
Developin g Use r  Model -Base d Intelligen t  Agent s 

Alons o H .  Ver a an d Juli o K .  Rosenblat t 
Hughes Researc h Lab s 

3011 Malib u Canyo n Roa d 
MaUbu,  C A 9026 5 

vera@hkucc.hku.hk ,  jkr@cmu.ed u 

Abstrac t 

We describe a GOMS model of a ship-board Radar 
Operator' s behavio r  whil e monitorin g ai r  an d se a 
traffic .  G O MS i s a  techniqu e tha t  ha s bee n 
successfull y use d i n Human-Compute r  Interactio n t o 
generat e engineerin g model s o f  huma n performance . 
Based o n th e G O MS mode l  developed ,  w e identifie d 
thos e portion s o f  th e tas k wher e a n intelligen t  agen t 
woul d b e mos t  abl e t o assis t  operator s i n th e 
performanc e o f  thei r  duties ,  an d th e natur e o f  th e 
knowledg e tha t  wil l  b e require d fo r  th e task .  W e 
presen t  th e result s o f  a  simulate d executio n o f  th e 
model  i n a  sampl e scenario ,  whic h predicte d th e 
operator' s response s wit h a  hig h degre e o f  accuracy . 

I n t r o d u c t i o n 

Our goal is to determine the domain knowledge required to 
implemen t  a n intelligen t  agen t  whic h assist s a  huma n use r 
i n performin g a  computer-base d task .  A  centra l 
characteristi c o f  intelligen t  behavio r  i s  tha t  i t  i s 
purposeful ,  i.e. ,  th e agen t  i s executin g a  tas k i n orde r  t o 
achiev e a  goal .  Consequently ,  t o hel p a  use r  accompUs h a 
goal ,  a n intelhgen t  agen t  mus t  hav e knowledg e abou t  tha t 
goal .  G O MS i s a  techniqu e tha t  ha s bee n use d i n th e 
stud y o f  human-compute r  interactio n t o mode l  use r 
knowledg e an d behavio r  a t  variou s level s o f  description . 
We investigat e her e h o w G O MS model s m a y b e use d b y 
intelligen t  agent s a s a  mean s o f  understandin g th e action s 
of  othe r  agent s an d user s s o tha t  i t  m a y interac t  an d 
cooperat e wit h the m i n a  consisten t  an d helpfu l  manner . 

A G O MS mode l  consist s o f  a  se t  o f  Goals ,  Operators , 
Methods ,  an d Selectio n rule s necessar y t o accomplis h a 
particula r  task .  A  hierarch y o f  goal s i s created ,  an d withi n 
tha t  hierarch y a  se t  o f  method s provid e a  functiona l 
descriptio n o f  a  task .  Selectio n rule s distinguis h betwee n 
variou s operationa l  case s an d accoun t  fo r  th e idiosyncrasie s 
of  individua l  users .  Operator s provid e a  lo w leve l 
descriptio n o f  th e action s finall y performed .  Thus ,  G O MS 
provide s a  unifor m strucmr e fo r  representin g th e 
intentional ,  functional ,  an d implementationa l  level s o f 
behavior .  A  G O MS mode l  o f  a  particula r  tas k migh t  b e 
use d b y a n intelligen t  agen t  t o understan d th e tas k a t  han d 
an d th e curren t  stat e withi n tha t  task .  Actin g alone ,  th e 

agen t  ca n us e th e mode l  t o decid e th e nex t  action ;  actin g a s 
an assistant ,  th e agen t  ca n us e th e mode l  t o understan d 
what  othe r  th e use r  i s  doin g an d tailo r  it s  action s an d 
recommendation s appropriately . 

