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.11'.6.101)TiCTION

Statement,of the Problem

. .

r

In recent yearAthe amount of-education related' research has

A

grown at an unprecedented rate. ,It can be' said that in the educational

1969's a knowleage explosion occurred and will undoubtedly

continue through the 1970's'aiid beyond. Prominent in this influx of

1nowledge has been the application of systems technology and systems
_

analysis to aid in the solving of educational problems.,

Analysis,of a fiystem, in relation to accomp]Lshment of previously

established objectives canbe viewed in terma of two basic approaches:

(1) analysiS in terms of success or actomplishtent of a system's_

purpOse4--that is, whfit must.or should be done.,in order to achieve

desired results;.or (2) analysis in terms of failure or non-accomplish,-

ment of a. system's purpose. lthough failure prevention is becoming
10" jV

increasingly important, 'the general procedureo both the past and

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

more difficult and.time consyming to predict or determine what
.

,

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

_-/
-

which cause failUre: Furthermore; among a panel of experts in any

specified system, itgenerally is easier to achieve consensus as to
)7)%

what constitutes .failure in a system than what constitutes success.
A

hence, in the field of education 1 f decision systematically

.isolate fai,lure modes,within a system,-the probability..for success
,

be enhanced., The problem is to explore and suggest a systematic
"Th.)

.
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approach to analysis of factors eOntributing to failure for the purpdse.

of incrisiTI, s'ccu. prollit'v in r2dm:;441ou

Purpose of Stud

The purpose of this study is to introduce. to concept of Fault

Tree Analysis as a systems. tool and to determine the.implications

'of Fault Tree Analysis as a technique for isolating failure modes

in educational systems. Specific objectives inclUde:

1

1. To define FaultLTree Analysis and disduss tts_histony as it

relates to the systems approach.

2. To describe the step by step ptocess for implementation and

use of Fault Tree Analysis.

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

1,5

States with Fault Tree Analysis as it applies to education.

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

a problem in private education.

The put pose of this repot, then, is to discuss and present to

educatorS some background in Fault Tree Analysis al applied to

educational planning, evaluation, and'ProbleniSOlving, together with

an explanation of the present use of Fault Tree Analysis in education

.and an el.:ample of the technique as applied to a problem pertinent to

6
private education.

4.
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1

WATITR',TURE

Definition of Fault Tree Analysis

Fault TreeAnalysis.(FTA) is an'operatkons research technique

which has been used with success as the principle analytical tool Of

systems safdty engineering on,aero§pace projects. As nsed in the

-aerospace industry, Poweis (1974) states, that vault Tree Analysis

refers toevent sqhences which lead up to a.significant predefined

. failure such as loss of mission where therd/exiAs poratial for

injury of personnel and/or'large ecdpomic losses. Crosseti (1971,
"" A

53).adds:

Fault tree analyse proyides a functional development of'a
;specific final unclesi event through the logic statements
of the conditions which could cause the event. Once the final

. event is defined for'assessing system performance, this m shod
provides a concise and orderly description, of the various ombina-
tions of possible occurrences within the system, that co d result.
in the predqfined even

As used in aerospace a d other scientific disdiplines whiCh'invopte

hardware systeths, Power, (1974) further defines Fault Tree Analysfs

by indicating that-it.is a., graphic representation cathe logic which

describe information flow(in,this case failure propogatimq,in the

4

processing network. te says that the basic building blocks of the fault

tree are composed of the logical interconnections among event sequences,

known as logic gates. A logic,gate defines the input condLtions,which

mu s tbt.present in order for a failure sequence to move or propogate

up the tree. There are two basic logic gates: the "and" gate, and the

"or" gate. Bothwill be discussed in depth later in this papef,

8 3,



Recht (1965) defines FTA as a method of analysis in which an

undesired event is,selected and all thc! pl:)sible happenings that can

contribute to Ae event are diagramled in ,the form of tree. The

branches of the tree are'continued outward and downward from the

undesired event until independent events are reached.
4
Probabilities

can be determined for the independent events, and both the probability

of the undesired event and the most likely shain of events leading up

to it can be computed.

'Fault Tree Analysis diffe ;s little in definition among disciplines

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

systems--specifoically to education--Stephens (1973, 1974, 1976) has given

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

increasing-the prob4bilyy of success in any system by'analyzing-the most

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

suggesting high priority avoidance strategies for those failure modes.

. A fault tree (sometimes rferre0 to as an "event logic network") provides
,

a concise and logical step-by-step description of the various combina-

tions of potential ,r possible occurrences within a system which, could

result in the failureo the systeth.' It is a graphic protrayal or

diagram which systematically depicts the probable failure event

sequences and the interactions among these sequences which can lead
#
to

I

failure of a top, undesired event. The objective is to identify and

isolate possible failure Aodes and thereby avoid them.
..114

In 1973 (p. 3) Stephens wrote:

The process of "fault tree construction starts with a
statement \of a critical undesired event which one wants to
prevent from happening. The faulk tree is then constructed



according to a series of logic steps, showing precisely.,how
a given failure [failure as here used means the inability of a

gyteT of a T)ortion of a sy.7,'Io',1 to p?.rform its expected

fuuction(a)] EV,2At could oc;:ur. When the tree is finished,
mathematical formulas are [eau] be applied to determine the
strategic paths leading to the top (most genetal).undesired

event. On large trees the data can be fed into a computer

for simulation and quantification.
1

The value of finding the critical or strategic failure path

through FTA

maker(s) as

information

is that it provides a clear indication to the decision

to the weakest link in the system and thereby provides

for setting priorities in the decision making process

(Witkin, 1974.

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

graphic portrayal sf a functional system which has undergone the

A
process of Fault Tree Analysis utilizes a branching prtocess similar

in'outline to a coniferous tree (Stephens, 1971).

To conclude, the fault tree method of analysis takes the approach

of looking ac and analyzing the most undesirable events which could

occur iithin a-system and then searching for and analyzing failures

in sequence which cdpld lead to these undesirable.evtnts.

History of Fault Tree Analysis

The development of FTA is an outgrowth of tie systems 'safety

approach (Recth, 1965) initiated inethe space industry in the latel

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

dimension to the systems safety approac4 by introducing the concept

-of failure prevention. A full appreciation and understanding of the

history of FTA requires the necessity to view FTA in the context

10



I
of systems safety a alysis. Hecht (1965, p. 38) recounts the,

oriins of system ,,Ci2.:y an,Ily;;M:

The history of systems safety analysis really began in
the aerospate iadustry. 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 practical.

