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pertise, one couldd construct a tree headed by
“J-mouth eld infant cries more than 5 min-
utes,” “bank statement does wvnt match
checkbook,” “star pilcher fails to report for
spring training,” “SAC bomber recall sys-
tem fails,” or “muclear power reactor core
melts.”

Once construcled, the tree serves as a
guide for the problem solver who might
ask: Which system is more likely to be the
source of trouble? What information would
allow me to check out the fault most
quickly? How well do | know this system
(ie, how aulhoritative is the fanlt tree),
and should T he tinkering with it myseti?
Fault trees are used nod only in analyzing
syslems that have gone astray but also in
attempting  to  desipn fail-safe  systems
Knowing how things go wrong is a pre-
requisite to drafting directives on what to
do right Faull trees have heen instrumentat
in the design of techmolagical systems from
spaceships to nnclear power plants { Atomic
Iinergy  Commission,  {9%75;  Green &
Bourne, 1972, Hryan, Note 1)

Fault trees arc also used fo estimate fail-
ure rates for complex systems whep histori-
cal data for the system as a whole are un-
available. Prohabilities are assigned to each
of the pathways to faiture aml are then
combined to provide an averall failure rate
Such analyses wrre the primary methodo-
logical tnols in the §3 million Rasmuissen
stady, which assesscd the prohahilily of a
catastrophic loss-of-roolant accident i a
nuclear  power reactor  (Afemic  Tnergy
Commission, 1975} ault free analysis has,
however, come umler atteke from critics
who question whether it is methodulogicatly
sound enough to be used as a hasis for de-
cisions of great comsequence {cg., Bryan,
Note ). One major comvern of the critics
is that omission of refovant pathways dae
to ignorance, poar mensory. or lack of tmagi-
natinn would lead o an underestimation of
faiture probabilities ( Keneall, 1975

As with many other kinds of problems
(Newcil & Simon, 1972}, any troubleshoot-
ing situation can he represented in a variety
of ways Tor example, in constructing the
fault tree in Figure b it was necessary to

decide how much detail to provide for each
system; whether to present minor systems
like ‘'mischicvous acts” separately or to
lneap  them with “all other problems”;
whether the four Hems grouped in “fuel
system defective” actually belong together
or whether the last two might best be isted
separatefy with a heading like “carburetion
problems” ; whether to use the graphic dis-
play or an outline; and whether to nse this
level of specificity, or more, or less Making
these decisions will depend on considera-
tions Bke the purposc of the analysis, the
amgunt of knowledge available ahout the
issue in question, amlt how much of an effect
vach of these aspects of presentation has on
the way prople evaluate the system

The stickies reported here look at the
impact of three such “arbitrary” aspects of
the way in which fault trees are presented
and the way in which they arc evaluated
These are: {a} what is listed specifically
and what is feft to all other probiems, (h)
how much defal is presented for the vari-
ous "branches” (systems) of the fault tree,
and () hiow various systems are grouped
iite hranehcs.

Aside from their interest for students of
problem solving, such questions may be im-
portant for those concerned with the man-
agement of risks in our society The lay
puhlic is increasingly called npor to decide
whether e risks from various technological
systemis are pcceptable in the Hght of the
accompanying henefits The risks from many
proposed  projects  {eg, nuclear power,
fiquid matural gas, recombinant DNA re-
search) are varied and complex  Typically,
they are presented to the public hy technical
experts whn in wne way or another use
fault Iree representation In preparing their
presentalion, they must make arbitrary de-
cistons Hke those listed above

Understanding what difference these do-
cisions make might help us umderstand (a)
whether the public is being properly in-
formed (¢ g, Is risk information being pre-
sented in ways feading to ils subjective over-
estimation or underestimation 7}, (1) how
technical information can be communicated
so that it is pereeiverd most veridically, and
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(c} what possibilities exist for manipulating
perceptions through judicinns fanlt tree pre-
semtation. I the perceptions of cxperts are
also affected by variations in tree representa-
tion, we might learn something abot how
tn improve the hasic methadology of a tech-
nique used for momentous decisions

FExperiment 1: Pruning the Tree

However exhaustive one wonld like to be
in the design of a2 fault tree, al some poing
it is necessary o stop listing alternatives
and combine the remainder into & catepory
fabeled stnething like ol ofher problems
tn theory, listing every possible cause is an
endless chore, and i practice, Hsting many
implassible  causes could  overwhelm  the
fault tree's designers and viewers with hi-
zarre possibHitics that might diver! atten-
tion from the primary possililities In fx-
perinent 1, we stodied the sensitivity of
an cvalvator to faull tree components that
have heen amitled Tn this initial investign.
tion, we looked for gross effects, these ob-
tainedd by deleting suhstantial portions of
tree without specifically indicating their ab-
seace b the real world of design and dis-
aster, clements can e Ieft ol either inad-
verlently (the designer Jacks the appropriate
knowledge or imagination) or consciously
{the designer collapses certain categories
mto the “nther” category for 5impficity;
the designer omits cortain pathways to niake
the system appear safer)

Two contrary hypotheses can he advanced
for the impact of deleting major conpoe
nenis of a fault tree on o viewer's judgment
ol its completeness