I n thi s pape r  w e describ e a  G O MS mode l  o f  Rada r 
Operator s monitorin g ai r  an d se a traffi c o n boar d a  ship . 
Th e tas k i s ver y interactive ,  betwee n th e operato r  an d othe r 
members o f  th e crew ,  a s wel l  a s betwee n th e operato r  an d 
th e rada r  consol e itself .  Th e wor k presente d her e use s a 
methodolog y tha t  wa s originall y develope d t o addres s 
routin e exper t  behavio r  o n non-interactiv e tasks ;  recen t 
wor k ha s indicate d tha t  thi s methodolog y yield s excellen t 
result s whe n applie d t o interactiv e task s a s wel l  (John , 
Ver a an d Newell ,  1994 ;  Gray ,  Joh n an d Atwood ,  1993 ; 
Endesta d an d Meyer ,  1993) .  Ou r  stud y o f  th e Rada r 
Operator' s tas k show s tha t  i t  ha s a  larg e amoun t  o f  routin e 
content ,  eve n whe n thing s ge t  busy . 

A Model of a Radar Operator 

We have created a model of the radar operation task by 
decomposin g th e Rada r  Operator' s action s int o goals , 
operators ,  methods ,  an d selectio n rule s (GOMS)  a s first 
propose d b y Card ,  Mora n an d Newel l  (1982) .  A  G O MS 
model  begin s wit h th e concep t  o f  a  top-leve l  goa l  whic h 
th e use r  seek s t o achieve ,  an d a  serie s o f  uni t  task s tha t  th e 
use r  perform s repeatedl y unti l  ther e ar e n o task s left .  Th e 
classi c exampl e i s tha t  o f  a  typis t  usin g a  word-processo r 
t o m a k e correction s tha t  hav e bee n marke d o n a  printe d 
cop y o f  a  manuscript ;  th e top-leve l  goa l  i s  t o edi t  th e on -
hn e versio n o f  th e manuscript,  an d th e uni t  tas k i s simpl y 
t o m a k e th e nex t  correctio n (Car d e t  al ,  1982) . 

We hav e writte n th e G O MS mode l  usin g N G O M S L,  o r 
Natura l  G O MS Language ,  (Kieras ,  1988 ;  1994) .  I t  take s 
th e basi c precept s o f  G O MS an d define s a  programmin g 
languag e base d o n thos e ideas ,  allowin g creatio n o f  a 
model  wher e flo w o f  contro l  i s clearl y specifie d an d whic h 
i n principl e coul d b e ru n o n a  computer ;  indeed ,  a  compile r 
i s currentl y bein g writte n fo r  tha t  purpose .  Th e proces s o f 
full y  specifyin g th e Rada r  Operator' s decision s an d action s 
guide d u s t o creat e a  mode l  tha t  i s complet e ar. d accurat e t o 
th e leve l  o f  detai l  i n whic h i t  i s  specified ,  an d aide d u s i n 
th e tas k o f  knowledg e acquisitio n a s well ;  i t  als o pointe d 
out  thos e place s wher e ther e wer e gap s o r  inconsistencie s 
i n ou r  knowledg e o f  th e domain . 
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St ruc tu r e o f  th e M o d e l 

One of the first and most basic decisions that liad to be 
made wa s h o w t o defin e th e uni t  tas k fo r  th e Rada r 
Operator ;  th e organizatio n o f  th e top-leve l  goa l  an d th e 
uni t  tas k woul d affec t  th e entir e structur e o f  ou r  G O MS 
model .  I n th e cas e o f  tex t  editing ,  th e structur e wa s easil y 
defme d b y makin g eac h marke d correctio n a  uni t  task .  Th e 
analogou s decompositio n i n ou r  domai n woul d b e t o defin e 
th e uni t  tas k a s trackin g eac h objec t  o n th e rada r  saeen . 
However ,  on e obviou s reaso n tha t  suc h a  schem e coul d 
neithe r  mode l  th e Rada r  Operator' s behavio r  accuratel y no r 
provid e a  reasonabl e framewor k fo r  defmin g a  syste m i s 
tha t  th e tas k o f  trackin g a n objec t  ha s n o well-define d end ; 
th e tas k migh t  neve r  b e complete d an d al l  othe r  rada r 
contact s woul d b e ignore d a s a  result .  I n addition ,  th e 
Radar  Operator s mus t  als o receiv e an d respon d t o order s 
whic h ma y arriv e a t  an y time ,  s o the y mus t  b e 
incorporate d int o th e definitio n o f  a  uni t  tas k a s well . 

