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a re subje c t to d ifferent i nter pre t at ion s. Theor y or f u nd a ment a l pr i nc iple s 
ab out t he behav ior of nat ion s a nd g roups of pe ople a re i nade qu ate a nd 
lac k sufficient va l id at ion to au g ment t he spa r s e h i s tor ic a l re c ord w it h 
aut hor it at ive i n for m at ion. For such d at a-poor problem s, a na ly s t s rely 
he av i ly on k now le d ge f rom ex p er t s.

W h i le e ver yone c a n have a n opi n ion, not e ver yone is a n ex p er t. Exper t s 
a re re c og n i z e d by t hei r pe er s a s k now le d ge a ble i n a subje c t-mat ter field a nd 
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Formal el ic it at ion ser ve s t wo pu r p o s e s i n con sider i ng t he problem of 
a s s e s si ng t he r i s k of nuc le a r de ter renc e fa i lu re:

1. 
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Biases

Biase s a re a sla nt i ng, adju s t i ng, or filter i ng of a n ex p er t ’s t h i n k i ng a nd 
or ig i n a l k now le d ge due to t hei r ne e d s (mot iv at ion) a nd t h rou g h cog n it ive 
pro c e s si ng. Bia se s de g r ade t he qu a l it y of el ic ite d k now le d ge t h rou g h 
d i s tor t ion. To cou nter t he s e dele ter iou s effec t s, for m a l el ic it at ion i nc lude s 
bia s m i n i m i z at ion me t ho d s for mon itor i ng a nd/or cont rol l i ng com mon 
bia s e s.

Table 3.1 list s na me s a nd de s c r ipt ion s of com mon bia s e s. W h i le na me s 
of bia s e s may va r y i n d ifferent subje c t a re a s, t hei r de s c r ipt ion s a nd effec t s 
a re com mon ac ro s s problem s. For exa mple, ne a r-m i s s bia s c a n be de s c r ib e d 
a s a combi n at ion of overc onfidenc e a nd av a i l a bi l it y bia s e s. 7

Nuc le a r wa r a nd de ter renc e a re h ig h ly emot ion a l topic s, a nd fac t ion s 
ex i s t on mu lt iple side s of a s s o c i ate d is sue s. Exper t s tend to plac e u ndue 
i mp or t a nc e on t he fe w fac t s av a i l a ble to t hem, be w i sh f u l ab out outc ome s 
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i s va l id; t here fore, a nchor i ng bia s is d ifficu lt to de te c t a nd to overc ome for 
t he de ter renc e fa i lu re problem.

Anot her a nc hor i ng bia s is t hat hu ma n s i n herent ly a s su me t hat ot her s 
t h i n k a nd behave i n t he s a me way t he y t h i n k a nd behave. The clos e c a l l i n 
t he NATO Able Archer 83 exerc i s e is one suc h ex a mple. From t he Sov ie t 
per s p e c t ive, a nd con si s tent w it h it s m i l it a r y do c t r i ne, a nuc le a r exerc i s e 
wa s a u s ef u l pre te x t for a nuc le a r su r pr i s e at t ac k. Sov ie t le ader s, a s su m i ng 
t hat US le ader s t h i n k l i ke t he y do, su r m i s e d t hat a US su r pr i s e at t ac k cou ld 
be t he t r ue pu r p o s e of Able Archer. 10

These bia s e s re qu i re mon itor i ng a nd u nder s t a nd i ng t h rou g h for m a l 
te c h n ique s suc h a s probi ng t he ex p er t s for ex pl a n at ion s, cla r ificat ion s, a nd 
t hou g ht pro c e s s e s. Li ke w i s e, t he s e te c h n ique s a id i n d i s t i ng u i s h i ng bia s 
effec t s f rom ex p er t i s e a nd ex p er ienc e.

Table 3.1. Common biases

Name De�nition

C
og

ni
tiv

e 
B

ia
se

s

Anchoring An expert’s failure to suf�ciently adjust from their �rst, long-held, 
or unchallenged impression in solving a problem—the expert 
anchors to �rst, long-held, or unchallenged impression. Sometimes 
this bias is explained in terms of Bayes’ theorem as the failure to 
adjust knowledge in light of new information as much as it should 
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Name De�nition

M
o

tiv
a

tio
na

l B
ia

se
s

Group think The tendency to modify knowledge and/or information so that it 
agrees with that of the group or of the group leader. Individuals 
are generally unaware that they have modi�ed their thinking and 
responses to be in agreement. This bias stems from the human 
need to be accepted and respected by others. Individuals are 
more prone to group think if they have a strong desire to remain 
a member, if they are satis�ed with the group, if the group is 
cohesive, and if they are not a natural leader in the group.

Impression 
management

Resulting from social pressure, this bias occurs when the expert 
responds to the reactions of those not physically present. For 
example, the expert answers survey questions in a way that 
maximizes approbation either from society in the abstract or from 
the administrator of the elicitation in particular.

Misinterpretation 
of the expert

The altering of the expert’s thoughts as a result of the methods of 
elicitation and documentation.

Social pressure An effect that induces individuals to slant their responses or to 
silently acquiesce to the views that they believe the interviewer; 
their group, supervisors, organization, or peers; or society in 
general will accept. This altering of an individual’s thoughts can 
take place consciously or unconsciously. The social pressure 
can come from those physically present or from the expert’s 
internal evaluation of how others would interpret their responses. 
People’s need to be loved, respected, and recognized induces 
them to behave in a manner that will bring af�rmation. Political 
correctness is an example.

Training bias The tendency of the data gatherer, analyst, or both to misinterpret 
data/information from others for their own purposes (for 
example, choosing quotations, references, or events that suit the 
interviewer’s purposes).