One hypothesis snjgests that when major
items are deleted, it 15 quite likely that the
ahsence of at feast onc item will be detected
Once such an omission has been uneovered,
the catire analysis s discredited and the
proportion Ieft out is exaggerated. { Imagine
your reaction o discovering that # pur-
ported fadt Iree for “car won't start” con-
tains no mention of hattery failure ) Many
public discussions reparding nuclear power
and ather lechnological risks would scem to
sapport  this hypathesis  Members of the

public scrutinize a fault tree prepared by a
technical expert, discover {what seems to
them to be} an important omission, and
doubt the quality of the entire analysis and
the competence of the analyst (epg. Rar-
rager, ki, & North, 1976; Birnbanm,
Wong, & Wong, 1976; Settle & Golden,
1974)

In contrast with this “credibility” hypoth-
esis, the “availability” hypothesis {Tversky
& Kalneran, 1973) suggests that what is
ot of sight is also out of mind Problems
that are not mentioned explicitly may not be
thought of Peaple may not realize what s
missing and. therefore, may overestimate
the eompleteness of the analysis Suspecting
this tn he the case, critics of technological
projects who discover omissions in {ault
trees have cast doubt not on Ui competence
but an the integrity of the analysts, charging
the analysts with deliberately nmitting proh-
Iemis to induce the public {o underestimate
the ttal risks associated with the project

A third hypothesis is that people have
sich welladefined frequency representations
in their minds (Howell, 1973) that they will
appropriately realize what is missing. It is
also possible that availability and credibility
effects might cancel one another. producing
apprapriate jidgnents of all other prohlems

M ethod

Stimulus  The hasic sthnulus for all stadies
reparterd here s the car woen't start falt tree of
1='ip:.un- Pl was construcled by consulting a
varicty of shop and repair manuals. mechanies, and
rar buffs to make it as complete as passible !
We chistinguish between three levels of detait:
Level ], which prosests just the system names
(cg, “hattery  charge insufficient™) ;.  Lerel 2.
which lists three tn five component problems for
each system (eg. {a) faulty ground connectipns:
(Y} terminal fnose or corroded; (¢} h:mrr};
wenk ) and Lerel 30 which grovides fuller deeail
for each of the component probiems that coutd be
claborated. that is, everything shown in Figure 1.

' To our chagrin, the first starting failure en-
countered hy anynue cannected with this study was
ol fnriurfrrl in our fault tree: an ignition key nnt
turning heeause the steering wheel Inck had canght
the ignition switch
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Subjects in Experiment 1 were presented with
Level 2 detail

Design  Four separate groups of subjects par-
ticipated Two groups received the full, unpruned
tree of Level 2 They differed only in that the
experimenter read aloud the entite tree to one
group (n=15B); the other group (m=]J5) read
the tree by themselves, without an enforced amount
of time for examining it. Each of the two other
groups was given a diflerent proned tree; one
group (1 =29) saw a tree that was missing the
starting, ignition. and miachicl branches. aod the
other group (0= 26) saw a proned tree that
lacked the battery. fuel. and other engine branches
Since the hrst twn groups showed no differenee in
response measures, the setf-paced read-tn-oneself
athministration was used for 1tbe two pruned tree
Rroups

Procedure Briore studying the fault tree, sub-
jects were told:

Every day, across the United States, mitfions of
drivers perform the acl of getting into an aute-
mobte, inserting a key in the ignition switch,
and attempling to start the engine  Sometimes
the engine faits to start, and the trip is delayed
We'd like you fo think ahout the varimm prob.
lemis that might he seaions enough to canse a
car to fail to start so thial the diiver’s trip is
delayed for at Jeast 1 mimue

The chart on the next page is intended to help
you think about this groblem It shows six
{three] majnr deficirncics that canse a ear's
engine to fall to start These major categories
prethably ddon't cover all possibifities, so we've
included a seventh floarceh] category. Al Other
Prablems

Please cxamine this diagram carefully and an-
swer the [nllowing question:

For every M times that a trip is delayed due
to “starting failure” rstimate, on the average,
how many of those delays are cansed by each of
the seven [four] factors  Male your estimates
on the hlank lines next 1o the factors named be-
fow Your estimates should sum to 100,

The numbers ahove in brarkels were given to
subjects who saw the praned trees

After assignitg proportion. all subjrots  were
asked :

Please answer the foliowing question: Over
the next LOBO times in the U5 that drivers at-
tempt to start their cars. how many times wifl
the drivess cxperience aiclays in starting the
ensgine serious enongh to delay their departure
by at feast 1 minale?