I n searc h o f  a  bette r  definitio n o f  th e uni t  task ,  w e turne d 
t o th e trainin g manua l  use d b y th e Rada r  Operator s 
(Operation s Specialis t  Trainin g Manual) ,  wher e w e foun d 
thi s statement :  "Informatio n handhn g comprise s fiv e 
majo r  function s gathering ,  processing ,  displaying , 
evaluating ,  an d disseminatin g informatio n an d orders. "  W e 
attempte d t o us e thes e five  function s fo r  ou r  uni t  tas k 
structure ,  bu t  ou r  effort s wer e complicate d b y anothe r 
emergen t  tas k structure ;  a s w e examine d a  sampl e Rada r 
Operato r  scenario ,  i t  becam e apparen t  tha t  th e Rada r 
Operato r  wen t  throug h variou s stage s o f  identificatio n fo r 
eac h ne w contact :  establishin g tentativ e track ,  ai r  o r 
surface ,  conmiercia l  o r  military ,  friendl y o r  hostile ,  an d s o 
on.  Th e challeng e wa s t o creat e a  goa l  structur e tha t 
persiste d i n th e incrementa l  acquisitio n o f  knowledg e abou t 
a give n tracke d objec t  whil e stil l  providin g reactivenes s t o 
ne w informatio n an d situation s an d a s the y developed .  Th e 
manual  continues ,  "Al l  informatio n handlin g mus t  b e 
considere d a  continuou s an d growin g proces s tha t 
ultimatel y furnishe s a  composit e pictur e o f  a  situation , 
enablin g th e commandin g office r  t o mak e a  fma l 
evaluatio n an d giv e order s fo r  action. " 

The solutio n w e ultimatel y decide d upo n wa s t o selec t  a 
contact ,  determin e whic h stag e o f  identificatio n shoul d b e 
performe d next ,  an d g o throug h th e step s o f  gathering , 
processing ,  displaying ,  evaluating ,  an d disseminatin g 
informatio n o n thi s fin e graine d uni t  task .  Onc e don e wit h 
a particula r  stag e o f  th e identificatio n proces s o n a 
particula r  contact ,  th e mode l  return s t o th e top-level ,  wher e 
ne w order s m a y b e receive d an d acte d upo n o r  a  tas k tha t 
has becom e mor e urgen t  m a y b e selecte d fo r  execution . 
As i n Joh n an d Ver a (1992) ,  a  relativel y shallo w goa l 
stac k an d carefull y  designe d se t  o f  selectio n rule s wa s use d 
t o mak e th e mode l  reactiv e t o externa l  changes .  Th e 
resultin g goa l  an d metho d hierarch y fo r  th e intentiona l  an d 
functiona l  level s o f  th e tas k i s show n i n Figur e 1 . 

K n o w l e d g e C o n t e n t  o f  th e M o d e l 

As can be seen in Figure 1, there are three sets of 
selectio n rule s i n ou r  G O MS model .  Thes e correspon d t o 
point s i n th e executio n o f  a  uni t  tas k wher e a  decisio n 
must  b e mad e a s t o h o w t o procee d becaus e ther e ar e 
multipl e method s t o accomplis h a  goal .  Th e firs t 
selectio n rule ,  Selec t  Nex t  Task ,  simpl y choose s th e 
Execut e Orde r  metho d i f  a  ne w orde r  ha s bee n received , 
otherwis e th e metho d fo r  Monito r  Rada r  Contact s i s 
selected .  I f  a n orde r  i s t o b e executed ,  Execut e Ordere d 
Tas k select s th e metho d tha t  i s  ̂ propriat e fo r  carryin g ou t 
tha t  order .  I f  n o orde r  ha s bee n received ,  the n th e Execut e 
Uni t  Tas k selectio n rul e mus t  decide ,  fo r  a  give n contact , 
whic h i s th e appropriat e subtask ;  thi s depend s o n wha t 
informatio n ha s alread y bee n gathere d abou t  tha t  contact , 
whic h i s reflecte d b y th e curren t  labe l  assigne d t o it .  Th e 
correspondin g selectio n rule ,  writte n i n N G O M S L,  i s a s 
follows : 

Selection rule set for goal: Execute Unit Task 
I f  <contact-label > i s N e w an d contac t  i s  unde r  loca l 

control ,  the n accomplis h goal :  Establis h 
Tentativ e Track . 

