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The psyr:hologieal study of expertise has n rich back- 
ground and has recently gained impetus in part bc- 
cause of the advent of expert systems and rclitted tcch- 
nologics fur preserving knowledge. In the study of ex- 
pertise, whether in the context of applications or thc 
context of psychological research, knowledge elicita- 
tion is a crucial step. Itcsearch in a numbrhr of  tradi- 
tions-judgment and decision making, human factors, 
cognitive sc:iencc, expert systerns-has utilizrd a vari- 
ety of krlowiedgc elicitation methods. Given the rlivcr- 
sity of disc:iplir~cs, topics, paradigms, and goals, it i s  

clifficult to makc the  literature cohere around a meth- 
ottologicnl Ihernc. For discussion purposes, we pl;tce 
kno\vledgt: elicitation techniques into three catclgo- 
ries: ( I )  analysis of  the tasks that experts usually per- 
form, (3) v:arious types of interviews, and (3) contrivt:d 
tasks which reveal an expert's reasoning processes 
without necessarily asking abnut these processes. We 
illustratc types and subtypes of techniques, c~ilrninat- 
ing in a discussiun of research that has empirically 
evaluated and compared techniques. The article in- 
cllides some recommendations about "how to do" 
knowledge elicitation, some ca~ l t ionaq  tales, and a 
discussion of the prospects. c, 1995 Ar:adcmic Prrss, t ~ ~ c .  

I11 c ~ p c r i r n ~ n ~ i l l  psycho lo^^, the study of expertise. or 
proficiency has :dways been regarded :-is having merit, 
touching on basie qur:stions having to  do with  cognitinn 
and perception. and npplicatiuns involving training 
a n d  the preservation of knowledge. For c!xnmpIe, 
Rook's (1'324) s tudy o l  "worlcl champion" lypists and 
Bryan rind EI~rt~er 's  1,189'7) study of telegraphers-- 
classics in experinir:ntal psycholofi~.-fi1r:11st!(3 rln basic 
cluestions about niolor skill acquisit,ion (i.e., pl;tteaus 
in learning curves of cun~plex  performance; Woocl- 
worth, 1938, C h .  7 )  Iri hindsight these studies could be 
cmbraced under the  hanncr of' "expertiee." 

In the  Rreas of 'org;~~~izat ionnl  behavior anti decision 
making, cffort has  gorir: into tile study uf  experts in 
such cliversc domains as accounting, auditing, managc- 
ment, livestock judkfiug, finance, and so on (Fischofl', 
1989; Idbby & Lewis, 197'7; Shanteau, 19883. Human 
factors psychology is laden \\:it11 studied of perforrnnrlce 
at aircraft piloting, r;tdar operation, and air  traffic con- 
trol. Many of' these studics have relied on highly expe- 
rienced, proficient participants (cf-. Alluis i ,  1967; 
Chiles, 1967; Christcnscn & Mills, 1967). 

Studips on topics rclating to expertise appear in the 
archives of psycht~metric;. Krown and Ghiselli (1953) - - 

Tllc authors thank :James S l l n ~ ~ t e a u  and three anonlmuus review- used n battery of starldard aptitude. tests in an attempt 
s r s  for thcllr s~~ggestions on thc dratLs of t h ~ s  article. Address colre-  
spundenre and  reprint  rerlucsts to Robert It Hoff'mari, D c p a r t m c ~ ~ t  of tJo predict the proficierlcy of tmicab drivers. Jenkins 
~~~~~.~~~l~~~ ~ ~ l ~ l ~ h i  ~ l ~ , i ~ ~ ~ ~ ~ t ~ ,  G ~ ~ ~ ~ . ~ I  c,tS7. h?i 11530. E-ma~ l :  (1953) employed qur:stionnaires and standardized 
t~ntTniank~adl~bt-.~titblphi.cdi~ achievement and  a p t ~ t u d e  tests to  assess the  eharac- 
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l.rris:i~.s of weatlwr fi)recss:ers. comparing the tl;~i:i t o  
t,i\k ar~:ll?;ses and Cr~recasting 51(.111 scores. Hanimc)~~tl's 
(1966) resr:+rcti o r i  nursing in\ nlv<,t l  held studics th i j t  
tlisclosed the snrL5 of probicms rluryes encourltcr :in(] 
laboratory st~~dic..: using test cast? pr-oblwns t h a ~  riis- 
cloacd nurses' patterns of  clirlical inference 

In recclnt years, the .study of cxpertise 113s b ~ c n  in- 
vigr>r:-lted (IIoffrrlan & l>ri't'rl-~lbacher, 1993,. Tht- m p e -  
t,us crlmr.; in part f r o n ~  the national emphasis on sci- 
ence education-1r:iirIing to s tud l rs  of expertise in sucFl 
;Ireas as rnediciric :ind physics. TIIP ~ t ~ ~ r l y  of expertist: 
opens possibiljtir:~ that seem i r l l~~ren t ly  interesting to 
researchers, ns suggpsted by stutlies in suck arqt3s as 
birdwatchirlg (C:r)ltheart. K: Ct:;~lsh, 1988). trarl1~1~111al 
herbal rn~:dic.inr+ ((::ox & E~licl i ,  19843. and sntellltr tm- 

age ~~ l t c rp r r~ l i~ t iun  (iIoffrr~a~l & Cunway, 1Lj69). 
Rcscarch h ~ s  been conducted on expertise in cvcry- 

t h i r ~ g  1rnl11 m i h \ a ~ . v  cotnmnrid arid rr3ntrol to  jurispru- 
rlcncc, froln s t ~ c : i : ~ l  policy rrlnkirig to derrnatologj", fror~i 
>.tli!t:tic.-; coaching trr eicctroriics irouble-shooting, fri~ni 
~vl~nlcsml~: u111k delivery t t ~  Llr m ~ n g  in Peru. and fi.c,r~i 
wnstc:w:~t,vr tl-er-ltment to thrb Iv:lr-ning of archacillog~crrl 
cntc?gor~rh ~C 'h i ,  Glascr,  & Filrr. 1988; Er icssr~~i  & 
Smith, 199 1 ;  I ioffman, 1992i-I; Krowirly & Xec, 1993; 
Sr:rihner, 1984; Shantcau & Stewart,  1992; Yantiit?ren- 
tlon(:k, 1993). 

I ,e:iders in businl:s:i, gr~vernment, and thi. n~ilit.ary 
rlrr ~ r c o ~ , ~ i z i n g  thr. kaluc: of st,urlies of'"naturalishc ( I + -  
c i s~un  making" (mein, 0r:is;lnu C_'sldenvood, & ZS;II?I- 
bok, 1993: Xsntribok & Wein. 1995). Corporatc t 2 y [ ~ 1 . 1 1 -  

tives are realizing the value ~ l f  rapturing and preserv- 
ing t h e  knowledge. and c!xpc<rience of thcir  mnst  skilled 
employees (Cross, 1984; Klein, 1992). Fur irlst:mce, an 
expert . ~ t  the mass prl>lluction of soups w i i ~  close to  
I-etirelrient. As the t i n ~ e  iipproactled, his corr~p;iriy reijl- 
i z e r i  that thew wns nu one else wht) knew what I - L ~  
knew (IIerrorl & Srnith, 1 986). As nnathrr cx:imple. we 
have heard ~nfot*mally cjf a n u m b ~ r  af woeful t~ l r ;  of 
knorvledge l l i s ~  duc to the  retirement (IT Al~rrllo-era 
N:lSh r;cier~tlsts. 

\,V~t.h the growiilg irli~>~)rtrince of ' infbrmal~n~i Ir(hhnol- 
OF. m e  hcus of cogn~t,ivt. science has hctbll on the ac- 
quiwtion of' computt :~ programming skill (Holt'lnan. 
191j2bj. In arlditiori, tl l t :  advent ot 'espet~  ;ystems in the 
field of artificial ir~ti.lligwicti (AH 11as spaw~lcrl thou- 
s:~nrls of projects in rr hich expert knowlc.dgc is r:lic:ited 
: I I I ~  p rese~vrd  tBoosc, 1986: House & Gaints. 15991; 

i Br;!rn~r, 1985; Coombs, 1984. Hayes-Roth, Nalcrrn:in, 
& L, :n :~t ,  1983; Ilolsapplt: & Il!hinstun, 19s;; KcIlrr, I 1987; N r r i i l t h .  1988; Stefik, Aklrls; Halzer, Renoit, Birn- 
ba~ur i ,  Hi~v~:~-Kr>th ,  & Saccrrloti, 196'2, 'l'urban & Lit:- 
bon i t z ,  1992; U1\':-~t,ermrtn, 1986; LVt:~ss II' Kuiikowski, 
19S4). Expert s>7stems are " k n o w l c d j i ~ ~ - l ~ ; ~ ~ ~ d "  software 
t.ools or dccisio~l uirls, ~tl tended to asslst cxpt.rt:i S ~ r n -  
~ n : i l  work includes MYClN (Short.lif'fe, 1976) for (1~:iy- 
r~osin? h : ~ c : t r ~ i a l  irlfections. C1 ROSPKCITC)R i nud:i, 

Gnsclinig, & H;irt ,  1979) fur dt-!term) ning site 
i r .  gccrlmgical t,>:plora tion, and 1)b:h:DRAL 
bsunl ,  Bucha~l:lrr, & IjederI,c.r.g: 197 1 ) h i -  

RI~R~~SIS h s e d  on mass spr:ctr~~gr;ims. 
