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Summary-Two stutlies were conrluctetl to deternrine the ex-
tent anal nature of human-initiated failures in missile systems.
The first stutlyr comparetl malfunction data obtainetl from writ-
ten reports with tlata gatheretl from interviews with line antl
supervisory personnel. The stutly revealetl large tliscrepancies in
emphasis and extent of tlata between the reporting methotls.
Written reports generally were concerned only with f ailetl
equipment; interview tlata with operational, near, or possible
malfunctions. The results intlicatetl that personnel tentl to re-
port human-initiatetl malfunctions as equipment malfunctions,
thus avoitling incrimination of themselves or their fellow work-
ers. The second stutly: attempteal to establish the extent of un-
reportetl human-initiatetl malfunctions. Examination intlicatetl
that in intlivitlual missile systems, human-initiatetl malfunctions
comprisetl from 20 to 53 per cent of all system malfunctions. It
was also revealetl that in two missile systems, human-initiatetl
holtls accountetl for 16 antl 23 per cent of total holtls, respec-
tively. Human-initiatetl malfunction data were further classifietl
into the kintls of operations in q-hich these malfunctions oc- **
curretl. The percentages in these classifications are intlicatetl in '

this report. Malfunction-reporting practices were reviervetl to
establish their effectiveness in revealing these tlata an(I to intli-
cate the v'ay in x'hich the reporting schemes serve, or fail to
serve, the problem of indicating human-initiated malfunction in
crder that corrective action mav be taken.

Ixttt,Dt-r'ttr-rl

lJ- 1' lra: lreeu suslrcctr,,rl tlitrt the hr.trurrn being is a['
ll rllri or' ('ontl'il)utu1' to s]-str.llr IailLu'e; many attenrpts,lr

-. hulc l)ctn mri(le to lcrlucr this failure b1' r'einoving
t ltc' causc (i.e.. througl) autonlirtion ) . At the sarne time,
r,rr\\'p1's,'. thc Iniruan in rnlrnl' \\-ii\:s contributes to the re-
.,,l,ilin'. as well as the nnlelialtilitl'. of lhe -qy-"tem. Fur-

- 'rr,'1'c is .qoocl eliclencc that the machine replaccment
. - r,rrLli is {raught rvith nianl' problellrs. Conse-

1:i.i,t - ' l)lol)lenl is not an,.r'ered b)' the su,eeping
gL'Ilr'l:,.,: - tri "gct thC itqtual out, of the s1'stcit't."
Rathe-r'. -- ,.- ur,(.essAl'\r to linou' hou, rluch, an(i il-r

u'ltat 1lri1r-: lrrln coltlriltute"r to svstelr failure.
Thet'e i. r, . r. tiLrLt tiie hLrnran clocs tencl. rr'lret'e

lrr'citn, to cor-..: - .-':,,,,. thut lre ot'his fellou'\\'o1'liet
:r:rlit,>. "Fooi1,l, . rir,l.- s\':t('llls ltavt' rllll)€'41'er-1

'.'.-:-i, ir purport t() r.' -r ., .itrtltiolt. olll\- to,fittrl
tlr,.'lrr,hr"nnan sti.. r - - - ,..'rri,1 ttllol'ting lris co-
rr'ot'krr ,r'lririrsclf. -\-, i- :,'ir-rtr,ri htttrilrti-
ittitir,r,,. ,rlirrnctior l, .:. . - : :. '\{, 1'r irr

3 Receir-ecl i .. ii.,. PCiIII E. tlt - r -r :>. , "' - .. i r ., t, L-

-( , ,)t IeCeiYe\i. J,,:,,t,iLr'?5, 1!161.
, _\orai, Diri.: :. \,t.:1,: I C,)tr.. Hr,rr.i.,:1.. r --
tri. R:r ,1,sp'r- . .T. , -'. .\ P:'lr::.::. .' :-:;' ' ..

: , r'1r'1';o -':''r.ctorS Pr',,i i.tr-,,. -\:>,,, ii, E i r :-], :i,t t-l: .::,-i,,n ,,1 ii,e
'''',,,: i Cortfi.,.le,rti,.:r lli-.:-. :1.:-tr1. SRI P, . r \,, ID-

.>; r; N ,'ember, 1957.
? .'. : ,,)erc. el cl., "Ilumirn Engineeling Testing r-ind ]Ialfunc-

rir.i l,r Crrilection in \l:eapon Test Progt,ims." 1\-right' Ail
J, , ;", Tt,cb. Rr:pt. No. \VADD-TR-60-36 I Febluarl', 1960.

Septembe'r

the rare cases $Illere a pecuiiar incident has disciosed the

human as an instigator of a particular malfunction.
During the course of the sttidies reportecl here, it r'vas

found that in every missile system examinecl, at least one

disastrous faiiure could be .traced to human-initiated
malfunction. Since these rvere disastrous failures, a great
deal of effort was put into an investigation to determine
their cause. Of course, such extensive procedures as this
for tracing the cause of each and every malfunction are

certainly precluded on the basis of time and cost. How-
ever, without such investigation, and with a reporting
system x,ithin which there is much latitude for ascribing
cause, human initiation of malfunction is not normalhr
revealed.