I f  <contact-label > i s Tentativ e Trac k an d contac t  i s 
unde r  loca l  control ,  the n accomplis h goal : 
Establis h Ai r  o r  Surface . 

I f  <contact-label > i s U n k n o w n an d contac t  i s  unde r 
loca l  control ,  the n accomplis h goal :  Establis h 
Frien d o r  Foe . 

I f  <contact-label > i s no t  Tentativ e Trac k o r  U n k n o w n 
and contac t  i s  unde r  loca l  control ,  the n 
accomplis h goal :  Updat e Contac t  Information . 

I f  contac t  i s  no t  unde r  loca l  control ,  the n accompUs h 
goal :  Updat e Contac t  Information . 

Retur n wit h goa l  accomplished . 

This selection rule uses perceptual information that is 
availabl e t o th e Rada r  Operator ,  i n orde r  t o choos e th e 
appropriat e method .  Thi s i s tru e o f  th e othe r  tw o set s o f 
selectio n rule s a s well .  Ver y littl e beyon d th e abilit y  t o 
understan d symbol s an d order s i s encapsulate d i n th e 
selectio n rules .  Th e Rada r  Operator' s knowledg e i s 
containe d i n th e method s o f  th e model . 

Withi n th e G O MS mode l  o f  a  Rada r  Operator ,  th e goa l 
hierarch y capture s th e structur e o f  th e decision-makin g 
proces s involved ;  it s topolog y reflect s knowledg e o f  th e 
natur e o f  th e tas k an d th e contro l  knowledg e neede d t o 
carr y i t  out .  Th e detaile d knowledg e whic h make s thes e 
decision s an d th e achievemen t  o f  goal s possibl e i s 
embedded i n th e method s o f  th e model .  Fo r  example ,  th e 
EstabUs h Ai r  o r  Surfac e metho d describe s th e step s tha t  ar e 
take n t o achiev e tha t  goal ,  includin g th e specifi c  step s th e 
Radar  Operato r  mus t  tak e t o mak e th e determination : 

Method for goal: Establish Air or Surface 
Ste p 1 .  Accomplis h goal :  Gathe r  an d Proces s 

Movement  Information . 
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Figur e 1 .  Rada r  G O MS Goa l  Hierarch y 
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Ste p 2 .  Decide :  I f  contac t  i s  no t  a  track , 
the n remov e tentativ e trac k an d retur n wit h goa l 
accomplishe d 

Ste p 3 .  Decide :  I f  contac t  typ e i s determine d t o b e Air . 
the n Accomplis h goa l  of :  Displa y Contac t 
Informatio n Unknow n Air . 

I f  contac t  typ e i s determine d t o b e Surface , 
the n Accomplis h goa l  of :  Displa y Contac t 
Informatio n Unknow n Surface . 

I f  contac t  typ e i s no t  determined , 
the n retur n wit h goa l  accomplished . 

Ste p 4 .  Accomplis h goal :  Evaluat e an d Disseminat e 
Information . 

Ste p 5 .  Retur n wit h goa l  accomplished . 

The implementational (or keystroke) level is created by 
furthe r  decomposin g th e structur e o f  th e tas k int o 
primitiv e operators ,  suc h a s readin g text ,  pointin g an d 
chckin g th e mouse ,  etc .  Fo r  example ,  th e first  ste p i n th e 
Establis h Ai r  o r  Surfac e metho d i s t o invok e th e subgoa l 
Gathe r  an d Proces s Movemen t  Information ,  implemente d 
by th e followin g metho d whos e step s consis t  o f  operator s 
tha t  ar e no t  analyze d further : 

Method for goal: Gather and Process Movement 
Informatio n 

Ste p 1 .  Decide :  I f  contac t  i s  unde r  loca l  control , 
the n perfor m positio n correction . 

