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Statement ,of the Problem U
" M _\- ‘ v, . . v
- ,In recent years’ the amount of -education related research has "

\ /

grown at an unprecedentcd rate. It can be said that in the educational

worlgqaﬁyzﬁg l960's a knowledge explosion occurred and will undoubtedly

’

continue through the 1970's! and beyond. Prominent in this Influx of

knowledge has been the apnllcatlon of systems technology and “systems

. R
analysis to a1d in the solv1ng of educational problems., ' : .

Analysls of a system, in relatlon to accomplishment of previously

esLabllshed objectives can be viewed in termspof two basic approaches. -

1

(l) analys1s in terms of succcss or accompllshTent of a system,s,

purpose——that 1s, wh1t must, or should be done/in order to achieve

R} . .

desired resultsg'or (2) analysis in terms of failure or non-accomplish- =

: - . ‘ ,
ment of a. system s purpose. lthough failure prevention is becoming
A A, T .

.increasingly important, the.general procedure-oﬁ-both the past and ¢

N
| . . . .

.

present seems to be to look at’ success factors. Yet, it seems much

¢ N
more difficult and ,time consymlno to predlct or. determine what J
. . 0 - “u P

'promotes success 1n a system than it does to'isolate.those factors

whiGh cause failure? Furthermore, among a panel of experts in any

specified systeth, itﬁgenerally is easier to_achieve consensus as to
‘what constitutes failure {n a system than what constitutes success.

. - __/.1, . - . K
Qence, in the‘field of education # decision maﬁ%{sican systema cally

. v .

WS

-isolate farlure modes w1th1n a system, “the probablllty-for succ 35S w1ll o
. [ ]

. '
N

' \
be enhanced.‘ ThE'problem is to e_\&oxe and suggest a systematic

P -

- ,/'" 1



. { s N A
approach to analysis of factorsAcéntrfbuting to failure for the purpése’

7 7
of Lncressing snccass pro%:blliﬁg in eduvabion systens,
> A // e .
-~ s Purvose of Stud //i>

N

e concept of Fault .

The purpose of this study is to introduce

, Tree Analysis as a systems. tool and to determine the.implications }u R
\‘_ - ) - . A |f . . N

‘of Fault Tfee Analysis as a technique for isolating failure modes

in educational systems. Specific objectives include: 3

1. To define Fault Tree Analysis and discuss fts.histbny'as it

(
relates to the systems approach.

. e
»

St 2, To describe the step by step process for\implemenﬁatiop and

o use of Fault Tree Anélysis. o \

3. To identify what is presently being done in the United

. . ) ‘ :
States with Fault Tree Analysis as it applies to education.

-

4. To present a Fault Tree prototype to suggest solutions to

o . —e

a problem in private education. : T —~
X - ]

The purpose of this repoxt, then, is to discuss;and preéent to

~

educators some background in Fault Tree Analysis ag applied to

educational planning, evafuation, and‘ﬁrobled’éblving, together with ?

an explanatfon of the present use of Fault Tree Analysis inieducation -

-and an example of the technique -as applied to a problem pértinent to
. : N . . - .

t 4 - s

: . §
private education.

-

P
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L rEvURf ov LTIRRAIURE

' . Definition of Fault Tree Analysis "

’
I

Fatlt Tfee“AnalisiS'(FTA) is'an'operations’reeearch techniQue

whlch has been used W1th succeqs as the prlnc*ple analytical tool of

. . "

systems safety'engineering on. aerokpacc projecte. As used in the

‘.aeroébace industry, Poweys (1974) sEatee;that Rault Tree Analysis

~ .
[ - . ] N

refers to-event squences which lead up to a.significant pgeaefined

\'.p.'53).adds;

~

"failure such as loss of mission where theré/exiéts otential for
1 . p

injury of personnel and/or ‘large ecdnomic losses. .Crosse;f_(1971,
. . . - A N .

A

i -

4

; Fault tree analysiz prpyides'a’functidnal development of-a

cspecific’ final undesi event through the logic statements
of the conditions which could cause the event. Oncec the final
.event is deflned for assegsino qys:em performance, this mathod

'in the predqflned evenf.
I . ‘.

As used in aerospace ayd other scientific disciplines whibh'inve%ge

-

hardware systems, Powers” (1974) further defines Fault Tree Analysis

-

. by iﬁﬂicating that'it\is a,graphic representation of'the logic which

S o |

déscriﬁl§11nformatlon flow "(in this case fallure propogation) in the -

Q

‘proceSSing netwd;k. fic says that the basic bulldlng blocks of the fault

¥

" tree are composed of the logical interconncctions among event Sequences,
N - ’. ‘. : *

]

kngww ae logic gates. !A 10gic‘gate defines the inputvceﬁditionq,weieh
mqsﬁ'be.presenﬁ in'ordee for a failure eequence te ﬁove o;.propoéebe
up tlle tree. There are two,baéic logic gates: the "and" gate, and the
“or" gate. Bobh'wiil Se discussed in depth 1;ter in this papef.

. - N . ‘. -

. . - - v

’



¥

Recht (1965) defines FTAngjz method of analysis in‘wnich dn

-

undesired event is selected and all the nossible hqppenings.tﬁat can
contribnte‘to g%e event arve diagramued in the form of 5 tree. .Tne
branches.of the tree are'continued outward‘and downward from tne
undesired event until independent‘events are reached.“Probabilitiés
can be determined for the independent events, and both the probability

of the undesired event and the most Likely }hain of events 1eading up
to it can be computed. - : ’ ' >
é a . . w' -
" Fault Tree Analysis diffegs little in_definition among disciﬁlines

or between "hardware' and "human" systems.. As it related to human -

.

)
~

systems——soeciﬂﬁcelly to educationf—Stephens (1973; 1974, 1976) has givenN

the mpst concise definition. He says that FTA is a teehnique for’

S . . . . ‘ . - i - -
increasing’ the probab.ilify of success in any system by’ analyzing .the most

likely modes of failure which could occur within the system and, then

'S

snggesting high priority avoidance strategies for those failure mbdes.
.ﬂ A fault tree (spmetimes refcrred to as an. "event logic network ) Prov1des

a concise and 1ogical step—by—step description of the various combina—

. 1

tions of potential pr possible occurrences.Within a systEm'which*could“
. result in the failure .of the system.. It is a graphic orotreyal o%
diagram;wnich svstemdtically,depicts the probébleiﬁailure event g
sequences and the interdctions amongqthese sequences wﬁich can 1e;d’to
v feilure of a top,-nndes;red évent. The objective is to'identify'énd ,
isolate possible failure qodes and thereby avoid them.-'.‘ , | |
In 1973 (p- 3) Stephens wrote: ‘ .
~ ' ihe}process offault tree construction. starts witn a
statement\of a critical undesired event which one wants to
prevent frOm happcning The fauft tree is thcn constructed




v

according to a scries of logic steps, showing precisely how
a given failure [failure as here used means the inability of a
dystom ov a mortion of a systenm te poarviovm its expacted

. function{s)] eveat could occur., Waen the tree is finished,
nathematical formulqs'are [canl be-applied to determine tha
strategic paths leading to- the top (most gencral)- undesired ’
event. On large trees the data can be fed into a computer
for simulation and quantification. ‘

¢ *

The value of finding the critical or strategic failure path

through FTA is that it provides a clear indication to the decision
maker (s) as to the weakest link in’ the syétem and thereby Provides

information for setting priorities in the decision making process

H

-~

(Witkin, 1971). ' )

." . The name "Fault Tree Analysis" is derived in the fact that the

graphic portrayal of a functional system which has undergone the
. ) ’ v

“process of Fault Tree Analysis utilizes a branching pgd%ess similar

{n’ outline to a conifcrous tree (Stephens, 1971). :

i A}

To conclud¢,>§he fault tree methed of analysis takes the approach

of looking at and analyzing the most undesirable events which could-
occur within a-system and then searching for and analyzing failures

. i LAY ' ' '
in sequence which capld lead to these undesirable events

- ’. ﬁistory of Fault Tree Analysis

-
v
L N

1( “The development of FTA is an outgrowth of the systemé,%afety
approach (Recth, 1965) initiated in ,the space industry in the late:

1950's and early‘1960's. Fault Tree Analysis provided an added

approacli by introducing the concept

dimension .to the systemé saféty

.of failure prevention. A fﬁll appreciation and_understanding'of’thé:

history of FTA reqﬁires the hécessity to view FYA in the context .



- ' n
I of systems safety a

-origias of system

alysis. Recht (1965, p. 38) recounts the

t
Eafoery analvsis:

‘The history of syatems safety analysis really began in
the aerospace industry. It was the result of the extremely
high reliability and safety specifications demanded by the
space and military requirements and the fact that the ‘time

¢ honored production sequence was no longer practlcal
.. .

