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

Thi s pape r  describe s tw o researc h project s tha t  stud y typica l  Sit -
uate d Actio n task s usin g traditiona l  cognitiv e scienc e method -
ologies .  Th e tw o task s ar e decisio n makin g i n a  comple x pro -
ductio n environmen t  an d interactio n wit h a n Automate d Telle r 
Machin e ( A T M ) .  Bot h task s requir e tha t  th e decisio n make r  an d 
th e use r  searc h fo r  knowledg e i n th e environmen t  i n orde r  t o 
execut e thei r  tasks .  Th e goa l  o f  thes e project s i s t o investigat e 
th e interactio n betwee n interna l  knowledg e an d dependenc e o n 
externa l  cue s i n thes e kind s o f  tasks .  W e hav e use d th e classica l 
expert-novic e paradig m t o stud y informatio n searc h i n th e deci -
sio n makin g tas k an d cognitiv e modelin g t o predic t  th e behavio r 
of  A T M users .  Th e result s o f  th e first  projec t  strongl y indicat e 
tha t  decisio n maker s ar e force d t o rel y o n environmenta l  cue s 
(knowledg e i n th e environment )  t o mak e decisions ,  indepen -
dentl y o f  thei r  leve l  o f  expertise .  W e als o foun d tha t  perfor -
mance an d informatio n searc h ar e radicall y differen t  betwee n 
expert s an d novices .  Ou r  explanatio n i s tha t  prio r  experienc e i n 
dynami c decisio n task s improve s performanc e b y changin g in -
formado n searc h behavio r  instea d o f  inducin g superio r  decisio n 
heuristics .  I n th e secon d stud y w e describ e a  compute r  model , 
base d o n th e Soa r  cognitiv e architecture ,  tha t  learn s par t  o f  th e 
tas k o f  usin g a n A T M machine .  Th e tas k i s performed  usin g 
onl y th e externa l  cue s availabl e fro m th e interfac e itself ,  an d 
knowledg e assume d o f  typica l  huma n user s (e.g. ,  h o w t o read , 
h o w t o pus h buttons) .  Thes e project s sugges t  tha t  task s stud -
ie d b y Situate d Actio n researc h pos e interestin g challenge s fo r 
traditiona l  symboli c theories .  Extendin g symboli c theorie s t o 
suc h task s i s a n importan t  ste p towar d bridgin g thes e theoretica l 
frameworks . 

Thi s researc h wa s sponsore d i n par t  b y th e Avionic s l̂ oratory , 
Wrigh t  Researc h an d Developmen t  Center ,  Aeronautica l  System s Divi -
sio n (AFSC) ,  U.S .  Ai r  Force ,  Wright-Patterso n AFB ,  Ohi o 45433-654 3 
unde r  Conuac t  F33615-90-C-1465 ,  ARP A Orde r  No .  759 7 an d i n par t 
by th e USPS,  Contrac t  Numbe r  104230-9I-H-3819 . 

The view s an d conclusion s containe d i n thi s documentar e thoseo f  th e 
author s an d shoul d no t  b e interprete d a s representin g th e officia l  policies , 
eithe r  expresse d o r  implied ,  o f  th e USP S o r  th e U.S .  government . 

The thre e author s contribute d equall y t o th e writin g o f  thi s pape r 
We than k Cathlee n Wharto n fo r  drawin g ou r  attentio n t o th e A T M tas k 
(Wharton ,  1991) . 

T h e mai n goa l  o f  thi s pape r  i s t o illustrat e th e rol e o f 

(internal )  knowledg e i n Situate d Actio n tasks .  O n e o f  th e 

majo r  objection s o f  Situate d Actio n researcher s i s tha t 

traditiona l  symboli c theorie s ar e incapabl e o f  explainin g 

h u m an behavio r  i n a  variet y o f  real-lif e task s i n whic h 

informatio n o r  knowledg e i s situate d i n th e environment . 

We describ e tw o researc h project s tha t  stud y task s tha t 

forc e problem s solver s t o find  an d utiliz e knowledg e i n 

th e environmen t  befor e action s ar e taken .  O u r  primar y 

assertio n i s tha t  proble m solver s i n thes e situation s us e 

thei r  interna l  knowledg e t o searc h fo r  knowledg e i n th e 

environmen t  befor e executin g th e tasks . 

T h e first  projec t  investigate s decisio n mak in g i n a 

comple x productio n environment .  W e hav e studie d h o w 

first-line  supervisor s m a n a g e m a n p o w e r  an d machin e re -

source s i n a  hig h vo lum e mai l  sortin g facility .  Thes e 

supervisor s m a k e dail y decision s o n th e assignmen t  o f 

peopl e an d machine s t o differen t  sortin g task s i n a n infor -

matio n ric h environment .  M o s t  o f  thei r  informatio n ca n 

onl y b e accesse d b y visuall y scannin g th e workfloo r  o r 

verball y interactin g wit h othe r  worker s i n th e productio n 

floor.  T h e ultimat e objectiv e o f  th e projec t  i s  t o desig n 

decisio n suppor t  tool s t o improv e machin e utilizatio n an d 

th e meetin g o f  servic e objectives .  I n thi s pape r  w e repor t 

a selecte d se t  o f  result s fro m th e first  tw o phase s o f  thi s 

project .  I n th e first  phas e w e studie d th e supervisors '  in -

formatio n searc h behavio r  o n th e workfloo r  b y followin g 

the m durin g thei r  entir e shif t  (1 0 hours )  an d recordin g 

thei r  action s an d interaction s wit h othe r  workers .  I n th e 

secon d phas e w e buil t  a  compute r  animatio n too l  tha t 

simulate s th e workfloo r  an d w e aske d th e supervisor s t o 

interac t  wit h thi s too l  b y mak in g decision s simila r  t o thos e 

i n thei r  dail y work-life . 