For example, until recently when a new aircraft was
developed, it was first designed, then an experimental model
was built, and finally it'was test frown to determine its
capabilities and flaws; the information obtained, indicated
the necessary design changes and the cycle was repeated
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. Moreover, missile flight tests involve loss of
the model with only limited teleMetry data obtained. Today.

the "bugs" must be found and corrected as far as possible
in the design stage using analytical technique.

The result is the development of the systems approach

to safety. The aircraft or missile is eyamined from this
point of view and the effects of any failure or malfunctions.
on the operation'of to aircraft are,evaluated to determine
the principle design defects which need to be fixed. For

these complex 8ysteins sophisticated analytical methods
have been developed... . Thus the.test pilot has beeh
replaced by a syStems safety engineer... .

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 originated
by. H. A. Watson of Bell Telephone Laboratories to evaluate
the safety of the Minuteman Launch Control System. The
technique was further developed and tefined by a Bell Telephone

Laboratories study team.

Engineers at Bell Laboratbries discovered that the method used

to explain the flow,of "correct" logic in data processing equipment

could similarity be used for analyzing the "false" logic resulting

: (

from component failures (Witkin and Stephens, 1968). A team of

analysts at the Boeing Company late.
0 .

modified the technique so that

0



the quantification.(prloritizing and determining the probability of

. .10."

occul:rncc of failure events) pi. Lhe.EaulL Lt,ce cpuld,beaccuotpl4hc!d
,

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

Although ihe.concept of FTA is of recent origin (1961), the

idea of looking for breakdowns in a system is not 'entirely new. Other

t
techniques such as the Critical Incident Technique, Cause and Effect

Analysis, etc. bear a superficial resemblaT to Fault Tree Analysis.

For a description of these techniques see Stephens, 1972.

History of Fault 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 sequence of failure.events)

had beeh demonstrated in behavorial systems. (Stephens, 1973).

The first full scale application of FTA to educational.plannina

and evaluation was that done by Witkin and Stephens (1971) in-1967-68

under tilt auspices of the Alameda County PACE '(acronym for Projects to

.Advance Creativity in Education) Center, Hayward, California. This

. .

initial applied-don of FTA to education was in the interest of

discovering a predictive tool which would act as a sort of "early

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

should direct their attention.

Regarding this first use of FTA as it applies tzeducation7, Witkin

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

I2



,In the fall of 1966, the research specialist of the.
[Alameda County PACE] 'Center was put in touch with Kent
Stephflns, then a' mnmb'er ofLa.n aerospace 17r(-up in the Boairr;

Company, .and first learned about-faUlt tree analysis.'
Subsequently, Stephens and too colletagues, David: Ilaas1 and
Jon Stephens, visited the,PACE Center to explain the principles LOY
of fault tve.analysis, and. in May 1967 they conducted a weekL--

trainihg, program p3r- school admi.nistrators and other .

interestedg.persOns under the sAgnsorship of the [PACE] Center

and the Alameda CountySchool DepartMnt. There, the first trees
applied to educational problem's/were draWn and the possibilities '

Of the,technique were 'explored.

Dr.:Kant G. .Stephens was,a member ofmgepoeing team which. modified

4
.
the fault tree technique in relation to the uantification bf failure

events enabling it to be accomplished with a digital computer

(Watkins and Stephensi 1968), and Wood (194, P. 2) has identified

Stephens as "...the father of the quantification and application of

Fault Tree Analysis to eilucation. Dr. Stepheng is currently an

Associate Professor in Education at Brigham Young University, Provo,,-.

4(

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

The fault tree is constructed by showing the relationship between

.various kinds of events which could cause failure of the system.

These relationships are symbolized by logic ga\te-i:- The concept of 'logic'

gates is the heart of the fault tree technology and they are the factor'

which causes it 'to differ from othet forms of analysis. Stephens

(1973, 1974, 1976) has described the concept of logic gates extensively

-..r



and indicates that two principle inds of logic gates exisi, the AND

gate and the OR gate. All other gates used in PTA are derivatives

of these two types. .\

GrAphicalli,. the AND gate is depicted,by:the symbol

and is used swfien two or more events must coexist in order.to produCe'

the more general event. Figure 1 depicts the portrayal of events

related by an AND gate as they would,appear in a fault tree.

A

B

Figure 1. The AND gate.

This tree would be read; Events B and C must coexist in order to

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

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

14



0.

. .

The use of the AND gate(s) occurs much less-frequently (in some

canes not .at all) in .b-2havorial systems than in, hardwax.e syItr:.Ms.

The OR logtt'Fate occurs most commonly in behalvorial systems.

It is used when, of two or more possible inputs to an event, any one

OF

alone could produce ,the output. The OR gate is depicted graphically
)

by tie) symbo\ Figure 2 depicts the portrayaL'of4tvents

wit

related by an OR gateasthey'would appear in a fault tree.

fr

Figure. 2. The OR.,gate.

10.
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The tree depicted' .in Figure 2 would' be read : Either IS or C

events alone.w1.11 prod%ce Event A, no mathematical equivalent of this.-

is A = (B C;.

Stephens (1976) notes,two general kinds of OR gates--:the

INCLUSIVE. OR depicts the situation in which either E t B or C or

both could result in Event A. The EXC USIVE'OR situati differs

in that either Event B or C could produce Event A, but-b th B and Ca. , .

could not occur at the same time. It-should be noted that with-

-

either the AND gate or the OR gate logic, more tha, wo inputs may

exist to any event, however, it is always necessary to, have at least

two inputs.

Basic fault, tree symbols

. Besides logic gates, the other set of symbols used in FTA

depict ,the types of inputs and outputs 'or events. Events, whether
t

they be'inputs or outputs, are classed according to their nature.:

Stephens (1973,'1974, 1976) suggests the following symbols as those

most commonly used for fault trees:

Rectangle: Identifies an event that results

from a combination of less general fault events thrOughLan associated

lOgic sate:

development

All events symbolized by rectangles have additiel

or analysis in the 'faOlt tree. '-

2.. Circle:

no further development

Identifies, a..)3ASic, failu

is required: The ;decision egarding whether the

eventin which
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event is a'Jdasic one or not depends largely on the perspective
4 ,

'of the analysis. A'basic 4ailure event,ocgurs -alien. the,definition o

w -

an event is_sufficienkly explicit to satisfy...the. purpose of the

analysis., It is a failure inherent within the unit of analydis.

.

t

) ,

.

3. Rhombus: Identifies an even which
,,,

is

..,

not developed further beca se of (ajInSufficient infoYmation,
.