Wishful thinking 
or con�ict of 
interest

A tendency 3 140.514 Tm
[(o)-3.992
/P <<.9 (4 T r)-12.2-USp 
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Elicitation Setting

The qua l it y of el ic ite d k now le d ge de p end s on t he i nter v ie wer’s abi l it y 
to que s t ion ex p er t s ab out t he a s su mpt ion s t he y u s e, t he heu r i s t ic s a nd 
c ue s i nvolve d i n t hei r t h i n k i ng, a nd t hei r problem-solv i ng pro c e s s e s. 
These de t a i l s a re be s t el ic ite d i n fac e-to-fac e el ic it at ion se s sion s, ma k i ng 
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i nc lude mu lt iple choic e, open-ende d e s s ay, cont i nuou s nu mer ic a l sc a le, 
odd s r at io, ra nge of va lue s, compa r i s on, ra n k i ng, a nd l i kel i ho o d. Some 
of t he s e a re de s c r ib e d i n t he ne x t se c t ion on st r uc t u r i ng. Li kel i ho o d 
may be a conc e pt con si s tent w it h t he way ma ny ex p er t s t h i n k, a nd it is 
gener a l enou g h to enc ompa s s definit ion s u s e d by sp e c ific com mu n it ie s of 
pr ac t ic e. In cont r a s t, proba bi l it y is on ly r a rely appropr i ate to ver y sp e c ific 
com mu n it ie s.
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a proba bi l it y of 0.90 for t hat e vent to not oc c u r. More d ifficu lt-to-dete c t 
v iol at ion s of t he a x iom s of proba bi l it y i nc lude a su m of mu lt iple mut u a l ly 
exc lu sive a nd ex hau s t ive proba bi l it ie s t hat is not 1.0 a nd i mprop er e s t i m ate s 
of cond it ion a l or de p endent proba bi l it ie s.

Often su r ve y s i nterc h a nge t he ter m s probability a nd percentage. W h i le 
a proba bi l it y c a n be t r a n sfor me d i nto a perc ent a ge, a perc ent a ge c a n not 
a lw ay s be t r a n sfor me d i nto a proba bi l it y be c au s e perc ent a ge s c a n be 
g re ater t ha n one hu nd re d.

Third, hu ma n s (even st at i s t ic i a n s) a re not wel l c a l ibr ate d for es t i m at i ng 
proba bi l it ie s. As a r u le, t he y c a n not ac c u r ately ex pre s s t hei r perc eive d 
l i kel i ho o d or f re quenc y of t hei r ex p er ienc e s a s proba bi l it ie s. 18 For ex t remely 
r a re e vent s, poor c a l ibr at ion of proba bi l it y e s t i m at ion c a n be ma g n ified. 
For exa mple, it is d ifficu lt to d i s t i ng u i s h be t we en a proba bi l it y of 0.000001 
and 0.0000001. This is why i n some subje c t a re a s, order s of ma g n it ude (e.g., 
t he R ic hter sc a le for ea r t hqu a k e s) a re u s e d. Howe ver, i f ex p er t s a re not 
ex p er ienc e d i n t h i n k i ng i n suc h sc a le s, it is d ifficu lt to te ac h or t r a i n t hem. 
In gener a l, it is d ifficu lt to t r a i n ex p er t s to ac c u r ately e s t i m ate proba bi l it y. 19

Un le s s a n ex p er t is u s e d to de a l i ng w it h a nd t h i n k i ng i n ter m s of 
proba bi l it y, it is be s t to avoid a sk i ng for proba bi l it y a s a re sp on s e. O t her 
re s p on s e mo de s a nd de s c r ipt ion s a re adv i s e d, such a s odd s (bet t i ng odd s), 
l i kel i ho o d s, rat io s, ra n k s, or ot her compa r i s on s. The choic e shou ld be 
con si s tent w it h t he ex p er t ’s com mu n it y of pr ac t ic e. At t he ver y le a s t, t he 
i nter v ie wer shou ld t horou g h ly define a ny u n f a m i l i a r re s p on s e mo de for 
t he ex p er t.

I n t hos e sp e c i a l c a s e s i n wh ic h proba bi l it y is appropr i ate to cha r a c ter i z e 
u nc er t a i nt y, it shou ld be note d t hat t here a re at le a s t t wo mo der n i nter -
pre t at ion s of proba bi l it y t hat a re equ a l ly va l id w it h i n it s t he or y. 20 The first 
is what mos t a re t au g ht a s proba bi l it y—t he nu mb er of e vent oc c u r renc e s 
d iv ide d by t he tot a l nu mb er of outc ome s. This is t he f re quent i s t or rel at ive 
f re quenc y i nter pre t at ion of proba bi l it y. For exa mple, t he proba bi l it y of 
d r aw i ng a re d ma rble f rom a ja r cont a i n i ng one hu nd re d ma rble s of wh ic h 
t went y a re re d is 20/100 = 0.05.

The second is t he per s on a l i s t ic i nter pre t at ion, often refer re d to a s t he 
Baye si a n i nter pre t at ion, t he center pie c e of Baye si a n a na ly si s. Per s on a l i s t ic 
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o c c u r w it h i n t h re e mont h s, t he ex p er t shou ld be w i l l i ng to st a k e $0.90 in 
exc h a nge for $1.00 if t he at t ac k oc c u r s w it h i n t h re e mont h s. If t he at t ac k 
oc c u r s w it h i n t h re e mont h s, t he ex p er t w i n s t he $1.00, for a ne t ga i n 
of $0.10. If t he at t ac k do e s not oc c u r, t he ex p er t los e s $0.90. To pre vent 
che at i ng, t he ex p er t shou ld a l s o be w i l l i ng to ma ke t he opp o site be t, where 
t he y a re w i l l i ng to st a k e $0.10 in exc h a nge for $1.00 if t he e vent do e s not 
oc c u r. This t wo-side d be t is de pic te d i n Table 3.2. In ter m s of be t t i ng odd s, 
t h i s ex a mple demon s t r ate s odd s of 9 to 1. 22

Table 3.2. An example of a two-sided bet

Bet Attack Occurs, 
p�=�0.90

Attack Does Not Occur, 
p�=�0.10

Expert stakes $0.90 in 
exchange for $1.00 if attack 
does occur

Expert’s net gain is $0.10 Expert’s net loss is $0.90

Expert stakes $0.10 in 
exchange for $1.00 if attack 
does not occur

Expert’s net loss is $0.10 Expert’s net gain is $0.90

An expert who believes the probability of attack is 90�percent should be willing to take either 
side of this bet.

Re ga rd le s s of whe t her or not a n u nc er t a i nt y is proba bi l i s t ic, t he 
i nter v ie wer shou ld el ic it it a long w it h t he re sp on s e s to t he que s t ion s 
a ske d of ex p er t s du r i ng a n el ic it at ion. The for m or for m at for not i ng 
u nc er t a i nt ie s shou ld be con si s tent w it h t he way t he ex p er t s t h i n k a nd t he 
av a i l a ble k now le d ge.