Answer: ... limes out of 1000

They were also asked n pumber of gquestions
ahout the extent of their current and past ex-
perience with cary

Subfecty  One hundred forty-eight persons who
responded 1o an advertisement in the University
of Oregon stwdent newspaper parlicipated  They
were assigned to an experimental group according
to their preference for experiment date and hour

Rendts

The difference in the mean proportion of
problems assigned to each branch for the
self-paced group and the read-alond group
was mintmal  {Mean absolute difference
across the seven branches was 018 ) Results
for these groups were combined

I pruned tree subjects were sensitive to
what had hern omilted in the trees they
stuchied, the proportion of problems that
they attributed to “other” wounld equal the
siwn of the proportions of prablems attrib-
uteel to the pruned branches and to "other”
hy subjects who saw the full tree If the
availability hypothesis were correct, “other”
would be assigned a lower proportion in the
pruned tree; H the credibility hypothesis
were correct, that proportion would be
greater

Table | presents the mean proporiion of
starting failures attributed to each branch
and to “other " Pruned tree subjects clearly
failed to appreciate what had heen [eft out.
For pruned tree Group 1, “other” should
have increased by a factor of six (from 078
to A46R) to reflect the proportion of failures
due o starting, ignition, and mischief In-
stead, "other” was only doubled, whereas
the imporiance of the three systems that
were mentioned was suhstantially increased.
A similar picture emerged with the second
pruned tree Although these results clearly
favor the availability over the credibility hy-
pothesis, subjects did show some sensitivity
tn what had been omitted. The proportion
of problems attributed to “other” was sig-
nificantly preater for heth pruned tree
groups than for the unpruned tree group
(For both f tests, p < 001 ) In addition,
pruned tree Groap 2, which saw a tree with
more important branches defeted, assigned
a higher proportion of problems to “other”

r
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Table {
Results from Experiment 1. Pruning the Tree

Mcan propertion of starting [ailures attributed to Mdn no

atarting

. Starting  Fuel  Ignition Mig- aitures

Group " Battory system  system  aystem  FEagine  chiel (ther  in 1,000
Unpruned tree o4 64 195 193 144 076 051 078 75
Pruned tree 1 29 432 — 309 o 116 — 146m 59
Pruned tree 2 b1 E 57 — 341 — 073 227 76

Note A dasl indicates that the branch was deleterd
*» Shoukd be 468,
b Should he 611

than did prused tree Group 1, 1(53) = 2.5

Ounly 1 subject of the 55 in the two
pruned tree groups assigned to “other” a
proportion of problems preater than or
eyqual to the sum of the proportions of prob-
lems assigned o the missing  hranches
(plus "other™} by the unpruncd tree group
There was no tendency for subjects who
tited thomselves higher in cxpertise (on a
S-pnint seale) to assign a higher proportion
of problems to “other™ in any of the groups

There were no significant differences he-
tween the pruned and unpruned tree groups
in the median likelihand that 2 sndomly se-
fected car would ool start This is a bit suer-
prising, hecanse the support Tor the avail-
ability explanation neted ahove would sup-
gest that mentioning more specilic sonrces of
difficulty to wnpruned tree subjects would
fnerease the availability of starting failure
Medians were uscd because of the presence
of some extremely high estimates (¢ g, 600
starting failures in 1,000 tries), which would
have unduly affected the means The relative
frequency  of such unrealistic  estimates
(even among experienced drivers) supgests
that this measure was not entirely success-
ful, making results olained with it some-
what dubious

Discussion

Pruned tree subjects clearly did not ap-
preciate how mnch bad been left omt, and,
as a consequence, they averestimated the
exhanstiveness of the hranches they saw.
Une conbd speculate that this effect would

be cven more pronounced with fault trees
concerning technical systems less familiar
than the present

Althongh the enormity of the present ef-
fect suggests that it may be quite robust,
one might wonder whether it was due, at
least in part, to unprused tree subjects
cither (a) assuming that the experimenters
were competet amd thus had provided a
reasonably complete tree or () not attend.
ing sulliviently 1o the “other” branch fxZ
periment 2 was conducted 1o explore these
possibilitics

Experiment 2: Focusing on All Other
Problems

Methad

Fxperimont 1 was repeated with severa) changes
To focus subjects” attention on what was Teft o,
a paragraph was added to the instructions saying.
“In particolar. we'd ke you to consides its com-
ploteness, That s, what proportion of the possible
reasons for a car's ant starting arc left out, to be
tnetuded in the categoey ol other probicms P
Fheir proportion estimation task was reduced to
answering :

F(Jr_cvrry 100 times that a tzip is delayed due
to Ustarting failure” estimate. on the average,
how many af those delays are coused by faciors
not included in the chart. ... oul of cvery
0 cases would Bl in the category afl other
frenbles

Beciuse of the difficully that Experiment 1
subjeets seemed o have had in assessing  the
likelihoatd of starting failure with a rastdomly
sr:lr‘.(‘lrtf car, the question was cxpanded by (a)
asking themt not only about a rancdondy selectesd
car but also about their own car and (h) asking
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not onty for an absolute judgment (how many
times out of 1,08 atiempta) but also for a rela-
tive judgment (How many times more or tess
likely is a starting failure than a glnt tire? )

Eighty-two subjects were rccrfuted as in Ex-
periment 1 The fault trees and instructions were
read aloud

Results

Focusing  subjects’ altention on  the
“other"” branch of the unpruned tree had
fittle effect on the unpruvetd tree group. The
mean proportion of starting failures assigned
to “other” was actually slightly smaller than
the proportion in Experiment 1 (067 vs
078), #(121) = 7t 1L did, however, in-
crease by about 509 the proportion of prob-
lems that subjects who saw the pruned trees
attributed to “olher" TFor praned tree
Group 1, the proportion attrihuted lo
*gther” increased from 140 o0 217, £(49)
= | .BB; for pruned tree Group 2, from 227
to 346, £(58) = 1 Bl In hoth cases, though,
the proportion attributed to “other” was
still much less than it should have been
These results are shown in Table 2

