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Abstrac t 

Task analysis is a critical first step in understanding a new 
comple x domain .  Currently ,  tasi c analysi s i s a  mostl y manua l 
proces s wit h wea k automatio n support .  Thi s pape r  introduce s 
th e first  phas e o f  th e S A W I I  prototyp e a s a  proof-of-concep t 
fo r  earl y validatio n o f  tas k analysi s activities .  Earl y valida -
tio n i s supporte d b y th e transferenc e o f  semantic s fro m dat a 
value s t o dat a structures .  Roug h estimation s o f  discrepancie s 
betwee n task s ar e use d t o focu s th e knowledg e elicitor' s at -
tentio n o n questionabl e areas ,  thereb y reducin g muc h o f  th e 
tediousnes s an d time-intensiv e natur e o f  validation .  SANA'I I 
was show n t o wor k o n th e developmenta l  domai n o f  parables . 
I t  i s  currentl y undergoin g experimentatio n i n tw o real-worl d 
knowledg e acquisitio n activities . 

Introduction 

M a ny system s engineerin g methodologie s cal l  fo r  extensiv e 
effort s i n knowledg e acquisitio n alon g wit h design ,  imple -
mentation ,  an d test .  Tas k analysi s i s a  critica l  phas e i n m a n y 
knowledg e acquisitio n processes .  T o ensur e th e qualit y o f 
tas k analysi s results ,  validatio n i s ofte n performe d b y com -
parin g th e result s wit h additiona l  source s o f  information . 
Thi s validatio n proces s i s currentl y manual ,  tedious ,  time -
consumin g an d expensive .  However ,  usin g possibl y errone -
ou s tas k analysi s result s accepte d from  a  wea k validatio n 
proces s insert s to o m u c h risk  int o n e w syste m development . 

Curren t  wo r k i n applie d ontologie s i s on e approac h t o re -
ducin g tas k analysi s risk.  I n practice ,  limite d fmancia l  re -
source s ofte n resul t  i n a  lac k o f  prope r  effor t  give n t o th e 
ontolog y creatio n process .  Thi s i s du e t o th e mostl y manua l 
proces s o f  ontolog y creation ,  requirin g a  collaborativ e effor t 
a m o ng m a n y uniquel y talente d individuals .  Automate d too l 
suppor t  fo r  bot h th e humanisti c natur e o f  knowledg e acqui -
sitio n an d th e exactin g natur e o f  ontolog y formalizatio n i s 
needed . 

Th e objectiv e o f  thi s researc h i s t o develo p a  proces s an d 
representatio n framework  tha t  wil l  facilitat e partia l  automa -
tio n o f  th e validatio n process .  Requirement s o f  a  tas k analy -
si s validatio n framework  include : 

• support validation as early as possible in the knowledge 
acquisitio n process ; 

'  suppor t  timel y notificatio n o f  event s requirin g interven -
tio n b y knowledg e acquisitio n participants ; 

'  provid e validatio n i n th e for m o f  th e identificatio n o f  dis -
crepancie s betwee n newl y entere d tas k analysi s dat a an d 
previousl y validate d data ;  an d 
adap t  t o validatio n biase s o f  th e project ,  domain ,  knowl -

edg e elicitor ,  o r  ontolog y system . 

Domain 
Expert s 

SAVVII  Focu s o f  Attentio n 

Knowledg e 
Elicjtor a 

Knowledg e 
Engineer s 

Unstructure d ) 
Domain y 

Knowledg e j ^ 
structure d 
Domain 

^Knowledg e J 

Formal  i 
' — Ontolog y j- i 

Domain i 
' -  Modelin g p J 

Figur e 1 :  S A V Y I I  i s a  too l  intende d fo r  knowledg e elicitor s 
as a n informatio n condui t  from  doma i n expert s t o knowl -
edg e engineers .  B y addin g onl y partia l  structur e t o other -

wis e unstructure d doma i n knowledge ,  validatio n ca n occu r 
earlie r  i n th e lifecycle . 

The System for Assisting with the Verification and Vali-
datio n o f  Imperfec t  Informatio n ( S A W T I )  i s  a  prototyp e 
designe d t o achiev e th e researc h objective s an d fiinction  a s 
an ai d t o knowledg e elicitor s a s the y translat e knowledg e 
from  doma i n expert s t o knowledg e engineers ,  a s s h o w n i n 
Figur e 1 .  I t  i s a  "  Syste m fo r  Assisting "  i n tha t  th e use r  re -
tain s th e ultimat e responsibilit y  fo r  final  determinatio n o f 
"  Verificatio n an d Validation "  activities ,  wh ic h i s supporte d 
throug h a n automate d proces s o f  similarit y an d discrepanc y 
determinatio n followe d b y feedbac k from  doma i n experts . 
"  Imperfec t  Information "  describe s th e evolutionar y stat e o f 
tas k dat a a s th e cor e representation .  Al l  tas k dat a originall y 
appear s a s a  potentiall y  erroneou s perspectiv e o f  th e do -
main .  Throug h assimilation ,  conflic t  resolution ,  validation , 
acceptance ,  an d m a n a g e m e n t  o f  thi s imperfec t  knowledge , 
tas k dat a evolve s int o informatio n tha t  i s  usabl e b y othe r 
lifecycl e systems .  Futur e w o r k wil l  expan d th e focu s o f 
S A W I I  from  tas k analysi s t o othe r  type s o f  knowledg e 
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engineerin g processes ,  suc h a s interaction ,  concept ,  an d 
decisio n analyses . 