Ste p 2 .  Rea d contac t  information . 
Ste p 3 .  Decide :  I f  C P A need s t o b e evaluated , 

the n comput e contac t  CPA . 
Ste p 4 .  Proces s contac t  information . 
Ste p 5 .  Retur n wit h goa l  accomplished . 

Reactivity of the GOMS Model 

When developing a model of a dynamic, real-world task, 
i t  i s  o f  critica l  importanc e t o captur e an d retai n th e 
qualitie s tha t  allo w human s t o perfor m th e tas k a s wel l  a s 
the y do .  O n e o f  th e ke y characteristic s o f  huma n 
performanc e i n thi s tas k i s reactivity .  Th e operator s i n th e 
scenari o ar e abl e t o quickl y reac t  t o ne w contact s an d 
respon d t o ne w orders .  The y ca n sto p whateve r  tas k the y 
ar e doing ,  begi n a  ne w one ,  execut e it ,  an d r e m m t o th e 
origina l  task .  Th e G O MS mode l  presente d her e mus t  b e 
abl e t o reproduc e thi s reactivit y i n a  natura l  wa y tha t 
result s i n sequence s o f  behavior s lik e thos e o f  th e 
operator s i n th e scenario . 

The G O MS mode l  o f  th e operato r  derive s it s reactivit y 
fro m th e organizatio n o f  it s  method s an d selectio n rules . 
At  an y give n moment  i n th e model' s behavior ,  th e goa l 
stac k i s relativel y shallo w becaus e ther e ar e ver y fe w 
chaine d method s tha t  ge t  calle d a s a  sequence .  Reactivit y 
i s  no t  achieve d b y forcin g th e mode l  t o chec k fo r  change s 
i n th e worl d (e.g. ,  ne w order s o r  contacts )  withi n eac h 
method ,  bu t  instea d b y returnin g t o th e top-leve l  goa l  afte r 
completin g a  portio n o f  prioritize d sub-tasks .  Th e top -
leve l  metho d ca n the n chec k fo r  change s i n th e world . 

Avoidin g lon g Unke d sequenc e o f  method s allow s th e 
model  t o chec k fo r  importan t  change s i n it s environmen t 
i n a  wa y tha t  doe s no t  overloa d w o r k m g m e m o r y no r 
unnecessaril y  interrup t  routin e behaviors .  Th e mode l  wa s 
designe d i n suc h a  w a y a s t o simulat e th e operator' s 
sequenc e o f  contact-identifyin g behavior s whil e remainin g 
sensitiv e t o change s tha t  affec t  it s  goa l  prioritization .  I t  i s 
thu s abl e t o combin e th e routin e collectio n o f  informatio n 
abou t  contacts ,  detectin g n e w targets ,  an d executin g order s 
i n a  cognitivel y plausibl e way . 

Using Predictive Models for Agent-
Ass is te d D e c i s i o n - M a k i n g 

The goal hierarchy of the GOMS model captures the 
structur e o f  th e decision-makin g proces s involve d i n 
performin g th e task ;  it s  topolog y reflect s knowledg e o f  th e 
natur e o f  th e tas k an d th e contro l  knowledg e neede d t o 
carr y i t  out .  Additiona l  knowledg e whic h make s thes e 
decision s an d th e achievemen t  o f  goal s possibl e i s 
embedded i n th e method s o f  th e model .  W e propos e tha t 
an intelUgen t  agen t  mus t  embody ,  a t  leas t  i n part ,  a  mode l 
of  th e user ,  an d tha t  G O MS model s provid e a  suitabl e 
structur e fo r  thi s purpose .  Th e G O MS mode l  describe d 
her e indicate s tha t  ther e ar e a t  leas t  thre e place s wher e th e 
use r  perform s comple x cognitiv e operation s tha t  migh t  b e 
assiste d b y a n intelligen t  agent :  evaluatio n o f  contac t 
information ,  selectio n o f  mos t  relevan t  contact ,  an d 
checkin g o f  contac t  identity .  Thes e ar e part s o f  th e 
operator' s tas k tha t  requir e decision-makin g base d o n bot h 
th e curren t  situatio n an d experience-base d knowledge . 

