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Interdisciplinar y Foundat ion s fo r 

Multiple-tas k H u m a n Per fo rmanc e Mode l i n g i n O M A R 

Stephen Deutsch (sdeutsch@bbn.coni) 
BBN lechnologie s 
10 Moulto n Stree t 

Cambridge ,  M A 0213 8 

Abstrac t 

The Operator Model Architecture (OMAR) provides a 
computationa l  framewor k i n whic h t o develo p huma n 
performanc e model s tha t  generat e reasonabl e multiple-tas k 
behaviors .  A n interdisciplinar y foundatio n tha t  reache d 
beyon d th e experimenta l  psycholog y an d artificia l 
intelligenc e literature s wa s considere d essentia l  t o th e 
constructio n o f  successfu l  models .  Brai n imagin g an d 
clinica l  studie s sugges t  tha t  task s ar e accomplishe d 
throug h th e coordinate d executio n o f  function-specifi c 
perceptual ,  cognitiv e an d moto r  capabilities .  Thes e studie s 
togethe r  wit h philosophicall y grounde d cautions ,  furthe r 
sugges t  tha t  th e mediatio n o f  tas k contentio n b e 
accomplishe d i n a  framewor k tha t  doe s no t  requir e a n 
executiv e tha t  manage s tas k execution .  Th e computationa l 
framewor k fo r  buildin g model s sensitiv e t o thes e 
consideration s i s described .  Example s fro m a  commercia l 
ai r  traffi c  contro l  domai n ar e use d t o illustrat e O M AR 
modelin g capabilities . 

1. Introduction 

The Operato r  Mode l  Architectur e ( O M A R )  provide s a 
simulatio n environmen t  i n whic h t o mode l  huma n 
operators ,  th e workplace s a t  whic h the y operat e an d th e 
entitie s o f  th e large r  worl d tha t  ar e reflecte d i n thei r 
workplaces .  A n importan t  goa l  ha s bee n t o provid e huma n 
performanc e model s wit h sufficien t  fidelit y t o useftill y 
explor e an d develo p operatin g procedure s fo r  comple x 
environments .  M u c h o f  th e researc h ha s focuse d o n th e 
commercia l  ai r  traffi c  contro l  environmen t  wit h aircrew s an d 
ai r  traffi c  controller s a s th e principa l  players .  Eac h o f  th e 
player s typicall y ha s severa l  task s i n proces s an d 
interruption s ar e commonplace .  T o addres s th e fidelit y 
requirement ,  th e O M A R operato r  model s mus t  exhibi t 
reasonabl e multiple-tas k behaviors . 

The modelin g o f  multiple-tas k behavior s ha s bee n 
explore d extensivel y i n E P I C (Meye r  &  Kieras ,  1997) ,  an d 
S O AR (Newell ,  1990 ;  Laird ,  Newell ,  &  Rosenbloom , 
1987 )  ha s als o bee n adapte d t o mode l  multiple-tas k 
behaviors .  I n particular ,  Meye r  an d Kiera s (1997 )  repor t 
considerabl e succes s i n developin g a  productio n rule-base d 
model  o f  th e psychologica l  refractor y perio d (PRP ) 
procedure .  Th e basi c component s o f  thei r  mode l  ar e a 
cognitiv e processo r  comprise d a  productio n rul e interprete r 
wit h input s from  long-ter m an d productio n memory ,  an d a 
workin g memory ,  wit h auditor y an d visua l  processo r  input s 
tha t  interac t  wit h th e productio n rul e interpreter .  Th e mode l 
relie s heavil y o n a  centralized ,  synchronou s productio n rul e 
framework.  A  productio n rule-base d executiv e proces s 
administer s th e tas k schedulin g sfrateg y fo r  regulatin g th e 

executio n o f  competin g tasks .  Th e implementatio n i s  jus t 
on e o f  a  theoreticall y infinit e numbe r  o f  computationa l 
frameworks  tha t  migh t  giv e ris e t o human-lik e multiple-tas k 
behaviors .  I n buildin g th e O M A R framework,  particula r 
attentio n ha s bee n pai d t o developin g multiple-tas k 
behavior s from  a n assembl y o f  concurrentl y operatin g 
fiinctional  center s absen t  a n executiv e o r  cenfra l  controller . 

Th e motivatio n fo r  thi s approac h t o h u m a n performanc e 
modeling ,  derive d from  a  selectiv e a  readin g i n severa l 
disciplines ,  i s  outline d i n th e Sectio n 2 .  Sectio n 3  provide s 
backgroun d o n th e aircrew/AT C domai n an d describe s 
implementatio n o f  th e model s o f  aircre w in-perso n 
conversation s an d thei r  interruption s b y A T C directives . 
Sectio n 4  provide s a  descriptio n o f  th e computationa l 
element s fo r  constructin g O M A R h u m a n paformanc e 
models . 

2. Interdisciplinary Foundations for Modeling 
Mu l t i p l e - t as k B e h a v i o r s i n O M A R 

Th e proces s o f  buildin g a  huma n performanc e mode l  capabl e 
of  emulatin g th e operator s o f  a  comple x syste m i s a 
somewhat  speculativ e endeavo r  a t  best .  Drawin g o n th e 
researc h from  a  numbe r  o f  disciplines ,  a  modes t  goa l  o f  thi s 
undertakin g ha s bee n t o pu t  i n plac e a  neuropsychologicall y 
motivate d distribute d processin g framework from  whic h t o 
explor e som e o f  th e huma n performanc e issues ,  relate d 
principall y t o multiple-tas k behaviors ,  tha t  impac t  th e 
operatio n o f  comple x systems .  Th e modelin g environmen t 
develope d i s symbolic ,  bu t  doe s no t  preclud e th e inclusio n 
of  connectionis t  components . 