.":1,

.
.z 1

(b) very remotejikelihood of odcurrenqe, or ,(cidue to ots er
- . _ 1

constraints (eg. time, money, etc.) which preclude lartber anal

,

A%
.

. -

If dt 'a later date, however, constraints are removed'and it is

4 qr
or

. (

desired to 'analyze the rhombus in greater depth, then it can be
r .

changed to a sect ngle'in which cage it could be developed and.,.

analyzed further Stephens, 1973).- The' rhombus. has no.relatiOn'ship-

with the diamond used as a decision point in flow charting.

4. House.:' Identifies an event which, under normal

conditions, is txpected 'to-occur in the system defined and by itself

may not -cause a failure event.. The importance of noting -it, hcrver,

is that when combined

failure event.

with other events it might contribute a

..- 1

These provide the basic symbols used in.fault tree analysig and r

4 .
1

construction. A few other symbols and definitions have been'identiLied

by Stephens 01973) and appear in the appendiX of this paper.
- .

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

tree branch which is readas follows: "Event A can be produced eithei

by'Event B or EventGor both. Event B can be produced only by the



13

coexistence of Event's D and E. Event C can be produced either by

Evnnx F or; Event C or both." (Storpens,.1973, 1974', p. 6;

' 1976, pp. 7,8) Event E is viewed as 'a primary or a hb.slic-failute event'

'aitA Event. F is an.eventwhieh is, normally- expected to ocCur within the

system, but .which can contribute to Event C. Events D, E,'F, an. G-Lat
,

,- ,

the bottom of the treerequire,no ,further awalysis om 'development.
%

. 45 i
:.

. .; 1

A k,
A'

r.

1 ,

L

C.%

ti

Figure 3. Illustration of a fault" tree branch

18



')h4ve e _ntS depicted by the circle, AlOrtil/us, or house; These signify

the' end of developmept. an the example_ port in Figure 3,1, ,tiore

ate two branchei of thier-tree''and. three levelS of,dee/Opmentor

4
a

The bottom of the tree for any fault tree branch Should always

14 .

4,

analysis

Steps in Fault -Tree Construttion
. ,

,
-:,1

1 y
. , ,

.
It must be remembered that the &atilt tree method was inWally

- ...,

4i' '17.
developed for useein systems. Although.,relatively.,11,tfle

.
i' OP , ,N

has been published on the cOntept, a few scattered articles.exlaining.

the procedUres for conductifig a,Tault Tree Analysis have appeared

amongrveral disciplineg (see Power 1974; Efsner,:1972; Vlsely;,;.
.. r

1970;' Elians, 1974;. Fussell, et al-, 1374 Croissitti, 1971): AlthoUgl%

similar,procedures vary somewhat among authors an between

disciplines. Since the purpose of this paper .1.'s to explor* Fault.Tree
A .

Analysts in\an educational context, references. to technique
1,

methodology Twill be taken chiefly from Stephens who has pio d.th

concept in edutaViok (Wood, 1975) and behavorial systems. In 1968-

Witkin and- Stephens wrote that the p _nciple-S-Df,Fault Tree 'Analysis,

as they applied to education, were undergoing furtherwdeveloppent

anckwere subject to change." Hence, in-considering the general steps

in fault tree construction and,analysib care.will be Itaken, to cite the

most current references available.
,

The present state of the art identifies the following as general

stepgfin Falf Tree Analysis' (Stephens, ClAS Lecture, 'October

1975):



1. Systems definition

15

2. M4.7,..ion- analysis

3. Identification of undesired events

4. Fault hazard analysis

-5: Qualltative,faul iree construction

6, ;, Qtkantitative evaluation
. -

Pormula4ug-i-ecommendatIons

- Systems efinititigfl A
.

Systems definition essentially, entails formulating the exact

problem to 141yzed:.-.Systems definition should'Specifically state

the goals, and /or objectiveS of the system to be analyzed.: When

preperlySta'ted these goals and/or' objectives become known as the
p

mission statement. The mission statement should include an explana:-

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

iounds are those factors over which there is no control and restraints

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

Lecture, October 28, 1975).

Mision analysis

Mission analysis includes the mission statement=that is, what

is to be accomplished, and it identifies the specific performance

00T.Sements of criteria neeessary.indrder to successfully complete.

the mission. Within the bounds and constraints set in the systems

definit5ion. It is a statement of the missior; along, ith the required

functions and tasks necessary to-complete the miss on (Witkin, 1971).

20



The-mission analysis is derived by(systematically considering

the rafor functions necisary to -;lcom::slish tba miSsion n-nd thOse_

. ,

importilnt tASks whia must be accomplished within ech function.

Stephens (1972) states that two steps are.pregent
.

in perforil,ling a
:

.,
SSiOR

,

ana .-M1lysis: ,.(1) The first step is-to list the major functions
.

that will be needed to accomplish, the mission statement given
r

16'

h ,

previously in the systems d efinition:- This is referred.to7 .

4 ! .

function 'analysis, and provides an answer to th4- uestion, "What" %.,.
.. .:

?
are the major functions' needed to accomplish the ission or goal

,

'statement?" (2) The second step, in performing -a mission analysi s

is to consider the major tasks which must be accomplished within

each function and is referred to as task analysis. T process,

as here described, is illustrated in Figure 4 (Stephens, 1972, p. 25).



Mission

17

hii'
Task A3_

(It/.

Task Bi,
Task

Function -B Task B3

.

.% N,

'Step 2:0,

Statement of
goal; purpose
or intent

Function C

Step 2.1

Ef:idOting

of
netions

needed to
accomplish
mission

'TaskvCi

'TaskC2

Step 2.2

.Listing of
, _tasks needed

to accomplish
each function.

,Figure 4 Schematic showing major steps in mission analysis.

The performance of a mission analysis permits. the performance of

function and task analysis. They, in turn', greatly facilitate

Fault Tree Analysis during qualitative fault tree construction

1 -

because they allow the idedtification of s ecificlailure events

more readily And effectively than with simply an examination of

missions and major functions (Stephens, 1972). In short, mission

analysis enables the analyst(s) to see the system under study in

abroad perspective and to identify specific problem areas for

later analysis.

22.



- Identification of
urrired events

ftiL Based oa the mission or zacals sLatenc the syst.cms' definition

and the mission analysis, the atalyst or team of expertS'conductin

a FTA would list those events which they not want to-happen relative

18

to the system under investigation These events should be'written

in' terms of failure and are the m nsg identifying the major

undesired events Which could odcurn the,SyStem.

It3may appear that selection of the major undesired events

based on the mission analysis,end-in fact the entire analysis for

'failure in the fault tree process is simply the logical,reciprotal

of analysis for success. To a degree this is true, however, eXperierice.
, .

