of probabilities (or reliabilities)—tirst with referance to
skill at the conclusicn of training, next with reference tov vetention test
porformenos, and finally with referencs to retraining perforvwance. In all cases
the probabilities roportsd are roundsd to the nearsst ,001 with ¢he rasulit that
8 probability of .0005 or less is reported as <,001 and treated ag gero in say
calculations and a probability of .9995 or greater is reported as >,999, or
simply indicated Ly a dash in tsbles, end treatod az one in any caloulations,

By way of limiting she amount of tabular material to that most immediately use—
ful, the basic values presented are the probabilities per phase of succsss in

any perameter (P) or in all paramsters of the phase (P). These may be thought

of, respectively, as ths average probability and the joint provability per phase,
More inclugive indicants for individusl pilots and crews are givsn also, How-
ever, the elemental probabilities for each measured parameter (of the 22 desoribed
earlier}, from which $, p and the still more inclusive indicents are derived,

may be found in the tables of appendix III for refsrence.

The first quaoetion which must appropriately be asked of the study data
is naturally, ¥hat level of skill was achisved by the test persennel prior $¢
the retenticn periocd and subsequent test? Ressarch on skill retention bas
frequently demonstrated that level of prior learning strongly influences
measured skill retention, Therefore, it is important to assess the relative
level of the several individuals and orows involved in this test in order to
validly interpret thsir test psrformance, Otherwise, for example, differences
or lack of differenrss easily attritutable to differensces in learning might be
falsely ascrihed to differences in duration of retention., In this case assess—
ment of prior levels sscms especially important bacauss the imprescions of study
psraonnel as well us the relative numbers of recorded training expsrisnces in
the various mission phases clearly suggest that the training received by C~8
and C-13 wae superior. Furthermors, the desire to gemeralize ths atudy find~
ings to planning for space operations implies that the prior skill achievement
of the test personnsl should be demcnstrably high., ¥For, it may be assumed that
orows of space sysiems will contirme {(at least for some time to come) to be
trained to the near limits of their skill potentisl.

Reliability Pex ythetical iteria., One approach to assessing prior
skill achievement 18 to simply compare the best performance of ithe pilotis,
presunably oocurring at the end of their training, with the hypothstiocal systenm
oriterion Por each of the several measures of interest. If the oriteria selected
do represent reasonadle or typical mission requirements, as is supposed, then
such a comparison will show the oapability of the pilots to perform the mission.
Hereover, since the performance of each individual and orew would be asnessed
relative to a common roference, any differences in achievement should become
evident.
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The results of such & comparison ars sumperiged in table VII, In this
table are listed for eash pilot the phase-by~phass relisbilities at the snd
of iraining, &8 estimated from the last four trxaining trials (with ths Fast
Time and Eoal Time Kission exoluded). {See appendix II for details concerning
computaticn of thess values.) In each zase the two primary values, P and P,
are given, These pr vulues are then talen cumlatively across phases to
obtain ths velues § snd p and jointly to obtain p for the complete mission for
each pilot. Minally, the $ and p values for phases and the §, § and  values
for the mission for the thres individual pilots within a crew ars talmn cumla~
tively to obtain the values of § and P for phases and B, » and b for the missicn
for each crew, Logically, these last five reliabilities indicating crew perform—
ance morely siats the most 1ikely reliability to be expscted, of the nature
otharwise indicated, if a member of that particular crew pevrforms the particular
phase or the mission (when performance by the membars is equally likely), This
method of talulation will bs repeated in other tabies as weli.

Even rather oursory examination of table VII suggests that thers were
differsnces in skill at the end of training vhich ars worthy of note. Firat,
for all phases the value of D does not exoesd the value of P and generally
(except where only one measure is invoived) it is smeller. This is to bo
oxpacted from the difference in algebraic manipulation defining each. Hence,
ovidently and by definition p is the more sensitive indicant, euch ihat the
lowest valus ¢f p obtained Por any pilot in any phase is .002 (P-41 in ER)
whoreas the lowest value of P obtained is .158 {(0-91 in IA). 3Both indicants
range upward in & number of instances to >,999,

Second, evidently there was considerable variation in the pilots!
capability to perform the various mission phases, Thue, for example, 7 for
P-41 varied from & high of >,999 in the LOI to & low of .259 for EE, P ranging
from >.999 to ,002 for the same phases. Similarly P~S1 ranged from .816 to
2158 in P and .632 to .158 in p. Howsver, in contrast P-81 and P-131 showed
mich less individual variation. There is a suggestion of similarity among
pilots in relati—e effectiveness on the several phases, sspecielly among those
of 0=4 and C~9 where EE is generally performed less well, but there seems to
be no such entirely consistent pattern. Individnal differences ez well as
selective differences in treining might easily have contributed tc¢ this result.

Third, it is evident aisc that so far as overall mission capalility at
the end of training is concerned the pilcts differed considerably. Thus, P
ranged from .587 to .991 (P from .312 to .978 and p from <.,001 to .747) within
this sample of 12. Onoe sgain, of course, both differences in training as well
as in skill potential may have contrituted to this resultl,

Pinally, the mission capabilities of the pilots comprising the several
orews clearly suggests that pilots of C-4 and C-9 wore much lese ekilled at
the ond of training than were pilots of O-8 and ¢~13, This difference is
olearly oonfirmed by the reliability estimates for the phases and the mission
for each whole orew. Thus, the mission i3sliabilities, P, for C-4 and C-9 ware
. 726 and .648 as contrasted with ,984 °n <953 obtained for C-8 and C~13 and
comparable diffarences exist for% and p values as well. 4&n illustration of
these differences betwwen O~4 and 0-9 when oombined and 0-8 and C-13 when
combined is given in figure 7 which depicta overall % and p values, When the
information on the rendezvous is eliminated in computing the values for 0-8
and 0-13 to provide a common 8~phase basis for comparison the differeices are
even greater,
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Beliability Psr

TABLE Vil

Criteria at tha End o. Training

Phags Hission ¥

VO

ek s

TL1 TRW 101 SO B LA PRend Yok EB Psb D
2892 .45 ~T ,928 ,450 .358 WD .726 .259 .670
.785 234 -~ 135 .030 ,358 228 ,002 ,428 <,001
«957 547 .798 .827 .999 .345 KD ,289 .535 .662
o914 .054 600 .480 ,997 .345 L022  .129 L4483 <001
<928 668 ~— ,864 .955 ~— HD 751 .5%4 ,845
860 016 -~ .593 .981 — 392 107 .619 <,001
ﬁ L] 926 L) 653 * 933 * 873 L ] 815 . 568 ND . 589 - 449 . 726
D 853 .101 .B67 .619 .66 .568 2214 079 .497 <.001
i 816 614 .61 .472* ,618 .158 KD .637 L.619 .587
b .632 .170 .545 2159 .158 186 176 .312 <,001
«534 917 .996 .339% ,813 ND ND .T723 554 .71
276 752 .992 <395 .220 .256 .461 002
. 750 o 691 — . 8:3* . 93? s 170 I'TD . 506 . 24} » 646
0500 i287 hanad 0755 0170 .116 0003 .&‘62 <0001
LT00 .74l <919 .560% 789 .164 ND ,622 .505 648
459 .403 .B46 436 164 2174 145 L4122 001
»990 ~ - ,919 e~ - — — e <990
979 — == T3] = = e~ — e 971 .74
—— — — «953 — 806 +996 - 9713
- 999 - 860 .999 ,806 —~— ,988 - .961 683
3 «954 -~~~ 352 .55 — - —- WG72 = 2501
o908 — 0983 o998 — hasad 0917 - 2978 .817
0981 —— 099? 0957 — 0935 - 0989 e 3984
6962 == 994 872 = @ e = 968 - .970 .747
- —  .999 .932 .980 .999 .789 =~ — .967
— = ,999 804 .920 .999 .78 — —— 946,582
- — - .1739 —  .999 .978 .939 .998 .961
- - — 370 ~  ,999 ,978 .39 .994 .907 .294
«903 - — 995 .998 .557 .997 .942 — 332
. 8‘0‘6 0999 — - 984 . 993 . 557 . 997 . 827 s . 907 . 361
0935 = =  ,719 .97 .852 .921 .882 .998 .920 .412

o S Moo Nl SN

~ RN

dash indicates value >.9995
based on reduced data
data we. . unavailable

¥ protabilities for "all" pilotz are
individual values taken curmlatively
(1.9., means of individuel valusa)
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Thoss apperent and large differences betwean the crews of the two jest
phases and the naturs of the relisbillties obtained, when viewed in ths oontext
of the precading observations concerning lsvel of leaming, caat serious doubt
upon the value of ths dats from the first two orews itssted for supporting uny
useful generalizations on ratontion., Certainly, any generaligations conceming
the performance of (=4 and (~9 must bo duly related to the evidently less than
complete training received by thess orews, for there is no evident basis for
contending that they wers inherently less capable.,

Capability Relative to Skill Potentigl. However, that C-8 and C-~13 wsre
by far the more capable crewe and reached rat. sr high levels of reliability

according to arbiirary criteria does not establish that even they had reached
anyvhere near the limits of ‘their skill potential., Instead, to determine their
actual level of skill relative to their potential what is nseded is some way

of determining when improvement in measured skill has shopped and/or g method
of gpecifying levels of learming (i.e., training) aboit of or beyond that level.
It has often besn desmonstratel that prsotice beyond the point of further measursd
improvement sti.l brings continued learning (teohn:cally, called over-learning)
ag evidenced by improved retentiocn. But, the traditional means for attempted
satisfeotion of thie nesd aru neither standardized nor adsquate. Thus, commonly
the asasessment of asympiotic performance rests upon & personsl judgment of the
nvestigator as to whether the mean performance taken over successive block.

of trials is reasonably stationary. Levels of learning (or training) are usually
spveified in terms of actual prectice time or practice trials, relativa to
practios or trigls required for asymptotic performance level, as sstimated from
the same data (when the asymptote was reached) or like data zwhen the asymptcte
was not reached). To specify asymptotic psrformance by means of & personal
judgmen® i=, of course, to invite inaccuracy in the specification. To specify
level of training short of the asymptote on & personalized crude extrapolation
from typical data and the terminal rate observed is to court still greater
inaccuracies. PFurthermors, to specify the asymptote or the level in terms of
the mean performance 18 to discount the variation in performence from instanoce
to instance in the face of the commonly held belief that good performance is

not only typically goud, but reliable as well. On the other hand, if the
performance changes indicated by even the means of successive performancse
samples are considerable and consistently in the direction of im.rovement it

may certainly he concluded that skill nas not yet reached peak levela.

The data on training and retraining performance in vhe pressnt study
were thus examinod with an aye to roughly sstimating how near the test personnel
approached thair s8<ill limits at the end of training. However, in making this
analysis and in keeving with the study goale primary attention wae given %o the
variation irn sstimatod performance level for successive performance sumples
which, from the data, were estimated as achievable with a high degres of reli-
ability. Thus, instead of ovonsider:ng the successive levels of arithmetic
=aan (or pregumably most typical performance) the successive levels of perform-
ance estimated (from four-ir'sl olocks) to include 95% of performances under
exantly *he game circumstanues were exanined. In this way changes in variabil-
3/ - a8 well as in typical performance level were represented. Although 95%
adnittedly doss not represent an extremely high reliability 11 does represent
an effactive cozprorise beiween degres of certaint; and increasing errors in
s5timating the associated psrformance lsvel. The logic for this approact to
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rerfornancs measurement 1a dsscribed in a gepsrate article by Cot*erwan | ‘
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Viewed in this v the training and retraining dats Trom O~4 and C~9
simply -onfirm the p1 .ously mentioned conclusion about thair end-of~training
skilla, There is gresi variation in esiimates of p o= levels for succesaive
four—trial blooka in training and in most mgtancea'zgsm iz mtill & large
trend toward improvemeni. The comparsble or supericr p, 5 lavels displayed in
resraining, whick will be presented in more detail later| provids furtber
confirmation.

Howsver, the estimated p gs levels in ¢rair‘ng for -8 and C~13 do not
permit such & clear, unambiguous coneclusion. For any given individual the
geries of estimates seems to have generu.ly stabilized for some parazatsrs and
not to have stabilized feor others, sven wathin a phase, and thias pattern is not
consistent among individuals. The stability noted is gensrally to bs found at
the very end of training and to involve only s limited mumber (2 or 3) four-
trial blocks, Examples of these training functions (and retraining, as well)
are given in appendix IV in which the data from P-131 are depicted graphically.
In these graphs the estimated p gg level is coded by X to distinguish it from
the mean, or X, and the recorded value on a given trial, or X, in traditional
coding, A reasonable interpretation of these results would bs simply that by
the end of triining the several pilots involved neared in varying degrees on
the several paramsters, but had not quite reached (with the exception of certain
parameters) the limits of their skill potential. This interpretation also is
supported by the retraining results to be presented in detail later.

Further confirmation of this evaluation of the end-of-training skill of
C-8 and C-13 may be derived (depending on perscnal judgment) from ths limited
application of a newly~developed decision rule to their training data. This
training decision rule provided a means for more precisely determining when
asymptotic skill level was achieved for the purpuse of distrituting the avail~
able ireining time for greatest overall training effectiveness. However, when
applied to the data in guestion in only a few cases did the outcome result in
a finding of skill stabilizat.on (i.0., pesk skill attainment). It seemed
apparent that available training time would not permit skill stabilization, at
least as .indicated by the decision rule used. Since additional calculatioc.s
not considered directly relevant to anaiysis with reference to system criteria
were involved, with attendant costs, the study manager abolished the req iire-
nmer* for 1ts application. The decision rule concept 1s described in a genrerzl
way :lswenere (Cotternar, 1967) but 1t has not been elaborated and properly
tectrd, Inerefore, bein- as yet unproven the rule may be guestioned as to
valilivy and, in the form used, as to excessive stringency, For the moment,
then, t:e in.erpretation ol the cutcones obtained with 1t seems necessarily a
watter of nersconal julement,

Nevertheless, whacever the validity of the decision rule, because stability
in estimated p, g5 performanse leve) would certainly constitute a severe require-
meymmlﬂm@ﬁsﬁswmermvhw%BMd&UaSMﬂmemmhn
not quits revached in training the limits of their potential skill. Such, althouga
never precisely determined, is not unlikely the result of most operational troin-
g prograams.  Accordingly, the data of C~8 and C-13 are taken provisionally as
a reasonable basis for generalizations concerning skill retention and, in the
following description of mission test and retraining perforrance, they are con-
aidered of primary sigmificance. The parallel analyses for C-4 and -0 are
presented, but thLey are considersd of lssser value.
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Botention Test Mission Perfuvsmancs

Boliability per Hypothetical Criteria. BHow well then Qid the orews per—
form in the %test mission of main concem? Since spd-of-training performance
haa been expressed as sets of estimatad reiimbilities with reference 1o 22
Plight control criteris, an evident appreach to answering this question is to
compars with them similar estimates bmsed on performance in the test mission,
The performance effacts of the retention periods should then be reflected in
differences betwsen end—of-irmsining and test mission rsliability estimatss,
Hence, tha P and P valuea per phase for eash pilot were ccmputied, as before,
and the more inclusive $, § and P valves for a%ah individual and the parallel
cunalative probabilities for crows determined.< All thsse values are presented
in table VIII, which is organized in the sams fashion and may be compared
directly with table V1I concsrning end~of=training performsnce,

First, taking the valuss of table VIII strictly on their own merits, it
ig evident that the pilots showed considerable individual variation in capabil-
ity to perform the several mission pheages in the test mission as at the end of
training, Among the commandsrs (thoss first tested), for exammple, P for P-81
varied from >.999 in a numbsr of phases to 684 in TLl, and p from >.999 in the
same several phases to ,138 in 00, The variation in phase parformance of P-131
is even mors extreme, ranging from >.999 to .294 in $ and ».999 to <.001 in p.
Such variation in phage performance is also typical of all the pilots of O-4
and C~9 Wt it did not occur in the performance of the (~8 and 0~1} pilots who
were tested second and *hird. The mors consistent and superior psrformance of
the sscond and third pilots of C~8 and C-13 may be the result of their greater
skills (compared witk those of C~4 and 0»9) and their opportunity to cbserve
the firet tested pilots before performing the test mission themselves. Again,
there was a tendency for all pilots, especially within a given crew, to perfowm

certein phases vetter than others, but the pilots were not entirely consistent
in this —sspect.

In fact, when the phase relisbilities for the sewveral pilots within a
given crew are compared there is considerable agreement on some and consider—
able variation on others. Almost invariably in C-8 and 0O-1}, the performance
of the Tirst tested pilot was least adequate, suggesating rather definitely the
offects of order of test among thosa about equaily and well trained individuals,
Tha* similar relations are not as evident umong the test performances of (-4

and C-9 pilots is not surprising in view of the incompleteneas of their traim-
g and greater variation in their terminal skill.

2 Becaugse no direct estimste of variability could be made from the single
measurs, in calculating test mission probadilities the variability at the end
of training wae used. (See appendix 11 for destails.) In generel, it may be
expected that this prncedure resulted in an underestimate or overestimate of
test mission variability, depending on whether performance in the test mission
was better or worse than end-of-training performance. Thus, considering *he
nature of these data; it 18 supposed that the test mission reliabilities

reported are usually overvstimatos. This matter is more fully discussed in
the followlng section,
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TARLR VIII

Raliability Pex Criteris in the Tost Hissien

Crow/ Phase Mimsion ¥
Pilot TI1 TRY 101 SPO R LA  Bend Dok EBE 55 P
G4 1 ?; —t 752 =  ,531 L350 .635 FD G187 .737 649
ﬁ — 0255 - <.001 0099 .635 KD <.ml 0305 0412 <0001
2 .999 .828 .919 .530 .938 .655 KD .654 .418 .750
.998 .526 .838 <.001 .994 .655 WD L2777 .024 .539 <001
3 2992 ,705 826 .86 D .762 .38 .816

,983 116 - 49T H06 = ¥D .412 005 565 <,001
all izs;" (99T 162 973 .629 736 .763 MWD 534 .512 .T38
D <994 .299 ,946 .166 .533 .163 ¥ .230 .111 505 <,001

-9 1 fiﬁg 964 .243 .946 ND .250 ,583 KD LG40 740 .624
P) .928 <.001 .83 WD <.001 .583 ND ,L188 .382 .425 <.001

2 152 .692 ,958 J517* .250 WD ND .540 .79} .643
556 075 916 .517%<,001 ND KND .C92 .462 .374 <.001

3 .898 .830 .843% ,635* 557 ND .443 74T .744

19T 536 .843% ,130% ,557 ND .080 .521* ,.558 .00l
all ?s; 871 .588 .963 .680 .378 .570 KD .541 .760 .670
é P} .760 ,204 .936 .680 .043 .570 ND 120 ,455 .452 <.001
N -8 1 gﬁg 684 — = 1} = = — 999 981 931
%’g ﬁ . 367 - by ° 138 —— —— st 9998 ° 942 'y 827 . 048
& 2 750 == =  .,980 .968 .966 — — —  .963
4 3 2993 —  .992 .99 — = ~— .982 .998 .995 ‘
1 -986 - 0983 -970 - - - 0946 0995 0987 .885 5
a1l éﬁg 809 —  .997 .894 .989 .989 — .994 .993 .963
P)  L618 ~—  ,994 .682 .957 .989 — .981 .979 .911 .443 %
2 S ,@,5
b c-13 1 éﬁg - e -~ ,960 .294 ,903 .936 — .899 :
k P — -~ - ,880<,001 .903 .93 — -~ .858 <,001 £
: 2 996 — = 893 — 964 — .992 .997 .582 o
qa 993 — 695 — 364 ~—  .975 .992 .958 .643 Q
3 (961 999 — .976 .981 716 = .951 ~—  .954 2
k .922 .996 - ,928 .925 .T16 - .853 —  .927 .481 ;
=54 2
all iﬁ% 986 =  —  .943 .58 .861 .979 .981 .999  .545
o] p) .972 .999 — .834 .642 .861 .979 .243 .997 .914 .375
v t dash indicates valus >.9995 v probabilities for "all* pilota are ?Q@i
K * based on reduced date individual values taken curmlatively ¢
LD data were unavailable (1~°~v posna of individual valuss) =
3 39
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The overall mission performsncs of the pilots as indicated by D olsarly
and consistently ..monstrates these effects of testing ordar; within each oxew
the least reliable was the first tested. The mors stringent indicants, P and ﬁ,
also ahow this effeot to the extent that a probability of sufficient magnitude
(that is, ,0005) for discriminating differences waa found. Furthermoxe, in
gensral the performance of the C~-8 and (~13 pilots was considerably supsrior
to that of the 0-4 and C-9 pilots, as would be expected from the differences
in skill et the end of itraining which ars reflected in tabie VII,

However, wher the mission reliasbilities in table VIII for individuals
and for crews ars contrasted with the comparable values of table VII some logs
in reliability over the retention interval sesms evident. For example, %he
estimated reliabilities for P-~131 dscrsssed from .967 to .899 in P, from .946
to .858 in P and from .582 to <.001 in p from training to the test mission,
Only one of tho four pilots first tested (P-91) did not show an overall loss
and that this pilot did not mey easily be considered the result of inadequate
skill in the Pirst place (P of .587 at the end of training). Graphs illustrat-
ing the losses in reliability indicatasd by test performance are given in figure 8
in which the phass veliambilities (p) of P81 and P-131 in training and in the
tost mission are plotted. As crews, hoth C~8 and C~-13 show overall losses even
though certain individuals showed slight gains. That C~4 and C~9 did not show
overall losses may again be attributed to the inadequacy of their training.
Bsocsuse the pilots of those crews had gained less skill originally, they had
relatively less skill to loss.

Thaese relationships between overall nission performence in iraining and
test are more conveniently and precissly summarized in table IX which shows
both the absolute amount of change in reliability from training to test and the
percentars of end-of-training reliability that change represents., Thus, acocord-
ing to table IX the first tested pilots, whose performancs is of primary interest
because it is uncontaminated by pricr participation; never lost more than .068
or Th of end-of-training reliability in . Because % and P are more stringent
indicanta; the decrements in them are greater; as much as .144 or 14;8% and
.582 or 1007, respectively. What these figures measn, of course, is that while
cunlative (or average) parsmeter relisbilities held up rather well in the test
migsion the likelihood of miasion success (as defined by meeting all hypothetical
criteria) dropped greatly. This degrlation in P is invariaebly the resuit of
degradatiun in only one or a few parameters, as may be seen more dirsctly by
comparing tables XXV and XXVI of appendix III.

The shifts from training to test in parameter (P) and phase (P) reli-
abilities for the wnole mission are not only relatively small bui they also do
not seem tc be ordersd consistently in magnitude according to retention interval.
T4 would bs expecied that if other factors are eyualized the longer the retention
interval the greater the loss (or lesser the gain) in reliability. smong the
first tested pilots (the test or whom was unoontamiﬂated), vhile P~131 did show
the expected slightly greater loss than P-81 and P-81 greater loss than P-41,
the gain of P~91 is completely out of order., Thva, instead of F~41<P-81< P-~91
<P-131 tne order is P=91<P-41<P-81<P-131., Taat P-91 lost nothing (in fact,
gained) in test may again be explained on the grounds of his comparative lack
of skill at the end of training; tkat is, he bad comparatively liittle to lose.
However, even granting this sxplenation, because the differences observed are
slight it can herdly be conoluded that the length of the retention interval had
mich effect. There appears little basis in thuse results for arguing that a
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PARLE 1IX

Chcpnge in Higssion Heliability por Criteria
from Training te Test Hingion ®
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=021
("’301)

o 016
(«3.7)

.037
(6.3)

«113
(36.2)

Pilot
2
088

(15.3)

-096
(z1.7)

14

~, 048
(-5.6)
- 087

("1809)

- 002
(~100.0)

“~e 010
(-100)

~e 041

3

~e 029
(=3.4)

-s 054
{(~8.7)

-
.098
(15.2)

(20,8)

- 004
(0.4)

2009

A1) {sesn)

013
(2.3)

(3.1)

.022
(4.0)

041
(22.7)

: (~14.8) (~4.3) (0.9) (~6.1) K
| b -.693 ~.288 068 -.304 !
o {(=23.5)  (~42.2) (8.3}  (-42.5 ;
;é ].3 f -.%8 021 <022 -'.,008 1
; (=1.0) (2.2) (2.4)  (~0.8) ;
° }
. -I,S "'0088 o%l -'.005 !
E | (=9.3) {5.6) (2 2) (<0.5)
o ,
: P 0582 0349 0120 "’0038
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13-wsek retention period hes much greater significance for subsequent perform-
ance than a 4~ or 8~waeek retention psriod. The average shifts of the crews,
being ordered C~9<0-4<0-13<0-8, support this same view,

However, 88 the overall relisbility shifts of table VII for pilots within
given orews arye compared it is once again svidsnt that excepting P-91 those
tested first tendsd to pesrform leas well. Certainly this is %true of C~8 and
C~13 for which no obvious question of training adequacy can be raised. That
the second and third tested individuals performed so well, relatively, suggests
a conpiderable training (i.e., retraining) valus accrued to them merely from
observing and/or aiding one or two prior performances.

ity Rejlat to Previous » Thus; to the extent that the
hypothetical criteria are representative of those existing in real spacs
missions and the analytic methodology employed affords valid estimates of
reliability a numbsr cf ureful inferences concerning human reliability in aspace
operations seem possible from the preceding analysis. These infersnces will be
developed more explicitly and discussed, as warranted, in the following section
of the veport. Meanwshile; in focusing attention in the analysis so tar presented
on the several pilots! and crewa' capabilities relative to criteria, some informs-
tion (as it happens in this case) has been lost on the full effects of the
retention period. This circumatance results from the fact that at the end of
training the pilots?! reliabilities with respect to many of the measured para~
meters far exceeded the mazimum discriminable value (.9995) adopted as practic—
able in this analysis., Therefore, an individual might well have performed less
advguately in test without this fact being reflected in the calculeted probebil-
ity. That would always be true when capability exceeds the maximum discrimin~
able reliability relative to & particular measure. In effect, then, to computs
reliabilities relatire to criteria in these circumstances is to reduce the capa~-
bility of the analysis to show certain changes in performance. Nevertheless,
in this study and in many others, one is properly interested in any changes in
perfcrmance which cccur—not just in those changes which have obvious and
immediate implications for operational performance.

Therefore, as a means of assessing more fully the nature of the perform-
analysis of the test data was performed. In this analysis, (again in keeping
with the view that performence excellency is indicated by the level that can
be achieved reliably, not just typically), reference is made to the estimated
level of performance which the individual would achieve in 95% of his perform-
ances under like circumstances (i.e., his p,g5 level). Thus, with respect to
each flight control paramster of interest, the p 9 level of performance esti~
mated from the last four training trials was used Zs the reference against
whaich the test mission performance was compared. As in the previous analysis
the actual performance in test wes used as a basis for estimating the likeli-
hood of achieving this criterion (the p 9 ievel in this cuse). Hence, squiva-
lent performance in test is indicated bty 2 probability of .950 (one equal to
the reference), superior performance by a probability greater than .950 and
inferior performance by a probability less than .950. Also, as before, the
probabilities for sepurate parameters were taken cumulatively to obtain P and
taken jointly to obtain p values for each of the several phases. These, in
turm, also were combined as before to obiain atill more inclusive values for
individuals performing the whole mission and for crews. However, since the
estimated probabiliity of achieving the criterion in this case is .950 the
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sxpected value for a given § is gsomething less than ,950, a3 2 direct function
of the mmber of separaile probabilities which are thereby taksn jeintly. For
example, the expscted § for & phase reprezsnted by three messurss is .857.

P remzins unafficted and the expected value for it is always .$50.