Over  th e years ,  experimenta l  psychologist s hav e 
conducte d extensiv e experiment s providin g a  wealt h o f 
interprete d data ,  philosophica l  discussio n date s bac k 
throug h th e millermia ,  an d mor e recently ,  cognitiv e 
neuroscienc e an d clinica l  studie s hav e provide d 
electroencephalograph y ( E E C ) ,  magnetoencephalograph y 
( M E G ) ,  positro n emissio n tomograph y (PET )  an d 
functiona l  magneti c resonanc e imagin g (fMRl )  o f  th e brai n 
at  wor k (Posner ,  1993 ;  Raichle ,  1994 )  tha t  identif y th e 
locu s o f  specifi c  perceptual ,  cognitiv e an d moto r 
functionalities .  M a n y reading s o f  thi s literatur e ar e possibl e 
and i t  shoul d no t  b e surprisin g tha t  th e computationa l 
architectur e fo r  model s develope d i n th e O M A R framework 
differ s from  tha t  o f  EP I C an d S O A R i n fimdamenta l  ways : 
(1 )  stimul i  imping e directl y on ,  activate ,  an d propagat e 
throug h lon g ter m procedura l  m e m o r y — t h e knowledg e o f 
h o w t o d o thing s (se e Figur e 1) ;  (2 )  tasks ,  skille d 
cognitively-drive n behaviors ,  ar e accomplishe d throug h th e 
coordinate d action s o f  function-specifi c  procedure s 
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representin g th e contribution s o f  specifi c  brai n areas ;  (3 )  t o 
th e exten t  tha t  th e resultin g behavior s m a y b e considere d 
intelligent ,  tha t  intelligenc e i s th e produc t  o f  th e patter n 
matchin g implici t  i n th e changin g sensitivitie s o f  th e 
networ k o f  procedure s a s stimul i  evok e response s a t  networ k 
nodes ;  (4 )  tas k contentio n outcome ,  rathe r  tha n bein g 
determine d b y a  centra l  executive ,  i s  mediate d o n a  pair -
wis e basi s a m o n g contendin g tasks .  Th e foundation s fo r 
thes e choice s ar e discusse d i n thi s section . 

Goal s 

Plan s 

Hands 

Mout h 

Memory /  Proces s Perceptor s Effector s 

Figur e 1 :  Th e O M A R H u m a n Performanc e Mode l 

The now routine accounts of the early PET studies and 
th e mor e recen t  f M R I  studie s portra y th e executio n o f  eac h 
experimen t  a s bein g th e produc t  o f  a  smal l  numbe r  o f  brai n 
centers—smal l  area s o f  activit y a t  widel y disperse d majo r 
brai n centers .  Posner ,  Peterson ,  Fox ,  an d Raichl e (1988 ) 
dra w o n th e evidenc e o f  a  serie s o f  thei r  P E T experiment s t o 
sugges t  tha t  "th e menta l  operation s tha t  for m th e basi s o f 
cognitiv e analysi s ar e localize d i n th e huma n brain. "  T o 
fiirther  suppor t  thei r  assertio n o f  th e localizatio n o f 
cognitiv e fiinction,  the y cit e studie s o f  patient s wit h lesion s 
an d thei r  relate d deficits .  Base d o n thes e studies ,  th e basi c 
architectura l  framework  seem s reasonabl e wel l  established . 
Tasks ,  m a d e u p o f  perceptual ,  cognitiv e an d moto r 
components ,  appea r  t o b e accomplishe d throug h th e 
collectiv e action s o f  smal l  specialize d area s o f  activit y tha t 
tak e plac e i n eac h o f  severa l  widel y disperse d brai n centers . 

On a  closel y relate d bu t  mor e conjectura l  plane ,  Edebna n 
(1987 )  discusse s th e psychologica l  function s o f 
"development ,  perceptio n (i n particular ,  perceptua l 
categorization) ,  memory ,  an d learning "  an d h o w the y relat e 
t o th e brain .  Edelma n (1989 )  extend s hi s analysi s t o 
conside r  "perceptua l  experience—th e interactio n o f  memor y 
wit h th e presen t  awarenes s o f  th e individua l  animal, "  tha t 
is ,  perceptua l  awarenes s an d consciou s experience .  H e 
describe s neura l  map s a s th e ordere d arrangemen t  an d 
activit y o f  larg e group s o f  neuron s a s distinc t  from  single -
neuro n connections .  The y ar e highl y an d individuall y 
varian t  i n thei r  intrinsi c connectivity .  Change s i n th e 
behavio r  o f  th e networ k ar e th e resul t  o f  change s withi n 
particula r  population s o f  synapses .  "Thes e structure s 
provid e th e basi s fo r  th e formatio n o f  larg e number s o f 

degenerat e neurona l  group s i n differen t  repertoire s linke d i n 
ways tha t  permi t  reentran t  signaling "  (Edelman ,  1987 ,  p . 
240 )  where ,  i n degenerat e systems ,  frinctional  element s i n a 
repertoir e m a y perfor m mor e tha n on e ftinction  an d a 
ftinction  m a y b e performe d b y mor e tha n on e elemen t 
(Edelman ,  1987 ,  p .  57) .  Reentr y i s a  basi c mechanis m 
suitabl e fo r  synchronizin g th e neurona l  activit y acros s th e 
mapping s a t  divers e hierarchica l  levels .  Globa l  mapping s 
hav e a  dynami c structur e tha t  reache s acros s reentran t  loca l 
maps an d unmappe d region s o f  th e brai n t o accoun t  fo r  th e 
flow  from  perceptio n t o action .  Moto r  activity ,  a n essentia l 
inpu t  t o perceptua l  categorization ,  close s th e loop . 