One of t he re c om mende d for m s for el ic it i ng u nc er t a i nt ie s is to re que s t a 
ra nge of a ns wer s after el ic it i ng t he ex p er t ’s re s p on s e. To avoid i nt ro duc i ng 
a mbig uou s u nc er t a i nt y i n t he a na ly si s of ex p er t s’ r a nge s, it is ne c e s s a r y to 
define what t he re que s te d r a nge re pre s ent s. For exa mple, t he r a nge cou ld 
re pre s ent abs olute h ig he s t a nd lowe s t va lue s. Un le s s ex p er t s a re fa m i l i a r 
w it h perc ent i le s (a nd mos t a re not), t y i ng r a nge l i m it s to perc ent i le s (e.g., 
5t h a nd 95th) is not re c om mende d. To m i n i m i z e a nc hor i ng bia s, t he ex p er t 
shou ld be enc ou r a ge d to con sider t hei r r a nge i n conju nc t ion w it h t hei r 
re s p on s e, ma k i ng a ny ne c e s s a r y adju s t ment s.
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The decomp o sit ion pro c e s s i nc lude s sp e c i f y i ng definit ion s, cond it ion s, 
sc ena r io s, a s su mpt ion s, t i mel i ne s, qu a nt it ie s, a nd pa r t ie s i nvolve d. Usu a l ly, 
se ver a l prel i m i n a r y que s t ion s t hat prov ide t he s e sp e c ificat ion s a re a ske d to 
se t t he st a ge for t he que s t ion s of i ntere s t. A st r uc t u re or f r a me work of t he 
problem prov ide s g u id a nc e on how to do t he de c omp o sit ion.

The decomp o sit ion s a nd op er at i ng cond it ion s of phy sic a l s y s tem s c a n 
be ea si ly re pre s ente d be c au s e of t hei r st r uc t u re. Howe ver, dec omp o sit ion s 
of comple x it ie s of hu ma n behav ior s, t i mel i ne s, or e vent se quenc e s — a l l of 
wh ic h a re appl ic a ble to a s s e s si ng t he r i s k of fa i lu re of de ter renc e —m ay not 
be so obv iou s or conduc ive to com mon st r uc t u re s suc h a s fau lt t re e s. The 
nucle a r de ter renc e fa i lu re problem c u r rent ly lac k s a sy s tem s per s p e c t ive 
(a nd henc e st r uc t u re) or model, ma k i ng de c omp o sit ion d ifficu lt. Even 
est a bl i s h i ng i n it i a l or bou nd a r y cond it ion s may pos e cha l lenge s be c au s e 
of a l l t he fac e t s a nd fac tor s i nvolve d. It may be pos sible for ex p er t s to 
contempl ate some sp e c ifica l ly defined sc ena r io s or sp e c i a l c a s e s a nd be g i n 
de c omp o si ng t he problem by u si ng t hos e.

R i s k a na ly si s ha s t wo a sp e c t s: l i kel i ho o d a nd con s e quenc e. R i sk st ud ie s 
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i n chapter 1, it show s t he va r ie d re s p on s e s of se vent y-n i ne ex p er t s to t he 
que s t ion, “W hat is t he proba bi l it y (ex pre s s e d a s a perc ent a ge) of a n at t ac k 
i nvolv i ng a nuc le a r ex plo sion oc c u r r i ng some w here i n t he world i n t he 
ne x t ten  ye a r s?” W h i le t h i s que s t ion may sou nd sp e c ific, t he ge op ol it ic a l 
cond it ion s le ad i ng up to suc h a n e vent were not sp e c ified, a s su mpt ion s 
ab out t he at t ac k er were abs ent, a nd what con s t it ute s a n “at t a c k ” wa s not 
defined, le av i ng eac h re s p ondent f re e to de c ide what t he s e fac tor s m ig ht 
be. The w ide va r ie t y of re sp on s e s su g ge s t s t hat d ifferent ex p er t s a n s were d 
d ifferent ly ba s e d on t hei r a s su mpt ion s a nd what t he y were f re e to sp e c i f y 
i n t hei r t hou g ht pro c e s s e s (but were not a ske d to re p or t). As note d i n 
chapter 1 a nd i n t he bia s subs e c t ion ab ove, such lac k of sp e c ifics prov ide d 
to t he ex p er t s op en s t he do or for bia s e s to dom i n ate, add i ng to t he w ide 
d i s p er sion se en i n Figure 3.1. 
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“What is the probability of an attack involving a nuclear explosion 
occurring somewhere in the world in the next ten years?”

Figure 3.1. The Lugar survey, question 5.

W h i le it is i mp or t a nt to sele c t a d iver s e g roup of ex p er t s to ensu re t he 
st ate of k now le d ge is re pre s ente d, such a d i sp er sion of re sp on s e s cou ld a l s o 
i nd ic ate t hat some re s p ondent s d id not k now how to a ns wer be c au s e of lac k 
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bi a s a nd ge t t i ng ex p er t s to ex pa nd t hei r t h i n k i ng be yond t hei r a nc hore d 
v ie w s is what bia s m i n i m i z at ion el ic it at ion is a l l ab out.

The nucle a r ter ror i sm a nd wa r l iter at u re cont a i n some ex a mple s of 
de c omp o si ng t he comple x a nd i l l-pos e d de ter renc e problem. Bun n, 27 
Hel l m a n, 28 a nd Muel ler 29 decomp o s e d t he problem i nto se pa r ate e vent s 
for e v a lu at ion. Each prov ide d t hei r ow n problem st r uc t u r i ng for t he 
cond it ion s a nd a s su mpt ion s of t he e vent s t he y chos e. Each t hen prov ide d 
t hei r ow n es t i m ate s of t he l i kel i ho o d s of t he s e e vent s a nd de s c r ipt ion s of 
how to combi ne or propa gate t hos e e s t i m ate s to obt a i n t he fina l a ns wer s.