Marl?: rupe1.t system ~ P Y C - ! O ~ C ~ S ,  ~ C C I I S ~ P I I I  

s igni~lg ilncl wr.iting pI-I)panl; and not to conducting 
ernpilhic:il ins,es~igations: had discovered bv about 1980 
that  lmtjrz,lttdgc. cl1cit:ltion is not, t.:~.<y r.C7ullen & Bry- 
man, 1988; Fcrl.J & Hradshaw, 1993; C\:(jod & Fortl, 
19~13).  Indeed. kriorvirdge elicitailon (:ii11 be thr: nirlst 
t,ime-consuming and cliffr:.r~lt stfig(: ill C U ~ S ~ I - ~ I C : ~ I ~  a 
working proyrarrl ic f .  1:11cll.trin11, Su t ,he i - I s l~d ,  & 
Feigenl>:-11:m, 1969; Hayes-Rotl~. IVatc!rman, & L~cn;lt, 
1983). Tlit- "knowlctlgc! ;~rquisitiori I,r~t(lt:nvck" bccnrnc! 
a foc1.1~ of t.he intro(1ur:ticm;j in boolrs n n 0  rrt-iews (Di- 
a p p t ' ,  1989; IIart. 19SG: Kidd, 1987; hlci:r,~w & Wcst- 
~ 1 1 3 1 .  1990: Olso~l & p ~ ~ ~ t e r ,  1987; Rrmk & C:r-ogk:~rl, 
1989 1.  

Xot  ~ n l y  rlid this prrjl,lem 1erl.d ta thc suggestion that 
systems cl;t$ntlcrs shoulri be trnil!c.d irl inten-iev rcc-11- 
niques (F~)r.;l;th & Buchiinan, 19bY1, h u t  it apawncd 
the devrlol~~-~-lent n l  nutoma ted lmowlt,rlgc: ac*quisitiori 
"shells." These arc i t v l l k ~  tr for building 1)rtltocype cx- 
pert systems; thcg: (10 his hy having I ~P  expe~.t type in 
ansLvcrs to questicliis. i~utomatically generating Ir.nu~ 
t,he BI~SWWS a cnmput.able repr.cs~:ntation (e.g., I.nn- 
cepts a ~ l d  rilles ~ I I  pre:rlir:ate logic). tl~tbn integrating th t .  
repr.escnt:-it.ion r11th ;in ''inf'e,reenc c,r~gine" to c o r ~ t r o l  
proccssirlg ~ c t . ,  Br~~~sr!, 1986; Gslncs & Houae, 1'1hS; Ge- 
varter, 1987; Johnson. 1985; Nealc, 1988: Nohlc, 1989; 
for a h i t l l io~~aphy,  see f Ivf't'tnan, 1992~). 

Thc creation of an expert system shares something 
wit11 ~~sgcl~ulogic;~l  rdnd applictl research. In all eases. 
thc exllert iar nrrvic:e) must br: 1lrrsenttl.d some sort of 
taslr Illat, taps illto their knr~wlc!~l~~t  and sliill, that re- 
i.cals their rc.:~sonit~g and ju(1g~1-1-1erlt prfic(:sses, tha t  
p~ rn i i l s  a s sc s s~ny~ i t  vf t h c i r  I~e~rforn~ance, . ~ n d  so  on. 
This :trt.iel~ will sum~nar lzc  :mtl analyze thr \Tar-~aus 
mclho!l..; ot'Iirlowledge l?lic~iilL~c~n i KE j  that  h:lr.c hccn 
uscrl I)? erpc.rimenta1 and app11e.tl psycholog~sts and by 
devtx1l)li~rs o t  c x l ~ e r t  systems. 0111- cqncer.rl is not with 
whnt makes fol- s r ~ u n r l  r nc thodo lu~~  fbr ~ t i c b  purposcs of' 
cngriitive reseal-r.11. Uur corlccrn is not  j u s t  with wha t  
:ualics Fo-- effcct~ve methodology f b r  bui ld~nc  cxpert 
syRLcrn.-;. Kathr-:r, orlr fbcus is o r 1  the  qucslion nr' w t ~ t .  
mnlrcs for uset'r~l met ,hodolo~v for the jientlral purposr 
of'r~evciil~~;~:, teprt:sc:nt.ing, pl-csc.rr.lng: and dissrrr~ini~L- 
ing enpn-t knowletlge.? 

I '01, a layout nf'nll 1111. rllwel.se practical an11 n ~ . ~ n o ~ ~ [ i ~ t ~ ~ ~ t - r t : l f i t c d  
I~:ublems a11rl issues t h 3 1  [.,ln  rise during I:xII~A~!. S ~ S ~ [ - J I > S  rle:vclop- 
1l1wni projects,  :,rw Hn~lr- :IIILI Dlourlt. (19P9)> Nc;~lp (19S8j T'~rr ,~ l . l  
'l!tETj, i989?, Tuthill 11990;1, and S a h ~  r ( 1995). 

l n  this ; r r t  1 1  Ie iFt. will r lo t  rwwa the  nu[rlt,rtms autorr~atrc l ,>r~~ci -  

c : t j ~ ~  ~ ( . q u i s ~ t ~ c ~ r ~  t o ~ f k i t s  ( e . ~ . ,  ILlLJS, KRITON, I;IS>I:IO. I . . c i f ' S ,  
KITTEN. 4rlyl.::S;\S, K(3C;ET. INFfiIthl, ;LIOLE, 'I'I.;I I<I.;SIAS. 
KYIYCIN, S.'rl.'l'. etc I I l o w r ! v ~ ~ r ,  we will c o r ~ s ~ r l y r  t!lc ICE t,rch- 
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lu;;trute ~ h r  ~nt: t l~ocIs ;.:!iich have h ~ r n  rcm- 
played i l l  1<1< according 1.0 t,hrc-e iltuad c:ntegor~~s.  anal- 
ysis of f;1111~liar t;isk;i. intt:rview mc>thods, ant1 con- 
t l i \ .?d  t:lsks. We also h~lmriisrizt: the ~ r r s u l t , ~  of studies 
t)iiit tlnve syst~rn:tt?c:;~lly c:orr~p:*rccl I<E ttlchnirlues. LYtl 
cun~ lude with Krjrnl: r t .commenrl~t iu~~s and sr,rnt: point- 

e r ~  to o~lt5t;i t ~ t h r l ~  111ethfldol~)g~caI, t ~ i c o r ~ . t . ~ c : ~ l ,  and 
Ilr;icti~ill issues. 

First, htlivever. W ?  r?t,:d tn  say s~rn~~tl-ling ahclr~t the  
,-lctillition o f  "cxprrt." i!lnrity about. thc meaning bf cs- 
~ w r t i s ~  (:a11 I ) c .  crl t i~al  when it r o r n c : ~  t~ K K ,  e.g.. S ~ I I C ~  

experts' tinic ~5 valuabIc or,? wants LO avoid ~nrfiiciency 
(Ad(:] 111;1it, 1989). 

In nii*ny ;ipt~lic:nlions of cspert systerr-t t.ecl,r~cllon, 
thcb process lit' identisyir~g '-the" ex11t:rt; 113;; not heell 
tnuch (if a prob1em in pr;+cticil (IIoffn~nn. in press). "Ex- 
pthr-ts ' havt: t~een cr:lccted nn t l ~ e  h i s ~ s  of p a r s  of cx- 
pcriencc ant1 on the, tli~sis of prhikss~onnl c r i t e n : ~  igrncl- 
uate degwc~s, training cxprrjcnce, ~,uhlicatior? record: 
~nembcrship:, in profc<sic~i;ll societit.~. l ic~nsing:  ctc.j 
I ~111llin. 1989). Expert..; h ~ v e  hccn s e l ~ t l r d  by virtu,: nf 
the fac t  t ha l  lhcy held down jobs i r ~  o{it,rational . d r ~ t -  

tin#>, and by thc sirnplc pror;rs;, of asking workers to 
identify tlle +xperts within their rrrganizatiorl. Only re- 
cently ]lave attempts b w n  made t o  develop broadly 
usefill, systematic, cc ip i r~cn l  methods for itlent1f:ving 
candidates for K A  withj  n nn orgirr~ization, mctho!-ls 
bort-owing i,l l  t h ~ .  t cchn i r l i l r s  of sociogratnmctry (cf: 
Stein. 1992 1 .  