The primary results of this analysis of test mission deta may be seen in
table X which, like the parallel table VIII, summarizes tha P and ) values -
obtained by phase and the more inclusive indicents :assd upon these. (The
probabilitiss for each individusl snd each parameter cre tabled in eppendix III,)
Table X shows that ths likelihood of palots in C~8 and C~13 achieving their
end-cf-training P, lovel in the tegr mission wes nowhere near as great as
their 1ikelihood o$5aohie“ing tue hypothstical criteria. This result is %o be
expocted in view of their great likelihood of meeting the criteria at the end
of training. Bat, in contrast, the pilots of G~-4 and C~9 had about the same
likelihood of reaching thsir p levelas as they did of reaching the oriteris—
again to be expecisd in view ofggheir lesser skill at the end of training,

Once again, aas was noted in tka prior anslysis, the individual pilots
showad considerable variability in their capability to pexrform in test at
forper levels on tho several phasss. This ism illustrated by the two exzwples
in figure §—sgain dspicting the performances of P~81 and P~131, tut now with
reforerce to the 2,9 lovel eaiablished by each individually rether than with
rofersnce to & commog arbitrery oriterion. Thus, bcth these pilois showed
considsrable reduction in performance of certain phases and not of others,
Howsver, they wers not entirely consisteuat in this, Although both had aiffi-
culty with braking and hover, docking, and sarth entry, P-81 also had difficulty
with the translunar insertion and ithe sepayation and deorbit, whereas P-~131 had
difficulty with transposition. This patfern of wariability in phase~to~phase
performance and of only moderate consistency smong pilets in phase performance
is typical. =Even the pilote uf C~8 and C~13 who were tested second and third
show phase~hy-phase varieticns in test pexformance relative vo former levels,
when they did not relative to criterie. This may be considered confirmatory
svidence of the greater sensitivity to performence changes that analyzis by
referance to former individual capability bringa,

The overall mission performance probabilities shown in table X alzo
cleariy indicate & loss on the part of all individusls and crews in the test
mission, over capability at the erd of training. Furthermore, the amount of
loss seems agein to bs related to the crder of test—the {irst tested individual
always having performed less adequately relative to his previous skill than the
others. These welationships ocan be noted more conveniently from table XI in
whioh is listed for each pilot the amount of loss in probability from the
expected valus based “n p o training levels and the percentage of the expectied
value such & loss represeﬁ 8, (A1) values in this teble indicate losses and
80 are not eigneda) Thus, for exampls, among the first tested pilois deteriora-
tion in test from individual p 9 level expectancies ranged from .228 tu .165
(or 24 to 17.4%) in P. Their 102865 in P, of course, are even greater—from
46.3 to 22,3%. All showed a probability of <.0005 of achisving their expected
$ value and, hence, a nominal 100% loss in it. However, as already ncted, the
loases of the second and third tested pilots are never so great (except with
respect to ﬁ which, being so low in any cass, does not discriminate among them).
The natural result is that the mean losses of the orews are somewhat less than
those of the first tested pilots—rarging from 17.8 to 11.6% in P and 39.0 to
23,97 in P. Regarding these overasll losses (both of the first tested pilots
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TAELE X

Probability Estimated from Test Hission Performsncs of
Attaining the p Skill Level Achisved in Training

295
Crew/ Phass Mission ¥
Pilct TLl TRN 0T 920 BH LA Rend ok EB .5 B
-4 1 {3} =T ,587 .988 .591 .672 .991 HD .33%1 .994 .769
Zps — <001 o977 <.001 .001 ,991 ©ND <001 .981 .494 <,001
2 999 .967 .992 .640 .46 ,993 ND ,994 .862 .864
<998 903 .985 <, 001 <.001 .993 KD .981 630 L.E86 <001
3 .995 975 — 803 621 — D ,966 ,731 886
8990 I'926 0999 t504 0113 — ND agm 9384' t727 5018
all gﬁgv L9988 .843 .993 ,678 .58 .995 ND .764 .862 840
b .996 (610 L987 .168 .038 ,.395 KD 627 .665 L.636 005
-9 1 §*§} 998,330 .997 WD .250 ,998 ND .967 ,956 .785%
) .997 <001 .994 HND <.001 ,398 WD .903 .870 .680%<,001%
2 ,988 .769 .862 ,982% ,250 ND Np .822 .977 .Bo7w
977 W314 LT85 .982%<, 001 ND ND  .494 .932  .632%<,001*
3 497 .989 .998 .931% .4G54% ,997 ND .963 - ¥ ,859%
<¢()Ol 0671 '996 0931*<0001* 0997 N.D 0892 — 9686*(o001*
all gﬁg .828 ,696 .952 .G56% ,331 ,998% WD ,917 .978%¢ ,B17¢
B) o658 ,328 ,905 .956%¥<,001 .998% WD 763 .934% .666%<,001%
c-3 1 55; 2614 .997 4992 .534 723 .933 L969 394 .442  .733
(D) «231 .991 .984 .134 .244 .933 .969 .010 .048 .505 <.001
2 452 49683 827 .933 L431 .995 — 979 .65% L.804
.001 a891 0657 o802 0023 0995 - 0938 <.001 0590 <.001
3 .994 .965 .888 ,553 .698 .998 ,997 .653 .H20 L807
.G80 ,896 ,786 <,001 .005 .998 .997 <.001 .007 .520 <,001
all éﬁg 687 975 .902 673 617 975 o989 675 ,540 7181
p)  .407 .926 .80% .312 .091 .975 .989 .3i6 018 .538 <.,001
=13 1 fﬁg - ,591 .984 .853 .285 .382 .991 .653 .755 .T722
(3) = <.001 .968 .600 <001 .382 .991 .026 .301 .474 <.001
2 CJT12 0 .939 .966 .979 946 .957 = .996 .644 .871
JA24 .819 .931 L9377 LT9T L657 ~ 989 ,025 .731 .OC4
3 .634 0964 .768 0764 0558 o981 0983 0885 0710 .&)5
278 .893 L,572 .362 046 .981 .983 .689 .322 570 001
all (isg S92 .831 L906 865 L.536 L673 .991 845 LTO3 LT99
(b) .567 .57 .824 .631 281 L6T3 .99l 568 .216  .592 .002
T d4ash indicates wvalus >,9935 v protabilities for "all" pilots are

* based on reduced data
ND Jatas wore unavailable
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individusl values taken cumdatively
(1,04, msans of individual values)
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PASLE I g
Loza in Tewt Kiesion Relisbility |
fron P g5 Trawining Iovel # ‘
Filot a1 P ‘
Orew/Heazuze 3 2 3 {mean)  (expocted)
4 % 0181 0086 9064 Ono '%0
(19.1) (9.1) (6.7) (11.6)
? «381 185 +148 0239 875
(43.5) (21.6) (16.9) (27.3)
i 340 2340 322 0334 340
(100.0)  (1200.0) {94.7) {95.2)
9 3 +165 0143 2091 .133 <950
(17.4) {(15.1) (9.6) (14.0)
) 0195 «243 .189 <209 815
(22.3) {27.8} (21.6) (23.9)
4
p 0340 «340 0340 0340 340
(100,0)  {(300.0) {100.0) {100.0)
8 5 2217 <1456 o143 269 «550
(22.8) (35.4) (15.1) (17.8)
) .378 +293 363 345 885 *
(42,8)  (33.2)  (4L.1)  (33.0) !
$
P 2322 2323 2322 :323 323
(100,0) (100.0) {100.0)  (100.0)
13 P 0228 079 0145 <151 +950
(24.0) (8.3) (15.3) (15.9)
P o409 2152 <323 <291 -883
(46.3) (17.2) (35.4) (33.0)
3
P 323 0319 322 321 323
(200,0) (98.8) (9%.7) (99.5) |
|
#  parcontego loss indicated in parenthesos i
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and the average losses of the orews) it is of spscial intercst that the
differences among orews and individusls is quite amall. This is in centrast
with the previocusly described resulis with xeforence o oriteria in whick toth
C~4 end 0~9 showed average geins and in vhick one first tested individuzl
actually showed & gein., Thus, since apparently consideradle difference in
gkiil level existed, it may be said that whatever the lsvel of skill aaguired
the deterioration in reliability from ibhat laeyel or relative o it was nesrly
constant.

On the other hand, that little differsnce among individual and/er orew
losses was found arguse sgain that the effects of rstention intervei, if any,
worg slight, The Pfirst tested pilots' losses in xelisbilitiss are ordered
91<41<81<131 in both B and P while those of the crows are ordsrad 4+49<13<8 in
P and 9<4<13<8 in P. Apperently, although the differences arc spall and some=
weat inconsistent, loss in relisbilijy did tend to be directly related to
retention interval.

In general, the results of this additional analysis of test performancs
which makes refersnce to individusl capability, parallcl those of the first,
which makes reference to hypothetical system oriteria. The principsl differances
in outcome which can be noted are (1) that the losses in capability relative
to end-of-training p.g%-levals aro about two to three times greater and {2)
that the findings for U~4 end (=9 ars not in complets agresment, as would e
axpscted on the basis of their less adeguate training, Otherwise, bolh analyses
clearly indicate a degree of degradation in test mission performance compared
with end~of-training performance, varying consideravly by phase for individnal
pilots in a not completely consistent fashion, but which overall phases show
relatively evident effects of the ordsr in which the pilots were tesied and
relatively slight effects of the retention interval involved.

Betraining Performance

Having shown that the pilots did experience & loss in skill over the
retention period the next question is, How well did they regain their skill in
the subsequent retraining trials? The rapidity with whioch they achieved their
former levels, if they did achieve them, would carry valuable implications as
to the possibilities of mitigating the degrading effects of lengthy retention
periods in operational circumstances which warrant the concern. Furthermors,
because even the pilots of (-8 and C-13 had not necessarily resched the limits
of their skill potential in training (those of 0-4 and 0-9 definitely had not)
it ie of special interest to ascertain if, posgsibly, in the course of the
retraining given them they would not only regain, but swrpsas, their former
lovels., In fact, it was just this poesibility that prompted the 3 days of
retraining for C-8 and 0-13.

With these two questions in view, the analysis of retraining performance
paralleled that of test mission performance, focusing attention first on
estimated likelihood of reaching the hypothetical system criteria and next on
eatimated 1likelihood of achieving the level of performance achievable 95% of
the time at the end of original training., 3Because (with._ the excsption noted)
pilots of C-8 and 0~13 had as meny as 28 and never fewer then 8 retraining
trials on certain phases it was possible to consider their damte in more than
ore way., Thus, the analysis just mentioned was first perfoimed upon their
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initiel four~trial bloock of retraining dats and then repsated upon tho best
four-trisl block for sach individusl and phase {p w=s the criterion ussd in
selecting the best trial block), In conbrast, bscause the pilots of C-4 and
C-9 received much less retreining (fvom & to 2 %riasls, depanding on phass) and
the data for these trimls are not quite complete all their available retiaining
date were oonsidersd in a single amalysis. This analysis is considerad roughly
comparable to the analysis of initial four-trisl performanse of (-8 and C-13
pilots,

Reliability pe ica) Criteris. Accordingly, the resulis of the
analysig of initial retraining performance of all pilots relative te oriteris
are summarized tegether in teble XTI, As in previous tables of this nsturs the
P and p values Tor separate phases are indivatsd, folliowed by the more inslusive
probabilities referring to all phases and the whole crew. The phase reli-
abilities are, of course, directly comparatle to these reported in table VIX
for original training and in table VIII for the test mission. Fowsver, the all~
rhase probabilities for individuals and crews are not directly comparable to
the mission values of the former tables, bscauss they sre based on a more
limited set of phases (namely, those which had been selacted for retraining).

Judging from the phass probabilivies reported in table XII, as bsfore,
the pilots rhowed varying capabilities to perform the several phases. They
also varied considerally among each other in capability to perform any partiou-
lar phago-~especially the pilots of C~4 and (~9., However, together they showed
a rather congistent tendency to perforu certain phases bstter than others.

This ig olearly svident in the walues for C~8 aad G=13 pilots~—none of whon
apparently had diffioulty with the txansposition, lunar orbit insertion, and
dooking phases. 2ut az a group they spparently had some "difficulty with the
separation and dsorbit, braking and hover, and earth eniry phases. This
pattern is reflected also in the lower orew probabilitiss for O-4 and (=9 for
the same phases.

In general, the phase probabilities, both for individuals and for orews,
are quite high, approximating those of training (table VII) and surpessing
thogse of the tost mission (%able VIII), as would be expected. Onocs again the
poxformancs levels of the 0~8 and C-13 pilotes was distinotively superior to
that of the O~4 and C-9 pilote. Furthermore, when tho btest four-trial psrform-
ance of -8 and 0-13 pilots, shown in table XIII, is considered it is seen that
additional opportunities for training resulted in oven greater performance
pelisbility. In more than two~thirds of the phases (23 out of 33) these pilots
not. or exceedsd their end-of=-training levels. 4 graphic illustration of
retraining performance may be seen by referring to figure 8 which inoludes &
plet of P values obtained for P-81 and P~131, along with the ocmparable plots
repregenting training and test mission performance. ‘

Going beyond the pilots' phase-~by-phass performance, a more complete
view of thelir reotraining achisvements may be bas by examining tables XIV
(for -8 and 0-13) and XV {for C-4 and 0=9), In the left~hand columns in
each of these tables are summarized the By P and d velues with respect to
oriteria for individusls, and the related curmlative probabilities for orews,
in training, in the test mission, and in retraining. The probabilities given
for training and test mission in these tabdles were caloulated on the basis of
only those phases on wnich retraining was given and are, thersfore, directly
comparable to the probedilities for retraining. (Having hesn computed on ths
btasis of anly coriain mission phases, they axre not the same values as are given
in tables VII and VIiZ.) .
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TAMS XLT é =
Rolisbility Per Oriteris in Barly Rstradning o9

Fheoe : -
Crov/ My 01/ 929090 B 0 Dk B All Puases ¢ ‘ oo
Pilat (2) 7ex(2) swo (8) (6} (6) %P a

v

o-4 1 gﬁg L818 .y ND 443 B804 388  m7
P 455 4979 FD 033 683 <.001  L430 <001 .
2 0668 0702 H)) 0723 O598 0645 . 9661 ;
0144 0404 hi31) 0241 0213 .%,4 ;211 <.901 . ~ 3
S BERERE B .
all éﬁgv 808 896 ND 601 823 673 I o
P 472 791 BD 300 L610 ..337 502 L.i5%
-9 1 F; 124 766 D 485 JT31 550  L651
) o326 587 ED  L048 353 118 286 <001 o
2 81T 665 ED  .616 .8BL 863  .768
52 414 NI 100 L5800 631 455 .O08
R B ESN D w
. « . . Y ° [ ;
ayl (p L7169 187 HD 552 L7588 L650  .703
) $393  J644% ND 076 .439 297 0369 LCO3
-8 1 553 b EBp .740 % WD 692 Bu#
ﬁ ®D m 0231 o= m 0284 gsgj* 3066* g
2 S e 950 998 = = .998 1
= e 4§69 4001 e e .993  .960 A
} T I OB s
all ?ﬁg % e 910 L9959 -~ B89  ,935* ;
B) e - 733 997 =R 737 .82 .651% :
0-13 1 Eﬁg - — - 996 == 992  ,998
p — — - 0082 e 917 <993 959
2 o o 979 — - — «996
- — 0937 - - 990  .937
3 0847 0953 - °736 09a3

2546 811 0336 .T82 149

all iﬁg - = 942 ,983 =  ,009 ,972
ﬁ e - 828 «931 — « 1T «922 .682

#*  for -8 and 0-13 tssol on the first four training trdials; for O-4 and 0-¢
baged on all retraining trisls, as noted in parentheses

provatilitics for “ll® pilots ave individual walues teken owmlativoly
doeh indicates valus >.9995
bazed on reduced data

x +4q
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TARLE XTII

Reliability of 0-8 and O-13 per Criberis as Bstimated

fren Past Four~Trial Block in Hstraining

. Phase ‘ - 4
Crew/ " , All FPhages ¥ 5
Pilot TEN 0T (.3 Bl Dok IR 8.5 3

3

-8 1 i'f“} D ND  .955 ~T WD .97 .99% i
$ D XD LG8 - ED .992  .903% 976

2 o J— - —— — — - - §

3 e = = T 996

e L iaad om— anad .928 0988 0928 ;i;

Y it et e 995 - ot 973 «S94% 969*

0,.13 1 g?; - ] [ind hand - 0995 0999 % ‘;
P - - hinad o~ b . 985 . 998 . 985 E
2 - - 979 - o - +996 }
e 937 em e e 990,937 . g
3 - == 951 553 - - 591 ;

e bmiend -« 97.3 ° 811 faiiand o e 964 ° 789

all 2‘13; o= - 990 984 - .998  .995
b = s 970  ,937 - «995 <984 +904

dash indicates value >.9995

based on reducsd date

protebilities for "all” pilots are individual values taken
cwmlatively (1.0., moans 62 andividual values)

q x =
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TARLE XXV

Comparative Heliabilities of Crews (-8 and G=13 in
Training, Test and Botralning %%

Per Oritoris ins Pex 2,05 Trng 1svel ins

Graw/ Prog Hission Retrng fDotimg Mission Relmg RBatimg
Psiot  (lssy 3} Test  (1-4)  (beat 4) Test = (3~4)  (best 4)

9“8 1 5 0%6 4949 08\119 099?“ 0566 bsw* .6‘34*
P 960 <346 A% 993" L,142 L0368 L,2TH5%
) 57 -130 o066% 078 002 2 003% »C04#

s 992 951 0998 999 - 193 828 863
974 «968 <993 999 o552 o515 624
[ 348 ome . 950 9999 +001 002 0925

3 ﬁ??\‘# ‘99& 9995 ‘995 0713 °W '829
.98} «$82 »988 .588 0282 2466 o631
590“0 ¢898 c928 9928 .001 .001 .005

it P .90 978 $935%  o998% 693 TRER TS
{zean) (.566) («730) (.799) (.827)
P .572 0932 (.gsg; 994% .33 <339% . 510%

(s422) (.461) (.603)
835 815 +551% < 9o5% <001 2001% 0114

b
c-1> 1 0955 876 998 +959 687 -850 .892
+934 813 «993 0955 2316 585 686
«T39 «001 o959 985 2001 #0002 +068

2 0945 0980 .995 0995 0912 0884 4-969
« 854 2544 « 550 2590 <150 «690 «902
+301 672 937 ° 937 -014 «C53 S

3 «569 .984 923 991 115 815 «351
«967 «550 . 182 0984 0481 +630 +837
807 - 729 0149 ~ 783 «002 +004 ~288

all § <913 <941 972 9% 191 850 cggg

(ﬂm) . 928 ° 902 . 922 ® 984 . 516 . 635 .
«616 0487 0682 «304 005 +020 0292

#?  Daged on the mix phases of retraining (i.e., TEF, 10I, S§D0, B, K, £3)
Fotes m@uﬁ@% valuse for B, B, ard ) por p,g5 level ave 950, 858,
and ¢39
#  YPosed on incompleto data
t porenthotical values obtainod hy cumalating crow values for phases,
instoad of pilot waluos for mission, They differ boocouso dats for
P~81 gre incozplote
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TAELE XV

Comparative Relisbilities of Crews (-4 aud 0~9 4n
Troining, Test and Rotraining ##

Brpsctod valuos for

Pap ®, 5 g
Per Cxitorie ins Im'o? ins
Grow/ TPreg Hinat Hiosion
Pilot (lest 4) Test. Botmug Tost Rotzng
-4 1 § «614 «605 < T07 . T4 878
«256 «332 +43C «392 o645
<,001 <,002 <001 <,001 .084
2 qé?é 0?63 0667 o&é 07&
0446 0532 0211 «700 545
<,001 o003 <. 003, <, 001 «001
3 788 o742 °959 -859 888
-489 <508 -865 «664 658
»001 <,001 0453 036 025
all «692 703 >TI8 810 849
{mean) 0395 o424 502 585 617
<,001 «001 151 +012 »037
0= 1 611 0564 »652 «700 -876
01% 029'3 0285 0553 oém
<001 <,001 <, 001 <,001 ~046
2 +855 «04T «768 .T36 859
¢339 0309 0455 +493 649
001 <,001 <008 <,001 «035
3 665 oT31% +689*% B89 8612
422 0453% o367% o712 o314
<.001 ~003% ~001% <. 001 .027%
all .658 647 «703 o175 2855
(mean) «320 «352 «369 586 «687
<,001 +001 «003 <001 .036
4

bosed on the five phases of retreining (4.e., TRW, HH, DOX, 78I, EB)
with 10T substituted for TEI in the test misaion,

By By and P por p g¢ level are ,950, .858; and .463, rospoctively

* hasod on incczpleto data

53

‘l

D

*
PP

[FPRTPRIRCTTAINE W=7 9, NUSQURIFICE AR

AEALS BRI

AT

et




From table XIV it is evident that so far as the hypothetiocal systen
eriteris arve concerned, the pilots of 0~8 and C-13 quickly regazined their over—
all effactiveness during the retraining provided. Four of the six had already
exceedsd their vnd~of-training levels in their first four reiraining trials and
all virtuslly met or excseded them in their best four-trial block of retraining,
The cumilative probabilities Por both crewc naturally reflect this alsge bg
indicating geins in the test four irials with reaspasct te all aspsois p, 3)
of overall effectivensss, Some individuals~—for example, P82, P-131 and P-132—
showad especially noteworthy improvemsnt. Also, it is 1ilkely that hed not P-81
bsen somewhat disturbsd by the requirement Yo terminate his participation afier
Just one~half day of retraining ke would have performed still mors effectively,
with the result of greater demonstratsed gein for himeel? and his orew, OF
courase, the estimated reliabilities of gll the pilots were very high in the
begt four-trial bleck in retraining=—P ranging from .99% to .991, D from .999
to ,964, and D from .999 to ,789. That thsse reliabilities reflesct some gain
over originsl training implies that, as was surmised, these pilots had not quite
reacked the limit of their skill potential at the end of training.

The overall effsctiveness in reiraining of C-4 and (~9, as shown in
table XV, muns parallel to that of -8 and C~13 in some respects and in others
it does not. Ths pilots of C-4 and (-9 {P-42 excsptsd) also regained thsir
former levels of reliability in the brief retraining afforded them. Some,
notsbly P-41, P~43, and P-92, even showed substantial gains, Similarly, the
cumilative probabilitias for the two crews reflect this general improvenent in
all aspsots of oversll effectiveness. Howsver, the estimated relisbilitiss
with respect to sriteria of C~4 and -9 pilots et their best weye still generally
low vhen comparad with thoss of the C-8 and 0~13 pilots. P ranged from .959
t0 +651, D from .865 4o .286 and P from ,453 to <.,00L, Clearly, most of the
G-4 and 0-9 pilots had not even approsched the limits of their skill potential
in eoriginal 4saining and did noit do so in retraining eitbher,

; A, evgl. However, when the retraining
parfcmnce of ths pﬂotsmm is emined in terms of the likelihood of
achieving their snd-of~iraining p o5 level a somewhet diffsrent, although
generally complementery, viev is o%?amed. The phagse~by-phasse probabilities
of aohieving this former level ars sunmariged for the initisl retraining of all
pilots in table XVI and for ths best four-trial blocks of 0=8 and C-13 pilots
in table XVII, (Onos again, although the P values tc be expscted are .950 the
P values %o be expected vary with the rumber of measured parsmeters for the
phase, as in the ocomparison table X concerning test misaion performancs.) In
addition, the direotly comparable figures for overall effectiveness in the test
nission and the expected values may be sesn in the right-band columns of tables
XIV and XV, for 0~8 and O-13 and C-4 and 0-9, respectively.

The phase probabilitiss for initial retreining given in table XVI are

often, Wt corteinly not always, highor then those for the test mission given

in tabdle X. In fact, only on the braking and hover and docking phases ars the
curulative probabilities for crows consistently higher. TPMurthermore, the
robabilitioes based on initial retraining eeldom reach the expected value

«950, etc.) thus indicating that tho individuals and cxews performed few phases
initially at their formsr levels of skill. None of them attained their formsr
lovel in separation and deorbit, braking end hover, and docking,
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Again, there was considerable variation within individuals in their capa-
bility to perform the several phases at their former level and among individ-
usls in thair capability to perform a given phsss et former levels., Owverail,
in contrast with the analysis in terms of oriteriz, their effectivenssgs on the
gseveral phases does not show a vary conaistent pattemn of effectiveness favor—
ing certain phassg over others, although pilots of C~8 are still seen to have
porformed less competently on the sume three phases idemtifiad earlier. In
general, the phase~by-phase probabilities of achieving the former ., 5 level do
not seon to vary as greatly as did those of meeting the hypotheticsl oriteris.

Yhen contrasted with ths entries of iable XVI thoss of table XVII show,

- as in the oriterial analysis, the effects of the additional retraining received
by the pilots of C~8 and 0~13. 4s crows in the best four trizl block of rseirain-
ing they surpassed their initial four-trisl levels in nine out of twslve instances.
However, even these most skilled piloits at their hest did not consistently excesd
their training level and in saveral phases were far ehort of it, This is illus~-
trated in figurs 9 in vhich retiraining performances of P-8] and P~131 sre plotted
with reference to their former p 95 levels, The result, in overall affective~
ness, was thait only one of the siz”(P-132) slightly excaasded the sxpected valus
and one other epproximately matched that value (oo table XIII). The discrsezancy
botwsen tho values for P-81 and those of the other pilots again may be most
easily attributed to the adverse circumsiances under which he performed. Fron
these findings it may be argued that the pilots of C-8 and C-13 had indeed
reached their ekill potential at the end of training—a view which seemingly
contradicis ths earlisr findings on performance with reapect to criteria,

Having noted, then, that O=~8 and C-13 did not much surpass their former
levels it naturally might be supposed that the iess-skilled (-4 and C~9 were
sven further from their former levels in retraining, But, the last column of
table XIV shows that this was not so, that if anything, C-4 and 0-9 surpagsed
C-8 and C=13 in capability to verform at former levels in the initial retrain-
ing. This ohmsexvation too is at variance with the findings on retraining perform-
ance with respect to oriteria,

In goneral, concsrning retraining it is concludsd that in the firsi Teow
trials most piloteg regained considerabie skill--senough to demonstrably surpsss
their test mission capability—but not encugh to match their end-of~training
levels. The amount by which they fell short of the p g training level {from
«250 to 051 in B, excluding P-81) was surprisingly siwg}.&r, irrespactive of
their degree of original skill. Those roceiving additional retraining approached
and, in at lesat @ third of the cases, maiched their former levels tut showsd
1little tendency to surpass them. End-of-training capability to meat hypothetical
system criteria was fully regained by virtually all the pilots in a few retrain-
ing trials, several pilots actually surpassing it, and was always surpassed in
the best retraining performance of those receiving additional retraining. Bui,
the less well~trained pilots of C~4 and (-9 continued in retraining to be
distinctively Jewus able to meet the criteria than the pilots of 0-8 and C~13,
even though they performed squally well relative to their own former lsvels.

Evidently then, the first question as to how quickiy skill was reacquired
may best be answered in this ways both skilled and relatively umskilled pilots
were able to regain their capability to mest the hypothetical system criteris
within about four trials following the test mission, it not their full originsal
capability. The originally well-trained pilots did approximate or equal their
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TARLE XVI

Probability Estimated from Early Bstraining Performance of Attsimisx
tho P95 Skill ievel of the last Four Training Trials %

Phage
Crew/ TR 101 BE Dok BB A11 Phases ¥
Pilot (20 TBI(2) 8p0 (B} (68) (%) B3

O=d 1€§2 82 .96 ND  .825 .825 ,958  .B78
D) o534 L9111 ND  .363 .543 L.878  .646 084

2 .905 506 ND 0 .520 .999 .979  .782
°718 022 WD  ,053 .998 .938  .546 001
3 .68 970 F®p .84 -t ,060 .888

all Eﬁ" ,804 .B11 KD .723 .94 .966  .849
) 443 624 ND 271 .B4AT L89B 617 .037

G-9 1§§§ .983 L9718 HD  .628 .924 .867 .876

3} .95 .55 HD  .108 L7174 611  .680 .046 i

i

2 .905 .992 ND  .602 .835 .95¢  .859 :
133 984 ND  .102 549 .878  .649 035 2

3 940 ,933% ND  .482 950 861 :

827  .933* ND .041 - .855 <731 .027

all éﬁg .943 .,958 ND 571 .920 .925  .B65
P «837 557 WD 087  JTT4 781 687 .036

g ND ¥» 581 .,564 ND 383 « 509
ED ¥p» ,029 ,027 NU .051 ~036% <, 001% .