Moscovitc h (1994) ,  whil e ascribin g central-system s 
function s t o th e prefronta l  cortex ,  describe s i t  a s " a large , 
heterogeneou s structur e consistin g o f  a  numbe r  o f  distinc t 
areas ,  eac h wit h it s o w n projection s t o an d from  othe r  brai n 
region s an d eac h havin g presumabl y differen t  function s 
(Pandy a « & Barnes ,  1987). "  H e goe s o n t o stat e tha t  ".. .  th e 
function s ofothe r  smalle r  region s ca n als o b e distinguishe d 
on e from  anothe r  (Goldman-Rakic ,  1987 ;  Pefrides ,  1989). " 

Take n together ,  Moscovitch ,  Posne r  e t  al .  an d Edelma n 
presen t  a  pictur e o f  th e executio n o f  a  tas k a s th e 
coordinate d activitie s o f  small ,  specialize d loca l  site s 
operatin g a t  severa l  remotel y locate d brai n centers .  I n 
Edelman' s terms ,  reentran t  signal s lin k th e component s 
withi n th e loca l  sites ,  whil e globa l  mapping s connec t  th e 
activitie s o f  th e broadl y disperse d majo r  centers .  Th e 
O M AR model s attemp t  t o emulat e thi s basi c computationa l 
framework.  Tha t  th e smalles t  operatin g unit s ar e larg e 
group s o f  neuron s i s take n a s licens e t o buil d th e model s a t 
a symboli c level . 

Edelman ,  referencin g Bartlet t  (1932) ,  goe s o n t o presen t  a 
vie w o f  m e m o r y a s process .  Fo r  him ,  m e m o r y i s th e 
"abilit y  t o categoriz e o r  generaliz e associatively "  (Edelman' s 
italics ,  1987 ,  p .  241) .  Categorizatio n occur s a t  th e leve l  o f  a 
globa l  m a p an d i s degenerate .  Edelma n i s wel l  awar e o f  th e 
distinction s betwee n declarativ e an d procedura l  memory ,  bu t 
he i s als o quic k t o poin t  ou t  tha t  thes e distinction s ma y b e 
les s tha n generall y assumed .  H e suggest s tha t  ther e m a y b e 
a procedura l  bas e supportin g declarativ e memory . 

I n Edelman' s vie w o f  m e m o r y a s process ,  perception , 
categorization ,  generalization ,  an d m e m o r y ar e closel y 
linked .  " M e m o r y i s a  for m o f  recategorizatio n base d upo n 
curren t  input ;  a s such ,  i t  i s  fransformational  rathe r  tha n 
replicative "  (Edelman ,  1987 ,  p .  265) .  M e m o r y i s a n activ e 
proces s o f  classificatio n leadin g t o recategorizatio n and , 
thus ,  a  partitionin g o f  th e worl d tha t  i s  presente d a s on e 
"withou t  labels. "  Storage ,  t o th e exten t  tha t  i t  exists ,  i s  on e 
of  procedure s fo r  mappin g input s t o responses ;  hence ,  ful l 
representation s o f  object s ar e neithe r  store d no r  required :  "I t 
i s  th e comple x o f  capacitie s t o carr y ou t  a  particula r  se t  o f 
procedure s (o r  acts )  leadin g t o recategorizatio n tha t  i s 
recollected "  (Edelman' s italic s 1987 ,  p .  267) .  Thi s vie w 
contrast s sharpl y wit h tha t  o f  m e m o r y cas t  a s dat a residin g 
i n a  dat a bas e wher e th e conten t  i s  passive .  I n suc h schemes , 
somethin g operate s o n m e m o r y a s data ,  reinforcin g som e o f 
i t  an d degradin g othe r  part s o f  it .  I n th e model s develope d 
here ,  m e m o r y i s a n integra l  par t  o f  th e processe s tha t 
emplo y it . 
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The scop e o r  ver y presenc e o f  executiv e controller s i s a n 
importan t  issue .  Dennet t  (1991 )  expresse s considerabl e 
concer n ove r  suc h homunculi-base d theories .  Centerin g hi s 
discussio n aroun d th e metapho r  o f  th e Cartesia n Tlieate r 
wher e "everything "  come s together ,  h e suggest s tha t  th e 
theate r  provide s catchal l  fo r  awkwar d element s leadin g t o 
th e failur e t o addres s difficul t  underlyin g questions .  Dennet t 
offer s a  Multipl e Draft s mode l  o f  consciousnes s i n whic h 
"al l  varietie s o f  perception—indee d al l  varietie s o f  though t 
or  menta l  activity—ar e accomplishe d i n th e brai n b y 
parallel ,  multiple-trac k processe s o f  interpretatio n an d 
elaboratio n o f  sensor y inputs. "  H e speak s i n term s o f  a n on -
goin g proces s o f  "editoria l  revision. "  Dennet t  reinforce s 
paralle l  processin g a s essentia l  t o modelin g tas k executio n 
and remind s u s t o b e firm  i n ou r  disavowa l  o f  homuncula r 
concepts . 

