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Abstrac t 

The idea that GOMS can be used to model HCI tasks within 
th e organizationa l  environmen t  i n whic h the y occu r  i s 
discusse d an d reviewed .  A n exampl e i n term s o f  satellit e 
operation s i s provided . 

Mantovani (1996) has proposed that the study of human 
compute r  interactio n (HCI )  i s currentl y limite d becaus e we , 
"lac k a n integrate d mode l  o f  socia l  contex t  suitabl e fo r  H C I 
research, "  (Mantovani ,  1996) .  However ,  whil e i t  i s  tru e tha t 
socia l  contex t  ha s no t  ofte n bee n explicitl y  addresse d i n th e 
H CI  literature ,  thi s doe s no t  mea n tha t  th e modelin g system s 
currentl y i n us e canno t  accommodat e socia l  context .  Mor e 
specifically ,  w e propos e tha t  G O MS ca n b e use d t o mode l 
H CI  task s withi n th e relevan t  contextua l  aspect s o f 
organizations ,  suc h a s companie s an d institutions .  T o 
suppor t  thi s w e revie w th e relevan t  issue s an d presen t  th e 
initia l  result s o f  a  stud y incorporatin g thi s goal . 

G O MS (Card ,  Moran ,  &  Newell ,  1983 )  i s  a  modelin g 
syste m designe d t o captur e h o w expert s execut e wel l 
learned ,  routin e task s (e.g .  wor d processing ,  satellit e 
tracking) .  Essentially ,  i t  break s dow n a  tas k int o Goals , 
Operators ,  Methods ,  an d Selectio n rule s (se e Joh n &  Kieras , 
199 4 fo r  a  detaile d revie w an d discussio n o f  th e differen t 
variation s o f  G O M S ) .  Goal s describ e wha t  th e use r  want s t o 
achieve ;  method s ar e combination s o f  sub-goal s an d 
operator s use d t o achiev e goals ;  selectio n rule s ar e rule s fo r 
selectin g betwee n methods ;  an d operator s ar e actions ,  eithe r 
physica l  (e.g .  m o v e th e mouse) ,  perceptua l  (e.g .  searc h th e 
screen) ,  o r  cognitiv e (e.g .  ad d tw o numbers) . 

Althoug h G O MS wa s originall y develope d t o mode l 
individua l  human s interactin g wit h computers ,  th e uni t  o f 
analysi s i s flexible .  Thu s a  tas k performe d b y a  roo m ful l  o f 
humans an d computer s coul d b e describe d a t  th e leve l  o f 
th e interaction s betwee n th e individua l  human s an d 
computers ,  o r  a t  th e leve l  o f  th e room ,  i.e .  withou t  referenc e 
t o th e specifi c  agent s involved .  G O MS describe s th e 
knowledg e leve l  o f  th e task .  Th e granularit y o f  th e unit s 
involve d depend s o n th e goal s o f  th e researchers .  Thu s 
G O MS i s equall y suitabl e fo r  describin g th e knowledg e o f 
an individua l  o r  th e knowledg e o f  a  distribute d cognitiv e 
system ,  suc h a s describe d b y Hutchin s (1990) . 

As Olso n an d Olso n (1990 )  note ,  th e origina l  formulatio n 
of  G O MS ha d man y limitation s tha t  hav e sinc e bee n 

ameliorated .  Fo r  example ,  th e abilit y o f  G O MS t o accoun t 
fo r  learning ,  errors ,  th e limitation s o f  workin g memory ,  an d 
paralle l  processin g hav e al l  bee n considerabl y improve d 
(se e Olso n &  Olson ,  199 0 fo r  a  review) .  Wha t  w e ar e 
proposin g i s  tha t  organization s ca n b e analyze d a s 
disU-ibute d cognitiv e systems ,  an d tha t  G O MS ca n b e use d 
t o describ e th e knowledg e leve l  o f  suc h systems ,  includin g 
th e knowledg e structure s mediatin g tas k relate d socia l 
interaction s (note ,  i n thi s pape r  a  socia l  interactio n i s 
define d a s an y interactio n betwee n tw o o r  mor e people) . 

Organization s ten d t o involv e a  hig h amoun t  o f  routine , 
wel l  learne d activity .  I n addition ,  w e sugges t  tha t  th e socia l 
and cultura l  rule s mediatin g interpersona l  relationship s 
withi n organization s ar e likewis e routin e i n nature . 
Therefore ,  G O M S,  whic h ha s a  goo d trac k recor d fo r 
modelin g routin e behavior ,  seem s a n appropriat e modelin g 
choice .  However ,  note ,  w e ar e no t  suggestin g tha t  G O MS 
ca n b e use d fo r  al l  socia l  situations ,  e.g .  G O MS ma y no t  b e 
a goo d choic e fo r  modelin g clos e persona l  relationship s an d 
th e like . 