[

2 .913 .832 .689 .74 .82 .978  .828
o755 663  L069 .134 L.534 .933 »515  .002

3 0997 = 667 .655 L8778 .602  ,800
«99C o 022 ,033 ,665 087 .466 <,001

all {ﬁ; J955% L916% 646 L651 .850% ,654 L T1o% :
) BT 832%  ,040 L,065 L600% ,357  .339% LOOL® g

&-131253 ,999 .886 -~  ,694 .88 .930 .850 ;
ﬁ - 021 ° 366 0356 . 585 .002 ¢

2397 TN
2 962,744 .949 923 = 728,884 ;z
° 887 . 502 . 846 ™ 704 w_— . 199 e 690 (] 053 ,:
3 0999 .934 .789 .874 :296  .815

<996 869 .391 500 - «025 .630  .004

;;3 311 fﬁg 0987 0855 0913 0830 0929 05&5 0850
p) 960 .74 .T46 .408 789 .193  .635 .020

##  Pop 0=8 and 0-13 based on the first four training trialsy for O-4 and 09
baged on all rotraining dats, as noted in paremthesss

probabilitics for "all” pilots are imdividnal veluos tskon cumaletively
dagh indicatos verws >.99%5

based on roduced dats 56
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: PABLE XVII
: Probahility Bstinated from Best Feur-Trial Hlock in Retreining
of 0-8 and 0-13 Attaining the p 95 Skill level of the lsst Four
Training Trials ¢
Phase
Crew/ A1l Phases ¥
Pilot TR™ LI SO BH Dok BB P8 3
c-8 1 ?ﬁg D ND .885 .664 ND  .383 .644%
) ND ¥D 668 107 ND  L051  L275% .004*
2 999 .832 .800 .T15 .854 .978  .863
2997 663 401 W1T3 574 .933 .624 ,025
3 -1  — 482 ,950 .920 .623  .829 ‘
-—e— m—— e 048 . 804 ) 771 . 161 . 631 uoob-
all 553" -  ,916% ,T22 776 .887% .661 @ .179
) .998% ,832% ,372 L,361 L672% .382  510% ,011%
c-131 () .995 .886 —  .883 .788 .796  .892 {
(;65 . 997 ° 771 —— ° 534 . 366 ™ 451 . 686 0068 3
2 0962 0986 o—— 9936 o 0932 0969 ‘
. 887 . 972 - . 757 — . 799 . 902 0521
3 (999  ,999 .940 .84 —  .893  .951 j
° 996 . 999 ° 821 ® 500 ——— . 705 . 837 . 288
. all ?3; 987  ,957 .980 .88 .929 .B74  .937
: ) 960 914 .940 597 .789 .€52  .808 ,292
t  dash indicates value >,9995
*  bassd on reduced data
v  probabilitics Por "all® pilete are irdividusl valuos taken
\ oumuletively (1.e., means of individual valuos)
o 57 k i
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M1l original capability with varying asmumis of 2dditional retraining in the
several pheses. In ountrast, the zscond question ss to whethex» the pilots of
0-8 and 0=13 wers 2ully itrained appsars unanswerable on ths basis of the bave
reeulis so far pressnted., For, on ths ons hand, if capability to meet aysten
oriterds is tho deciding factor they must bo considersd not ¢o hawe hasn flly
trained originally., On the other hand, if capability to psrform at & highly
rolisbic level (p ¢5) detesmined £rom their own porformance is the dsciding
factor there is no??nsis for supposing that they were not fully trainsd,

In the following sesoticn of the report this problematical aspsot of ths
findings along with certein other aspsots of the study which baar on tha
intorpretation of the data will bs dissussed and aome definitive conclusions
vill bo stated.
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SECTIN IV
INTERPRETATICET

The prohlen of interproting the dnis obirired and the anslviic resulis
presented sctuslly involves consideraticn of al lesst {thres somevhat different
kinds of factors. Thess sre, first of all, the obvious prvcszdursl factors
rolating to ths memmer cf obtaining the data. Isck of standardization in pro~
ocsdnre or feijure to control or randomige asome significant waristle affeoting
the performance of the test parsommsl csn certainly bviaas results. In ordsr to
interprst the study, then, it ia desirslble to considor the possibilities for
blas in this regard and to gasuge their likely impaot on the deta,

Beyond the deteils of data collection another aspect of the study signif-
icantly affecting the interpratation of findings concerns the dstaila of the
analytic proosdures used. It is possible that scwe charaoteristic(s) of the
englytic method smployed may oparate to introduce a bias in the representation
or cemparison of performance obazsrved~-itbus resulting in en artifact, or
spurious effect. Any possibdilities of this nmature should also be considersd
and their implications for the resnlia determinad.

Finally, beyond these procedurel dotails of data collsotion and anslysis
thers are always the scmevhal broader questicos of generalissbility—of extwi
to which ths findings are applicabtle to other situations. Although genoralise-
bility—-dspends greatly on the specifis procsdiwres used, it alao depends upon
more general matters relating to the very concaptualization of ths siudy.

These, tco, should be examined, in retrospest, in ordsr to arrive at a fully
considered interpretation of the results.

Zach of thsse thres kinds of factors will be disounsssd, in turn, in the
following portions of this ssction. Finally, in keeping with these interprete-
tive remurks and the enslytic resulis,; speocifis study Pindings will bo stated.
Headors who do not camv to follow the detailed examinztion of the mumsrous
interpretative factors involved may turn directly to page 91 for ths statememt
of findings, Altemsatively, just tho more spesoific considerations of date
collection and analysis procsdures may be skipped by tuming to page 84 on which
the discussion of gemoralisability dagins.

Iata Collectien Tivcsdunon

¥ith a study of tho magnituds of this one in cheor voluzes
of data it is a commom ocourrenco that somo of the date are lost~-utuslily for a
variety of roasons. Henee, it is a falr gquesticn to ask ragarding this one,
To what extent wore data lost and how do these losses affeot tho roenits? This

guostion con bo answorcd in a vexry genoral way tut of moxw uss ie spocifio
information an whore tho losoes wore cnoounterod,

Starting thon with tho training dota, and restricting concorn as always
to f1ight control, tho rscords of training porformmnee exhibdted by Grodsky
et al‘?ll%éb) ssea quits complets for the paurpose of this yeis, Thua, e
also zay bo noted in tablo XXV of sppendix IIT (prosemt roport), cuffiofent data
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on C-8 and C=13 wore aveilable to alwsys provide & good four—irial besis for
estizsting end~of-training poerformance. In fest, with these two orews im only
two cazes (P~53 on 7LI snd P-131 on L01) was there an evident diffienity requir-
ing attention and this involved possibly exronecus; not missing data, In these
two instancss the last rour velues included one vhich was obviously extreze, as
corpared with the whole treining record of the individanl, Comssquently, to
obtain a falr ogtivate of ocapability these two values wors replased vy zeaching
one trial further back in the treining record, Thore were o fow other insiancss
whers values which seamed unropresentative of the individuzl's end-of-treining
capabllity were noted Wk, since they wore not obvicusly extrems relative to the
whola record they weore used. Porhaps the most notable miuchk instancss are those
of P=-132 on 810 {velooity end yaw) end on Tok {displacemant rate) and P~133 an
LA (velooity). In these instances it is quite possible that the estimate of
training is an undsrestimate and the comparisons of training with other pexfozrmr
ance are consequently biesed. Theaso possibilities will bs explored wore precisely
in the discusgion of zampling. MNeanwvhile, anticipating that discussion, it is
doubtful tbat beyond affecting the estimaies of original capability of P-~132 and
P~133 tho extrepe values entered greatly in the analysia of 0-~8 and 0-13 perform~
ancod.

In oontrast, the xscord for O~4 and G-9 ig not nsarly so complete slthough,
congidering their evidmt lack of ¢raining and the sscondary intersst $o b
accorded their data, it atill seems quite adequate. I% was neoessary scmotizes
to reack back more than four trials in training to ssoure a besiz Tfor estimation
or to acospt less than four trials as s basis, tut this did not cocur to & great
extent. Az table XXV indicates, acosptable ¢stimates wers possible for eil ut
the r ndszvous performenco, the S0 porformsnoce in yaw and pitch of (-0, and the
LPA performence of P~92. Rendsgvous performance caxmot be estimated mersly be—
causs fusl asumption for it was not &t that time being distinguished from that
for docking in the performancs rsoords., This lack of infermation on rendssvous
does force discounting rendssvous in the record of 0-8 & 1 0-13 before comparison
of the two zats of crewe (as noted previously), ut it otherwise has little basr-
ing on the results., The other lozses mentioned also ssem of sinor conovsrm——morely
a nmuisance in caloulation end in cross—compsrison,

The teat miassion data are, in a senee, oven more conplete thar the training
dats. Only the rendeswous informaticn for O~4 and 0~9 (for the reason already
noted), the velocity ocntrol of P~91 in SIO and the displacement of P-93 in FH
ars unsvailablo. Howgver; the lack of information cn training perforzance o.

-9 in yaw and pitch in SIC and of P-92 in IPA as & basis for ostimating varia~
bility, additionally mads calsulation of test nission probabilities for these
porformanses impossible &8 well., Again though, considering the secondaxy interust
in 0-4 and 0-9, the net affect of these data loases seeus slight,

Similar genoral conciusions conosrning the retraining data appear appro-
priate. For 0-8 and 0~13 tho only losses were in the performance of P-8l. These
losees wore, of course, considsiable and they resirict opportunities to make
fruitful comparigons involving the retraining porformance of this espocially
significant first-tested pilot. But tho shoor loss in data is probabdly not the
rain oconocern (as will Yo lwought out more fully in a following discusaion), and
the principal interest in rotraining is with respect to given individual's gains
or loases over other porformances. Theo are, of ccurse, no data for retraining
porformance of O-4 and G-9 on SDO and 10T (TEI boing substituted) which makes
for nuisance in crosc—ocuparicon, ut those are difficuliies arising by design
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rather than by leas, as swoh. Thors evo instenmces (appondix table XXVIIT) in
which the estinates for pilots of (=4 and 0=0 had $0 % bassd on reénced dats
owing 4o & lack of informetion on & fow paramstors aad triais and ons ocase
(2~93 on TEI, V) Zor whioch no estimate was possidle,

Thas, in general, although the instances of missing dota noted d4id csuse
soeze nuisance in analyeis and do =ake crossesomparicon more complisated than
with & completo rsoord, they cortsinly do not msks meaningful interpretaticn
impossible or; if properly handled, bies the remulis, Perhsps thoe most serious
of these consideraticns iz the problem {to bs disscusssd in more dstail) of
possible blas dus ¢ the inclusion of wrepresentative veliuss~—tut this prodlea
is certainly not unique to this study.

ongiuct of the Test, Apart from the hronder issuss of simulation invelved,

thers a9 a ber of particulaxs of the wy in vhich this test was cendusted

which might poseibly have infiusnced the resuits. In the firet place, in order

to make effiocient uss of psrsounel time end mininige cosis involved, the full

T-day miesion was compresesd into a single work day by elimimating long coast

poriods end navigationsl tagks. In f3ct, it wes ocmprassed cven more than that !
by arranging for thres psrformances of sach main phass——each of the thrase crew- i
mspbers ocoupying each orew position once, What was the protable effest of such

gevere compression on ths performances of the pilots rolative to what they might

have dons? This question iz naturally difficult to answar and perhaps frankly

ought to b2 resolved on the besis of comparison data. Howswver, lecking such data

and yot being apprscistive of the possible significancs of the compreesion fastor

some estimation appsars desirable., What then, in teims of lmown psychological

variables, would bo the likely effects of ¢imo compresasion?

In view of the available information o%a work poriods and the effects of
ocontimiing work it readily may be suppossd that as the test day wore on the
pilots bacame gomewhat lesa gble 4o perform, This dovawasd ixend would be
axpoocted to contimue until, toward the very last portion, the snticipation of
completing the predsfined task resuited in an end spurt. Similar trends, but
of shorter duration, might aleo be expected within the merning until Junch was
provided to the pilots in the simuiated crew compartmemt and, possidly, within
a given mission oycle for 0-8 and C-13, the pilote of whom completed & whole
mission in the same position., As the not result of such effects all the pilots
(of all crews), as inmdividuals, might be expsoted to sxhibit parallel trends
dowmward within the mission sequence until the last phass, with a slight improve-
pent in any phase performed just before lunch. (For O-4 and C=9 the phase
pexrformad bsfore lunch was 101 tut for 0=-8 and C-13 the first-tested pilot
completed BB just bofors lunch.) Howsver, ovorlaid upon these prodictable main
trends aro 8 nunbsr of virtually indeterminate possible effects on individuals
as might arise from happenstances in scheduling, which affordsd break psriods
in sporedic fashion and having to wait out relatively lorg periods of intotivity
within the mission sequences of C~8 and 0-13. (In fact, ons 0-13 pilot was
observed showing all the typical signs of great boredom whils waiting his tumn
in midafternoon, )

On the oithor bsnd, it is also lkmown that such trends as thoso are largely
absent fron the porforeanocs of highly tack-~motiveted individuals as it is be-
lieved theso pilots wore. These work dsoremsnt offocts are also diminished
when the work is of a varied rather than repetitive, routine nature, Further—

’ more, the ovorall work-period (about 13 hours) was not o long as to bring about
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sufficient fatigue in these reas-mably rested pilois %o cocasita mioh deorsment, ;
if atrong task motivation is sssumed, for there wers muny opportunities for rest '

during the workday.

However, of perhaps more ccmosrn then the possible tromds with oombtimning
work are the possible effecis o task interfarencs sxising from tho requirement
to porforn the tasks in close succsgsion. This would s of spscial conesrn in
the performanos of 0-8 and 0-13, ¢he pilots of which quickly passed from one
vhaas to the othsx, Over the lomger periods between phass porformancas of O-4
and (-9 the effecta would diminish, Current wnderstanding of transfer phenopsns
of such a8 nature prediots that the effect will b2 greatsr to the exiant that
rogponsss to the same or similar stizmll in the two situstioas of concern are
antogonistic. But, since the exaot character of the interiazk similerities can
seldcem be spscified a prioi, precias prediction of the offsot is assldom posaible
and, therefore, again laocking comparative data, little bsyond the minimal supposi~
tion that there moy have besn somps intertask interfercnce ssems warranted, It
oy also be supposed on the grounds of grester pessibility for antegonistio
rosponss that this effect would he nost pronouncsd in the first phuss porformed
at ane station after having performed ai another (i.e., ca transferring stations).
0f course, facilitetive offscts might also ccour to ths dogree of positive inter—
task similaxity in both stimuli and responses and they would be expected to
parallel thoss of veal=tima operation with echanced mognituds., On tho other
hand, such facilitative and interferencs effects as these ars kmomn to diminish
with increased skill and with the fregquenocy with which the tasks involved have
been successively psvformsd, Al) the crews had been required to shift from
practios on one phase tc another rather rapidly inm the latter portion of train-
ing and, of courss, 0~8 and 0~13 did so even more and wore woll-trairwd Yy usual
standards. Thus, it is conjectured that although some additional facilitation
and interferencs owing to the close suoccession in which ths mission phases were
performed may have occurred, it is not likely they wore of sufficient megnitude
to bias the main trend of ths resulis. The effacte of this natuve, 1P cxisting
at 211, would be small chenges up or down in paranster and yhass reliabilities.

The multiple testing of the orews no that each crowmsmber psrformed in
sach positica and tbe necessarily unigus order in which this wss acoomplished
reprosents another significant factor bhearing on the results. Howsver, rather
than bdeing forced to depsmd upon speoulaticn about this factor tho amalytio
method used permits direct assessment of most of the sffeots of comcern, Thess
kave already besn presented and provide, in general, a olear indication that
the socond~ end third-tegted individuals benefited from their immodiate pro~
exposure to0 the mission., As already noted, this factor might have interactsd
with the work decrement factor to produce some differential offests on (=8 znd
C-13 performance, but 3£ the work decrement was slight these differeniial effects ;
would also bo slight. Z
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The additional diffsrencos in order among the two sets of ovews (O~4 and
0-9 va 0~8 and 0-13) doriving from the different way iz which suitiple tosting |
was handled within the mission also might have produocsd some effects. Eoosuse .
of the great difference in performancs level of tho erews in the two study phases
no deductione from the data concorning such effasots scem possibl-, Howover, it
may be surmised that if such effects ooccurred they ware rolatively slight enmd i
variable, and dopendent upon the oconcerted influence of the continuing work end
task transfor factors already discussed.
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Another aspect of ths testing procedure deserving spscisl concemn is the
disturtance in the test schednls of 0-8, nsoessitated by P-81's unplamed
icminent dsparture on special assignment, 4veilabls inforwstion on this require-
ment ¥as transmitted to P-81 in the initial portion of his (0-8's initial)
mission. On completing the mission (near moom), and bsing weertain as %o
exactly when he would have $o leave, P-81 left the simlatsd orew station,
donned street olothes, ate lunoh in haste, and thus mads all departure propara-
tions, Consequently, he was not available the balance of the day to perfurm,
in tum; as anginesr and navigater in ¢he subseguent test missioms.

The congequences for the parforzancs record of ¢-8 are, of courss, diffi-
oult to gauge., Eub, it may at least te guessed that the probable effects, if
any, vore to dograde the performances of all the crswmembers. P=81; informed
in midmission of a requirement of considerable personal importance, may well
not have attended as fully as he might have to misaion tasks. P-82 and P=-83
were requiraed to psrform under an arrengsnont neitbsr standard nor expasted
{though not wmsual in their trsining experience) and may well bave experienced
ninor oonfusion with perheps scme loser of wotivetion through disraption of crev
integrity. However, if the performancs of 0-8 in the test mission wes degraded
in this zemmer it is suspsoted that the dsgradation was slight, primarily agein
bossuse of the apparently still sxoellant task motivation and professionsl in-
toront of the pilots, The disturbancs in procedure represanted mestly a nuisanocs
to va accommodated for, not unusual in their expsrience.

45 it turned out P-81 did not dspart the first test day but was informed
(upon being called off a commeroial aircraft about 4o leave the passenger ter-
minal for takeoff) that he should stay cne day longer. Thie he did and was
thua able to engage in retraining for cne-<half day befors actually cdaparting,
Unfortunately, in having encountered still anothsr change in plans, with vhat
ke interpreted a3 a possibly large psrsonal sacrifice in his career and having
not btosn adle to recover his luggege, his motivation for the retraining suffered——
to say the least. HExnotly how much better he would bhave performsd under the
originally pleaned circumstancses is unosrtain tut, judzing from the present
rocord it might have baen considerably better. Thorefore, it sssms wiss to
place little value upon ths retraining data of P-81, unless it is comsidered
representative of performsmoe wnder adverse conditions not typieal of tho
conditions under which the othors porformed. These evants &lao may have had
consequences for the retraining performance of P=82 and P-83 for the same
roagone mentionsd above. However, it is surmised that such effects, if any,
woro slight—pgain for parallel reasons.

Pinally, still with respsct to ths conduct of ths test, at least two
wrrthwhile iseuss can be raised regarding rotraining. In the first place,
what are the consequences for intorprotation of the diffarent amounts of trmin-
ing given the orews in the two study phases? That orows 0-8 amd =13 wsre
given much more retraining than O=4 and 0~9 is, ocloarly, & matter of dosien
attritutable to the earlieor exporience with 0-4 and 0~9 and the recuiting
suapioion that they wore not filly traimed, Had O-4 and 0-9 been given more
rotraining it would be pomsibdle to fully compare thom with -8 and C-13 and
porhaps more fully assess the limitaticns in their original ekill. Howover,
judging from the data at hend, 0-4 and C-9 protably would not have achioved
their cicill potential oven if thoy bad reocvived ths two additional days of
training given tho others. Thorefore, it would etill havo Wsen difficult to
quentify, even aftor tho faoct, their oxiginal level of skill for the purposs

63

A rerw mn e e e g




g

bl 4T g s TR
cu‘"»}:"?\'%'%’ SRR

23 b B

Geat”

of relating this to sldil retention and, in turn, incressing the walus of ths
study. Hore retraining, wmless sufficient for them to reach their skill poten-
{$ial, would not have randexed their date much moxe useful,

The sooond concsra aboub retraining has to do with the way in which the
retraining was given to 0~8 and C-13, In particuler, of what consequence is it
that in nozt cases tha individusl porformsd four irials on a given phoes in zapid
gequence and then, bsing repiaced by ancther pilot, went to another position or
{0 a rast period? Certainly it might be supposed that soms advantege might have
been gained fron fraquent respetition of the sane thing with fairly azple rost
orportunities interspersed. Cn tho cther hand sons disadvantage might have acorned
from the disruption of the misvion sequance and ths need to wvarm up to perforsmnos
of ths phasg sokeduled. In general, howsver, it is suppossd that any such
offects ware sufficliently slight and so varisbly disiributed throughout retrain-
ing as to 1little influence ths estimation of capsbility of primary comosrm in
this study.

In fao0t, & sinilar view scans genorelly appropriste with respest to zll the
factors discussed relating to the conduct of the test, There is little questiom
Tt what ths various factors mentionod opexated ¢0 drive the psrformancs up or
down on cocasion, Howawer, with the excepiion of P-811s retraining performsncs,
it iv unlikely that these effecis wors of any conssquence. IRuk, if there was
any overasll net effact of them It wae probably perfeormance-dograding rather than
performance—anhancing.

Tagk Sat of Temt Persommel. One other feature of the data collection
precedures, which is perhaps of greater significence than all the others; con-
cerns the instructions given the test persomnsl about the naturs of the test and
what wes expected of them. In daily oiroumstances ag well as in formal laboratory
exporimentation the way in which a man views or defines his task (that is, his
task goals) has s great influence on how he will psrform and how he will divide
his sttention among the several aspects of the task. Consegquontly and because
the tasks involved in this tent wers complex end multifaceted it is of great
relevance for sny interpretation of the data to ascertain the natuve of the
task goals held by the test personnel as they perfoimed at various times. In
particular, it is important to determine whothor these goals may have shifted
from training to test mission to retraining with resulting differential offects
upon parformance.

Kow, for the fullest eort of information on how ths pilots viewed their
tsuks, recourse would be necessary to soms eort of imterview and/or questiomaire
tochnique inteonded to elucidate their thinking about them in depth., And Yo some
oxtent this was ascomplished with respect to task partioulars, as reported by
Orodsky et al (1966b), but it was not accomplished with respect to gemeral goals.
To have attempted to obtain information on genexal goals, excopt by porhaps the
most subtle technique, would have engendered antagonica on tha pilote’ part.
Their natural response would have been in the vein, "Well, of course, I did what
you azked me to do." Furthersore, individuale are ofien wnable to explicitly
formlate the goals implicit in their activities,

Fevortheloss, in the sbecnos of formally teken direct expressions om
gonoral goals, it ie possible to rake scme roasmably well-foumded conjectures
about them on the basis of the instruotions given tho tost persomnsl end their
inforzal oommemta to tho test staff, On those grounds e rothor olear distino-
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tion can b2 drawn betwsen the probabdble approaches of pflots in C=8 ang C-13 ¢o i
their tasks in the test mission and in retzraining versus their goals in treining. !
A useful distinotion also can be drawn betwemn the hendling of the iwe sets of

crews in the two phases of the study, !

Thus, the two crews of the esrlier phase (0-4 and (~9) rscvived rather
generzl sncoursgement to perform well in training end subsequantly in test and
rotraining, Specific gosl oritsris in flight contrel parameters were not iden—
tified for theas crsws as guides to their prestice and porformance, nor weve
they regulerly provided preciss information about their porformsnce., Yo doubt
they did oporste with soms swarenasss of what would bs considersd good and bad
performance tut thess wers never precisely dsfined.

In contrast, throughout their training and during the testVing sequonce !
0~-8 and C~13 performed against kmown flight control goals for each phase, such 5
28 wore listed in table V. (The actual criteria used included a foyw more then j
are ropresented in table V.) Pilots of these orews wors alao encouraged to do ;
as weoll as possible, ut it wae thus sdditionally evident exactly whet was con~ 1
sidered good and bad psrformsnce. Furthermors, daily displaying to each pilot :
bkis previous day's performance by meane of contimuous graphs, with oriteris :
indicated, served Zurther to emphasigs the urgency of mesting the oriteria and
to bring about close attention to rate of progress. In ell likelihood thess
procadural differences in the way in which the two sets of crows wers handled ;
resulted in a more favorable learning situstion for 0-8 and C~13, at least wp
to the point of consistent capability to meet oriteria in repeated trials. This
effect, in addition to sheer differences in amoumt of training received, may be
largely responsible for their groatsz skill at the end of treining, By the end
of training the pilots of C-8 end 0-13 had achieved sufficient skill 4o regularly
meet the oriteris in most parameters, as table XXV, appendix III, shows. Clearly
then, they had met the requiremants of the originsl reliability study as defined
for them and it was with this recall of their own formsr cepability that they
approached the sgkill retention test,

However, in the course of the initial triefing to the pilots the day be-
fore akill retention testing bagan, a strong attempt was made to redefine the
task goals for O-8 and O~13 for the skill retention work. In these triefings
the pilote of both orews were asked to sesk the very bast performance possible
as consistently as possible, rather than to merely strive to msot the stated
task oriteris, By means of blackboard illustrations, they were showm how not
only typical performance level but also variability in performance would be
employed to compute reliability figures for their performances in the several
parameters. And, they were told that these reliability figures would de taken
as the priuvary indication of their capability.

These new instructions conosyning task goals repregented for the pilois a
seemingly radiocal departure from provious instructions as well as from acocspted
practice in aircraft operation. As & result they naturally responded with some
degree of confusion and requests for clarification. Clarification was provided
until no more questions were Pforthcoming, tut even then it seemed evident to the
study staff that, elthough the pilots accepted the new task goals, they were not
comfortable with them, Subssquent comments exchanged during the data collectiom,
on review of test records, etc., tended to confirm this supposition and to suggest
that the general attitude persicted throughout the study. Nevertheless, their
comments also suggested thet they were attempting to carry ocut instructiecnsy i.e.,
(% to tum in the best possible performance as defined in the initial briefing.
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To the axbtent the pilots actually adopled it, this reorismiation %o the
vicsion tasks, as contresgted with the approsch in treining, probvably has signif-
ioant implicatioms for ths interprotation of the data. While earlisr thsy
nerely had to meet the criteria, now thsy wore to do that and, further, to er-
csed thenm as much and as consistently as poasitle. Certainly, with these new
goale tofore them they would naturally texd to reazamine the seversl aspseis of
thoir perforaence in esch phass, lookirg for ways of adjusting it by »wmeowed
or specisl attention to me aspsct or another, particulerly those in which they
typically pexformsd lese well, They also wswuld bs expected to sxypsriment with
different opsrating sizategies for ascomplishing the more complex phases, such
a2 trolding and hover and earth entry, and ume pilot &id wmintentionally confize
this sxpsciation sbout hiz own performancs.

The nst effects of these actions on recordsd parforsance would b2 & pre~
dictable gsin in rotraining so far as ths oriteria are comcermsd. Howswor, the
gain would not necesserily bs regular or great for in soskiug and shifting to
néw cpsrational strateglies some injerim loss would be expested. Perfection of
& now strategy would require at least a fow trials, On the other hand, ths
aeffecte of these sams astions upon performsnce &8 interprated by refersmes Yo
formsr levels of estimated high rslisbilily would be quite Aiffereat. ¥or,
particularly the overall phese and mission rolisbilities (P snd d) would be
advorsoly affected by the grest prependerance of oompensatory shifts. Teo gain
with respect to the oriterion in a less adsquately performed paramster would
be to gain also with respect to former p g5 lewel, to & probability >.950.