Ixronrr,mroN AS A Frscrrr]s oF REpoRTINc \''IsrHooB

l,Iethod of Approach

An examination u,as made of all rvritten reports (\{is-
sile Status Reports, Inspection Reports, Field Perform-
ance Reports, etc.) used in malfunction reporting on one

inissile system. Those incidents rvhich clearly indicated
that a person was directly responsible for the actual mal-
function were recorded, anal-vzed, and grouped into areas.

A simiiar procedure was fo[owed for information ob-

tained through interviet-s.
Interviews were relati\rely unstructured. The follor'v-

ing statements and questions were presented to more
than 50 line and super\/isory personnel:

1) We are interested in iclentifying types of errors that
relativeiy inexperiencecl selvice personnel might make
when a fully operational missile system is turned over to
them. We would like -vou, as someone who has been

lyorking u,ith this ilissile for some time, to teil us what
you believe might cause service personnel the greatest

difficulty. (In other lr'ords, what is there about your job
that is most likely to lead to human error that may be

responsible fol an abort or a missile maifunction?)
2) Incidents are quite useful for identifying likely

sources of errors that individuals might' make in pre-
paring this missile for a successful operation. I wonder if
1'ou hale witnessed or heard of any such incidents that
miglrt hale lecl to a missile malfunction if they had not
been corrected in time?

3 t \1-e are interested in identifying possible trouble
spots in getting this missile ready for launching. Would

1-ou tell me what there is about your job that is most
troublesome or difficult?

3 The inforn-ration contained in this section is based on findings
re1-ioltcd l.rl, Rrrrrurolt anrl Cooper'.1
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4) Do )'ou llaYC an)' colr)rnunication rlifficulties tJrat AccESSrBrLrry

occttr rlut'ing l)rcptration of the rnissilr: for launching r roo MANv scRErys

(access lo infolnration vclt neerl, eottttttttnicaticln rvit]r z paRrs rNAccEssrsLE

otlre|s. etc..) ? 3. woRKsraNos rN way

A rlellth int,'r"ic*-ing tr,chnic|re u.as ernplor-t'rl ; tlre rcr,- 
4 rNsALLArroN DAMAGE

onrl rlucstion l'ils askecl n.hen it rvti-* felt tlrat tlre intcr.-

'ic*'er 
hucl rh'airrerl t1r. "ctrlljcct on the Ii'st cl.estiori, .nrl 

Locrsrrcs

scl fortlr. Irr alrrrcl,*t, c'er). c&so, good r.lrppor.t *'lts elrsilr 
TooLS AND PARTS NoravArLABLE

t'strtlrlishetl anri tlr. s.bjects lrccarne Jriga, to tlisrrlose 
6 EourPMENr rN wRoNG AREAS

7 INFORMATION NOT AVAILAALE
u-ltatevct' infortttttion Llrcl' crtulrl t'ccall. \ott,. u.t,r.t, ke1rt 8 spEcrALrooLs NEEDE'anrl iurnterliatr,lv transcriberl itftcr eit(.lr rliLr"s intcr.-

'ic*'iug. 
s ucK oF FUEL FoR suPPoRT E.urP

IO. UCK OF PERSONAL GEAR
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Irirttlirttls

It n'as founrl tlrat tlio,<e rrrtrlfuuctions u'irir.lr iurlicatcrl
Ittttttlrn init,iatiou u'cre rcpoltecl ruuch lli{.)r'r, tleLlLl(,nt11, in
inten-ierr s than in u-ritten rcltorts. It i- irrrlrossibler to
state tlre extent of overla,p ot,hetr thrrn to iirv it n'us sruail.
'llre nature of llre teclrniqucs enrplo-vcrl iu r,o jlcr.tirrg tlrcstr
r,lata rnake the rlata incornpar.tiblc ilorri ont, rrro,le, of le-
ltorting to the other'. It nrust, bc unc1er..too,l tlrrit tlrt,irrr-
ltortance nlric,lr the huntan ascribes to r lrrLr.tir.rrlal rual-
Iuttction, mishalr, or 1'rossibk, rnishap u.ill irrtlutrrt.t,r tlrc
I'cstllts. For eranrple. a particular. luislill) r.rrrrlri lrr, sLrffi-
cieutlv spectncular so tlrat all leslronrleur: \\.(l1ll(l lt,lrolL
it, thus ltroduciDg 50 r'er.bal rcltorts ilr {)l)lrosIrl 11y 9111.

u-r'ittc.n leport. 'l'lris u-oukl lrias the lilltotl]lr ol or.ellalr.
It u'oul11 also l)e possible to har-e u.r'itten..:rlirrtt.li:'ri-lrir.Ir
tr-ouLl fail to bc r.cpor.tcr_l in intcn'icu-s. Hr,u r vt,r,. irrtrr.-
r-ierrs often rliri levea,l unrcl)o1.te(1 rualfuur,ti,,n: tlrLt lLrrrl
t.rccttn'erl, as u-ell as malfunctions tliat 1ru,1 u1rr,r,-t or.-
cullcd or hrir.i been r:or-er.erl u1r.