I n additio n ther e ar e severa l  importan t  advantage s t o usin g 
G O M S.  First ,  G O MS i s a  wel l  establishe d modelin g too l 
wit h a  hos t  o f  studie s demonstratin g ho w t o solv e variou s 
specifi c  problems .  Second ,  modelin g a t  th e organizationa l 
leve l  ca n entai l  a  hig h degre e o f  cros s disciplinar y work , 
involvin g divers e area s suc h a s cognitiv e science ,  socia l 
psychology ,  gam e theory ,  sociology ,  an d anthropology . 
Becaus e G O MS i s  relativel y eas y t o understan d a t  th e 
conceptua l  level ,  i t  i s a  goo d choic e t o serv e a s a  c o m m o n 
modelin g language .  Third ,  G O MS i s currentl y use d t o creat e 
model s o f  th e type s o f  system s commonl y foun d i n man y 
organizations .  I f  G O MS i s use d t o mode l  a n organization' s 
structur e the n th e mode l  wil l  b e compatibl e wit h existin g 
G O MS model s o f  specifi c  sub-task s withi n tha t 
organization .  Fourth ,  G O MS ca n b e use d t o addres s specifi c 
question s suc h a s tim e estimates ,  th e efficien t  us e o f 
resources ,  possibl e goa l  conflicts ,  th e degre e t o whic h goal s 
ca n b e fulfilled ,  an d whethe r  o r  no t  a n organizatio n woul d 
be robus t  i n th e fac e o f  changin g conditions . 

I n addition ,  thi s approac h coul d als o b e applie d t o 
psychologica l  an d sociologica l  questions ,  suc h a s 
determinin g th e natur e o f  th e employe e environmen t  (e.g . 
doe s i t  promot e undu e stress ? unde r  wha t  conditions? )  o r  th e 
emergen t  functiona l  propertie s o f  th e organizatio n (e.g .  doe s 
i t  perpetuat e racism?) .  Th e advantag e o f  a  G O MS mode l  fo r 
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thes e type s o f  question s i s tha t  i t  ca n provid e a  proces s 
model  o f  ho w suc h condition s arise ,  a s wel l  a s ho w the y 
fee d bac k int o th e system . 

Modeling Social Actions 

I n thi s sectio n w e conside r  th e issu e o f  modelin g socia l 
actions ,  tha t  is ,  th e interaction s betwee n tw o o r  mor e people . 
Fro m a n individual' s poin t  o f  view ,  ther e ar e tw o broa d 
type s o f  socia l  actions ,  1 )  action s relatin g t o othe r 
individuals ,  suc h a s makin g th e judgment ,  "d o I  trus t  thi s 
person? "  an d 2 )  action s relatin g t o groups ,  suc h a s makin g 
th e judgmen t  "wil l  th e marke t  g o up? " 

I n som e cases ,  G O MS method s ma y b e constructe d t o 
make thes e type s o f  judgments .  Suc h method s woul d reflec t 
th e knowledg e leve l  o f  th e task .  Fo r  example ,  t o answe r  th e 
questio n o f  whethe r  th e marke t  wil l  g o u p o r  down ,  a n 
exper t  migh t  execut e th e su b goal s o f  gatherin g economi c 
and politica l  information .  However ,  i t  ma y als o b e necessar y 
t o assum e socia l  operator s fo r  gu t  leve l  decisions .  Fo r 
example ,  t o answe r  th e question ,  "wha t  i s th e moo d o f  th e 
market? "  a n analys t  ma y g o wit h hi s o r  he r  feelin g abou t  it . 
Damasio' s (1994 )  Somatic-Marke r  Hypothesi s i s a  goo d 
candidat e fo r  understandin g thi s typ e o f  process .  Socia l 
operator s ca n als o b e modele d usin g th e mechanism s 
propose d i n socia l  psychology ,  combine d wit h specifi c 
organizational ,  socia l  an d cultura l  knowledge .  Fo r  example , 
Fishbei n an d Ajzen' s (1974 )  reasone d actio n theor y ca n b e 
combine d wit h rea l  worl d dat a t o predic t  attitude s toward s 
alternativ e actions .  Socia l  operator s coul d als o b e modele d 
usin g A I  models ,  suc h a s A C T - R (Anderson ,  1993 )  o r 
S O AR (Newell ,  1990) . 

However ,  i t  i s  no t  alway s necessar y t o provid e model s o f 
operators .  A s Joh n (1995 )  notes ,  "Operator s ca n b e define d 
at  man y differen t  level s o f  abstractio n bu t  mos t  G O MS 
model s defin e the m a t  a  concret e level ,  lik e butto n presse s 
and men u selections. "  Thi s i s certainl y usefu l  sinc e simpl e 
operation s ca n b e assume d t o b e performe d correctl y an d 
withi n a n approximat e tim e spa n mos t  o f  th e tim e (Car d e t 
al ,  1983) ,  bu t  operator s needn' t  b e limite d t o simpl e 
operations .  I n principle ,  an y proces s ca n b e mad e int o a n 
operator .  Fo r  example ,  a  mode l  coul d b e constructe d i n 
whic h a n architec t  call s a n operato r  t o judg e th e aestheti c 
qualit y o f  a  design .  Thu s b y assumin g a  comple x actio n 
exist s a s a n operato r  i t  become s possibl e t o fi-ame  wher e an d 
when i t  take s plac e withi n a  G O MS model ,  a s wel l  a s it s 
functiona l  significance .  Fo r  example ,  th e outpu t  o f  th e 
aestheti c operato r  abov e coul d b e use d a s th e basi s fo r  a 
selectio n rul e (e.g .  i f  aesthetic ,  continu e drawing ;  i f  no t 
aesthetic ,  thro w i t  away) .  Th e issu e i s on e o f  finding  th e 
most  usefu l  leve l  o f  operato r  abstractio n fo r  th e tas k bein g 
modele d (Car d e t  al ,  1983) . 