But, to at tho same {ime sacrifios some pePformance in emothsr pazamster, since
the pilots were gensrally capable besyond the .999 lovel of meoting the oriteriom,
offen would resul? in uo detscted change in performancs with Zespeot to oriteriom,
but always considsrable logs balow 950 with respect to formsr lowsl, The nature
of this differentisl offeot will bo exzaminsd in more doteil lsten, For 4he
present it meroly sszrves to characterize the important implications of the change
in task goals; which presumably cocurred.

Boyond ths procedurws used in daia sollection, thexe are still the spsoifio
analytic procedures used to summarige end organisge the data obtaincd. Tho choice
among thess, too, can have a strong bearing upon the comolusions reached for
they influsnce direotly the nature of the anaslytic results obtained. This is
particularly trus of the present study which, being in somo wmys quite unlike
traditional psychological research in goals and design,; required the usse of novel
analytic procedures to rondsr the dats meaningful. The details of tho enalytic
approach are given ia sppeudix II, zother than boing cumborsomely included within
the body of this report, and no repotition of them will b given hors. Eowsver,
there aro cortain partioulars whioh, boosuse of their possibly great influence
on the results obiained, should bo explicitly recognised,

Sarmline Mooinionn., Anong these importent emalytlc detalls are the decis~
iong mado the sampling of data available. In tho usual concern for
gaopling, the interost is in the set of tost persommel empleyod and the maymer
in whioh this sot is eolected from the more inclusive population which they are
suppossd to represent. This usual concern is applicable to the proseat study
23 woll and will bo touchod on in & following portion of this scotion. Here,
the intorest is in a differcnt sonpling problem involving the selaction of &
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1linited portion of ons individusl®s date to best represent that individual,
Fundepantally, this problem oocurs largely bscanss in such dats as thess
charasteristic {rends are ozpsctod; that is, it is antioipated that learning

or forgetting will ocour with comssouent changss in psrformamos. Thus, in the
language of mathomaticsl stalistios, ons is dealing with a noanstationary procsss.
Bow them oan ons hope to arrive at an estimate of performance lsevel at certain
times from dats seriss which must be asmmed changing in one or more aspeots?
Bsyond the muances of this problem and more to ike peint of the presant discuss-
ion, sampling for the puxposes of this analysis vas done in & cortain way and
thiz way have influsnood ths results in & predictable fashion.

Thus, in the Plrst place, with but ono exception, whenever thexe were
sufficient data, the sizs of tho performamcs sample taken was always four. Some
rstraining phases of C-4 and C-% are ths excopiions. Thie was done because four
trials were estimated to he an optimum ~ompromise betwesn inacouracies ariging
from the inclusion of trends and {rom orror in parameier estimatos from small
samples, Obviously a larger sample sige, say five or six, would have resulted
in less sstimation error if the data sories was steble but not necesearily so
if the seriss was still in the process of change. Whether four was the optimum
is naturelly debatable, btut thers is no doubt estimations deriving from a sample
cf four wary considsrably, im sccordance with the relatively greater weight
accorded extreme values in the =mall sample and are ocossionally in considerable
error (so far es the mean of repested such samples is concemed). It follows
then that partioular velues obtained for p must be faken with qualifiocation,
sgpeoially when they deviate extreomely, for they are overinfluenced by an occa~
sional performunce extreme, This would also be true to an even greater degree
of p values takem jo_atly {i.8., ») for the joint produoct is strongly influenced
by insqualities among the elementas involved, On the other hand p values taken
oumulatively should represent guite accurato sstimaves, since any errors of
agtimation are presumsbly random and so tend to cancel out.

Bagidos semple size, one other aspect of the datae sampling of special :
interest is the particular met of trials seolscted o> the portion of the data
teken. In having chosen & relatively small sample sige and also elected %o
1imit attention to only the last four training trials it is quite possible that,
tecause of a low extreme in the triasls selectsd, the individusl's capsbility
was underestimated. (In faot, corrsction in two such cirocusstances seemed
necessaxy, as already described.) There is no reason to suppose that the last
four trisle were the individual's best, particularly if he was no longer lsarn~
ing rapidly. Thus, it might be suggested alternatively that the best four train-
ing trials should have been ussd as truly representing the individual's greatest
atteinment. Certainly this choice is a debatable one for taken at face value
the best four trials indeed must be the best performance. On the contrary, to
take the best four trials might be to overestimate the capability (mindful of
the sample sizo), whereas uss of the last four would result in random over—-
and underestimation and no overall bias. Also, from the practical point of view,
finding the best four trials takes more work because more data must be analyzed.
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Neverthelsas, whatever the ultimate resolution of this issue may be, the
last four trials wore taken as the reference with the probable result that on
some occasions the estimates derived over- or underestimated the "true" ocapability.
4 casual check by reviewing ths resulis of an alternative weighted Z-ecors
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analysis performed cn the same data did reveal a number of cases involving 0-8 !

and C=13 in whioch a triml bBlock other then the last apparently was superiocr, :"é
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But on oloser examination of these Yy roference %0 compezable phase probabilities
it was found that thexs are relstively fev instancss in which the astual superior—
ity over ths last ¢rial blook is oconsiderable, Fer the (-3 pilots the shifis

in 3 and ) wero as followss P-81 in SID, 919 fo .998 and 75T %o 5953 P=-82

in 810, .953 to 987 ard .860 to .950, and in LA, .806 %o >.999; P=~83 in TL1,
«954 to 997 and 908 to .994. Por the 0-13 pilots the shifts in $ and P weres
P-131 in B, ,980 to >.999 and 920 to »,999; P-132 in 3W, ,T739 to .978 and

<370 to 935, and in ok, .939 to 980 arnd .819 %0 9403 P-133 in L4, .557 to
+865, and in Dok, .942 %0 >.999 and .827 to >.999. Ths sffecis of substituiing
thess nov estimates of reliabiiity in csriein phsses on estiwated misgion reli-
ability way be sesn in table XVIII, waich shows both the old and naw B, B, and P
values for individuale and srews., Obviously, tho pilwtsf original ospabilities
(partioularly P~132 end P-133) ax2 estimated to b3 much higher whan the bost
four~trial block performance is taken as the referemce. But, it is still dstat~
able whether this procadure gives & more valid estipzis., Perhaps the most

accureste value, if available, woulid be found to compromiss batween the two of
table XVIII,

TABLE XVIII

Mission Religbility of C-8 and G-13 Per Criteris in Training
as Bstimated Zrom the Izst Four—~ and the Bsst Mouxr-Trisl Block #

- L ag.g.ur © -
P P
Crow/Pilot last 4 best 4 last 4 best 4 last 4  best 4
0"‘8 1 o 990 . 999 s 971 ® 997 e 741 @ 974
2 L) 973 ® 998 ] 961 L] 994 © 683 L 947
3 .991 <996 .978 »988 817 «894
all .984 .998 .970 0993 <747 .938
¢-13 1 +567 «569 +946 +955 2582 .633
2 +G61 0993 0907 -983 2294 854
3 0932 973 7 «960 «361 679
all +953 .978 «920 2966 412 722

# four~trial “locke +.em as superior to the last four—-trial blocks and
substituted for them are only those which a weighted Z-score analysis
suggested would ba greater and for vhich P for that mission phase was
subsequently found to bo at least .008 greater

Ffurthermore, even if the best four~trial block in treining is taken o3
a refersnce the consequences for the analysis of test m.ssion capability to
meet criteria are slight. For C-8 only SIO estimates ave affected=-P-81 shift-
ing from .713 to .662 and .138 to <,001, and P~82 shifting from .980 to .996
and +939 to .989 in likelihood of meeting criteria (5 and 1‘:). The result in
overall reliability for P-81 is a shift from .931 to .925, .827 to .812, and
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+048 40 <.,001 in B, §, and p. The overall shifts for P-82 are .963 to 968,
.920 to 0929, and 0395 t0 +431, In 0“139 P"‘Bl shifis from 0294 to 0250 in §
on BH (no change in $), with & resulting shift in J from .899 to .894 (P and P
unchanged}. P-132 shifts (P end p) from .893 to .999 and 695 to 997 in SDO
and from .992 to .994 and .975 to .998 in Dok with changes in overell reli~
ability (B, §, and P) from .982 to .995, .958 to .994 and .643 te .945. P=~133
shifts from .716 to .885 in IPA and from .951 to >.999 and 853 to .999 in Dok
with charnges in overall reliability from .954 to .978, .927 to .962, and 481
to .697. Thus, as noted earlier, it appesrs that exirems values in the last
four training trials are of concern only in tha analysis of the test perform
ance of P~132 and P~133. If these extreme wvalues are comsidered spuriocus then
capability to meet oriteria in ‘test must be considered somewhat underestimsted
for both P-~132 and P-133--perhaps the wost accurate estimats being some compro-
nise value, Parasllel xeanalysis of test misgion capability to asst former P95
levels, with the test four-trial blocks in training used in computing thosse
levels, resulis in probabilities that are never grester and are gonsrally less
than those originally obtained. Although thess reductions in probability are
small and of 1little consegquence, again the probabilities for P-132 and P-133
are found most affected. The valuee for P-~132 shift from .871 t0 .831 in §,
from 731 to 627 in P, and trom 004 to <.001 in . Thoss for P-133 shift
from .805 to 758, from .570 to .491, and from .001 to <,001l. Accordingly,
the capabilities of P-132 and P-153 to meet former p lavels may W& con-
sidered slightly oversstimated 4o the extent that e:rlzggm values rscordsd for
them at the and of training ars spurious,

Compsxrigson of best roetraining performance with best training performance
still shows a gain in capability to meet oriteria for four of the six pilots.
By this comparison P-81 never did quite as well in retraining as in training
(.97 vs .958 in § and .978 ve .995 in p)}, probably for the reasons already
discussed. Also, P-133 did not demonatrate his original capability to msot
criteria (.991 v8 .999 in B, 964 vs .996 in P, and .789 vs .976 in p). The
cumulative probabilities for crows still indicate & net gain in capability to
meat oriteria in retraining. The parallel anslysis of greatest demonstrated
cepability in retraining to meet former P9 levsls, in making reference to
occasionzally superior phase performance, oag never result in probabilities
greater than those based on the last trial~-block refersnce.

Thus, it is concluded that the use of the last four training trisls as a
basic reference had little affect upon the main outcomes of the analysis of C-8
and C~13 performance. It apparently resulted in underestimation of original
capability to meet oriteria, of much conssquence only for P-132 and P~133, In
turn, the capabilities of P-132 and P-133 for meeting the criteria in the test
mission appear somewhat underestimated, whereas their capabilities to meet former
P9 levels appear slightly overestimated. However, the critical estimations on
tesg performance of P-81 and P~131, on which the main conclusions must rest, arv
virtually unaffected. The outcomes of comparisons involving retraining also
remain essantially unchanged, even though use of the last four training trials
may have introduced a slight overestimation of capability in reiraining.

A similar tut still more complicated dilemma exists with the seleotion of
g four—~trial block to beat represent capability in retraining. BRather obviously

the first trial blook would mot be the best if relearning or new loarning is
assumed. But, the last one might not be the bsst either, particularly if thero
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in» some evidence of or baaie for assuming contradictory trend effects fron the
presenco of soze factor othsr ther lesming. Unfortunstisly, the pressnce of
Just euch en effosct dozs seen indicated by the retraining dats for 0-8 and C-il,
end staf? observation sugguets o contimiing degenersticn in {he task medbivatian
of the test persimnol after the firast doy of rotreining oo the acocuntaeble frow
tor. Therofors. it sosxs most reascaable in this instanmes 4o take the best four
trials as post rspresantative of individusl copabilityr—ithe estimstes derived
from them being infiated Ly canmpling bias, but deflated by reducsd astivation
in roughly a compensatory fashien. It in 2 matier of conjecture Juet how $zuly
ropresentative the estimates so obiainsd are, but it is Wolisved thsy are prob-
sbly reasonably closs (say within .01 in B).

However, ths choice of the best four trimls dves rot exhaust the rexifice~
tions of the mampling problem with rxospwot to retrainimg data. I was 8’111
necessary to decide whether the best four trials with resgpeot to ¥ or § should
bs used and whether thess should be with respact to criteria (Pg or Po) or
whether they should bs with respsct %o the former attainmant in training \P,95
or $,95)s» For the main analysis of results, the soversl levels of
performance exhibited throughout the axperimsnt (ses tsbdle XIV),, this wms pezolved
by taking P, for the criterion~roferenced enalysis and D g5 for the former level-
referenced analysis. The b was considered supsrior to P an vest or more sen-
gitively refisoting the overall capability inm eny phase.

This solution dees bdring about an analytic dilerzz stexming dirsctly frem
the fact the . the bsat fcur-trial block indicated by P g5 porformance is more
than & fow times not the best trisl hleck indicated Wy pg performance. In other
words, two scmewbat different sets of retraining triale are usad to represaent
rotraining capsbility. This circumstencs might suvely have implicaticns for the
comparison of gains/lusses in retraining over original levels as darived from
oriterion~roferenced versus formar levsl-referenced probabilities.

Sucsh a comparison of ths performancss of C~8 and C-13 is summariged in
table XIX. Clearly, as stated in the final portion of ths presentation of
resulta, so far as tho criteria go these orown gained, but so far as former P95
level iz concernsd they lost in réiraining over end~of-training capability.

The gquestion which naturally follows is whether this contradictory result is

to be accopted ss plsusible and solely the result of the shifts in task set
alrecady describod, or whother it may not also be partly the consequencs of the
selection of best four-trial bdlock in retrainming. Speoifically, what would be
the altemative mesults if D were computed on the busis of the best oriterion-
reforencod block when estinated capsbility to meet criteris is maximal (becom—
ing b g / )? Sinilarly, what vould happen if p, were computed on the btasis of
the bodt f.95 level-rsferonced block when capability to achieve former p,gs
levels in individual parame ters ie meximal (becoming 130/095)?

Several deductions about the relative orders of megnitude of the altema=-
tive p values and ths cromg=-comparison of them csn ba made. In the first place
Po/o mast ba greater than Po .gz, bacauge Po/,g5 is based on at least some
smallor p values. Since By/e retreining is Imowmn ‘o represent a gain over
training, Po/,g5 must be found to show either lesas gain, no difference, or
poseibly a loss, Similarly P,95/.95 mst be gresfer than ?.95/c because the
latter is Yessd on sowo smaller p values. Furtbor, since p 9594 has been
found to represent s losz, p, st bo found to mpmsm% ﬂ? greater loos.
Thus, in the comparicon of oss of Po/.% and P,95/.95 the differcnoes msh
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TAEIE X1

Gasnge in Hiseion Boliability of 0-8 amd C-13 from
Treining tc Best Four-Trisl Block in Retraining ¢

Pilot P

1 2 A1) (=san) Bxpeoted

o1 {1.1) 008 {o.e) 002 {0,2) 007 (0.7} vario
06 (=32.2) =087 {=9.2) «u121 (~12.7) =171 (=18.0) .950

5
P e .033 3.4) 026 éz.‘i) +005 2005) 021 22,2) wardo
2

«95 ‘6709) - 234 "’2703) =227 "2505) ""0343 “4905) 0858

ﬁ 4 22992) «152 ?.7.9) +028 301) 0133 {1607) vaxrio

%5 .393 «99,0) =.372 (=93.7) =.392 (98.7) ~.386 (=97.1)  .397

13 B o 51.4) <050 5.3; io.a; §2.3) vario
o% "601 9019 200 QM}. 001 ~e "'103 095’3

$ s {4.6) <126 514.6) - 003 {-0,33 .056 §6.3) vario

3 .,172 -20,0) 044 (5.1) «2:,4) =050 «&58

$ o 2245 §33°3) 2636 {zn;g) -,018 s-a,z) .288 iao,a) vasio

B =329 (=82,9) 124 (31e2) «,109 (=27.5) =105 (=26.4)  .397

#  percentage gain or loss indicated in parentheses

TARIE XX

Chenge in Hission Belinbility of C-8 and 0-13 from Treining to Best
Four~Trial Block in Retraining per Altsrnate Roference Msamusn #

Pilot

P
Crew/¥oazure 1 2 3 A1) (mean) Expectod
c-8 B o/, é 1) .004 (0.4) =.046 5-4.6) =044 5-4.4) vario
«95/0 .330 =34,7) =2184 (=19.4) =.100 (=10.5) =205 (=21.5) .950
P o/ =203 2-21. ; +009 io.9\ =.149 -14.2; -.111 g-n.s vario
95/6  =.591 (=68.9) =.44T (=52.1) =.262 (=30.5) =.433 (=50.5 858
b o/s95 =477 §—63.o; .047 &5.5) s-n. ; =357 (-42.9)  varto
¢95/c =395 (~99.5) -.397 (~100.) .396 99.7) =396 {=99.7) 397
c-13 B ¢/, .0072 g o047 25.0) +002 go.zz 014 él.‘j) vario
095/c -8.1) ~.062 «6,5) o019 (2.0) =.040 (~4.2) «950
-3 D oo .591 é-sa.gg 115 (13.3) =-.262 {-30.5) 024 (2.9) vario
’\ 095 o "’2605 -.128 "1409) .028 03) -~ 109 "’1207) 0858
bo/.s5 =~.351 2»34«0; o5T5 §191.o; o046 2-5.1) -093 250.4) vario
95/ =370 {(~93.2 .326 (~82,1) 011 (2.8) =228 (=57.5) 397
q; %  porcsutage gain or loss indicatod in parcathesss
n
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be less than that appavent in tsble IVII, vhile in the comparison of gain/loss

of p.95/c ad Po/o Vs Eilferunces must bo still greater. Furthersore, the
provabilitisa e%a.f.nad should be ordsred frem most gein to most losa as follows:

Po/e>Po/.95  2,95/.95 7P, 95/0

Those deductions may be confirmed by crosg~comparing the tabnlations of p
computations based ea p,g5/¢ a8l P/ g5 given in table XX with those of table
XIX. Vhigh, then, of the Jhres poaai%ge pairs iz the most valid and uzeful oas
for represanting retraining capability or should all, perhaps, bs usad in concert
to provide a fuller understanding of the study results?

The latter view meems unguestionably the more spproyriate ons, Clearly
Po/c oomparisons, as representative of capability to meet the task goals undex-
lying all performance, are of primary consern. The retraining over trajning
gain in them mst bo Gaken at face value as indiocative of genuine improvement.
In addition, that the crowmembers showed largs losees as in the "’924" conpar-
isons, while simltazsously gaining with respect to oriteria, suggests a dsfinite
changs in approach to $he tesk. That this change canpot b congidered to any
groat extent an artifast of the retraining trial sample used is demematrated by
the similarly low P,95/.95 valuss. Bvidently, although ths problem of sampling
in retraining introdiicss complaxities in enalywis it doss not pose partiouler
diffioulty for interpretation. Certainly the differsnsss in resulis concerning

retraining would be to cnly a slight extent, if any, ths comssquences of ths
senpling uesd,

ke

S [ Hodel apd Simple Indicanta, Taocitly aassumsd in the fore—
going discussion of the ssmpling problem is that the sample data are {c be

interproted in torms of some statistical model. In this iustancs, the model
adopted is the very commonly used normal density function. Thus, in using this
model it is being assumsd that the maen, standard deviation, snd other parameters
of a hypothetical sampling distribution of the data samples under examination
approximate those of a normal distritution. If this samuiption is acveptable
then the interpretation of the data sample in terms of the theorstical normal
distribution lesds tc no systematic biss. On ths other band, if it can be

ghown, or there is a reascnable basis for assuming that the sample deta dopart
from the normal in certain ways, then the possible biases introduced must be

considered. There are at least three spdcific questions concerning uss of the
normal distribution which shouid be discussad.

First, although many human performance measures have been found to
approximate normal distributions this is not invariably true and the question
may properly be raised as to whethsr the measures used in this etudy did dis-
tribute normally. If performance had at any time stabiligsd (on some acceptabla
oriterion) over an apprecisble mumbar of trials a rough answer to the quoestion
might have been obtained by the use of tests for normality. But, because trends
wore likely and a Pfour-trial sample was chosen as the analybtic base standard
tests for normality were not feasible. Accordingly, the question must be
answered simply (if st all) on the basis of an examination of the data and
awareness of measurement factors commonly resulting in nonnormal distributions,
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Boview of the data did not, bhowsver, discloss evidesnce of sufficiently
frequent dopartures fyom normality as to give pauwse for serious conssrn. There
were, of course, & few instanses in which ths last four treining trisls did not
sesm appropriately varicvls or sesmed skawed, tut this is to ho expsoted with
20 small a sample. Certainly the fow instances can bardly be talsn as proof
that the normal distribution was not generally applicable. Bven the critieal
velooity cutoff error, treated ag it was withou? regard to sign, did not clearly
exhibit the degree of ssymmetry which might be expected., Apparently, that
there was almost alunys some such error and that it tended to be biasad the
game direction from gero resulted in this messure bearing 2 ressonable semblance
of a normal distribution only modsrately truncated by the zere bound, The other
erTor meazures (displescoment and displacement rate) which also might bs supposed
to present a similar problem apparently were sufficieitly lavge as not to present
sericus truncation or asymmetry either. On the othsr hand, it is not baing
contendsd that sampling distributions of thess measures (and perhaps certain of
the others) would be normal—only thet they would be sufficiently close to
normal that the application of the normal model is feasible,

Apart from these possible gross departures from the normal as a model,
there is the obvicus arbitrary use of it to arrive st prombilities, ae simple
indicants of performance capability in the measured flight contrel parsmeters,
The chosen sample sizge was indeed small-~much smaller than is commonly inter—
preted by referencs {o the valuss of the normal density fumotion. ¥With such
spall samples of an otherwise normal variste, the Student i distribution is ths
traditionally-recommendsd model for a closer approzimation to the trus probt=

abilities. And, unquestionably, it would have provided more exact valuss for
these date as well.

However, the use of the normal rather than the } distribuiion seemed
justified in this instance on two basses. These are the rsady &sveilability of
extensive normal probability tables showing values to the nearest thousandth
and the nature of the interest in ths data, As hes already been noted and will
be made still more evident, the absolute levels of the probabilities reported
would, in any case; hsve to be taksn with considexable quaiification and, further—
mors, the primary interest in the study data is in performence changes or differ-
ences rather than in abaclute level of reliability. Therefore, the inconvenience
¢f using the t distribution did not sesm warranted. Inaccuracies in p arising
from this procedure would tend to run parallel in any two sots of performance
and so should not significantly affect the outcome. But, it is true that in
having been cbtained from normal rather than t tablea, the values reported must
be congidered somewhat inscourate.

The nature and extent of these inaccuracies may be judged readily on the
basis of the comparison figures given in table XXI, From this table, indicating
the performance of P-131 in terms of both the normal (g) and the % distritutions,
it seems clear that the inacocuracies introduced by using g are modest and follow
a consistent pattern., By using g tho probtebilities of meoting the hypcthetical
criteria are oyerestimated, but in lesser amounts as one progresses from train—
ing, to test, and then retraining., In the worst case (training) P is enbanced
only .020 and even p is enhanced only ,228, which is modest considering its
extreme semsitivity. Such overestimation with respect to criteria is easily
understood to result from the fact that at this pilot's high levsl of skill the
probability associated with a given g is nearly always greater than ths prOb-
ability amsociated with t of the same value. Boomuge fixed oriteria are refer—
ences, the g and t values in each instance are the same.
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FATES ZXX

Perforzanoe of P-131 in Training, in the Test Missien end in the Begt
Foxe=-frinl Elock in Eotzeining por Bormsl and § Distribtuticss
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On the other hand, Yy using g the probabilities of mweoting former p
levals axe undsrestimated, apparently &.ain in lesser amounts as cns progresacs
from tost to retraining. Once again the diffsrences are not disturb: great
with § deprociated cnly .058 in tho worst cass and the other indicants (P and b?
relstively lasa affected; in view of their sensitivity., This wndevestimation
rosulis from the fact that in computing the prohsbilities with respsct 4o former
P, g5 levels, tho reference level itself changes with the usa of g, rather than i,
20 21:&% it is genorally leoss stringent than that obtained by the use of . With
the unchanged standard dsviation estimate as the divisor the caloulated value of
% i3 nacessarily less—ovidently sufficiently less (with the frequently modest
probabilities found in this omse) ‘o reduce the more inclusive probabilities be-
low that obtained by using .

Thug, in having used the normal rather than the § distribution as a model
ordterion-referenced probabilities ars slightly cverestimated and former P95
lovoel~referencsd probabilities ars slightly undsrestimated. However, as mg
suppossd, the differences of intersst are net partioularly affected by ithese
inacouracies. When calculated by 1 the losses in capability of P-131 to mset
eriteria in test compared with end~of~training capability are 6.9, 7.8, and
100 for B, T and D, respsotively., These compare favorably with tha parellel
percentages of 7.0, 9.3 and 100 given in table IX for tho g amalysis. The
lcases (by &) in capability in test to meet the former p g5 level of 17.9,

36,7 and 100% are also consistent with the parallel perceatages of 24.0, 46.3
and 100% given in table XI. Ths gains (by 1) in maximm retraining capability
to meet the criteria of 2.9, 9.7 and 84.7% ars somowhat greater than those of
le4y 4.6, end 33.3 reported in table XIX. Also, ths losses (by i) in meximum
rotraining capability to match former P95 levels of 4.5, 14.9, and 72,5 areo
gomeuhat less than the parallel percentagés of 6.1, 20,0, and é 9 shown in
table XVIII, But, the primary offects remain the sams sa previously zivea in
all instences, BEvidently, on ths baais of the data from P-131, the aiscrepency
in findings on retraining (p, vS P o) i3 not likely %o any significsnt ectent
tbe comssquence of having used the'#0rmal rather then the % distritution as a
nodal,

Ons finel comeorn regarding the computation of the tesic probabilities
has to do with tho osleulation of thomo for ths test mission. Obwviously only
ons dsta point exiots for each parameter and to have arrived at s probability
estinmato on the baeis of jJust ono moasurs may soem to bo the epitome of statistical
bootstrappiag—and perhaps it is. However, tho fundsmental operation of cal-
culating & probability value to ropresent this single measure in reference to
some criterion (given or derived from the individual's cin performence) is no
difforant from the commonplace acceptance of the mean of the rew scores as
providing the beat available ostimats of performances which would cocur undor
those circumstances in ropented testing., Since the msan is, in a symmotrioal
distribution, also the p value the logic is precisely the sams. It is truo
that the sampling distr‘iﬁ%gim of p is greater than that for P eo for any
given p tut this is a difference in’ , not in kind, Thus, it scems the
inhorent nature of the p gs value doos not introduco any difficulty. What,
then, is the difficuity wgéh it?

Instoad, tho problem end, in turn, possibie source ¢ bias arises dscouse
in necossarily limiting atiemtion to ono measurement (to avoid contamination
from leaming) the opportunity to make a direot estimation of variability is
gacrificed. Without such an estimate the ceaning (range) of the ?,50 valuo
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(or mean) cannot ba momn &nd, the p gz Velus or eriterienreferenced protablile
iy czmnot oven b3 calouleted. 'I‘hua, % ig imporiant for the interpretution of
the date thatl eozs such eatimats be gvallable, Foritunately in this situaticn,
2o in many others, & smufficiency of inforestion ¢u performencs exists %o fozwn &
basias for estimating ths vardadility zhioh wsuid havo bem obesrved o repested
tosting, The importmat quostion is morely, ¥hat bias or othor effeocts 4id the
use of a borrowssd variasnce estimate in calalating p introdncs? Or, put the
other way, Did the use of a borrowed warisrcs zstimate remuit in an accepistly
acourate estimate of ths probabilities in quastion?