The tnalfunctiou leltorts \\-e1,(, classifirrl irr rlrt r,llos,-
itrg catt'gories:

C)ontrol Displa-v Factols
Inrplopel Asserulrlr.
Accessilrilitr-
Logistit,s
('or rrr r rrtrrit.a tiorr
Forgotteri or. Incompletc ()lrerrtiorrs
\\rorking (londitionr
SaIetv
Houselieelring
\\'orkruanshi1r

'I'lrc rturrrbel of u-ritt-en lel)orts rnrl tlit, llr.l1ulrer,r):'
vt't'lrrtl l'cpotts in each catcgol'). \\-cr.e colllllal't,rl. :orr r,, iri-
r[icutiurr of tlre rlisclepancv-oI-r.epolting rcsult. i- -irr)r\.rr
irr Fig. 1. 'llie lesults in the t',vo categor.ics slron'n ir I'i!r 1

lil'c l'(,1)r'es(,ritrrtive of tlre results olrtrrinecl in lrll r:rLteg,rr.it,..
TIrt'se rliscleprincies itrc al)l)irrent11- not signihcrirl iol
the -\- in clurstiou.

If tlrt'intelvics- rlata ale exarrrini:rl, it crLn lrc sr,t,n tlrrrr.
tinlong othel things, Itcrn 1. "too ll)anr. s(,r.r,\\'s." r,rtrri,l
rvell lcarl to ini.tdecluate inspect,irtn; Itcln 3. "u'or.kstun,l.
itt t'ay," to snletl' lrazards or' purt rlrrnrrrgr,: Itt,rrr [i.
"t'tluiprricnt, in rn'ong ut(,as, to tiure los.es ol use of rlun-

.r *.ro*r, ffi .r,*rr*u,.*, f
Iris. 1-F;x:rrnnlt' of urcrLs;i:*fl:f;iii,,i;1. lrett'een verl,:r] ancl inter-

gerous jury-rigs; Item 8, "special tools needed," to dam-
age through use of wrong tools or time losses in locating
toois. Certainiy there are many possible cor-rections
needed that would probably not be reported uncler rvrit-
ten-reqolting ri'rethods until an actual, resultant mishap
did occrir.

Alluisia reclassified these data in terms of probable
cause, namely, faulty design, faulty construction, and
faulty operations (Tab1e I). As indicated in this table,
written reports reveal mainly tliose failures to which a

'I',rer.o I
('nrlrr'-ll Irctnns'r's L)tRe l.ti.r' Ruspclsstnr-c r..rt -\r'r'r .r r. ,,;l

f'orElTlrr- Hr rtrs-lstrt-rtnl \I-rlrr \('tI,'\:1\ -\
\lrssrr.r Sysrrrr

I'ret1ti,'li, r-,,i Irr':,i-r,i-
1,,.f ...tr:

-Ivpe oi ('riticrrl jncirlent -\s \,rt,' i

in lli:lrrr:r-
-\s (iir.en in
I nterviervs

Inoidents Attributable to Faulty I)esign
Far.rlt1' console design
Gror.rnd equipment "cLrrnbersome"
Parts not accessible or special tools

required
Safetv hazards

Incidents Attributable to Faultv Con-
struction

\Yiring errors
Parts errors (including fasteners,

connectors, ILrgs, etc.)
Other constniction errors

lncidents Attributable to Faulty Opera-
' tions
Farrltr- commrrnications
Poor n-ork place arrangements
L-se of support equipment damages

missile
Specific sri'itching operations in error
Incidents based on "time pressures"
Other incidents (including faulty

logistics )

Sum of Percentages
Total Number of Incidents

0tl
0 ::i

1l lr
1 ir
l)

(80 s,
27 .;
,19 3

:J,E

1\
'i;
;:l
t)

2t.7)
6.3
56

6.0
3,S

(29
1

(17 le 3)
178
18.2

,l

,

28
2.+
50

1.3

-,rm a '_

?86
100.0
:118

+ E. .\llrri.i. 'Rrlialrilitl i-rlr(L HrrrrIf,n Jlriittii, ; tr,. I

lislLL,,l 1,rri,t r. :.lrulir)l(l R,'.. In-t.. lIr.tilr [)rLr]i. L'r,ii. 1l',i

I
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"iaile'rl crluiptitcttt" tiig ('rrrl lre attaclrt'd. 'lhe r"ct'lltl rc'-

l)orts. ho\\'cyer. itiriicui,e tilrIi thet't: at'e 11 gr('at l)liInv
i'ui)erl opel'ation. tlrat go r.llrl elrort('rl. Arirlitionallr', rlt'sigrr

r icfi cicncics lrc l rlircticaliv rtnrit'tecterl bv rvt'it teti t t'l )ul't :.
vet thel' occlll))' ir siztalrle lrot'tiott of the lerlrnl t't'1rtlt'ts.