, ,
has shown (Stephens,' 1976) that failurettnalysis gives added perspectives

on a"system which is far beyond the notion that analysis for failure
iI

is merely the logical inversion ofanalySis for success.

By examining failure modes, the fault tree process generates

,questions about a system which would not
\

occur under the usual

conditions of success analysis. Furthermore, analysis it failure.

As generally much more conducive to consensus formationtamqng a, group

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

to agreement on what. not to do, than. consider and attempt to agree

on the many facets of what should be done.

Fault Hazard Analysis

the major undesired events h'ave been identified they are

`ranked in relation to each other-, inorder to determine the highest
4 I

. priority undesired event. There fh no hard set rule as to how the

23 e ,



ranking can or should be accomplished.

.of fL17:a hi3h..!st priocity undc!sj_re4 cent is ted Fault Ea?.ard.,/)

This determination and selection

Analysis (Stephens, glass Lecture; October 28, 1975).

Qualitative fault tree construction

Qualitative fault tree construction, begins after the selection of
*,

_,a top or most generll undesired event. .Fault tree construction' is f-

generally the most tedious and the most critical aspect of Fault
,

Tree A al \ysis,'for ht this point the analyst begins sketching or drawing

the fault tree, It should be remembered, that the fault. tree consists

of events, interrelated by logic gateS, resulting in,sequential pathways

of potential failure. Analysis begins with the precise statement of

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

may be failure of the entire system expressed in terms of failure of

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

task crucial to the success of the mission. Regardless, it stands

at the top of the tree, and analysis proceeds downward and outward..

Inputs to the UE in turn become contributing failure events in a

perceived cause and effect relationship (Stephens, 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

knowledge ofthe system under analysis, or immediate access to experts

who do. /T4-

Scoping the tree. After selection of the UE, the initial phase

and general format orqualitative fault tree construction is to look

closely at the mission analysis as depicted in Figure 4 and convert it

into a graphic fault tree. Figure 5 portrays the mission analysis

24
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converted into the form of a fault tree. This process is called

"sconinz the tree" (Stenllea3, Cl-is L:ctur&, November 11, 1975) ancl.

is the basis of additional development and accurate analysis. The
,

scoping of the tree generally results in three distinct levels of
..

development (mission, function, task). Stephens (Class Lecture,

November 11, 1975) has stated, "The first three levels of the tree

are usually the policy levels."

20
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ETC, ,

ETC,--

UE

FAILURE OF

MISSION

Al

FAILURE OF MISSIN

BECAUSE OF FAILUUS

RELATED TO FUNCTION

A

ETC,

FAILURE OF MISSION

BECAUSE OF. FAILURES'

RELATED TO FUNCTION

FAILURES RELATED

TO FUNCTION B

'BECAUSE OP FAILURE

OF TASK 1

FAILURE OF TASK 1

BECAUSE OF FAILURE

OF FACTOR X

Cl

FAILURE OF TASK 1

BECAUSE. OF

INADEQUATE, FACTOR

Y

lop sof .4 .._ ETCH,

FAILURE OF MISSION

BECAUSE OF FAILURE,

RELATED TO FUNCTION

Bl

TO FUNC ON B

BECAUSE F FAILURE

TASK 2

..ETC, A
FAILURE OF TASK 1

BECAUSE OF

FAULTY TASK

f

__ETC.

FAILURES R LATED

TO FUNCTION B

BECAUSE OF FAILURE

OF TASK 3

'it INDICATES TRANSFER TO OTHER FAULT TREE

BRANCHiS FOR CONTINUED FAULT TRiEDEVELOP-

MENTITILIZING FUNCTIONAL, TASK CR OTHER'

FAILURES ELICITED FOR LOWER LEVEL FAULT

TREE DEVELOPMENT

Figure 5, General format for Oalitative fault tree construction ."Scoping the free,"
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4 methodology and depth of resolution. "In generating the fault

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

sequences of events may possibly take place to result in the actual

occurrence of the UE?" Drawing the fault tree is a deductive

prooess and the general methodology'is to identify predecessOr.events
. -

from the top of the tree successively downto initiating or primal
. .

1>loir.i events. Once constructed--and in the'process of construction--

the tree is read.from the top down, noting at each level whether events

are inputs to AND gates or OR gates.

In the process of qualitatfve construction, the analyst should

be extremely specific in formulating failure statements. Every failure

statement should contain four vital words: "Failure of...because

of... Otephens, Class:Lecture, November,1 , 1975),or a suitable

<euphemism" for, them.

In making failure statements a suffix-prefix relationship Should

exist-that is, the suffix of an output failure event becomes the

prefix of an input failure event. In addition, failure statements'

should attempt to use a deseripikve adjective; usually with i negative

connotation. For an example of the suffix-prefix relationship and:

descriptive adjective see Figure 6:
a
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*ant. Ml
Improper function
A because of
faulty task D

Event A

Failure of
mission because
of.imorop
function A

Figure

Event AB I

Improper function
A becaube of
inadequate
task B

Suffixprefix relationship, descriptive adjective.

In this example (Figure 6), the worioimproper in Event A is a

negative descriptive adjective and also the .suffix to the failure
v.

statement of Event A. In Event AA, the word improper maintains its

role as

failure

a negative descriptiye adjective but now is the prefix to the

statement of Event AA. The same is true of the word improper

in Event AB. In this

Event AB both require

example it is understood that Event, AA and

further development.

There. ar.e no firmly set rules in1breaking events down frog one

leverto another. The general procedure is to ask questions regarding

each eVent, chiefly, "What are the immediate probable causes of this

event?" (Stephens (Class Lecture, November 11,.1975) has suggested a
-

"Systematic Five Steps-Approach to Qualitative Fault Tree Development"

for consideration in.the development of each failure event:

29'
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. .

.
Seek expert advice from authorities - -of which you may be:.

, .

one--in looldn3 for contrihutinrfactors which can cause

failure of each event.

Co ;sult printed liteqlure. This may involve specialized

research to'becoMe better acquainted with the-systr being

analyzed.
\ .

'3. Brainstorm with a grou . This triggers thinking from others
h

and often is a means of haling one thoughtcmile in another.

Conaidersipll possible primary; secondary, and command failures.

4/Primary failure, represented by a circle, is a basic

failure Which is inherent in the unit of analysis. and needs

no further development. A. secondary faiiUre is represented

by either a rectangle or a rhombus, depending on whether.

the analysis is to be developed further. It is an environ7

mentally induced failure. A command failure is one in

V.
which the component is ordered into a "failed state." Ii.

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

of each event. This is accomplished by systematically asking,

questions regarding each event to determine those factors

which could potentially contribute to failure of the event.