For example, until recently when a new.alrcraft was o
developed, it was first designed, then an experimental model
was built, &md finally it 'was test flown to determine its
capab111t1es and flaws; the information obtained indicated
the necessary design changes and the cycle was repeated Q
until the performance specifications were met. Today's.
aircraft and missles .are so complex and costly and the
specifications are set so high that this procedure had to

. be changed. Morcover, missile fllght tests involve loss of .
' the model with only 11m1ted telemetry data obtained. Today '
the "bugs" must be found and corrected as far as possible
- in the design stagg using analyt?cal technlque.

The result is the developmeLt of the svstems approach

. to safety. The aircraft or missile is eramined from this.
point of view and the effects of any failure or malfunctions
on the operation of thé aircraft are evaluated to determine
the principle de51gn ‘defects which need to be fixed. For
these complex systems sophisticated analyticdl methods

have been developed... . Thus the test pilot has been
replaced by a systems safcty englneer... .

Fault Tree Analysis has its beginnings in the above described

setting. Fussell, et al. (1974,~p. 51) relates: .

In 1961 the concept of fault tree analysis was orjginated
by H. A. Watson of Bell Telephone Laboratories to evaluate
the safety of the Minuteman Launch Control System. The
- technique was further developed and’ reflned'by a Bell Telephone
Laboratories study team.

. . N i
Engineers at Bell Laboratories discovered that the method used
to explain the flow. of "correct"‘ldgic in data processing equipment

o A

could similarily be used for analyz%ng the "false'" logic resulting

Y

" from component failures (Witkin and‘Stephens; 1968). A team of

analystsg at the Beeing Company later nodified the technique so that
/ ) S ; ® , o Co . .
)

Q | ' ' | : § - _ | 1,1




p the.quantification.(prioritizing and determining the probability of
' ' . v . . /"‘ “ ‘ ‘

occurrence of fallure cvents) of the fauit tvce could,be accompliyhad

.Vla a digital computer (Fussell, et al., 1974) ." :

:

Although the concept of FTA is of recent origin (1961), the
idea of looking for breakdowns in a system is not éntirely new. Other
. e . . ¥ ) .

R - : ‘ . B, . :
techniques such as the Critical Incident Technique, Cause and Effect

- ~

Analysis, etc. bear a superficial resemblaﬁge to Fault Tree Analy31s.

For a description of these techniques see Stephens 1972. N
. : L~

History of Faulkt Tree Analysis
as related to.education

Until 1967, few attempts had been made to apply the concept’of
. FTA entirely to human systems, chiefly because analysts trained in the

:

technique were mainly engineers concerned with systems safety without
a "feel" for behavorial systems, and partly because no adequate method

of defining strategic paths (the most -critical sequénce of failure.events)
) ' L ; ; . '
had been demonstrated in behavorial systems.(Stephens{ 1973).

. ’

The first full scale application of FTA to educational'planniné~
and evaluation wds that done by Witkln and Stephens (1971) 1n "1967~ 68

under th® auspices of the Alameda County PACE (acronym for ProJects to

-

-Advance Creativity in Education) Center, Hayward, California. This
initial applicition of FTA to education was in the interést of .

discovering a_predictive tool which would act as a sort of "early -

warning" signal to educators concerning critical needs,, to which they
. 1]

should direct their attention.

\Regarding this first use of FTA as it applies tQ_education Witkin

-writes- (Witkin and Stephens, 1968, p. 7): o

&

-

\‘1‘ l . .:' ., ' ' 12 , . "‘ } G,.-“‘...




" events, enabling it to be accomplished with

In3the fall of 1966, the research specialist of the - -
[Alameda County PACE] ‘Center was put in touch with Kent ‘ '
Stophrlus; then a' mombar of Lan agrespacae group in the Boaing
Comyuny, and Llr"t learned about-fault tree analysis. |

ubbequontly, Stephens and tvo collgagues, Ddvid llaasl and -
Jon’ St hens, visited the PACE Center to explain the principles & -
- of faulk txee analysis, and 1in May 1967 they conducted a week-
.long training program for school administrators dnd other
~ interested» persons urder the sponsorship of the [PACE] Center
" and the Alameda County-School Departmént. There, the first trees
- applied to educational problems/were drawn and the possibilitiés
of the technlque vere explored : .

»

.
K

Dr.,Ként G. Stephens was,a nembet ofxihe{Boeing team which modifled

B -
v

| 4
the fau’lt ‘tree tec-hnique in r'elation to the §uanti}fic~ation “of failure

r
. -

digital computer

2

(Witkins and Stephens 1968), and Wood (197 P. 2) has identified"

'Stephens as h...the father of the quantification and application of

M ) *

Fault Tree Analysis to egucation. Dr._Stephens is currently an

Associate Professor in Education at Brighavaoung Unlversity, Proyot;j,gv'G;'

. ' ' . . L
Utah. " - : ‘ . C

Fault Tree Symbols and Definitions

] ¢

In this section the basic symbols of_Fault Tree Analysis;are
presented-and defined and the concept of logic gatEs is'clarified.
Logic gates B . : . ' ' _.?i

4 _ ' _ v
The fault tree is constructed by showing the relationship between

'various kinds of events which could: cause failore of the system.

These relationships are symbolized by logic gateshv The concept of logic

u'gates is the heart of the fault tree technology and they are ‘the factor
wvhich causes itﬁto’differ fromlother forms of-analysis.'-Stephens -

)‘k1973, 1974, 1976) has described the conccpt of logic gates extensively

- . . .
. ' . ot - ( :
v 4 N N
. . . .

13



_ o \/ “‘ 1
7 o - - o ' . Q

and indicates that two prindi;;;\kindi~of logic gates exiséi the AND .
‘o' : . ' ’ ' . 3 .
date and the OR gate.

- 15

All other gates usad in FTA are derivatives

TG

of these two tyﬁes.-\ : J ' . T

ey

. . e ,
Graphically, the AND gate is depicted .by ‘the symbol !

AJ

1] i ) 4 . E
events must coexist in order to produce' -

- w.

and’ is used when two or more

' the more general event, Figure 1 depicts the pprtrayal of events

. ’ = . T . \
related by an AND gate as they would. appear in a fault tree.
‘ nd B ; y
. - .
AY hal .
. ~ ' - .
. = : -

- . \
P
s . ; e
N -
e i . -
; r i “
' * B C )
% e
. R r;..)‘ .
Figure 1, The AND gate. . .
.+~ fThis tree would bé read; Events B and C must coexist in order to

produce Event A; or, the output A can occur only if the inputs ‘B and C

'coexist. The-mathematical equivalent of this is A = (BAC).

~ *
.

O

ERIC
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i
A

. The use of the AND éate(s) occurs much less_freQuently (in some

-+ cases not. at 21l) in bse h“vorlql «yvtems than 1n hardware svsteoms.
' The OR loowt"htp occurs mnost commonly in bnhwvoriwl systems.
. It is used{when, of two or more ‘possible inputs to an evént, any one
. \ .
- alone ceuld produce_the output. The OR gate is depicted graphically -
)
' by t syme& Figure 2 depicts the portrayalk’ of*évents
| e
related by an OR gate*as they'would appear in a fault tree. ' <
< '
_ _ —
N
-— ’ .
. »
A
2
» (
! ’ = ) ’ .‘_
- N
S B.I B C
, b KN

Figufe,Z. The OR gate.
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. ' o .
Basic fault, tree symbols

development or analysis in the fault tree -“”; ; o

is A= (B c). . .”, .

—

The tree depicted Ain Figure 2 Would be r ﬁjadf Either B or ¢ : . };

AY \ -
‘

events alone vill pcod.ce Tvent A, The mathematical equivalent of this-

3 .
— v .

Stephens (1976) notes two general kinds of OR gates——the

INCLUSIVE OR depicts the situatlon in which_either E..nt B or C or

-~

both could resu1t in Event A.  The Exdtusxvz'oa situati differs

in that elther Event B or C could produce Fvent A but b th B and c

could not 6ccur at the same time. It should be noted th t with- _»r ’[v

-

‘either the AND gate or the OR gate Iogic, more"tha Wwo inputs may

‘exist to any event, however, it is»always necessary to have at' least
: S . e ' '
two inputs. -

LY

'Besides-logic gates; the other set of  symbols used in FTA

s ' » o ) . . o
depict the types of inputs and outputs or events. Events, whether
t-

they be 1nputs or outputs, are classed accordlng to their nature.;

~

' \
Stephens (1973 1974 1976) suggests the folloW1ng symbols as those
most commonly used for fault trees: \\: - o
- 1. Rectangle: AT Identifies an evenht that fesults

. N p [ 4
from a combination of less general fault events throughran associated
s

b 4

1ogic gate. All events symbollzed by rectangles have additio

2., Circle: l;, fdentifies a basig falluJE event: in which

. A R S
’ - 2Ty

. no further development is requlréd . The decisiogfx garding whether the '

a

. - . ,

PR " ’ . ',
- - - N
[SSAN NS v ’ :



-

‘

fanalysis.< It is a failure inﬁerent within the unit of analysi T e

.