Il tlrc l'littel) r'('l)olts rlt'tt' rrnull'zt'd irlout'. it n'oulr[ st'cru

tLat collcctiotr is trt't'rlt',1 ttiost.lt'itr tltc ztlt'it oi t'onstt'ttc-
tion.'Ihe itrtt'r'r-it'rr' ,|,111. llqru:et'et', s'oulrl olrviorrsll'rle-
irranr[ a fit'st ]oo]i ut irrrrltl'ol)et'atiolls.'l'lrus. tlre ot'tl,::r of
rrlleviating tlrr' ptolrltrrr: ()I svstetl) ttialluttt'tit,tr itt tt't trr>

ol tlrr ile'r1ut'rr'1'ol tlreir'occtln'('nce rltltcnrls otr tlrt:
luctlr()( 1 oi'tt'lrot'tittg. lt sct'ttis lIec('srrill'-r, tllcti. tirttt itrtl'
r't,polting sr'1it'rue inclrrrle a irtetlrod ol irrrlicrrtirrg rtll <ti

tlrt,>t. trrrlitrtrctiotr rllrtit.

-l- 
H n llrrrrr -r 

.c -r tr \.rr r B t: o r Ll r' -rt l-r-. - I -r ttI.ltut r

-\l.rl.r t ) r'1,\-;

)Iethorl ol Apltroaclt

A sr-trve-v rvas ntacle ol trialirrnr'tion-data collcctiorr ei-
folts in nine nrissile \1'triil)(rIr :\'stelils. ]Ialfunction r:e-

ports, in whatevcr fot'ttt tlr,'r- ()('(tll'ucd. t'ere exa,mined

and an analvsis s'us tttri,l, r,i tlrl rellol'ts to identi{1' tlie
i rr.rirran-initirtecl rr rrr l l rrr r r' i i r,1, -. -\ r rial f r.rn ction \\'i1s iclenti - :
fieci as hurnan-initiitterl'.i:...tr iire lrrttitan coirll)onent cor.rltl'
Ire clearlf itlt'tttifierl u- - ., i :rrr'itti\'(' agunt, in tltc rn-
rrreclictte tlain of €1'rrri: .,,, iirrg to tlle Iaih-rre. -Spccific
irlentification $'aS nlririi rt- ilrt-lrrrsis of codilrg ol'narra-
tive clescrilttior-r srtclt ri- : iti.llll t'l rol'," "t'evelsed leads."
"incot'rerct llart irlstal-' ' lrrrl't onlittcrl," "incorrelct'
toLrlue ,') ctc. Thosc ttrul:,.r. -.,,1t: \\'l)ose classification ri'as

doublfril rvere rc-exurli:.. - lirt' ilF llossillle, lor suP-

l,rorting evidence oi lor:, - , l:,::ification. I-nless suclr

eviclcnce cor.rlcl be fourr,l. -r '\\'ilt'classified lls ecluip-
rrrent-initiatecl mallun,::, :.- 'l'r.ri.. the extent. of hurnan-
irritieterl nralfunctiott. rtr - -,'lt(l> to llc a conser\:ati\r()
,.Titrrlttc.

( )trlv tltost' trtalfttttr'tl,,l,- r Lrllllllc'(l frorn the til're
ul lr'('eil)t of the lllis.i1, :, ' I .,-t'to thc tirne of iaunch-
ing u-ere,corrsiclerrerl. -\- r.-, 'irrlr('e oi this lirnitation,
it n'as ne('essilr'y 16 ,ii- ..1,.-,'.,I tt'llL of tht rellorts for
one tnissile s]'stelll. T - .. "11,r'rirrtr tt'lrorts rvhir,lr hacl

lreren deterrninccl rr. . . -.t.l 1ii1r'(l ri ele lltctl sorted fol'
,:rrt'h missile s)':tr lr- ,r. -' ..:,r r,- Iltt' liirrcis oi olreratiolls
' :Lt \\'€re l)(,l ir )r'rr' . I I I , {'t l\-. Tlre clrrssificatioll of
r r'rrtions uscrl rr'r,- I . - . r- :Ll illtt'stigatiori of th€r $,a-Y

i:. rclr nrissilc r'or'.r.-- :,-1;11i1111- ri'ele clc'scrillecl.

llr,. tiort-t'e1tot'titr: . .', - i1:t'rl in tllese sl'stell-s
rvere :. . t't,r'icl"e,l 1rr '1r i r , -lrr .ilrrilliritv and dil-
feLettc'r.. - ,(('rl l)lor',,. - I ;r r irrir-rlrrration that
tllerc1rLr,, , . - \\'lrit],.: .. -:,"r lr",lLl

I inliriyl-*

The repolt. r.-:,i,r. .,r.'iri..turl]- u'ele 3829 rrral-
ilrrtction tel)ort: ir,,::r -"-,:rr ::ri-:i1r' :\'st€lri: ilnd 419 tln-

:'iilil linrlings in thi-s section ale li,,seri on tlie t'e1-'r.rrt Lr-v -ahapero.