For example, failure of a certain-portion of the system may

be attributable to failures of input from another part of the

30
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system, failures of processing within a specific portion of

the systc.mor failures of output to another part of the

system.

It should be remembered that in effect Fault Tree Analysis the

purpose of FTA is not to analyze all the, possible failure events,

just the Major ones. The above suggestions are helpful mainly as

Checks for'the analyst to be sure that no important events are omitted.

As the.analysib proceeds, it will be, found that very similar
tr

events, or even identi 'ones will often show up in different branches

of the tree. This is signal to theanalyst to examine them in more

detail, particularly if it is felt that the likelihood of their

occurrence is high.

The analysis will be more accurate and efficient if it is done

horizontally rather than vertically (Stephens, 1973)--that is, if all

the inputs to an undesired event are generated at the same level

'before proceeding to tne next,level. The analysis need not proceed

any furtherfthan the analyst desires. Some events may be represented

by 12 leyels,-,whereas others. may be developed to only two. The

general rule is that h failure event shduld be developed to a

point where cause and effect relationShips'can take place (Stephens,

Classlecture, November 11, 1975). The bottom of the tree for any

branch will always have terminal events depicted brie circle, rhomubs,

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

always be at least two or more inp3k events.

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

it is validated wherever each terminal event occurs. The purpose is
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to determine that the tree is thorough, properly drawn, and is true

4-..eprcorreet to thn system being analyzefkl The ilroces:i for validation is

-as f011ows (Stephens, Class Lecture, November 11, 1975):

1. Each rectangle should state an undesired' event.

2.. Each terminal event should be studied ,closely,and the question

asked, "If this event really happens, is there any way in

which it 'could be avoided?" If'any Nay can be foundto

avoid occurrence of the event or an exception found to it,

:then an AND gate should be drawn above the vet (it would'

replace the gate ,if there was not an AND gate previously)

and a new event explaining the exception would be inserted

in the tree. Simply stated, the tree is validated at all

bottom or terminal events by considering, whether It is possible

to add AND gates and determining where they should be

placed,

Labeling events inthe completed fault tree. Prior to quanti-

tative evaluation, failure events in the completed fault-tree are

labeled for quick and accurate location within'the tree. The

method for labeling events, deigned by Stephens (Mimeographed Paper,

1975), uses ft .combination of the letters A-Z to identify each event.

This combination constitutes what is called the "location} code" and

workg 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 a .level three event under Event BB

would be SBA, BBB, (d) etc. (see Figure 7) ...The number
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Figure 7. "Locatiom Code" for labeling events in the'completed fault tree.
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of letters in a location code indicate the level number of that

Event. For exaMple, Event MC is a level tilree event.

Quantitative evaluation
ti

It is not necessary for most of the team members engaged in

qualitative fault tree development or quantitative evaluation to know

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

is'it the .intent expressed in this paper to) go into a detailed

account of the mathematical principles upon which quantification of

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

of the meaning of quantitative evaluation of Fault Tree Analysis is
. ,

necessary and some basic principles related to it. should be

.understood.

Quantitative 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

of occurrence of fault'events. The objective is to identify and

isolate strategic path (critical path) of failure events leading

from the bottom of the tree directly to the top. A primary strategic

path (one of greatest emphasis), as well as a secondaiy strategic

,path, alternate strategic path, etc. can be identified. The importance

of finding the strategic path is that it is a clear indication to the

decision maker(s) as to the weakest links in the 'system and provides

information necessary for correct decisions (Witkin, 1971).

The methodology used in the aerospace industry to arrive at

quantification is not applicable to educatio 1 and social systems

due to its objectivity. Accordingly, Stephens (1972) derived a

3':



29

subjective quantification technique tOr strategiC path analysis to

be used spVificaily on fault Crces.draun for social systems. This

technique is based on (1) an approach utilizing expert judgments

based on training, experience, and in some cases research 1ata; and

-(2) through formulas derive4 from: Markov Processes and Boolean Algebra

to yield strategic event vales in order to identify strategic paths

of interest by introspection. An explanation of the mathematical

principles is beyond the scope of this paper.

The method for collecting and organizing expert opinion is

achieved via a Modified Delphi Approach devised by Stephen's (1976,

p. 13). The process utilizes four basic subjective judgments as.

follows:

1.

Y/

Starting with
contribution
leading into

the top UE, r
(or importance
it.

nk in order of relative
each of the failure events

For all of the inputs 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

it. Percentages should sum up to 100 for each event.

-2. Determine conf pee. in the percentages (Strong, moderate,

and weak are cawmonly used)..

Repeat the above two.steps for the inputs to each failure

event, Aorking systematically down through the tree.

3. Determine the appropriate f equency rating fog` each terminal

evdnt at the bottom or lowest level only for each branch of

the tree (rarely, periodically, and frequently occurring'

axe commonly used). The rating for each input to an event
is determined, independently of the other inputs for that

same event.

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

35 .
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AW FTA computer'program is ,on. file at Brigham Young University

'_signed by Stephen.; (Collings, 1975),twIlicli c ^n b .used to determine

algebraically the relative probability of occurrence of failure events

for deriving strategic paths (as well as for drawing thetree). For

trees ofless than 300 events,_ the mathematica'caldulations can be

done by hand, however, this can be somewhat time consuming. For

trees with over 300 events, and where it is the, desire, of the analyst

to determine the strategic path via a computer program, Stephens

(Class Lecture, ecember 2,'1975) has diagramMed a FTAP (Fault Tree ")

Analysis Program) Quantification Input Form to aid in, the process: The

input form (see Figure.8), an extension'of the Modified Delphi

Approach used by Stephens is extremely helpful in recording the

four basic subjective judgments discussed earlier. Using the form,

failure events can` -be entered'into the computer to yield strategic

event values in order to identify strategic paths of.interest. The

FTAP Quantification Input Form and FTA computer file at Brigham

Young University is capable of handling a fault tree of any,:configura-

.

tion subject to the following limitations:

1. up _to 16 levels of events

2.. up to 26 events 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 but the system by simply inspecting the tree without

necessarily completing the quantification. Events could be

subjectively ranked against each other on each level to determine the

strategic path without calculating the relative probability of

occurrence.
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Formulating recommendations

4

The final step In conducting,a Fault Tree Analysis is to make

recommendations based on the qualitative construction a \d the strategic
.

path analysis derived during quantification. InNiddition, through the

drawing of a fault tree and its analysis, an.individual or teamof

experts can easily identify areas in which special care should be

_given within a system Co betteT insure success. If the analysis is I,
.

made during the design of a new Rrogram, the'decisions based on it tould

confirm original feelings or lead to desigh changes. RecOmthendations

based on the completed tree and identification of the strategic path

may lead to reallocation of resoui-ces8 installme4.of backtipsVs4ems,

monitorip of ,paths with high failure potential, provisions for improved

coMmunications, or the taking of corrective action.which,stems'advrsable

(Stephens, 1974, 106). Furthermore, visually displaying the ndmpleted

fault tree and discussing the strategic paths with personnel at variods

levels of the organization often results in the formation-of excellent/. .

