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Knowledge elicitation 
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Introduction 

Expert systems are cpnlputcr programs which are u~tended to solve real- 
world problems, a i h l e ~ m g  the sarns levcl of dicuralry as human cxpcrts. 
There are many obstacles in such an endeavour. L7ne of the greacesr is rhz 
acquisition u f  the knowledge which human expertr u5r in thcir problem 
solving. The issue is so important to the developrncnt of k1lowlzii~e-k3red 
system: rhat ~t hu been described as the 'bottle-neck m Expcrr Syitenlj  
constructlori' (Hlycs-Roth et a/ . ,  1983). 

Desp~te its cer~rral role there is no comprehensive theory of knowledge 
acq!isirion ~ r ~ a ~ l a h l c .  Many regard the area as an art rather than a science. I t  
is nut  thc pilrposr u l  this chapter to investigate the throrctlcal s h o r ~ ~ i g i n g s  
o i  krlowledgr acqulsinon but to deliver practical advice and gu.;"",:'. ,mw,>~ce o n  

i',,~., 
performing the p1.3c'255. :.4 lip 

Expert systems 

In the early days of Arc~ficial Intchgcncc much cKxt went ~rito atrep,$ s to ;:;, 0 

discover general principles of lilt e l l ~ g e ~ ~  t bchav~o ilr. Newel1 and ,:,$$;n's 
(1963) General Probleni Solver exempl~f i r r  rlus apprcuch They wereinterested 
in uncovermg a general problem solv~i>g srraregy which could be used for 
any human task. In the early 1970s this pos~ncrn came to be challenged. A 
new slogan came to prorninence-'in thc knowlcdge l ~ e s  the power'. A 
lead~ng exponent of [his view was Edward Feigenbaum of SRI. ilt- observed 
that cxpens are experts by virtue of dornaln specific probIem solv~ng srrategles 
together with a great deal of domain 5pecific knowledge. It was the atternpt 
to incorporate these variqur sorts of domain knowledge which rrsulted 113 

[he class of programs taUcd Expert Sysrems. 
Throughout this chapter we will bc asjumkg that current cornrncrnally 

ava~lable expert system sof'twlrc will be the implementation vehicle for the 
programs. Thus the fortn in rrhich the knowlcdgc will be irnplcmented 1s 



Techniques :ti  dc~i,<fl  ~ n d  zvlrluorior. 

u,-Jy m k s m & ~ d  mier .wlrh perhap% 2 :fmcturcd object facdiiy 
asfr3mer For a review of the major types ~ f c x ~ f t - r  systenl architecturr 

Ja&n (1385) and . ~ f  d z e c c n t  knowledge rcprcscnr.! rlon fhrrnalisms sce 
Whit (1%'). 

n e  problem ' 6P acquisition 

~ h t  people who build expert systems, che ictiL~wIcdge engineen, arc typiczlly 
not p p l c  with a deep hkn~wlcdgc o! thc app!!iatiorl dorr~ain- However, ~t 

is h e  knowledgc cnbheers who must gather the c lorna~n knowledgc and 
then implement it in a form that the machine can usc [ r ~  rlic simplest case, 
& k - c  engimz~ may be ahle to gather inf~rrnat~lm from a variety 
of -'-: e . g .  texr hooks, technical rn~nuals .  However, m 
& - m e  n& a d ) :  ro cunsult a practising rxpcrt. T h ~ s  may br 
b&'&&& isn't the-documentation av3dablc, ~r bccau~e real exprrtlsc in 
& pmblern solving derives from practical cxpcnence irl  ~ h c  durnaln, r a ~ h c r  
& a -  rt-a&ig of s tmdard  tcxts. The lark of garhering information 
i&-$lly: from whrtever sacrce, is called knowledge acqrtisilion The  subtask 
of ga&ming information f rum the expert is caIIcd knowlralge e l l i i r~ t ion  (KE). 