In this insteneo, vather then to couwplioate the anmalysis still farther
by specisl calculations euch &z wight by usaed in deriving the wmost accurats
ectimaten poseible, the veriances obssrved in the last four ireining trials
ware ussd in obtsining the test mission prodabilities. I the test misaion
porforvance had been oxactly comparahle (o end-ci-~troining parformunos it osuld
be argued that any erroxs arising from this procadire would be rendszly dis~
trituted and so selif~canceling. Dat, the tost mission scores ave, in faol, somo-
vhat poover tban end-of-training perforzance mesns. This, together with the
temdsnoy of variability to changs in the ases direoticm 2s the moan, implies
that the variancss uzed in calenlating prebabilities for the test miasion perform-
anos wore more frequantly undsrostizations of the verisnces which would bave baen
obtained hy multiple Yesting {if that ware possible) then thsy were ovevestizatos.
8ince the standard scoras ware obteinsd by dividing the differenoce betwsea test
nigsion and criterion or 2 o5 level raferencs values by the estizated standard
deviation ‘a), ths net mmxg% ie that there is s tendenay for probdabilities
darived from sooras Yotter than the refergnce values to bs overestimaten and
thoge from scores worae than the referencs valuse to be undsrostimstes. In
general, then, there resulted ‘roa the uss of borrowsd varisnce & bias in tho
dirwction of overestimeting the test miseion capability. Howsver, beosuse ths
dogrndation in parformance was typically small it may be supposaed that tho "trus"
varience would not Yo greatly differsnt from that used and, in turn, that the
pagnitude of this biae is slight, I¢ is ssiimated not to have oxceeded .02
although any such sxact estinmate is subjeot to doudt,

feliability Hodal and G ddcants. Pinslly, there are meny

additionsl matiers *.h»‘ Gm.ﬂu te o.mmmsad ocmeming the way in which overall
performance was indicated. Of course, even tho use of a protalistic or reli-
ability model for arriving at oversll indicants may be considored dnbdious ho-
cause it is at variance with paychologisal traditions., Eowsver, assuning agree-
ment on that general question, it is astill asppropriate to inquire whether the
particular way in which performance was represanted probabilistically in this
analysis resulted in any dbiasce to be taken acsount of in interpreting the

results. Two rathsr evident pesaidilities of this sort ssem worthy of special
comment.

The firat of these concorns the attemmation of ) with compensatory change
in the contrituting eolements and with § unchonged. This phenomenon has slready
been desoribed briefly im illustrating the concern for task aet and the apperont
results of it aro exeuplified by the relative gaine and losses in retraining as
depicted by tables XIX snd XX, But, for a moro complete understanding it msy be
halpful to conasidex this simplified exanple.
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Suppozs that overall perforzance oz & two~paramoter phees is of interest
and that tuo probabilities of meeting ths Lformer p leval in both poxemetors
end on either paramster are considered to satisfy this interest. By definitiom
{the individual appreachss the task with an expoctetion buzed on past psrformamos
of mesting the formar level in & parsmster S5% of the time and meeting it in both
90,25% of the tims (.950 z .950), Now, what mey sctuslly happen %o his perform~
ance volative to hiz former level? Clearly, he may meet it on both, fril it on
both, or fail it on one tut not on the othex,

Row, if the estimate of ths p g5 level, accepted as a reoferencs, is subjest
to random variation then it should b8 expectied that in the lomg runm sucocesses {s)
end failures (F) would be equally distributed across the two paramotors, The
result would be that the P would always be .950, as can bs illustrated by taking
all possibilities with an equel gain or loss of, ray, .050, being assumed. The
resulting T velues are 1.000, .950, .950, and .900 for the combinations 58, 5F,
FS, and FF, respectively. The average for the Ps in the total met; which if
po are varying randonly must oocur with equal frequency, is still ,950. (This
is true of any collection of cuch sots also—i.6., £0T D.)

In a similar manner, the D values resuliing from sgual gains and loszea
of .050 may be determined and ocntrasted with the expected value of .9025. Again
ageuming for the sake of conveniencs aqusl gains and lossss of 050 they are
1,000, .900, 900, end .810 for 53, SF, FS, and FF, respectively. The average
for the ps in the total set (which again if ps are varying rendomly must occur
with equal frsquency) is indeed .9025, as would be expected whem no change in
performance has ocourred, But, note the difference betwsen this ciroumstance
end that of P. Whereas compencatory gains and losses among p values result in
no deviation from the expostad § (the sum of 1.000 and .900 divided by 2 still
equals +950) they do rssult in & deviation frem the expecisd » {.900 versus 5025,
in this example). In addition, the mutual gain btrings sbout a change in D which
is greater than that brought about by the equivalent mutusl loss., And, further—
mors, these atienuations of ) are compounded still more in the caloulation of p
for a collection of such sets,

From this exsmple it may be concludad that if any factor (such as learning)
enteras into the test performance to disturb the random frequsncies and megnitudes
of geins and lossss occcurring in the soveral paramoters it will be duly reflected
in the complex indicents %, P, Dy, and B P and P will be shiftsd up or down
equally by the same amount of mutual or losg in p and will be unaffected by
corpensatory shifts. Howover, p and p will be disproportionaisly affectad such
+hat they will be increased by mutual gains in p to a greater extent than they
will be degraded by comparable mutual losses of the same extent, and examctly
compensatory geins and losses will degrads them. These disproportionalities
vary directly with the amount of shift starting with aquite small dsviations, as
in this example. Clearly, when compared with P and P, b and i) pleos a premium
upon the individual maintaining his relative performance on the ssveral measured
aspects of tho task and reflect stringently on any tendenoy to gain in soms and
lose in other aspeots, in tradooff fashion.

Now, having recogniged the disproportionalities which may ocour in B (and
5 in tum) it might easily be puppossd that  is not a useful indicant of porform-
ance in a complex (multimeasure) task, Howsver, that is not ths contention here
nor is it s necessary conclusion. For example, it seems entirely reasonable to
argue that p, aes a complex indicant, has exaoctly tho proparties that en indicant
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ussful in reliability anslyses should have. On the facs of it; at least, there
ig no douht that it dnly refleotz the prolmbility of suceass in all iack aspoots-—
gurely a ussful conogpt-—hsnos, thet is not the probiem which it ccoasiomg., In~
atead the problem whish it posse sssms morsly to bs an Interprotive one of relate
ing the poasible variations in it to traditional views on human performancs.

Thors is & strong sonvention of thinking about smultiple performanoss in terms of
average values {arithmstic momns, otc.) and, of courss, P follows this convention.
Accordingly, cna expscis equal gains and losses {0 be entirsly self-cancelling. ;
But, there iz no compelling reason why they should bs and, indesd, there may be .
interprotive value in their not being sc. For, in 2 btroad view of the human
porformance, ie not inconsistency in dealing with the task 2lso a reflaction of
inadaquasy and vnreliability? If this is so, then the use of p is entirely jus-
tified. Novertheless, its usge does require special car? in interpretation, as
it has been the primary intent of the present elaboration to show.l 3

Thus, briefly returning to the analyris of retraining pezrformance, the
characterigtios of P and the insansitivity of the coritsrion~reference analysis
o certain losses taken in conjunciion with the liksly task set of the piloie 5
(of 0-8 and C~13) easily could result in the contradictory findings cbtained, !
As capable as ths pilote ware in meeting the criteria (p much greater than .999 ‘
in meny paramsters) ithe guins with respect to parameters in vhich they were least ;
capable would bring overall gains whereas the parallel losaes in the paramsiers
of greatest capability would often not be dstected in the analysis with respsct
to oriteria. In contrast, the analysis with respect to former lewvel, teing
sengitive to shifts in both direstions and harshly reflecting any compensatory
shifts, would bring overall losses in P and the more inclusive indicants based
on it. Only P and P wouid directly represent the magnitude of the overall shift
unaffected by the way in which the shift ocourred. That ’p“. did indicate some
loss suggests that gain in one parametexr cost disproportionately more in another,

Support for this sonjecture as, at least, partly explaining the contradic-
tory retraining results may be derived from an analysis of the relative order .
of capability on the several parameters of a given phase in training and in :
retraining. If the supposition of a shift in task goals vy the pilots of C-8
and 0-13 is true, then their retraining performance evaluated by reference to
the formor p g5 level ought to be negatively correlated with their end ~f~training
capability to meet oriteria. But, retraining capability to meet cri’ .a con-
trasted with end-of~training capability would be negatively related only if
shifts larger than interparsmeter differemces occurreds otherwise with small
ghifts the order of performance would bs maintained and the correlation would
be poaitive.

Actuglily, the aritkmstic effecis of componsatory shifts on these datas apparently
are not as great as might bs supposed. If the p values for FP-~131 in his

vost four-trial block in ratraining are adjusted'%g ranove all effects of .
coxpensatory shift (by equalising paramster values within each phase at the ,
jevel of T for the phase) the 8 obtained in § and ) are modust., Thus, :
7 increases from .586 to .730 and P increases from .068 to .,117. Furthormore,
tho losses in capability relative to end~of-training skill are only somewhat

reducoed. In P the loss of 172 (20,0%) bocomes .128 (14.9%) and in } the loss
of .329 (82.5%) becomes .212 (53.4%). P values are nuv affected, of course, .
‘ §é‘2
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The rosulte of just such an analysis, using g wvalues rather than p for
greater disoriminabiliity, is talulated by pilot and retraining reference in
table IXII. In all of the 33 cases rgprezamisd by this tabls thore ave wnly
in which the oriticsl order of performence per the p g5 levels (with b 55/ o5
the reference) is not negatively rolzted to training performance in the™
prodicted fashicn. In view of tho ingempitivity of the smalysis to paxriiml
tradsoffa (for exsmple, compensatory shifés in only iwo of three pareameters)
this proportion of varlant cases does not seex large. Hsmes, it is concluded
that vhs presumsd task sot effests did ocour, aitbough not smtirely consistently
oither among individuals or among pbagea., Among the pilots, 82, 131, and 132
showed the effoct more than ths cthexrss among phases, the effect is most pro-
nounced in separation and dsorbit, brakisg and hover, and docking and lsust
proncunced {or nonexistent) in transposition.

Parthexmore, if transposition is discounted, & ioss in capability to mesi
former levels (P, /. ) is seen in 16 of the remzining 21 casss in which an
inverse rolation 2?1 ogg.er of performance is noted. The overall average shift
for all cmses (including transposition) in which inverss ordering occurred
represents a loss, the average shif$s boing —.448, ~e226, =.255, =234, +.042,
and +.024 for pilots of (-8 and C~13, respectively. (The siight gains of P-132
and P=133 ars attributable o the influence of axtreme walues at tho end of trein~
ing, whick has already beon mentioned.) The coaparedle aversge chifts for cases
in vhioh s positiveo roletionship was found otnsistently ropresent less loss or
more gain, except that for P-81 vhose rotraining data are discounteds Thess
chifts are —,806, 140, <.086, .143, .050, and 097 for 0G-8 and C-13 pilots,
regpactively.

Although the speoific geins and losses in phages do not correspond psxfectly
with direcst and inverse performancs orders, this is ¢o bo expscted. A compenso~
tory shift would not neecssgarily imply loss (general gain in all parcasters could
ocour) just as contimuing the sams performance order would mot always result in
zein {(a genersl loss oould ocoour). Thus, it iz not contendsd that all gains and
losses are accounied for by task set shifts. Hathor it is suggested that set
shifts resulted merely in & tremd toward degradation in pbase porformance aval-
uated by reference to the formox p g5 level in individusl paramaters. This,
admitis Ry weaker, reisiionship Goes appear verified.

Theo other mpecial concexn relating 4o the way in which oversll performance
is repressnted has to do with the possidle relationships smong the several
moasured aspects of task performamce. In psychological analysls of dayw-tu-day
behavioral complexities it is gensrslly wnmdsrstood and expected that mome of
the msssured or measurable sapects of the performance of interest msy be in some
kind of dspendent rslationship., This depsndency may result from & contingency
svident in the clements of the task, or from some common ekill requirement, or
from some othur scurse—axsctly how not necessarily boing of initial significance
for the measurement operaetions. Thse main problem is the determination of what
the rolationship among the measures is., With this informetion available dater-
nination of the lmsie for and dstailed nature of the relationships may thon ba
undsrtaken.

In keeping with this acovspted view on complex %asks it is entirely appro-
priato to inquire about the possible interdependsmeies among iask aspests in
the present study. If there wuore task dopendsncies, ths next and also sppro-
priate question to e askod is, How are these dspaadenoiss reflected in the
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TABLE RXIX

Rolationship Between Order of Parameter Performancs inm Training snd
Begt Four-Trial Blook i Retraining (Kendnll's 7)

3o

Pilot
Referoncs/ Al
Heasurs 81 82 83 131 132 133 {mean)
TRN p cofo FD  1.000 ~.333 «333 «333  1.000 467
/95 D 1.000 =333  .333 333 1.000 467+
95/¢ D 2333 =333 -.333 333 1.000  .250%
95/95 23] 2333 =333 =.333 .333 =333 =067
10X ND - + + + + + %
¥ - + + + + + #
XD - - - - + - %
¥D - - - + % - %
4] ~1,000  .333 1.000  .33% ~1.000 =,333 -,111
=1.000 0333 1.000 0333 ~.333 -.333 .OCO
=1,000 ~1.000 =.333  .333 <=1.000 =.333 =.556
=1,000 =1.000 e 333 0333 s 333 e 333 e 444
BE G333 1,000 000 L6677  L66T  .333  .500
+333  1.000 000 1.000 «667 <333  .556
e 333 o 333 e 667 bt 667 “e 66? 2000 =, 445
e 333 s 000 e 667 .'10 000 ™ 667 QOOO bl 445
Tiok ¥D 6333 =333 e333 =333 =333 -, 067
ND  1.000 1.000 =~1,000 =.,333 =333 .067%
KD ~1.000 =1.000 =,333 -i,000 =333 -,733%
D =1.000 1.000 =1.000 =1.000 =.333 =~.467%
EE 1.000 10000 0333 "'1.%0 "1:0% 0333 0111
]..OOO 0333 0333 "'leOOO "'0333 0333 »111
1,000 ¢333 "‘0333 "0333 =2.000 ”9333 "0444
1.000 =333 =333 =333 =.333 ~.333 -1l
A1l p cfc L111% .33 L1330 L133  =.267 .200 ,180
o/95 LJ11% L733 JA00 =067 . 000 £200  ,240
6o/ = T78% =333 =533 —.267 ~.667 000 -,386
95/95 =.111% ~=,400 =,133 =,467 =~,400 ~.266 =,307
# based on reduced data
ND nct done by this pilot
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reliability model by mesns of which overall capability is indiczted? Now, it

is already evidsnt that the simple probsbility modal used in the present analysis
to obtain P and p and the more inclusive indicants based on thom, frankly pro-
vides no means of introduoing tesk depsndencies. Each parameter p~value is texen
on ite own merits as in no way dspendent on any other and if all sre independent,
as is assumed, P and ) are acourate within the limite of measurement error. On
the other hand, performance in cerisin parametsrs may bs related in actuality,
with the result that to treat them as independent is to introducs & bias., Hsnoa,
the question is, To what extent scrs performances in the several paramotera
related and how, if any, are the reeults bimsed thoreby? Onos sgain it is not
voasible to give a complete and entirely satisfactory answer and it is neosssary,
as with previous issues, to fall back upon unalysis or personsl judgment in
formulating an opinioen.

By the way of exploring the seriocusnesa of this issue an attsmpt was mads
to quantify the interdspendencies among task elemsnis as represented by the
porformance record. Sinos there is no reascn to expect that whatever rslation~
ships existing would be the same throughout the acquisition of akill in the
tagks~-in fact, it is more ressonable for them to differ--it was nesessary first
to choose the reference sample for the analysis. Ths last four training {rials
bad already been used as the basic reference in ths analysis so 1t seemsd quits
appropriate that they be used in this analysis a3z welle Presumably, sny intra-
task relations found existing in the last four training trials of C~-8 and 3-13,
in particular, would te indicative of ths kinds of relationships to bte expected
in highly skilled, relatively stable performance.

Using, then, the same four-trisl sets as had previously been uged in com—
puting end~of-training probabilities, the correlations in performance bstween
each pair of parameters witbin each phase and for each pilot of C~8 and C=13 wsre
obtained. KXendal.’'s 7 seemed the most appropriate statistioc for this purposs,
bacause in the ihree~variate (parameter) case a pariisl correlation can ba com
puted, thus, excluding from the relationship of any two in question any effocts
of their mufual relationship with ths third factor. The outcome of this analysis
of the seven phasss entailing two or more parameters is presented in table XXIII,

The entries in table XXIII afford interesting possibilities for undsrstand-
ing the approaches which the pilots took in parforming the several phases, Prosumr
ably, the pattern of the intercorrelaticns for any particular pilot and phase
shows how he organized the task elements, which he was willing to trads off
performance in for which, and so forth. 4in excellent example (almest idyllicg
is the performance of the braking and hover sequence (i.e., the lunar landing
by P=133. In cne way of describing it, this pilot may be said to have performed
tho phase as two independent tasks——the rate fin displacement and impact) control
task and the displacement-fuel task——trading off performance in the elemenis of
each of these., In contrast, in the same phase P-132 appsars to have traded off
fuel consumption with displacement rete, while holding these and the other aspects
rather independent otherwise. It might Ye very profitable for understanding
complex task performance to obtain detailed infor—ation from the pilots as to

2 how they approached the phages and then to attempt to relste that information
# to these intercorrelations. However, although such sn analysis might be very
33 valuatle, it is not necessary to the immediate need.
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PABLS XXIIX

Correliations of Pareasters within Phases om ths
Iast Four Training Trisle (Rendsll's 7)1

values for paxtial 7 are given in parenthoges
valuo for partial 7 is ths logical oomsequonce of the rela%ionship observed,

slthough not obtaingble mumerically

or dsnoninator or boih egqualling garo

82

Filot
Phase/ A1
Comparison 81 82 8 PL) 132 133 {zeen)

ThX VP 2000 “9667 "01‘83 0183 0183 «000 0081
TR IBxXIR 0333 0333 o667 =333 =.333 =333 -e167
(o250)  {.333) (=.707) (.000)# (.000)* (.490)  {.061)

RBxP =333 »000 +333 1,000 2333 «913 374
(=.250)  (.000)  (.447) (3.000)% (.000)* (.926)  (.354)

RzP =333 000 +000 =333 =1.000 ~e548 ~¢369
("0250) (.MO) (0316) (0000)” (“lom)* ("0634) (“0261)

Y vx¥ 548 ~e183 -.183 »183 = TOT -.548 ~,148
S0 Vx7Y "'0333 °6’67 0548 0183 0333 0913 0385
(«297)  (.633)  (.657)  (.132)  (.c00)* (.929)  {.341)

vx?P + 130 0667 8333 0333 0333 -0183 0369
(e122)  (.633)  (o527) (.310)  (.000)¢ (.315)  (.418)

Ix? "'0183 0333 -'9183 0183 1.000 -0333 0136
(o093) (-.202) (-.463) (.232) (1.000)% (-.434)  (.024)

¥R Px R "0333 0333 0333 000 0183 000 .086
Dx h+:4 0183 2000 1,000 0667 0548 000 0066

DxP® 000 "0333 0183 0333 ".183 ~1,000 “'0167
m=2Xn "'¢913 oS00 "’0333 -0333 "'0333 =1 ,000 -.485
BxP "0667 =1 .000 '.548 "0667 =1,000 +« 000 ”9647
XRx? 0548 +000 -0183 »000 0333 000 0116

Dok Dx IR 0333 «333 ~667  =.333 0333 2333 <055
(.527)  (.447)  (=.334) (=.333) (.447)  (527)  (.214)

PxXR "'0183 000 -070‘7 000 000 "0548 "’0240
(-o463)  (.316)  (-.447) (.000)  (.316) (=.65T) (~.156)

m X XR 0548 "0667 0707 om -0667 0183 0017
(«657) (=.707)  (.447) (.000) (-.707)  (.463)  (.026)

EB DxA «000 333 0333 0333 0333 0333 0278
(.316)  (.447)  (.250) {(.333) (.000)* (.250)  (.266)

Dx (CR ~3333 +000 -+333 000 1.000 «333 111
(.447)  (=o316)  {-.250) (.000) (1.000)% {(.250)  (.189)

AxzCR c667 o667 "0333 000 0333 0333 0278
(.707)  (o707) (=250) (.000) (.000)* (.250)  (.236)

+

the usual rules of algebrs (mumerantor
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Por, vint iz of primary concern for ths mothodslogical issue hore under
dlosussion iz aimply whothar end in what dugrss performancss in messured task
2lemante within phasos wore related. How, taksn 81l togethsr the correlations
in table ZXIII do not genszally rspressat & high degres of rolationship. Thers
are, of oourse, instances in vhich 7 dowvs reach 567 and greater tut these ave
relatively infrequent compared to ths inzteznoss in which it is 333 or less.
Farthermore, and more cruoisl still, is that e olear orgmnization of task elements
as indicated by some strong dependenciez (high ¥ ) and some indspeudsncies (low 'rs,
seldon omerges. What is much more frequent iz a set of mutually low correlstions
represanting rather wask relaticnships emong the task olesemta. Hather evidently,
one ozn hardly hope ‘o base a useful correction of $ and P computations on such
weak contingensies as are oftentimes indicoted, Thus, any hopes for developing
more preciss exprossions of tho phase performance indicants must bo resiricted
%o only thoss individusls snd pheses in vhich modsrately strong relations are in
evidencs., {Thexo axe 20 casss in the total of 40 in which the grestest correla-
tion is ,657, or more.) But even sorrection in many of these would not be
espeocially useful becamse of the considsreble independsncs stlil involved in
the relationship of the most strongly correlated pair of parameters.

¥4 is apparent also that even less hope exists for finding e suitable
axprossion for each phase which ooculd be used for all pilcie and so, would offer
great computational convenience. Camusl oross—comparison of row entiries as well
as the megnitudes of ths row means in table XXIIIX shows that without question
the pilots were not consistent in theoir approaches tv a given phase., The largest
mean is ~.647, indicating an inverse relation between fuel and displacement rate
in breking and hover, and even in this case thers is an exosption (P~133). Even
azong the 20 cages yielding moderately large maximal correlations there is
inconsistenay in the patterms to be olserved,

Consequently, it was concluded that although cxpressions correcting the
computation of B and ) for certain phsses and certain pilots might te feaszibie
and bring adcut improved scourscy—tho infrequsncy with which significant
improvement could be gained and the oomplications invelvad do not justify deing
sec. Instead; it sosmed wiser to merely recognige, as has been dene, that D and
p for certain phases and individuals ars likely to be somewhet bissed by the
failure to taks account of the contingencies among task elements. The exnct
character of the bims can only b discemed from azamination of the pattern of
correlations and ie wnique to each instance. In only & fow such casss is the
resulting error liksly to be of any sige mumerically. In no instance is it
considered sufficient to influence comparisons of a given pilot's performsncs &t
vericus timss beoauss the hise in compared values presumably would bs consistent,
These atatements have reoference, of course, only to C-8 and C-13, Bscauss C~4
and 0~9 apparently did not neaxr thelr peak siill, it is walikely thoir perforse-

znce raflectad a stable organisation and that bissss due to task elensmt dspend~
encies exlst in it.

In summery, then, certain analytic procedures uwsed along with certain data
colisction procedures prompt serious concern in the interpretation of ths data.
There are others which might ba supposed would causs & problem but which on
exanination are considered to give little diffioculty. Amung those of conocarn,
the likely insccuracies in estimation of p resulting from the use of such a
small sample, particularly the infiuence of occasional extreme values, necessi-
tates watchfulness in the interpretation of deviant p valuss. It iz especially

83




YN
ol o B

s

RO

L
AV M
5 S

o

&

B 2
ey g B

e—

: -
N
by

!"

liksly that the originsl capabilities of P~3i32 and P-133 are somewhst wmder—
egtirated beosuss of extreme values in the referenos laslt four triale of train-
ing and that these exbreme walues influencsd the cstimates about their test
nission and retreining copabilitiss as well. Murthermors, in heving baon obiaired
from the normal protability function rather than Studemt’s t ddstribution, all
promabilitiss of meeting oriteris are generous whersas probabilities of mseting
former p g5 lovels axe wndsresticated, Test misnion probabilities also temd to
ba ovamsﬁ%tad by the uss of a “boriowed” variance estimate in oalculating then,
Procodural deisils of the test mission and in retimining may have opsrated to
degrade performancs in them somewhat, The disruption ir plans almost certeinly
degraded P=81's rstraining performance. On thess grounds it may be suppomed that
with some individual deviation the capabilities of 0-8 and C-13 to meot criteria
are generslly overestimated in the rosnlis prosented, while their capsbilities

in test and retraining %o meat former p 5 levels ars zenerally underestimsted.
However, in considsring p end the moro igclusive indicants involving it additional
scocoumt must be taken of the disproportionalities inheremt in D, as cumpared with

P, and the occasional modest inaceuracy in sstimates resuiting from tresting task
olemants ag indspendsnt.

Although some sampling dias is comeigered likely in retraining, owing to
the selection of ths best four triels for analysis, this effeoct is discounted
as roughly compansatsd for bty diminished motivation. The use of dual oriteria
Por retraining performancs complicates interpretation tut is not a sourcs of
bias. In general, the data do not suggest that any bias of conssquencs is likely
to have resulted from asymmetry in distribution of cases—~that is, failure to
reflect normality in this way. Missing data is not a problem.

Having considsred the more spscific data cclilection and analytic procedures
and their probable impact on the resulta, it remeins to deal similarly with cex—
tain moro gemersl issues affecting the broadsr implications of the study. Thess
are matters which strongly influencs the renge of applicability, or generalizabil-
ity of the findings. Among them ars such varied concerns as statistical signif-
icance, interveming activities, ekill differentials, the use of simulation, and
test personnsl wmotivation. Baoh of thess will be iresied bwiefly, in tura, in
the following discussion, the primary intent baing to express the position to bo
taken in the subsequent statement of findings. It is not intended that the
comment on these topics included here be a comprehensive treatument—-for that is
beyond the soope of this report. Furthermore, it should be recognized at the
ocutget that alternative views to those presented ars possible bocause these are
debatable matters.

stical Sisnifiocsnce. In the preceding brief description of analytio
methodology it has already been noted that conventional tests of significance
for skill retention effecis are simply not feasible in view of the structure of
the data. It was not possible to combine the porformance of even two pilots to
arrive at the neces error estimate for such a test because (in the language
of experimental design) all individuals represent unigue treatmenta. Purther—
more, although a specialized adaptation of the analysis of variance technique
might be applied, the complexity of the dats structure makes doing so inadvisable.
Therefore, it seomed best to merely examine the patiexn of results obtained with
an eye to the internal cohsrence of the data and correspondence with reasonable
expootations concerning the likoly effects of known factors lnvolved.
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How, of course, thors ars those who take the position that such a course
of action is not acceptable—that not to determine levels of statistical sig-
nificance for differencas observed iz tentemowmt %o unscientific, After all,

i? one does not know the leovel of signifiocance atieching to an obzerved differ-
encs how can the msaning of that difference be known? Thers iz no fundusental
quarrel with this position=—szo fer as it goes. Host cerisinly, & real asdvantsge
in preciss interproiation and enhenced meaningfuiness does acorus from ths
expregsion of statistical significance. Howsver, the difficulty with this simple
view of data interpretaiion is that it does not go far encugh to comprehsnd <he
reallties of observational complexity in meny situstions of interest. 4lso,

it does not allow for the investment of meaningfulness by other mathods, and
progunes that only tho statement of statistioal significance can serve that
purpose. And yot, oftentimes it is quite important to evaluaste in soms way the
regularities of complex data. Should 211 hope of doing so be given wp for the

lack of a ready medsl for determining the likelihoed that e particular effsct
ocourred by chance?

In a Ttroader view of the dats interpretation problem ths most appropriate
answor must surely ba, Nol Although t~tests, F-ratios and the liks have great
utility when they ocan be applied, to argus that without them nothing can bs done
ig, frankly, to denounce a great variety of data as of no uzs. It is %o saori-
fice & host of potentially useful observations on the altar of signifioancs in
an unthinking fervor of statistical reverence. Instead, it seems that, with all
due regard to ths diffioulties imvelved, the effort can and should by made in any
case to examine the organization of the results obteined. For, a degree of
meaning also may be attached when a set of interrslated observations also shows
a high degres of internal ooherence or an expected pattern of magnitudes. What,
after all does or should an inveatigator do on encountering a collection of % ox
F values not quite significant, but all readily interpretable on extra-statistical
congideraticns? Should he concluds that no meaning is to be derived from the
results? To do so sesms not only uwawige, tut wasteful.