,\r ptuttl,tr

scheduled-hold reports from two missile systems. The
number of reports ranged from 130 on one system to 1391

reports on another. Of the 3829 malfunction reports, 39

per cent were classifled as reports of human-initiated mal-
functions; of the 419 unscheduied holds, 20 per cent were

classifled as human-initiated. ($ee Fig. 2.) tr'urther ex*

amination of the unscheduled holds indicated that the
human-initiated holds were responsible for 22 pet cent
of the unscheduled-hold time.

The human-initiated malfunctions ranged from 20 to
53 per cent for individual missile systems. Fig. 3 sholr's a

system.-by-system breakdown for these data. Includecl
in this figure are independent estimates made by person-

nel from trvo missile systems which were not examined in
the course of the study (systems J and K). Both of these

estimates were given as 35 per cent, about mid-point of
the range. There was no indication that the percentage of
human-initiated malfunctions was in any way dependent

tRE 7'R-l)'51(',?'-10-\-,\ ()-\' H()Lt-\' FJ(:TOR,\ I)- ELL( '7',R0^\-1("\

!.IIIIA!!:INIILAIEQJQIJIPUENIEAILUEE!A! -oercent@-'--'

Fig. 2-Human-initiated equipment failures and unscheduled holds
Es, po. cenl of total eqiripment failrrres arrd unschedrtled holds
during missible launch a-nd prelaunch activities for seven missile
systems"

loo

llY4lllr- ArEg_I4ll!3!q _. pFR.FN:.OTA- MISSILE FAII IJFES

liig. lJ- Hrrlrltrr-inilialcd etlttipttrt'nl. failrtrr:s.as il. l)er cellt ol totlrl
t'ilripment failrtres tlrrrilrg nriisilt^ltttnr,h rrttil lrrtJritttrtrlt rrltivitiei.
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ou tlie nul)ll)c1' ol lel)olts (,\rrlllilt(,(l ior iurlividrrtl ;1's-
leltts.

\\'lrile no 1rlt,c'ist itssessll)er)t car) l)(, rit:rrlc of tlre extent
oi tlrt' lttttttittt contlillrtion to s1'steiu uralfunction. it is
siLit'to sav tlrat it is sufficientlv lrrlgt'tlrat it nrust J)e

ilc'litrtter.l n'itlr rrntl is prohablv ther laloesl singLe irlentifi-
ttl,le portiort oi crills('of svsteni rrralfulction, I.r=, to l,: oi'

rrlIrrialilrnctions.
{'nschedulerl-hold rlata l'ert, alirilalilc' fol onlv tu"o

svstenls. The rlata crrrrrrirrcrl lelerrlerl tlrat lrr.rrrrari-ini-
tirrt,r:rl holrls \\'ele 1'esl)oltsilrle lclr'23 per c€llt ()i rill un-
srherluierl holrh. in one systclll iinrl 16 l)('1' c(,rrt in tlre
ol.lrer svstenr.

The clussificiltion r-rl opelrrtions sltol'u in Fig.4 is
lruserl on a stu(1)' oi' colrnt-rlou-n lrlocerlures tor six nrissilc
systelll:i. lt rvus lorrnrl tlrat 23 opelationrrl lt'r'lr. anrl thcil
s\'non-vlIls colel'ed the proceclules rr-hiclr t'rlt' r'rrllt'rl otrt,

iu rnissile count-don'ns; rcgalrllcss oI colupiur\- rrffilirttion,
ririssileers generralll' usc(l t,hc s:ullc tcl ns irr rlt'sclibing
tIre opelations. ()f the human-initiatetl rrrrrlilinctions iden-
tificd, hori'ever', alruost rill of tirr, rrallullctions rr'ltoltcrl
1t'll into fcxu' catcgolies onll': iLsscrrrlrle. lro-iri1,1,. 'r,o.',',
enrl arljust.6 [ntelvieri's rr-ith fielcl pelsornrt'l lrrivt' r'ete'u]erl
tlrat, nralfun('tions occur as a lesnlt ol thc' lielior'rlrrn('e of
ulltll\'o]rt't'rttiotts sll('lr ll: r'ottrtttllttiIatirrg. irr.1,r'r'tit,L. ttr0lr-
itoring. etc. In rrlclition, thcle arc goorl inrlir'atirrrr: tlrat
ittrrnv rualfun('tions ilrc an indile,ct oL seconrlrilt lt'srrlt ol
lrloccrlultrl fuilrrlcs. Sornetiilcs thcse lrlocer lural lailLtrcs
,lo not, r'cstrlt in actual failure, but tlrel'rlo rleglrr,le svstel)l
pelforrlance. Fol errrnrl.rlc, it. is lrossilrle lor rir ol)rliltor'
t.) start an ol)('l'ation at tlle rrl'ong tinrc eitlrel tluottglt
clrol'or accident. lf tlris is car.rglit r1r-riclill'r'nousir. t)(i ill)-
pat'cut hirlti't is ,lor:c. iilthoriglr an over'lolirl ttri,tlrt lt':ttlt
tlrat n-oultl slron"up later in failecl ol rlegrarle,l r,rluil)rnr'ut.
Furthelnrore, lrerfonrrancc of the crluilnrent rrri,rlrt lir',lt-
glzrrlcd anrl still ]rc t'ithin tolcrancc.