Their a na ly s e s of t hei r ver sion s of t he problem cou ld be c a l le d sel f-



58 Jane M. Booker

suc h ex p er t s. To ensu re prop er re pre s ent at ion, a ra ndom s a mple or ot her 
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Experts’ Problem Solving and Cognition

Muc h of t he w ide d i s p er sion (a t y p e of u nc er t a i nt y often me a su re d 
by a va r i a nc e) i n t he re sp on s e s i n Figure  3.1 cou ld be u nder s to o d i f t he 
ex p er t s had re c orde d t hei r t hou g ht s a nd problem-solv i ng pro c e s s e s wh i le 
a n s wer i ng t he que s t ion. These ac t iv it ie s a re pa r t of for m a l el ic it at ion 
de sig n. Quer y i ng t he ex p er t s ab out t hei r t h i n k i ng a nd problem-solv i ng 
pro c e s s e s is conven ient ly done i n a fac e-to-fac e i nter v ie w. It c a n a l s o be 
done du r i ng t he fe e dba c k pro c e s s to cla r i f y re s p on s e s.

Probi ng i nto cog n it ive a nd problem-solv i ng pro c e s s e s is i mp or t a nt for 
de ter m i n i ng whe t her a n ex p er t is a ns wer i ng t he pos e d que s t ion or some 
mo d ified or m i si nter pre te d ver sion. Often ex p er t s t h i n k ab out cond it ion s, 
a s su mpt ion s, c ue s, a nd ex p er ienc e s a nd u s e problem-solv i ng me t ho d s 
t hat affec t t hei r re s p on s e s, but t he s e t hou g ht s a nd me t ho d s may not be 
re c orde d. Cha ng i ng one or more of t he s e cou ld sig n ifica nt ly cha nge a n 
ex p er t ’s re s p on s e. If t he a na ly s t do e s not k now de t a i l s ab out how t he 
ex p er t s a n s were d a que s t ion, t he a na ly s t w i l l not be able to d r aw prop er 
conc lu sion s or re s olve d i s a g re ement s a mong ex p er t s.

A si mple ex a mple i l lu s t r ate s t he i mp or t a nc e of el ic it i ng cog n it ive 
a nd problem-solv i ng pro c e s s e s. Exper t s A a nd B bot h re sp ond w it h h ig h 
l i kel i ho o d s of nuc le a r we ap on u s e w it h i n t he ne x t ten ye a r s. Howe ver, after 
el ic it i ng t hei r problem-solv i ng pro c e s s e s, it is d i s c overe d t hat ex p er t  A 
assu me s a ter ror i s t u s e wh i le ex p er t B assu me s a n i nter s t ate wa r. Further 
probi ng re ve a l s t hat ex p er t  A consider s t he i nter s t ate wa r a n u n l i k ely 
sit u at ion for nuc le a r u s e a nd ex p er t B consider s nuc le a r ter ror i sm u n l i k ely. 
Thus, w it hout k now i ng what t he ex p er t s were a s su m i ng when re s p ond i ng 
to t he nuc le a r u s e que s t ion, t hei r appa rent a g re ement is not t he cor re c t 
conc lu sion. Exper t s  A a nd B were ac t u a l ly prov id i ng d ifferent a n s wer s 
ba s e d on d ifferent a s su mpt ion s a nd cog n it ive pro c e s si ng.

The a na ly s t is often fac e d w it h de ter m i n i ng t he de g re e of de p endenc y 
a mong ex p er t s. This is i mp or t a nt i f ex p er t s’ re s p on s e s ne e d to be a g g re gate d 
(e.g., rep or t i ng a n aver a ge re s p on s e a s done i n t he Lu ga r re p or t). Exper t s 
who a re h ig h ly de p endent a re ex pre s si ng t he s a me k now le d ge a nd c a n not 
be cou nte d a s i nde p endent sou rc e s. It is d ifficu lt to de ter m i ne t he ex tent of 
overl appi ng or double-cou nte d k now le d ge f rom a g roup of ex p er t s. Wit hout 
de t a i l s ab out how ex p er t s a r r ive d at t hei r re s p on s e s, dep endenc y de ter m i -
nat ion be c ome s u nten a ble. Exper t s who solve problem s by u si ng si m i l a r 
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Drawing Conclusions

Usu a l ly t he re a s on s for a na ly si s a re to su m m a r i z e t he el ic ite d re s p on s e s 
a nd to d r aw conc lu sion s f rom t hem, often to i n for m de c i sion- a nd 
pol ic y-ma ker s. Even t hou g h el ic ite d ex p er t k now le d ge is not a subs t it ute 
for ex p er i ment a l, h i s tor ic a l, or obs er v at ion a l d at a, it c a n be a na ly z e d 
a nd conc lu sion s c a n be d r aw n f rom it. If t here is e ver a t i me when d at a 
m ig ht be c ome av a i l a ble, el ic ite d a nd a na ly z e d ex p er t k now le d ge c a n be 
con sidere d a plac eholder for t hos e f ut u re d at a a nd c a n be compa re d a nd 
combi ne d w it h t he f ut u re d at a.

For hig h ly qu a l it at ive re s p on s e s, t here may be l it t le opp or t u n it y to 
a na ly z e t he i n for m at ion el ic ite d by u si ng st at i s t ic a l or d at a a na ly si s 
me t ho d s. W h i le qu a l it at ive k now le d ge c a n some t i me s be g roup e d or 
c ate gor i z e d, t h i s is subje c t to m i si nter pre t at ion bia s. If t he re sp on s e s a re 
cont i nuou s nu mer ic qu a nt it ie s, i nte ger s, ord i na l, or c ate gor ic a l, t hen 
st at i s t ic a l a na ly si s me t ho d s a re u s ef u l for prov id i ng defen sible conc lu sion s 
i n fer re d f rom ex p er t s’ re s p on s e s.

Decision-ma ker s may be ac c u s tome d to se ei ng a cent r a l a g g re gate d 
re s p on s e f rom a l l t he ex p er t s — a me a n (t he aver a ge of nu mer ic a l va lue s), 
med i a n (t he m idd le of t he r a nge), or mode (mos t f re quent or com mon 
va lue). For exa mple, t he me a n for t he que s t ion i n Figure 3.1 is 31 perc ent, 
wh ic h fa l l s i n t he 30–39 perc ent bi n. The med i a n of se vent y-n i ne va lue s is 
t he for t ie t h va lue, wh ic h fa l l s i n t he 20–29 perc ent bi n. The mode is t he bi n 
w it h t he la rge s t cou nt, t he 1–9  perc ent bi n. 37 Becau s e of how t he s e t h re e 
d iffer, t he conc lu sion is t hat t he s e d at a a re not d i s t r ibute d s y m me t r ic a l ly 
a rou nd a cent r a l va lue. Figure 3.1 v isu a l ly confirms t he lopside d load i ng 
of t he d at a i n t he lower perc ent a ge s. The w ide d i sp er sion of re sp on s e s i n 
Figure 3.1 is su m m a r i z e d by t he la rge st a nd a rd de v i at ion— a n u nc er t a i nt y 
me t r ic for d i sp er sion— of 28  perc ent. Anot her com mon me a su re of 
d i sp er sion u nc er t a i nt y is t he r a nge, wh ic h is 100 perc ent.