The first  phas e o f  th e S A W I I  prototyp e ha s focuse d o n a 
shor t  vahdatio n cycl e fo r  th e knowledg e elicitor .  Th e proc -
esse s an d representation s o f  thi s phas e ar e presente d i n thi s 
paper  afte r  a  brie f  revie w o f  tas k analysi s concepts .  Futur e 
phase s o f  S A W I I  developmen t  wil l  introduc e assimilatio n 
processes ,  acquisitio n o f  multipl e domai n perspectives ,  an d 
visualizatio n an d manipulatio n o f  tas k dat a throug h visuali -
zatio n mechanisms . 

Task Analysis 

Task analysi s a s par t  o f  domai n analysi s i s designe d t o elici t 
detaile d description s o f  domai n tasks .  Tas k analysi s ha s 
evolve d i n separat e communities .  Eac h communit y ha s de -
velope d tas k analysi s technique s tha t  bes t  fi t  thei r  require -
ments . 

Industria l  engineerin g i s concerne d wit h operato r  capa -
bilit y  (Kirwan ,  &  Ainsworth ,  1992) .  Fro m a n industria l  en -
gineerin g perspective ,  tas k analysi s i s usefli l  i n th e area s o f 
syste m desig n (safety ,  productivity ,  an d syste m availabil -
ity) ,  syste m evaluatio n (interna l  compan y audits ,  risk  as -
sessments) ,  an d specifi c  concern s (technolog y vubierabl e t o 
human error ,  syste m change s causin g uncertaint y abou t 
syste m integrity ,  implementatio n o f  ne w constraints) .  Tea m 
effectivenes s i s th e centra l  focu s o f  tas k analysi s i n organ -
izationa l  management .  Th e goa l  i s  t o understan d th e rela -
tionship s betwee n teams ,  tasks ,  an d organizationa l  struc -
ture s suc h tha t  tea m performanc e ca n b e predicte d (Cannon -
Bowers ,  e t  al. ,  1995) . 

Understandin g a  proces s suc h tha t  ne w automatio n sys -
tems ca n b e integrate d int o specifi c  proble m area s i s th e 
focu s o f  tas k analysi s i n softwar e engineering .  Task s ar e 
studie d s o tha t  ne w system s ca n b e buil t  tha t  wil l  eithe r  per -
for m thos e task s fo r  th e user s o r  suppor t  th e user s i n thei r 
accomplishmen t  o f  th e tasks .  Task s ar e decompose d suc h 
tha t  behavio r  o f  th e proces s i s apparen t  (McGra w &  Har -
bison-Briggs ,  1989) .  Behavior s o f  actor s w h o currentl y per -
for m th e tas k ar e significan t  wit h respec t  t o wha t  the y do , 
rathe r  tha n wha t  the y know .  (Othe r  knowledg e acquisitio n 
technique s ar e usefu l  i n elicitin g wha t  a n exper t  knows ,  an d 
ar e no t  withi n th e scop e o f  thi s paper. )  A n additiona l  are a o f 
conce m i s th e task' s relationshi p t o th e goal s o f  th e whol e 
system . 

Knowledg e engineerin g i s focuse d o n understandin g a 
domain ,  wit h th e end-us e o f  th e knowledg e o f  les s a  con -
ce m tha n th e othe r  discipline s previousl y discussed .  Knowl -
edge engineerin g i s a n attemp t  a t  combinin g al l  othe r  per -
spectives .  Tas k analysi s i s use d t o understan d a  domai n 
throug h constrainin g it s descriptio n int o formalize d mode l 
representation s (Arango ,  1993) .  Modelin g limit s th e de -
scriptio n an d limit s th e complexity ,  s o tha t  variou s analyst s 
can dra w thei r  o w n conclusion s b y studyin g th e model s 
rathe r  tha n b e overwhelme d b y unconstraine d data . 

Perhap s th e simples t  mode l  i s th e tas k template .  Tabl e 1 
list s tas k decompositio n fields  o f  a  tas k templat e (Kirwa n & 
Ainsworth ,  1992) .  Th e templat e allow s th e knowledg e en -
ginee r  t o gathe r  a s muc h informatio n i n a s man y differen t 
categorie s a s possibl e throug h on e se t  o f  knowledg e acqui -
sitio n session s wit h experts . 

Tabl e 1 :  Tas k Template :  descriptiv e decompositio n catego -
ries .  Adapte d from  Kirwa n an d Ainswort h (1992) . 