L. Y

<

event is a)ﬂbsiclone or- nog depends largely on ‘the perspective e

“+ 3 ’ . T

‘of - the analysis. k*bGSic failure event- oceurs vhen the d fln tion of

. -

1
an,event is suificient]y exnlicit to satisfy\xhe purnosc of the -

- ‘.
. - - ~

f ¢
. e f .: ) /-J'
Identifies an even5 which is __

s s

3. Rhombus:

. . . . . 7/ o L.
npt developed further beca ise of (a) insufficient inforTation, i =x4’ﬁ’
, - AR X
Tb) very remote. likelihood of odcurrence or (ql_due to o&g/b': e v

. . - » . : A
constraints (eg t{me money,':tc ) which pneclude idrther /anglys‘is',
If dt ‘a later date, however, consttaints ore removed an:‘Et is

» 4 qr’ -

desired to analyze the rhombus in greater depth then it-can be-

v ’ £ & .

changed to a rectEngle in which case it cogld be developed and.
%

analyzed further Stephens,4l973) . The rhombus has no relationship

v ~
with the diamond'used as a decision point in flow charting.
: . .

-

K

-Identifies an event which, under - normal

conditions, is expected ‘to-occur in the system defined and by itself-

.- 4 \
may not -cause a failure event.. The importance of noting it hqwever

is that when combined with other events it m1ght contribute to a s

R

failure event.

~ These provide the basic symbols used in fault tree analysib and ¢
- 4 .
construcﬁion. A few other symbols and definitions have been’ identiﬁied

by Stephens @1973) and appear in the appendix of this paper.'

The symbols rev1ewed displayed in Figure 3, a, rudimentary fault,

tree branch\which is readsas follows: "Lvent A can be produced either

¢ t

.by*Evént B or Event.G-or both. Event B.can,be_produced only by the

17

NI
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Aruitoxt provided by Eic:

;'v e . o <\ - o o ; .

“‘\">.-‘ _— » ) e . R ‘.
V. coexistencé of Events D ;nd E. Event C can be produced either by

Event ¥ owaVEnt G or both." ( a3 °ns,.L973, P. 10; 19%%, p. 6;n-
= . /} i

P , , . .
o 1976, PP~ 7r8) Event T is vxeweubns ‘a prlmar" or a baohc fallure eveunt”

4

hhé Fvent F is an- event whlch 1s normally expected to occur. withln the

K
.

system, but whlch can contrlbute to Event C. Events D E, F and G——at

~ the bottom of the tree—-requlre mno further analy51s Q; development. ;‘@
- - - R S T : L =
- ”, [ o . . . ~ - . )
g : ) oo . : S S Y S
R : . C . 2o _ . _—
.,\1.-.'"'_ - 1. ! - * . . . -‘. r \» R
»
e
-
-
14

’

Figurepg. i%lustration.of a‘fault'tree branch

¢
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-

¢

; Analys&s 1n\an educational context references to téchnique

)
similar, procedures vary . somewhat among authors an betveen :

¢ R - : ’ ) .
‘ S s - < = . _/_\_/“ e e o 0 -
) - . . . Mg < a . e
. .. . . .

" The bottom of the tree for any fault tree branch should aLwayo SR

- -

» bave evﬂ’ts depictOd bw the circle, ghomHus or house: These signify °*

N, -
bl 1]
the end of - development. in the exampln'port in Fxgure 3 (there

- -

¢

‘are two branches of . tH% ‘tree’ ané.three levels of development or‘>:

B . — o e - - . : /‘,\ . ! .- ! . N .
4 amalysis. . . - 7. R |
- yvu "- . g.‘// ‘ v'. . . . v . .é- . . 3

,7‘. o o . ,«/ T . . - . ."
St e PENLS 45: I . R
~ ' ' Steps in_ Tauit~$ree Construction - BT
Tt A L o E | { : c P
>z \ . L \ o
- It must be remembered that the fault cree\method was 1ni§}ally .
* - A _ S, - PN
evelqp@d or useain hardware systems.J Although relat1vely little ) } Nf\

4 o ’ .

[ /“ B ’
has been published on the concept a few scattered art1cles explainingl

" .
-

the procedures for conducting a Fault Tree Analysis have appeared

;\“'

‘among jeveral disciplines (see’ Powers' 1974; Eisner, 1972; & sely;. B D

l970 Evans, l974, Fussell, et al., l§74 Cro%sitti, l97l) Although

dlSClpllneS. ‘Since the purpose of th1s paper is to explorke Fault Tree
: / &

{ : ’

v

methodology will be taken ch1efly from Stephens who has piol

concept in edUCaﬂxo& (Wood 1975) and behavofial systems. In 1968
T~ N

Witkin and.Stephens wrote that the p nciples of Fault Tree Analysis,

asvthey applied to education, were undergoing further,denelgpment

andzwere subject to change.' Hence,’ in cons1der1ng the general steps

in fault tree construction and_analysis,~care-will Zj/iaken‘tq cite the

.

most current references available. * . _ ‘ L e

- N

The present state of the art 1dent1f1es the follOwing as general
«

stepé’in Fauﬁ; Tree Analysis (Stephens,'Class Lecture, October 28, “
b A 3 T T T .. .

1975): -

e



«

]

! " Qualitative, fault,tree construction ,
\- - / : . ‘

. o '
Q*antitative evaluation T .
: ' - " - .
7. FormulatingA}ecommendations S s !
i~ \ . . P . . .
o : ’ . . -, : I
‘ T ’ S &£~ '
Systems ﬁefinitrvn o : Ce— \
= . - e

S
Systems definition essentially entails formulating the exact

-~

A3

. problem to b\"mikglyzed‘~ Systems definition should’specifically statae’

,the goals and/or obJectives of the system to be analyzed

"Lectnre, October 28, 1975).

-definition.

O

ERIC

Aruitoxt provided by Eic:

mis51on statement,

When
properly stated these goals and/or obJectives become known as the
’ - . . ’

The mission statement should include ah explana—

tion of the system restraints and a recognition of the system bounds.

'Bounds are those factors over which there is no control and restraints

b 1

identify factors over which there’ exists some control (Stephens, Class

N N ) ) ) - v. - . ) -

o ? : o, +

Mission analysis

’

IR . 4 ) . '..
Mission analysis includes ths mission statement—-that is, what

is “to be accomplished and'it identifies the specific performarice
f?g&iiements of criteria necessary.in order to successfully complete

the mission'within,the bounds .and constraints set in the systems
. : - : . 3

It is a statement of the'missiod.along.-ith the reqdired

functions_and tashs neccssary'to-complete the miss{on (Witkin, 1971).

. _ LY p//// 15
. ' : i ‘.%1 " ) i ‘\__,/r‘.' .
1. Systems definition i /
, e ’ ) . . . ;- ' \
2. Misgiom avalvsis’ o o T : T -
g 3... Identification of *undesired events ' ~
, 4. Fault hazard anilysis ) e : . S,
‘ 2eert, E . , \
* - : : PN



- E | N oy L . . 16 -
! . . ( ) / ) ' » .4\ . ot ’ ( ) ' . i
i Theumission,analysis'is_defived by;systematically c6n§idering-

v —_— » -

? .
the major functions necassary to accemplish the mission and those
- . - -~ ) :

. -
-

ma

important txysks which must be accomplished within each function. &

. Speéhens (1972) states that two steps afé'preéent'in performing a .

. R .

miésion‘ana1y§is: 'g}) The firqt'step is ‘to list the méjor functions

: 4 . ’ s . oL
that will be néeded to accomplislh the mission statement given-

previouéiy'in’the systems definition: This is referredﬂtq/gs
b LA \\I_"&‘ B Y o :
function analysis, and provides an answver to th%zzuesbion, ""What™ . -

L

are the major func;iongvnéeded to accomplish the

>

‘statement?" (2) Th

» issien or goal

\ . . -

e gecond step in performing a mission anély§§§_

.

'is to consider the major tasks which must be-accompliéhed @ithin
" . each function and is referred to as task analysis. Thfe process,

as hefé déscribed; is illustrated in Figure 4 (Stephens, 1972, p. 25).