Cognitiv e modelin g system s base d o n productio n rule s 
(e.g. ,  EPI C an d S O A R)  tak e a  differen t  stan d o n th e issu e 
of  control .  Productio n rul e interpreter s operat e a s executive s 
wit h broa d administrativ e responsibilities .  Rul e condition s 
may hav e oversigh t  o f  on e o r  mor e activ e task s an d memor y 
stores ,  whil e rul e action s m a y initiate ,  interrup t  o r  terminat e 
task s an d execut e operation s o n memor y o r  othe r 
capabilitie s centra l  t o th e functionin g o f  a  model . 

Followin g Dennett' s  admonition ,  th e model s develope d 
i n O M A R d o no t  emplo y a n executiv e o r  controllin g 
process .  Th e positio n explore d her e interpret s th e brai n a s 
home t o a  broa d rang e o f  specifi c  an d spatiall y  separate d 
perceptual ,  cognitiv e an d moto r  functiona l  capabilitie s an d 
attempt s t o mode l  selecte d componen t  part s a s a 
dynamicall y configure d networ k o f  computationa l  element s 
operatin g i n paralle l  an d a t  time s contendin g wit h on e 
anothe r  i n producin g huma n multiple-tas k behaviors . 

3. An Aircrew/Air-Traffic-Control Scenario 

Whil e scenario s i n th e commercia l  ai r  traffi c  contro l  domai n 
can b e develope d t o a n arbitrar y leve l  o f  complexity ,  eve n 
th e simples t  scenario s ca n mak e multiple-tas k demand s o n 
aircrew s an d ai r  traffi c  controller s (ATC) . 

3.1 Aircrew/Air-Traffic-Control 
C o m m u n i c a t i o n 

Verba l  communication ,  frequently  th e poin t  o f  convergenc e 
fo r  tas k contentio n i n th e ai r  traffi c  contro l  environment , 
take s plac e i n thre e modes :  in-perso n conversatio n betwee n 
aircre w members ,  party-lin e radi o communicatio n betwee n 
aircrew s an d th e A T C managin g thei r  airspace ,  an d 
telephon e communicatio n betwee n A T C s i n adjacen t 
sectors .  A t  th e discretio n o f  th e aircraft' s  captain ,  eithe r  th e 
captai n o r  th e first  office r  m a y undertak e th e tas k o f 
handlin g A T C communicat ion .  T h e aircre w m e m b e r  no t 
handlin g th e A T C communicat io n wil l  monito r  al l  A T C 
communication s expec t  fo r  occasiona l  period s w h e n 
communicatio n with ,  fo r  example ,  a  c o m p a n y dispatche r  i s 
required .  T h e party-lin e natur e o f  radi o communicat io n 
means tha t  A T C communicat io n wit h eac h aircraf t  i s  hear d 
by th e aircrew s o f  al l  aircraf t  unde r  contro l  o f  tha t  A T C . 
Hence ,  a n A T C wil l  identif y th e designate d aircraf t  cal l  sig n 
as th e firs t  segmen t  o f  a n utterance . 

Conversatio n o n th e flight  dec k betwee n th e captai n an d 
first  office r  i s  th e m o r e typica l  person-to-perso n 
conversatio n o f  everyda y life ,  bu t  i t  i s  subjec t  t o 
interruptio n b y A T C communicat ion .  T h e interruption s m a y 
tak e th e for m o f  directive s addresse d t o thei r  aircraf t  o r  t o 
anothe r  aircraf t  unde r  contro l  o f  th e A T C .  I n th e interest s o f 
clarit y an d efficiency ,  mos t  o f  th e aircrew/AT C 
communicat ion s ar e highl y stylize d exchange s initiate d wit h 
a directiv e o r  a  questio n an d complete d b y a n 
acknowledgmen t  o f  th e directiv e o r  a  respons e t o th e 
question .  Establishe d polic y play s a n importan t  rol e i n 
thes e exchanges .  Verba l  transaction s betwee n aircre w 
m e m b e rs mus t  b e suspende d fo r  ATC-initiate d 
communicat ion ,  eve n w h e n th e communicat io n i s  directe d 
t o anothe r  aircraft .  A n aircre w m e m b e r  wishin g t o initiat e a 
communicat io n wit h a n A T C mus t  wai t  fo r  th e completio n 
o f  a n on-goin g transactio n befor e initiatin g th e 
communicat ion .  Typica l  directive s t o a n aircraf t  m igh t 
involv e change s i n heading ,  altitud e an d airspeed .  T h e cre w 
m e m b er  handlin g th e communicat io n wil l  acknowledg e th e 
communicat io n an d monito r  th e executio n o f  th e directiv e 
b y th e othe r  cre w m e m b e r .  Polic y dictate s cros s c h e c k i n g — 
eac h cre w member ' s expectation s o f  exactl y w h a t  th e othe r 
cre w m e m b e r  wil l  d o mus t  b e confirme d o r  th e exceptio n 
addressed .  T h e cre w mus t  r emembe r  t o resum e thei r  intra -
cre w transactio n o n completio n o f  th e A T C interruption . 
T h e doma i n i s a  fertil e on e i n wh ic h t o examin e multiple -
tas k behaviors . 
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Figur e 2 :  Aircre w Conversatio n Timelin e 