Hasecl rill s t u d ~ r : ~  oi' expertise In chess, Leniit ;irld 
Feigenbaun.1 ,1987) e s t i ~ i ~ ; ~ t c t l  th :~ t  cxpert h o w l r ~ l ~ c  
consists of  bout 50,0013 "ci~unk,i"  (mean1 iigf'ul chess 
ganlc zonfigurationsl Ex~hrrtise i s  ofter~ defined in 
tcrrt~a r ~ f  mt!mory ~ x l e r l t   rid org:lnlzatrun (Glasrr .  
1987); the parli:iI currclation of'psp~rtise wit11 nge is a 
reflectior~ ot'tfic a m w n t  as rz7r:li R S  tlic type of tlxperi- 
ence. IT) a study of ~xpert-110vice r l i f f e r~ i~c r :~ ,  (:hi, 
I lutchiuson, and Robin (1958j relied I,I! t h e  pnrticipa- 
tioil of an  avitl dirlosaur fan,  a 4 - y ~ a ~ ~ - o l d  child. In 11 

similar study, ZIcnns and \.'r,<s 1985) relied or, the 
par-ticl~);itinn ut'prcschool chilclrcn who were : ~ v i d  fhns 
of the "S?,;[r Wars" films. 111 s o m e  r-escarch, col1rg.e stu-  

[lent5 Ililvt sr l~-~-cd as experts bvcau.;~ of' ~ h c l r  knt~:.,l- 
edge of pn~.t:ct~lar dumairl:i I c.g., tbutb:lll. wedding, ap- 
pal-el, rcgronal ger)gr:tpl~r,r iP,ellezz;~, 1992, In some 
s t u r l ~ v c  nf me~l~i~nir . ; ;  problem soiving. ~~.,iduat.c: s tu-  
dents I n v e  been !.!kc: "experts." In ~ P I I E ' I ' R ~ ,  ~ t  1, d 1 ~ e s  ,i 

long tirrlc t o  b~cor~lt :  :In expert,-t~n Ilic order ~ ) f  cle- 
cacie, cspr.cia1ly in * ' s ig~~lf icant"  t l o n i ~ ~ i r l s  ie.g , :l~t.plane 
pilutirip, irr,estock ,juclgi~lg. iacco~rnt,ir~g, ~r~rdic;tl rliagno- 
s ~ s \  : i h  opposed to Innrc conlmon t y p ~  aF s k i l l ,  such a <  
rc.ad~ng o r  nutomv~r~lc driving 

"Kul)(:rtise" i s  ncll a simple [.:I t . r o r  How inrlivicluals 
are selt:r:t cd fbr tr:ilning, how t.slrrlrtise is r*l)!lbt~tut,ed, 
n11d hr,\? it is excirciscd rill depwtl rrr i  the clrjr~iairi. W e  
feel th:it  a definitJiori of expert,ist: sllcl~rirl n o t  strip tlhr 
w(jrri or ILS conc.rr)lunl ricljness nnrl c i ~ ~ ~ t e x t u n l  d e p ~ u -  
dcnce. hut sl>o:iI(I nevertheless ;~r)irlt towr~rrl r~pcratiort- 
alizationr;. We r - t . 1 ~  on the tr,irl~lional tennlr~ology of 
t h e  cr:~R, g-uilcfs ol' tllc 3'lidclle Xyc-:~, arlci cirst~r~guish :I 

1101lib~r lcveIs d ~ f i n c r l  in T a h 1 ~  1. The levels providt: 
context for the meanlriE of "exper~tsr". Since cxpc~.tist: 
15 R d e v e l r ~ ~ n :  pr*ocr:s= c:uiriut pnjsibl:; 1e;irrl 
mhat we T I W C ~  to know,  clthrr a t ~ o u t  cxpertis* or about 
Irrlowledgt: elicitut,ion, by studying only eupvrts (Chasr: 
& Erirsson, 1981; I1rr:yfus & I ) r ~ y f ~ i s .  IYdli; Gaeth (G 
Shantwu, 1984; I<oltrrlncr, 1983) Indeed, t h c  coml;ar- 
ison of e~11r:rt -novice: differentel; 1s ;i paradigm in rag- 
nitive resr:~rch on expertise. 

'The det in i~~nr i  of expr:rtisc in 'rablc 1 points in the 
dirrc tion of c ~ p ~ ~ ~ ~ t . i o o a l i z n h I r  criterii~ by embracing :t 

nurn t)cr of gent:rfil fnc tors -cr .~er~e~~t i~ i l ,  soci nl: ctlgtli - 

tive, and perform:1r1ce-r~1atc.c1. Lye are not siltisfiecl 
wi th  I l ~ c  "uaivctte" nl~n1rcrrc1atur.e since it id (Il~rliilu- 

tive, 1x11 so~netliing like it 1;; ~lcccled f u r  drscriptive pu r -  
poses. lndcerl. in  m u c h  ~>.iychologic;$l r ~ s c a r c h  uri ~ s -  
pertisc:, t h e  sdi-~,,illed nc,vicr.k arc quite n:tivc: to  t h !  clu- 
main, except ~ii.rhaps for t ! ~ t :  Irnowletl~c t h a t  the 
~ O I I ~ ~ , ~ I I  ~xls ts , .  111 wrne re.<cilt-cl1, the  so-c3!:ed novices 
h a v e  c.t~rripletr-!d introductory-lt-:cl i n s ~ r u c t i o n  ii.c.? 
t h q  art: beginning ;In apprcn t lc~ jh ip) .  Throughl)ul 
this srticlc w r  frlcus on studies t!ur seemed t o  ~ n ~ ' r ! l v t :  
~ x p e r t s  :IS defined in T a b l ~  1 .  For studies where it 1s 

u n c l c ~ r  how expertise WAS c~peraLi~r1~1jz~rj rrr how th(, 
expc1.t;; werhc ident~f icd,  we  can rioncthpleas confidently 
r~fcc'~ t~ the part,ic~pants as "r:~pcrienced." In ut,ll~:l* 
oasc; x7t. c:-ln c o n f i t l ~ i ~ t l y  use i~!l~cnativc! tcr r r~s  frrom 
Table 1 !P g . the participant,: wcre j o u r n e y m ~ n  or np- 
prcntices!. Ij'e take such caut,ion for a slmpIc reason- 
tasks or probIems thst tvould d ~ a l l e ~ l g e  a top exprrt 
I:;LIL he incr~mprehensible to thc novice, and pruhlcnis 

-. - - -. - that I IOV~CCS ( : i lH ~ ' r ~ m p r e h e i ~ d  might he t r i v ~ n l  to the 
r;~rltic:suppon wi l~ch  !.hc]y rcly. In other words. Lrr the puq>r>sr: of :hi., ~ x p e r t . ~  
. ~ r t ~ c l e  we (:a11 dwouple" the an:+l?his at' KE from the prob!elus 
cxpert systcffi i n ~ p l c m e n t a t i o n  r:\lexandcr, Fre i l~ng.  S c h u l r ~ l a n ,  
Rehfil5~. & blessick, 1 W 7 .  B r e u k a ~  B W~clinga, 19X5, i367; Cleaves, ' Also, w e  refpr to the exr~ert:, as "partiri1,i:ntj" r s t h r r  t h n i ~  uul,- 
1987, Mott , i ,  Itajan, & Elsen--tddt, 1984; W I E I ~ I I ~ R .  k I J r c ~ ~ k e r ,  1985- jei.t> Experts ti-cared a,, ~jutqccts vou l r l  rlu:c1J> rind t l ~ c  n e n ~ r - . L  c u t  

Wigjis 8 Prrcz, 1968) a r ~ d  thr,n r e ~ u r n  r*:ltk~ the ~ n a l y s i s  t o  nmin IIL psychulr~gical r t . w . ~ r c l ~  on expel  ~ 1 . ~ 2 .  3s wr l l  as ~ x p e r t  sysryn l -  
3t irnplcu~cnt.+tin~~ is~~~yri. w'clrk. I I:#: c.ul?",t\ . I ~ L  coll~ibr~r:ttor.; o r  y . ~ + r ~  cr , - inves~~t ;~ l .~ j r i .  
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1 M L E  1 volving 111n1. prr-~ssurr. :jr~d hngil risk, ;inrI the enhance- 
A "Guild" Tern~lnulogy for Drve lnpme~~t  rncnt of pr r~i ic~i~i~cy through t r a i n l n ~ ,  sb.111 rrrnedi;ct~i\t\. 