I t  i s als o interestin g t o not e tha t  G O MS itsel f  ca n b e use d 
as a  mode l  fo r  certai n type s o f  socia l  thought .  Specifically ,  i t 
can b e argue d tha t  whe n on e perso n want s t o predic t  wha t 
anothe r  perso n wil l  d o i n a  particula r  situation ,  tha t  the y 
construc t  somethin g ver y muc h lik e a  G O MS mode l  o f  th e 
perso n i n th e situatio n an d the n mentall y simulat e i t  (e.g .  se e 
Kahneman &  Tversky ,  1982) .  I n thi s sens e peopl e ma y b e 

ver y simila r  t o intelligen t  softwar e agent s tha t  us e G O MS 

model s t o predic t  th e behavio r  o f  th e use r  (e.g .  Ver a an d 
Rosenblatt ,  1995) .  I f  thi s i s th e case ,  the n i t  follow s tha t 
G O MS woul d b e particularl y appropriat e fo r  modelin g thi s 
typ e o f  behavior . 

The Importance of Goals 

As Mantovan i  (1996 )  notes ,  peopl e hav e sociall y an d 
culturall y base d goals .  Withou t  considerin g suc h highe r 
leve l  goals ,  mos t  G O MS model s implicitl y  assum e tha t  th e 
user' s highes t  goa l  i s  t o d o th e tas k a s wel l  a s possible .  T o 
get  a t  th e organizational ,  socia l  an d cultura l  goal s o f  a  use r  i t 
i s  necessar y t o as k wh y th e employe e want s t o complet e th e 
task .  I n man y case s th e answe r  wil l  b e tha t  th e employe e 
wil l  benefi t  from  doin g i t  (i.e .  the y wil l  b e paid ,  the y wil l 
avoi d bein g fired).  I n thi s cas e th e goa l  hierarch y nee d g o n o 
higher .  However ,  i n som e cases ,  th e highe r  leve l  goa l 
structur e ma y b e mor e complex .  I n particula r  whe n a n 
employe e i s free  t o choos e betwee n variou s task s i t  i s 
necessar y t o understan d hi s o r  he r  highe r  leve l  goal s i n orde r 
t o predic t  wha t  h e o r  sh e wil l  d o next .  I n addition ,  i n th e 
cas e o f  multipl e employees,  i t  ma y b e importan t  t o 
understan d ho w th e highe r  leve l  goa l  structur e o f  a n 
employe e interact s wit h th e highe r  leve l  goa l  structure s o f 
othe r  employees .  Thi s typ e o f  analysi s coul d b e approache d 
from  a  gam e theor y perspectiv e (i.e .  assum e payoff s fo r 
achievin g goal s an d tha t  employee s wil l  ac t  rationally )  o r  a 
socia l  cognitio n perspectiv e (i.e .  modelin g base d o n 
questionnaires ,  observation ,  etc.) . 

Anothe r  interestin g an d relate d issu e i s determinin g th e 
goal s o f  a n organization .  Organization s hav e goals ,  fo r 
example ,  a n environmenta l  consultin g firm  ma y stat e thei r 
goal  a s bein g t o creat e a  clea n environment .  However ,  i t  i s 
interestin g t o not e tha t  individual s ca n wor k withi n a n 
organizatio n withou t  adoptin g th e highe r  leve l  goal s o f  th e 
organization .  Fo r  example ,  a  perso n coul d wor k fo r  a n 
environmenta l  consultin g firm  simpl y fo r  th e money .  Th e 
questio n a s t o whethe r  th e structur e o f  a n organizatio n i s 
suc h tha t  th e goal s o f  th e individual s resul t  i n th e state d goa l 
of  th e organizatio n i s a n interestin g an d importan t  one , 
especiall y fo r  governmenta l  an d othe r  publi c servic e 
organizations . 

Also ,  a s note d i n th e introduction ,  firms  ma y hav e goal s 
implici t  i n thei r  structure .  Fo r  example ,  sociologist s ofte n 
refe r  t o institutionalize d racism .  Th e benefi t  o f  usin g a 
G O MS t o examin e thi s typ e o f  issu e i s tha t  i t  ca n provid e a 
highl y specifi c  proces s mode l  o f  wh y variou s goal s exis t 
withi n a  system .  Thi s i s becaus e goal s ar e triggere d b y a 
clea r  chai n o f  event s involvin g highe r  leve l  goal s an d 
selectio n rules . 