Subjects who received the unpruned tree
with its [nll panoply of problems thonght
that the absolute likelihood of a starting

‘Fable 2

failure was greater than did subjects who
saw lhe pruncd trees (Mann-Whitney U
test, s = 242 and 177, for others' cars
and own car, respectively). About 90% of
the subjects who saw the unpruned tree
thought that starting failure was more likely
than a flat tire, compared with about 75%
of subjects who saw the pruned tree (p <
10 for difference in proportions, hoth for
athers' car and for own car) Whereas the
median pruned tree subject thonght that a
starting failure was 5 times as likely as a
flat (for either kind of car), subjects who
saw the unpraned tree thought that a start-
ing failure was 20 times more likely for a
randomly sclected car and 60 tilm,:s more
likely for their own car (Mann-Wh:tnez U
test, s = 226 and 4.26, respectively) bee-
ing the unpruned tree apparently made a
starting failure scem more likely

Discussion

Focusing subjects’ attention on what is
missing improved their awareness, but only
partially Hecause it did not lead to an exag-
gerated estimate of what was missing, stich
focusing would appear to be a valuable pro-
cedure whenever confronted with a fault

Effects of Focusing Subjecls” Attention on VAl Other Prablems™

Proportion
of prohlems
atiributed.
to "other”

Frequency of atarting failuren

Other's car (Own car

Mare likely

More tike!
H than & fat

than a fat

o Mdn  Mdn A Midn  Mdn

Ob- Should Sub- re-  out of .th— re-  outaf
Group n perved be jects  sponse 1,080 jects  sponse 1,000
- Experiment |
75
Unpruned tree 93 078
Pruned trec | 2 140 468 :;s?
Pruned tree 2 picl 227 611 )—m
o - Experiment 2
i BN R S
Pruned tree § 12 e o z 3 o B

Pruned tree 2 4 346 K31

Nete Subjects in Experiment 2 were instructed to focus on the other eategery Data from Fxperiment 1

are included here for comparisan
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tree or a similar representation 1t remains
to be seen how fault tree designers and eval-
uators can he brought to a fuiler apprecia-
tion of how wdeynate a prablem presentation
is, particularly when the missing elements
are onrs of which they are totally or
partially wnaware Perhaps a uselul rule of
thumb would be: The propartion of missing
sources of trouble is proportional to the
namher of things | can think of that are
missing muillipied by a measure of my gen-
eral familiarity with the system {where
grepder  Tamiliarity is  assigned a  lower
seore}  In other words, if T don't know
much hut sl can detect something miss-
ing. then this fault tree representation is
mpite incomplete

LExperiment 3: Level of Detail

Another diseretionary decision faced by
someone esigning a fanlt tree for public
display is how nmch detail to present. A
desipner inust consider whether additional
detail serves to inform the viewer or feads
to confusion, feelings of incompetence. or
undue appreliension aver the Targe sumber
of sources of tronble presented Experiments
Pamnd 2 showed that omitted branches are
essentially nut of mind Experiments 3 and
4 examineib the effcel on problem evaluation
of exposing more or less detail for the dis-
played branches

Method

The car-won't-start fault tree was prescnted
te dnur different groups of subjects with three
different Jeveds af detail, Lovels T oand 3 deseribed
above {system manwes only and fulb detaify and
another  called Level 2/pluc This  intermediate
level dnciuded evervihing in Lovet 2 afobng  with
Bl (Fevet 3} dletail for just one branch Subjects
receiving <uch 3 fawlt tree were tolid that a simi-
farly detailed  analysis contd he prrformed  for
othier brancles Ce group b 1evel 2/pns re-
veived Tofl adetait on the fuel aysicne; ancther re-
ceivell Dl eletail on the batiery  svetem

e bambred ten new subjicts were recrnitod
acin Exgeviments | oand 2. Questionoaires were
distribitedd in 4 grewp siting. and sulifects reard
thesn at their nwn pace

b this amd all suhseqsent expreriments. the pro-
portism estimatisn task of Exprriment | (subjerts
gave proportions fe all Leved 1 oeategories) and

the four fina} questions from FExpreiment 2 {num-
ber of faitures out of 1,000 and cemparison with
a fint tire for hoth arthers’ cars and own car) were
nsed

Results

The upper half of Table 3 presents results
from Experiment 3, along with the results
for the corresponding group given Level 2
in Ixperiment 1 The effects of the various
wanipudations of detall seem quite modest.