~ N

~ .
-

: -

‘a- ) : . »

S LR

a o
!
)
’ - !
-
- .
- R » .
.
l +
’ ~
. R
'
i -
(]
.
¢ A N
. [}
. ~

Aruitoxt provided by Eic:



7 z ’ . N
LI . . - : v C /( ’ -
. ) . . . L L. ‘I{.' t-; _0,' - » [ . - ’\ .
. TR ’gunc:ttiﬁr’;g'ﬁ —aEETTTO T T T T hask A
- -, e S~~~ TT—Tagk A3 .\ °
. . B S g L L ., )
, - e ' . . . . B
Dy Y o R —_— ..
' y gt e e ——Task By, :
: , e _é_'_/_—-——/_:'rask_ B
Mission Eunct;on,B S —Task By
- SR
. : ’ ‘ L . N
- - N : c oo ———Task¥C1 ~
* . o Function C == . Task: Cgy
- . N — <. m—— e
o ' N, T < T -,
D . . N 3 . _— )
Step 2.0 ' Step 2.1 "~ Step 2.2
 Statement. of - _ _ Llétlng of . : - . Listing of
goal; purpose SR _ nctions - ) .tasks needed
or intent : . needed to . ©  to accomplish
. ] - 4 °  accomplish . . ' each function
R . . S . mission ) '
o - . .
~Figure 4. Scheyatic showing .major steps in mission‘analysis. .
.. The performance .of a mission analysis'permits.the;performaqée of: .
. o =~ . ~ . . N v o . ’ S . ’
function and task analysis. They, in turn|, greatly facilitate
. ' SN . _ .
Fault Tree Analysis during qualitative fault tree constrﬁction’
because they allow the idertification of ifgcificafailure events U
;_moré readily and ‘effectively than with simply an ékamfhation of \\'
missions and major functions (Stephens, 1972). In short, miésion
analysis enables the ahalys;(s) to see the system under study in-
; a'broad perspective and to identify specific prbblem areas for '
' later analysis. h _ /
| ' | //////(?- '
- L o x

ERIC - N

Aruitoxt provided by Eic:



. Identification of ‘ : -
undesired events _ : \\ - ‘ ‘

* w Bzsad oa the ission or g ais SLJtcw\nL oi the systems definition

and the mission analysis, the analyst’or team of experts'conductiné/_

3

a FTA would list those events wﬂich'they 0 not want to-nappen relative
.. v’ \ ’. . .

’

to the system under invesfigation,

. v o .
.- These events should be written s

in’ terms ‘of failure and are the m nsugf identifyving the major 2

nndesiren‘events which could odtur'in\tnetSyStem.
" .It4ﬁay appear that selectionweEXthe major undesired events )
%asedyqn the mission analysre,‘and.in.fact-theQEntire‘analysis for
. . . ‘ !
\failure in the fault_tree:proces§ is éimply tye lqgicaltreciproeal
oé analység'for Sueeeéef‘wTo a degreg this is true, hoyerer, eXperience.
has shownﬁ(étephens,‘1976) that failnrek&naiysis giyes added perspectivee

- o |

. : : | s Caql
on a system which is far beyond the notion that analysis for failure
_ . \ : :

(- s -

: . ' \ :
. is merely the logical inversion of analysis for success.

By examrnlng fallure modes the fauLt tree process generates -

» questiong about a system which would not. occur under the usual

conditions of success analysis. Furthermore, anaLysis ?‘r_failure.

.is generally much more conducive to consensus formationlamang a.group

of experts than- is. ana1y31s for success. It,appears«easier to come

to agreement on what not to do, than ta con51der and attempt to agree
. . h ‘. LY

"on the many facets of what should be done. . -

’.

Fault Hazard Analysis

- __9nce the major nndesired events have been identified'they are

"ranked in relation tS each other, 11 - order to determine the highest
priority undesired event: There 14 no hard set rule as to how the

N . . )

23 .
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Aruitoxt provided by Eic:

' , o . o :‘._ o | | 19 v~

¢
Y -
3

5

. ' ] -
ranking can or should be accomplished. . This determination-and selection
.of tha hichest pricrity undesired event is tzrmed Fault Hazarq//\

Analysis (Stephens,;ﬁiass Lecture, Octdbei 28, 1975). »;//—\f .

g : - S ‘ . -

Qualitative fault tree construction co . )
"« Qualitative fault tree constructioﬁ‘bégins,after the selection of .

\ . - : B ~ '_' \.‘
_.a top or most'generil undesired event. ' Fault; tree construction' is '/-'

s

generally the most tedious and the most critical aspect of Fault

Tree A alysis,'fbr at this point the analyst begins sketching or draﬁing

the fault tree. It should be remembéredftbat the fault. tree consists
of events, interrelated by 1ogic.gates, ﬁesulting in sequential pathways

. ’ . . S .
of potential failure. Analysis begins with the precise statement of

a predefined undesired event (UE) of critical importance. An example

méy be failﬁré'of the entire syétem.expresséq in terms of failure of"

the mission, or it may.be a failure identified with some function or

- . . M . - N . ‘
task crucial to the success of the-mission. Regardless, it stands -
. . . - - . . v . o * -

.at the top of the tree, and analysis proceeds downward and outward. .
Inputs to the UE in turn become contributiﬁg failure events in a

perceived cause and effect relationship (Stephéns, 1976). The purpose
now is to determine the possible modes of occurrence of the UE.

. ' . . : ) : ’
~ . In drawing the fault tree, the analyst should have a good working

_kndwledge of ' the system under analysis, or immediéte‘accesé to experts

‘who do.' ' J : <£P

Scoping the treé.'AKfter selection of thé UE, the initial phase

re

and general format of ‘qualitative fault tree construction is to look
closely at the mission dnalysis as dePiéted in Figure 4 and_cohvert it

& 1

) . .
into a graphic fault tree.

Figure 5 portrays the mission analysis

2q :
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Aruitoxt provided by Eic:

‘1

-éaner;ed?info the form of a fault tree. This process i§-¢alled'

. .. ’ P . . .
"secoping the tree' (Stephans, Class Lecture, November 11, 1975) and

‘is the basis of additional development and accurate analysis. The
_ . ‘ SIS AR

scoping of-the.tree‘generally results in three distinct levels of—
o P . : _

development (mission,.fUQCtion,'task). Stephens (Class Lecture,

November 11, 1975) has iﬁated, "The first three le?els of the tree

~

~ are usually the policy levels." ‘ ' ’;////
. . - o :' . »
) .
’
-
.
. 3
: t .
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‘ ETC.

!

u--“_* - -

‘ UE‘.

* | PAILURE OF -
MISSTON

o '-‘-_-:;--TITC,

| FAILURE OF MISSI0
.| BECAUSE OF FAILURE
‘RELATED 70 FUNCTI

A

ETC.........- _

FATLURE OF MISSION |
BECAUSE OF- FAILURES

RELATED TO FUNCTION
3 | ,

 PATLURE OF MISSTON
BECAUSE OF TAILURE. -
RELATED 10 FUNCTIO

c 0

ETC.

ATLURES RhLATLD

) 0 FUNCTION B m m’c)gm
A .« BECAUSE OF FATLURE| ECAUSE OF FAILUR
‘ FTASK 1 | / QFTASK2
Cl
P S -oH A
{FATLURE OF TASK: 1| (PAILURE OF TASK 1 - |FAILURE OF TASK I
BECAUSE -OF FAILURY {BECAUSE. OF BECAUSE OF
OF FACTOR X | {[MADEQUATE PACTOR | |FAULTY TASK Z - |
. SR N ¢

L] .

O

-

Figure 5. Genefgl format for ‘qua'lit_étive‘fault tree construction, "Scoping the T'ree.f" :
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|

A

¥
™
N

~ PAILURES ELICITED FOR LOWER LFV]L FAULT ”;
- TREE DEVELOPMENT W

TALLURES ﬁE'fAEnn‘ 1

10 FUNCTION B ,
BECAUSEOF PATLURY ~  +°
OF KD

- . . L]
) . "
, ‘
. . N ' ) !
‘ A ’ A

* INDICATES TRANSFER TO OTHER FAULT TREE

BRANCHES FOR CONTINUED FAULT TREE DEVELOP- »
MINT UTTLIZING FUNCTIONAL, TASK CR OTHER -

Tz -




t

; ' “Methodology and depth of resolution;_iIn generating the fault

tree, the basic question seems to be: '"Given a specified UE, what
. . ,

v

» sequénces of events may possibly take place to result in the actual

occurfence'df the UE?" Drawving the fault tree is_a deductive

+ ..

process and the general metho@ologytis th identify pfedecessbr.events

from the:tOp of the treevSucees;iveiy—ddnn'to initiating'or‘pfimal
;fé;Lgte eventa., Once cenétructed——and in'the:proce;s'of‘consttuctienf-;
'the tree 15 read_ftom the top down, noting at each level whether events
. S .
_ are inputs to AND gates or OR gates. ce _ 'L- ¢
| In‘the process of qnalitatfbe-censtruction, the analyst shou%éi-

" be extreﬁely»sbecific in formulating failure statements. Every failure
_statement should contain four vital words: "Failure of.;.hecahse
of..." (Stephens, Class Lecture, November 18 1975) or a suitable

“ . 4
‘euphemism for, them.

‘.
-

In making failure statements a suffix-prefix relationship should

BERN

exist—-that is, the suffix of ‘an output failutre event becomes the
'i‘pfefix of an input failure event. In;addition, failure statements“
shOuld attempt to use a descril‘ adjec_:t‘:’t-v_e‘ex usually with a 'negative~
. .

' connotation. For an example of- the suffigfprefix_telationship and,’

' .descriptiae adjective see Figure 6:
N . -

RS »

A

_h‘seg?