Figure 2 provides a timeline of a aircrew conversation 
interrupte d onc e b y A T C directiv e tha t  the y m u s t  atten d t o 
an d the n b y a n A T C directiv e fo r  anothe r  aircraf t  causin g 
the m t o fiirthe r  dela y thei r  conversation .  Jim ,  th e captai n o f 
flight  D A L 100 ,  ha s jus t  initiate d a  conversatio n wit h hi s 
first  office r  Jo e w h e n the y ar e interrupte d b y a 
communicat io n from  th e A T C .  Ji m acknowledge s th e A T C 
directiv e an d Joe ,  havin g initiate d th e flight  leve l  chang e 
(no t  s h o w n i n th e figure),  resume s th e in-perso n 
conversation ,  bu t  i t  i s  immediatel y interrupte d b y anothe r 
A T C communicat ion ,  thi s tim e directe d t o Jan e an d Bill' s 
flight,  U A L 10 .  J i m mus t  paus e onc e m o r e befor e h e onc e 
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agai n resume s th e interrupte d communicatio n wit h hi s first 
officer . 

3.2 Modeling Task Contention and its 
R e s o l u t i o n 

Establishe d polic y play s a n importan t  rol e i n determinin g 
aircre w respons e t o communicativ e acts :  in-perso n 
communicatio n i s deferre d i n respons e t o th e onse t  o f  A T C 
radi o communication ;  cross-checkin g dictate s overlappin g 
responsibilitie s wit h A T C communicatio n manage d b y on e 
cre w member ,  whil e A T C directive s ar e acte d o n b y th e 
othe r  cre w member ;  expectation s mus t  b e satisfie d an d thos e 
tha t  ar e no t  mee t  mus t  b e calle d ou t  t o secur e saf e aircraf t 
operation ;  initiatio n o f  a  party-lin e communicatio n mus t 
awai t  th e completio n o f  ongoin g transactions .  I n S O A R o r 
EPIC ,  eac h o f  thes e "decision "  event s migh t  b e viewe d a s 
th e appropriat e subjec t  o f  a n executiv e proces s an d 
implemente d a s a  rul e set .  I n thes e tick-base d simulatio n 
environments ,  eac h decisio n migh t  b e revisite d numerou s 
time s befor e i t  i s  resolve d an d th e concurren t  natur e o f  th e 
ongoin g task s migh t  dictat e tha t  severa l  separat e rul e set s b e 
evaluate d a t  eac h tick . 

Th e O M A R simulato r  i s a n event-base d simulato r  t o 
accommodat e th e particula r  an d varie d tim e step s a t  whic h 
eac h o f  severa l  concurren t  processe s ca n b e expecte d t o 
operate .  A n aircre w m e m b er  m a y initiat e th e actio n require d 
by th e change-altitud e portio n o f  a n A T C directiv e (perhap s 
by settin g th e n e w altitud e o n th e m o d e contro l  pane l 
(MCP) ) ,  whil e continuin g t o atten d t o subsequen t  spee d an d 
headin g directives .  Thes e activitie s g o o n concurrently ,  eac h 
implemente d a s task s wit h appropriat e tim e frames. 
Establishe d polic y dictate s tha t  a n in-perso n aircre w 
conversatio n b e deferre d a t  th e onse t  o f  a n A T C 
communication .  I n O M A R,  rathe r  tha n bein g th e subjec t  o f 
a rule-base d decision ,  establishe d policy-drive n behavior s 
ar e viewe d a s a  cognitiv e for m o f  automaticit y (Logan , 
1988) .  Th e priorit y o f  th e aircre w "liste n t o th e A T C "  tas k 
i s highe r  tha n th e aircre w "in-perso n conversation "  task .  Th e 
onse t  o f  "liste n t o th e A T C "  tas k interrupt s th e "in-perso n 
conversation "  tas k base d o n it s priority .  I n lik e manner ,  th e 
aircre w "liste n t o othe r  A T C transaction "  ha s highe r  priorit y 
tha n "initiat e A T C communication. "  A n aircre w member 
wil l  wai t  fo r  th e completio n o f  a n on-goin g party-lin e 
transactio n t o complet e befor e initiatin g a  n e w transaction . 

Policy-base d decision s ar e viewed ,  no t  a s th e produc t  o f  a 
centralize d executiv e process ,  bu t  rathe r  a s th e outcom e o f 
contentio n amon g th e particula r  subse t  o f  task s activate d 
and competin g t o execut e i n respons e t o event s initiate d 
externall y o r  internally .  Events ,  b e the y externall y o r 
internall y initiated ,  impinge ,  no t  o n short-ter m memory , 
but  o n activate d lon g ter m memorie s i n th e for m o f 
schemat a wit h establishe d policy-base d priorities .  I n actin g 
on a n th e initia l  directiv e o f  a n A T C directiv e whil e 
attendin g t o subsequen t  directive s ther e m a y b e n o 
contention ,  bu t  whe n contentio n i s present ,  a s i n initiatin g a 
party-lin e communication ,  policy-base d prioritie s mediat e 
action .  Give n tha t  severa l  disperse d functiona l  component s 
m ay contribut e t o eac h o f  th e contendin g tasks ,  whe n th e 
contentio n i s resolved ,  th e componen t  function s mus t  ac t  i n 
accordanc e wit h th e resolution . 