'fhele is evirlcnce tltat lrlttuan-initiatc'r1 tttrrlir.ttr, li,,tts
canse ct'itical failurCs tlrat sotuetirrtes go rtttt'eIot'tt,l. Frir'

t-xurullle, irr one niissile svst(rltr it \\,us fortnrl tlrat 11 lr'('1r-

trician nrisconnerte(l t$'o adjaccnt identic:rl l'('c('l)tu('1(':.
I)cspite the fact that this l'esulted in ir "sct'rtlrberl lrrunr'lL"
rtnrl a clariragcrl missilc', rel)orts conccrning tiri: lr,rrrol'
Iailure rt'vcalecl no inclication of tlris chain of elettts Hrt,l
1)ot, t,hc ltarticular st'alclt becn instigatetl. it i: tltlite rrl--
silrle' that those conceln€'d \\'oill(l not halc lutrl ti,,' in-
itl ttrirtion to conect this potential]r' clitical lllalliull Ii()rl-
I ror lur:ing situution.

I'alrlt'lI shorr's thc talutlittion of irriiurc.iiitir 1(,l t\\'o
>vst('urs tlrut usc<l the Ballistic \Iissile Dilisiorr I rLilru't

rrttrl ('onriition Corle List. 1)eslrite tlre Irrct thut lrr rLrrrl-
vsis ltt,lirritt'ri 322 lrurrran-initiaterl irraliunctirrrr. ir1 r)rt
r]'st('ni lrrrl 193 in tlrt,otlret'. I'cpot'ting l)ersoltn(,1 r.iri..ihr,,i

't Itt tht classihr'ation sr'henlr,. rni:sileets :e€,nt to i,k:nriir- rr,,\,
liitlr ttlting, r'r,rln'ing. r,,ti,.. ri'hilr,"l,osition'' se.r1ns ro irr,1i,.rLrt
licr-ing-in. 1,u1ting into t sl,er.ified l,osirion. r..tr.. Horvever'. ir ri rrs
imlrossilrli:. on tlrr: irusis of lelrolts t\r,1trilr (1. to rli.tirrgrri'1, 1,e-
trveeD "l,Ositiot]" ittr(l "lIo\'f .r'

C oop er : H uman- I nit'io,ted F ailu.r e s and l[ alf unction R e p ortir"t g r07

g missile larurch
for seven missile

*-MAN-,N.TlArED FAILURES 8v OPERATI0\AL -\DE ..o-.. -
-oTAL H-VAN- rurTtnrED.lt-uiEf '' --"

psseue.E T-l eosr,or ffi aurs' l--l
I I oR MovE [i::3 I I

l'ig. -1 Ilunrirn-initiaterl t:cluilrmcnt failrrres tlrLrirr
trnrl prclurrrrr,li rctivities. classifi etl b1' operation.
s)'stelli,s.

orHFF ltt.tl
Lrrl

TABLE II
Coup,q.nrsou or M,q.r,r'uNcuoNs Lennr,po r.s HuM.s.N Ennon

vs M,lr,ruNcrroxs AN-ttvzpo as HuII,IN-INTTTATED

Nlissile
Systerl

\umbr.r ol
)[alfunr:tions

Reporterl

N{alf r.rnctiorr-s }Ialfunctions
Labeled as Ana,lyzed as

Human-Error Huma11-Initiat0d
On Reports Bv SIII

1 .)ar l
.977

't.),)

19:l

&s hulnan et'rot' onlv thlee incidellt: ilt llLt- -r-:It'lii ilnr-i

none in the other.