St at i s t ic a l me t ho d s c a n be u s e d to de ter m i ne whe t her t he ex p er t s 
re s p onde d u n i for m ly ac ro s s t he perc ent a ge sc a le a s m ig ht be su sp e c te d i n 
Figure 3.1. The a ns wer here is no; sig n ifica nt ly fe wer t ha n ex p e c te d ex p er t s 
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d i s c u s sion of nuc le a r wa r tend s to d iv ide v ie w p oi nt s i nto fac t ion s ba s e d 
on t he emot ion a l re s p on s e t hat conc e pt e vok e s. That emot ion t r a n s l ate s 
to i nduc i ng bia s a s ex p er ienc e d f rom de c ade s of el ic it at ion effor t s on 
sen sit ive a nd t ab o o topic s, i nc lud i ng nuc le a r we ap on s a nd wa r. The 
deter renc e com mu n it y a l s o app e a r s to be d iv ide d i nto fac t ion s re ga rd i ng 
t he effec t ivene s s, or lac k t here of, of nuc le a r we ap on s. The wel l-doc u mente d 
debate of t wo suc h fac t ion s c a n be fou nd i n t he work s of Sa ga n a nd Wa lt z. 38

Ana ly s t s shou ld be aw a re of suc h per s p e c t ive s a nd shou ld que s t ion 
ex p er t s ab out t hei r pre e x i s t i ng (i.e., a nchore d) posit ion s. Along w it h 
t hat, ot her que s t ion s ab out t he ex p er t s’ sp e c ific a re a s of re s e a rc h a nd 
ex p er ienc e prov ide i n for m at ion ab out how t hei r re s p on s e s may be bia s e d. 
St at i s t ic a l a na ly si s may be able to de ter m i ne whe t her or not t he s e bia s e s 
affec t re sp on s e s, by compa r i ng re s p on s e s a mong ex p er t s whos e pre e x i s t i ng 
posit ion s a re es t a bl i s he d a nd whos e problem-solv i ng pro c e s s e s have 
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a nd t wo a re spec ific to t he t i me du r i ng t he Cuba n m is si le cr isi s. It shou ld 
be noted t hat lack of spec ificit y is a t y pe of u ncer t a i nt y bec au s e t he a na ly st 
look i ng at t h is table face s t he conu nd r u m of how to compa re resu lt s f rom 
u nspe c ified cond it ions to t he resu lt s f rom spec ified one s.

Table 3.3. Individual estimates of the probability of nuclear war

Question Estimate Author Year

W
ar

Probability 
that the Cuban 
missile crisis 
could have 
escalated to 
(nuclear) war?

Between 1 in 3 and even (war)John F. Kennedy1962

As large as 1 in 100 (nuclear war)McGeorge Bundy1988

Probability of 
a future Cuban 
missile-type 
crisis that results 
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problem, a nd ga i n i ng i n sig ht s i nto t he aut hor’s cog n it ion by re ad i ng t he 
aut hor’s pap er s. Wit hout suc h cond it ion i ng i n for m at ion, t he a na ly s t c a n 
on ly compa re “apple s to apple s.” The fou r es t i m ate s t hat ter ror i s t s w i l l 
de ton ate a nuc le a r bomb i n t he ne x t de c ade have a la rge, u ne x pl a i ne d, 
ra nge of 1  perc ent to 50  perc ent. The ot her e s t i m ate s c a n not be i nc lude d 
w it h t he s e u n le s s a nd u nt i l t he cond it ion a l fac tor s i n herent i n t hem a re 
k now n, put t i ng t hem i n t he s a me ter m s a s t he first fou r. The Bundy a nd 
Ken ne dy e s t i m ate s c a n be compa re d to eac h ot her but not t he re s t.

Informing Decision-Makers

Q u a nt i f y i ng or su m m a r i z i ng re su lt s f rom el ic it at ion a nd a na ly si s shou ld 
be done i n a for m u s ef u l for a nd u nder s t a nd a ble to de c i sion- a nd pol ic y-
ma ker s. Deter m i n i ng t hat for m at may i nvolve a n el ic it at ion w it h t he 
de c i sion-ma ker. W h i le top-le vel ma na ger s rely on exe c ut ive su m m a r ie s, 
de t a i l s shou ld be made ac c e s sible for t hei r st aff a nd for f ut u re up d ate s a s 
k now le d ge cha nge s.

Re t u r n i ng to t he d at a i n Figure  3.1, quot i ng t he me a n re s p on s e of 
31  perc ent to a de c i sion-ma ker w it hout t he u nc er t a i nt y do e s not conve y 
a n ade qu ate su m m a r y of t he s e d at a. In t h i s pa r t ic u l a r c a s e, t he h i s tog r a m 
i n Figure 3.1 doe s prov ide a n appropr i ate su m m a r y. Howe ver, a de c i sion-
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of a s s e s si ng t he r i s k of nuc le a r de ter renc e fa i lu re may suffer f rom t he s a me 
d ifficu lt ie s.

Howe ver, even for d ifficu lt, a mor phou s, or i l l-pos e d problem s, ex p er t s 
tend to t h i n k i n ter m s of some sor t of problem st r uc t u re or f r a me work 
ba s e d on t he log ic beh i nd t hei r u nder s t a nd i ng. That st r uc t u re may be 
lo os ely defined, choppy, d i sjoi nt, approx i m ate, gener a l, va g ue, a nd d ifficu lt 
to re c ord on pap er, a wh ite b o a rd, or a computer pad/table t. Deta i le d 
probi ng i nto t he ex p er t ’s t h i n k i ng may be re qu i re d to el ic it a rou g h d r aft 
t hat m i m ic s t he ex p er t ’s t hou g ht s ab out t hei r por t ion of t he problem. 
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s t r uc t u re. Neu r a l ne t work s, fac tor a na ly si s, clu s ter a na ly si s, st at i s t ic a l 
cov a r i a nc e, a nd cor rel at ion st r uc t u re s a re some com mon ly u s e d te c h n ique s 
to u nc over d at a st r uc t u re s. Alt hou g h ma ny of t he s e re qu i re la rge a mou nt s 
of nu mer ic a l d at a, some c a n st i l l be u s e d for sma l ler a mou nt s of more 
gener a l k now le d ge.