Detcrlptlo n 

Require -
ment s 

Natur e o f 
tas k 

Output s 

Descriptio n 
Typ e o f  activit y o r 
behavio r 
Tas k o r  actio n 
ver b 
Functio n o r  pur -
pos e 
Sequenc e o f 
activit y 
Initiatin g cu e o r 
even t 
Informatio n 

Skill s /  trainin g 
require d 
Personne l  re -
quire d /  staffin g 
Actio n require d 

Decision s re -
quire d 
Response s re -
quire d 
Complexit y 

Tas k difficult y 
Tas k criticalit y 

Amount  o f  atten -
tio n require d 
Outpu t  fro m th e 
tas k 
Feedbac k 

Hardwar e 

Perform -
anc e 

Othe r 
item s 

Conse -
quence s 

Locatio n 
Control s use d 

Display s use d 

Critica l  value s 

Jo b aid s require d 

Performanc e metri c 

Tim e take n /  startin g 
tim e 
Require d spee d 

Require d accurac y 

Criterio n o f  respons e 
adequac y 
Subtask s 

Communication s 

Coordinatio n require -
ment s 
Concun-en t  task s 
Likel y /  typica l  en-or s 

Problem s 

En-o r  consequence s 

Advers e condition s / 
hazard s 

T a s k T e r m i n o l o g y 

The abilit y  t o m a p betwee n differen t  ontologica l  concept s 
tha t  migh t  resul t  fro m tas k analysi s reside s i n th e abilit y  t o 
understan d an d manipulat e terminology .  Th e terminologis t 
build s a  terminologica l  databas e a s a  lis t  o f  term s wit h asso -
ciate d linguisti c informatio n an d a  natura l  languag e defini -
tio n (Aussenac ,  1995) .  Linguisti c analysi s o f  tex t  usuall y 
consist s o f  identificatio n o f  term s an d thei r  semanti c rela -
tions ,  followe d b y extrapolatio n o f  concept s fro m thos e 
terms .  Thi s dat a structur e i s insufficien t  fo r  conceptua l  un -
derstandin g require d b y knowledg e engineers . 

Terminologist s focu s almos t  entirel y o n statistica l  tex t 
analysi s processes .  Th e tex t  i s considere d th e ultimat e refer -
ence ,  a s i t  i s  assume d t o b e th e resu h o f  a  consensu s o f  do -
mai n experts .  Th e S A W I I  prototyp e facilitate s a  stron g ti e 
t o terminolog y fidelity  an d depend s o n tha t  fidelity  fo r  it s 
validatio n processes . 

Task Model 
The dat a representatio n o f  thi s researc h i s base d o n th e 
C o m m o n K A DS Tas k Mode l  (Duursm a &  Olsson ,  1994) . 
For  a  historica l  perspectiv e o f  K A D S ,  C o m m o n K A D S,  an d 
ESPRIT,  se e (Schreibe r  &  Wielingua ,  1996) ,  wher e C o m -
m o n K A DS i s introduce d a s "th e mos t  widel y use d metho d 
fo r  K B S development. "  Concept s introduce d i n thi s sectio n 
ar e fro m M c G r a w an d Harbison-Brigg s (1989 )  fo r  tas k in -
formatio n an d Duursm a an d Olsso n (1994 )  fo r  tas k model -
ing . 
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A n activit y refer s t o action s performe d i n th e rea l  world . 
A tas k i s a  se t  o f  coheren t  activitie s tha t  ar e performe d t o 
achiev e a  goal .  Tas k description s ad d a  teleologica l  dimen -
sion ,  suc h a s th e purpos e fo r  performin g th e task .  Th e tas k 
model  i s a  resultin g artifac t  o f  tas k analysis .  Th e tas k mode l 
consist s o f  function s o f  a n organizatio n i n term s o f  tasks .  A 

scenari o i s a  descriptio n o f  a  sequenc e o f  task s performe d 
as on e threa d o f  executio n i n th e domain .  A  scenari o con -
tain s a n ordere d se t  o f  tasks . 

A proces s mode l  i s th e collectio n o f  al l  task s performe d i n 

al l  domain-relevan t  scenarios ,  alon g wid i  th e rationalizatio n 
fo r  selectin g subsequen t  task s a s indicate d i n th e scenarios . 
Therefore ,  th e proces s mode l  add s sequencin g an d timin g 
decisio n point s tha t  guid e a n acto r  i n performanc e o f  par -
ticula r  task s i n a  give n context .  However ,  th e tas k mode l  i s 
not  concerne d wit h organizationa l  processes .  Th e focu s i s 
on th e performanc e o f  th e tas k itsel f  i n ligh t  o f  th e environ -
menta l  context ,  bu t  no t  wit h subsequen t  activitie s i n a  give n 
scenario ,  o r  tas k interactio n i n a  particula r  process .  There -
fore ,  th e tas k mode l  consist s o f  a n unordere d se t  o f  tasks . 

Th e C o m m o n K A DS Tas k Mode l  i s highl y integrate d wit h 
externa l  C o m m o n K A DS models ,  includin g Design ,  Agent , 
Communication ,  Expertise ,  an d Organizatio n Models . 
Thes e externa l  model s ar e no t  th e subjec t  o f  thi s research . 
However ,  i t  i s expecte d tha t  a  robus t  applicatio n shoul d als o 
be abl e t o reaso n sufficientl y ove r  thes e externa l  represen -
tations ,  an d i s th e subjec t  o f  futur e efforts . 