-. - . .-- .-.. and ~cchrlolugieal inrlovaliorl ( K a r m ~ ~ f .  'l '\~ul.s~lrn, h 
N a ~ v e t t e  One ~ ~ h t >  i b  tvtslly : ~ I U I , : + ~ I ~  of a domain. Nilcin, 1991; Wein, 1993: Woods, 1993 r 
Nuwce  Litri-H 1 1 , ~ .  sornmrle w h o  1s nrrbr-a prnbatlonary In  Iht. t:xpert systems apprnnch, Iib; 1s r:lmc~iveil ns 

mriril)+~r 'I'herr h;15 I,,.VIJ <(,me. but mi111mr3 I .  
k L ~ l ) ~ . ~ ~  rb: 111 :he IJOI I IBI I I .  l~cirlg onc part of the total procr:s:i of E i n o ~ v l r r l g ~  Acqul- 

Ir!ii,i:3t P l,ltrr:llly,  omr rune who has bcen t h r o u ~ h  ;tn s~tiilri I I ~ ) ,  which includcs KE but alsr, 113~l~dt .s  r e p  
irlitiatio11 ct:rrrnnng--a novice who ] la+ l j e g ~ ~ r i  rosctltnllc~ll, implernenlation (or  protcrt,vl)ing), ~ v a l u a -  
~ntroductory instrbctlon. tu011, ~ ~ r i t ' l  refinement (Buchan:in, Bal-stuw: Hetehal, 

. A ~ I ~ N E ~ L I C W  I.rik:raIIv. nnt: rvho is lcar~ling-a studeni Bw!r~t\t. clancey, Kuliliowski, Mitchell, & Waterman, 
undcrjioirlg a program of instruction b~? - r l r , t l  I!fh,?; F'rllers, 1987; Rcgnczc!r & Hirst, 1992: Kook & 
thc ~nt roductnry  Icvel. Tradl~iunally, 111,. Clrogh:~n, 1959; Wcitzcl & Kirxchberg, 1989). 'l'he g r ~ 1  
~ppren t i c e  is immersed in Lhr rlorriain I)(; for K1I; is to gcllcr;it(: (~rodur:t:j In a representational 
Iir~ng wlth m d  assisting .sr>rrieorlc at a I>lp l l l .~  

level. The l e n ~ h  ou a n  ;~~~p~,cnticeship format that  can b~ I - P ; ~ ( ~ I ~ , v  molded mto a useful imple- 
deprnr15 u n  t h e  dumain, rarlfing from about n ~ e n t ~ t i o n  {Pel l~rs .  1:)s;: h l r t . t , r r .  1'8;). is further 
#,I,+ 12 YWTS i l l  the craft ~ I I I ~ I S  constrained by tht? in tended uses ot' the evenha1 eom- 

J o u ~ - n ~ : y r l s r ~  Lll.eraIly, A pwwn Who car1 pr:r r ~ r m  3 day's puter system. T h r w  is a n  ~ m p h a u i s  ou  finding KE 
l i ~ h t ~ r  ~ I T ~ ~ ~ I J ~ P ~ ~ ~ c Y ~ I ,  althq~l~gh w ~ r k l l l q  under nlethods tha t  ;lllr,w to  get  :,t the "important" 
1 A r 1 1 . 1  3 r d  I i r k  knowledge dircclly, .;,,,r:e a rrl,<jor cr,nslderLition is the 
n l  onr: w h o  hn; as111t.vc.l ,{ lwrl t b t  

competence. It 15 possiI~Ir !cr rrllh.ur~ :at tt~ls quality and validity r ) T  : I  knowledge base that results 
level for life. h0n1 m. 

The distin~ishcd or bnjl~an! ~ r r j l r r l ~ * y r n : ~ n ,  For psychc>lo~ch:il research,  a ECE method 111ust inahrb 
IliEhly by prFri, ; rho+ J ~ [ ~ ~ T T ~ + . T , ! - :  XllSe as fi V:ay t'eveali~lg reasorling strategic?. : I I I ~  
are unculnmonly :+i~ : l l  rill  1. :llld rt:liahlc, who;lc v:q ucncd:s3 Filc:t,s nhrlut knowludge organization, cir.  ?I 
perhrrnance shuiv. r~r,r>3ummate slrill and clnssificallrr~~ scl~r lne  for analyzing and comparing vitr- 
ecuntjmy uf rlfort, who can deal 
effcci~vt:ly wi th  rare or " tough  case-j. .4lsu, 

i r ~ ~ i c  liE r n ~ t . h o d s  needs to reflect cognitive function;jl- 

;In Exper t  IS trri,: who has special skills or i l y  1l.r..  t; lsk~ that sre good for eliciting tacit kno~vl- 
kJowlcdZc dc.rived from extrn.-;~ve t.xI,msrlcc C ~ C C '  O r  ~)~ri:e])hld 1 Judgments, tltslrs that nrr: g0od for 
a ith s~thduui3111~. c1il'ilin.q ~lrr)uerjural kriowlcdge, ctc.) (Brcukcbr & \,Vie- 

Trad~tirlnally, a Inaster is any  ~c>urrleyrna,~ or lin-ga, 1 9b4, 1987, Fiscllhoff, 1989; .Jahrisnn, %u::~lker- 
expert who ~s ,~lbu rlualihcd to teach thnsr: at mall. & 'rukey, 1993). 
;1 low4er I rxe l .  'l'r.i~litirrriaIly, a nlastcr is one Following Waterrnan !19861, n numkjt!r syhtrm tirvt<l- 

dn rllte L T L I I I ~  ( I F  + * K ~ C I . ~ S  whose judpcnts 
qs-i !l>r r r g ~ ~ l i r ~ i ( ~ r h A .  standards, or ideals, Also, o p ~ - s  have divided KE methulls into two simple t.:~tr:- 

a lrl:lkL,:r expert who is regar,+ri wries, illdirect (i.c. g t : t ~ i n ~  kno~vledgt! frr)ln texts, 1-(:- 

1," thc. r,tIrr;r cxpcrts as hwng " t  hyi. b ~ p ~ ~ t . ,  fir LIOTLS, e t ~ . )  and direct i1.e. obsel-ving u x ~ l e r l  l)t?!u~~r.ic>r 
thc -'real" expert, especiallv ~ t t d  rry; l r t I  ~ ( 1  :ind asking qucstinrls iihout, their reasnr i in~)  E ' r h l c~~ .  
subdomaln knowledge 

. . 1987; Geiu~itz, Kliitzky, I% hIcCloskey, 1988; C11:ion & 
Kruter, 1987). Also with an eye toxvl4rd simplicity, our 

Cvrj ran now l a y  ollt I,illettc of. alten13tjvc t ' ~ u 1 t l m  is intcnried to faci l i tate discussiun. We p l : i c ~  

ti:chniques. KC: methods irlto threr? categories: (a j  annlysis of the 
tr-c?ks that expcrts ~,erform, (11) vi~r iuus  typcs of' inter- 

IVPWACHES TO KE TAXONOMIC'S ~ ~ ~ w s ,  and (c) cr,~~t,rived terhnlques. These can bc  par:^-, 

phrased as: M71:1t (I t ,  experts ususlly tfo? Wh;it do ex- 
Spanning such discrplincs as cxpert systems, judg- perts say the! dl)? :111(1 V i l ~ : ~ t  (10 they do when they ore 

n-lent and riecisiur~-rnnking, cognitive science, and er- eonstraincd iri sonir n t : ~  bv:ly'! 
gonomir:~, finds a grcat diversity ot techniques used 
t u  elicit knowletfge. Xow onc makes sense of KE is ANALYSIS OF FAMILMli TASKS 
dependent on one's tllcorctical inclinictions and one's 
goals purposes, F~~~~~ tlIc. persptc.-,vr ergonomics In the analysis uf fjrn~liar tasks, onr: inv+*sti@c3 
rrr naturalistic dccision-llln~ng. for rs.l171y,lr, one seeks what  experts d o  when  they c:orlduct their u ~ ~ l ~ ~ ~  prqkl, 
K)I: methuds t,hnt possess ecolol=jr;al v:4;itjlty ;+nd repre- l'?nl solving crr decision-makillg tasks.  
sentativeness, and that can Le t,i-;-insl,c,rleti from the 

Ducrlrr~~:titut~clt~ A I ~ U ~ ~ S L S  l ;~borator~ to the field setting. 'I'hr ~ f , ; i l s  of KE includt, 
Ihc gcnerntion of' cognitive s~n:cific;iticlns for jobs or U?-~r:ncvcl- crrle is corrlmencirlg research on a donl3ln 
tasks, the mitigation of human error in domains in -  o n r  must  5 t ~ r . t  by hectlrrling conversant ~ ~ ' ~ d l n ~  



tc,ts, .IrarluaIs. fly taking courses, +:I(,. Plur, the pur-  
I j , 1 5 ~ ~  .J( the ~ L S C ~ ~ ~ C ~ I E ~ / ~ ~ : I I ~ ~ ~ ~ - : I '  do ! l i l t  pr.~:ciutit: t h e  
a r : a lys i~  of docrr~-rl~~it;rtirtz~ I:; ;.I lntlrf 11; 11f' L:om ruetlcing 
~ 2 .  X:+.cthr~- tk!:irl i u s l  hnr7tog ir-ifo+ni:+~ion Hurr frart~ 
t ~ r , c ~ r n r n f ?  i n t o  the  TPS?I~TC~I:I-*,? ~~r~der- . t ; lnr i~l lg ,  the. rr:- 
,?t ; i r tht !v '~  :111:1lysis of t h~ doc~~nl~r l t ; :  C i i I l  i nvrjlt-e ;pk-  

cifir proce:durc:s that. generate records rir ::nalpsr:s of' 
t]le knowl~clgc contail~erl irl tht :  d (~c~ i rne r l t s .  