Oue might expect thiat when just one sys-
femy receives mnre detail than the nthers, as
in the two Level 2/plus groups, that sys-
tein's proportion of problems would he ele-
vided. However, neither battery nor fuel,
when given a greater detail, received a pro-
prtion significantly (@ == 083 larger than
hese systems received in the other groups

Similarly, one might expeet a lower
proportion of problems altrilmted to mis-
clievons acts at Level 3. when it is the
only hranch without additional detail {sce
Figure 1), than for the other detail levels
No such effeed was found

The battery and fuel systems, which had
ntore detail ot Level 3 than did the other
systems, were judged more likely by that
group (lan by ather groups (for hattery,
= 295 compared with Level 2 and 1= 86
compared witls Level F; for fuel, £ = 1.14
commpared with Level 2 and ¢ = 249 com-
pared with Level b df = 20 in all tests)

Finally, the proportion of problems at-
irilited to all other problems decreased
monotonically as level of detail increased,
for Buear trend. F{1, 141) = 7 40. p< ™

Despite the expectation that the probahil-
ity of a starting failure wonld increase as
the level of detail increased. none of the four
measures of this probability showed this ef-
feet, Tndeed. the only such measure. shown
i Tahle 3. starting failures owt of 1,000 for
others” cars. showed a nonsignilicant tremd
e the oppasite direction

Toxperiment 4

Refare conclding that detail bas only a
moddest effect, we explored the possibitity
hat mode of presestation maltered  here
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starung
failures
i LOK
112
100
£00
106
70
50
50
30

{athers’
cars

Mdn no.

(ther
B11]
092
065
{088
062
083
07
066
093
076
083

Mischief
52
46
039
051
057
060
054
.051
062
054
038

062
083
066
067
061
067
072
052
076
067
80

Engine

{gnigon
.156
151
.180
140
123
172
139
.124
BESY
127
.15%
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{although it had not mattered in Fxperi-
ment 1} We speculated that subjects pre-
sented the rather voluminons fault trees for
Levels 2/plus and 3 may have skimmed
aver them, not attending 1o the greater de-
tail they offered. Experiment 4 replicated
Experiment 3 with fault trees read aloud
to 173 new subjects. A third Tevel 2/plus
gronp was added, piving full detail on the
starting sysfem

Resulls

The lower portion of Table 3 presents the
results from Experiment 4, along with the
appropriate. Level 2 results from Fxperi-
ment 1 With Levels T and 2, the differences
between Eixperinients 3 and 4 were negli-
gible The mean absolute differences in pro-
portions {or the seven branches were 016
ardl  OFR, respectively  With Level 2/plus,
there was somewhat maore of a difference
As a highlighted branch, the hattery system

Despite the one reversal, the linear trend in
a onc-way analysis of variance was signifi-
cant, F(1, 227) = 444, p < 05

In Experiuent 4, the inerdian starting
failure rate for others’ cars was similar for
Levels 1 and 2 (Mann-Whitney ) test, r
= 56) Int somewhat higher for Levels 2/
plus and 3 than for Levels I and 2 {Mann-
Whitney U/ test, z = 183) No such differ-
ences, even marginally significant, were ob-
served for "one's own car” (not shown),
suggesting that subjects’ judgments regard-
ing their own cars were less susceptible to
this manipulation  Subjects in FExperiment
4 also showed some effect due to detail on
the likelihood of starting failure compared
with that of & flat tire for hoth their own
and others” cars. For Levet 1. voughly 75%
of subjects thought that starting fatlure was
more likely; for Levels 2, 2/plus, and 3,
approximately 90% thought so The differ-
ence in proportions was significant (g =

Mean proporuion of starung failures attributed to

a

K] ‘§. i3 = "é A -g E&’ LY increased from 284 in Experiment 3 to 347 2 12 for others' cars; g = 247 for own car)
L& Tmn Shlg T T in Experiment 4, $(39) =133, he fud . .

:'; 3 system, however, changed little (174 ys  {7iscussion
» ,L - [ o e onc 184)'}'(40) = 3'4 Compared }vilh the enormous availability
s g EE: §:—:§ 1) nE WWmo Untike Experiment 3, here the hattery  effect found in Experimends 1 and 2, the
alE 8 system received a somiewhat (hat nor enor present results are modest Only one of sev-

ﬁ E ! miousty) greater share of attributed prob-  eral hypothesized effects due to variation
v o e B g - toxy lems when ‘il was high]ightg(.t (I.f\;’f‘! ?:/ in aleinii_ was found _in Il leperimcnts_ 3
S 4 §mg w B8 RS plus) than in all other conditions. So did  and 4: The propartine of problems attrib-
o

33
35
19
19
37
2
26
23
67

the starting system Howcever, the fuel sys-
tent again failed 1o show this e(feet

Unlike Experiment 3, nsischievous acis
did show a significantly smaller proportion
of problems at T.evel 3, where it is the
only branch lacking full detail (2= 295
comparcd with Level 1; 2= 217 compared
with Level 2).

Again in contrast to FExperiment 3, the

nteit to all ather problems decreased as de-
tail increased Turther research with preater
power is needesd to explore the other eficts
that were found in one but nnt in hoth ex-
periments Even if real, these possible effects
are probably small

One muost conclude that amounts of de-
tail didd not produce large changes in peo-
ple’s perceptions The mere mention of a

the three Fovel 2/plus groups was 08B0, rate sugpests that subjects given little de-
rather than a value between 053 and 070 tail realize their own ignerance