The Top Down Effects of Goals 

The manne r  i n whic h highe r  leve l  organizational ,  socia l  o r 
cultura l  goal s ca n effec t  th e behavio r  o f  lowe r  leve l  method s 
and operator s i s o f  critica l  importance .  G O MS i s modula r  i n 
natur e an d thu s base d o n th e traditiona l  cognitiv e scienc e 
assumptio n tha t  w e ca n abstrac t  simpl e proble m space s from 
a comple x worl d an d dea l  wit h the m i n relativ e isolatio n 
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(Ver a &  Simon .  1993) .  Mantovan i  (1996) ,  makin g th e cas e 
fo r  hi s interpretatio n o f  th e rol e o f  socia l  an d cultura l 

factors ,  argue s tha t  thi s i s neve r  th e case ,  eve n fo r  ver y 
simpl e action s suc h a s tyin g shoes . 

when we wear shoes, we usually have some project in our 
min d regardin g som e activit y whic h i s relevan t  wit h respec t 
t o ou r  curren t  interest s an d require s wearin g shoes .  Thu s 

tyin g lace s an d wearin g shoe s ar e simpl e activitie s whic h 
depen d o n actors '  cultura l  models ,  fo r  example ,  model s o f 
health y behavio r  generat e broade r  project s lik e keepin g fit 
by runnin g i n th e par k i n th e morning .  (Mantovani ,  1996) . 

However, the traditional cognitive science perspective 
argue s tha t  simpl e action s suc h a s sho e tyin g ca n b e treate d 
i n isolatio n an d tha t  i s i t  i s  unnecessar y t o understan d th e 
contex t  sho e tyin g beyon d th e goa l  o f  wantin g one' s shoe s 
t o b e tied .  A  perso n coul d ti e hi s o r  he r  shoe s a s par t  o f 
fulfillin g m a n y divergen t  goal s (e.g .  a  ru n i n th e park ,  a 
nigh t  a t  th e opera ,  o r  overthrowin g a  dictatorship )  an d th e 
proces s woul d remai n essentiall y  th e same .  Thi s i s tru e i n 
tw o senses .  First ,  i n term s o f  th e measurabl e outcom e th e 
lace s woul d b e tie d i n approximatel y th e sam e wa y eac h 
time .  Th e result s migh t  b e affecte d b y factor s suc h a s tim e 
pressur e an d m e m o r y loa d (e.g .  forgettin g t o ti e one s shoe s 
or  tyin g the m sloppily) ,  bu t  thes e ar e no t  direc t  effect s o f  th e 
socia l  context ,  rathe r  the y ar e mediate d b y basi c cognitiv e 
variable s (e.g .  m e m o r y an d processin g speed) .  Th e secon d 
sens e i n whic h thi s i s tru e i s i n term s o f  th e knowledg e an d 
moto r  skill s  deploye d t o achiev e th e result .  Again ,  allowin g 
fo r  mediatin g factor s suc h a s m e m o r y loa d an d time ,  w e 
woul d expec t  th e proces s o f  tyin g shoe s t o remai n constan t 
onc e i t  ha s bee n wel l  learned . 

L o w leve l  operator s (suc h a s clickin g a  mous e o n a n icon ) 
wil l  generall y b e unaffecte d b y highe r  leve l  social/cultura l 
goals .  However ,  i n case s i n whic h a  lo w leve l  operato r  i s 
affected ,  th e effec t  wil l  b e mediate d b y wel l  defined , 
variable s suc h a s m e m o r y load ,  demand s o n attention , 
speed/accurac y tradeoffs ,  an d s o on .  Thi s typ e o f  effect , 
when i t  occurs ,  m a y b e a n importan t  consideratio n i n 
modelin g th e system .  Specifically ,  i f  a  lo w leve l  operato r 
erro r  ca n caus e a  significan t  problem ,  the n th e factor s tha t 
mediat e th e likelihoo d o f  suc h a n erro r  shoul d b e modele d 
in .  A n exampl e o f  thi s approac h i s th e us e o f  G O MS t o 
predic t  th e effec t  o f  wor k loa d o n workin g memor y (Car d e t 
al. ,  1983) . 

I n th e cas e o f  socia l  operator s w e argu e tha t  th e sam e 
approac h ca n b e taken .  Tha t  is ,  fo r  th e mos t  par t  socia l 
operator s wil l  no t  b e affecte d b y highe r  leve l  goals ,  bu t 
when the y ar e i t  wil l  b e throug h th e mediatio n o f  a  limite d 
number  o f  variables .  I n fact ,  thi s i s th e approac h use d i n 
Socia l  Cognition .  Cognitiv e variables ,  suc h a s thos e 
mentione d above ,  ca n b e use d t o predic t  mediator s suc h a s 
stress ,  whic h i s a  majo r  determinan t  o f  socia l  functionin g 
(e.g .  a  socia l  operator ,  suc h as ,  "behav e politel y toward s th e 
customer, "  coul d b e severel y disrupte d b y stress) .  Othe r 
sociall y mediatin g factors ,  suc h a s threat s t o sel f  estee m m a y 
als o pla y a n importan t  role . 

