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N E M O:  Modelin g Searc h Variation s i n A T L A N T I S , 

a Psychodiagnosti c Compu te r  Simulatio n 

Thomas Erni (ERNI@METHPSY.UNIZH.CH) 
Thomas E .  Rothenflu h (ROTHEN@METHPSY.UNIZH.CH) 

Departmen t  o f  Psychology ,  Fachgrupp e Methodenlehre ,  Universit y o f  Zurich ,  CH-804 4 Zurich ,  Switzerlan d 

Introductio n 

A T L A N T I S i s a  psychodiagnosti c too l  tha t  confront s sub -
ject s wit h a  computerized ,  game-lik e scenario .  It s purpos e i s 
t o stud y th e plasticit y o f  menta l  model s an d copin g behav -
ior .  Subject s ar e i n comman d o f  N A U T I L U S ,  a  smal l  simu -
late d submarine .  Th e compute r  scree n display s th e stat e o f 
contro l  unit s an d a  simplifie d nautica l  char t  wher e subject s 
can se e th e curren t  positio n o f  th e submarine .  I n addition ,  a 
vide o camer a an d a  magneti c sona r  ca n b e activate d t o sho w 
visua l  o r  magneti c image s o f  th e submarine' s environment . 

Subject s star t  th e gam e wit h a  trainin g tas k wher e the y 
hav e t o find  a n or e deposi t  i n a  particula r  are a o f  th e nauti -
cal  chart .  Th e purpos e o f  thi s trainin g i s tha t  subject s lear n 
t o operat e th e A T L A N T I S simulatio n environment .  The y 
ar e suppose d t o buil d a  menta l  mode l  o f  th e situatio n an d t o 
acquir e a  searc h strategy .  Thi s knowledg e shoul d the n serv e 
as a  basi s t o solv e th e mai n tas k whic h consist s i n finding  a n 
airplan e tha t  crashe d int o th e sea .  Subject s ge t  genera l  in -
struction s fo r  thi s tas k an d ca n retriev e additiona l  hint s fro m 
whic h the y ca n develo p a n adequat e searc h strateg y t o find 
th e airplane .  Durin g thei r  searc h the y wil l  b e provide d wit h 
informatio n tha t  test s thei r  menta l  model s an d th e flexibility 
of  thei r  chose n strategies .  Th e subjects '  behavio r  i s  logge d 
togethe r  wit h conmient s durin g th e task . 

NEMO'S Cognitive Model 

We constructe d a n executabl e cognitiv e model ,  calle d 
N E M O,  whic h i s abl e t o represen t  differen t  searc h knowl -
edge model s tha t  subject s acquir e an d us e durin g th e train -
in g phase .  Variation s i n thei r  searc h strategie s ca n b e ex -
plaine d b y modifyin g thi s representatio n an d thei r  effect s 
can b e demonstrate d wit h simulate d behavio r  u-aces .  Logge d 
behaviora l  trace s an d verba l  justificatio n o f  severa l  subject s 
forme d th e basi s o f  th e model .  Th e modelin g framewor k 
employe d wa s A C T - R 3. 0 (Anderson ,  1993 ;  Lebî re ,  1996) . 

N E M O 'S declarauv e knowledg e contain s representation s 
of  ATLANTIS ' s nautica l  chart ,  o f  object s i n th e environ -
ment ,  an d o f  th e stat e o f  th e submarin e N A U T I L U S wit h it s 
contro l  instruments ,  positio n an d depth .  N E M O ' s proce -
dura l  knowledg e represent s plan s an d action s tha t  ma y b e 
employe d t o achiev e th e mai n goa l  durin g th e trainin g 
phase :  t o find  a n or e deposi t  i n a  give n are a o f  th e chart .  Th e 
ensembl e o f  selecte d strategie s (mainl y subgoalin g produc -
tions )  an d execute d action s implemen t  a  searc h strategy . 
The top-leve l  goa l  i s  eithe r  terminate d b y reachin g th e goal -
stat e (findin g th e or e deposit )  o r  els e b y selectin g an d 
achievin g differen t  subgoals :  (a )  'fin d position '  (t o loo k fo r 
ore) ,  (b )  'move '  ( N A U T I L U S t o a  position) ,  an d (c ) 
'explore '  ( a positio n usin g magneti c sona r  an d vide o cam -
era) .  Subject s usuall y activat e thes e plan s i n a  cyclica l  man -