GUI 

Knowledg e elicito r  an d 
domai n exper t  creat e 

tas k descripbon s an d 
provid e feedbac k t o 

discrepanc y 
infonroton . 

aSCREPANCr  < _ 
TABt£ S 

TASK 
o e s c R p n o N 

TABLES 

ALGORrrHUB 
detec t 

dscrepande s 
betwee n ii«eresling | 

par s o f  ne w an d 
validate d task s Report s o n domai n 

exper t  feedbac k ar e 
use d t o evaluat e th e 

accurac y an d 
precisio n o f  th e 

discrepanc y 
detectio n algorithms . 

Erro r  value s ar e fe d 
bac k t o adap t 

threshol d values . 

-
T>«ESHOU} 

TABLES 

Trainin g document s 
Generi c lexican s 
Domain-specifi c 

lexicon s 

- ,  LEXICA L 
SYSTEM 

Created during 
initializatio n phas e o f 
K A projec t  th e lexica l 

syste m combine s 
intema l  an d external , 
generi c an d domain -

specific ,  natura l 
languag e resources . 

Figur e 2 :  Component-base d Architectur e o f  S A W i i . 

Validation Representations and Processes 

Th e S A W I I  prototyp e ha s bee n implemente d usin g com -
mercial-off-the-shel f  component s an d publicl y availabl e 
components .  Microsof t  Acces s 9 7 wa s chose n a s th e data -
bas e componen t  du e t o it s relativ e affordability ,  lapto p ca -
pability ,  an d replicatio n facility .  Th e replicatio n faciht y i s 
importan t  fo r  travelin g knowledg e elicitors .  Eac h elicito r 
ca n ad d dat a t o th e databas e whil e i n th e field .  Throug h a 

m o d em connection ,  th e fielde d database s ca n b e periodi -

call y synchronize d wit h a  maste r  database .  Onl y change s t o 
th e database s ar e transmitted .  Durin g th e synchronizatio n 
process ,  eac h elicito r  i n th e fiel d receive s tas k dat a fro m al l 
previousl y synchronize d field  elicitors ,  providin g a  valida -
tio n activit y tha t  i s  curren t  eve n i n a  distribute d operationa l 
environment . 

Representations 

S A W I I  databas e component s consis t  o f  table s fo r  tas k 
descriptions ,  discrepancie s an d thresholds ,  an d a  lexico n 
taxonom y fo r  semanti c compariso n (se e Figur e 2) . 

Task Description Tables The SAWII Task Model is an 
implementatio n o f  a  specialize d versio n o f  th e C o m -
m o n K A DS Tas k Model .  I t  i s  a  relationa l  databas e wit h in -
termediar y table s tha t  suppor t  th e many-to-man y relation s 
require d betwee n satellit e table s an d th e entry-poin t  tas k 
table .  Th e many-to-man y relation s hel p t o reduc e siz e o f  th e 
databas e b y supportin g onl y on e entr y fo r  repeate d instance s 
among tasks .  Fo r  example ,  on e tas k m a y b e performe d b y 
m a ny agents ,  an d on e agen t  m a y perfor m m a n y tasks .  Eac h 
agen t  i s entere d onl y once ,  jus t  a s eac h tas k i s entere d onl y 
once .  Onl y th e pointer s t o thes e entrie s ar e repeate d i n th e 
relatio n tables . 

Figur e 3  show s th e satellit e table s relate d t o th e tas k tabl e 
throug h many-to-man y relatio n tables .  Thes e table s ar e 
draw n mostl y fro m th e C o m m o n K A DS Tas k Model ,  wit h 
th e inclusio n o f  particula r  table s foun d t o b e usefu l  i n othe r 
knowledg e acquisitio n projects .  Fo r  example ,  bot h th e Haz -
ard s an d Error s table s wer e subsume d b y th e Feature s tabl e 
of  th e C o m m o n K A DS Tas k Model .  However ,  a n increas e i n 
specificit y o f  th e satellit e table s improve s th e comparativ e 
capabilit y  withi n eac h table .  Mor e accurac y i s expecte d 
when comparin g hazard s t o hazard s an d error s t o errors , 
tha n i s expecte d i f  hazard s an d error s wer e intermixe d i n th e 
same table .  U p o n continue d us e o f  S A W I I ,  mor e satellit e 
table s m a y b e defme d an d populate d dependin g o n th e con -
tex t  o f  th e activ e domain .  Tabl e creatio n i s guide d b y a n 
ontolog y tha t  specifie s concept s a s significan t  fo r  tas k 
analysis .  Expansio n o f  S A W I I  int o othe r  analyse s o f 
knowledg e engineerin g depend s o n th e creatio n o f  ontolo -
gie s t o guid e appropriat e tabl e creation . 