Thu s operator s ar e define d i n term s o f  th e genera l  factor s 

tha t  coul d effec t  thei r  operation ,  a s wel l  a s i n term s o f  h o w 
the y effec t  th e genera l  factors .  T o kee p trac k o f  thi s i n a 
model ,  a n inde x ca n b e attache d t o eac h employe e (o r 
customer ,  o r  client )  t o recor d th e genera l  factor s impingin g 

on the m a t  eac h ste p i n th e process .  Fo r  example ,  a n inde x 
coul d b e use d t o kee p trac k o f  memor y loa d o r  stres s du e t o 
tim e pressure .  Thi s typ e o f  approac h coul d b e usefii l  i n 
term s o f  modelin g system s i n whic h huma n erro r  ca n caus e 
seriou s results . 

Spin-off Effects: An Example 

Althoug h w e argu e tha t  lowe r  leve l  method s an d operator s 
ca n b e treate d i n relativ e isolatio n fro m highe r  leve l  goals , 
thei r  appropriatenes s fo r  fulfillin g specifi c  highe r  leve l  goal s 
i s stil l  a  potentiall y  importan t  issue .  Specifically ,  evaluatin g 
method s solel y i n term s o f  h o w the y satisf y th e immediat e 
goal  m a y no t  lea d t o th e optima l  solution .  Thi s i s becaus e 
method s ca n hav e spin-of f  effect s whic h m a y b e importan t 
fo r  satisfyin g goal s elsewher e i n th e system . 

For  example ,  on e o f  th e author s ( R L W )  i s workin g o n th e 
H CI  fo r  a n electroni c Chinese-Englis h dictionar y designe d 
fo r  thos e w h o canno t  rea d Chinese .  Initiall y  th e highes t  leve l 
goal  i n th e mode l  fo r  thi s tas k wa s t o loo k u p a  Chines e 
characte r  an d find  it s meanin g i n English .  Thi s generate d a 
lo t  o f  hig h tec h suggestions ,  suc h a s scannin g th e characte r 
and usin g a  neura l  networ k t o identif y it .  However ,  b y 
identifyin g th e highe r  leve l  goa l  o f  th e intende d users ,  whic h 
i n thi s cas e wa s t o lear n t o rea d Chinese ,  i t  wa s realize d tha t 
some for m o f  th e traditiona l  syste m (th e radica l  searc h 
method) ,  woul d probabl y b e better .  Thi s i s becaus e th e 
traditiona l  syste m require s th e use r  t o pars e th e character s 
int o thei r  meaningful ,  pictographi c components ,  whic h 
studie s sho w pla y a n importan t  rol e i n characte r  recognition . 
Thu s a  proces s fo r  learnin g th e structur e o f  Chines e 
character s i s situate d i n th e proces s o f  lookin g the m u p i n 
th e dictionary . 

Of  course ,  ther e ar e alway s eve r  highe r  goal s bein g 
generate d b y eve r  highe r  syste m structures .  Obviousl y w e 
canno t  conside r  ever y possibilit y  i n a  model .  However ,  w e 
hav e a  bette r  chanc e o f  findin g spin-of f  effect s withi n a n 
organizatio n i f  w e posses s a  mode l  o f  th e organization .  Wit h 
a detaile d model ,  spi n of f  effect s ca n b e locate d throug h 
simulatin g differen t  version s o f  th e mode l  (e.g .  insertin g 
differen t  H C I  structure s fo r  specifi c  tasks) ,  o r  simpl y b y 
studyin g th e model . 

Reactivity to the Environment 

Traditionally ,  G O MS model s hav e assume d a  pristin e tas k 
environment ,  on e i n whic h interruption s unrelate d t o th e 
specifi c  tas k bein g modele d d o no t  occur .  However ,  i n a 
socia l  settin g (i.e .  withi n a n organization) ,  th e use r  ca n b e 
interrupte d an d informatio n injecte d tha t  ca n alte r  mino r  o r 
majo r  component s o f  th e task .  Thu s task s ar e situate d withi n 
a social/cultural/organizationa l  environment . 

Th e issu e i s on e o f  reactivit y t o th e environment ,  whic h 
involve s tw o aspect s o f  G O MS modeling .  Th e first  aspec t  i s 
th e goa l  stack .  A  shallo w goa l  stac k increase s reactivit y b y 
allowin g th e syste m t o mor e frequentl y ru n check s o n th e 
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environmen t  betwee n executin g goa l  stack s (e.g .  Joh n & 
Vera ,  1992) .  Th e secon d aspec t  i s th e leve l  o f  abstractio n 
involve d i n definin g th e operator s (Car d e t  al ,  1983) . 
Obviously ,  operator s define d a t  a  gros s leve l  o f  granularit y 
wil l  ten d t o overloo k opportunitie s i n whic h a  perso n coul d 
be interrupted . 

Anothe r  approac h t o dealin g wit h thi s proble m i s t o adop t 
a paralle l  processin g approach ,  suc h a s C P M - G O MS (Gray , 
Joh n 8 l  Atwood ,  1993) .  C P M - G O MS use s a  schedul e char t 
t o represen t  simultaneousl y occurrin g activity ,  whic h ca n b e 
analyze d usin g a  critica l  pat h analysis .  Usin g thi s approac h 
th e environmen t  ca n b e monitore d i n paralle l  whil e othe r 
task s ar e goin g on .  Fo r  example ,  a n enginee r  waitin g fo r 
some plan s migh t  wor k o n a  sid e tas k whil e monitorin g fo r 
news tha t  th e plan s hav e arrived . 