’ ' ' 5
Everit A . _ , ‘ . .
Failure of Ol '
., o ¥ mission hecause » o
- o ' of lapropac _
S . P function A ' : !

i

went Aal - o vent AB | .
“Impraper function ' j{Improper function
A because of ) A becauseé of _ .
faulty task D - | © o inadequate . T
Lo : task B >

o

Figure B;} Suffixap;efix relationéhip, descriptive adjective.-
. . . ,

In this example . (Figure 6), the wor‘improper in Event A is a d
negative descriptive adjective and also the.suffix to the failure
S : . : . ’ L . Ny
‘$tatement of Event A. In Event AA, the word improper maintains its

‘role as a negatiyé descriptiye a&jective_bui now is the prefix to the

[

failure statement of Event AA. The same is trﬁe”of the word impropef

' -in Event AB. In this example it is understood that Event: AA and’.

Eveﬁﬁ AB'Bo;h require furthéf'developmeﬁt.
'Ihérgw?ne no fifmly'se; ;ules inﬁbréaking e?enté down from one

S‘,, j flieve1-£075nother; The general procédure is to ask questio;s fegafdiﬁg
‘ eaéh event, chiefly, fWhat are ﬁhe immedigtgfprbbéble causes';f this .
eyent?" -(Stepﬁens (Ciass‘iééture; November 1£;,197g§-has'sgggested a
_"Systeméﬁié Five Steprpproachfto_Qualit;tivé Faﬁlt frée‘Dévelopmenév
for conSidération iQ,th;.dévelopmgnt of ‘each faiiure event: .. |

. . . .

29




C24

7? ‘1..>Seekﬂexpert advice from authorities--of which you may be :

onaz-—-in lnckiny for contributing~facrors which can cause

;7 L failure of each event. ‘ “f

ot
\

f»2. COQSult printed liter;kure. 'This may involve spécialized

research to - become better acquainted with the syst%? being

analyzed. oo
\ - ST ’ .I

. 3. Brainstorm with a grouk\ This triggers thinking from others

: A
" - and often is a means of haying one thought uild in anothér
1

N

‘ :ﬁu Conéiderifll possible primary, secondary, and command failures.
. (/, q/primary failure, represented by a circle, is a basic

failure which is inherent in the unit of analysis and needs |
L

napfurther development. A‘secondary failure is represented
by either a rectangle or a rhombus, depending on whether
the analys1s is to be developed further. It is an environ—

mentally induced failure. A command failure is one in.

~

which the componen? is ordered into a "failed state.' It‘“‘

does not represent failure of the component itself Command

-

failures can be represented'by either a rhombus or a

rectangle. ’ - )

5. Attempt to.locate the input;'processing, and'output failures
- :

' . 4 .
- of each event.. This is accomplished by systematically asking
. i

questions regarding each event to’ determine those factors _

which could potentially contribute to failure of the event.f

<

‘ For'egample, failure of a certain'portion of the system may
\ - be attributable to failures of input from another part-of the

- ) ‘ - .




ES . .

; . system, failures of processing within a speclflc portion of
&
‘ the svstrm, or Eailures of nutpur to avorhnr part or thc .
[ \ -' ' : . i . ﬁ‘\ ' . N

system. - " ) .

>

. c - “\ R “
LR It_should.be remembered_that in-effect Fault Tree Analysis the

. - <

S

’purpose'of FTA is not'to‘analyze all thelpossible,failure events,'

" "Just the ﬁajor ones.. The above suggestions are helpful mainly as

checks for the analyst to be sure that no important events are omitted;‘
. L T v ) o [ 4 b‘\
As the.analysis proceeds, it will be found that very similar o

events, or even identicdl ‘ones will often show ‘up in different branches

«

. of the .tree. This is signal to the'analyst to eramine them ‘in. more

..detail, particularly'if it is feit_that the likelihood of their
. , i _ .

‘occurrence is high. T ' ' . ‘ .

. The analysis w1ll be more accurate and efficient if it is done

horlzontally rather than vertically (Stephens, 1973)~—that is, if all
the 1nputs to an undes1red event are generated at the same level .

’ 'before proceed1ng to the next;level. The analysis need not proceed

any further/than the analyst desires. Some events may be represented
by 12 levels, whereas athers may be developed to only two. The
general rule is that eéach failure event shduld be developed to a

point where cause and effectwrelationshipS'can take place (Stephens,
2 g
Class ‘Lecture€, November ll 1975). The bottom of the tree for any
’\ . m
branch will adlways have termlnal events deplcted by\a c1rcle, rhomubs,

or house. For each eveBt represented by a rectangle, there must

‘always be at least two or more inp&! events.

Valldity of the tree. Once: the tree has been completely drawn

: it is validated wherever each term1nal event occurs. ‘The purpose is




to determine thaﬁ the tree is .thorough, proper1i~drawﬁ, and is true

.

. 4 s . .-
ﬂaéfr-correet to the system Being analyzed, The process for validation is

as follows (Sgeplers, Class Lectﬁre, November 11, 1975): o
1. .Each_reétangle should state an undesired'event.

2. Each termiral event should be studied closely. and the question

asked, "If this event really happens, is there any way in
which it ‘could be avoided?" 1If'any way.cén be found. to
: - COHS | _ Raiieiat ; ‘

. avoid occurrence of the event or an exception ﬁ%und to it,
-then an AND gate should be drawn above the eveht (it would .
‘replace the bR,gatezif there was not an AND ggte previously)

. . .
and a new event explaining the exception would be inserted

iﬁ-qhe<tree. Simply stated, the tree is va#i&ated at all
v  bottom or terminal events by consideringlwhéther it is possible
. to add AND gates and determining where they should be

. placéd.ﬁ‘ "'l . i L, . ;“> o ' .;t

- : C X
‘Labeling events in, the completed fault tree. Prior to quanti-

tative evaluation; failyre events in the completed fault - tree are

labeled for quick and accurate:location within’the tree. ' The b
. . . . . . ) &

methed for'lqbeling events,'des?gned by Stephens (Mimeographed Paper,

-

' 1973), uses e combination of the letfers A-Z to identify each event.

fihis combination constitutes what is called the "1oca;ioQ code" and
works as follows: (a) The code for a level one event is A, B, C,...Z.
_ (b) The code for a level two event under Event B would be, BA, BB,

BC,...,BZ. '(c) The code for é.leﬁel three event under Event BB
a . ! * ‘ _F‘ . . ' : . ‘ ' .
would be BBA, BBB, BBC,...,BBZ. (d) etc. (see Figure 7)..The number

o _ , : - ,



) F ]
’ [4
) . . Y
\‘ N . )
BBA |
M .
- / T.
. i .f
ot ~ ' ¢
- & 3 ~
. ! BBA
' - .y
N

N
Figure”7.v'"Location=Code" for labeling events in the completed fault tree.

«

3




of letters in a location code indicate the level number of that

- . . 3 .
eveunt. TFor example, Fvent BBC is a level three event. >
. . b N
. : b -

. Quantitatiye evaluation

-, E S . &
e It is not necessary for most of the team members engaged in
B (28 . . hd .
‘qualitative fault tree development or quantitative evaluation to know

more than the rudimentsbof fault tree principles (Stephens, 1976). Nor

»

is 'it the intent expressed in this paper to 8o into a detailed

“ 1

account of the mathematical principles upon which quantification of

FTA, as developed by Stephens, is based. Nevertheless, an explanation

of thermeaning of quant1tative_evaluation of Fault Tree Analysis is

necessary'and some‘basic principles related to it should be o o .<::::
gnderstood _ R . : . .
. uant;ﬁative evaluation (quantification) is the prioritizing

and.rankiﬂg of .specified failure events against,each other in order

to determine high priority_failure event sequences——-the likelihood #
. . N ¢ 3 ' 1
of accurrence of fault‘events " The objective is to identify and

isolateé strategic path (crit1cal path) of failure events leading
from tne bottoﬁ of the tree directly to the top. _A primary strategic=
path (one of greatest'enphasis), as well as a secondary strategicl

S \patﬁ, alternate strategic path, etc.,can be identified: ‘The importance' -

« T .- ] . . .
' of finding the strategic path is that it is a clear indication to the

1 o

decision maker (s) as to the weakest iinks 1in the system and provides'
information necessary for_correct'decisions (Witkin, lé?l).
The methodology usedlin tne aerospace industry to arrive at
quantification is not applicable to educatiopdl and social systems
" due to its_oﬁjectivity. Accordingly, Stephens (1972) derived'a _ | i .

t
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. [

“ subjgctive quantification technique for strategic path analvsis to
| ba used sp§d1r1cal1y on rnult trees draun for social systems. This
teghnique, is based on (1) an approach utillzing e\oert Judoments .
based on training, experience qﬁh in some cases research Fata, and
(2) thrOugh formulas deriveq from Markov Processes and Boolean Algebraf
‘to yield strategic event valaes-in<order to identify strategic pa&hs
of interest.hy intgospeCtion.‘ An erplanation'of the mathematical L@
" [ R ¥ v .

principles is beyond the scope of this paper.

The method for collecting and . organizing expert opinion is

achieved via a Modifled Delphi Approach dev1sed by Stephens (1976 s
- “ g .
. pP. 13). The process utilizes four basic subject}ve judgments as. ¢
) follows: L ) A B
{ 1. Starting with the top UE, rhnk in order of relative
’ 7/ contribution (or importance) each of the failure events
' leading into it. . . ’
) For all of ‘the 1nputs through a. given logic gate to a single
more general event, determine the percentage contribution -
_ made by each event to the more general failure event above
I § Percentages should sum up to 100 for each event.
-2. Determine con nce in the percentages (Strong, moderate,
and weak are cdmmonly used)..