For exa mple, a n ex p er t ex a m i n i ng t he re su lt s of a neu r a l ne t work or 
fac tor a na ly si s of h i s tor ic a l e vent s d at a m ig ht be able ex pl a i n t he d at a 
st r uc t u re fou nd f rom t h i s a na ly si s by se ei ng a n a s s o c i at ion or re a s on t hat 
wa s pre v iou s ly not con sidere d. That re a s on or a s s o c i at ion wou ld t hen be a n 
adde d fe at u re to t he problem st r uc t u re.

Ana ly si s for st r uc t u re i n t he d at a, i n for m at ion, or k now le d ge (e.g., 
h is tor ic a l re c ord) is re c om mende d, when pos sible, bec au s e u nder s t a nd i ng 
t he d at a/k now le d ge st r uc t u re often prov ide s i n sig ht s i nto t he problem 
st r uc t u re. Even orga n i z i ng a l l t he av a i l a ble d at a, k now le d ge, a nd 
i n for m at ion i nto files, spre ad s he e t s, or perh aps d at a ba s e s re ve a l s 
problem st r uc t u re. For the nuc le a r de ter renc e problem, it is u n l i k ely t hat 
muc h a na ly si s wou ld be pos sible be c au s e of t he spa r s e a mou nt of d at a, 
i n for m at ion, a nd k now le d ge av a i l a ble. Howe ver, some col le c t ion a nd 
orga n i z at ion of t he appl ic a ble d at a, i n for m at ion, a nd k now le d ge w i l l be 
ne c e s s a r y for si mple bo ok k e e pi ng. This effor t c a n re ve a l st r uc t u re i n t he 
k now le d ge, wh ic h m ig ht, i n t u r n, be u s ef u l for con sider at ion s ab out t he 
problem st r uc t u re. If t he st r uc t u re i n t he k now le d ge is i nc on si s tent w it h 
t he problem st r uc t u re, t he re a s on s for t h i s conflic t shou ld be u nder s to o d.

Eliciting a Structure

The for ma l el ic it at ion pr i nc iple s f rom t he first se c t ion of t h i s chapter have 
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Suc h i nter a c t ion s often re ve a l ne w u nder s t a nd i ngs t hat c ut ac ro s s d ifferent 
a sp e c t s of t he problem.

The first ste p i n el ic it i ng problem st r uc t u re is to a sk t he ex p er t(s) 
to si mply w r ite dow n some of t he f u nd a ment a l comp onent s, is sue s, or 
a sp e c t s of t he problem. For nucle a r de ter renc e ex p er t s, t h i s wou ld i nc lude 
el ic it i ng t hei r a re a s of ex p er t i s e a nd ex p er ienc e. Defini ng t he problem 
scop e —w h at may or may not be i nc lude d— a l s o st a r t s here. Usu a l ly t h i s 
first se t of item s suppl ie d is at a ver y gener a l le vel of de t a i l, repre s ent i ng 
t he ba sic problem fe at u re s, fac e t s, subje c t a re a s, a nd h i s tor ic a l re c ord. 
For the de ter renc e problem, t he s e item s cou ld i nc lude a t i me f r a me (pa s t 
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s o c io e c onom ic a nd pol it ic a l fac tor s ne c e s s a r y for a ny st ate or ter ror i s t 
g roup to con sider when com m it t i ng to t he ac qu i sit ion of a nuc le a r we ap on. 



 Elicited Expert Knowledge 73

a nd is sue s of t he problem, i nc lud i ng t he first rou nd of rel at ion s h ips a nd 
a s s o c i at ion s. Any d ifficu lt ie s i n for mu l at i ng or re c ord i ng t he s e shou ld 
be note d a nd comple t ion shou ld be pos t p one d. Li ke w i s e, foc u s on 
orga n i z at ion or log ic flow is not ne c e s s a r y ye t a nd may st i l l be to o i l l pos e d. 
Orga n i z at ion a nd flow may be c ome cle a rer a s t he el ic it at ion prog re s s e s.

To d i s t i ng u i s h de t a i l s f rom gener a l item s, a n iter at ive cou r s e i n t he 
el ic it at ion is helpf u l. St a r t w it h t he mos t gener a l le vel of de t a i l a nd t hen el ic it 
more sp e c ific is sue s, fac e t s, ide a s, etc. Howe ver, ge t t i ng sp e c ific c a n qu ic k ly 
bu rden a nd compl ic ate t he ex p er t ’s t h i n k i ng, re su lt i ng i n i nc on si s tenc y 
a nd i n re ac h i ng k now le d ge void s or gaps. An a lter n at ive st r ate g y is to 
stop d r i l l i ng dow n i n de t a i l a nd gener a l i z e onc e more. Gu ide t he ex p er t, 
w it hout fat ig u i ng t hem, to iter ate be t we en t h i n k i ng ab out t he gener a l to 
t he sp e c ific a nd bac k a ga i n a s often a s re qu i re d. The rea s on for t h i s is to a id 
t he ex p er t i n ke e pi ng t he big ger pic t u re i n m i nd wh i le de c omp o si ng t he 
problem i nto de t a i l s. For exa mple, t he big ger pic t u re m ig ht be a pa r t ic u l a r 
a s su me d pol it ic a l env i ron ment, affec t i ng t he de t a i le d is sue s, event s, a nd 
outc ome s w it h i n it.

Per m it t he ex p er t to le ave hole s, bla n k s, a nd que s t ion ma rk s a s 
plac eholder s for t h i ngs not ea si ly cha r a c ter i z e d or k now n. These void s c a n 
be add re s s e d i n a later iter at ion or after t he ex p er t ha s had a cha nc e to 
ponder, c a lc u l ate, or re s e a rc h. O t her ex p er t s may have to be u s e d to fil l 
i n t he s e gaps. Alter nat ively, t he s e hole s, bla n k s, or que s t ion s may ne ver 
ge t comple te d be c au s e t he k now le d ge si mply do e s not ex i s t. This lac k of 
k now le d ge is pa r t of t he u nc er t a i nt y i n herent i n t he problem. The sa me is 
t r ue of de s c r ibi ng a s s o c i at ion s. Some may rema i n va g ue or i l l defined. A 
si mple not at ion suffices suc h a s “I k now A is somehow rel ate d or i mp or t a nt 
to B, but I ju s t don’t k now what t hat rel at ion s h ip is.”