Modeling Satellite Maneuvers 

Currentl y w e ar e workin g o n a  G O MS mode l  o f  satellit e 
maneuvering ,  a  tas k tha t  i s ver y routin e i n natur e bu t  als o 
demands a  hig h leve l  o f  reactivit y t o th e environment .  Th e 
satellit e technician s (henc e fort h STs )  mus t  pa y attentio n t o 
th e compute r  interfac e syste m a s wel l  a s t o eac h other .  I n 
addition ,  th e maneuver s tak e plac e withi n th e large r  contex t 
of  th e satellit e managemen t  organization .  Her e w e repor t 
ho w w e hav e approache d modelin g thi s activit y wit h regar d 
t o performin g a n attitud e maneuver . 

Method 

Unobtrusiv e observation s o f  satellit e attitud e maneuver s 
wer e conducted .  Th e satellit e technician s wer e al l  full y 
traine d wit h a n averag e o f  6  month s jo b experience .  T w o 
observer s too k note s durin g th e task .  Othe r  source s o f  dat a 
include d th e tas k manual ,  checklist s an d othe r  handbooks . 
Separat e interview s wer e als o conducte d wit h individua l 
operator s afte r  th e mission s wer e completed . 

The Model 

The completio n o f  th e maneuve r  require d th e fulfillmen t  o f 
seve n tasks : 

1. Configure system: The satellite maneuver task is semi-
automated .  Th e ST s mus t  cal l  u p a  progra m a t  th e 
beginnin g o f  th e scenari o whic h consist s o f  batche s o f 
conmiand s an d instruction s tha t  guid e operator' s 
behaviors . 

2.  Prepar e fo r  phas e check :  Thi s include s selectin g dat a 
channel s fo r  informatio n collection ,  switchin g o n th e 
printe r  an d refillin g th e printe r  paper . 

3.  Execut e phas e check :  Th e purpos e o f  thi s i s t o ensur e 
synchronizatio n wit h th e satellite .  Th e ST s specif y th e 
necessar y parameter s the n start s th e printer .  A t  th e en d 
of  phas e check ,  a  time-grap h i s charte d an d 
measurement s ar e taken . 

4.  Prepar e maneuver :  Th e ST s specif y tim e o f  th e 
maneuve r  executio n an d prepare s fo r  i t  (e.g .  automate d 
notatio n contro l  an d antenn a pointin g ar e switche d off) . 

5.  Execut e maneuver :  Th e actua l  maneuve r  proces s i s 
completel y automated .  Howeve r  th e printe r  mus t  star t 

runnin g 1 0 second s befor e it s executio n i n orde r  fo r 
dat a collection . 

6.  Finis h maneuver :  W h e n th e executio n ends ,  th e ST s 
chec k th e dat a an d retur n th e spi n rat e an d temperatur e 
of  th e satellit e t o normal ,  an d th e automate d notatio n 
contro l  an d antenn a pointin g system s t o thei r  usua l 
status . 

7.  Atten d alarm :  Alarm s occur s anytim e throughou t  th e 
maneuve r  task .  Th e ST s hav e t o acknowledg e an d 
analyz e the m individuall y befor e continuin g th e norma l 
task . 

Although routine and largely automated, it was 
observe d tha t  th e ST s action s wer e intimatel y dependen t  o n 
cue s provide d b y th e compute r  interfac e (primaril y th e 
monito r  screen) .  Th e interfac e capture d man y aspect s o f  th e 
maneuver ,  breakin g the m d o w n int o muc h smalle r  sub-goals , 
and cuein g th e ST s whe n appropriate .  Hence ,  althoug h th e 
tas k structur e appeare d retrospectivel y a s a  larg e seria l  plan , 
th e ST s wer e actuall y highl y reactiv e t o thei r  environment . 
Thi s wa s corroborate d b y th e observation s that ,  1 )  ST s 
constantl y referre d t o thei r  monito r  screens ,  2 )  ST s waite d 
fo r  th e externa l  cu e befor e takin g action ,  an d 3 )  whe n alarm s 
unexpectedl y interrupte d th e scenario ,  th e S T typicall y 
complete d th e sub-goa l  h e wa s engage d in ,  deal t  wit h th e 
proble m specifie d b y th e alarm ,  an d resume d hi s norma l 
cours e o f  actio n b y lookin g fo r  cue s o n th e interface . 

T o mode l  th e STs '  reactivit y t o syste m cue s w e adopte d 
th e strateg y o f  usin g ver y shallo w goa l  stacks ,  prompte d b y 
th e syste m cues .  Fo r  example ,  whe n th e ST s perceiv e th e 
cu e " A P E t o manual "  th e sub-goa l  o f  turnin g of f  th e antenn a 
pointin g syste m i s pushe d ont o th e goa l  stack .  Not e th e uni t 
tas k i s ver y small ,  i n thi s cas e consistin g o f  onl y tw o 
operators ,  "ente r  c o m m a n d "  an d "verif y command, " 
allowin g th e ST s t o frequently  retur n t o monitorin g th e 
environment . 