' L l ~ i q  1-5111 be .i time-consunling pror&:s:, bus ran somc- 
limes he ind~spensiblc  i n  (Krdoriner. L~d3'r .  In  il. 

5;u(ly of i~~r i ; . t l  photo inti:r;lrct+!r.; (1 loftnlrtn, ]997), in- 
tr.rvjcws a b v ~ t  tht! procvss of terrain analysis hcgwr~ 
orli? ~ C t t t r  a[lilIysl< the rveadiIy a~aiIai,Ie Lasic 
ktlcrwlcl-lgt ofc7rlrlct:pts a ~ i r l  cleirnilicrt~s. 'Fa lakc up t119 

expert's t i r r ~ l r  hy :tsk~ng questions s u ~ h  as "lVh~?c is 
Iimestone'?" wc~ulcl h a - r  matle nu .-r,lsr- 

Ecyond dua3um~nta'ion a n a l y s i ~ ,  t l ~ e  ~III-~~Y~IS of fa- 
n-tilinr task3 ronsi;its of :l s l ~ l t r  u f  ~ecl l~l icl~ies  w i th  two 
major cnmponenrs. '(kisk an:ilys;3'' a n d  "protorml i ~na l -  

ysis. ' T:~sk analvsi.-; is prbmnrily ccacernr:d wlth  on-line, 
xctl~jlty, where:is prutocrll aniilysis is prirlzariIy cuu-  
cerned i z  itll I-casoning d ~ r i n g  on-ynin.3 per formanc~.  

Hunkan fkct,or; psrjchiu~ri.ts havi. jlutlied task per- 
Cr~rrnanct! in  a great variety t,[ cantexts icf. h ~ a s t a s i ,  
1979; S~ndet-5 I% RlcC'ol.n~irlr, 79871. T:i+ k :I 11: ~Iysis mes 
hy nlany n:kmes, including job anclly;;is, strucrur:il 
analysis, and  tnsk dcsuripti~m! to n;lrnc j u ~ l  a fev.! 
I Fleisllrrlan. 1975; Kirw:dn & A111swrn-tls. 1992, Mci:+ter, 
1 !181;). '!'ask analysis c:in hsve  w v;tric>tv d ' p u r p o ~ c s :  l';, 
dcscribe jobs nr.d id3ntil) subtasks, tu  st,udy rna ruhc  
t ,~rr ing or  prficcw cnntrn, prcc~rlurc:~, tn cstahlish ergo- 
nomic constraints nn c(.luipmt:iit ilc:~ign, tli dct-elop 
training pnyp-nms, or to  y~ t lc l  jnb spcciGc::iti,ms ar nh- 
jccr,ives (Ea.-;tman Koduk Cornparly, 1953; Wexley Xc 
Yukl,  19R4).' 

hlch,,r~gli L 1 - i ~  tr.ad~lir!rlaI litcr2ture on t3s.c :jnnlysis 
/lid nr~l  f i l -~trs  ,In kno~~1eclgr-b;~sed applio:ttiuns, Ilir 
t33k 3nnly~'jis o>ml:onent of the ;in:1ly7sis of ' cxp~r- t s '  fa- 
n l j l i ~ r  tasks is i l l ~ ~ s t r n t t d  i n  ;r li111vher of t h k  ~ x e n l p l ~ s  
that, will follow 

In this technique, not. only are lob's t3s.k activ1~jt:s 
charted, but  31e problem solver  i s  i i ~ ~ t r l l c t e d  ti) "think 

Tnc! prcser~t. top~r: neai-11- forces onr t r i  uce the word "tazk' in lwo 
sc:nars C)r~t .  IS tlic :;cr.'e x j f  jtik rt.riu\rprilenr; in human factors m y -  
c h o l r ~ s ,  thr u t l ~ e r  is the ssllse c l  c l ~  !lrr~l.cdure ujtlu' i r L  krlowleilge 

tallcn fir I ~ I ~ ~ ~ I ~ ~ ~ v c -  T C ~ ~ ' ~ T I - ) I  r \ l t l > r , ~ l ? \ >  the two T I I F ~ I ~ ~ T J F S  U S ? I : I I I ~  
rhsnmblyuatc i r i  cr jn teat ,  we will consisr~-.ntlv r ckr  tr, 'Familiar t3sk  
verhliL 'KC mc~hut i '  111, "ILE t,sch rllqll.; " 

nlfrud." r l ; l ~  t h i n k  alnuri ~~rrlcetlur-t-: ger1rr:ltes a proto- 
crlI -;I recording of'rile deliLc.r;~tinns t.hat, can be :r;:tn- 
sr:ribcd i ~ n d  an:;lyzu;d 1'01. proposiLionnL cnntc:nt. ' I ' l i is 
method (crln-tbir~trrg tire t!iirlli  loud t.:~:-;l: rvit.1-, t h c  pro- 

tr;t:nl drita arlsl+sis pr<rcedur.v) lrtls br:cr~ ;rsed s~t~;cc.ss- 
fi~lly in Irurnfl.(m.s s tu r l i es  nfproE,lcrn solving ;e.g,  Eel- 
kill, Plr-ouks, QL U ~ n i c l : : .  19,97; H r n , j a f i r l ~ I ,  :969; 
Johnson. X~ la lk~ rman ,  k (;:irbrr. 3 987; N~\?;l;ell & 3:- 
mnn, 19721. An exnrrlpl~ i~ Bailey and K;iy', (198:) 
sludy j t l  whiVh atllrlt..: I311ilt. :I lifting rlcvicc using a 
chi1d.s conhlr~lctiorl rt:t. !'cfi,l.mun(:c w2s analyzed In 
terms rlf spet:~:ic nct~ons (e.g., Lo l t~ l lg  two p c l r t ~  La- 

gt'thcri; vrrh;~l ixatmns were c;hegormizcd ucaurcl~ng :o 
rckrcnce (c .g. ,  thc ~ o a l s  of' a pc?rti:ulnr :~ction b e l n ~  
planr~trl, 07 tht.: e v ~ i l l i ~ ~ l i o a  c l T t f ~ :  clr*tcrrtr:e ~r f ' a  tekt of  :h 

ro.nponcnt). On tile basis c ~ f  the refi:t.ertces, r.c:tio:l.-; 
criul d hu group~cl  i l l  to hch:ivir)ral cpisc-4r.s. revusl  ing 
the p>tLie~.~l nf goal dc~rr~mpt:sition t11:lt had  betw uti-  
lized by the proM,:m solver, Also a p p a r ~ n t  s e r e  be- 
haviors r~flect ing d i5orgnn i~r :d  nt' o u t - o t s c r l u e u c ~  
t,houg,~ts ;lrld action<. !For n r;ist:ussion of' the use of 
"timclirlee" or  "rlccision t w e s "  in ~ h t -  analysis of K E  
t.;~sk pertbrmimct: data,  sce IClt:i~l, Calderw~od,  St Mac- 
Gregor,  IqK9; h,IcGr:~n- & Kint:r, 1!+H7.) 

I1 ,-hou'd Ilc. noteti tllnt p s ~ c h ~ > l o ~ q ~ i ? l  rejt:ar:h stlg- 
~ C S ~ S  thn; thc pruret:as \-cibalizat,iori [lops nllt, t ~ ~ i -  
r,-+l!y c:lasF: dramatic ;ntcrE~rrnce, that is, it does nc.at 
signific.:intly ;ifYec~ the nclrmnl coursp of cugn~t ive prcr- 
c~sscs  (Ericscon & Simon. 19931, and  it can ~icld in- 
hrmst ion  ahout, t h e  r~bnsoning sequcncps nad goal 
structures in cspcrti' problr:m solving (Wuod Sr I"~ , rd ,  

.i 993). H o w c u ~ r ,  cnut~nn is 111 order r e ~ a r d i n g  inclivid- 
ual diffkrenctjs ib vp~rk~nl uxpressivenes:i (Kurton, Shad- 
bolt ,  Ruzg, % Iicdgccock. 1990; El-issun S; Simon,  
LRrJCj. 