, 1 ,

suggestions for improvement and creates an appreciation fOr.the entire

system seen as a whole.

-

One of the great valUes of FT4 ag if relates to the formulation.

of recommendations, is that emphasis is focused largely onthe'bottom

levels nr,terminal events of the tree. lief each bottom event is avoided

orrectified; then loopcally the entire sequence of.failure events

above it would likewise not occur (Stephens, Class Lecture, December
. .

2, 1975). .Hence, in formulating recommendations, not only is the

sti'ategic path investigated closely, but also each, te&inal event o

Interest..-

a
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!

This concludes a description of the general steps in fault tree

constrtiction and analyF.As.- It io imtvirtant to rate that the fault tree
f

.approach-can be used in a more simplified and abbreviated form and
.

still be very .useful. In fact, it has been demonstrated by decision

makers that they could derive useful information from Any of the Steps

followed in perforMing a Fault Tnee Analysis (Stephens, 1974).

)Present Use of Fault Tree Analysis in Education

As indicated earlier in this paper, the first full scale applica-
.

tion of FTA to education was pioneered in 1967-68 by Witkin and

Stephens under the auspices of'the Alameda County PACE Center, Payward,

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

to develop amaster plan of occupational preparation for youth in the

-satols of Alameda County. Identificationof the UE in the Fault-

Tree Analysis was: "Failure to be employed full time in an entry-

level job with possibilities for advancement." (Witkin and Stephens,
1

1968,,p. 5). The tree had eight distinct, but related branches with

well over 700 failure events. The average depth of resolution was

seven levels, with some-branChes extending to level twelire., A

strategic path was calculated which revealed the most.probablb modes of

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

piovided very useful information about potential hazards whichwas of

value to educational decision makers in vocational administration,

curriculum,devplopment, etc. (Stephens, 1973).

The study resulted in many findings, the major ones of whit

sp

indicated 'that the e-preparation for employment and the actual process

40
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of employment is more complex of a problem than is,often assumed.

need for improvement of oral communication stalks, individualizi

instructio'i, formulating adequate objectives and teaching'strategies, and

correct assessment of student abilities was noted (Witkift and Stephens,

34

1968). Information gleaned from the tree was made available to educa-

tional planners for systemredesign, proper allocation of resources, and

planning for_future needs. This'initial attempt to apply the fault tree

technique to education demonstrated the feasibility and, value of Fault

Tree Analysis in resolving some problems in vocational education

(Stephens,'1972).

Since 1968, Witkin and Stephens have successfully applied Fault '

Tree Analysis to other problems in education.' In 1972 application was

mode to organizational communication systems (Witkin and Stephens, 1972).

In.1970 Stephens conducted a FTA o- /the Church ofi Jesus Christ of Latter-

Day Saints Church Eduation System throughout. the South Pacific".(Stephens,

Distinguished Lecture Series, Utah State'University,41974). In 1972 he

devised a subjective quantification technique and since theit has acted as

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

At present, the relative few people skilled in Fault Tree

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

using FTA as a research tool, have been undertaken at

University and are of recent'origin-1argely due to

ham Young

the. fact that Dr.
,.

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

A

4

teaching the technique.

° During the 1974 -75 school year,-Collings(1975) conducted a Fault

Tree Analysis of a high school. recreation program'in order to develop

4.1
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recommendations for teaching students how-to effectively use their

leisure time. The study wa.i Und2rtaken'at two selected school. districts

in British Columbia, Canada,,- In developing inputs to the qualitative

"fault tree and in quantifying-it,.a committee of nine experts expended
0

-approXimately 100 man-hours(Collings, 1975). In addition, Collings

4
spent about another 150 man -hours in clarifying and rewriting. inputs,

preparing the quantitative data for computer processing, etc.; The

completed fault tree depicted 479 failure events. With one exception_t_/

all.logic.gates were OR gates. Four major divisions or branches of
7"

,

the treeewere developed, varying In depth of resolution from three, evels
.

to nine levels. All failure events were secondary events (rectangle

or rhombus) except for two houses and one circle.

Xels'onP(1976) 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 which met basic academic

needs of students.

2. Provide educational opportunities which serve student

e vocational needs.,

.3. Create an atmosphere' which encouraged fulfillment of student

social needs and development of a pbsitive feeling of self

worth.

. Serve the profeasianal needs of its personnel.

5. Serve the education needs of the Eastern Utah. community.

'11
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Over 30 meMbers f the faculty, staff.; studentbody, and community

were dirtly involved 8s committer! meMber in qualitative fault true

development aad quantixative evaluation. Approximately 500 man-hours

were spent 1 the committee and 810 failure statements related to the

mission a of the College of Eastern Utah were generated (Nelson,

1976).

During.the 1975-76 school year, Long (19.76) applied ?TA as a

r
research tool to identify and-prioritize internal communication failures

within the community college ctilstrict throughout the Ventura County

Community College District, Ventura, California. Long selected nine

committee members from among key management personnel of the local

community college district with a combined total of '69 years experience

in community college administration. A total of approxitately 150

.
man-h urs were expended by the committee in perfctming qualitative fault

tree evelopment and in quantification.An-addiilional estimate of 100

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

preparing,data for quantification, etc.. The completed tree had 474

allure events. All logic gates connecting failure events were OR gates.

ee separate branches of the tree were developed."

Copeland (1976) has most recently conducted a Fault Tree Analysis

in the Department of Physical Education at BrighaM Young University,

Provb, Utah. to identify possible problem areas within that department.

A committee of faculty members an6 graduate students assisted in the

qualitative development and quantiiication'of a fault tree made up of

L33 possible failure Causing events..
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F,Y,:AITLE OF 2. FAUT7 TaFE ANALYSTS

In this section an example of a mission analysis and the qualita-

tive construction ofa fault tree is. presented. Although the fault tree

presented in this example was drawn specifically for use in religiouS

education, it is useful as a prototype and to a degree can,be used as

a:general:model.. The trer should not necessarily be construed as
\

representing the final drawing. It could, if desired, be developed

further and in some cases altered. The analysis of the prototype fault

tree has been unde*taken 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 paper. The

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

paper.