Th e STs ,  modele d i n thi s way ,  d o no t  nee d t o understan d 
th e relationshi p betwee n th e sub-goal s t o successfull y 
accomplis h th e maneuver .  However ,  thi s approac h coul d no t 
full y  accoun t  fo r  th e ST s behavior .  First ,  som e o f  th e sub -
goal s wer e no t  cue d b y th e interface .  Thes e were ,  tur n o n 
printer ,  ru n printer ,  collec t  data ,  star t  counting ,  an d selec t 
dat a channels .  A s a  consequence ,  i n on e observatio n th e ST s 
forgo t  t o ru n th e printe r  durin g th e phas e check ,  an d th e 
procedur e ha d t o b e repeated .  Second ,  althoug h non e o f  th e 
cue d sub-goal s wer e missed ,  a s th e procedur e i s ver y routin e 
i n natur e w e woul d expec t  tha t  th e ST s woul d b e awar e o f  a 
misse d a  cu e afte r  receivin g th e subsequen t  cue ,  whic h 
woul d see m sequentiall y  inappropriate .  Finally ,  i f  th e syste m 
made a n error ,  suc h a s failin g t o giv e a  cue ,  w e woul d 
expec t  tha t  th e ST s woul d b e awar e o f  thi s fo r  th e sam e 
reason s h e woul d b e awar e o f  missin g a  cu e (i n fac t  on e o f 
th e function s o f  th e ST s i s t o detec t  problem s wit h th e 
system) . 

T o mode l  thi s w e assume d tha t  th e ST s hav e knowledg e 
of  th e sequenc e o f  sub-goal s fo r  th e attitud e maneuver . 
W h en a n externa l  interfac e representatio n cause s a  sub-goa l 
t o b e pushe d ont o th e stack ,  i t  i s  verifie d agains t  thi s 
knowledg e structure .  W h e n a  sub-goa l  cue d b y th e interfac e 

112 7 



i s  i n conflic t  wit h th e ST' s knowledg e o f  wha t  shoul d b e 

occurrin g i t  signal s tha t  a  proble m ha s occurred .  A t  thi s 

poin t  th e ST s woul d engag e i n proble m solvin g behavior s 
(simila r  t o Gray ,  Kirschenbau m an d Ehret ,  1997 ,  thi s 
proces s coul d b e modele d usin g a  proble m solvin g 

architecture ,  suc h a s A C T - R o r  S O A R ) .  Assumin g n o 

proble m i s detected ,  afte r  th e curren t  sub-goa l  i s  verifie d th e 
nex t  sub-goa l  ca n b e retrieve d whil e wor k o n th e curren t 
goa l  i s  goin g o n i n parallel . 

Levels of Analysis 

As note d i n th e introduction ,  th e uni t  o f  analysi s fo r  a 
G O MS mode l  ca n vary .  Fo r  example ,  th e seve n task s 
comprisin g a n attitud e maneuve r  coul d easil y b e describe d 
withou t  distinguishin g betwee n th e compute r  system s an d 
th e STs .  F ro m a  G O MS perspective ,  distribute d cognitiv e 
systems ,  suc h a s th e satellit e operation s room ,  ca n b e 
considere d t o posses s exper t  knowledg e i n th e sam e wa y 
tha t  individua l  human s do .  However ,  sinc e w e wer e 
intereste d i n th e H C I  characteristic s o f  th e task ,  w e 
differentiate d betwee n th e ST s an d th e compute r  systems , 
and foun d tha t  th e tas k knowledg e i s distribute d acros s th e 
STs an d th e compute r  systems ,  wit h som e leve l  o f 
redundancy . 

Anothe r  issu e i s th e leve l  o f  analysi s wit h regar d t o th e 
STs.  I n actualit y th e maneuve r  i s performe d i n a  roo m 
containin g a  superviso r  an d tw o operators ,  on e t o execut e 
c o m m a n ds an d th e othe r  t o verif y commands .  Th e 
supervisor ,  i n additio n t o supervising ,  als o function s t o 
communicat e wit h othe r  department s involve d wit h variou s 
decision s pertainin g t o th e maneuver .  I n term s o f  S T 
knowledge ,  ou r  observation s showe d that ,  i n additio n t o 
syste m cue s an d th e knowledg e store d i n eac h ST' s lon g 
ter m memory ,  knowledg e wa s als o draw n fro m interaction s 
wit h jo b manuals ,  checklists ,  an d th e othe r  STs . 