© Repeat ‘the above two .steps for the inputs to each failure
event, Worklng systematically down through the tree. . .

3. :Determine the appropriate\?{equency rating for each terminal
. event at the bottom or lowest level only for each branch of
" fhe tree (rarely, periodically, and frequently occurring
are¢ commonly used). . The rating for each input to an event
is determined 1ndependent1y of the otler inputs for that
same event. '

rs
. \> 4. Determine the rectification for each end (terminal) or bottom -
' «event only (permanent damage or impossible to rectify, difficult
to rectify, and easy to rectify are commonly used). A




-

- Al FTA compdfer'ﬁrog}ém is on file at Brigham Young University
designed sy Siephénq (Collings, 1975), which can b: uced to_determiné
élgébraically the relative probability of océﬁrrence'df failﬁre;events

for dgriﬁiﬁg strategic paths (as wé114as for drawing the tree). For

. trees of’ less than 300 events, the mathematical‘calculations can be

‘done by hand, however, 'this can be somewhat time'consuming. Fér

.
—

-trees with over 300 events, and where it is the, desire_of ‘the analyét

Lo

to determine the strateéic'path via a computer prdgfam, Stephens

-

(q;ass-Lécthe, ﬁ%cémber 2, '1975) has diagramned a FTAP‘(Fauit Tree
Ardalysis Program) Quantification Input Form to aid in- the procéSsﬁ The
inpht form (see Figure‘8), an extension’ of the Modified Delphi

Approach ﬁsed by Stephens isvextremely helpful in recofding the

rooa\

- .four,pasic subjective‘judgments'discussed earlier. Using the form,

1

failure eyenté can"be entered into the computer: to yieidfétrategic
event values in order to identify strategic paths of.,interest. The

FTAP Quantification Input Form and FTA computer file at ﬁrigham
. ' : . - ) ) : ,
” Young Univérs;ty is capable of«handling a fault tree of any.configura--
- tion subject to the foliowihg-limitations:
[} ' ’ ' i ’ -

1. “up,to 16 levels of events

2.,.uptﬁo 26 cvents below a rectangle event

’

'3, up to 2048 events in the -fault tree

On small trees (less than 300 events) much valuable information

" can be gained about the system by simply inspecting the tree without

necessarily cpmpléting the quantification. Events could be .

~,

~subjectively ranked agéinst each other on each level to detérmine the

strategic path without calculating the relative probabiiity of

-

occurrence.

-
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_gystem seen as a whole. - SR .

'interest.:‘
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’

Formulating recommendations

¢ P
The final step in\conducting_a Fault Tree Analysis is to make-

-

‘ o ’ S _ .
recommendations based on the qualitative construction amp'the‘ strategic

. U /

path analysis derived during quantification. In‘gddition,.through'the”

drawing of a fault tree and its analyéis, an'individualvor team'of

experts can easily identify areas in which special care should be

.given within a system to bettex insure success. If the analysis isL

.
N

made during the design of a new program, the'decisions based ‘on it ‘could
confirm original feelings or lead to deslgh changes. Recommendations
based on the completed tree and identification of the strategic path -

)

may lead to reallocation of resourcesa 1nsta11medf/of backup systgms, }_

-

»

monitori}g ‘of paths with high failure potential, prov1sions for improved .

communications, or the taking of corrective actionrqhich‘sEems_adv1sab1e ‘

y -

-fault tree .and d1scussin0 the strategic paths w1th personnel at variods'

A4 -~

levels of the organization often results in the formation of excellentj
. . .

© 2

Suggestions for improvement and creates an appreciation for: the entire'

)
.

« . . N . T . . . ‘ : ) .
One of the great values of FTA, as it relates to the formulation

- of rEcommendations,'is that emphasis is focused largely on.the bottom o

o - : , R RR.
levels qriterminal ‘events of the tree,, i@ each bottom event is avoided

or:* rectified then l‘gically the entire sequence of . fa11ure events -
@ .

e ’ ° - .

s . “

: B ‘ : ‘ - [
st?ategic path inyestigated ciosely,'but also each,berminai event of

g

‘ (Stephens, 1974, -1976). Furthermore, visualiy displayint7 the cdmpleted B

. above it would likew1se not occur QStephens, Class Lecture December L

.2, 1975). .Hence, in formulating recomméndations,*not.oniy i the . °
- SO



°approach'.can be used in a more‘simplified andvahbreviated form.and

lfollowed in performing a Fault Tree Anal ysis (Stephens, 1974).

& S
. . . . o -

&

’ - ! .IE‘ ’ ) : . .
This concludes a description of the general steps in fault tree

, - - LY . :
cons tru"tlon and analvsis.' It ic imdnrtant to more that the fawlt tree
P - .

”

'étill be very useful. In fact, it has been demonstrated by decision R

. ‘o
i .

) makers that they could derive useful information from any of the steps

Present Use of Fault Tree\Analysis in Education

As indicated earlier in this paper, the first fu11 scale applica—

{

- tion of FTA to education was pioneéred in 1967 68 by Witkin and
(_"s.

Stephens under the sp1ces of the Alapeda County PACE Center, Hayward,

g 8

California (Witk n and Stephens,»1968) The purpose of that study was

to develop a master plan of-occupational’preparation’for youth in the

'8 qhools of Alameda County. Identification of the UE in the Fault'-
‘Tree Analysis was: "Failure to be employed full time in an entry—

'1eve1 job with possibilities for advancement " (Witkin and Stephens,

»"

1968 p 25) The tree had eight distinct but related branches with

. well Qver 700 faildre events. The average depth of resolution was

. - g
seven lpvels with some-branches extending to level twelve.,‘A

-~
” . 1

strategic path was calculated which revealed thie most probablb modes of i

."‘. Q C - ::9 ‘ v,

occurrehce within the system. Even a simple inspection of the tree

; provided very‘useful informatidn about potential hazards which;was'of

<

value to educational dec¢ision makers in vocational administration,

curriculum development etc. (Stephens, 1973).
The study resulted in many findlngs, the major ones of whic'

indicated that the preparation for employment and the actual process

\

o 40
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: 1968) _ Information gleaned from the tree was made available to educa-

4

of employment is more complex of a problem than is,often assumed. The'b

need for improvement of oral communicationvskilks, individualiaiiF' )'”

)

'-instructlon, fornu]ating ace1uate objectives and te1chino str1te°ies, and

’

- correct asseSsment of student abllities was. noted (Witkiﬁ and Stephens,

oY

-tional planners for system redes1gn, proper allocation ‘of resources, and

C planning for future needs. Th1s 4nitial attempt to apﬁly the fault tree

':technique to education demonstrated the feasibility and value of Fault.

Tree Analysis in resolving some problems in vocational edusation

Steph 1972 . : -
( ep'ens, ' ) . o -

Since 1968, Witkin and Stephens have successfully-applied Fault
. . R 3 " .

Tree Analysis §p other problems in education.;vIn,l972 application was
made to organizatlonal communication systens (Witkin and Stephens, l972)

In 1970 Stephens conducted a FTA of/the Church ofs Jesus Christ of Latter—
i 4

Day Saints Church Edupation System throughout the South Pacific (Stepheno,'

14

Distingulshed Lecture Series, Utah State University, 3974) In_1972 he 4

4

devised a subJective quantif1catlon techn1que and since then has acted as

A

' a‘consultant in applying Fault Wee Analysis to many areas of education.

. . . .\ .

At preseht, the relative feh'people skilled in Fault Tree
T o .

' Analysis limit its'current.use in education. ‘Most of the current studies

°

using FTA as a research tool have been undertaken at righam Young

Un1versity and are of recent orig1n—41argely due to the fact that Dr.

.4 y

Kent Stephens is presently affiliated with that university and is there .
A

teaching the technique. N
: 4

s During the l974—751school year,JCollings,(l975) conducted a Fault

Tree Analysis of a high schoolvrecreation program in order_to develop

o 41 | s
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recommendations for teaching students how ‘to effectively use their

leisure time. The study was undertaken 'at two selected school districts

_— ~

in Dritish Columbia, Canada_.,\in developing inputs to the qualitative

’fault tree and in quantifying it, a committee of nine experts expended
gapproximately 100 man—hours'(Collings, 1975) " In addition, Collings -
spent _about another 150 man-hours in clarifying'and rewritingjinputs,

preparing the quant1tat1ve data for computer processing, etc., The

N -t . . -

4comp1eted fault tree depicted 479 failure events. With one exceptionp/

all logic ‘gates were.OR gates.  Four maJor divisions or branches of

the tree were developed, varying in depth of resolution'from three‘levels
. e ' ‘L ' :
. to nine levels. All failure events were secondary events (rectangle

. or rhombus) except for two houses and one circle.
o S (Ngison'(l976)'conducted an extensive Fault Tree.Analysis at the
Col?ege of Eastern’ Utah to determine the cause and effect relationship

which resulted in the college s failure to

1, Provide educational opportunities uhich met hasic academic
needs‘of students. o

2. Provide educational opportunities which serve student ’

v ki /voca%ional needs.} |

/3. Create an atmOSphere'nhich encouraged fulfillment of student‘

& social needs and developmentiof a positive feeling of self

-worth.. B . o
4. Serve the professienal needs of its personnel. '

. 5. Serve ‘the education needs of the EaSternlUtah,community.