The ex p er t s shou ld not t r y to comple te t he st r uc t u re i n one el ic it at ion 
se s sion or e ven one d ay. Ti me be t we en se s sion s g ive s t he ex p er t s a cha nc e to 
re t h i n k a nd re orga n i z e, pre vent i ng cog n it ive overlo ad. It is not u nc om mon 
for t he ex p er t to re t u r n to t he ne x t el ic it at ion se s sion a nd comple tely st a r t 
over. Howe ver, t he pre v iou s work shou ld not be d i s c a rde d.

It may be pos sible to est a bl i s h some major gener a l fe at u re s i n one se s sion 
a nd t hen de velop t he st r uc t u re s for eac h of t he s e i n subs e quent se s sion s. 
The le vel of de t a i l may not be t he s a me for a l l fe at u re s of t he problem. Some 
a sp e c t s of t he problem may be k now n i n g re at de t a i l. O t her s may be l i s te d 
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at on ly t he mos t gener a l le vel, w it h not h i ng k now n i n de t a i l. For exa mple, 
t he ac t ion s of some ne w ly for me d ter ror i s t fac t ion wou ld d ifficu lt to de t a i l.

An ex p er t may de sig n ate some is sue s, rel at ion s h ips, or por t ion s of t he 
problem for ot her ex p er t s to st r uc t u re. Bri ng i ng i n ne w ex p er t s br i ngs 
i n ne w k now le d ge, but it c a n a l s o br i ng i n d i s a g re ement s ab out how to 
st r uc t u re t he problem. Re s olut ion of d i s a g re ement s be t we en ex p er t s t a ke s 
t i me; howe ver, it u su a l ly prov ide s va lu a ble i n sig ht s for t he i nter v ie wer, 
a na ly s t, a nd t he ex p er t s. Some d i s a g re ement s may not be re s olve d. 
Those u n re s olv a ble d ifferenc e s reflec t t he la rge u nc er t a i nt y i n t he st ate of 
k now le d ge for t hat is sue.

Some Dif�culties in Eliciting a Structure

A few d ifficu lt ie s i nvolve d for i l l-pos e d problem s suc h a s t he r i s k of nuc le a r 
de ter renc e fa i lu re a re de s c r ib e d below.

Exper t s may r u n i nto de ad end s where t hei r t hou g ht s c a n not be 
de pic te d be c au s e of comple x it ie s or lac k of k now le d ge or be c au s e t he y have 
not t hou g ht ab out how to st r uc t u re a sp e c t s of t he problem before. Dead 
end s a re le g it i m ate. There is a d ifferenc e be t we en forc i ng ex p er t s to supply 
k now le d ge t hat do e s not ex i s t a nd a sk i ng t hem to u s e t hei r ex p er t i s e 
be yond t hei r per s on a l ex p er ienc e or com for t z one. The for mer re su lt s i n 
bia s e d, fict it iou s re sp on s e s, where a s t he lat ter m i n i m i z e s a nc hor i ng bia s. 
For exa mple, a sk i ng ex p er t s to con sider ci rc u m s t a nc e s ac c ord i ng to t hei r 
k now le d ge for when a st ate le ader m ig ht de ton ate a nuc le a r we ap on on 
US soi l may be u nc om for t a ble but c a n be w it h i n t he ex p er t ’s c apa bi l it y. 
Dema nd i ng t hat t he ex p er t s re ad t he le ader’s m i nd is u n re a s on a ble.

The u n k now n or l it t le k now n de t a i l s (hig h u nc er t a i nt y is sue s) ca n 
h i nder t h i n k i ng a nd e ven cont r ibute to cog n it ive overlo ad. The sa me is 
t r ue for po orly u nder s to o d rel at ion s h ips, such a s de g re e s of a s s o c i at ion 
or de p endenc y. For exa mple, a n ex p er t may st ate some t h i ng l i ke “I ju s t 
don’t k now why cou nt r y A nea rly a lw ay s vote s l i ke cou nt r y B in t he Un ite d 
Nat ion s, but it ju s t do e s.”

The ex p er t may have to ex plore va r iou s way s of de pic t i ng t he problem, 
wh ic h c a n be f r u s t r at i ng a nd t i me con su m i ng. The ex p er t may find 
it d ifficu lt to t h i n k a loud or re c ord on pap er t hei r t hou g ht s ab out t he 
st r uc t u re. These d ifficu lt ie s a re not ne c e s s a r i ly due to some i na bi l it y of t he 
ex p er t, but t he y stem f rom t he comple x it y, k now le d ge-poor nat u re, a nd 
h ig h u nc er t a i nt y i n herent i n t he problem.
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re s p e c t ively, for l i kel i ho o d a nd con s e quenc e s, a s show n i n Figure  3.2. 
Howe ver, t h i s re pre s ent at ion ac t u a l ly de pic t s f u z z y se t s for t he r i s k 
con s t it uent s. For inst a nc e, t he r i s k denote d by t he X ha s de g re e s of bot h 
yel low a nd g re en but is mos t ly g re en. Thus, X pa r t i a l ly belongs to t he 
yel low (med iu m) set a nd more to t he g re en (low) set. The risk at X c a n not 
be pre c i s ely a s sig ne d to eit her t he low or t he me d iu m se t s. The sa me is t r ue 
of t he r i s k denote d by t he a ster i s k, wh ic h ha s mos t memb er s h ip i n t he re d 
(hig h) set but some i n t he yel low (med iu m) set.
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Figure 3.2. Fuzzy shades for the constituents of risk.

Uncertainty Perspective



78 Jane M. Booker

wou ld be a ske d to v ie w t he problem a nd it s a sp e c t s i n ter m s of u nc er t a i nt ie s 
i n s te ad of t he e vent/is sue per s p e c t ive. The cha l lenge wou ld be t hat ex p er t s 
shou ld be com for t a ble w it h t h i n k i ng ab out u nc er t a i nt ie s, a nd mos t ex p er t s 
a re not.

Re ga rd le s s of t he problem st r uc t u re u s e d for a s s e s si ng t he r i s k of 
de ter renc e fa i lu re, ma na g i ng t he d ifferent t y p e s of u nc er t a i nt ie s w i l l be a 
cha l lenge.