3. 3 M o d e l i n g T h r e e Funct iona l  C o m p o n e n t s 
o f  Listenin g 

The implementatio n o f  th e listenin g task s i s representativ e 
of  tas k modelin g i n O M A R.  T o elaborat e o n th e 
implementation ,  i t  i s  necessar y t o examin e h o w task s ar e 
constructe d from  goals ,  an d thei r  plan s an d procedure s (se e 
Figur e 1) ,  an d h o w competitio n betwee n task s i s mediated . 
The aircre w member s eac h hav e goal s t o manag e in-perso n 
(handle-voice-communication )  an d radi o communicatio n 
{handle-atc-communicatio n o r  manage-atc-communicatio n 
dependin g o n whethe r  th e cre w member  i s responsibl e fo r 
managin g o r  simpl y monitorin g A T C communication) . 
Each o f  thes e goal s i s implemente d a s a  pla n mad e u p o f 
subgoal s an d procedures .  Th e goal s an d subgoal s expres s 
th e proactiv e agend a o f  th e agen t  i n addressin g anticipate d 
contingencies ,  whil e th e procedure s expres s th e action s t o b e 
take n t o accomplis h eac h goal .  Thes e particula r  goal s ar e 
distinc t  t o th e exten t  tha t  th e protocol s fo r  conductin g in -
perso n an d radi o communicatio n ar e distinct .  Th e 
communicatio n goal s ar e activate d wit h th e procedure s 
listen-for-voice-messag e an d listen-for-radio-messag e i n a 
wait-state .  Th e goal s an d thei r  plan s instantiat e th e 
cognitiv e capabilit y  t o conduc t  a n in-perso n o r  radi o 
conversatio n usin g th e appropriat e protoco l  fo r  eac h 
communicatio n media .  Thei r  procedure s ar e i n a  wait-stat e 
pendin g th e onse t  o f  a  communicatio n i n thei r  particula r 
media .  Thes e goals ,  subgoal s an d procedure s for m th e 
attende d cognitiv e componen t  o f  th e "listening "  comple x o f 
tasks .  Additiona l  goal s an d procedure s stan d read y t o asses s 
and ac t  o n th e conten t  o f  th e communication ,  fo r  example , 
settin g a  ne w targe t  altitud e usin g th e M C P . 

As currentl y implemented ,  th e listenin g task s hav e tw o 
additiona l  components .  Th e listenin g tas k comple x i s 
activate d b y a  verba l  communication .  A  separat e procedur e 
fo r  processin g th e auditor y input ,  initiate d throug h a 
separat e goal ,  await s th e onse t  o f  a n auditoi y 
communication .  Shortl y afte r  th e auditor y procedur e i s 
activated ,  i t  i n tur n activate s a  speec h understandin g 
procedur e t o develo p th e propositiona l  for m o f  th e 
communicatio n tha t  th e attende d cognitiv e tas k wil l  respon d 
to .  I n th e simulation ,  th e communicatio n conten t  i s 
conveye d a s a n objec t  an d th e auditor y an d speec h 
understandin g processe s ar e time-consumin g proces s stubs . 

The developmen t  o f  th e listenin g tas k posit s thre e distinc t 
functiona l  area s o f  processing .  Separat e goa l  an d subgoa l 
tree s se t  u p eac h o f  di e functiona l  capabilities .  Th e onse t  o f 
th e auditor y communicatio n initiate s th e processin g wit h 
th e activitie s o f  th e thre e functiona l  area s coordinate d 
throug h a  serie s o f  messages ,  o r  signals ,  a s the y ar e define d 
i n O M A R.  Th e functiona l  area s an d signal s ar e a  symboli c 
analogu e o f  Edelman' s (1987 )  reenfran t  nets .  Th e procedura l 
bia s i n th e modelin g approac h i s take n a  ste p further . 
Motivate d b y Edehnan' s (1987 )  proces s vie w o f  memor y 
and reinforce d b y hi s reference s t o Bartlet t  (1932) ,  short -
ter m memory ,  rathe r  tha n bein g treate d a s a  facult y i n it s 
o wn right ,  i s  modele d a s a  se t  o f  distinc t  capabilitie s 
(Martin ,  1993 ;  Schneide r  &  Detweiler ,  1987 )  distribute d 
among a  famil y o f  modality-specifi c  functiona l  procedures . 
Auditor y memor y fo r  a  verba l  communicatio n i s a 
componen t  o f  th e auditor y process ,  whil e th e propositiona l 
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memory i s a  componen t  o f  th e languag e understandin g 
process .  Thei r  persistence ,  differen t  fo r  eac h modality ,  i s 
envisione d as ,  bu t  no t  ye t  implemente d as ,  a  produc t  o f  th e 
persistenc e o f  thei r  enclosin g procedures . 