Many problems arise before an clicltanan of tke detallcd dumain knowiedgc 
is cvtr conducted. There are poss~ble bdurcs in the understanding of  what 
it is &dc to build. Sometilncs thc (allure occurs whcrl iormulat~ng the 

wonrnent. Very often the effort and resources required co 
$k ~ d - h a t e d :  'this occurs m both the development and 

no &cc' of systematic praci.:<.i exists a t  a l l .  Knowledge enginccrj seem 
to lx expected t o  provide theoi&s for domai-1s wherc :here I,  no theory. 
Prowding wc can avsid  aU of these obsrncles then we get down to detailed 
issues of KE. 

The problem of elicitation 

T h c  qucstiot~ it1 KE k this: haw do we get cxperts to [ell us exaccly w l ~ j r  
they- do? The task i s  enormous, particularly 111 the. context of  large expert 
systrms. There are a variety of circurnsr;lnccs which con tnve  to ~ i i d k r  ;he 
problem even harder Muik of  the power p i  t ~ u r r u n  expertise lit, in Lid- 
down experience, gathered over a numhcr of yslrs, and representcd as 
heuristics. Often the fxpfrrise has become so rout~nizerl that  experts no 
longer know what i t  is that they do or why. 

Tl~c re  are also commercial rca5ons to try t o  make KF, mnrL cit>crive. We 
would lrke to 5e ~ b l e  to use t echn iyuc~  which will rnininrlzc the effort spent 
in gathcnng, tr.inscribing and analy5jng th- knowledge. We would 11kt to 
minimize thr t i n ~ c  spent with cxpcnslve and x a r c c  experts. And, of coursc, 
wc would like rn !~ ia~ irn ire  rhp yir!?. nf lls~b!: l;::~~:.,l:?,~e. 



T h ~ s  chapter will continuc by describing, 111 s u 3 a e n t  drcail h r  t he  redder 
t9 apply them, examples of major KE metl~vils We w11l thcn mcnnon other 
tcchniques and where rhe reader can find out ulprr  abaur h e m  In 1a:er 
szccious we wdl review asp:cts of expcrtrsr ~ n d  iognit~on rhdr A K C  likely to 
d~rr i r l y  affect the KE process. Rnally, u r c  JcscrrLc the  cr>nstruction of 
programmes of acquisition. 

.Methods of knowledge elicitatiotl 

The structured interview 

Alrrlost everyonc stArt; in KE b y  detct-~rlitling to use an  interview. The 
interview is the 1 7 7 m t  r ~ n l s l ~ o r ~ i y  LISCJ knowledge chcitation technique and 
takes many fhrms. from rhr cumpleccly u:~~tnrc~urcd interview to the  formally- 
plarlned, srrucrrired mterview (Fur A full review of ~ntcrvicw techniques scc 
Sinclair in this vo lume  ! The srructurcJ lnrcrvlcw 1s a formal version in 
which thc h o w l c d y c  enpctr h a s  p l ~ n n e d  [he wllolc session. The struccc--cd 
Iatervlew has the advanragc rhar it prov~des rrr:~cturcd transcripts that' .arc 

cajier to  analyse th ln  unstructured 'cllat'. The rei~ovely fqrmal 1nrt.i-vitw 

which we havc specified here constrams the cupcrt-l~citor dialogue c i l  the 
gcneral prirlciplrs of the domain. E.rpert5 do noc woik t h r ~ u g h  a p ~ r r i c c ~ l ~ r  
scrnarirs rr.tractcci from the domain by thc cIicltur; rather t l ~ c  cxpcrrs gztxrircl 
therr oxl.,.;n ~ i c r ~ ~ r i o s  as rhc intemiew progrehscs. T h e  >truini rc  of a typic11 
inter7;lesv 15 25  follows. 