Thes e case s represen t  thos e aspect s o f  th e tas k wher e a n 
intelligen t  agent ,  arme d wit h a  mode l  o f  th e operator' s 
knowledg e an d behavior ,  ca n m a k e significan t 
contribution s b y knowin g th e curren t  goa l  o f  th e operator . 
A G O MS mode l  provide s a  dynami c representatio n o f 
users '  goals ,  knowledge ,  an d priorities ,  a s wel l  a s thei r 
behavior .  A t  an y give n poin t  i n th e problem-solvin g 
process ,  ther e exist s th e curren t  goa l  stack ;  associate d wit h 
eac h goa l  i s  a  metho d fo r  achievin g tha t  goal ,  consistin g 
of  a  serie s o f  primitiv e perceptual ,  cognitive ,  an d moto r 
operator s tha t  ar e t o b e executed .  Usin g thi s knowledge , 
th e intelligen t  agen t  ca n anticipat e th e informatio n th e 
operato r  wil l  requir e t o accomplis h hi s goals ,  presen t  tha t 
informatio n i n a  usefu l  form ,  an d recommen d action s base d 
th e information .  Furthermore ,  th e agen t  m a y us e it s 
model  o f  th e operator' s knowledg e t o determin e wha t  tas k 
th e operato r  i s currentl y performing .  I f  th e operato r 
diverge s fro m th e behavio r  predicte d b y th e model ,  th e 
agen t  wil l  tr y t o m a p th e ne w behavio r  ont o th e model . 
The agen t  ca n the n asses s whethe r  th e operator' s divergen t 
behavio r  i s  warrante d b y th e curren t  situation .  I f  i t  i s  not , 
th e agen t  ca n recommen d alternativ e course s o f  actio n tha t 
th e operato r  shoul d follow .  I f  th e operator' s behavio r  i s 
warrante d b y th e situation ,  the n th e agen t  ca n updat e it s 
locatio n o n th e mode l  t o continu e assistin g th e operato r  o n 
th e appropriat e task . 
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W h en selectin g th e nex t  tas k t o b e performed ,  th e agen t 
ca n estimat e th e priorit y o f  processe d informatio n i n orde r 
t o focu s th e rada r  operator' s attentio n o n th e mos t 
significan t  an d urgen t  development s an d t o adap t  t o th e 
operator' s prioritie s whe n the y diverg e fro m thos e predicte d 
by th e model .  A s th e operato r  evaluate s ne w information , 
th e agen t  mus t  updat e it s mode l  o f  th e operator' s beliefs . 
The agen t  ca n anticipat e th e informatio n th e operato r  wil l 
requir e t o accomplis h he r  goals ,  presen t  tha t  informatio n 
i n a  usefu l  form ,  an d recommen d action s base d th e 
information . 

Monitoring Working Memory Load 

Due to their procedural nature, GOMS models also 
provid e th e mean s t o predic t  a  user' s workin g memor y 
load .  A t  an y give n poin t  i n di e problem-solvin g process , 
ther e exist s th e curren t  goa l  stack ;  associate d wid i  eac h 
goal  i s a  metho d fo r  achievin g tha t  goal ,  an d eac h metho d 
expliciU y state s wha t  informatio n i t  accesse s an d mus t 
therefor e b e store d i n workin g memor y fo r  th e duratio n o f 
tha t  method' s execution .  Fo r  example ,  referrin g t o th e 
model  show n i n Figur e 1 ,  th e operato r  begin s executio n o f 
th e Operat e Rada r  Statio n method ,  wher e sh e mus t  retai n 
whethe r  o r  no t  a  ne w orde r  ha s bee n received ,  an d i f  s o 
what  tha t  orde r  is .  Withi n th e selectio n rul e Selec t  Nex t 
Task ,  th e operato r  mus t  the n choos e whic h tas k sh e wil l 
perfor m next ,  an d remembe r  tha t  information ,  an d s o on . 
Tabl e 1  show s a  trac e o f  whic h variable s ar e retaine d 
withi n eac h method ,  an d th e tota l  workin g memor y loa d a t 
tha t  poin t  i n th e goa l  stack . 