The mode l  make s explici t  a  proposa l  fo r  h o w componen t 
functionalitie s migh t  b e coordinate d durin g tas k executio n 
and ho w tas k contentio n migh t  b e mediated .  Give n a  task , 
postulate d t o b e th e produc t  o f  contribution s from  severa l 
disperse d functiona l  capabilities ,  th e even t  o f  th e executio n 
and interruptio n o f  tha t  tas k ha s bee n explore d i n a  manne r 
tha t  doe s no t  requir e a n executiv e controller .  Th e 
implementatio n suggest s h o w a n attende d listenin g tas k 
migh t  interac t  wit h auditor y an d languag e understandin g 
component s o f  th e tas k an d h o w action s base d o n th e 
communication' s conten t  migh t  b e coordinated . 

4. OMAR Support for Multiple-task Human 
Performanc e Model in g 

OMAR'S strength s a s a  huma n performanc e modelin g 
environmen t  li e i n it s representatio n language s an d thei r 
graphica l  editor s an d browsers ,  it s  simulato r  an d it s  post -
ru n analysi s tools .  Th e principa l  representatio n language s 
ar e th e Simpl e Fram e Languag e (SFL )  an d th e Simulatio n 
Cor e ( S C O R E )  language ,  a  languag e fo r  specifyin g th e 
concurren t  executio n o f  goal s an d procedures .  S F L i s a 
direc t  descenden t  o f  th e K L - O N E (Brachma n &  Schmolze , 
1985 )  famil y o f  frame  languages ,  whil e S C O RE i s a 
descenden t  o f  A C T O RS (Agha ,  1986) ,  a  mode l  o f 
concurren t  computatio n i n distribute d systems .  A  rul e base d 
languag e provide s th e capabilit y t o develo p rul e packet s a s 
model s o f  decisio n making .  Thi s sectio n focuse s o n th e 
aspect s o f  th e language s tha t  suppor t  th e developmen t  th e 
model s o f  huma n muhiple-tas k behaviors . 

4.1 Concurrent Task Execution and Mediating 
T a s k Con ten t i o n 

Languag e construct s i n S C O RE provid e th e buildin g block s 
fo r  modelin g tas k execution .  Task s ar e expresse d a s goal s t o 
be accomplishe d b y mean s o f  plan s tha t  ar e mad e u p o f 
subgoal s an d procedures .  Concurren t  executio n essentia l  t o 
th e multiple-tas k capabilit y  i n th e model s i s specifie d usin g 
rac e an d joi n form s i n th e language .  A  rac e for m complete s 
when th e firs t  o f  it s  enclose d form s completes .  A  joi n for m 
complete s whe n al l  o f  it s  enclose d form s complete .  A 
spawn for m i s availabl e t o initiat e a n independen t  executio n 
thread . 

The contentio n betwee n task s i s a  mor e comple x concern . 
At  leas t  thre e level s o f  contentio n ca n b e envisioned . 
Attende d thoughtfu l  deliberatio n ca n lea d t o th e selectio n o f 
one cours e o f  actio n ove r  another .  Thi s clas s o f  deliberatio n 
processe s tha t  migh t  b e explicitl y  modele d o n a  cas e b y cas e 
basi s i s no t  addresse d here .  Th e concer n i n th e curren t  effor t 
has bee n wit h th e simple r  case s o f  policy-drive n decision s 
as describe d i n th e aircre w scenario s abov e an d th e stil l 
simple r  contentio n base d o n acces s t o particular ,  identifiabl e 
resources .  Th e contentio n betwee n task s ca n occu r  hig h i n 
th e goa l  tre e a s i n th e contentio n betwee n "liste n t o A T C " 
and "in-perso n conversation "  procedure s o r  nea r  th e leave s o f 

th e tree ,  a s i n contentio n betwee n task s fo r  acces s t o th e 
dominan t  han d fo r  a  skille d manua l  operation . 

Al l  S C O RE procedure s ar e S F L concept s an d eac h m a y 
be classifie d a s a  procedur e tha t  contend s wit h anothe r 
particula r  procedur e (a s i n th e cas e o f  "liste n t o A T C "  an d 
"in-perso n conversation" )  o r  wit h othe r  instance s o f  thei r 
o wn clas s (a s i n th e cas e o f  th e dominan t  han d requirement) . 
A ne w procedur e abou t  t o ru n mus t  eithe r  establis h tha t  i t 
doe s no t  conten d wit h a  runnin g procedur e o r  tha t  i t  ha s 
sufficien t  priorit y t o bloc k th e executio n o f  th e runnin g 
procedure .  I f  a  ne w procedur e ha s sufficien t  priority ,  i t 
begin s executio n an d executio n o f  th e contendin g procedur e 
i s halte d unti l  executio n o f  th e ne w procedur e ha s 
completed .  A t  thi s point ,  barrin g intervenin g event s 
affectin g th e contendin g procedures ,  th e origina l  procedure s 
resume s execution .  I f  th e priorit y o f  th e ne w procedur e i s 
not  sufficien t  t o bloc k th e runnin g procedure ,  i t  mus t  wai t 
fo r  th e runnin g procedur e t o terminate .  Procedur e prioritie s 
ar e compute d dynamicall y an d procedur e contentio n i s 
revisite d a s prioritie s change .  Contentio n i s  mediate d o n a 
pair-wis e basi s tha t  doe s no t  requir e managemen t  b y a  third -
part y controller . 