1. Ask the cxpcrt to givr a bricf (IG inin) outllrlc oi thr  targcr task,  
inilud!tlg the h l l o w i n g  in tbrmat ior~:  

(A) at) outlltle of the task, including a dcscript~on of t l ~ c  pnssiblc 
solurinnr to the problenl; 

( b j  1 descriyrion of  [he variables which affect che choicc of so lu t~ons ;  

( c )  a llst ; ~ f  rn330r rules which connccr r k r  r ~ r ~ a h l c s  to tho solutions.  
2. Take each rulc cIlcltcd In rtagc 1 ,  dsk .nhci~ i r  is appruprjatc and w h e n  

11 is :lor. The aim is to revca! the  scopc ( K ~ n c : ~ l l t ~  and spccificity) o f  cach 
existing rule, arid hopclully gcnerarc sL nIc n c  LV r u l ~ j .  

3. Rcprat \rage 2 unt i l  l r  I \  clelr t l ia t  ~ h c  cup;rr will not produce any 
a d d ~ t ~ o ~ l a l  itiformat ion. 

I t  is important In nsing this r c c h n ~ q u c  10 bc c l c x  2nd spccific about how to 

perform 5tage 2 .  Wc have found  r l u t  !t 1s k~rlpful  t u  ionsrrzin thc cljcitor's 
it~tcrvcntions t u  a specific sct of ptobr:, c ~ c h  with a spccific funct ion.  Herr 
is a list of probcs (P) and r e I ~ t e d  functions (F) which will hclp in sc~gc  2 .  
PI Why would yoit do that '  
Fl Cor~vcrts  an assertion into a rule.  
P2 How wou ld  you du [hat? 
F2 Cr-ll~rr,irrs !E,CP :.."-IE~ T;!CS. 



W % would you do that? Is  <the ruk> dways the case? 

m. R e y a k  the generality o~! thc rule md may generate other ruIes. 
.Wkpt drernatives to <the prtscnbed acdm/decision> are there? 

F4 . , w e  m e  rules. 
@ ,WE if i t  were not the case that <currently t rue  condition>. 
A -raw rules for when current condition d m  not apply. 
P6 Can you telI me more about <any subjcct alrcady mentiorled> 
W used-to generate funher dialogue-if expert dries up. 
The i d a  h k e  is that the elidtor -engages in a type of s l~t / f i l ler  dialogue. 

The requirement t h a t  the elicitor hstcm out for relevant concepts and rclatiom 
&pcms a large c w t i v e  load on the elicitor- The provision of  fixed hnguisric 
!&ms.!- wbi&oo ask qu&ons a b u t  concepts, relations, a rtribures and 

, -&,k:&e, e&mr'r job,veq. mncb &a. It  also provide sharply 

. ,,: . -., v -5~,wb,i& ,. " -' ,. . @i l i t a~  & p r m  of extracting usable knowledge. 
:; ;.: Q & - b . k a  h ismtca when none of the above probes are 

I " ' 

..(su& .as the a s e  when the Jidtor wants the cxpcrt to clarify 
' =. However, you r h d d  try m keep the inrc jccdonr nccaraiy m 
d $mations to a minimum. The pint  of specify~ng such a fixed set of 
hguisdz  p r o k  i s  ro constrairl the expert to giving you all, and only, the 
informition you want. 

The sample of diaIogue below is taken horn a real interview of this kind. 
It is t h e  transcript of an interview by a knowledge engineer (KE) with an 
q p q ,  (a) on V13U fault diagnms*. 
@:-4,%dy &&ed the  port of the computer. 
~ ~ ! f l c t i d . y ~ & & ' t h e  F? 

, . ~ ; . ~ $ - k i f - ' s  b Lghming recently hen it's a good idea to check the port t 
< .  *.;-; . b u s t  ltgbming tends to damage the ports. 
&k,&dj&' ioly ai&ativsr m that 
q' Y q  &at ought to be prefaced by saying do that if i t  was several keys 
A!,,:: - !* & effects + not necessarily all of them, but rnorc than 2. 
BE Why does it have to be more than 2? 
EX Well if it was only onc or  two keys doing funny things then the thing 

to do w d d  be t o  check the keys themselves t check the contacts of 
the keys + check that they're closing properly + speed would affect 
ail keys, parity would affect about half the keys. 