+
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) 3 ’ . - . .
, Over 30 members of the faculty, staff, studentbody, and community

‘ ware dire:tlv involved as committea mambert in qualirative fault trea

'development and quant;Lative evaluation. Approximutchy 500~man—hours

) were spent _the committee and 810 failure statements’ related to the,

B

@

: mission'a
1976) ~

During- the 1975- 76 school year, Long (1976) applied FTA as a

a
-

o research tool_to'identify and prioritiae internal communicatibn-failures
jWithin the community college'dlStrict'thrpughout the V%ntura Countyn.. g
~ Community Coilege District, Venturé,'California. Long selected nine

committee members from among Key'managementlpersonnel of the local

community college district with a combined total'ofibg'years emperience'

in community college adm1n1stration. A'total of~approximate1y 150

man—-hgpurs were expended by the committee in performing qualitative fault

tree evelopment and in quantification. An addiékonal estimate of 100

man-hours was spent by the analyst in rewriting input failure statements,

preparing“data for quantification, etc.. The cOmpleted tree had 476

NS
’ . . . -

ailure‘events.' All logic gdtes connecting,failure events Were OB gates.
Th ee separate branches of the tree weré developed _ .-. _} N
Copeland (l976) has most recently conducted a Fau]t Tree Analysis
'i1n the Department of Physical Education at Brigham Young University,
Provo, Utah to identify possible problem areas within that department:

A committee of faculty: members ané graduate students assisted in the

qualitative development and quantification of a fault -tree made up. of

“-,133 possible failure causing eventsi

[

of the College of Eastern.Utah were generated (Nelson,'

1/
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EYAMOLE OF A FASLT TREER ANALYSTS

-~ .

In this section an example of a mission analysis and the qualita-
tive construction ofla fault tree is,presented. Although the.fault tree

°

presented in this example was drawn specifically for use in religious'

education, 1t is useful as a protdtype and to a degree can be used as

algenerallmodel. The tref should not necessarily be construed as -
. H . . . . - \ . . ) . . ' .
representing the final drawing. It could, if desired, be developed .

:

further and in some cases altered. The‘analysis of the prototype fault
.o : _ . oo g
. tree has been undektaken only to the extent of drawing the tree and.

verifying the inputs (validation) 'Quantification of the tree requires

a. probability evaluation which is beyond the scope of this " papex The

_fault tree, herein describcd is displayed in the appendix of this

paper..

)

- Problem Identification

The Church of Jesus Christ of Latter—day Saints (L.D S ) operates

'

. .a released time religious education program (vhere enro&lment warrants

~and local laws permit) throughOut several western states (Utah,‘Arizona,
. 4 Y o

'Idaho;&New Mexico, and- Wyoming). Students participating in the program
are released from their regular public school classcs for approximately

one hour each school day to-attend seminary,. where,‘in a. religious
‘j%}tting L.D.S. Gospel precepts are taught. Besides daily tlass
A I ) 3 . - .

instructfon, numerous after school activities anduextra—curricular
- 'activities are available:for interested students. These activities are
nenerally unger the dircction of SPGC1lled students selected by the




-

seminary faculty to serve as seminary offisers or student leaders. _
> . o . . . . P
q 3 1 -.. . - - ' .“ . . .~ : . .
It was the desire of tho author to assist in the devéldoment and admninis-—
v . *

ration of an efféctive student leadershipiprogram for use/in small,

released time L,D.S. seminaries, -
v

A systems definition ﬁas undertaken and bounds ani/isnstraints
og

vere identified so as’'to limit the étuizht leadership p ram for

-~

use in released,time'L.D.S.;seminaries_ ith an enrollmenﬁAof 250 students

.6riless, staffed by one or tyo teachers which would promote fr{?ndship

among students, instill a desire for students to learn the Gospel, and

provide opportunities for students to ve spiritual experiences. The

- exact mission statement read: "Development and administration ‘of a

student leadership program in~re1eased—timé‘semingries, staffed by one or

' two teachers, which will promote within each student enrolled in class a

feeling'of acceptance by peers;-a desire to understand the Gospel,band an

 opportunity to feel the influence of the Spirit."

Based ‘on’ the mission statemeht and system defidition; a mission
. ,

' aﬁalysis (see Appendix, Figure 9) was performed which identified

0

five basic functions and 18 distinct tasks.
: : . .

In viewing the mission analysis, several undésired events were

. " considered and it was decidedithat the UE would be: _"Failure tb develop

and administer a student leaderéhip program in released time L.D.S.

. sémiharies'staffed’by one or two_teachérs vhich will promote within each

C student'enrolledfa.feeling of acceptance by.peers, a desire to understand

4

. the Gospel, and an_ opportunity to feel the influence of the Spirit." .In

P . : . .. . . 4 )
this particglar case the UE happened to be the reciprocal of the mission

-

stagement.

L <
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Qualitative Fault Tree Constructiog

. C . ' [
. \ ) . . R} )
Gualitative Fault tree counsitvuction was begun by scoping thi :
initial levels,of the tree derived froin the mi'ssion analysis..
.+  Most of the events depicted.in the fault tree in this paper are

‘ secondaryv(reCtangle or' rhombus) failure events. The .tree has five
separate branches and levels ofgdevelOpment for any single'path,range

from two levels to six. The completed tree has 141 failure eVEntai» '

The actual geﬁeration of the inputs in the qualltative development

of the tree was undertaken chiefly by the author with some assistance

.from the seminary princlpal at Bountlful—Millcreek Seminary, Bountiful,

N

Utah and the district coordlnator ‘of ‘the Davis County -Seminary District.
'The "Systematic Five Step Approach to Qualitative Fault Tree Development

'suggested by Stephens (Class Lecture, November 11, 1975) wvas utilized in

formulating failure statements for use in development of t“p\tree.
: Approximately ten hours was expended in formulating inputé"fqilure

Ag statements) and another eight hours in clarifying the stat dnts and
/éctually drawing the 'é_ee. The inter-relationship of failu‘ g\rents in
the tree are depicted only by the OR logic gate. The KND logic gate is-

: s Y T
not used in_this fault tree. P A ‘ _‘.. o

’prototype fault tree. The tree was inspected thotoughly‘by theqsemihary
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ERIC

Aruitoxt provided by Eic:

el

. . . . . L - .
from the inspection of the tree, the following were among the major
¥ . ' M - . ) o
veedad recormendationss - : . o . )
Co v : . = . o . Y
1. It was agreed that a written job description be made available -
. : ' )

for each student oﬂfiéer’listing'his specific duties as well

» il
“ay those of other officers.: .
: . . - s

2. It was agreed that student leaders be in charge of and‘deiegate'
p . R ‘ ‘ N . o .
T wJLthority to contact and commit peers to attend morningsides

o : : : A B . . - )
(inspirational mqetings), testimony meetings, ?nd othestudent

.
> . i
\ - r

”

activities.

3. It was determined that a regularly scheduled weekly meeting

(specifying time and place) was necesséry between. student /
leaders and.teachers to coordinate agtivitieé. ' . ﬂ
v . _

4. Student leaders were given responsibility to assist‘ih 
. N - . . .
motivating peers to keep.current in assigned class reading.

5. Student leaders were placed in charge of .classroom devotionals,

:i . - . Al N -
.being qble to recgive,assistance,from the teacher if desired.