4.2 Pattern Matching in Coordinated 
Funct iona l  C o m p o n e n t  E x e c u t i o n 

As w e hav e see n i n th e aircre w scenario ,  goal s ar e employe d 
t o establis h a  networ k o f  procedures ,  eac h o f  whic h assume s 
a wait-stat e sensitiv e t o particula r  externall y o r  internall y 
generate d events .  Th e event s tak e th e for m o f  signal s i n 
S C O R E.  Th e signal s ar e implemente d a s list s wit h th e firs t 
elemen t  o f  th e lis t  definin g th e signa l  typ e an d additiona l 
element s o f  th e lis t  provid e th e dat a require d fo r  th e signa l 
type .  Th e S C O RE form ,  signal-event ,  take s a  lis t  a s a n 
argumen t  an d generate s th e signal .  A  procedur e m a y 
enqueu e o n a  signa l  b y usin g th e with-signa l  form . 
Executio n o f  th e procedur e invokin g th e with-signa l  for m 
enter s a  wait-stat e pendin g th e occurrenc e o f  a  signa l  o f  th e 
designate d type .  Th e with-signa l  for m m a y includ e a  tes t  o n 
any o f  th e dat a element s o f  th e signa l  tha t  mus t  b e satisfie d 
befor e th e signa l  i s accepte d fo r  processing .  Onc e a  signa l  i s 
accepted ,  processin g o f  th e enclosin g procedur e continues .  I f 
th e signa l  typ e i s o f  furthe r  interest ,  th e with-signa l  for m 
must  b e employe d again . 

A procedur e issuin g a  signa l  continue s operation—i t  doe s 
not  wai t  upo n o r  receiv e an y returne d values .  Th e issuin g 
procedur e ha s n o knowledg e o f  th e othe r  procedure s tha t 
hav e enqueue d o n th e signal .  Ther e m a y an y numbe r  o f 
procedure s enqueue d o n i t  o r  non e a t  all .  A  give n procedur e 
m ay enqueu e o n a  signa l  onc e o r  i n eac h o f  tw o o r  mor e 
paralle l  thread s employe d t o explor e differen t  pattern s o f 
event s tha t  eac h includ e thi s particula r  event .  Signal-base d 
coordinatio n o f  procedur e executio n bear s som e resemblanc e 
t o a  dataflo w architectur e (Arvin d &  Culler ,  1983) .  A 
procedur e i n a  wait-stat e resume s executio n whe n dat a 
meetin g it s patter n matchin g requirement s arrives . 

The capabilit y t o enqueu e o n signal s form s th e basi s fo r 
th e coordinatio n o f  th e functiona l  capabilitie s tha t  m a k e u p 
th e multiple-tas k mode l  o f  huma n performance .  Signal s ar e 
use d bot h a s th e representatio n o f  externa l  event s tha t  trigge r 
th e model' s h u m a n receptor s (eye s an d ear s i n th e curren t 
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implementation )  an d a s th e representatio n o f  th e element s o f 
th e subsequen t  interna l  cascad e o f  event s tha t  i s  produce d i n 
developin g th e coordinate d multiple-leve l  respons e t o 
externa l  events .  Th e networ k o f  activatio n o f  with-signa l 
form s ca n chang e rapidl y ove r  tim e t o reflec t  th e occurrenc e 
of  externa l  event s an d th e evolvin g reconfiguratio n o f 
procedure s tha t  represen t  th e functiona l  capabilitie s tha t 
combin e t o for m task s governin g th e respons e t o thos e 
events .  Th e changin g networ k o f  activ e procedures ,  eac h 
sensitiv e t o particula r  externa l  o r  interna l  events ,  form s a 
patter n matche r  tha t  incorporate s a  tempora l  dimensio n an d 
determine s th e behavior s o f  th e model .  Th e proactiv e 
component  o f  th e behavior s i s provide d b y th e goal s an d 
subgoal s tha t  gover n th e initia l  networ k configuratio n an d 
activatio n o f  event-sensitiv e procedures .  Eac h o f  th e 
behavior s i n th e performanc e o f  a  tas k i s th e resul t  o f  th e 
activatio n o f  a  mi x o f  th e proactiv e an d reactiv e component s 
of  th e task .  Th e signal-drive n activatio n o f  networ k node s 
tha t  represen t  functiona l  capabilitie s provide s a n emulatio n 
of  Edelman' s reentran t  an d globa l  maps . 

5. Future Work 

Simulatio n studie s i n th e commercia l  ai r  traffi c  contro l 
domai n employin g professiona l  aircrew s an d ai r  traffi c 
controller s hav e bee n conducte d o n a  regula r  basi s ove r  th e 
past  severa l  years .  Acces s t o th e dat a fro m thes e studie s 
woul d provid e th e basi s fo r  a n assessmen t  an d furthe r 
refinemen t  o f  th e modelin g describe d here .  I n refmin g th e 
human performanc e model ,  severa l  area s ar e o f  particula r 
interest .  Th e firs t  i s  t o fiirthe r  explor e th e lin k betwee n 
proces s an d memory ,  an d i n particular ,  t o mode l  th e 
persistenc e o f  memor y instance s a s th e residual s o f 
procedur e execution .  A  secon d are a o f  interes t  i s  th e 
increase d temp o i n performanc e tha t  peopl e exhibi t  a s 
workloa d increases .  I n part ,  thi s wil l  lea d t o a  reexaminatio n 
and furthe r  elaboratio n o f  th e priority-base d mediatio n o f 
tas k contention . 
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