3 § g
3 EE
S §‘ g
by -~
] :
Y *'d
[ R
) o
[} - —_ - B .
o = = §§§ battery and fuel systems, the ones with  branch (Level 1) appeared to allow sub-
@ 7,3 CES PO the greatest detail, were not more Tikely in jects to make a fairly accurate estimate of
2 A = . Lo
& _ ey ;_i?g %—:'8 g Level 3. where this detail is most apparent,  how troublesonte Lhat branch wonld ook
: 5 - - . . ) .
2 g g Eg = 8283 = i than in ather levels when fully detaited Level 2/plus subjects
At — Ve ] v - . -
B C %dﬁ :;: . [ EH Fhe proportion of problems attributed to  were somewhat (although not completely)
2 ; A o 1d% o1 88g all other problems in Fxperiment 4 showed  successful in compensating for the detail
4 2 By 5 Eﬂg pw o= §§§ the sanie tendeney to decrease as dedaif in- issing on the more mininally presented
S o B - B . ) . . . A
- ~ W Em ] SEEE_H|BCO creased, as found in Experiment 3. except  branches The relatively small effect of in-
'ﬁ.. EE_QHNQ ggﬂugﬂt oD . - .y . .
"y :é,’_ﬁ gcgz:: B g‘gm[g;; Eef for one reversal: The weighted mean across  creased detail on estimated starting failure
had -
My Ao
O .oy
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Experiment 5: Splitting and Fusing
Branches

A third area in which the designer of a
fault tree must make discretinnary decisions
is i organizing the various sources ol
trouble into branches Although functional
relationships introduce some constraints,
the designer must make decisions like
whether “disruptions of wiring” belongs un-
der mischievons acts or “ignition system de-
fective " A common dilemmpa is broad ver.
sus narrow categorization  Starting system
defective and  ignition  system defective
could be lumped togeither Ignition system
defective could he split into ignition system
defective {Hems T oand 3 in Figure 1) and
“distribution system defective” (Items 2 and
4) Experiment 5 examines the offect on
fault tree evalumation of the way in which a
fixed amound of information is organized.
specifically, whether hroader or narrower
categorization is wserd

Method

The effect of breadth of cateposization en fault
tree evaluation was studied by creating Four pew
versions of the Level 2 fanlt tree (Frgure 1Y Two
were  created by splitting  different  existing
prapches into two hranches containing  (between
them) the same infurmation  In oue, jgnition sys-
tem defective was spii dste dgeition system des
fertive with [temas | oand 3 {roil Banlty and spark
phigs  defective) and  distrdhntion systen defec-
tive. with Hems 2 and 4 tebistrilater fnuMy and
defective  wiring  belween  companents); in the
secopd version, Tluel systom delective’ was spiit
intn fuel system defective s B oamd ) and
“earbtrction defective” {(Hrms 3 amd 4) Thos,
these dwor broes eacls had right hranclos (conet-
ig othrr)  Fwe additional trees were created by
fusing two htanchies of the full free 1o one. start-
ing system defective and ignition systeme defective
were coushined ito one brash; in the second,
fuel system defoctive and “other engine problems”
were combined  Thus these Tused versinns ecach
had six hranches (conmting othee)

One hiindred fiteen subjects were reeraited as
hefore Each snbject saw rmly une deee. The tasks
far the subijects wore the <o as in Experiments
Foand 4 Fhe ftees wore reud alond

Results

Table 4 prosents the proportion of start-
ing failures attrihated 1o ench of the ma-

nipulated branches, along with comparable
data from Experiment 1. In every case,
a set of problems was perceived as more
important when it was presented as two
brauches than when presented as one The
mean increase over the four cases was 066;
in general, a set of problems was attributed
about a thind greater portion of the total
number of starting [{ailures when presented
as two hranches. The number of subjects
given cight-branch trees who assigned the
two new branches a combined proportion
higher than the mean assigned by subjects
in Experiment 1 to the comparable single
branch was 20 out of 27 (sign test, p =
010) for the fuel-system-split group and 19
out of 26 (p= 014) for the ignition-sys-
tem-split gronp  The number of subjects
who assigned a proportion to the new fused
branch Iower than the corresponding mean
sumi in Fxperiment | was 24 ot of 33 (p =
007) for the starting-ignition-combined
group and 23 out of 29 (p = 001) for the
fucl-engine-cambined group.

There were no differences in cither the
relative {compared to a flat tire) or abso-
tute likelihood of a starting failure for own
or others’ cars for subjects seeing the in-
formation presented in six- or eight-branch
fandt trecs (nnf shown in table)

Discrssion

Experiment 5 showed that the more
pieces into which a system of failure path-
ways is organized, the more important that
system scems One possible explanation is
that people tend to assign some minimum
probahility to any category with which they
are faced. A bhranch that is spld in lwo re-
ceives two portions of this minimum prob-
ahility, cither hecause the smallcst nonzero
estintate allnwed by the response mode was
01 ar beeanse of an assumption that “if they
decitbed to inchude this hranch, it must have
some minintl import” An indircct way to
evaluate this hypothesis is to estimale what
propartion of problems s attributed to a
eatepory of “minimal wmport,” For the 93
suljeces in Experiment | owho saw the un-
pruned {.evel 2 tree. the mean proportion of
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Table 4

Experiment 5: Fffects of Splitting and Fusing Branches

Separate

M proportion of

Together

A proportion of

Problem atarting lailures Suen starting [aitures DNifference*
Splitting existing branches
Fuel 6}
Carburetion 099 260 £93 067
n o= 27
ignition 082
Iistribution 11 191 144 . 049
n =26
Fusing existing branches
Starting 195
Tgnition 4 439 748 oot
= 33
Fuel 193
Other engine 076 269 213 056
n o= 29

