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Introductio n 

Decision making is complicated by a dynamically 
changing ,  event-drive n emironmen t  an d ambiguou s 
infoimatio a Anal>'zin g th e cognitiv e proces s unde r 
thes e condition s present s challenge s t o theor y an d 
methodology .  We report  suc h a n analysi s fo r  dat a 
obtaine d fro m a  stud y o f  submarin e Approac h Officer s 
(AOs)  usin g a  simulate d submarin e comba t  sjstem . 

Method and Analysis 

The subjects were six expert submarine officers. The 
IJae k the y performe d wa s locatin g a n enem y submarin e 
and decidin g ho w t o respon d t o it .  Thei r  informatio n 
gatherin g an d o w n shi p (OS )  maneuver s wer e 
mediate d b y a  compute r  operato r  (calle d OS-op) ,  jus t 
as the y ar e aboar d ship .  T w o hour s o f  dat a (tw o t o 
fou r  scenarios )  wer e collecte d fo r  eac h A O . 

Scenario s wer e transcribe d an d eac h wa s encode d 
by tw o independen t  coders .  Becaus e o f  th e natur e d 
th e proble m solvin g tas k an d th e interactio n 
mechanics ,  onl y cognitiv e operator s wer e encoded . 

Results and Discussion 

Inler-rater reliabilities on operator encodings for the 
tas k scenario s range d fio m Kapp a =  0.75 ,  Z  =  2 2 t o 
Kappa =  0.64 ,  Z  =  16.5 ,  al l  highl y significan t 
(Cohen' s Kapp a correct s fo r  chanc e matches) . 

Operato r Protoco l  Exampl e 
Informatio n 

quer y 

jtccW t 
deri\' e 

"let' s  ...se e i f  w e ca n gai n ou r 
alph a o n narrowbaivl " 
•'we'r e minu s 12. 3 S N R " 
"th e targe t  maneuN'ere d a t  som e 
poin t  there " 

Action s 
maneuverO S 
setTracke r 

tweakPara m 

enterSolutio n 

"an d let' s  com e u p t o 1 2 knot s " 
"Okay. i  s o 1  wan t  t o trac k th e 
merchant " 
"Ca n w e ge t  d o w n t o 1 5 knots . 
ther e w c go " 
" W h y don' t  yo u updat e you r 
solution " 

Of  th e eigh t  encodin g operators ,  7 5 % wer e tas k 
relevan t  (Kirschenbaum ,  Gray ,  Ehret ,  &  Miller , 
1996) .  Thes e se\e n relevant  operator s (se e Tabl e 1 
fo r  examples )  fel l  int o tw o categories ,  information -
seeking ,  m e a n = 90.8% ,  S D =  3. 8 an d action-order s 
(e.g. ,  chang e course) ,  mea n =  9.2% ,  S D =  3  8 . 

A shallo w goa l  structure ,  ne\e r  mor e tha n thre e 
deep ,  accourUe d fo r  al l  o f  th e operators .  Figur e 1 
shows level s 1  an d 2 .  Th e onl y Leve l  3  goal , 
SUPERVISE-OS-op ,  i s no t  shown . 

DETECT-SUB 

LOCATE-cshI p 

ENGAGE-SUB 

SET-TRACKER 
EVAL-TRACKER 
DETERMINE-BEARINQ 
TERMINE-BEARING RATE 
DETERMINE-RANGE 
DETERMINE-COURSE 
OETERMINE-SPEED 
GET-SOLUTION 
GET-TACTICAL-PICTURE 
GET-OS-STATUS 
POSITION-OS 

Tabl e 1 :  Operator s an d protoco l  example s 

Figur e 1 :  Leve l  1  an d leve l  2  goals . 

We beUeve that when a goal pops, it returns 
informatio n t o a  kirowledg e schem a structur e i n long -
ter m workin g n^mor y (Ericsson ,  &  Kintsch ,  1995) . 
The schem a and/o r  event s determin e th e nex t  goal . 
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