Acocordingly, the poaition adopted in this rsport is that if a collection
of observations follow rather consistently reasonable expectations concerning
their order of magnituds, it should be conoludad that ths sxistsnce of the eifect
is thereby demonstrated. However, bacauge the degres of consistency required
for acceptance of a particular conclusion is & matter of judgment, s suffioiency
of informaticn is elways presented to enable the reader to himself examine the
consistency involved and, thus, to svaluaie the merits of the conclusion given,

.On the other hand, the adoption of this policy should not be taken to imply
that tests of significance on these psrformsnce data are bslieved to be impossible.
Even though the data are presented in an umsuel probabilistic fashion it is still
rather obviously possible to apply counting or freguency methods to them to arrive
at some rough indication of significance and, in turn, btroad gensralities. For
example, one can reedily caloulate the probability of, say, six out of six crew
members not reaching the same p; in test as in training. Such caloulaticns were
not considered necessary for interpretation, bui some readers may wish to do so
for their own interest. Finally, beyond these offhand mothods, more refined
techniques for testing the significance of differences in the samo individusl's
porformsnce—~say, bstwesn training, test, and retraining—also are poasible.

But, because further development and study of them before asctual application is
considered desirabtle, no attempt was made to use them in this analysis.
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;3 28, ‘Turning attention now to twoad issuss sconcerasd
with da‘#;a ool.ac‘hitm pmwms, 2 g0 far undiscvessd conosrn of great poszilise
significance is that of tho sotivities interweming botvesn tralning and akilil
retantion test. In early consideratiup of memory and Porgetting psychologists
inclined to ths supposition that tho mere passage of time was sufficient to
acooumt for the degredation in skill or recall noted sulbseguently. Howsver,
racent studies in whioch the nature of tho sotivities engeged in during the
votention period have besr vardied have caat sericus doult upon this position.
Thus, today it is commonly held that these intsrvening activities have much
more influence on subsequsnt porformanice than ths lsngth of time per soe.

Mindful of the importance, then, of intervening activities for a oloas
interpretation of the data, upon reporiing for the skill retention {ezt each
pilot was asked informally to dssoribe in a general way what he had bteen doing
since ths completion of training. He attempt was made %o estimate spsoific
mumbers of hours involved or to go into samsitive deteils. Each was saked also
$o what extent he thought thess activiities wore helpful in maintaining his
capability to perform the lunur lending mission.

In briet, the consensus of their responses was that cach had engoged
throughout the period in normal test pilot activities, including conferences,
analysis of enginesring details, iest planning, end flight in high psrformance
jet airvorsft. Furthermore, they felt thai, in partioular, their periodio
flights in high performance aircraft trought substantial benefit in maintaining
their capability to deal with a complexity of factors under time pressurs, as
was required in certain portions of the test mission. They did not fgel that
this benefit accrued from specific similarities in task requirements but rather
from the maintenance of more genexal habits as might Y» charscterizsd as alerti-
nesa %o requirements for tims-sharing end rapid shifta of attention; and for
rapid rosponse. Several, when later asked specifiocally, did not fasl that any
particular dissimilarities in required tasks hed evident negative effacts on

their performance (they are used to dsaling with such dissimilarities) and con-
firmed their eariier convictioms.

If the pilots? views of the effects of the imterveming activities are
talsn at face value (and there is no evident reason they should not bs) then
what implicatioms do they have for the study findings? Surely any stateasnt
regarding ths degres of skill loss encountered or to bs expected sust ba qualified
by reference to the prosumsd benefits of these intervening tasks. This implies
that, other things being tho same, pilots whose intervening duties do not invelve
tasks offering similar beneficial effects can be expested to perform less well.
It also follows that the present estimate of skill retention is a generouvs one
compared with vhat might be derived from other circumstances involving differant
intervening activitiea. On the other hand, that is not to state that even greater

skill retention could not bs obtained with some still more bemeficial intervening
task requiremsnis.

y Skil)l Differentisls. Still another gemera) feature of study procedure ¥
. having great potential bsaring on the intexprotation of ths results is the level %
_ of skill sttained prior to test. This factor has, of courss, already been con- o
s sidered in the presentation of training performance and ths necessity of distin— &
v guishing O-4 and C~9 performancs from O-8 and C~13 performance in this respect o

soons established. Furthermore, it now appears that even the best trained crews,
v in general, had not quite reached the limit of theoir capability. However, beyond "
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the gross diffurences in ovow oepshilitise in ths two study phasss thers &rs
alee the more sublle diffexwncen in ospaddiitisz of orews and individuals within
study phnses. Thoe portinemt ocomcern here is what &o these diffarences imply,
particularly in the cese of O~ apd O~13 of primary isterest, far ths conolus~
icza 4o bs draem.

in twief, it is contendsd that the Jiffovemces in individunl pilot czpe~
bility %o perform the varicus nissicn tosks az well as the differwnces among
pilots and orows in capability to perform them grea’ly reducsed (or eliminsted)
the pessibility of showing the exast effescts of both rwisniion intermml and
teating ordar., Ths pilota of 0-8 and 0-13 had indsed reached aimiler lswels of
gkill as sbown ly the owwrall indicants Wit they wure atill not the snss snd
they differed conpidarably om the tasks of relstive oxpertise and dsfioiency.
An 8 rosult the lgvel of original skill—knowun to %8 & poworful determinant of
rotention—wust be essumed t¢ have ocperated wariously %o eitasr enhence or dagrade
the relative performence of ths individuals and crows, Sincs level of learning
effeots are relatively great it may be supposed that thay overshadowed such
lessor sffscts as might oihsrwise bavc besn observed. Thus, for emnzple, it may
wall be that differences in the lozses of P-81 snd P-131 on test might have teen
noted had these pilots not differed in & feshion psralls) to tne hypothetical
effects of retention interval. If P~131 had been axagtlx 88 skilled as P~81 he
night have exporienced even greatsr loss than he di

That it was possible, even though ekill differemtials did exist, io distin-
guish the apparent offect o testing order such that the first-tested did less
woll; is & testimony tc ths relatiwsly strong bonsficisl sffects of opportunity
to obwerve end participate in a prior perfortence., Bot, that retention interval
hsd no clearly distinguishahle effsots implies only that it did not have as strmmg
an influsnce as oxdsr of test or original learning level-not that it had no
effoct. Tms, it must be undexrstood that beocause of the lack of exmot comtrol
over skill level no conclusion concerning retention interval bsyond its relstive
strength as a variable can bts asserted.

WY erevs Op ong, One final imsue relating Ywondly to the
fundamtal natura of the study is the qusstion of simulation versus real opsra-
tions, This matter is popuw.arly considered of such significance that for many
readsrs the viewpoint taken on it will primarily dstermine ths cxrodibility of
anything else which may be asserted about the study. And, of courss, general
opinions on the appropriatensss of using aisulation techniques in asrospsce
system research and design range all the way from near rejection and grudging
villingness to see them used in wery preliminary developmsut work to enthusiestio
acceptance of them &s of great valus throughout all phases of research and
development, including the final dstermination of opsrational readiness,

Somewhat confusingly, and at variance with oconventional expectations, at high
reliability levels a greator dsgree of skill may be assoociated with greater
(not lesser) losses in reliability. Thuo man who is most relieble has, in a
sense, most to lose.
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This study is, frankly, prefaced upon ths bslisf that eimulation teclniques
afford 8 useful mesnas of gaining daite on and indications of human performance
capability otherwise not obisinable or obtainable only at great cost and effort.
It is not the intent of thess remarks to attempt convincing thoss who lack this
degree of acceptance of simuletion methodology that they should adopt a more
positive view, But, in oxrder %o bsp in the best possible position tc realistically
interpret the resulte obtained it is nscessary to considar the probable conse~
quences of the simlation methodology empleoyed. For, to accept results obitainaed
by :.cans of simmlation without rogard to the limitations inherent in the method
would constitute an indefensible, blind acceptancse. In fact, it is only when
the resultis obtained hy simulation are interpreted with care to insure that
account is tskem of the influencss of the method on the date that ths utility
of the method oan bs realized.

¥What, thon, are the probable offscts on the data deriving from their being
taken from a similated performance rather than a real cperation? Or, stated
another way, how would pilot performence have differed if the test mission had
been & real lunar landing nission and the retraining performances hed bsen
imbsdded in resl lunar missione? For that matter, it may be questioned, &s well,
how the estimate of end-cf-training cepability would have changed if real missions
had been used instead.

In formilating and considering answers to themse questions it is convenient
to distinguish three main kinds of ways in whioch performance could bte influenced.
In the first plroe, specific task features may differ betwsen the simulated and
res) situations. A simmlated situation dssigned to repliocate as exactly es
possible the resl situation {as is the traditional approach in the design of
training simulators) might be expected to produce the same results as the real
situation. However, it is the fact that simulators never quite yet reproduce
the real environment: typically there are still miasing from them complexities
of the visual world and of the motion dynamics; if not soms of the simpler
operational aspects. Consequently, it mey be supposed that as & result of such
specific dissimilarities performance will be modified—either enhanced or degraded,
depending on the nature of the differences.

In this study, although the simulation is oconsidsred to have beon well done
and as nearly compleio in task specifiocs as curront technolesy permite, it
neverthaless departed to some degree from reality, particularly with respect to
motion dynamics and visual cues in the lumer landing. Furthermore, many of the
environmental factors of space flight, such as weightlessness and raldiation,
wore not included and realistic attention tc life support tasks was not required.
Finally, perhaps most important of all, while the specific task details ware
chosen to duplicate in a gemneral fashion early planning for the real Apcllo even
these, now somewhat obsolete task details, were modified deliberately in the
direction of greater manual ocontroi.

The net effect of all these specific differences is, ¢f ccurss, a matter
of conjecture but some rossonable impliocations can bo drawn. The most significant
is probably that the performance observed cannot ba taken as examotly indicative
of that to be cbtained in eny partioular real system, including the Apello.
Ratber, to the extent othsrwise valid the obteined reliebilities may be taken
only as broadly indicative of the orders of magnitude whioch may Yo expected in
a mission of the nsture used. Ko preciso generalization to a partiocular system
nay be based on these data unless it is established on close anslysis that the
deteils of the tasks of interest were exactly oomparable,
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Furthermors, although the absence of environmental stressors and life
support requirements reasonably may be expected not to have bisged the psrform-
ance from that of normal operations, there is always ¢the possibility im real
operations of a problem in these areas. Such an occasionzl problew could result
in a degradstlon in other aspects of performance. That happenstances of this
nature were missing from this simulation, suggests that the obtained psrformsnos
ostimatss are somewhat genercus, tut in an unpredictable faghion as to what por—
tions of the mission might bs involved. On the other hand, the specifio defi-
ciencies in simulation detail, particularly for C-4 and C~9, probably opsrated
to make the braking ani hover phase, and perhaps docking, unrealistiocally diffi-
cult—-certainly this is the view expressed by the pilots.

TR

Then, in addition to the specific differences existing between simulated
and operational sijuations, there are also nonspecific differences arising from
the performance contexts. Two kinds of contextual factors may be ussfully
identified and separately considered.

The firet of these is the possible effect of disturbances in perZormsnoe
continuity which often o.cur in a simulated operation. Unlike the real mission
whioh unfolds in contimous fasiLion, each particular phase following in an orderly
way upon the previous, the simulated mission is oftsn charscterized by wnrealis-
tically abrupt changes in task requiremsnts, by the omission of less-important
or nonessential tasks, by the elimination of longer time periocda in which spec~
ified mission activities sre not required, and even sometimes a juxtaposition
of' task requirements. All of these typical departures from realism were involved
in this study and so it is essential to inguire how they may have affected the
results,

In general, with respect to the test mission, it is supposed that the nat
affects of these deviations from realism were to somswhat degrade performance.
All of them may be described in psychologicsl terms as disturbances which tend
to break or disturb the development of the pilot?!s set for performirg & given
task by prompting his precipitous attention to the new activity without the
banefit of the usual preparation time and prior cueing esvents which he may have
learned to depend upon. In oontrast, training and retraining performsnce would
perhaps be rmch less disturbed in this way—at least that following the iniiial
performance of & given phase. Indsed, the opportunity to repsat a performancs
immediately m:y have resulted in an enhauncement dus to the maintenance of set
and better irmediate recall of task details (especially in more difficult phases)
up to the point of fatigue and boredom. That some boredum probably >rcourred
in the last portion of retraining has already bsen mentionad.

The second kind of nonspecific differencs resulting from context conocems
the emotional and motivational concomitants of performance. It is just plainly
and irrevocably true that simulated cperations (including thia ons) generally
do not involve the pilot in the same isgree of risk to perscnal safety and
potential loss from failure as do operational missions., PFartbormore, on the
realizgation of their simulated nature, exnctly the sams degrse of importancs is
seldom attached to success in simulated missions, and even if it is tkhe reasons
are different. Conmequently, in most omses the emotional responses aa well as
the motivations of the individual performing a similated mission are different
from those of an individusl performing e real mission.
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How, on the otrength of these differencss in emotions and motiwvation it is
often supposed, therefore, chat *he individual will perform the aimmlated mission
somewhat lses adequatsly than $r 183l mission. This follows from the ocommon
supposition that greaier personsl concern resulis in superior pexfoxmsnce. Hew-
gver, the difficulty with this simple view is {tbat considersbie szperimental
evidencs shows that there is not a direct relationship betwesn performance ade—
quacy and porsonal ooncsyn. ingtead, it sppsars thet inorcazing personal concsrn
brings perfo ~ance improvement et a dimindishing rate up to & oortain point beyond
which it brings porforuance degradation at an increasing rat There seems little
doubt tial inoreasing motivation and emotiomal responsas ¢ agk beyond & ocur-
tain point is not only of no walue, tut may te deirizental. _.t, within a consider~
able range about the point of optimun, changes in personal involvement result in
only slight changes in performance. Thus, in ordsr to estimate the probadble rel~
ative consegquencss for psrformance of motivation and emotionality in the mimulated
mission, oconvrasted with & real miseion, it is neessszary to judge where, with
raspeot to this optimum rangs, the resvective degroes of such involvement are
placsd—not simpiy that they differ.

T e e e TR AT

Previcus experiencs with space opsreiions suggosis that the personnel bo-
oore keenly and personally involwed and experience some anxiety, but that these
factors do not reach such proportioms asg to much degrade performance, This
suggests that space missions are typically performed within the optimum range of
porscral involvement, az is tc be expscted because considerable development effort
and operational planning is directed towsrd this goal., What; then, can bs paid
of the involvement of the test personnel in ths present simulation siudy?

Again, aa a matter of judguwent and estimation, it seems likely that the
pilots! motivation for excellent performsnce snd their anxiety in the retention
test nisgion were such as to place them within the optimum renge. Bacemse of
the inherent challemge to their professional skills ths test afforded and the
considsrable attention given it on the pari of certain professional associstes
the pilots were quite eager to perform weil, They viewed the test as baving at
least scms implications for their career. accordingly, so far as motivational
and emotional concomitants are concermed their performance in the skill retentaion
test nmission is considered comparable to that of an operational mission.

On the other hand, the sams cannot be asserted about their retraining and,
perhaps, about their end-of-training performances. While, they no doubt bsgan
retraining with oonsidereble interest in achieving their best performance the
situation was not the same—they had, in a sense, already taken and passed the
test and the :ost wam anticlimax., Hence, it ia supposed that while their personal
involvement probably continued at nearly the same representative effectiveness
level for the first block or two of trials on the first day of retraining, there-
after it diminishsed to ths point of noticeable effecta. On similar grounds it
seens doubtful vhether the pilots performed the very lasi portion of training
(having long before demonstrated regular capadility to meet the presoribed
nominalg) with the optimm and ropresentative degree of involvement. Thus, it is
concluded that although motivational and emotional faotora attribuiable to the
simiiated performance situation prohably did not bias the skill retention test
they probably did result in somo underestimation of capability at the end of
training and after extensive retraining.
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In summary, Fith respsct to the problem of generalizebility, the position
adopied for the purpose of formuiating conclusions is simply this: The lack of
traditional tests of significance does not preoclude the drawing of useful con~
clusiong providing this is dome with cars and the rendsr can evaluate tha basis
for the oconclusions. The activities of the pilets intervening beiwsen training
and test had generaliged beneficial effscts on thesr test psrformance which ceould,
tue might not be, dupllcated in other skill retention circumstances. The lack of
exsnt oontrol of lsvel of originel skill rendered the study incapable of showing
the precise effects of length of retention intsrval Wt did net overshadow the
gress effects of retention per se and individual testing order., Ari finally, the
use of a simulasted situation probebly ternded to reduces the level o performancs

in training and in retraining, as comparsd with a real mission, but did not much
cffeot test mission performances.

ZThe Considered Findin'

Tko foregoing discussion of factors which should be considered in inter-
preting the resulvs obtained is not necessa. ily exhaustive. Nevertheless, it
does make evident the* there vare a numbsr of factors opesrating which in some
degree did or may have influenced eithsr the performance itself or the analytic
rermlts and, therefore, led to either over—- or underestimation of pilot capability
on occasion, Some of the factors identified are of such a nature ss to bring
arout fluctustions by parameter and phase in either direction in a way difficult
t0 guess upon in any particular instance. But, since no clear tasis was found
for suppesing them to result in a definite bias one way or the other it is reason-
able %o discount them from further concern in sn overall view of the resulis.

They may well have affected ocertain p, P, and p values, but they probably had
little affect upon B, P, P, etc.

On the other hand, there were identified g few other factors which probably
did introduce a bias (though not necessarily a consistent one) rather than merely
fluctuati-na in p values. These, naturally, ir.-luenced the overall indicants in
a parallsl fashion as well and, therefore, they must be considered in interpreting
the results. Thus, omission of certain requirem-nts {unpracticed emergencies,
manazement of life support eguipment, stc.) tended 1o result in pertormance over—
astimation throughout the atudy. In addition, the use of the normal, rather than
the 3 distribution, alsc brought an oversstimation of capability to mest criteria
ana an undsrestimation of capability to meet formcr P.9 performance levels. The
relative lack of precise goals and precise foadback in %he procedures used with

C-4 and 0~-9 consistently placed these crews at a disadvantage compared with C-8
and C-13,

Still other biases were identified which influenced the results for only
one or two but net all three main portions (treiring, test, and retraining) of
the study. In training the lack of motivational and emot ional corcomitants of
a real mission operated to generally depreciate er’imated capability. In the
test mission the break in ssb {resulting from time compression) and perhaps some
other procaduirces tended to depreciate the attained rcliabilities, whereas the uade
of variance estimates based on itraining data tendsd to elsvate them. In the
retraining, again the lack of realistic motivation and emoticnal responses and
perhaps csriain precedures probebly degraded performance, but these effects are

at least partially compensated for by making the calculations with reference to
the beat four trials.
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The rasults for certain pilots; in particular, alsc prohably sxe bissed.
Because of the extrems values recorded at the end of training, it is quite likely
the estimated capabilities of P-132 and P~133 to mest criteris in training and in
the test mission sre spuriously low and their actual) gains {if any) in retraining
over treining less than indicated., The retraining performence or P~8l was almost '
certainly adversely affected by the other requirements imposed on him, ’

b
Evidently, some of the biases operated to underestimate capability while \
others operated to overestimate it and so, to some extent at lsast, they temded

) cancel esch other out. To what extent they did cancel cut depends upon the
particular combination of amounts and directions of bias in particular portions i
of the study and in the two types of analysis {criterion and P.95 level). In .
general, after careful woighting of positive and negative influences according

to their estimated magnitudss, it was concluded that the overall estimates given ;
(iedey B, B; D) of capability of C-8 and C~13 to meet criteria in original train-
ing and in the teet mission are somewhat overestimated; while capability to meet
oriteria in retraining is slightly underestimated. (The values for P~132 and
P-133 in training and test and for P-81 in retraining were discounted from this
generalily as spurious.) These net effects are judged to be quite small relative
to the reliabiiities reported and not ‘o exceed about .0l in ¥. In particular,
the probabilities reported for treining performance are considered to be very
close to those which might be obtained in a real mission. Presumsably, the values
for C~4 and C~9 in training, test, and retraining are aimilarly affected. EHowever,
in having had less effective task goals and pesrformance feedback they probably
porformed less well than they might have throughout the study. This is a bias
only insofar as their performance is compared with that of (-8 and C-13.

In a similar Pashion it was concluded that the overall probabiiities of
0-8 and C~13 pilots realizing their individual p

.9§nlevels in the several aspects
of flight control in the test mission and in retraining are underestimated. In

general, the amount of underestimation or net biss in P in these instances was

judged to approximate .03. The parallel overall probabilities of C-4 and C-9

pilota uay have been similarly affected, although possidly to a lesser extent £
N becauss of their lesaser original skill.
,f; On the basis of this evaluation of the influence of ths various interpretive
Wt factors it seems unlikely tha* any inacouracies in the results are of sufficient :
ﬁ magnitude to invalidate the main comparisons of interest, For example, if the !
o test capability of C~8 and C~13 is owerestimated more than original capability é
o then the reality of the observed decrement is more, not less, assured. Similsrly, ]
> the pattern of supposed inaccuracies suggests that by additional perfcrmance in a :
- real sitvation these orews would have recovered their original csrpabilities to
o meet criteria even more quickly than they seemed to in this siudy. Furthermore,
Q all of the inaccuracies described ars sufficiently smal) as to parmit & rather
P precise impression of the actual reliabili%. & to be expe.ted in & real mission.
el It is only necessary to make the indicated winor adjustments in reported values.
5 Therefore, it is contended that the main findings, as presented in the section :
'"‘:?gl on results, should be taken at face value so far as differerces among training, ;
;ﬁe} test, and retraining performances are concerned, with minor qualifications added iv
o about probabilities to bs expected in a real mission.
& ‘ :
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Aocordingly, ths oonsideread findings are as followss
1. Original Capabilitys

&e By the end of five weeks training the pilots and orswn achleved
varying levels of reliability in psrforming the nine nissicn phasss according
to hypothetioal system oriieris.

b. The first two crews tested (0-4 and 0~9) wore gensraily zuch less
able to meet the oriteria than the ssoond two orews. Highly relisble (.999)
porformance was seldom demonstrated by then on any yortion of the miassion end
even the bsst performer among them showsd & lilr.ihood of lees than .850 of
performing within the oriterion on uny paremster ($). The 1ikslihood of mesting
all oriteris (i.a., D or mission success) wss never more than .C02. Bscause these
crowe svidently wore not fully trained, their data are discounted in the prossnt

£*1dy as incapable of supporting useful generalizations about skill reteniion in
space misaions.

c. The seccnd two crews (0=8 and (~13) attained quite high indicated
reliability levels. Estimated likelihcods of meeting the oriterion on any para~
moter (B) ranged from .932 up to .992 and of meeting oriteria in all paremeters
(p) frem .294 to .817. Bowever, the lowsr two sets of valuss (for P-~132 and P-133)
ars considered undersstimates dus to the inclusion of unrepressntative scores,
whereas all othsr values are considered overestimates of true oapability in a
real mission ¢f thiu nature. Ths extent of this overestimation is judgsed to be
in the order of .005 in 1likeslihood of meetir ~ any particuler oriterion and of
.10 in likelihood of meeting all criteria. .ven these apparently well-trained
pilots differed somswhat in oepability in ths several msasured aspeota of flight
control, the different phases, and ithe overall mission,

2. Test Mission Capability:

a. In the test mission, performed approximately § to 13 woeks after
training, the well-irained crews zO-B and 0-13) showed an estimated capability
to meet the oriteria somewhat lowwr than their original capadbility tc most tham.
The first~tested pilota evidenced consideradle loss, but some of those tested
second and third showed a slight, probably spurious, gainm—the orew aversges,
consequently indicating mild losses. As wae expected, the same pilots showed
gven less 1lilelihood of reaching former highly reliable (p.95) levels of perform—
% ance in individual parametors. BEvidently, lack c¢f direoct practice over a period
. of 8 wesks or more resulted in a8 definite loss in skill which was to & consider—
e able exrtent recovered by the opportunity to observe or participate once or twice
P in another pilot's performance of the mission., However, a difference in retention
£3 over 8 and 13 weeks was not demonstrated—psrhaps because of differences in

: original learning-—which indicates that such variations in retention intervals
that long mey be of little significance. The levels cof reliability derived from

O

é‘ the first test performance of around .92 of meeting the oriterion in any parameter
84 and of eround .02 of mesting the criteris in all parameters are considered to

3 slightly overesiimate real mission performances under like circumstances of

5 previous training, intervening activities, etc.

;{;‘a b. The incompletely trainad crews (C~4 and 0~9), tested after 4 or 9
‘5 weeks, showed generally parallel effects of the lack of practice on capability to
3;? meet sriteria—tut to a lesser extent end somewhat inconsistently. This differ—
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ence ig atirituted dirsotly to their smsller amount of oxiginal z:-111, Howsver,
they schowsd sbout the same ioss in capebility to perform at thesir omn former
lavels of high reliabilily as the well~trained orows. Thisz suggests the interesti-
ing possibility that losses in reiative reliarbility {(i.e., probability of realiz—

ing former levels of highly relialle performance) may be little influsnced by
original skill attainzents,

3. Capability with Additiomal Trainings:

8. In ths course ¢f 3 dayz of additiopal txeining the wsll-trained
pilots of C-8 and O-13 again showed slightly varying oupabilities in ths several
moasured sspacts of flight ocunirol, the different phases, and the owmrall mission.
They tended %o be less altle to msel the oxiteris {or ssparation and dsorbit, twake
and hover, and sarth eniry phasses than they wore able to mest the oariteria for
transpositicn, lunar orbit and dooking. Evem in iths very first four trials of
rotraining four of these pilots approximated their original capabilities for
neoting ths oriteris and in their best Pfour-trial dlocks in the various phases
all eix excesded those capabilities. Thus, original capability to mset system
oriteria wea quickly regained. That the original capability to meet oriteria
a8 improved upoen impliss (espacislly because retraining values are bslieved to
be underestimated) that these pilots had not originally reached tho limits of
their polential. EHowever; even &t their best, these pilots did not demomstrate
in retraining their full original oapability to perform all ths messured aspesta
of flight comtroi. Their efforte to maximige performance with respsot to
criteria with accoompanying frequent shifts bstween traindng end retraining in
relative performance on aspects within phases, along with the sensitivity of
this analysis to zuch shifts, is considered the probable explamation. Sach
changss in strategy, which are costly of overall reliability, are not reflected

in tto criteriom-reference analysis bsczuse they ars generally bsyond the
arbitrery maximm disceriminable roliability of .999.

b. In the courae of two ¢to eight sdditional training trials on a
single day. the lses well-treined pillcis of C~4 and (-5 were able io demonstrate
capabilities for mseting the system orlieris comparable to or exceeding their
original capabilities for meeting them. However, like the pilots of O~8 and
C-13, they did not demonstrate their full original capability to perform all the
measuTed aspecis of rlighit contrel, although thsey may have come somewhat closer
to doing so. They ocomtinued in retreining to be distinctively lees eble to msst
the oriteris, even though they psrformed at least as well relative to their owm
formex levels, Thus, although opersting at lowsr levels of oapability with respeot
to oriteria, the pilots of C=4 and -9 responded to additional training in about
the same way as did ths pilots of 0-8 and G-13,
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IMPLICATIONS

The dstailed outcomes of the study just givem are, of courss, valuable in
their cm right. Bub, of even greater inierest, perhaps, are the implications
they carry specifically for the design of space sysiems, and more gensielly for
ths moasurement and prediction of human performance. Thoy are also suggestive
¢f dirsctions in whioch adfitional research on akill retention end on related

measuroment rethodology should go. Thege apparent implications will be triefly
rresanted, in turn, in this conoluding ssotion.

mport, the p*im;y intcm% et tha m&y w3 Yo svaluate the degree to vwhich skill
in oritical tasks might be reteined in space miesions of extendsd duration. For,
in designing such zystems ons would certainly 1ils to kmow whether forgeiting on
the paxrt of the cperators would bs encugh to dagrade the probability of miasion
success below accepiable iavela., If forgetting in that amount wore prediscted
then an obwious design sirategy would be to seck to reduce or avoid the dograda—
tion, possibly by the medificetion of the mission profile or ths mismslion tasks or

by the use of special training proosdnres. DBut, it is Tirst necessary to know
vhother akill retention is iikely %o bs & problem.