Note In all placea in which the numiber of subjects is not indicated, the results are these fram the nnpraned
tree (Levet 2} subjects in Experiment 1 (Fable 1), for which n = 93

* Separate sum minus together

problems assigned to the least important
branch was 033, the mean lowest propor-
tion excluding zero responses was (40
{Only 11% of subjects ever assigned a zero
proportion of problems {o any branch.) Ry
this criterion, the increased importance
(G66) garnered by splitting a hranch was
about twice that which might be attributed
merely to increasing the number of cate-
gorics

Experiment 0: Experts

Our discussion so far has been concerned
with lay persons’ evaluations of fault trees
presented to them by technical experts One
might wonder, though, whether the effects
we have found also affec! the technical ex-
perts themselves  Fisehhoff (1977) lists
many incidents in which experts designing
fault trees for important technelogical sys-
tems were apparently unaware of major
omissions; they therefore greatly overesti-
mated the exbaustiveness of their own amal-
yses. Experiment 6 examined whether that
which is out of sight is also ant of mind for
technical experts

Experiment 6 replicated Experiment |
using as subjects experienced mechanics in
Fugene, Oregon. Thirty copies of Pruned
Tree 1 (lacking the starting system, igni-
tion system, and mischief branches) and 30
copies of the unproned tree {Level 2) were
distributed to experienced mechanics at six
Hjor garages

In the accompanying letter, they were
told ;

We are asking people like yourself who work
with cars to give us their opinion about certain
types of engine-starting prollems  We hnpe you
will agree to read the guestionnaire and give us
your opiniens

Actually. we are not just interested in automohile
engines We're concerned with all kinds of com-
plex mechanical systems ranging from automobile
rugines to nuclear reactors In particulat. we're
interested in the ways these systems hreak down
and the judgments ahout these hreakdowns made
hy peaple who repair these systems That's why
we're asking for your opinions

If you are willing te participate in this stady,
please read the justructions on Wi nexi page;
then fill aut the two short questionnaires and mail
them to us in thr enclosed addressed and stamped
envelope, We'll mall you a check for $3
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There are no “right” answers 10 these questions.
At frast we don't know the answers That's why
we're inferested in your opinions  Tease work
alane and chm't refer to any books or discuss the
guestionnaire with anyone Beferc you have com-
pleted it

Otherwise, the questionnaire was like that
in Experiment 1 On the final page, subjects
were asked to indicate (a) the rate of start
ing failures prr 1,000 attempts (for drivers
in the United States); (h) the number of
years they had made all or part of their
living working with cars; and {¢) how
knowledgeable they were about automohile
engine problems comgpared to other me-
chanics: helow average, average, above aver-
age, or much above average

Kesults

Twenty-nine of the 60 queslionnaires
were returned, 16 from the pruned tree
group and 13 fromn the nnpruned tree group
Two mechanics rated themselves as mich
ahove average in knowledge, 18 as above
average, & as average, and 1 as below aver-
age., They bad from 2 to 43 years of ex-
perience, with the mean for the unpraned
tree group being B2.2 years, awd for the
pruned tree group, 198 years

Table § presents the mean proportion of
starting failures attribuned to carh branch
by suhjects in the present experiment as
well as the anpruned tree resnlls from Fix-
periment | for the sake of comparison The

Table §
Experiment 6 Judpment of Uxperts

experts thought that battery and ignition
were more serinns problems than did the
regular stubjects, and that the starting and
fuel system problems were less important
They more or less agreed about the com-
pleleness of the ree, assigning 060 to
“other

The combined proportion of problems at-
tributerd o the branches defeted {from the
pruned tree  (plus “other™)  was 441,
Pruped tree subjects assigned to “other” a
mean proportion of enly 215 {Mann-Whit-
ney {/ test, ¢ == 287). The respective mie-
dinn responses were 47 and 16

Withiin the pruned tree group, the tws
subjects who rated themselves as mueh
ahave average in knowledge assigned a
mean to “oiher” of 075, the nine ahove-
average nechanics assigned 278 and the
five average ones, 158 There was a rank
order carrefation {lau) of 058 hetween
number of years of experiente and propor-
tion assigned to Yother ™ Thus, neither sells
rated degree of knowledge nor actual ex-
perience bad any systematic refation to abil-
ily to detret what was missing from the tree

Cengral Discussion

The most dramatic result of these studies
was suhjects’ inahility to appreciate how
much had heen omitted from the pruned
fanlt trees Yixagperation of fault trce con
pletencss was found with hoth “regalar”
subjerts and  experienced  mechanics The

Moan proportion of starting failures atiributed to

e —— NMdrt no.
Start- Igni- atarting
ing Fuel tion Mis- .!nilurvs
Group n Battery smystem system system Engine  chief  Other  in 100
Unpruncrd tree
ordinary subjecta a1 64 195 193 144 076 05t 078 15
Unpruned tree
experts £l 410 108 096 248 051 025 n6o 0
Pruned tree 1
experta 16 483 — 279 - 073 o 215 ion