Thc bhiilk n l o ~ d  ~lcoh~le~-t~-solvrng/y~rotc~col analyxls 
technictuc. kt. . ;  beclrr c rs t . r i  e~te11sivr:ly i n  i.obm;tivr rhr- 
S P ~ ~ T I ' ~  .In r - x p e r t ~ s e - n r c d i c d  rliagnosticinns ir-l.g.. 
John son, 17uranl Hassebrock, Mollcr, t'rctula, Fel to- 
vich. K- S i ~ i t ~ l ~ ~ n n ,  1091; Kuipc-rs & Ka:~sirer .  1984; 
Kuigcrs, h lcskn~vi tz ,  RL Knssirrr, 1988: Pate1 & C;~.orm, 
l98t;), phys:cists it-..g.. Chi, Ycltovich, & i;lnsr:~-. 1981 : 
Clli, Glascr, & Rr?e;, 19K:?I, qropstnlmcrs 
(e.g., IJeffries, Turner, Polsou, tk Atwood, 198 I), prwess 
coatroIlers ;&ainbridge. L979, 198 1; Umbers & King, 
19hSj, and i i r r ~ ~ ~ i t ~ t n n t s  ,,DiIInrd & h,lutchier, 1987). 

&I cxample of' protocvl arl~~lysis used ~xplizlliy- fcr 
KE is a ~ t ; idp  by Fox, Myers, i;rt*avcs, and Fi.5-ii~ 
( 1  aA7) :see slso Kuipers & II:t.ssir-er, 1987). Eqocrts a t  
dis-gnosin~ Ieuliemia were presented ~:i: l l  tlze records 
{jf a nllr111w1- of pnt~t-:nt;i and  ruere in s t r , l c t .~ i l  t o  Lhirk 

I 
aloud whll- co~ning t o  a diagnostic decisinn. From the  
experts' deliberations, a nlrmhcr or prupusition? wcrc b 

ext~nctc:d, r;crmv ol'whi,.h referreti t u  factual informa- 
tion: some rsCc-rred to rcasonln;; rules. These proposi- 



t i r j s l s  uvrc  then ubrd as the  I~asls a! a prvltltype exper t  niore dc:tail below, is :o ask t,l-~r- expert to rrc:ill inter- 
sys tern." esting or tough cases from their own past experience 

'1'0 conduct a study in xvllich experts' pcrformarlcc i n  (mein, CaIcentrootl, 8 klac(;~.egor, 1939). 
1hr31r famil jar task.., is r?>iarnlned. orle m u h t  select p:ir- The sccocd major r:;itegoi-y of ICE: methads is 1ntt:r- 
ticulsr prublemh !)I- cases to present to the expert. views. 

illir reriuls for T a d  Annb,s~.s rrn~l T1~1:nk ;Ilol~,d IXTER\JEWS 
Prohlem. SoEuinc 

AS ~vitli  L I I ~  arlaly5is of' C:~miliar task..;, ~ n t e r v l ~ w  

klatcr~nls can r m r e  from a nnmher of'sources techniques come in a variety of fornls (Gorden, 19S7). 

thr-l\r rlnerrlb>ries oi ]last cxpericnces or r i s e s  it11 rir "war 
sluries") (Kulodnrr, 1991; Slade, 1991; Wood & Ford, 
19931, 3ypothetical  prohlems called test cnses csil be 
used in li1.5k analysis a n d  th ink aloud pl.oblen1 solving 
(e.g., &rid & Cooper, 1935; Prerau, 19891. 'I'est cnses 
can be generaled h o r n  archived data .lr can be gcner- 
ated by uther experts. i\ set u f ' t o s t  eases is sometimes 
intended to sample the domain, sornetimt?~ intel~ded to 
f j c u s  o n  prototypicsl cases, somr:times to ~ a r n p l c  :llong 
R range of dif'firulty. Fcrr example, SerGen (1'353, used 
archived data to generake test cases of plans for sam- 
pling the insects in orct~;~l-ds. The test crises wvr-P pre- 
sr:nted tn  expert entomologists, who then conducted 
their familiar task-the gencratiori of advice nhnut the  
design of sxnpling plans. 

Tough cuses u.r,d ntypicni cusris. Occasionally, ex- 
perts ccnle across R part.ir.111arly diff icult o r  chn l l~nbing  
C36k Reliance OII  tough cases in .KF, can be mnre re- 
vealing than observing experts solving common or rou- 
tine problcrris (Zil;.in & Hofhnan. 19921. Muliirl (19891 
rbmpha~i~t:d the need tr, selert, so-rallr~d well  structured 
tcst case problems to reveal ordinary "top-dourn" rea- 
soning rlnd using so-callrd ill structurrcl or rirli-el test 
cnse  problems in order 10 reveal fiexiblr or "bottom-up" 
reasoning. 

Hoffinnri (1967 tape recordrd thc deliheralit,ns of 
two expert aerial photo ~nterpreters  w,ho had encoun- 
It:red a fliffificult caje of radar image irlLerpretatio1-I. Thc' 
c:we evokt!rl delitrrtatr, pensilTt: pro\)lem sulvlng n r \ d  
cluite a bit  of "detectis.[: work." In thi,.; way, the tran- 
scripts ;i7r!re informative of the experts' refinwl or spt- 
clxlized rt:ilsuni~\g. 

Hu t  tough or atypical cases {lo not ncr:ur prt:clictably. 
Orie car1 overcome th13 poter~tial otstacle lo KE hy 
pr tk? in~ archi-ved matcrjal for what   night bc tougll 
cases. Alternatively, tlic experl may be asked to  make 
tape recordings whencvt?r "int~resting" prohlcms arc 
ellcounterud. h third pussihili~y, 1.0 be d~sr.ussed i l l  

'' Alt tm~gh Fox ' t  cr!.'s analysis I I  thc prrb~rnlanct? records Ilro- 
vlclecl rr ~ r r u t  deal $\I' ~nfor r r i~ t lon  that rlonld t ~ e  used 111 \hlil\din~: 
k n c l w l e d ~ e  base, t h r y  wprp :IIIIP to 5c-f< t ha t  sorr.<l :ISPCI'CI, of  thc Ji- 
agnosis task were not cllcited. A ducumcritation analysij was : l ~ e d t d  
in ordcr to complcte the prutotypc ?ystrm. 

Unstructui.c.ri lntervlcws u s u i l y  take thr f i~ rm of an 
open dialogue in which an  intervicwer asks open-ended 
tiuestior~s about nn expert's krlo\vlrdgc anc, s.ttasoning: 
"Tell nle everything you know al~uut X." In one apprc- 
printc usagc, initial 1.1nstructured interviews allow (In!: 
to gain  iln rrcrvien, d t l i r :  do~nn in  .4t sucressive meet- 
ings, lncreasirig structure can l)e imposed on thc inter- 
views. 'I'he r.c.5earcher will urltlertakc n nurnher of elic- 
~tatlrnn sessions, 'nopi r~g  t u  oI~~tin11 R ~ ~ ~ m p r e h e n s i v t !  CDV- 

cmge of tth~ dornai~i. In t k ~ s  senst:, an unstructured 
intc?n:iew is not disorganizrd or unp1ann.d (Wood & 
Ford. 1993). 

1r1Lervit:ws [ -quir t !  some form of' record-taking. Al- 
though note-tsking u.;in br: sufficient ,  it is cornmon t o  
make an i ~ n d i o  tap= recurding, t he  transcription of 

- 

which is nnturiously time-consunling. Each hour of in- 
terview car1 irikc as rrtucli ;IS s f ~ l l  working day tor an 
expert typist to transcribe ( Hoffman, 1987). I n t e ~ l e w s  
in expert K13 arc usually exhaustive and exhausting, a 
contributing f ~ ~ c t o r  it1 tkc! ICI hottletlcck. &?any ex!rer; 
S ~ B ~ L  1x1 ( l e \ - t I ~ p ~ r ~  h a v e  u ~il ixecl  u~istr t~ctured inter- 
views ns the main me~hod for KE (Cullen &: Hryrnan, 
1988) i c - ~ . ,  Wciss & f iu l ikow~li i :  19Y4), appilrent ty tak- 
inq it for graritcrl t ha t  this is the prkirnary or even the 
only w:iy t o  elicit cxpcrts' knowledge {Kirlr l ,  1987) T L  is 
certa~rlly implied t h a t  that unstructured i n t c r v ~ t ~ w ~ n g  
can constitute if sl~f'ficient program of elicitation. 

Ilawever, tht: method docs harvc potential pitfalls 
(,Fo~.ry th K-. Buchana11: 198'3, HoLilr~an, 19fii). Fur ex- 
ample, the cxpert can get side-tracked, or m a g  assumc 
that the elicitor has 1rnuwIc.dge rvllich s11t.hc has not. 
Furihcrrnure, t h t ~  analysis of rcsul tant t ~ a r ~ s c r i p t  s can  
h~ pspt~r.i 3 Ily difficu It if the itltcrvr~!w was d i ~ o r ~ r n l i z c d .  