ner  fro m a  t o c .  Thes e subgoal s wil l  agai n b e decompose d 
int o variou s decision s an d actions .  Th e goa l  'fin d position ' 
can b e matche d b y othe r  production s which ,  fo r  example , 
decid e whethe r  i t  i s  necessar y t o div e o r  no t  (divin g con -
strain s submarin e movement s i n th e simulation )  o r  t o asser t 
th e goa l  t o mov e t o th e positio n o f  a  sona r  ech o i f  NEMO' s 
memory contain s one .  Othe r  production s decid e whethe r  t o 
tak e a  vide o picture ,  whe n an d ho w t o move ,  whethe r  a  se -
lecte d positio n i s reache d (clos e enoug h fo r  takin g images) . 

The orde r  o f  productio n firings  follo w ACT-R' s PG- C 
mechanis m an d depen d o n th e informatio n tha t  NEMO' s 
declarativ e mode l  ha s acquired/retaine d an d o n th e stat e an d 
weight s o f  it s procedura l  knowledg e (Anderson ,  1993) . 
N E MO enhance s th e basi c ACT- R modelin g tool s wit h tw o 
extensions :  (a )  a  simulatio n o f  th e A T L A N T I S environmen t 
and (b )  a  visualizatio n o f  th e environmen t  tha t  display s th e 
nautica l  char t  an d N E M O ' s move s an d sca n positions . 

Results and Discussion 

Differen t  searc h strategie s emerg e wit h th e us e o f  differen t 
path s throug h th e procedura l  memor y tre e an d wit h th e 
presenc e o r  absenc e o f  differen t  piece s o f  knowledge .  Fol -
lowin g th e behaviora l  trace s foun d i n ou r  subjects ,  w e iden -
tifie d an d modele d th e followin g strategies :  'optimal' , 
'stupid' ,  'careless '  an d 'careful '  variation s o f  N E M O. 

'Optimal '  N E M O start s it s  searc h i n th e come r  o f  th e are a 
tha t  i s neares t  t o N A U T I L U S '  initia l  position ,  dives ,  an d 
the n cover s th e are a wit h sona r  scan s withou t  leavin g an y 
gaps .  Fe w subject s star t  wit h suc h a  solufion .  However , 
almos t  al l  subject s reporte d tha t  the y woul d us e exactl y thi s 
strateg y afte r  completin g th e trainin g phase .  'Stupid ' 
N E MO doe s no t  div e (becaus e th e subjec t  doe s no t  realiz e 
tha t  or e deposit s ar e alway s a t  groun d leve l  o r  tha t  th e rang e 
of  sona r  scan s i s limited) .  'Careless '  an d "careful '  N E M O 
diffe r  i n th e placemen t  o f  thei r  sona r  scans . 

Our  mai n goa l  wit h thi s researc h i s t o establis h an d defin e 
th e principle s an d knowledg e tha t  contro l  th e searc h behav -
io r  o f  huma n subject s an d t o mak e prediction s abou t  thei r 
behavior .  Th e mode l  i s  abl e t o cove r  mos t  searc h strategie s 
shown b y subject s i n th e mai n A T L A N T I S tas k a s lon g a s 
thei r  searc h behavio r  i s  no t  disturbe d b y othe r  activities .  W e 
conclud e tha t  N E M O i s  abl e t o represen t  muc h o f  th e 
knowledg e tha t  subject s us e an d acquir e durin g th e trainin g 
phase . 
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