The findings of the rresent study indicate that a carefully qualified or
guardsd pozition on the akill rotention question is in orxdsr. If the nission
test performances of P-81 and P-131 (the oritical test persommel) are taken at
face value then it must bs concluded that skill retention Aifficuliies can
indesd ocour. P-8l, tested after 8 wsoks, was able to perform most of the tasks
required within the ncminal oriteria, tut he did not meet tham in {wo paremeters.
P-131, testoed after 13 weeks, alao uwas adble to perform most taske within oriteris,
but be deviated tly from them in thxee of four oritical parametsrs in ths
lunar landing. (On a rsal mission he would have sheared the landing gear, at the
very leeast.) Bacause of these difficultiss boith pilots! estimated reliabilities
in masting criteria dropped notiocsably from thelr former levels %o reliabilities
whioh would be unacceptable for a real mission, (P-81 dropped 6% to .931 in P
14.8% to .8627 in P and 93.5% to .048 in p while P-131 dropped 7.8% to .899 in ﬁ
9.3% to o858 in P and 100% to <.CC1 in $.) The estimated probdebilities of miemion
sucooss (i.e., of meeting all oriteria) by not exceeding five chances in a thousand
are partioularly discoureging. @Quits evidently the requirement in a opace mission
to romembor a critical flight oontrol task over 8 wesks or more poses a problem
vorthy of spacial design attention.

Howover, in addition to demonatrating the reality of tho skill retention
problem, the prescnt duzta provide surs insights on the severity of the problen
and indications as to how it might be handled. Of partiscular interest in this
connection are the test mission porforwmancss of tho pilcets tested zeoond and
third and the retraining psrforpance of P-131. (The rotraining data from P81
are dissounted for reasona given carlier.} Although pilots 82, 83, 132 and 133
had at the end of training attained approximately the same lewel of akdll in
masting t2s oriteria sg P-31 and P-~131, all tut P82 showed & slight gain in
test over training and P-82's loms was relatively zmall. Consequently, there
sosrs 1ittls doubt that imnsdiately prior cobservation or aiding of anothsr once
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or twice in performing the oritical tusks can bring about a considerable improve-
ment in performance after &€ or more waeeks without direct practice. Purthormore,
in jJust four practics trials following the test nissicn, P-131 equaled or exceedsd
his own former oapability to meet the nomingl oriteris zat leaat to a probability
of .599) in six representative vhases of the mission. On ths assumption that the
chozen criteria are reasonable onss for such systems, both of these findings imply
that the skill reteniion predblem nsed nut bs severs. Thoy suggest that the deg-
radation in missiom reliability asscciated with recall over at least 13 wsaeks oan
largsly be ar~oided in instances where intervening activities serve to masintain

an alertnees (o rsguirements for time-sharing and rapid respense snd when opportu-
nities exiat to practice or even rehearse and obssrve the oritical aotivities
bafore thsy are perf.rmed in the mission., Apparently, itlhe presxposurs to the
tasks need rot be sxtensive; but it must be more than merely an examination of
tyrical handbooks and checklists and verbal discussion.

The comments and discussion of the dsbriefings; oonducted informally after
the test mission, lend further support to this view. In esaence, the pilots’
comnents then (and earlier) emphasized the desirability from their point of view
of an opportunity to enter the crevw station beforehand and refamiliarize thom-
selves more directly with the displays and controls. Thoy felt this would have
alleviated consideratle misgiving on their part about porforming the iasks
adequately. Beyond this, in response ito direct questioning, the pilots indicated
a belief thai tho prior opportunity to obsexrve or rehearse the more difficult
phases would be very holpful and ths second~ and third-tested pilots confirmed
this from their own experiemce. Most agreed that the casually-suggestsd possibil-
ity of a preview by means of an over—the~shoulder £ilming of action of the more
complicated phases (perhaps narrated themselves for their own uss) might be guite
helpful. However, P=81 took exception to this because he felt that only the
opportunity to actually operate the controls would be helpful to him.

0f particuler interest in the dshriefings were the commenis of P-~131, about
whose difficulty discussion naturally centered. Ee stated that he had proceeded
with the braking and hover meguencs very cauticusly in an offort te do well and
did not realize until too latse to fully recover, the impliocations of his exces-
gively slow rate of dsscent. Hs desorilbsd thizs &5 a problem not encountsred in
training, thus seeming to imply training insdequacy, and said that now being
aware of such a possibility he would not likely repeat his mistake. Howsver, a
somewhat different, but not contradistory, interpretation is possidle, for, it
may well b that P-121 did not encounter the problem in training bacause at that
time his greater awareness of the timing factors involved and fawmiliarity with
the tims—-sharing requirements did not lead him to it. Psrhaps it was the for—
getting of just these task features which occasioned the problem. OCertainly that
interpretation is in keeping with some of the othsr pilots® comments on the
retention test as well as with laboratory studies on the forgetting of complex
motor tasks (Trumbo et al, 1965).

Thus, regarding the question of skill retention in space system design, it
seems fair to conclude from the present study that without special design atten—
tion operator reliabilities in oritical tasks performad after 8 wesks or more
without prior direct familiarigation are likely to be unacceptable. This does
not mean failurs to meet criteria necessarily will ccour-—orly that it is unaccepi~
ably likely to oocour. But, if judicious use is made of training techniques prior
to the more difficult oritical task performances which afford a refamiliarization
with the task (particularly the time-sharing and timing requirements) much of the
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expacted degradation in reliability can bs avoided. Howsver, this should not
be taken %o mean that the full originmal capabilities of the oparators will be
regained by such expedisnte~—in fact, the prement data suggest that much mors
would be required for that., Furthsrmore, this conclusion rests dirsctly on the
assumption that the intervening activities reguired do not give rises io specific
interference effacts (negative transfer to the tasks of concern). Accordingly,
the possibility of adverse tramsfer from intervening activities along with the
choice of eppropriate refamiliarization technigquez must be given close attention
in dssign if the problem of skill retention in long missions is to be svoided.
In short, skill retention will not bs a problem if proper attention is given to
skill retention requirements in design and operational planning.

Pilot Reliabilstv., In addition, and inoidental to the main concern for
skill retention, the atudy also provides the possibility of insights into pilot
reliability beyond the report by Grodsly et al (1966b) of the original NASA-
Martin study. This results from two factors: ihe analyitic methodology employed
and the evideni gains in retraining over the original training performance. In
the retraining portion of this skill retention teat the pilots were at their
very best and the present analysis characterizos thai best performance in a way
that is quite different from the msthod used by Grodsky et al. What, then, do
the results obtained indicate about pilot reliability?

If it is assumed once again that the hypothetical oriteria used are reascr
able for space systems—~—then a fair conolusicn on the basis of the retraining
values reported for (-8 and 0~13 in table XIII should be possible. Taken at face
valus the indicated reliabilities are reassuringly high, for among the six pilots
the minimum values obtained are .991 in zﬁ, +964 in i5, and 789 in f). Owricusly
the chances of performing a parameter or a phase successfully (i.8., without
exceeding critoria) seem quits good and even the likelihood of performing the
whole set of phases successfully ssems almost as good (the second lowest p is
.928). The average probability of overall succese (p) for the esix is .936.
Furthermore, the evaluation of possible biases suggested that these values some- .
what underestimate reliability in a real situation.

However, there is another factor so far unmentioned wbich fends to inflate
these values, particularly for p, beyond vhat might be expected in a full mission.
4 After ull, these probabilities for retraining are based wpon only six of the

- mission phases and do not represent a complote mission. Inclusion of the rest

4 of the mission phases would tend to lower mission reliabilities even though para~
¥ meter, and poseibly, phase values could be increased by very good parformance.

:{"fﬁ It 18 an inherent feature of joint probabilities that when other factors are
o
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added the product can only equal or bscome less than the originalj it can never
exceed the original., Thus, while difficult to estimate, the net result may be

. thet the indicated overall values (3, D, and p) are very close to what might be
K| observed in a full missicn., Is, then, a probability of around .936 of mission
- success (p) high enough for a space mission? Some may doubt that it is high
enough and appropriately wonder whether pilot reliabilities in lengthy and
involved missions, such as a lunar landing mission, are likely to be disappoint-

et Ay O
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*4 ingly low and to pose, when taken jointly with equipment relialtdlities, a worri-
s some (or even grave) risk of mission failure. In view of present planning for %
f"‘; space systems, to have to answer, Yes! would be chagrining indeed. “‘;‘
’j ‘?sz
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Portumstely, 8 negative answer geems mosit appropriate for itwo rsazcas,
Pirst, ii is doubtful if the piiots of 0-8 and 0-13 at their best hnd reachsd
ths full 1limits of thsir potential. Ths still considersible variability ovident ,
in thair perforsance as woll as informal tests of the training decisiom nle i
(roferrod to earlisr) on other data suggest that under a still more str %
training regime (including revised task goals and fesdback on performance) all
of these pilots eculd resch nsw highs in performance arosllence. Operstional
training way bo or, at least, can be supsrior to that given ths test persommel
in thkis study.

Second, the so far unqueationed assumpiion ag to the reasonableness of the
oriteria used may still be doubted with, psrhaps, good reasson. It 18 not so
mwch that a gquestion can bs maiesed about one or more of the sotual values used:
thoy oan bo cesily rezedisd by the justifiscation and choice of now values, should
anyone osre to do sc. Eathor, tho possitle problem with ths critsris sesms to
cors direotly from ths very proosss of using them at all. With respect to many
aspacte of flight control setiing & criterien, other than an extremely twreoad one,
is an ariitrery process. The characteristics of the machine with which the opsra-
tor interscts mest commonly ave such that ths effsots of his srror vary contin-
uously in magnituds over quite a range befors catastrophic degradation in offective~
nesa ocours. The oversiress point is often woll boyond any human performence
criterion of interest and ao froquently the oriterds ussd can he exceeded without
mdue sacrifice in miseion aoccomplishment and an appropriste recovery ocan be made.
In the present instance i% seems evident ¢hat within some limits moat of ths
typical criteris used could bs exceaded without miession failure ocowrring--excepi
in the nsrrow sense of not mesting all criteris. For ezsmple, a AV error of
11 #ps is not appreciably more signifioont than a AV error of 9 fps, and so
forth, Consequemtly, reliasbilitiss with respect to such srbitrary oriteria must
be taken with due regard %o thelr astual implications for the mission as well as
thair Pace valus. Probabilities of mission success ra lowes thsn ordinarily
expected may not ba worthy of serious concern after all.

Thus, in keeping with the ambiguities involved in speoifying wveliasbhility
by meana of arbitrary oriteria and the belief that the pilete of 0~8 and C-13
could have achioved still graaster reliability, ths pressnt data should not cocas~
icn doubts about pilot ocrpability to satisfactorily perform the type of mission
vead in this atudy., With corsfully arransgsd additiocnal iraining the performance
reliabilities attained would 1likely excesd those calouluted from retraining
performence in this study end on close scrutiny they would be found to represant
quits acceptable performance. Howavor, along with careful attention to ths train-
ing, periodic assesgment of performance reliabilities would bs necessary to assure
this happy result-—either in & simmlated or in a reel misuion. The attenuvation
of nission effectivercss as missions bscoms more lengthy and involved necessitates
& more than a casual, offhand approach ts training and a quantitative validation
3 rather than an informal judgment of performance capability.
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. This argumont is also appliczble to the concern for skill retention and so =
5 reducos the soverity of ths problem. But it does not eliminate the problem i
v completely or ths nsed for apecial attention to it in systea design.
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Ir addition to thsse specific implications for spacs system design, this
study (mers particularly ths emalysis presented) alse illustrates sozs novel
mothods for handling human pexformance dats, Bocause this is the first foxmal
appiication of thess methods a fow general comments about thair utility—botk
for the measurement and/or prediction of human reliability in systea dsvelopment

and operational planning and for the quantification of tshavior generaliy-—scen
in oxder.

11ity A D8 and Ops Plapning, Flirst, the ocut~
come of the analysis has a familiar ring., Fot only are the relisbilities obtained
surpriningly compatible with general impressions of pilot ocapability btut that
cxpression of oapability is familisr to systems engineers. For, in anticipating
the effeotiveness of systems under design and development, reliadility studies
estimating mean time betwsen failure and, in turn, likelibhocd of successful opera~
tion in the single case are required, COaly whsn such information is available

can appropriate cost~effectiveness trade-offs be made and maximum funciionnl

valus bo obtained from ths system. Furthsrmere, subsequent opsrational planning
must or should be prefaced upon detailsd *‘nformetion on specific capabilities.

Howgver, even though this approach to system developmsnt has been widsly
discussed and is now wellw-sccopted the full implememtation of it with respect o
all critical performances within the system has not and is not now being accom—
plishad. Az has long tesn recogniged by hman factors specialists and others,
the capabilities of the people involved (either as operators or servicers) have
& considerable intlusnce on effsctiveness (ses, for example, Shapero et al, 1960
and Thomas, 1962), TYet studies of system effectivemess have contimued o dis~
count the elsment of human performance in favor of preoccupstion with the more
familiar and understandable machine elements. Hachins reliunbility is required
for gyetem effeotivensse~—tut s is hman 1oliability in nost systems of interest.

¥

Among the severel reascns for thisg persistent disregard of human perform-
ance in system design the reason of particulsr relsvance here (a.nd porhaps most
important of ail) is simply that human performsnce data, when available, ars
usually not in a form amenable to direct uss in effectiveness studies. In pre~
dicting on a partisular system what one needs %o know is what are the probable
limits of this individual's {or this select group of individusls') perforrancs
of these particular activitiea. The average or most typical performance of &
general sampling of individuals on 8 collecticn of traditional laboratory tasks
' is not of immediate use and sesmingly foresign to the design problem. Furthar—

\‘éﬂ more, the necegsary interpreoter of such data is oftem not available. In contrast,
* ths analytio methods of this study offer the special merit of placing these human
;{ performance data in terms of immediate utility and that is why ths results obtained

saen faniliar (to the systems engineerl).

s This gratifying result is primarily ths consequencs of the fundamsntal o
04 inpovation of interpreting observed parformance probabilistioally. ‘fter all, o
K hupan performance is variable (to ths great dismay of psychologists who have Ff
M sought to express invarianit relatvions involving it) and, thorsforo, statements .
about it are probabilistioc, whethor the fact is recuvgnisged or not. To expiwas 13
4 performance, then, directly as . promability is merely to explicitly recomnige

N the veriability which does exiet. To do so is to stay desirably close to oussrva~
: tional realities and avoid precocupation with finding supposed "irue™ values, and
so forth,
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How tho expression of performance as a probability requirse thet some
refersnce be shoper——i.e., that tho Drobsuility te with respeot to sozething.
Two main alternatives are possible and thoy are both exemplified in the analynis
of this study dats. Ore may clither refer to smome absolnto oriterion dictated by
outsids congiderations {system ragquirenents, ets.) or oma zay rofer 10 somo rel-
ative oriterion established by the individuaite own o scms othor individualte
performsnca. The first option iz straightfurwerdly an application of the prod-
ability conospt which relates luman performance 1o the requirements for it in
such a msaner as o directly express capabllity of mesting those requirements.
Consequentiy, it is extrsmely ussaful in malding design choicesn as well as assess-
ments lator of operationsl capadbility,

Cn ths other hand, the second option provides an extremely sensitive method
of indicating change or difference consequent upon & change in conditions or
personnsl. One simply chooses an appropriate probability and establiishss that
level or siandard of performsncs in the units of measure for the reference. Ths
prebability estimated from any other performance of achieving that standard level
may then ©» directly compared with the reference probubility and the amount
(absoluts or relative) of shift in probebility taken to indicate the magnituds
of the effects. In this way performance change is described probabilistioally
rather than in terms of the arbitrary units of measure (such as feet per sec.,
degress, etc.)s Thie option has special valus for empirical determination of
the relative merits of two or mors design arrengements when cutside oriteria
either do not exist or do not readily disoriminate smong the arrargsmsnts., But
in many ocases the information provided by reforence to both absolute and relative
oriteria is needsd—as was true in the present atudy.

In expressing relative reliability it is nscessary to choose & reference
probability and so0 iV is naturally of concern what choice is best or how the
choice should be made. In thig instance p = 950 was cbosen, but why was this
value rather than, say. p = .50C (the mean of a normal distriution) selected?
The most reasonable snswer is that there is no one best value for all ciroum-
stances tut rather a need to chocse ths value on the basis of the immediate
purpose. in the present case, the interest was in performance levels attainable
at & high lsvsl of consistency and so the .950 was sslectsd. Furthermors, it
is usually true that what one is interested in is the performance achievable
with near certainty (or else that almost certainly not achievable) rather than
merely the most typical performancs., This suggests that a reference in the order
of p = 950 would not gsnorally be amiss. But, circumstances dictating an
interest in the most typical {p = ,500) or in some intermediate value {such as
P = »T50) can readily bs imagined. Whatever the choice, the essential point to
be emphasized here is thav in describing performance probabilistically this
significant choice for any kind cf statistical analysis is made explicit. In
this there is great morit because the traditional practice of describing perform-
ance in terms of central tendsncy--discounting variability as it does-—dessrves
justification each time it is used.

Finally, in depicting performance as a probability a very oonsidsrable
advantage is realized in the handling of realistic behavioral complexities such
a8 typically are found in operational systems. One of ths great faults of con—
ventionai psychological methods im they do not provide a satisfactory means of
desoribing complex perforwances which are characterizsd by two or more nsasures
(much less 22, as in this study). Yet, in reality, it is an inoclusive expression
of the totality of a performance which is most often desirsl. Even the normalize—
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tion and subssquent ocmbination {weighted or not) of the several data sexries
dosa not remedy this difficuliy, for what results is mersly an index relative to
the particular dzta colleoilorn sircumstances and having no independent zeaning.
In contrast, the sexpression cf performance as & protability not only similariy
pormits & ocmbination of the several measured aspsots to arrive at & joint indi-
cant but providss statezents of probability to which othsr ovents may be pelated
(as within a system). The vesult is that analysis in terms of protabilities
allows, where conventional methods do not, the modsling of a complex ssrias of
nar-nachine funetions necessary to effectiwveneas studies,

Thus, it is concluded that the analytic methods employed in this study also
congtitute valuable techkniques for introducing human performance considerations
into the dssign of systems. By describing performancs probabilistically the
advantages of staying cloge to the realities of the data and of using terms
familiar to many design persomel are realized. Concern for human perxformance
is enscouraged, thersby, as it should be. By interpreting psrformunces as the
likelihood of meeting absolute coriteria, derived from syastem analynis, the
opportunity to influence specific design choices as wall as to assess cperelional
ocapability with respect to human performance is realigzed, IFor example, simule~
tion tests of sctual skill retention requirements can bs properly evalusted and
the effestiveness of proposed remedial itechniques, when required, can bs sheoked.
By interpreting performance as the likelihocod of mssting relative oriteria,
derived from the protabiliatic description of ancther parformance, an axtremely
senaitive indication of differences or charges in perfc..aance is obtairned. This
is a powerful technique for exploring particular design issues and guiding opere~
tional plans conceraing traeining and other dstails, For exnmple, a simple exten~
sion, such as the training decision rule alluded to earlier, ocan be usad as the
basis for realistic quantitative evaluation of achievemsnt in treining, thus
oliminating personal judgments as the primary basis for treining decisions., This
would assure the desircd human reliasbility in complex and lengthy nispions by
more precise determination of day to day training needs and, in turn, mores effeo~
tive training., Finally, by expressing human performance in varisus aspects of
the job probabilistically the desirable option of formulating staterents of over~
all .oobability and of entering lmman performance in system effectivencss models
is gained. These are some of the more significant and obvious merits of the
analytic techniques usad-~Imt not necessarily all their merits.

But what about the othor side of the ledger, one may ask. ¥What are the
drawbacks and disadvaniages of these methods? From a practical point of view
1t should be noted that a great number of calculations are required—a tediocus
procees if accomplished by hand {as for this study). But, in any settlsd
applicatiom—sgay in conjunotion with mission simulation—computerized date
reduction would be simple to arrange and of trivial cost, The salculations
required are simple ones and in themselves rather familiar, at least when the
normal probebility model is adopted. The novelty involved is ir the adaptat.ion
and combination of these basic and familisxr techniques. On-line calculation,
as might bs of real advantage in a training situation, is imminently practicable.
Purthermore, although the full-blown methods and associated jargon initially
would seem strange to buman factors specialists itrained in treditienal methods,
thsir natural desire to sse human performence more fully oonsidered and the
familiarity of the basic concepts should dispose the.. to quickly grasp the
methods and apply them, as required. In fact, judging from pressnt trends, the
only system design personnel who prohably would not readily accept these methods
are the operational personnel (i.e., the research pilots involved) who are
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generally disinclined o have mumbors placed upon their performance. XHven this
may not be too serious & drawback, for if & suitable trial i3 arranged and
dus considsration is given to pilot suggesiions ag to deitails (msasured parameiers,
modsla, 8%ic.) it ia possible that many such individusls would beoome more acceps—
ing. For whern used in the proper way thess methods sveid, at least, some of the
deficliencies in conventional measurement methods which have prompted, justifiably,
some of the misgivings of opsrational persomnel ebout performance peasurement,

But, convinced or not, the quarral of opsrationsl persommel is iikely to be with
nengurement per so rather than with these methods and that, of courss, is more

of a political than a tschnloal ismie,

In short, thore sesm to bs a variety of advantagss and virtually no dis-

advantages attendant upon applying the amalytioc methods used in this study in
system deavelopment and operstional planning.

Quantification of Babavior. But what about the still broader implicatioas
of the analysis for the quantification of behavior, apart from ths oconcern for
particular systens? If the methods are useful for ths quanti.fication/prediotion
of behavior in man-machine syitems, then perhaps thsy almso ought to te useful in
quantifying behavior in othsr circumstances, as in laboratory studies having no
intended specific application, And, indesd, it iz believed that this expectation
is entirely warranted. Although the argunents are not so evident why psychological
research would .1ac bsnefit greatly from considsred usage of these methods (end
this is not tks appropriate place to dstail them) they parellel to & great extent
with elaberations and ramifications those slready given concerning systsms applica~
tions, Certainly it would bs beneficial and desirable to placs research data in
a form amenable to dirsct generalization (if permissible otherwise) to specific
cages if this can be accomplished without sacrifice in othor reaearch goals. With
thesa methods such is poagible and in this way the hridge between the laboretory
and the world of applications can be strengthsned. But, apart from this very
real advantags in the application of bebavioral research thers are also advantages
to be gained in the way of improved, more effective researck. A more complete §
statement of this view on anslytic msthodology and the justification foxr it may
be found in another report (Cotterman, 1967).

Further Researoch

Pinally, in addition to the implications for upace systen design and the
measurenent/prediction of human performance the results obtained suggest dirso-
tions which the course of further research should take. There are many research
possibilities which could be mentionad, but only the seemingly more urgent will
ha gonsidsred in the following.

Skill netention, With respect to skill reteniion ir complex and lengthy
space missions it certainly camnot be agserted that this study provides all the
nesded answers. The significance of the concern for skill retention is believed
established by this study but this is not encugh., W¥What is needed, in addition,
is refined information on sxactly how much loes is to be expecied as a function
of time periods ranging from & week or two to the limit of the longest mission
contemplated in the foresseabls future. Furthermore, this relationship should
be established for a sufficient number of discriminably different kinds of tasks
as to boe representative of the anticipated behavioral requirements, for skill
retention 1s lmown to dspend upon the type of task involved. To acoccmplish this
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will roquirs uimost care ir rosesrch to sstablish, zmong othsr things, that
pricr tc test ths personnsl inveolved have echieved kown and equal lovsiaz of
achievezsnt., The treining dscision rule referred to, makes this possible, &l-
though some furthsr developmsnt of it bsfors application is desirsble. Such
inforamtion must bs available i acourate prodicticm on the megnitude of ths
8kill retaption problem evsr iz $¢ bo pads during the ocurse of dassign. Without
it tha only roocourss iz $0 sn empivical dstermination vie alsmulstion in esch and
every instanocs,

In addition, prediction of the megnitudis of ths skill retention problem is
g8till not enough. Agsin, unless a quick £ix in esch instance is an zcceptabdle
strategy, ways of amsliorating the probdlem sbould alsc be evaluated, dsveloped,
and refined rclative to 1ho range of behavioral requirements of interest. BResearch
saving these goals amight range all the way from spscific changes in tsak require~
rvenks, through vericus txeining manipulations eithsr originally oo during the
iuntervening poriod, to comsidaration of relevant selsoction faoicrs., Bven if it
were limited to training remediss a programmatic effort likely ic make sericus
headway with this problem would heve to be extemsive. Obwicusly, much more
resoarch on the skill retention problem is nseded,

BIUTEn Hatho Similarly, a’though the analytic techniques
&mplcyed in this a’cudy m evidently coneidared to reprosent a sigeable atep
forward in capability to introduce mman performance messurement in system dsaign,
develcpment, and analysis and & contribution to bshavier quantification gsnsrally,
they also ars not compleote. Among ths mors significant nseds in this regard are
the followings (1) development of aprlications with the use of other than ths
normal probtability (or ths 4) medel, 1Zrz) adaptations and oconfirmstion of tests
of significence for application to probebilities in varioue circumstances, (3)
mors intemsive analysis and development of the fundemental implications and
rules for application, and {(4) development of more refined methods of modeling
complex events (i.e., events having nxultiple mogaured aspeots vhioch may be at
lsast paxrtially imterdependsnt ). As Pfurther work of ithis nsturs is acoomplishsd
and mads available, the scops and utility of this novel measurement methodology
will be greatly emhanced, with benefits both to psychulegiosl applications and
%o bshavioral resesarch.
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SUMMARY

The primery intemt of thig atudy wes to obtrin & more valid ostimate than
was otherwiese availshle of the degree of skiil loss whioh may bs expected over
time intervela up to three months duration in tasks ¢typical of spaco vehicls
opsration., To zooomplish this, four orows of three sach asrospace ressarch pilots
who had treined for a period of six weeks in ths performance of a simlated T~day
lunax lending mission were tested various psriods of tims after ths conolusion of
training. Each orew was tested after a different interval——the intervals being
approximately 4, 8, 9, and 13 wesks. The treining had oculminsted in ths real-iime
performance of ths T-day missiony however, for test purposss this mission wes
compressad inte a siungle 13~hour workday by the omission of long ocast phases,
navigational iasks, oertsin ssoondary activities, an. (for two orews) the duplica-
tive trensearth insertion phase., By this sconomization of time and costs, ons
day of additional training for the 4~ and 9-weck crews and three days of addi-
+jonal training for the 5~ and 13~week orews was provided as & means of ohscking
u_on how quickly former skill in selscted phases might be reacquired, or possidbly
surpassed. In the test mission and in the retraining all ths pilots in each orev
perforaed in all positions (pilot, navigator, and enginesr' so that data wore
obtained from each ¢f ths twelve, But, with the exceptiorn of transposition bty
4- and 9-wesk orews, the commandsr wss slways tested in the pilct pesition first
80 that one reccrd of oriticsl test mission performance from each orew would be
moontanivated by prior perticipaticu., Zxtensi.e porformance records of flight
control psrameters and switching activities wers obtained.

Ths analysis of the performance records fooused atte. «ion upon 22 flight
ocontrol parameters oconsidersd oritical in the performance of ths nine main phuses
of the test mission. The phases reflectod by these are, suocessively, trans—
lunar insertion, transposition (of modules), lupar orbit insertion, separation
ard deorbit, braking and hover (lunar landing), lunar powered ascent, rendsgvous,
docking, and earth entry. The mmber of parawm.ters considered desoripiive of
any given phase ranged from one {for two phasse) to four {for one phase). "he
switching data are summarized for reference but because of their nature thay are
¢iscounted as ocontributing 1ittle in this study to the understanding of skill
retention.