The widesvread use of i r l t r~v iews  i r k  an ~ n ~ ~ r i r ~ c i p l e d  
fas11j011 h:is ied a 11urnber !)I' researchers (c.g., R;lsdt:~l, 
1989; Forsyth RL Buchanar~, 1989: IIart, 1986; McCraw 
& S P ~ ~ P .  1948; Mo~yer X: Payton, 1992; Mrlrik, 198.5; 
Ulsnn & Renter, 1987; Holandl, 1986) to point uut t o  
the  broadcr expert systems c o m r ~ u n i t ~  ih i i i  t k r e  is i: 
l;lrgr s o c i a l - ~ ~ ~ ~ ( : I 1 ~ 7 1 o ~ c a l ,  i l n t l ~ r ~ ~ p ~ l o ~ i ~ a l ,  and  ~ t h -  
ncnlet,hodological lit,ernt~lre 01: i n t e rv iewing  tech- 
niques (e.g., Benfcr & Purbcr:, 1989; Foreyth & Bu- 
chanan, 1989; Sprndley, 1979) 
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A ctlmnlon conclusiorl, lur1.g h o w n  t o  p~y~h01oG5t . j .  the i n t e l ~ w ~ . ~ .  Skiad bolt aritf Burton i 1990n) and W ~ o d  
is th;it in s r l  interview, st,rueture can help. and Ford < 1953) have providt!d temp!:it,es for KE st,ruc- 

~urprl  i n t c n ~ i ~ w  prrjt~r questions, su~rlrr~arized bere in 
Slrrrc.t:lrrri Irttt!l-cit'rt's T:~/)\P 2 

The ttsc of generic quest,iclrls t-rquircs that  the inter- 
~ ~ ~ ~ l c t u r t d  intc.rvit:wing [.;in r ~ d u c c  time s p ~ n t  re ln -  viewer he vl*l:.~nt to the intrrhvltkw proccss (as opposed. 

t lvt:  to tlnbt l-ucturetl intewiewirlg (S job~rg  & K e t t .  Irr maintain~ng s n  nttcnt,ional focus on t.heir own 1111- 
1968). ~r:senrr:h also suggests tha t  training in st,ruc- clrlrst,anding of the dom:t~n), However. :lnalysis of ( 1 1 ~  

, , Y tured intervir?wirig ttbchn~tlues can slgr~jticanll?: raisc- ~ r l t e .n iwv  ~ranseript car1 he fhcilitated hy the fact that 
:-3 .,: 
2-  the prt~ficitl.ncy of an ~nte!viewer. Of cuursc., there ;Ire each q ~ ~ ~ s t i o n  has a p:jrticular runctiorl. Fl~rtl:r:rrnni-e, 

lh';5ue5 of  soclal Jyni-irrrii.~ as well as the I ) I ~ + ~ I ~ I C  generic prt!t)e~ can be useh.11 in the validation, refine- 
effet:th of' ~rilervi~:wcr p~rsonal i t>~ on the i11tt:rar:tion ment, and cs:+nslon of know1t:tlgr that has already 
( Rrorr n,  1989: ;ZlcGraw & Seale, 1958; Walrlon, 1989: iwrn elieiterl. 
Wtrtrd & Ford, 1993). (For disrussions o f  s o c i ~ ~ l  cornmu- Structure c;ln be ac!dvl tc! an intemicv: i ~ u t  only by  
~~lca t i cm issues in inlcrv~c:wing for KE, FCE: Foi-syth & 
Huchannn,  1989; Stcrhn1)ei-g cYc Frcnsch. 1992.) 

/\s elaborated by many social scientists (c .g. ,  (:orden. I'AELF: 2 

1987; L ~ ~ ~ ~ ~ ,  19.56: klerton & lt)dfi,, ,5tr,,c. Probe Set and Functiuns (after Shadbol~ ~ n d  Bt~rton, 1940; 
and Wood and Porrl, 19!93) :urerl or. "focused" ir,Lr~?;iews arc 11esigled :ind planned . .. . _ .. - . 

in i ~ d v ~ ~ n c e .  h ngt:r)rl;l is set, and the purptrsr. of' each Prritw Fur11 1n;n 
s t > v s ~ o r ~  and the roles uf in t~rv iewer  and t.xpttrt arc -- -. . -- - . - 

For rlumain w:rn-iew 
clearly defined. The structurr:rl interview is a class n f  

Coul(l you tell nlc- ;~ l )ou t  P1.~lwcir: r l r l  uven,icw of the ~cchniques. 7'hc two most common furrn:tts rely on ci- typical case:' rltrmaiii t.15ks H I I ~  concpj)v; 
ther dom:-li~i-specific probe questions or on genonc csn tr.ll about ~ 1 ) ~  Frovilirs a r ~  ovewiew of thc 

probe questions (bvocrcl & Fort], 1993). last case you rnruunt r rcd '  d o n ~ i l l n  tasks 2 n d  concepts. 

L)r?~irni)i -specific qu~>s t io rz~ .  [n using tlomain- 
sI)ecific questions, the interviuwrr prepares n fixed set 
of cl~lestions about the domain of interest. An extensivt. 
research progr;jm using this kind of' structure was con- 
ducted by IvIcrton and his cnlleabwes (hlcrrt:~tl, Fiske, & 
Kendal!. l:95tj; see also Herxog, 1944) in the at-cas of 
communiciitions (e.g., radio prugrarns, wartime prnpl-  
ganda lilms) and psychotherapy. -4s a result of i h t : i ~  
a t u d ~ e s ,  R:lerton rt ul. (1956) propos?rl that a set of' 
q~wst iuns  for s t ructured intcwiews shuulci cover a 
I>rfiiiJ range of particulins within the donla i !~  and  be 
c;~refuIly wo~.dcd sr) as to  avoid suggesting particular 
answers rrr ~niposing the categories or. biascs ol' the  
intervictvcr. 

Thc crcnlion of pt-obc. qut:stiuns necessilal~.i some 
prior nnnlysis of the domain Merton and Lendall 
(1946) rr:ferred to this as content analysis, thcr general 
idea being t h t ~ t  a documentation analysis o r  an ana!y- 
sis of fami11;lr tasks can provlde information needed fir 
structuring the interviews (Hoffman. 1957; MeGraw B 
Riner, 1987; McGraw SL Sralt?, 1988) 

Gpn(jrrr. prohrj q i ~ r . ~ t i n ? ! c  Thr srr.cnd type of -!!-!!r.- 
qr :irt not t u r e  rclics on a set of generic q ~ ~ c s t i o n s .  The,. 

r~ecessarily s p c c ~ f ~  to a domain, m d  their order is not 
corrlpletely prcdcterninerl, but they do h:~ve specific 
functions tcf. Johnson & Johnson, 1987 1. Examples are, 
"What is the difference belween an X and a Y?" or "(:;in 
you give me sny more examples of riass X?" where S 
and Y are dum:lin element; prcvrfiusly mentioned In 

For domain ro r~rep ts  

Cnr~ )-nu give nlc an i .ua~r~ple Rrve:tls ant1 clarifies dnrnain  
of X? L I I ~ I C ~ D ~ . R  

Lirt't~nt is 1,he h f f ~ r r ~ n c c  Corltrast qur:.,t\ons clarify 
t c t r v c ~ n  )C and Y? rlomain crrr~repts. 

Does S i t r ~ l  l l ~ l e  Y:) RcIatiun,ihip questions clarify 
the i nt.errclatior~ships of 
don l s~ r~  conccpls. 

For d l ~ n l a ~ n  proccrlures a n J  r+:~rl~ninji n~lrs  

'SIL; srwulrl you do t l la t"  Cor~verls an  ;laLenion into a 
rule  

Hvw wonld you + I t ,  thai.') Gcncratrs rulcs ur 

proccri~~rer. 
V ~ l i t ~ i .  dv you dr, 3 t  rnch $tep I'r~vidc.~ [r~fbmatiori ;~ t lau t  

iri Lhis F I ' O C ~ ~ U ~ C ?  procedur:~l details 
1ibc11 .r:r~t~ld you do tI11t7 Reveil13 L ~ C  .;cope of a rule  u r  

~irucedure. 
1s [thc- ~-ule] ;ilrvay., the casc.! ahove, may ~ r n p r , a t c .  other 

l~ules. 
Li'h:it ~ltcrnatj \-e.-  [ to the Ge!wratcs morc rules or 

prescribed 3ct101> tlr proccdur+,> 
decision] arc tllcre? 