Essentially ,  ou r  mode l  treat s th e STs ,  includin g thei r  jo b 
manual s an d checklists ,  a s a  singl e unit .  Th e behavio r  o f 
individua l  ST s i s neve r  referre d to .  Treate d i n thi s way ,  th e 
STs functio n a s a  distribute d cognitiv e sub-syste m withi n th e 
greate r  distribute d syste m o f  th e operation s room .  W h a t  thi s 
leve l  o f  analysi s leave s ou t  i s h o w th e ST s organiz e 
themselve s an d h o w the y dra w knowledg e fro m source s 
othe r  tha n th e interfac e system .  Fo r  example ,  ou r  mode l 
assume s tha t  th e ST s ca n retriev e th e nex t  sub-goa l  whil e 
wor k o n th e curren t  sub-goa l  i s  goin g o n i n parallel .  Thi s 
coul d involv e a n individua l  S T retrievin g th e nex t  sub-goa l 
fro m memor y whil e workin g o n th e curren t  sub-goa l  i n 
parallel ,  o r  requestin g anothe r  S T t o loo k u p th e nex t  sub -
goa l  o n a  chec k lis t  whil e h e o r  sh e attend s t o th e curren t 
sub-goal .  O n e o f  th e nex t  goal s i n thi s projec t  i s  t o mode l 
th e flo w o f  informatio n betwee n th e individua l  STs ,  thei r 
manuals ,  checklists ,  an d th e compute r  interfac e system . 

Therefore ,  t o summarize ,  w e ca n conceptualiz e thi s tas k a t 
thre e differen t  level s o f  analysis : 

1) The room itself as a distributed cognitive system. This 
leve l  focuse s o n a  functiona l  descriptio n o f  th e task . 

2 )  Th e computer s a s on e distribute d syste m an d th e ST s 

(includin g thei r  non-computerize d referenc e material ) 

as anothe r  distribute d system .  Thi s leve l  emphasize s th e 
interactio n betwee n th e ST s an d th e computers . 

3)  Th e ST s a s individua l  system s interactin g wit h thei r 
manuals ,  checklists ,  an d th e compute r  interfac e system . 
Thi s leve l  highlight s th e flo w o f  informatio n aroun d th e 
room . 

Social Actions 

The socia l  interaction s wer e highl y constraine d b y th e 
demands o f  th e task ,  a s wel l  a s organizationa l  policie s a s t o 
h o w th e ST s shoul d interac t  durin g thi s task .  I n addition ,  th e 
STs frequentl y perfor m thi s maneuver ,  a s wel l  a s othe r 
maneuver s whic h ar e highl y simila r  i n term s o f  wha t  i s 
require d fro m th e STs .  Thu s th e individua l  behavior s o f  th e 
STs toward s eac h othe r  ar e ver y routin e i n nature ,  an d a s 
suc h ca n b e capture d usin g G O MS a t  fairl y  detaile d level . 

However ,  socia l  interaction s nee d no t  alway s b e modele d 
at  th e leve l  o f  individua l  behaviors .  Fo r  example ,  th e ST s 
ca n decid e w h o wil l  "execute "  an d w h o wil l  "verify "  eac h 
tim e th e tas k i s performed .  Currentl y w e ar e modelin g thi s 
decisio n proces s a s a n operato r  attache d t o th e distribute d 
cognitiv e syste m comprise d o f  al l  thre e STs .  Tha t  is ,  fo r  ou r 
purpose s w e ar e no t  intereste d i n th e interaction s involve d i n 
thi s decision ,  jus t  th e fac t  tha t  i t  i s  mad e b y th e STs . 

Socia l  interaction s betwee n group s ar e als o involve d i n 

thi s process .  Specifically ,  th e satellit e operation s departmen t 
must  interac t  wit h th e contro l  roo m (wher e instruction s a s t o 
what  typ e o f  maneuve r  t o perfor m com e from )  an d th e 
orbita l  engineer s (wh o calculat e th e parameter s o f  th e 
maneuver) .  Thes e othe r  department s ar e represente d a t  th e 
leve l  o f  th e departmen t  (i.e .  a s distribute d cognitiv e entitie s 
withou t  referenc e t o th e huma n an d compute r  agent s tha t 
make the m up) ,  an d ar e modele d onl y i n term s o f  thei r 
relevanc e t o th e satellit e room . 

Conclusions 

Th e thesi s o f  thi s pape r  i s tha t  G O MS ca n b e use d t o 
model  large ,  interactiv e system s suc h a s organization s o r 
institutions ,  b y treatin g the m a s distribute d cognitiv e 
systems .  Th e exampl e firo m ou r  ongoin g researc h o n satellit e 
operation s i s highl y specific ,  bu t  thi s i s th e poin t  o f  G O MS 
modelin g -  t o uncove r  a  knowledg e leve l  descriptio n o f  h o w 
a particula r  tas k i s performed .  I n contrast ,  wor k o n socia l 
interaction s an d th e behavio r  o f  organization s ha s tende d t o 
focu s o n finding  genera l  psychologica l  mechanism s (e.g . 
socia l  psychology) ,  o r  genera l  principle s o r  pattern s o f 
interaction s (e.g .  sociology ,  anthropology) .  G O M S, 
therefore ,  offer s a n alternativ e perspectiv e whic h w e believ e 
woul d complimen t  wor k i n thes e areas .  I n addition ,  b y 
considerin g th e organizationa l  contex t  i n whic h a n H C I  tas k 
occur s w e gai n a  broade r  pictur e o f  th e task .  Thi s i s 
particularl y relevan t  a s organization s ar e increasingl y 
employin g compute r  networks ,  instea d o f  isolate d PCs . 
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