By the uss of novel analytic methods, extensive analyses of the fiight
control performance at the end of training, ir the test mission, and in re*rain-
irg wore acocomplished in such & way that the level of performancs ctserved is
given as a probability (or reliadbility value) rathsr than in the units of measurs.
In the main analysis ths probabilities make reference %o hypothetical system
oriteria for the 22 parameters and, thus, indicate the likelihoods of meeting
those criteris. In a seoondary, perallel analysis of test and reiraining perform—
ance the probabilities maks ruference to the lovel of performance estimated to
bs cchievable by eact individual in 95% of bis performances under lilke ciroum-
stances, tims, indicating tvhe likelihoods of meeting these former levals of highly
reliabls performance. In both anslysses the probabilitiss of meeting individual
paremsters within given phases are taken cumulatively (P) =23 an eatimate of
likelihood of success in any varameter and jointly (?) as an estimste of likeli-
bood of succeas in all persmsters of the vhaee, Similarly, these phsse prob-
abilities ire taren cumulatively as estimates of succsss in any parameter (P) or
as sstilaaver of success in any phase (5) in the wholy nission (or a oollection
of pu:368 a 1n retraining), The probubilities of sucoess in all peramsiers of
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) as estimatas of success in all parameters
or & collestion of phasen)—i,s., the prob-
In this way overall performance indiocants for sech

& pbhase also ars teken joimviy (1
and phages of the whole mission ?
&vility of mission suocess.
pilot wore obtained,

On the btasis of ca .ful awudy and crogs-comperison of the protebilities
Zfor individwals and (taken cumuistively) for czew performance as well as the
nature and extent of possible blases involved, a mumber of specifis findings
were avpreseod. With regard to original capability at the end of training the
crews tested after 8 and 13 weeks were found to have achievsd quite high reli-
abilities renging for individurls from .932 teo .990 in mesting any criterion
(P) and from .294 to .817 in meeting all oritsria (b). However, the lower two
sets of values are considsred underestimates dne to .ne inolusion of unrepresente-
tive scores, vhareass all cthers are considersd overastimstes of trus c&pabilitg
in a reel miseion of this nature (to the extent of a¥out .005 in b and .10 in p).
Hencs, their typical likslihood at that time of meeting any oriterion in a real
mission iz judged to have been around .975 whils their likelihood of meeting all
criteria is judged to have bsen sround .615. In contrast, the orews tested after
4 and 9$ueekx wore found to have had much lsss capablility at the end of training |
(3 and p never grsater than .850 and .002, respectively). Becauss these orews
obviously wers net fully frained their data were discounted as incapable of

supporting useful generalizations about skill retention in space missions (al~
though analyses of them are included).

In the test missicn, performad approximately 8 or 13 weeks after iraining,
the well-trained crews showed an estimated capability to meet the criteris some~
vtat lower than their original capability to meet thewm. Ths first-tested pilots
evidenced considerable loss with estimated D values dropping to .931 and .899 and
} values dropping to .048 and <.001, for the 8~ and 13-wsek pilot, respectively,
but, some of those tested second and third showsed a slight (in part, spurious)
gain-~the orew averages, oconsequently indicating mild losses. As was expected,
the same pilots showed even less likelihood of rsaching former highly reliable

(p.gg) levels of performance in individual parameters. Bvidently, lack of dirsct
practice over & period of 8 woeks or more resulted in a dsfinite loss in akill
which was to a considsrebls extant recovered by the opportunity to observe or
participate once or twice in another piloi's psrformance of ths mission., However,
a differsnce in retention over 8 and 13 weeks was not dsmonstrated—perhaps be~
oguse of differencss in original lsarning~~which indicates that such variations

in retention intervsl may be of 1ittls significance when the intervals are tlat
long. The levels of reliability derived from the first test performance of
arcund .92 of mesting the critsrion in any psrameter and of around .02 of meet~-
ing the criteria in all paremeters are consgidsred to somexbhat overestimate real

mission performences under 1liks circumstences of previous training, intervening
activities, etc.

1r. the course cf three daye of additional training the well—traineéd pilots
(+heso tested after 8 and 13 weeks) quickly regained and eventually surpassed
their original capebility to meet tr vtem oriteria. Their typioal probabilities
of sucosssful performance in a real .on at this time are ancimated 4¢ huve
been about .996 for D and .93¢ for , rhis implies that they had not guite
reasched the limits of their potentisl In original training. But, even at thsir
best, theas pilots did not demonstrate in retraining iheir full original capabil-
ity (relative to former p q ) levels) %o perform all the measursd aspects of
flight control. Their ef¥orts to maximize performance with respect to criteria
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vith scoompenying freguant sbifia batwsen training and vetraining in relative
porforae oo on aespoots within phsses, along wiih ths sengitivity of this amal-
yais to suoh shif$s, is ocunsidersd the proimble syplanstion. Buch shangss im
stratagy, which are cogtly of cverall reliability, are not reflested in the

oriterion-reforence analysic bocsuge thgy sre generally beymmd ths arbitrary
saxismoe dlseriminable reliability of .99%.

Thess specific Pindings are commidersd to have a mmber of valuabls impliocs~
tions for apase systen deaign and for the msasuremsnt and prediotion of luman
pecforzance., Thus, it is conocluded with resmpeoi to skill rotention im long
spacs miserions that a requiresent to remender & oritical flight control task 8
wosks or more does pose a problea worthy of special design attention, However,
assuming the intervening activities maintain alertnsse to tims—sharing &.d rapid
regponse and introduce no interference, up to at least 13 wesks tho problem is
not liksly %o be so savers that it cannot be remsdied by judioclious uss of irain-
ing techniques prior tc oriticsl task performancss for refamilisrigation—
partioularly with {iming and time-gharing aspects. Hore refinsd information
than this ztudy provides ig nsedsd to allow prociass prediction about eskill
retention probleme and plamned .vmediation in design. With respsct to pillot
relisbility in space miesions it is conoluded that on the basis of thess data
{maximal capability in retraining) no dombts about nilot Japabality to perform
the typs of mission used in this study are juetified providing sxirems ocare is

given to training and to obiaining demomastreted performance relisbility in ths
course of it,

With regard to the measurement and prediction ¢f human performence it ls
contended that the novel anslytic mothods used cunstitute valusble (and nssded)
isolniques for introducing human performancs conasiderations in the design of
systens, They appsar to offer many advantages and almost no disadvantages in
this application., Furthermore, they are also viewed as offering & lergs poten~
tial use in the quantifioation/prediction of hohavior gemerally. Ascordingly,;
as contimiing offorts $o enharce the scops and utility of this novel msamure—
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ToELER ZXTY

8kill wotention Test Hission Switching Errors
By Phage end Weorkspace
Cres/ Phasg #
Position/ R/ lupar Iendine Iasmar Ascent
Pilot Y ¥ TRE CHE 101 SpOCD BE IPA CA AD EB
C-4/P SH 142 21 174 222 22 57 5] 39
1 9 NP 2 2
2 NP 1(19)%* np 2 1
3 Np 4 {24) 2 2
E oW 258 6+ 4 ¥P 10 111 110 17
1 (P=2 3 3 3 3
2 (P=3)| wp gllg 2&114;
3 (p=1){ ¥xp 1{12) (16 1 3{118 1
c-9/P SW 143 21 17+ 222 22 57 25 39
1 NP 1
2 W1 NP 1 1
3 2 (19) 5 (24} 2
B sW 260 64 6 0 16% 112 117 T
1 5?-2 8 1 7 5 1
2 (p=3) | wp 1 (11% glllg 2521082
3 (p=1)| wp (11 6(111 6(114) 1
¢-8/P sW 130 24 19 21 20 24 7 10 15 2 4 39
1 2 1 1
2 ¥P NP
3 NP ¥P
B SW 223 10 20 160 16 58 47 26 98 13 21 24
1 (P=3 3
2 gP—lg NP 1 (44) 1 (20)
3 (P2} 1 WP iy i1
C-13/P SW 130 24 19 27 20 24 10 15 17 6 5 39
1
2 NP NP
3 314 Rig
E SW 220 10 20 160 16 58 44 21 9% ¢ 20 24
1 ?P—JZ 1 1 4
, Z (p-1)| MNP NP (15) 1 1
» 3 (p=2) | WP NP i 1
:,5 # Irmar Landing and lmar Ascent data were broken into lesser elements only for
) 0-8 and 0~13. CD is Coast Descent ard CA is Coast Ascent.
3 v in EA of O-4 ths Navigator (P-3) had 20 ewitches, 1 error; 0-9 (P-3) 20 switches,
0 1 errory 08 (P-2) 53 switches, no errorsy 0-13 ZP-2) 52 pwitchesj 1 orror.
In TLI for O~4 and 0~9 the navigator had 4 awiiohes. Pilot performsnce order
wag P2y P~3, P=1, P-2 of 0~9 misssd 1 switch.

4+ the order of performence in these instances was P-3, P-}, P=2,
#* parenthotical numbers indicate switches axpected vhen differant f1om shove,
NP not performed by this Pilot,
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APPEAYIX II. NOTES OF ARALYTIC METRODCIOGY

In prepariug the main text of thias repert the intention was to prssent
enough general information on the analytic methods ussd te maks the results
meaningful and interpretable. It did not sesm wiss to make fully expliocit
all the initial computationg, sguch as might be of inlersst to ons wishing to
worify a portion of the results or to adopt the methods %o his own nseds. Yet,
being quite different from traditional methods in orientation and intent, ths
psthods used should bs fully described, Consequenily, ttis appendix provides
additional step~by-atep details or the computations involved in obtaining the
basic analytio results, from which the resulis desoribed in the text were

e By N AT P A I MR Ay I A S A AT DTSN RN
T S st R PPN
S S o RS IRID RW ACLER RN g e MRS S it A ”

ocooputed. Hore genersl discussion of the underlying measurement philosophy
may be found in a separate report Ly Cotterman (1967).

4s a)ready described (see peges 24~27) the analytic problem began with £
a volumirous collection of f£iight control data for sach of 12 pilots, By @f
caraful elimination this volume was reduced to sets of data on 22 paramsters §
soatterad throughout the sizulsted lunar landing mission, and further categor— 2‘
ized Ly association with cne of a rmumber of phasss. Most of these 22 measures &3
represented diract records of flight control information, alihough four of £
them represented gimple combinations of two measures {a0e page 25) which wsre M
trouted in the same fashion as the raw data. Furthermore, as depioted in =
appendix IV, for sach pilot with respect to each phase there were rocords of gé’é
performance on first a variable numbsr of training trials, then & xeal time 3
mission, then the fast time skill retention test miasion, and finzlly on a &’;f
variable mmbsr of rotraining trisls on certain mission phases. o

e
-

Vrd ey

The first step in interpreting this large collsction of data was to
arrive at a probabilistio indication of each pilot's performance capability

S LN \!
S S |

3

in eanh measured aspest in training, in the skill reuiention test mission; and q;%

in retreining. The real time mission was omitted from ocnsideration becauss ,;i

® a presurably more adequate indication of ekill achievement was available from
the mulitiple performances just prior to it at the end of training. Capability £
Kt was aasessed in two ways—first with reference to hypethetical system criteria £
;3‘&,;: for the measursed aspecis and second with roference to capability demonstrated 5
o by the individual in training (his D.gg level per measured aspect ). 23
S,
2 Reliability pax oriteria in training. Caloulation o performance ocapabil-
e x ity or reliability at the end of training with regard to thu hypothetical *"vé
3 criteris involved three simple, thcugh tedious, steps. First, having chosen s
“”«g to oonsider the last four treining irials (with the few exceptions noted in -~
‘] the text) as best mepresenting that ocapability, means and estimated standard E\&
s deviations were computed from each sample. The formulas ussd are the con- “a
ventional ones which may be given as follows: &5

<’1b*;:
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(1) Hean « X wiIX
n

(2) Estimated Standard Doviation = g ,]]f;zx“*(ﬁxi’
g (n - 1)

ir which X is the reocorded dotum and n is tho mambar of such data items
(4 in this csse).

Hext, on the assumption that repaated such ssts of four performances
undexr exactly the same oircumstances would bs found to follow the norual
probtability demsity funotion the relevant oariteria were interproted in terms
of & norpal function having these respective msans and eastimated standard
dsviations. Thus, by the familiar operetion of dividing the difference be—
tween the mean and the oriterion Yy the estimated standard deviation the
distance (g), in standard deviation units, of the oriterion from the sample
nean was obtained in each instance. This relationship may be summarized es:

(3) Standard Doviations from the Mean = g = X = C
B

in which € is the critsrion for a particular messured aspest, (Sae table V
on page 29 for a listing of the hypothetical system sritoria.)

The gz values so obtained also repreassnt the mumber of standaxrd devin-
tions of the oxriterion from the mean of a normal distribution having ) mean
of gero and a standard deviation of one, for whioh the propertions above and
below a particular deviation are well known. Accordingly, in the final step,
the g~value obtained for each measured aspect and each pilot was interpreted
as & probability by simple interpolation froz a standard tadls of the normal
probabilily integrui (Peters and Van Voorhis, 1940, vages 481-4). The

robability taken was always the proportion of the hypothetical function
fbaaad on the sample statistics) indicating psrformance superior to the

oriterion. In actuality, this was performance rmmerically smeller than thg
oriterion.

Thus, for example, to deterwine the capability of P~131 to meet 5ho
oriterion of a 10 fps rete at impact on lunar landing the recordsd rates on
the last four training trials wore taken as the sample. These rates were
2.8, 5.2, 5.6 and 5.8 fps. The X of thess values was found toc bo 4.85 and
the 8 was found to be 1.3892, as computed by formulas 1 and 2. Also, by
formule 3, the differance of 5.15 batween oriterion and mean was found fo
give a g of 3.7072. Or, describsd in another way, the mean >f the sample was
found to be nearly feur standard daviations superior to (though mmericslly
less than) oriterion performance. Acocording to the tabled values of g for
the norwal prcbability integral, somewhat fewer than 5 cases in 10,000 would
bs expected to fall beyond a g of 3.7072, and thus to axosed the oritsriom,
vhereas the remeining 2,995 or more cases would be expected to be less than
the oriterion. Therefore, the probability of P-131 meeting the oriterion
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of a 10 frs rate at impact on lumar landing is >.999, a& given in table XAV
(appendix III). Tais ciroumstance is illusirated in figure 10, in which the
bypothetical distribution of P=~131's performancs at the end of training is
shown with relevant values notsd,

Rel iz Tha assassmont of capability in the
skill retention test follmd the amo logio, but with varistions in caleouls-
tion necsssitated by the availability of only one measurement. If the test
of each pilotts skill had involved multiple performances thea it would have
baen possible to taks some (or all) of them as a sample and to proceed
exactly as with the itraining data to arrive at the likslihood of success in
meeting sach coriterion. Howover, in order to avoid inacouracy becauss of
relearning only the first performance after the reiention periocd ocould be
considered and, with only one msasurement, neither the mean nor the estimated
standard deviation could bs computed.

P
(&)
P
7% {
> |
: ;
& (4.85)
uJ SUCCESS 1 FAILURE
Z (p>.999) | (p<.001)
o | {1.39)
e o t !
el i . !
0 o 4 6

FEET PER SECOND

Figure 10. Hypothetical Distritution at the End of Training of P-131's
Vertiocal Rate at Impact on Iunar Landing indicating Probability
of leeting the Criterion
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Thia analytic problem was resclved by assuming that the oYbtsined valus
constitulted the best available sstimate of ihe msan and that the veriability
in performance at the end of itraining is indicative of what weuld te observed
in miltiple test performances under the ssus circumstances (if ihey wore
possibleg. That variability is to bs axpecied iaplise that the singls perform-
ancs would not bs the came as an obgerved mean. 4lso, 17 performance change
botwoen training and test iz to bs expectad then the veriebility in performancs
may be azpeciad to chenge in some dagree. Conssquently, seme insocuracies aze
%0 be expeoted in the use of these assumptions. HNevertnciess, the estimates
of capability so obtained axe basod on ths best availeble information and are
protably bisssd as & group o only & s=light extent, as discussad on page 76.

Implementation of these assumptions in caloulating thse estimated
probabilities was comparatively simple. With the Vest psrfommance (%) and
8 for training already available, to arrive at the siandawrd deviations betwwen
test and oriterion pexrformance } it was nersly nscersary to divide the

aotual difference bsiween them by the birrowed standard deviation estimate,
as in ths following:

(4) = X,-C

in vhich is the rocorded mission performsnce ang is the estimsted
standard iation of performance in training on a partismliar measured azpsot.

Agein, the propertion of values expected to be nmumerically less {hence superior)

to a g as great as that obtained was taken as the probability of successfully
meeting the oriterion.

By way of further illustxetion, P-131's lunsr landing impact rate of
5.4 fps in the test mission is 4.6 fps less than (or superior $o) ths critaricn.
This difference is 3.3113 times the standard devietion of 1,.3892 f£pas found in
training. suggesting that elightly mors ithan 9,995 such test performances in
10,000 distributed normally with a mean of 5.4 fps and a standard dsviation of
1,3892 fps would not exceed the oritsrion of 10 fps. Conseguently, P-131's
reliability in controlling the lunar landing impaot rate in the retention tast

was considersd to be >.999, as shown in table XXVI (appendix III).

Relisbilitx pe citeris in retraining. The zssessment of oapability
to meet criteria in retraining required new calculations taty unlike that _or
test performance, presented no complioations bsoause mulliple neasures were
available. Thus, in general, relisbilities per oriteris in retmining were
computed in exactly the same way as reliasbilities per criteria at the end of
training. A sample of performances was idertified and X and g computed from
that sample. Then, g with respect to the criterion was oalculated and inter—
preted as the probability (p) of succeseful performsnce. Of course, as
desoribed in the text, for the six pilote ocomprising two crews (C~£ and 0-13)
this was done both with reference to the first four and the best four trials
of rotraining (taksn in successive feur-trial blooks). Csloulation of the
reliabilities of the six pilots comprising C-4 and 0-9 who were tested sarlier
wes bassd upon all their retreining trials as & sample because they hed fewer
trials, DBut these sre differsnces in sampling, not in method of calculation.
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The seoond sassssment of espability, then veferring to the netical !
gystem oviteris, referrsd $o & level of performance in cach measured sapsct

whioh eash individual hed demonstrseted oapability {to schisve with high xeli-

ebility, Instead of on srbitrery and abeclute oriterion common for the

analysis of all the pilsia® performances, in thls assossmsnt the roferorcs

wao to an individually-establisghed levsl of performence vaxying with the

individual and bis own former zkill, fThe valus of this second sssesmasut

was its grester sensitivity to shifits in perfommancs in the test mission and

in retrsining, from thai obzerved at ths end of treining.

Caloulation of these probabdilities for sach pilot on sach measured
aspect involved one nsw calculation and s simple manipulation of the resuli
in conjunstion with certsin values already available from the anslysis =ilh
respect to oriteria. Having chossn a probebility of .950 as a reascrnable
compromise betwesn ceriainty of achisvement and sstlimation error, the first
step was 1o asiimate for sach measurs and pilot the lewvel of performance o
be expectsd in 950 psrformances of 1,000 at the =nd of %raining (designated
X o=)e This was acoomplishsd by refexrsnce onos again to the normal distrilm-
188 vhich ie known to imcluds 9%% of the oasas from cne extrems to 1.6449
gtandard deviations in the direction of ths other extreme. Thus, to find the

X 5 reference it vas merely necessary to add 1,6449 standard devietions %o
48 mean, ag in ths following:

(5) = X + 164095

Subtraction instead of addition would have been required ir the measures had
increaned rather than dsereased with suporiority in performances. The X 95 Bo
obtainod provided the reference performance level, analogous to & systed

—y s

ocriterion, vo be ussd in this neownd asessasment of cupability in test and
retraining.

¥ith the X ,- available for sach meagured aspsct and pilot it was then
a gimple, mpeti%gtius operation to sstimate +the probabilities of achlevemsnt,
As in the analysis with regard to oriteris, the differencs botween mean
performance {or test performance taken as the mean) snd the X - divided by
the estimeted standard deviation indicates ithe mumber of stan deviations
of the ic“95 from %he mean. For tho test performance this relationship is

a . O Upep— e A RN
S, ‘Q‘r/:\‘m«oa N Yo! G L raciy diaes W B AL e A ol et L AT EWE VA M I
; AN Hp ol " PR 3 2 R et Prone A 2

T ‘Eg,,,a;';ﬁ'dﬁ a‘%ﬂiﬁ%mﬁ& W0 PR . g

A A

(6) Zujas = X~ Kgs %;

. A————re 'gs.:
Sy i‘”\é’
o s, ¢
; in which, ss in formla 4, the computed from truining performance ia used w@,
% as the estimatod variability. r retraining performanse the relationship is .
cx.‘a - )’i,fré':
’“ (7 Zopos = Zn~ Kas e
S R \
&
= in whish the subsoript B indicaies that tho value was ccmpuisd fyom the E
3 retraining cample. Both expressions (6 and 7) are the same as their counter— if%
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parts for omapuiing g with raspact ¢ critsris exoept itha. x S is substituted
for €. The remlting g-values arz likeswise ussd to chiainm, t7 1z terpolation
from s table of the normsl probability integrel, iie oxpected proportion of
cases guperior to {ur less than) the rofersnce—in this cass X:95'

Thus, pursuing the previcus illustrative data atiil furthox, P-131l's
ilmpact rataes on his lest four lunar lendings in training suggest (by applica—
tion of formuia 5).that in 95 out of 100 psrformancss his rate wonld not sxceed
7.1351 fps. This X g5 differs by 1.7351 fps or 1.249 estimated standard dsvia-
ticne (of 1.3892 fps) from his retention test rste of 5.4 fps. 4 deviation
that great at one sxireme of th2 noxme] distrihution is axpected to occour only
about 105 times irn 1,000, Consequsnily, the 1ikslihood in the tsst miseion
of P~131 meeting his former P,g level of 7.1351 fps in rate at impact on
lunzy landing is taken to be ,824. This cutcome indicates & slight loss from
treining to test in cspability to -ontrol impact rate (3.e., & dscreass in
likelihood of .74 from the referencs of .950). '

Furtbsrmore, in his best four—i...l “'nok of retrzining P~131's impact
rates were 3.0, 1.4, 3.4, and 2.6 fyps with a vi T % anpd =n of .864 fpa.
The X, 5 of 7.13%21 computed from the training data iz found to differ by 5,249
entimated standurd deviations from the Xy of 2.6 and a dsviation that great
ir. the same dirwction is sxpescted to oocur considerably fewer thar five tinmes
in 10,000 performsnces. The estimated likslihood in zetraining of P-131
successfully realizing his former p g level of impact rate control on lurnar

landing is, then, in excsss of .9995.’ This represents a considerable increaas
in capability over that demonstirsted at the snd of training.

Surmesy of procadures for obbaining psremeter provebilities (pl. By the
use of the simplie methods just described and illustratsd all the values tabled
in gppendix II1 were ovitmined. These valuse provide tho desired probakbilistic
indication of sach pilot's performance capabiliiy in each msesured aspect of
training, test mission, and retraining to serve as a basis for assessing,

more inclueively, phase, mission, and crew capabilitiss. None of the compuise—
Tions required ars uwmisual or complicated, but whsn there are many of them and
they are accomplished marmally {ss in this instance) they do require consider-

able time., Thersfore, when applied 0 data of much volume thess msthods wouid
be mosl effiociently oarried ocut ’y msans of computer analysis, The following
sumpary of procedural steps required in this initial analysis suggestis the

sase with which the analysis might have teen programmed for digitel ocumputa-
tion.

1. Identify and note {enter) all reference performance consisting of:
a. hypothetical syotem criteria {¢)
b. training performsnce sampls (Xp)
c. test mission performancs (%)

d. retraeining performance samples (Xg)
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parta for computing g with respact ¢ criteria ezcept that z 5 is subgtituted
for C, The rosulting g-velues are likewise usvd $o obiain, £§ intorpolation
fron & teble of the ncrmal probability integral, the expeoied proportion of
cases supsrior to (or 1ess than) the refersnse—in this case ﬁ.%.

Thus, pursuing the previous illustrative date ztill furtbur, P-13lts
impact rates on his Jast four lunar landings in {training suggest lby spplica~

ticn of formula 5),‘bbat in 65 out of 100 performances his rate would not exceed
7.1351 fos, This X,¢05 differs by 1.7351 fps or 1.249 estimated standard devia-~

tions (of 1.3892 fps) from his vetention test rate of 5.4 fps. A deviation
that great at ons extreme of the normal distribution iz expested to coour only
about 106 times in 1,000, Consaquenily, the likelihood in the test mission
of P~131 mesting his former p g5 level of 7.1351 fps in rate at impact on
Iunar ianding is taksn to be .%34. This outcome indicates a slight loss from
training to test in capability tc comtrel impact rate (i.0., & dscrease in
likelihood of .056 from the referencs of .950).

Furthermore, in his best four-trisl block of rotraining P-131's iwpact
rator were 3.0, 1.4, 3.4, and 2.6 fps with a Xy of 2.6 and an gy of .864 fps.
The ﬁ. 5 of T.1351 computed frem the training cate is found to differ by 5.249
estimated stendard devistions from ths ?ﬂ of 2.6 and s deviation that groat
in the same direction is expgoted to ceour considerably fewer then five times
in 10,000 performsncss. The estimated likelihood in retraining of P~131
succossfully realizing his former p 95 lovel of impact rate contrxol on junar
landing is, thsn, in excess of °9995. This represents a considerzbls inoreass
in capability over that demonstrated at the end of training,

1Y {02 > DA

Suzmary. of - obtaining pax as (p). By the
use of the sizple metheds just desoribed

and illustrated all the values tabled
in aypendix III wore obtained, These valuss provide the dssirsd probabilistic
indication of each pilot®s performance capability in each msasured aspsot of
training, test mission, and retraining 4o ssrve as & basis for assessing,

more inclusivsly, phase, mission, and orew capabilities. None of the computa-
tions required are umisual or complicated, but when thers exre many of them and
they are accompliched mamuslly (as in this instancs) they do require consider—
able time. Therefore, when applied io data of much volume thess methods would
be nost efficiently carried ocut by msans of computer analysiz. The following
sumary of procedural steps required in this initial analysis suggests the

ease with which the anslysis might have baen progremmed for digital compute-
tion.

1., Identify and note (enter) all reference performence consisting of:
a. hypothetical system oriteriz (C)
b, training performance sample (Xp)

c. test mission performance (%)

d. retraining performance samples (Xp)
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2, OCompute %, g, and 5{“95 for

a: training porformance sample

be retraining performance semples (i.% not used)
3. Compute all Zq for

a, treining as 2z, = X7 —C
St

b. teost mission ss Zgm = Xu=-C
Sy

c. vrotraining s Zem = Xp—C
Sr

4., Computs all £ 5 for
8. test mission as Zggm * X~ Xgssr

b. vetraining as Zgegm ik - X.%/?

5. Interpret all g as single-tailed probabilities (p)

With ths probabilitise deseribing ecch pilotts performance oapability
in each mezsured aspsct of training, test miassion, and retraining availebdle
it was o simple matter to obtain the various moras inclusive probabilities
reported in the fashion desoribed on peges 27-28 and 33. Only two types
of caleulations were involved——aithough some of the indicants cbiained (for
axample, %) required both kinds. In tho one operation, the resulis of which
are always designated by a bar, the sum of the valuss was simply divided by
thoir mubsr to obtain an average or cwmilative probability fozr the set., In
tho other operation, the results of which are alweye designated by a dot, the
joint product of the valuss was taken. Tho order in which these caloulations
wore performed to obiain any given indicant is always shown by the upwerd
progression of thess tar and dot superscripts from the basic symbel., For
sxample, in obtaining P, the joint products of the separate probabilities
within phases were calculated first and then these products were taken
cumulatively. With an awareness of thesoe coding procedures all of the
probabilities reported in the text may be interpreted readily.
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