Information-Gap Structure and Triad Principles

The JASON st udy cor re c t ly conc lude d t hat r a re e vent s cou ld not be pre d ic te d 
be c au s e of t he lac k of d at a a nd t he lac k of sp e c ific i n for m at ion ab out suc h 
e vent s. 51 This conc lu sion ac t u a l ly is ba s e d on a t y p e of u nc er t a i nt y c a l le d 
non s p e c ificit y.

Non s p e c ificit y is t he u nc er t a i nt y f rom rely i ng on t he gener a l to 
de ter m i ne t he sp e c ific. For exa mple, w it h so fe w a nd so va r ie d k i nd s of 
at t ac k s (event s), t he be s t a n ex p er t cou ld pre d ic t for t he f ut u re wou ld be a 
rate or aver a ge t i me u nt i l t he ne x t at t ac k but w it h no sp e c ificat ion ab out 
what, where, or how it wou ld happ en. As t he JASON st udy conc lude s, 
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i s sou g ht f rom si m i l a r a nd rele v a nt problem s. Usi ng ot her k now le d ge 
sou rc e s i nduc e s add it ion a l u nc er t a i nt y ba s e d on how clos e t he s e ot her 
sou rc e s a re to t he problem of i ntere s t. For exa mple, a n i mp or t a nt is sue 
i n t he de ter renc e problem is a s s e s si ng clos e c a l l s. Anot her k now le d ge 
sou rc e t hat cou ld be u s ef u l for u nder s t a nd i ng nuc le a r clos e c a l l s wou ld 
be to u nder s t a nd clos e c a l l s i n h i s tor ic a l m i l it a r y at t ac k s (see chapter  2). 
K now le d ge sou rc e st r uc t u r i ng c a n be con sidere d a k now le d ge-i nte g r at ion-
st r uc t u r i ng appro a c h a nd is de s c r ib e d i n chapter 8.

Assessing Risk with Expert Knowledge

Re ga rd le s s of t he st r uc t u r i ng appro a c h for t he problem or for t he k now le d ge, 
t he h ig h u nc er t a i nt y a nd k now le d ge-poor nat u re of t he r i s k of de ter renc e 
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mu s t a l s o be combi ne d t h rou g h t he st r uc t u re. Aga i n, t he sou rc e of t he s e 
u nc er t a i nt ie s may be solely f rom t he ex p er t s’ ex p er ienc e a nd k now le d ge.

Evaluating Consequences

The second con s t it uent of r i s k is de ter m i n i ng t he con s e quenc e s, a s 
show n i n Figure  3.2. A com mon for m, qu a nt it y, or st a nd a rd of t he s e is 
le s s obv iou s be c au s e con s e quenc e s stem f rom d ifferent subje c t a re a s: los s 
of l i fe, d a ma ge to prop er t y, cos t, t i me, a nd perc e pt ion. A ut i l it y or ut i l it y 
f u nc t ion is often for mu l ate d to t r a n sfor m t he s e d ifferent con s e quenc e s to a 
com mon sc a le or me a su re of va lue or wor t h. 57 Some t i me s a dol l a r va lue is 
u s e d a s a com mon me a su re of ut i l it y.

Conse quenc e s of de ter renc e fa i lu re a re pa r t ic u l a rly de v a s t at i ng—
nuc le a r we ap on s exc h a nge or nuc le a r wa r. W h i le t he s e a re d ifficu lt to 
e v a lu ate a nd es t i m ate, compa r at ive te c h n ique s, such a s Sa at y ’s Ana ly t ic 
H ier a rc hy Pro c e s s, a nd for m a l el ic it at ion te c h n ique s a id t he ex p er t i n 
t h i n k i ng ab out t he u nt h i n k a ble. 58

Summary

Asses si ng t he r i s k of nuc le a r de ter renc e fa i lu re is a comple x problem 
cover i ng mu lt iple subje c t a re a s. Com mon to t he s e subje c t a re a s a re spa r s e or 
lac k i ng d at a, lac k i ng t he or y or mo del s, h ig h u nc er t a i nt y, a nd i nvolvement 
of hu ma n behav ior s a nd de c i sion s. Bec au s e of t he s e d ifficu lt ie s, a na ly s t s 
mu s t rely on t he u s e of ex p er t s a nd for m a l ly el ic ite d ex p er t k now le d ge. 
Establ i s he d problem st r uc t u r i ng a nd f r a me work me t ho d s (e.g., log ic or 
blo c k d ia g r a m s) may not be appropr i ate a nd may be i nc on si s tent w it h t he 
way ex p er t s t h i n k ab out t he problem or t hei r por t ion s of it.

An a lter n at ive appro a c h for st r uc t u r i ng, f r a m i ng, a nd/or orga n i z i ng 
t he i l l-pos e d de ter renc e problem is to el ic it t he st r uc t u re f rom t he ex p er t s. 
The sa me for m a l el ic it at ion te c h n ique s br iefly de s c r ib e d i n t he first pa r t 
of t h i s chapter a l s o apply to el ic it i ng problem st r uc t u re de s c r ib e d i n t he 
se c ond se c t ion. These bia s m i n i m i z at ion te c h n ique s help en su re t hat t he 
k now le d ge gat here d is of t he be s t qu a l it y.
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For the cha l leng i ng problem of a s s e s si ng t he r i s k of de ter renc e fa i lu re, 
a n a na ly s t shou ld rely on a n ex p er t-or iente d st r uc t u r i ng of t he problem 
a nd shou ld u s e a l l av a i l a ble sou rc e s of d at a, k now le d ge, a nd i n for m at ion. 
The inte g r at ion appro a c h ne c e s s a r y to a na ly z e suc h a st r uc t u re d problem 
a nd to d r aw conc lu sion s is d i s c u s s e d i n chapter 8.

In su m m a r y, a s s e s si ng t he r i s k of nuc le a r de ter renc e fa i lu re rel ie s on t he 
ex i s t i ng st ate of k now le d ge of t he ex p er t s i n it s subje c t a re a s. Elic it i ng t hat 
k now le d ge w it h e s t a bl i s he d for m a l i sm for m i n i m i z i ng bia s e s is fe a sible, a s 
out l i ne d i n t h i s chapter. W hat is de s c r ib e d is a n ex p er t-or iente d, ex p er t-
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