Problem Identification

The Church of Jesus Christof Latter-day Saints (L.D.P.) operates

a released time
-
religioUS.education program (where enrollment warrants

and local laws permit) throughout several western states (Utah,` Arizona,

Idallo;,,New Mexico, and Wyoming). Students participating in the program

are released from'their regular public school classes for approximately

one hour each school day to-attend seminary,. where,'in a.religious

tang L.D.S. Gospel precepts are taught. Besides daily tlass

instructCon, numerous after school. activities and-extra-curricular

activities are available for interested student:. These activities are
st,

generally.unler the direction of specified students selected by the
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seminary faculty to serve as seminary offirs or student leaders.

1,
It *gas the desire of thn author to assist in thci develOpment and adminis-

ration of an effective student leadership.Tro ram for use

released time L.D.S. seminaries.

in small,

A systems definition was undertaken nd bounds and cgilstraints

'were identified so as'to limit the student leadership p ogram for

use in released.time.L.D.S.:seminardes pith an enrollment of 250 students

or less, staffed by one or two teacher which would promote fIcendship

among students, instill a desire for stu ents 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,released-time seminaries, 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, and an

1 opportunity to feel the influence of the Spirit."

Based o 'the mission statement and system defiliition, a mission

analysis (see Appendix, Figure 9) was performed which identified

ive basic functions and 18 distinct tasks.
.,

In viewing the mission analysis, several undesired events were

considered and it was decided that the UE would be: "Failure to develop

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

-.)
seminariesstaffed'by one or two teachers which will promote within each

student enrolled'a feeling of acceptance by peers, a desire to understand
A

. the Gospel, and an.opOrtunity to feel the influence of the Spirit." In

this particular case the UE happened to be the reciprocal of the mission

statement.

45
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Qualitative Fault Tree Constructiot

Qualitatixa, fault tree. cou,Lruction was b.,!guu by scopiag tb
itritial levels,of the tree derived from the mission analysis..

Most of the events depictedAn'the fault tree in this paper are

secondary (rectangle oerhombus) failure events. The tree has five

separate brandies and leveld of development for any single path range

from two levels to six. The Completed tree has 141 failure Wiente...,

A
The actual.g6eneration of the inputs in the qualitative development

of the tree was'undettaken chiefly by the author with some assistance

from the seminary principal at Bountiful-Millcreek Seminary, Bountiful,

Utah and the distridt coordinator of the Davis County Seminary District.

The. "Systematic Five Step Approach to Qualitative Fault Tree Development"

suggested by Stephens (Clasp Lecture, November 11, 1975) was utilized in

formulating failure statements for use in development of ttree.

Approximately ten hours was expended in formulatinginputdrifqilure

statements) and auother eight hours in clarifying the stai nts and

/Actually drawing the 4ee. The triter-relationship of failutOents in

IF

the tree are depicted only'by the OR logic gate. The kiDclogic.gate.is.

not used in this fault tree. ,

1 4

0!0:t

Recommendations

The entire process of quantification was nO-E.Under.O.ktn for ,the
. 4

'prototype fault tree. The tree was inspected thoroughl:y:by.the*Minary

principal, di*trict coordinator, and the author and-catsomq:1T,Ols,teverits

were ranked against each other. Although numerous'suggedtiop:euiVe4

k
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from Ole inspection of the tree, the following were among the major

radnnocndaLiors:'

AP
1. It was agreed that a written job description be mach! available

each student officer listing his specific duties as well

those of other officers.

2. It was agreedthat student leaders be in charge of and delegate

uthority to contact and commit peers to attend morn ngsides

(inspirational meetings), testimony meetings, and other--student

activities.

It 'was determined that a regularly scheduled weekly meeting

'(specifying time and place) was necessary between.student

leaders and.teachers to coordinate activities.

4. Student leaders were given responsibility to assist'in

motivating peers to keep.current in assigned class reading.

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

being Ible to recgive.assistance from the teacher if desired.

47
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CONCASION

In October of 1968, Within and Stephens (p. 42) wrote:

At the point to which fa tree analysis 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 itsfull potential
can be unequivocally demonstrated.

Ten years has seen considerable development of the-fault tree

process, largely due to the work of Stephens in devising a Subjective

quantification technique. Although the relatiely few persons skilled

in educational FTA presently limits its application, the efforts of

Stephens and others in teaching the technique..will certainly have a

mushroompg."effect as time goes on

Fault Tree Analysis is not seen as a panaCea for use in the

systems approach, nor is it necessarily a replactment for.other forms

of systems analysis. Its effectiveness stems from its focus on "how

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

might .otherwise be overlooked.

Ultimately, the value of Fault Tree Analysig lies in its potential

,for accurately identifying those failure modes within a system Which,

if prevented or minimized will increase the probability of success of the

system. The suggestion is not intended that mere avoidance of
.0%

identifiable failure modes will guarantee success, but it definitely can

promote success.
I--

One factor which can considerably facilitate the use of FTA is

that it can be applied as a most simple or a most sophistibated
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analytical tool, depending on the needs of'the analyst. The concepts of

Tr'e Anolvsis o6ts;:and1n,2,1y'5.1.m6le, con2trlicti-n,;

.
.suitable,faulttrecs--eaDocially for cozplex educational systems--

requires. thorough understanding of the system being analYted (or immediate

access to individuals who do) as well as a mastery, at least for the

oanalyst, of the techniques of fault tree construction. Team members

assisting in an analysis need only understand the rudiments of Fault

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

largely: on the number of individuals4rained in the technology, who

also possess an ability to adapt it to pertinent 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. lie permits

people, within limits, to choose for themselves. Fault Tree Analysis

does not'say, "Do these things and you.will be successful." Rather,

bylidentifying what not to do it seems to be proclaiming, "You are

fiee to determine the avenue which is most suitable for you to achieve

success, however, these strategies should be avoided in order to enhance

the possibilities for success.' In a Biblical context, FTA declares,

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

that thou shalt not fail!"
.0
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Gate Symbol

Output

inputs

Outputs

Inputs

Output

e1 o7.91ry:Lcw.r:-:

Definition:-

I

Inputs

Output

48

The AND Gate describes the 'logical
operation whereby the coexistence of
all input events is required to
prOdUce the output event.

The OR Gate defOes the ,situation
whereby the output 'event will exist

trif.oneor more of the input events'
exists."