Earl y validatio n depend s o n th e abilit y  t o transfe r  seman -
ti c informatio n fro m ra w K A note s t o ontologica l  catego -
ries .  Ontologica l  categorie s ar e represente d a s satellit e ta -
ble s i n th e prototype .  Th e knowledg e elicito r  i s  expecte d t o 
perfor m th e semanti c transfe r  b y assignin g segment s o f  th e 
tex t  t o a  category .  Othe r  segment s o f  tex t  ar e ignore d be -
caus e the y provid e th e sam e semanti c informatio n a s th e 
category .  Therefore ,  semanti c informatio n i s transferre d 
fro m th e tex t  t o th e category .  W h e n selectin g a  previousl y 
existin g satellit e tabl e entr y fo r  a  n e w task ,  th e knowledg e 
elicito r  i s classifyin g th e entr y a s simila r  fo r  bot h tasks .  Th e 
specificit y o f  categor y creatio n guide d b y th e ontolog y i s 
contraste d agains t  th e cognitiv e abilit y  o f  th e knowledg e 
elicito r  t o perfor m similarit y classificatio n durin g dat a en -
try .  Furthe r  researc h int o thi s tradeof f  i s  expected .  A n in -
creas e i n th e numbe r  o f  categorie s result s i n a n increas e i n 
th e semanti c transfe r  fro m dat a t o structure .  However ,  a 
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correspondin g increas e i n th e complexit y o f  dat a entr y upo n 

th e knowledg e elicito r  a t  s o m e poin t  m a y resul t  i n cognitiv e 
overloa d an d resul t  i n erro r  msertion s o r  disuse . 

Not  s h o w n i n Figur e 3  ar e th e metamode l  tables .  Thes e 
table s ar e use d t o trac k th e knowledg e acquisitio n activity . 
Informatio n provide d i n eac h tas k mode l  i s  associate d wit h 

th e exper t  w h o provide d th e information ,  th e typ e o f  knowl -
edg e elicitatio n techniqu e use d t o acquir e th e knowledge , 
th e sourc e documen t  from  th e techniqu e (o r  writte n docu -
ment  i f  n o exper t  w a s used) ,  informatio n o n h o w t o acces s 
th e sourc e documen t  (storag e locatio n an d m e d i u m ,  etc. ) 

and th e knowledg e enginee r  o r  elicito r  involve d i n th e proc -
ess .  Thi s metamode l  dat a i s  availabl e fo r  futur e qualit y de -
terminatio n experiments ,  suc h a s th e distributio n o f  contri -
bution s ove r  expert s an d novice s pe r  organization . 

Discrepancy and Threshold Tables Separate sets of data 
table s ar e maintaine d fo r  discrepanc y filtering .  Tas k dat a 
tha t  ha s no t  ye t  passe d th e filterin g proces s ar e analyze d fo r 
similaritie s an d discrepancie s wit h tas k dat a previousl y ac -
cepted .  Questionabl e dat a remain s i n thes e discrepanc y ta -
ble s a s persisten t  storag e unti l  suc h a  tim e tha t  a  knowledg e 
enginee r  rejects ,  modifies ,  o r  accept s th e questionabl e dat a 
int o th e Tas k M o d e l  Database .  T h e acceptanc e o f  question -
abl e dat a mus t  b e accompanie d b y a  rational e fo r  it s accep -
tance .  Thi s rational e i s  maintaine d wit h th e dat a fo r  trace -
ability . 

Threshol d table s ar e use d i n S A V Y I I  t o appl y numerica l 
value s a s bound s fo r  discrepanc y classification .  Thes e val -
ues ar e manipulate d durin g experimentatio n an d ar e store d 
fo r  futur e analysis .  Weightin g factor s pe r  satellit e tabl e ar e 
als o store d wit h th e thresholds .  Weightin g factor s facilitat e 
a domai n bia s durin g similarit y comparison . 
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Figur e 3 :  Tas k Mode l  Relationa l  Tables .  Semantic s o f  th e 
relatio n i s maintaine d i n th e structur e o f  th e tables . 

Processes 

For  th e S A W I  prototype ,  algorithm s wer e implemente d i n 
Visua l  Basi c fo r  Application s du e t o it s clos e integratio n 
wit h Microsof t  Acces s 97 .  Algorithm s wer e designe d fo r 
proof-of-concep t  motivations ,  an d t o b e easil y replace d wit h 

sophisticate d technique s afte r  concep t  maturation .  Processe s 
concer n lexico n maintenance ,  statistica l  metrics ,  discrep -
anc y determination ,  an d validatio n feedback . 

Lexical System At the core of discrepancy determination 
lie s semanti c comparison .  Semanti c compariso n i n tur n re -

lie s o n a  soli d terminologica l  base .  Existin g terminolog y 
tool s specializin g i n segment s o f  th e Englis h languag e ca n 
be integrate d int o th e S A W I I  framework .  O n e suc h too l  i s 
WordNet ,  develope d a t  Princeto n Universit y (Miller ,  1995) . 
WordNet  i s a  hub-base d taxonom y o f  c o m m o n Englis h 

terms .  Anothe r  too l  i s  th e Librar y o f  Medicine' s Unifie d 
Medica l  Languag e Syste m ( U M L S ) ,  a  medica l  terminolog y 
taxonom y (Lindberg ,  Humphreys ,  &  McCray ,  1993) .  Spe -
cialt y taxonomie s fo r  jargon-ric h application s lik e 
healthcar e ca n b e integrate d int o S A W I I  throug h th e sam e 
mechanism s implemente d fo r  c o m m o n Englis h terminol -
ogy .  Interna l  t o S A W I I  i s a  lexico n tha t  i s use d t o maintai n 
a taxonom y o f  term s particula r  t o th e S A W I I  database ,  an d 
not  availabl e i n th e associate d externa l  terminolog y tax -
onomies .  Term s tha t  ar e no t  foun d i n th e externa l  taxono -
mie s ar e entere d int o th e table .  Evaluatio n o f  th e tabl e i s 
supported ,  includin g ratin g it s cohesivenes s an d viability . 
User s o f  th e syste m ar e encourage d t o enric h th e lexico n a s 
ne w term s ar e discovered . 