* Should be 441

H
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fact that omission of major hranches trig-
gered only mirintl awareness of the inade-
quacies of the pruned tree lent strong sup-
port to the availability hypothesis over the
credibility hypothesis, as did the modest
improvement when subjects’ attention was
forused on completeness

How migit things that are out of sight
also he out of mind? One obvious reason is
ignorance, There is wo way to consider
something that one has never heard of and
that is nnt mentioned  Tn a discussion of
the omissions that seem to plague technical
experts perlorming formal risk assessments,
Fischhaff (1977) suggested several other
reasons: (a) failure to consider the imagina-
tive ways in which hwwan ervor can mess
up A system (e g, the Brown's Ferry fire in
which the world’s largest nuclear power
plant ahnost melted down due to a techni-
cian checking for an air leak with a candle
in divect violation of standard aperating
procedure ) ; (h) insensitivity to the assump-
tions an analysis makes shout constancics
in the waorld in which the system is em-
bedded (eg, no majer changes in govern-
ment regulatory policy); (¢} overconfie
dence in current scientific and techinological
knowledge (ie, asswmming that there arc
no new  chemical, physieal, hiological, or
psychological effects to be discovered) ) and
(d} Tailnre to see how the system funclions
as a whole (e . a systent may fail beeanse
a backup component ias heen removed for
Foutine maintenance )

Althongh similar problens scemt likely to
afftict the designers and  viewers of fanlt
trees, this list is probably incomplere Fxe
panding and validating such a fist s im-
portant naet ondy for owr understanding of
haw people conceplualize complex fallible
systems hut also for helping them hetter
deseribe and comprehend such systems Fo-
cusing on "other” was somewhat. hut only
partially, successful in helping people ap-
praise the completeness of a fault tree Im-
proved understanding of the reasons for
omissions will help in designing better "de-
hiasing” proccdures and ways (o approach
an evalualion task that provide a more
veridieal perspective When such “cognitive

engineering” seems ineffective, people may
need rules of thumb like the suggested rude
for estimating how many sources of trouble
nne carnel think of en the hasis of how
many one can think of and one’s Tamiliarity
with the problem area

Decause of the importance of ntelligent
public participation in debates about tech-
notogy {Casper, 1976; Slovie, Fischhoff, &
Lichtenstein, 1976), these are critical issues
tn which psychelogists might address them-
selves Such researel does, however, raise
serinies ethical questions hecanse of the pos-
sibility that the results will disclose ways
in which public opinion can he manipulated
For example. Experiments 1 and 6 suggest
that one can get the public {o focns on those
issues one thinks are bwportant by never
mentioning other issues Fven our “debias-
ing procedure” (focus on "other'} in Ex-
periment 2 was a form of manipulation,
dhanging peaple’s perceptions from  what
they would atherwise e ( Although we be-
lieve that this change is for the hetter, the
paint is mont as long as we do oot krow the
proportion of problems in fact due to each
branch } Prehaps the prime responsibility
of the discoverer of such effects is 1o ensure
that they receive the broadest possible dis-
semination, so that beth potential manipula-
tors and the potentially manipulated  are
aware of them B omay turn out that we
psychologists are merely discovering “iricks”
that nmnipulators have known abot all
alomg  Such research can also suggest as-
prots of presentation that may have rela-
tively little offret on prople’s  judgments
(varying lcvel of detadl), atiempted manipu-
Tations that can be readily avercome (pro-
viding more detail for one branch), and
manipulations whose effects, although con-
sistent, may be ton small to have applied
implications

Aside from calling for olwinusly needed
constructive  replications  (different  trees,
diffcrent subjects, different experts, etc ).
these resulls suggest a variety of guestinns
for hture stucdy : Would credibility be a
stronger cffect than availahility # proned
fault trees were presented hy distrusted
technocrats rather than miaderately trusted
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experimental psychologists? What happens
when people construct their own {ault trees?
What happens when the detailed items from
a fault tree are listed but nnt organized
into categories? What happens with trees
dealing with more technical areas or with
nontechnical areas for which the assessors’
feelings of competence vary? What happens
when minor rather than major items are
deleted? What if an omitted item is some-
how brought to the subjects’ attention {as
often happens in public debates)? What
individual differences, if any, interact with
these aspects of presemtation in affecling
evaluations? {As mentionedd, the obvious
covariate of years of experience was uncor-
related with the mechanics” awareness of how
much had heen debeted fromn the pruped
tree.) What if detail is manipulated not by
adding facts but hy adding flourishes, by
“fleshing out’ possible sources of trouble
with vividly detailed scemarios describing
just how they might happen? Why were
subjects’ perceptions of the averall starting
failure rate relatively impervions to our ma-
nipulations? Was it merely a proldem of
measurement ?

These studies have supporied the notion
that availahility affects frequency estimates
and have helped clarily how availability
mechanisms work. Failure (o mention a pos-
sibitity had a major effecl. increasing the
detail of what was mentioned had a small
effect, and the packaging of whal is men-
tioned also made & difference. Experiment 2
showed, as dil Reyth-Maram and Fischhoff
(1977), that forcing prople to work their
memaries {or imaginations) barder can im-
prove their likelihood julgments somewhat
Clearly, much more work ts needed on the
retrieval, perception, and representalion of
frequency information
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