\Elat if it were not the  c a w  C e n ~ r a t e s  rulra fur when 
that I n ~ r r e n t l y  true current  condition does not 
condit icml'' apply - 

For retir~eolel~ts nT the ~~~O~VIP~KI !  base and thr 
~ l i t : i l ~ ~ l ~ o r .  ut kllowlcdg~ ahont spc.ia1 procedures 

C.in you tell rric , I ! J [PII~  irn Kefines t h r  knowledge base to 
u \us l  case you indude rari: ~.;ises, special 
encounterrd? procedures 

Can you tt.1; u)c ahout an  Refines thc knowledgr \)asv to 
usual case j'rkit heard :~h(jut ~nr.lurlz rare cases, speclo! 
from s o m ~  r,ttier rxpert,l' procedures. 



preplnnning the quest~ons, hc~l  itl:,r, I)y prcplanning the nalivc intcrviriv forrr~ats suggests that  adding struc- 
material that the queslions arc about. turc l o  cvc-nl r~c~111 can make an interview more pro- 

IJsrng test cases A number of expert system [level- 
npers have relied on test cases to  ad0 structure to In- 

terviews ie.g., Grover, 1983; Kdd,  1W7; hlull in,  19S91. 
Kvlandi (1986) and Prerau (1989) recnrnrr~~nd that IiE 
for qxpert system development should cons~st of i:i~c.r- 
views with  cxpcrts on a dozen or so test cases. 

ductivf: thari a s~r in~l r~rr l  police interview. 
h clvar rx :~mpl t~  af C\.cr l t  cecall-based reasoning by 

experts comes horn aviorlics engineering. In "cornpara- 
hility analysis" an expert predicts the reliability and 
maint:iinability of new aircraft components or systems 
un thc basis of furictionally or  structurally similar corn- 
ponents on older aircraft iTetrr~eyer. 1976). Klein and 

I;'sing a "first-pass kn,ordedge br~sr  " Anothet. me thud 
of adding structure to  in ten~iew rr,nt~t-i:i1s is to use a 
knowlcdgc representation called a first-lriss 1;11owl- 
edge bast? (Young & Gammack, 19871, derivcd ft.oni a 
d o c u m e n t a t i r > ~ ~  analysis, task analysis, u r  initial url- 

structi1rt:d ir~trl-vicivs. A first-pass knowledge base is 
essentially meaningfully organized list uf proposi- 
tions tha t  express marly of the core concepts, the dcfi- 
nitlons o f  trrrnh, and the procedural rules that are fol- 
lowed in the d o t n ~ l ~ n .  In the interview, the expert goes 
over the entries in l.hr: first-pass knowledge base and 
comments on each on?, suggesting additions, deletions, 
refinements, etc. (Hcdfnlan, 1987). 

Weitzenfield (1 982; Klein, 1987) had esperr. 31-~omcs 
engpneers pcrrorni this fhmlll:irh task fbr some test 
cases (e.g., the specifications fbr thc- hy-drnn:ics system 
on a new airplane). As thf: cxpcrts pr-rformed their fa- 
miliar task, they wc:rf: probcd with a set  of prepianned 
questinns. 

I i l ~ i n ,  Calderwuori ,  and klncl 'rr~gor.  (1YB9) have 
found that rpasuning  in tr:rnis of thc probcd recall of 
past t o u g h  ;in11 s;jlir,rit cascs cnri be very effective in 
revealing t.xprrt,s' knt~w1t:dg.c~ especially their tacit 
knowlrdge a n d  reasoning stmtcgics. Hence, Klejn et 
(11. have expantled this rriethotl into a KE technique. 
thcy call t he  Critical 1)ecision Mclhotl and have used i t  
succc.sufi~lly i n  the study o r  ~xpr>rtist! 111 suck dornalrls 

Event rernll ~r~ terv iews .  Experts often h a w  clcsr 
3:: fir? fighting, design engineering, p n r a m c d ~ c ~ n ~ > ,  

memories for tough or salient cases they have cr,coun- nursing, ;lnd military comm;lnd and control. Further- 
tered, and they somctimc.s reason by a n a l v g y  to past more, the method is reliable in tha t  therc are high 
cases (Kolodner, 1991; Slade. 19911 Relate(l to the util- ratcs c~f agreement between peuple who indrpentl~ntly 
lty of using test cases in task analysis, it can be useful code the interview tr3nsc:ri~)ts. 
to  structure an  intcrvir:~ by havlng the expert rccall 
past events or cases, which csrl t h e n  he the focus of 
probe questions intendccl to faci l i t~te recall (e.g., "Try 
111 go through the events In rcvcrsc orhiler" and "Try l o  
r ~ c a l l  the incident hum different pcruprct~ves").6 

Siricc World War TI, human factors psychologists 
h i iv~!  uscd event recall interviews in studies of "critical 
i nc i t l~n t s "  of equiprnenl failurc o r  opera tor n-ror 
{Fl:~rbilgan, 1954). Event recall interviews are alsv ;In 
irnp~t-tant method in the study of cycwitness rrlemr>r,; 
arid testimony, as well as ~ ~ o f i c c  interviews [Brul-r, 
1938: Lkf'fcnbncher, 1988), and some impor t s r~ t  I~ssons  
are tu be I'ound in tha t  literature. Gciselmas~, Fis!-ter, 
RlacKinnnn, and IIolIand's (1 985) cumpariso~l ot' slter- 

Group i r ~ l e r v i e u ~ s .  1i~l iant .e  u11 multiple ~ x p e r t s  
may be unavoidahie i f ' the espn-ts In ti domain have 
differing areas of specjalizatii~n. Furthermore, reliancr: 
on more than one expert can he necessary to assess the 
reliability o r  irnl~ortance irf'113rkicular aspects of knowl- 
edge or rcasonillg i I l o f f ' ~ ~ ~ s t ~ ,  1987; hlittal & Dym, 
1985; Wolf, 1989). In the development of n l i ~ ~ i y  expert 
sys t~ins ,  thc prolotype is assessed hy mart? than one 
expert to suggest changes that  might help cnsure enrl- 
user acceptance (Cochran, Bloom, & Rullemcr, 1990). 

A s~jecinl pro1)lcm for the group intenrirw approach 
in expert systcrns work is that an exprrt . . ; y s t~n~   nils st 
have nunconflicting rulcs. And yet, when  twr) cspcrts 

' We usr: the t c ~ r l l  el  en1 I-rrall r;llhr:r thari tl,c tern1 " r e t r ~ ~ y ~ e c -  
ti(111." Technically. Int ro.iptwt I I ~ I I . -  arc vcrLa1 5 tatemenls Lhat rcprc- 
sent judments  atl ,~>t 1r1wrt.11 pIlt.non~cna The concept r l f  retrospec- 
tion emphasizes t l ~ t :  Lcr t h n t  311 ~ntrr,sprct,ion ~ P I I P T I ( ~ S  O I ~  mcinory. 
The term retro~pr,ctior~ doe: i ~ o t  dpn r~ t t :  a task tha t  is somehow d ~ f -  
lerent from intrcspertu,n. !n KC: ~~rr~ct:durcs such as think aloud 
prnhle~n solving, an  VrIarrL : ~ c t u a l l y  spcnds llttle time rnak~ng-iudfi- 
nicnts about ~ I I S  01- her ~ n c r \ t ; ~ I  p l ~ c ~ i r l n j ~ f l ~ a  or memories. Lluring a 
problem-sulvi~g t . ~ s k ,  tlw p a r t ~ c i ~ a n t .  mostly describes the things 
that are ~ n v ( ~ l v e t i  t h e  problem ! S r w e l l  and Simon, 1972; Wood- 
xmol-l h. 19381. Sometimes In a Kt.: ~ ~ r ~ i c c d u r e  an expert may spurlta- 
ne:)usl y make an introsperliva judgment,, say, about the  runfidcrlce of 
a particular memory. Some KE metbuds, tu be discussed below, rp- 

quLre the  expert to make such judgments IInwever, in event recall, 
t hr expcrt simply recalls evenL3. 

come t,uget.ht!r they can sce i t  a s  their jub tr) serk out 
Areas of rlisagrccrrlcrit. Even if they a p e  o ~ i  99% they  
will quickly find and arguc about thr: 1';;) !Adrlrnan, 
1989; Agncw, Brown, & Lylch, 1986; Hclf'frr~~n, Slavic, 
and tlorcr. 1968; Libby and I,exv~s. 19771. :\lthough 
j u d g m ~ ~ i t  scaling metbods (to t,c: clesc~lbcd later) can 
help onc. dcaI with conflrr:ting vicwpoirlts, for thc pur- 
pose of cos~structing ;1 vol~erent knr)wledpc basc t h ~ r e  
can bc. ;1 trade-off be~\vcr:n rJrorip size and  t h e  r~l)Lill~cl;- 
i ty  of consensus. Baser] on their work with cxperts in 
aviation syslcrns. M(:C;rnw and Seale (1988) recorn- 
menrltrri c~s i r~g  g i l ups  of only two or three cxperts. 

Till.; c o ~ ~ c l u c l ~ s  tile illustration of interview methods. 










