1
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. ‘CONCLZSIO::' ' |

" In October of 1968 Witkin and Stephens (p. 42) wrote' : \\
At the point to which faS! tree analysio has now been’

"developed for educational problems, it is not possible to predict:

its ultimate usefulness to educational planners. Certainly, the

.state of the art is not yet- at the point where its. full potential
can be unequivocally demonstrated

‘pTen years has seen considerable development of the fdult tree
Process, largely due to the work of Stephens in devising a subjective
quantification.technique. "Although the relatively few persons skilled
in educational FTA presently limits its'application, the.efforts‘of

‘FStephens-and others in teaching the technique.will certainly have.a'

.
L, E . o~

mushroom}n effect as time goes on.
Vo * {“‘(
, Fault Tree Analysis is not seen as a panacea for ‘use in the

. systems approach, nor is it necessarily a replacement for .other forms
- : < B . : B - ‘ "

of systems analysis. Its effectiveness stems from its focus on "how
1 . .
- N . - , : v S
things can fail to work" and from this perspective it is of great value,

for it‘leads to explicit recognition of possibilities for trouble which"

Ay
A3

'might.otherwise be overlooked.l o | : o l J
Ultimately, the value of“Fault_Tree Apalysié lies in its potential

. for accurately‘identifying,those failure modes within a system which,
o Af prevented or minimized will increase the probability of success of the

| . N
systeni. The suggestion is not 1ntended that mere avoidance of

~

. ”~ ’
'

identifiable failure modes will guarantee success, but it definitely can

promote success. .
SO - 2
) ' -

One factor which can considerably facilitate the use of FTA is

. that it can be applied- as a most simple or a ‘most sophistitated
48
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_ analytical tool, depeunding on the needs of the analyst. The eoncepts of
Fzult Tree Analvsis ara oUtstandingly‘simple, hoyever, coaz truct1rf

N e ' _ o o . g v

1
© suitable fault trecs--asnacially ifor conulc\ educaLlonal systams-—

reduires_thoroughzunderstanding of the system béing anali%ed (or immediate
access to individuals who do) as well as a mastery, at least for the

_ o - R , o 5 .
~analyst, of the teehniques of fault tree construction. Team members

assietino in an analysis need only understand the rud1ments of Fault

,‘_._ -

- Tree Analysis. Undoubtedly, the future of FTA in education will depend

largely:on the number of 1nd1v1dualsééra1ned in the technology, who

also possess an ability to adapt it to pertlnent problems in. education._

One final note. In the opinion of the author, it is a wise

administrator who-designs processes which enable decisions to be made:

.

" . by others and does not make all the decisions himself. He permits
people, within limits, to choose for themselves. Fault Tree Analysis
; TN . ' ' .
does not say, . '"Do these things and you.will be successful." Rather,

-

byt&denflfylng what not to do it seems to be procIaim1ng, "You' are
free to determine the avenue Wthh is most suitable for you to ‘achiéve

sucsts however‘ these strategies should be avoided_in order,to enhance

the pos°ibillties for success.ﬁ In a Biblical context, FTA declares, -

PThou mayest choose for  thyself, for it is given thee; but it is intended

that thou shalt not fail! A

O

ERIC

Aruitoxt provided by Eic:
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Gate Symbol

Output

Inputs

- Outputs

K

Pridrity
descrip—'

Restric—
tion -

Q e e

ERIC YT

Aruitoxt provided by Eic:

Y

1 )
Gatnsy

Clessarcy:s o Logprin

-
4

ER Y

Defdinition:-

‘The AND Gate describes ‘the logical

operation whereby the coexistence of
all 1nput events is required to
produce the output- event.

~
.

o

" The OR Gate defines the s1tpation

whereby the output ‘event will exist °

exists.”

Lo

.

9 if _one or more of the imput events

The PRIORLIY.AND Cate performs the

same logic funct101 as the AND Gate

required :

. with the additional stipulation that -
sequence -as well as coexistence is

The EXCLUSIVE OR Gate funotions as
"an OR Gate with the restrictions that
specified inputs cannot coexist, o

03



Gate Symbol o Definition:

£

Output

Inhibit.

\  $ . INHIBfT Gates -are AND Gates in wnich
condition;

_one of the inputs ocecurs with enough
consistancy to inhibit the other-

“(periodic) inputs. The other input events
- : ' . directly produce the output event if
AR ,Inputs ~ the indicated condition is sémisficd
- * .or occurs. The condition is.” '
represented by an ‘oval if it describes
y _ a specific failGre mdde and a.

< ol #  rectangle if it describes a condition

Inhibit '

, that may exist for th% life of the

.y condition system. —_

A . . .
TN ; ,

- “/_J',..

- .

(permanent

-

:

v

. -

.\ v "(stephens, 1973; p. 34)
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. .“
. , . L . ‘ ‘ ¢
.” e .. -Fault Events - , - &

s ' R . . " v Y : _ -
Event Symbqﬁk\ L o . Dgiinicion: _°
L . .

I 2 .
R N\ . > o

Output - ., Co;gitionsﬁu ~ 4 The MATRIX Gate §38 an abbreviated ,
REECT % BN . , ' .mepresentatioﬁ of a combination of
g » ¢ eventg, fhich can be represented
bwa series 3f AND Gates symmed .
| togeth by an OR Gate, in which -
‘ , sqme of the inputs are common among )
e, , '® the differdnt AND Gate§.
—» S, %
' Lp " w ’ » : ¥ H w .

‘ ,* & . The RECTAMELE identifies an event that
d000 0 feSults _from the combination of fault
. N © eyensws through the imput logic gate
o, | & * o or for whichggdditional fault tree
. PR ’ development exists. The event is an
_ v " , .. input to the logic gate above the
o o . rectangle. o -

+ The RHOMPUS describes a fault event
which is not developed further in
the tree, bgcause (a) the necessary -
informgtion is unavailable, (b) the
evdnt is relatively unlikely, or
(c) time, technology,”or bther

L ‘constraints preclude analysis- to
- . ‘further depth.

r}‘

»

: _The CIRCLE describes a basic. fault
; s eveat: that requires no further
. development. It is a primary N &
. ..., failure of a discrete element due
_ e f”j ftd“ité iﬁtefngl*condit}ons.
\ v ’ T " ) , &
' "The OVAL specifles conditions among ..
inputs to lggic gates. It defines
ythe state of the system that permits
a fault sequence to pccqi.wand may .,
be either normal to the system or -
. ~ result sfrom. peculiarities among

':failures.' . o
DN

" . . . .
s o o L : L . 9
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Aruitoxt provided by Eic:

Event Symbol'

ab

.

: further analysis.

51

Definitions: N
Thae HOUSE indicates an event that.is
normally expected tu occur, such

as a phase change or pcriodic

surge of events in a dynamic systea.
It is a basic input, requiring no
The small TRIANGLES are used as )
‘transfer symbols. when parts of the
tree. are transferred to another

page or section of a page. A line
from the apex of the triangle.

indicates a ."transfer in" and a line

from the side denotes a ."transfer .
out,”" of a portion of a fault tree.

(Stephens, 1973, p. 35)
- ' ' : /
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'C//", o _ o _ ’ 'Taéij, L
’ ‘ ' © ' Devotionals '
S ' Function A - 'Testimonybueetings.
, Providing an -
R ' o ' °PP°rtP“ity for Reading/Lessons
- : ‘spiritual exper- :
iences " Morningsides
" Misgion Statement - .o Seminary Socials
Development and ad- Function B ) ‘ .
# ministration of a Creating and Monthly Zone Meetings

maintaining an
atmosphere of

social accep—
tance

student leaderéhip
program in releas-
ed~-time seminaries,
staffed by one or
two teachers,
vwhich will promote
within each
student enrolled
in class a feel-
ing of accept-

© ance by peers,.a
desire to under-
stand. the GospeY,
and an oppor- °
tunity to feel

§

In-class activities
which involve socizal
interaction and every

student. in glass '

Function C .~ .__- Selection of Lgaaers'_
OﬁganiZational.' ' : : .
planning ~ Explanation of duties

: L of' leaders

Training of seminary
council officers

the influence - Function D |
of the Spirit. Leadership *= | Training of head class—
. - r
: ' : .training room zone leader
. Training of claésrdom
o zone leaders
-;f ' . - - "COUnseling &'cOnsuiﬁation '
: T - . ) m
) - Function E D Readding
4 Motivating ~ : o - 2

students to
want to under-

Lessons Kl

stand the Class discussions
Gospel - : . e T T
. . ‘ ' : S
R . S
Figure 9. Mission,aﬁalysis prototype fault tree ';
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:|Fatlute to develop'and alninister a student
‘-kMuwmpmgminmhwtheLDm N
seninaries staffed by one or two teachers

- (which will promote within each student enrolled
|a feeling. of acceptance by peers, a desire to |
‘|understand the Gospel, and an opportunity top |-

"|feel the influemce of the Spirit

A

B

G

)

C N R

rallure of mission
|because of lack of
opportunities for
lspiritual experi-

lence

Failure of mission
necause of inade-
'huate atmosphere
for social
ceeptance

Ratlure of nissto
because of failurgs
reduted tp,organiy

| zatdonal phapning|

Failure of missiol

leadership train-
ing )

because of impropgr

hecause of unsuc-
cessful atuuent
motivation to-

responsibifities of each -

leader

Figuf;e 10, Prototype fault tree. |
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“{nadequate devotion
als

A
Taflure of missior

because of lack of

spiritusl experier

P

opportunities, for|.

>

&

\.

1

e
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l w

-
ek of opportunitis

L
- fpr Spiritual expers
i

bnces because of

o

AN
Al |

Lack!of opportun-

|of unguccessful

ities for spiritud

AL

]

‘IU’: : |

fiack of opportuni-

1ities for spiritual

experdences becaude fexpetiences begaus
of ‘fatlured relate

lessons in class-|

AN

s 40U

Lack of opportuni?
ties for spiritua

experiences becaude

of unsuccessful

(Lack of 0ppcrtuni-

ties for spivitue
experiences becauge
of failure of

students te read

|testimony meeting

i L

- Failures related t

morningsides becau
of ‘poor student |
attendance at”,

orningsides

,‘ s,to attend,
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