Statistical Metrics Statistical metrics are concemed with 
identificatio n o f  additiona l  relationshi p pattern s i n th e tas k 
model .  Thes e relationship s includ e th e leve l  o f  relativ e con -
tributio n b y experts ,  documents ,  an d knowledg e engineers . 
The distributio n o f  contributio n pe r  expert ,  fo r  example ,  i s 
readil y identifiabl e b y analyzin g th e table s tha t  facilitat e th e 
many-to-man y relation s betwee n task s an d experts . 

Thi s statistica l  dat a ca n b e associate d wit h discrepanc y 
data .  Th e resul t  coul d b e usefu l  i n analyzin g th e qualit y o f 
th e contributin g expert ,  knowledg e engineer ,  o r  document . 
For  example ,  on e exper t  m a y contribut e dat a tha t  repeatedl y 
result s i n discrepancie s wit h m a n y otherwis e consisten t  ex -
perts .  Detaile d correlatio n m a y sho w tha t  thi s expert' s  con -
tribution s shoul d b e considere d suspect .  A t  th e extreme ,  al l 
dat a contribute d b y thi s exper t  coul d b e marke d question -
able ,  o r  eve n eliminate d entirel y from  th e knowledg e base . 
Radicall y differen t  informatio n doe s no t  alway s poin t  t o 
errors ,  a s thi s exper t  m a y b e th e onl y san e voic e cryin g ou t 
i n th e darkness .  Th e inclusio n o f  a  feedbac k loo p allow s a 
use r  t o overrid e th e computer' s determinatio n o f  discrep -
ancy .  Radicall y differen t  dat a ca n remai n i n th e knowledg e 
bas e an d serv e a s a n indicato r  t o th e knowledg e elicito r  tha t 
mor e knowledg e acquisitio n i s necessary .  I n th e future ,  so -
phisticate d technologie s fo r  dat a minin g wil l  enhanc e th e 
capabilitie s o f  suc h analyse s i n comple x domains . 

Discrepancy Determination One of the more complex, 
imprecise ,  ye t  critica l  function s o f  th e tas k analysi s valida -
tio n i s th e automati c classificatio n o f  simila r  an d discrepan t 
data .  Simila r  task s ar e difficul t  t o asses s i n unrestricte d dat a 
collectio n processes .  A  roug h similarit y ratin g ca n b e cal -
culate d betwee n tw o task s throug h analysi s o f  th e structura l 
semantic s residen t  i n th e relatio n tables .  Fo r  example ,  i f 
Tas k A  an d Tas k B  shar e mor e tha n som e threshol d per -
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centag e o f  th e exac t  sam e satellit e tabl e pointer s (sam e 
agents ,  sam e errors ,  sam e decisions ,  etc.) ,  the n thos e tw o 
task s ar e considere d simila r  enoug h t o promot e furthe r  in -
vestigation .  I f  the y shar e les s tha n th e threshold ,  the n the y 
ar e no t  interestin g enoug h t o warran t  furthe r  study . 

Initially ,  th e ratin g i s base d o n a  simpl e percentag e ad -

juste d b y a  weightin g factor .  Th e weightin g facto r  facilitate s 
a satellit e tabl e bias .  Furthe r  researc h i s require d a s t o th e 
appropriatenes s o f  th e threshol d value ,  a s wel l  a s mor e so -

phisticate d similarit y formulas .  Th e threshol d ca n b e auto -
maticall y adjuste d durin g analysi s feedbac k stages .  On e 
migh t  hypothesiz e tha t  differen t  application s wil l  adjus t  thi s 
threshol d t o differen t  levels .  A n interestin g futur e stud y 
coul d determin e i f  th e domain s themselve s caus e th e differ -
ence ,  o r  i f  th e valu e depend s mor e o n th e individua l  users . 

Once tw o task s hav e bee n classifie d a s similar ,  furthe r 

analysi s o f  diei r  difference s i s attempted .  Thi s analysi s re -
quire s a n in-dept h loo k int o th e content s o f  th e record s tha t 
d o no t  matc h i n eac h task' s satellit e table .  Th e assumptio n i s 
tha t  ther e i s som e discrepancy .  Otherwise ,  user s woul d hav e 
selecte d pointer s t o identica l  records .  Th e exten t  t o whic h 
th e discrepanc y i s significan t  ca n b e measure d throug h se -
manti c distanc e evaluations . 

Severa l  researcher s hav e implemente d semanti c distanc e 
evaluation s i n comparin g tex t  fields ,  fo r  exampl e (Smeato n 
& Quigley ,  1996 ;  Wilensky ,  1993) .  I n S A W I I ,  term s 
withi n th e field s ar e compare d firs t  fo r  synony m matchin g 
an d the n fo r  h y p e m y m distancing .  Th e value s ar e accesse d 
fro m th e system s lexico n o r  a n extema l  ter m taxonomy . 
S y n o n y m matchin g provide s a  leve l  1  ratin g o f  wor d dis -
tance .  T w o task s whos e onl y differenc e wa s th e us e o f 
synonym s woul d se e a  reductio n o r  eve n a n eliminatio n o f 
th e discrepanc y classification . 