Ax.q.i,rsrs oi' PRtsgYr REP,,Rl'i\,; l 'R-tls

1l[ie magriitu(l€' anrl ct'iticu]ttt':s tri lir-ttuan-initirrtt''L

lialf unctioris cletrrirttrl tliitt I't'l)ot'tillg icit'trts bc suclt its I"
I'er.eal the extctlt artrl natule tri tlre'st' iualfunctions. (',-'r.-

se(luentl.v, one phase oi tlie >tttrlv: $'as (lirecte(1 tori.:,t'1

an rrnal5'sis of llr'('seIlt I'e1)o1'tillg forrns.

l-ittrlittgs

TIle f nilule-r'epol'ting rletliorl-" of ir r''rl'Il iLL'tol's l\'el t
l'c'\'ie\\'ed. ()i these contractors, tltt't't Lt.t,i tlre Air I'orr:e
Ballistic \Iissilc Code lExhihit \\-IlT i7-3) as their
ilrilure-I'elrorting rirctho(l: olt(' tolltrilrtul' l-lsecl hjs o$In

corlt, in arlrlition.'llrc otlrt'r' tlrtte cottttactors used their
os'n lt'porting t'o,lt's t'r,'lrt.ivrlJ'.'lhe Ballistic flissilt'
('orlt' itrclrtrle> ott(' irltrr 1ll,t1e,1 'Hr-ttriltt't Et'rtlr." OI tlrr'
t'r'trliinint ('o(le: ('\riuritlt',1. ottiv orte inclrtrle'cl a ctlt't r -

:lrorrrlilrq- tr'nr. Iltttr1iLl) f iict()l:." -\ll tti tlle l'('l)"f'rillg
:\':lr'lri: l'rli('\\r'rl ],t',rvi,lL',1 it:1)rt('e lol tlelrlLtir'€'tlt.r'tiir-
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tion, by means of blocks headed "Rematks," "Reason for
Report," or "Description of Trouble""

No explicit taxonomy of report items among the codes

could be found. Rather, the codes appeared to consist of
a long list of items based on previous report descriptions.
An analysis of these terms seemed to indicate that they
could be classified into three categories: cause (improper
handling, installed improperly, hurnan-error, etc.), symp-
tom (Iow emission, poor focus, f ails to stop, etc.), and

condition (broken base, rusty, fused, etc.). However,
even though the terms used could be'classifi.ecl into these

categories, tl're loose organization of the telms allowed
for the selection of the term according to the intent or
neecls of the reporter. Thus, if a man broke a tube and

therebv caused a malfunction that was indicated by low
ernission of an amplifier, the malfunction coulcl be coded

as "human error" or ttbroken tube" or ttlolv emission'"
A11 reports, reporting procedules, report analyses, and

report routines were orientecl torrard failed equipment.

System, subsystem, unit, cotlponent, and part identi-
flcation u,ere heavily emphasizecl on all forms. In many
instances the failule report hacl to be accompanied by
the failed piece of equipurent. Only one system examinec{

provided for the transuiisiion of human-initiated mal.
function data to hunau rn-uineeling pelsonnel. Little evi-
dence r,vas found of an]- ilttelrpt to alert, the reporter or
analyst to the human conti'ibution to malfunction.

While the repolting :l':Ielns exarnined varied some-

ri'hat from one to the r-itirtr. aIl provided, in greater or
lesser clegree, the fo11on--!i infonration:8

1) Identification oi ti-r i:,ilecl part. This rvas usually
extensive and might l'G(r'-i-"- xs lllany as twelve entries
including part narne. nntr-l ,-'r'. serial number, as well as

the same data for the ler r:,'r-r higher levels of assembll,.

2) Identification of rttr,:, , l:rent paLts.

3 ) Operating ancl caler-,::'.r'-hic clata on the failed part.
4t Date and genelal lr:-.'ir1- area when failure was

cliscor-eled-r,.e., ")Ianlt-::, :'.:: iI13.':Test," "Operations."
5l Failure sylnptoll>-.-:,l'ttltite or multiple checkoff.

6) Cause of failuri' r-:,r'r:r i1-c ol rnultiple checkoff.
7) Colleetir-e 3cti,,:. :,.''.:.

'lhc ke1' poitrt: , ,

- los',q :

Drscrssrox

he findings may be summarized as

. \n aplrt't:cili,.. : . -\-:t('ur rriril{rrnction ittal'
1,. - ,l tu irLlrrriir. .:..

2, -l- 
'-\Ir,nt oi l.'.rr.,.: - r -. ." rL,rrlltrttctiorr i". suclt

[][rI r',rl'. ,,ti,-rt-

3 t L'or': ,' rrlIl, :- -..r- - ',r ::..i' t, ,ttrtil tlre tlue'
conrlition ,.- :,ll-,-. :.:. I tI- r:r i:r. i.t' tr,,\-t,lrl(,(.[.

'1 ) Pet':c,:.t. i.r:,i t , - 'r, I'r-l){)t l t]Lrtrr:r1r"r. ot' tir|it' Co-

rvorkct's, tltLt: :,",. lr.. - ti-' ilr.lrlilatir.rli..

September

5) Reporting systems as they are presently constituted
not only do not encourage the accumulation of human-
initiated malfunction data but also make it actually clif-
flcult to report these data.

6) Reporting systems urust be so organized as to sup-
p1y data on human-initiated rnalfunctions as well es

equipment-initiated malfunctions.