The PRIORITY.AND Gate performs the
same logic function as the AND Gate
with the additional' stipulation that ''
sequence as well as coexistence is
required.

Ttm EXCLUSIVE OR Gate funOtiOns,as
an OR Gate with the restrictions ttit
specified inputs cannot coexist.
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Gate Symbol Definitiorv,

A

OuLput

Inhibit
condition

,Inputs

Output

49

INHEBfT Gates are AND gates in which
one of the inputs occurs with enough
consistency to inhibit the other'
inputs, The other input events
direCtly produce the output event if
the indicated condition is satisfied
or occurs. The condition is.'
represented by an oval if it describes
e specific failtfre mode. and a,
rectangle if it describes a conditiori
that may exist for the life of the
system.

(Stephens, 1973; p. 34)
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. 1.

hvent SymbeA,

50

r

.Fault Events

Inputs
r;

4

,1W

4

The MATRIX Gate 4s an abbreviated
vrepresentatiog of a combination of

-' event*, 4hich canbe represented
byba Seriesigf AND Gates summed
togetheg by an OR Gate, in which
scipe of the inputs are Common among
the differlikt AND eateg.

4
0w

The RECTAild,E identifies an event that
ieSults from the ,combination of fault
evens tirough the input logic gate
or for whichodditional fault tree
diyelopment exists. The event is an

, input to the logic gate above the
recta e.

The RHOMAUS describes a fault event
which is not developed further in
the tree, because (a) the necessary ,

inform4tion'is unavailable, (b) the
evdnt'is relatively unlikely, or
(c.) time, technology,'or Other
constraints preclude analysis to

ff

further depth.
.

,The C1RCLE.describes a basic.fault
event that requires no further
development. It is a primary
failure of a discrete element due
to its internglconditAons.

,4

The OVAL specifies conditions among.1
:,inputs to 1.0gic gates. It defines
Ithe state of the system that permits
a fault' sequence to,koccgiimand may
be either normal to therstem or
resultifrom peculiarities among
failures.



Event Symbol

4.

Definitions:

Iln:TSE indicates an evr2nt

normally expected to
as a phase change or
surge of events in a
It is a basic input,
further analysis.

51

occur, such
periodic
dynamic system.
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 aH"transfer in" and a lire
from the side denotes a."trinsfer
out," of a portion of a fault tree.

(Stphens, 1973, p. 35)
A



Mission 'Statement
Development and ad-

"' ministration of a
student leaderShip
program in releas-
ed-time seminaries,
staffed by one or
two teachers,
which will promote
within each
student enrolled
in class a feel-
ing of accept-
ance by peers, a
desire to under-
stand- the Gosp#,
And an oppor-
tunityto feel
the influence
of the. Spirit.

Function A
Providing an
opportunity for
spiritual exper-
iences

Function B
Creating and
maintaining an
atmosphere of
social accep-
tance

Function C
Organizational
planning

Function D
Leadership
training

Function E
Motivating
students to
want to under-
stand the
Gospel

Tasks

D*!votionals

Testimony Meetings

Reading/Lessons

Morningsides

Seminary Socials

Figure 9. Mission analysis prototype fault tree
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Monthly Zone Meetings

In-class activities
which involve social
interaction and every
student. in glass

Selection of Leaders

Explanation of duties
ofIleaders

Training of seminary
council officers

Training ofrhead class-
room zone" leader

Training of classroom
Zone leaders

%

Counseling & consultation

Reading

Lessons

Clits discussions

?'

7 .

le;
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a'

Failure to develop:and administer a student

leadership progra0n,releand.timeL.D.Si

seminaries staffed by one or two 'teachers

which will promote within each student enrolled

a feeling,of acceptance by peers., desire to

understand the Gospel, ad= an opportunity to

feel:the influence of, the Spirit

A 1

laffure of mission

because of lack of

opportunities for

spiritual'experi-

ence.

Failure of mission

)ecause of inade-

pate atmosphere

For social

acceptance

Failure of mission

because of failures

related to,organi

zational Oanning

1

Failure' of missio

because of iMprop

leadership trdin-

ing

Failure of lissio

r beciuse of usue-

cessful atuhnt.

motivation

undpro a pel

CA
CB

Fail

0

be

determ

responsib

leader'

es rela

anizational pla

se of fai

e d

to

ning

e to

es and

ities of each

Figure 10, Prototype fault tree.
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Failu

bec

select

s relat

, nizational pla

se of failu

ader

to

ing

to

CC

Failures related

organizational p1

ning became of

failure to .select

goon leasers

0
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CCA

Failur ect

goo

Div

cc

Failures related.,

to organizatio*

planning becau'O'ci

failure to selectr

food" leaders

,n

eaders be

failure to seek

guidanc

use

41.14,t to select good
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eaders

ctive
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CCBA
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about.
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cirest,

lar

Figure 1.0. Continued,
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Failure of missior

because of lack of

opportunities,for

spiritual experierce

AA

Lack of opportunities

:f r apiritual exper-

nces because of

inadequate devotion-

as

to,

ACA

Failures

morn

fa 4

Lackof. opportun-

ities for spiritu

experiences beep

of urisucceSsful

lessons in class-

1

e

kr

Lack of opportuni-

ties for spiritual

experiences because

oflailure§ relatei

Lack of opportuni-

ties for spiritual

experiences becauE

of unsuccessful

testimony meetings

ela

sides beca

ure, to hold an

morning

to

apnclu

S.,

0

es

ACBA

Poor studen

mornings

of tea

encourage

Failures related

morningsides becau e

of spoor student

attendance at..

3orninfisides

ACC

fir;ures

mirtir

talk of opportuni

ties for spiritua

e experiences becau e

of failure of

students ,tc read

elate

sides becau

uate planning

ingside

0
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es because
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tudent a
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failure
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:lure 10, Continued,p;
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Inadequate
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teach

planned

tiOnals in

0

allure on
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1
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I
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for spiritual expEriencee
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of lack of

in devotiona
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Figure 10, Continued
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AABB

Failure on p

student 1

good d

of lack o

motivation a stance'

AACA

Failu o. tudents

t articipat n

evotionals beca e of

fa ures. inhe nt in the

stude ( shy, fear,

rivellious attitude,et6)

AADA'

Failure of udents

to attidipate,

votionals 1,08U

sy4. t leader. 19
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devotional, planning
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Lack ofi,''portunit

for spiritual expo

because of unsucce

lessons /in class.
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ABA

0nsuccess
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the stude
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listen
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`UnsLccessful lessons in

cla'ss because of failure

of students to listen

icilessone

tan
Failure 4 students to
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discipline

Figure 10, Continued.
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