Anothe r  for m o f  semanti c distanc e ca n b e calculate d 
w h en tw o term s shar e a n accessibilit y  pat h i n a  hierarch y 
create d b y overlappin g thei r  h y p e m y m paths .  Fo r  example , 
th e term s "controller "  an d "medic "  m a y mee t  i n th e hier -
arch y a t  th e poin t  o f  "  human. "  However ,  thi s meetin g m a y 
occu r  a t  severa l  level s abov e th e individua l  terms .  A  thresh -
ol d paramete r  govern s w h e n tw o term s ar e to o fa r  apar t  t o 
be considere d similar .  Use r  feedbac k ca n affec t  th e valu e o f 
thi s threshol d suc h tha t  th e syste m perform s bette r  throug h 
extende d use .  D u e t o th e componen t  framewor k structur e o f 
th e architecture ,  semanti c distanc e algorithm s tha t  perfor m 
bette r  tha n th e curren t  approac h ca n b e readil y integrate d 
int o th e system . 

T o spee d u p computation ,  word s ar e paire d base d o n thei r 
part-of-speech .  W o r d pair s an d thei r  calculate d semanti c 
distanc e ar e store d i n a  databas e table .  Thi s tabl e i s accesse d 
throug h a  looku p flinctio n t o provid e a  quic k respons e 
rathe r  tha n initiat e a  detaile d analysi s o n previousl y com -
pare d terms .  A  stud y wil l  b e mad e t o determin e th e effec -
tivenes s an d limitation s o f  scalin g u p thi s looku p tabl e fo r 
larg e comple x d o m a m s . 

Validation Feedback When discrepancies are detected, the 
n e w tas k i s no t  assimilate d int o th e accepte d tas k model .  It s 
discrepanc y informatio n i s transferre d t o th e discrepanc y 
databas e unti l  feedbac k i s receive d fro m th e knowledg e 
elicitor .  Feedbac k ca n b e o f  severa l  forms .  Expert s migh t 

indicat e a  correctio n i s neede d du e t o a  typographica l  o r 
semanti c error .  S o m e experts ,  whe n facin g conflictin g 
opinion s o f  othe r  experts ,  migh t  chang e thei r  mind .  N e w 
informatio n m a y b e adde d t o th e tas k data ,  suc h a s a  par -
ticula r  contex t  tha t  mus t  hol d fo r  th e tas k dat a t o b e accu -

rate .  The y m a y indicat e tha t  th e dat a the y provide d i s cor -

rect ,  an d th e dat a i n th e previousl y accepte d tas k i s i n error . 
Expert s migh t  als o indicat e tha t  th e determinatio n o f  th e 
discrepanc y i s incorrect . 

Experimental Domains 

Biblica l  parable s wer e use d fo r  S A W I I ' s developmen t 
domain .  Parable s wer e chose n du e t o thei r  resemblanc e t o 
scenario s gadiere d durin g typica l  K A sessions ,  thei r  jargon -
les s wor d selection ,  an d thei r  familiarit y t o m a n y Englis h 
readers . 

"A parable is an extended metaphor or illustration. 
.. .  Lik e mos t  illustrations ,  parable s usuall y hav e on e 
centra l  point .  The y diffe r  from  allegories ,  storie s i n 
whic h th e detail s aboun d wit h hidde n meanings .  Fail -
ur e t o distinguis h betwee n parable s an d allegories ,  an d 
th e attemp t  t o trea t  th e parable s o f  Jesu s a s thoug h the y 
wer e allegories ,  ha s le d som e Bibl e student s fa r  afield . 
pursuin g mysteriou s meaning s i n meaningles s details .  " 

Joh n Whit e (1988 ) 

White's concept of " meaningless details" is the rationali-
zatio n fo r  thi s research' s effort s o f  roug h classificatio n o f 
"interesting "  tasks ,  rathe r  tha n precis e semanti c under -
standin g a s i s necessar y fo r  allegorica l  reasoning . 

T wo parable s i n th e followin g explanatio n ar e considere d 
by m a n y t o b e th e sam e parabl e tol d b y differen t  authors . 
TTie y bot h dea l  wit h erro r  condition s tha t  resul t  fro m scat -
terin g see d whil e sowing .  I t  i s  relativel y simpl e fo r  a n Eng -
lish-readin g perso n t o immediatel y judg e tha t  on e parabl e 
validate s th e other .  However ,  afte r  readin g m a n y parables ,  i t 
m ay becom e mor e difficul t  t o recal l  al l  pas t  parable s tha t 
ar e simila r  i n som e aspect s ye t  differen t  i n others . 

Parable s fro m th e N e w Internationa l  Versio n o f  th e Hol y 
Bibl e wer e entere d int o th e databas e a s thoug h the y wer e 
generi c farmin g tasks .  A s m a n y parable s concer n farming , 
the y hav e som e overla p i n terminology ,  suc h a s seed ,  soil , 
and sowing . 