This is quire a rich piece of dialogue. From this section o f  the interview 
alone we can extract the  followinR rules: 

IF there has been recent l ~ g h t c n i n ~  
THEN check port for damage 
IF there are two or fewer malfunctioning keys 
THEN check the key contacts 
IF about half the keyboard is malfunctioning 
THEN check the parity 

'In thc rransuriprs we use thc symbol + to reprcrrnt a pausc in  the di1log.x 



IF the whole ktyboard is ma1funrtic)ning 
THEN check the speed 
Of course these rules m i y  need rcfining jn later cliritation srssion~,  b ~ r r  

thc text of the dialogue shows how the usc of thc jpeci f ic  probes h ~ s  revealed 
a welI-structured rcsponse from the expertt. 

In rll the intervitw yechniques (and in some of the vther generic techniques 
as well) there exist a namher of dangers that have become fa~niliar to 

knowledge engineers. One problem is that expert5 will only ~ : o d u c e  what 
rhey can v e r b h e .  If there are non-verbalitable aspects co thr domain, the 
Interview wiLl not recover them. This can arise frum w;o causes. It mAy be 
that tht  knowledgr was never cxplinc1~ rcprcsented or articulated in terms 
of language (consider, for  example, pattern recogninon expemse). Then there 
i the situation where the knowledge was o n g n a l l *  learnt explintly in a 
prupositional form but the experts may have com:~ i ied  rhe knorvledge to such 
an extent chat they regard the complex decisiorls they makc as based nn 

hunches or intuitions; In fact, these decisions ire based upon large amounts 
of remcmbercd data and experience, and the continual apphcation ofstrategies. 
In this situatiur: [hey tend t~ give black box replics "I don't know how I do  
t h ~ t  . . . .", " I t  IS obviously the right t h ~ n g  to do .". 

Arlodler problem horn the observation t h ~ t  p c ~ p l e  (and experts ui 
particular) often seek to jusdfy their densions in any way they can. It is a 

common experience of the knowledge e n p e e r  to get a pcrfcctly vahd 
deci.jian from an expert, and thtn to be gir tn a spurious justification For 
the>< and other reasons we have to supplement intervitws with addirimal 
mcrhods of elicitation. Elicitation should always consist of a programme of 
techniques 311d ined~ods. This bnngs us on ro cmsidcr another technique 
much favourrd by knowledge engineers. 

Protocol analysis 

Protocol Analv j i~  (PA) (considered in dctail bv Baisbridge in this book) is 
a generic term ior a number of different ways of prrtbrming some form of 
ana!ysis of the expert(s) actually solving problems in the domain. [n all cnscs 

the englrieer takes a ~ ~ ~ 3 r d  of w h ~ t  the expert does-prcferably by vidcn or 
audio t;lpt--or at least by wnrtcn notcs. Protocols arc then  made from these 
records and t t c  knowledge enylneer tries tu extract meaningful rulcj from 
thc protocols. 

Wlis can distinguish two general type.; of PA-t~rl-lin~ and of-line. In on- 
line PA the expert is bejng recorded solving a problem, ar,d cilncurrcntly a 

commenrary is made. The nature of this runlmentary sper~fies the two 
subtypes of the on-!ine method. The expert perlorming the cask may be 
drscrtbing what t h e y  are doing as problem solving prr~creds. This IS iaUed 

t I n  fact. 3 ~ S I I ~ I C  ~ e r o n d - p h o ~ r  C I I L ~ ~ X ~ O ~  techn~que would bc tu prrsect thcrc r u l t r  bark to !hr 
cxpert a r d  ark. abut thelr rrurhtulntss zcrlpc and so farth 










