Since present reporting schemes are all heaviiy equip-
ment-oriented, it is important to examine the effect of
this orientation on providing the data necessary for over'-

coming system malfunctions in r,r,liatever manner or de-
gree the5r occtir. The reporting of equipment failures pro-
vides a basis for: a) statistical treatment of these data
for reliability consicleration, b) component selection, and

c) origination of indir.idual correctir.e action.
The information on part life, activity area, and cor-

rective action thal is given to the analyst ser\res to define

the contcxt in rvhich the malfunction occurred and to pro-
vicle a basis for exarnining and rralidating the cause of
nalfunction. Tliese data, hor,vever, do not provide ex-
plicit and organizecl information about the hitman's con-

tribution in the events leading to a inalfunction or any
clue as to his perforlrance rvithin the casual chain that
.Ied to the malfunction. Thus, the analyst can make an in-
telligent decision as to u'hat action to take only if the
equipment malfunction is equipment-caused. If, on the

other hancl, there is liuman initiation in the chain of

events leading to thc failule, it is quite likely that the

analyst r,vill not liat,e a true picture of the sy.stem condi-
tion. When the human cornponent is the primary or nrajor

contr:ibutor to the system malfr.rnction, and information
about t]'ris contribution is not at hand, the analyst can

easily arrive at an erroneous conclusion and rnay possibly

suggcst a costiy and ttseless corrective action'

The ]iuman doe.r not fail in the same sense that equip-
ment fails. He fails to pcrform a "rpecifi"c task at a specific

time. In most cases. he rvil1 acatratelll perform the same

failed task on repeat. The task rnust then be examined

to determine u'hether the performance is a task variable
or a \ragary of individual performance. Since it has been

established that the hnman tends not to report informa-
tion on the vagaries of individual performance, and since

this information is necessary) it must be obtained through

other mcans or channels. A1l the methods for indicating
liuman-performance data used by tlie contlactors seemed

inadequate for revealing clata on human-centered mai-
functions.

The activity-area breakdowns usecl in the malfunction-
reporting schemes lt eLe too gross to allolr' identiflcation
of .<pecific hurnan performances involved in a rnalfunc-
tion and, therefore, rvere not conducive to the restaging
of the conditions under r,vhich the malfunctions occurrecl'

Activity-area breakdowns were usually confi.ned to terms

such as "Inspection," ttTest," ttl'Ianufacturing," etc. Code

categories were arnbiguotis, using symptom, cause, and

nature interchangeabll,. They were not a sufficiently clear
identifrcation of lvhether or not the malfunction u'as hu-

IRE TRA]IS.4CI'IO,YS O}i HLiIIA}i FACTORS I}i T]LE(:7'RO}iI(:,\
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initiatecl rrialfttlretions. Pelsonnel indicntecl that it ivas nrent-initiatc,rl malfunctions. J'o do this, thc rlata toti-
riifficult to olitain nallativc stutcurcnts Irorr operating ccming tlrc indiviclunl nralfunction rnn-"t:t'

ltet'sonltcl. In arlrlitiorr, n)ost lelrolt lonrs trllot cd so

iittle sprrct: i, the clc,scr.iption hlock thtrt ,i,.. 
-,,rru,.,,r, 

,i 1t Identif'thc l,ilctl itenr'

irt.,l. "'"" ""

as a failur.t:. It is. ho$,er.cr, pr,ecisell- tl,i. up"."ti.,,;;l;- rrtr'[,ri'it'lt t]tc svstetit's culilonrtrent'

tlre'opclation in n-[rich tlre rnalfrrnction occrr'. ,rll,n]. tlrc tlrt'Ia'ilttre eYcnt'

.nulvst to: 5) Pror-irlc inftllttrittiotl rrottccrnitrg l'antlclttt it'ttrttsion"
into tlre -()'stc'1n tlrrrt rttiglrt lrt'pet'tiricrrt to tlrt'failule

I ) \Ialie rr logicll rIctcnitinrrtion oI 1l'o]rrrlrlt' ciLttse. cvent.

rlt'terruirtcrl to Jre Itutrr:rn-inititrtt'tl. rcltttir.r,ll, si,r,lt r,\tensio, of 1r'.sc,rr1 r.r:1 r.r,ti.g rrrctlrorls.

llc('t's!111'\" rr-ortlrl sclr'e to rc'tlrtcc t'[e 1cc1r'tilertlc'ttts lot itttt t vit'tt ''

inclilriurition oi Irirnseli ol lris Ie]]ou- ri'ot'li, t. 
lrnrrrrLn co.tril^rtion tcl s1.st.rr rrralfur.rcti.n *,or.rl4 Jrc, il

1n t.rlrlet', tlrct-r, lot tlrc r'rntl1'st Ict ltilr-t'il r111t l)i1't1ll'e tlot elirrrinatcrl, gt'eatl1't't'rlttt't'rl-
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