S A W I I  properl y classifie d parable s suc h a s Matthe w 
13:24-3 0 a s bein g uninterestin g w h e n compare d t o Luk e 
8:5-8 .  However ,  Matthe w 13:3- 8 wa s no t  onl y determine d 
t o b e interestingl y simila r  t o Luk e 8:5-8 ,  bu t  certai n aspect s 
wer e identifie d a s warrantin g mor e attention .  A n exampl e i s 
th e compariso n betwee n th e cro p bein g "  a  hundred ,  sixt y o r 
thirt y time s wha t  wa s sown "  verse s "  a  hundre d time s mor e 
tha n wa s sown" .  Th e questio n i s no t  onl y whic h on e i s cor -
rect ,  bu t  i s  thi s differenc e significan t  o r  meaningless ,  ca n 
the y b e unifie d int o "3 0 t o 10 0 times" ,  o r  doe s on e pre -
clud e th e other .  Discrepancie s suc h a s thes e requir e feed -
bac k fro m a n exper t  throug h furthe r  interview s wit h th e 
knowledg e elicitor .  Th e abilit y  o f  th e syste m t o focu s th e 
attentio n o f  user s o n onl y thos e area s tha t  warran t  suc h at -
tentio n i s intende d t o reduc e m u c h o f  th e tediousnes s o f 
manual  validation . 
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At  thi s time ,  tw o experiment s ar e bein g conducte d t o tes t 
th e capabilitie s o f  th e S A W I I  prototyp e i n real-worl d K A 
applications .  Aircraf t  schedulin g anomal y resolutio n i s th e 
domai n o f  th e firs t  experiment ,  chose n du e t o it s lo w degre e 
of  specia l  jargon ,  limite d degre e o f  complexity ,  an d hig h 
degre e o f  undocumente d expertise .  Th e oncolog y medica l 
domai n wa s chose n a s th e domai n secon d fo r  th e secon d 
experimen t  du e t o it s heav y relianc e o n specialize d vo -
cabulary ,  extrem e complexit y  o f  unknow n factors ,  an d hig h 
degre e o f  erroneou s data . 

Future Work 

The S A W I I  prototyp e ha s prove n th e valu e o f  earl y 
validation .  Muc h multidisciplinar y wor k remain s t o b e don e 

toward s theoretica l  foimdation s an d specifi c  technica l  capa -
bilities .  Curren t  ftjnctionality  o f  th e use r  interfac e wil l  no t 
scal e u p fo r  larg e comple x domains .  Ne w selectio n proc -
esses wil l  nee d t o b e explore d t o facilitat e th e cognitiv e eas e 
of  whic h SAVATI  usag e depends .  Automati c detectio n o f 
new terminolog y durin g dat a entr y woul d mak e i t  easie r  fo r 
th e knowledg e elicito r  t o realiz e whe n th e syste m i s intro -
duce d t o a  ne w term .  Th e abilit y  t o defm e di e ter m a t  th e 
poin t  o f  entr y als o help s t o ensur e th e perso n definin g th e 
ter m doe s s o unde r  th e contex t  o f  it s  usage . 

As researc h i n natura l  languag e resource s continue s t o 
produc e advances ,  thes e system s ca n b e integrate d int o th e 
algorithms .  Thi s woul d resul t  i n a  continuou s enhancemen t 
t o th e accurac y o f  th e analysi s process .  Th e mechanism s 
used fo r  similarit y compariso n i n thi s researc h ar e unso -
phisticate d a t  best .  Furthe r  analysi s an d integratio n o f  so -
phisticate d similarit y method s ma y resul t  i n usin g mor e 
efficien t  compariso n techniques ,  suc h a s grap h analog y rea -
soning ,  decisio n theory ,  o r  case-base d reasoning . 

The abilit y  t o vie w th e tas k hierarch y i s currentl y limite d 
t o th e supertask/subtas k taxonomy .  Othe r  view s migh t  b e 
more appropriat e fo r  give n situation s an d wil l  requir e sup -
por t  fro m sophisticate d searc h mechanism s wit h automate d 
taxonom y creatio n capabilities .  A  mechanis m fo r  th e unifi -
catio n an d specializatio n o f  nea r  neighbo r  task s i s ke y t o 
convertin g validate d dat a int o informatio n usefu l  t o subse -
quent  lifecycl e systems ,  suc h a s assimilatio n base d o n con -
text ,  feedback ,  terminolog y o r  similarity . 

Conclusion 

Task analysi s result s ar e a  critica l  first  ste p i n under -
standin g a  ne w comple x domain .  Currently ,  tas k analysi s i s 
a mostl y manua l  proces s wit h wea k automatio n support . 
Thi s pape r  introduce s th e firs t  phas e o f  th e S A W I I  proto -
typ e a s a  proof-of-concep t  fo r  earl y validatio n o f  tas k analy -
si s activitie s throug h discussio n o f  validatio n processe s an d 
representations .  S A W I I  wa s show n t o wor k o n th e devel -
opmenta l  domai n o f  parables .  I t  i s  currentl y undergoin g 
experimentatio n i n tw o real-worl d K A activities .  Futur e 
phase s o f  SAW^I I  developmen t  wil l  enhanc e th e prototyp e 
wit h sophisticate d technologie s tha t  wil l  lea d t o a  robus t 
knowledg e representatio n syste m linkin g tas k relevan t  dat a 
wit h multipl e domai n knowledg e sources . 
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