Table 1: Working Memory Load during task execution. 

Method/Rul e Variable ;  Retaine d _WM 

Operat e Rada r  Statio n (orde r  =  nil )  0 
Selec t  Nex t  Tas k non e 0 
Monito r  Rada r  Contact s target_contac t  =  Caspe r  1 
Move t o Targe t  Contac t  contact_labe l  =  Unknow n 2 
Execut e Uni t  Tas k non e 2 
Establis h Frien d o r  Fo e non e 2 

Gathe r  an d 
Proces s 
M o v e m e nt 
Informatio n 

Displa y Contac t 
Informatio n 
< n e w Iabel > 

bearin g =  24. 5 
rang e =  3 2 
altitud e =  30,00 0 
spee d =  50 0 
headin g =  69. 3 

<new_label = Hostile> 
(contact_labe l  =  Hostile ) 

Evaluat e an d Disseminat e non e 7 

In the present scenario, the operator may often be in a 
situatio n wher e he r  workin g memor y i s overloaded .  Fo r 
example ,  i f  ther e ar e man y ne w contact s a s wel l  a s order s 

t o b e executed ,  th e operato r  ma y no t  b e abl e t o retai n th e 
necessar y sequenc e o f  behaviors .  Usin g th e mode l  t o 
evaluat e situation s wher e th e operator' s workin g memor y 
capacit y migh t  b e overwhelmed ,  i t  i s  possibl e t o predic t 
when behavio r  ma y deviat e fro m wha t  i s expected ,  an d t o 
determin e whe n a n agen t  ca n b e mos t  effectivel y assisted . 

Comparison of Predicted versus Actual 
R a d a r  O p e r a t o r  B e h a v i o r 

A simulated execution of the GOMS model was 
conducte d o n a  tes t  scenario ;  thi s resulte d i n a  sequenc e o f 
behavior s tha t  th e mode l  woul d perfor m i f  i t  wer e 
operatin g th e rada r  station .  W e the n compare d thi s 
sequenc e o f  behavior s wit h tha t  o f  th e operator s i n th e 
scenario .  Tabl e 2  summarize s th e result s o f  thi s analysis . 

Table 2: Sunmiary of Comparison Between Model and 
Operato r  Behavio r 

MODEL 
Match Mis s 

X Matc h 
< 
Z 
u 
U Mis s 

54 

107 

4 

NA 

T=58 

T=161 

Ther e wer e 5 8 distinc t  operato r  behavior s describe d i n 
th e origina l  scenario .  Th e mode l  generate d a  tota l  o f  16 1 
behavior s i n tota l  an d matche d 5 4 o f  th e 5 8 operato r 
behaviors .  I n orde r  t o b e considere d matching ,  th e mode l 
must  generat e no t  onl y th e sam e behavior s a s th e operator , 
but  i t  mus t  als o d o s o i n th e sam e order .  Mode l  behavior s 
tha t  occurre d ou t  o f  orde r  wer e counte d a s mismatches .  O f 
th e 4  operato r  behavior s tha t  wer e no t  matche d b y th e 
model ,  2  o f  the m wer e behavior s tha t  th e mode l  performe d 
implicitly .  Tha t  is ,  th e model ,  a s w e buil t  it ,  di d no t 
explicitl y  perfor m thes e action s a s independen t  methods , 
but  instea d ha d the m buil t  i n t o othe r  methods .  Thi s wa s 
not  a n importan t  desig n decisio n o n ou t  par t  bu t  simpl y 
th e consequenc e o f  th e granularit y leve l  chose n fo r  thes e 
methods .  O f  th e othe r  tw o action s tha t  wer e no t  accounte d 
for ,  on e involve d changin g th e typ e o f  rada r  use d an d 
simpl y wa s no t  include d i n ou r  model ,  an d th e othe r 
involve d a  non-routin e reportin g o f  information . 
Discountin g th e behavior s performe d implicitl y b y th e 
model ,  onl y 2  (3.5% )  o f  th e operator' s behavior s wer e no t 
matche d b y th e model . 

The mode l  generate d 10 7 behavior s i n additio n t o th e 5 4 
tha t  matche d thos e o f  th e operator .  Althoug h thi s i s  a 
larg e numbe r  o f  extr a behaviors ,  a  cas e b y cas e analysi s 
shows tha t  10 4 o f  Uie m ar e behavior s tha t  ar e implici t  i n 
th e scenario .  Tha t  is ,  the y ar e behavior s tha t  wer e 
necessaril y  performe d b y th e operator ,  bu t  tha t  wer e no t 
exphcitl y  describe d i n th e scenario .  Fo r  example ,  whe n 
th e mode l  select s a  ne w contac t  t o establis h a  Tentativ e 
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Track ,  i t  mus t  necessaril y  execut e a n intermediat e metho d 
of  movin g t o th e contac t  an d the n hookin g it .  Th e 
operato r  mus t  als o perfor m thi s sequenc e o f  behaviors ,  bu t 
th e ful l  se t  o f  step s i s no t  explicitl y  describe d i n tli c 
scenario . 

The remainin g 3  behavior s produce d b y th e mode l  tha t 
wer e neithe r  matche s no r  implici t  i n th e scenari o wer e 
behavior s tha t  probabl y shoiil d hav e bee n don e b y th e 
operato r  bu t  wer e lef t  ou t  becaus e o f  tim e o r  memor y 
constraints .  A s discussed ,  th e G O MS mode l  provide s a 
measur e o f  workin g memor y usag e tha t  ca n b e use d t o 
bette r  predic t  th e menta l  state s o f  a n agen t  b y takin g thes e 
constraint s int o account .  Step s withi n method s tha t  ar e 
not  strictl y necessar y ca n b e note d a s optional ,  s o tha t 
non-deterministi c behavio r  ma y b e accounte d for .  Overall , 
onl y 3  ou t  o f  16 1 (les s tha n 2% )  behavior s generate d b y 
th e mode l  wer e neithe r  matche s no r  implici t  whe n 
compare d t o th e operator' s behavio r  i n th e scenario . 
The mode l  predicte d 96.5 % o f  th e operator' s behaviors . 
Furthermor e 9 8 % o f  th e behavior s generate d b y th e mode l 
wer e eithe r  expUcitl y  o r  implicitl y  presen t  i n th e scenario . 
Thes e result s indicat e tha t  th e mode l  i s  successfull y 
simulatin g th e operator' s behavio r  an d therefor e capturin g 
th e knowledg e require d t o perfor m th e task . 

Conclusion 

Using the GOMS methodology for analysis of human-
compute r  interaction ,  w e hav e develope d a  mode l  o f  a 
Radar  Operator' s goals ,  an d th e method s tha t  use d t o 
accomplis h them .  A  simulate d executio n o f  th e mode l  i n 
a tes t  scenari o predicte d th e operator' s response s wit h a 
hig h degre e o f  accuracy ,  an d furthermor e provide d detail s o f 
thos e action s tha t  wer e no t  explicitl y  state d i n th e scenari o 
description .  Base d o n thi s model ,  w e wer e abl e t o identif y 
thos e portion s o f  th e tas k wher e a n intelligen t  agen t  woul d 
be mos t  abl e t o assis t  th e operato r  an d t o describ e th e 
natur e o f  th e knowledg e require d fo r  th e task . 

By creatin g a  knowledge-leve l  descriptio n o f  a  tas k 
(Newell ,  1982) ,  G O MS model s provid e th e mean s t o 
predic t  users '  goals ,  beliefs ,  priorities ,  and ,  therefore ,  thei r 
actions .  W h e n th e user' s actua l  behavio r  depart s fro m 
what  th e mode l  ha s predicted ,  th e agen t  ma y infor m th e 
user  o f  th e unexpecte d action s an d reconunen d a n alternat e 
cours e o f  action .  I f  th e operator' s behavio r  i s  warrante d b y 
th e situation ,  the n th e agen t  ca n updat e it s mode l  o r  it s 
parameter s s o tha t  th e agen t  ma y continu e assistin g th e 
operato r  o n th e appropriat e task . 
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