I n bot h phase s w e use d th e classica l  expert-novic e 

paradig m t o contras t  th e informatio n searc h behavio r  o f 

experience d supervisor s agains t  novices .  W e assume d 

that ,  independentl y o f  thei r  leve l  o f  experienc e (o r  exper -
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tise) ,  supervisor s nee d t o acces s informatio n an d knowl -

edg e from  th e environmen t  sinc e i t  i s impossibl e t o buil d 

a complet e pla n fo r  th e entir e shift .  Ou r  theor y prescribe s 

tha t  th e supervisor s us e thei r  prio r  knowledg e t o inter -

pre t  th e informatio n o n th e workfloo r  an d t o decid e i f 

mor e informatio n o r  knowledg e fro m othe r  employee s i s 

neede d befor e a  decisio n i s made .  W e di d no t  expec t  per -

formanc e difference s betwee n expert s an d novice s t o b e 

th e resul t  o f  expert s havin g mor e sophisticate d decision s 

heuristics .  W e di d expec t  tha t  mor e experience d super -

visor s hav e learne d h o w t o interpre t  environmenta l  cue s 

mor e efficientl y an d h o w t o loo k fo r  informatio n mor e 

effectively .  A  mor e sophisticate d informatio n searc h be -

havio r  shoul d resul t  i n improve d performanc e becaus e 

bette r  informatio n i s availabl e t o mak e decisions . 

Th e secon d projec t  studie s h o w t o buil d a  symboli c 

model  o f  user s learnin g t o interac t  wit h A T M s .  W e as -

sumed tha t  mos t  A T M user s neve r  develo p complet e plan s 

of  h o w t o interac t  wit h th e machine s t o accomplis h a  va -

riet y o f  tasks .  W e hypothesiz e tha t  users ,  i n general , 

rea d th e availabl e instruction s an d buil d sketch y repre -

sentation s o f  th e devic e durin g thei r  first  interaction .  I n 

subsequen t  interactions ,  user s ar e expecte d t o tak e advan -

tag e o f  thi s interna l  knowledg e t o interpre t  th e externa l 

cue s (externa l  knowledge )  provide d b y th e interface .  W e 

hav e buil t  a  mode l  o f  thes e interaction s withi n a  tradi -

tiona l  symboli c architecture .  Thi s mode l  operate s wit h 

incomplet e knowledg e o f  h o w t o perfor m tasks ,  bu t  i t 

take s advantag e o f  th e knowledg e embedde d i n th e envi -

ronment . 

Th e symboli c mode l  wa s implemente d i n Soar .  Th e 

model  first  simulate s th e use r  readin g th e instruction s 
provide d b y th e interfac e an d the n build s a  behaviora l 

representatio n from  them .  Fo r  example ,  afte r  havin g 

rea d th e instruction s fo r  insertin g th e card ,  th e mode l 

build s a n interna l  representatio n indicatin g tha t  yo u nee d 
t o inser t  you r  car d int o a  slo t  t o execut e A T M transactions . 

Thi s representatio n wil l  the n b e use d t o interac t  wit h th e 

machine .  However ,  wha t  i s ultimatel y learne d from  th e 

interactio n i s no t  a  complet e an d explici t  plan ,  bu t  rathe r  a 

recognitio n memor y o f  a  piec e o f  behavior .  Fo r  example , 
th e nex t  tim e th e sam e use r  want s t o chec k he r  accoun t 

balance ,  sh e m a y notic e tha t  ther e i s a  slo t  i n th e machine , 
us e he r  genera l  knowledg e abou t  slot s (e.g. ,  yo u inser t 

card s i n them) ,  an d the n recogniz e tha t  insertin g th e car d 

i s th e first  behavio r  require d fo r  performin g task s wit h 

thes e machines . 

Thes e tw o project s illustrat e th e basi c workin g as -

sumptio n o f  cognitiv e scienc e tha t  wha t  i s insid e th e hea d 

i s a  simpl e representatio n o f  th e relevan t  aspect s o f  a 
comple x worl d (Simon ,  1969) .  Thes e studie s sugges t 

tha t  human s buil d simpl e representation s o f  comple x an d 

routin e task s tha t  late r  allo w the m t o tak e advantag e o f 

informatio n i n th e environment .  Th e tw o studie s wer e 

conducte d withi n th e traditiona l  symboli c framework  i n 

cognitiv e scienc e while  takin g int o accoun t  th e concern s 

raise d b y Situate d Actio n researchers .  I n th e first  project , 

we use d a n ethnographi c metho d i n th e first  phas e o f  th e 

projec t  t o understan d th e dynamic s o f  th e workfloo r  en -

vironment .  Th e result* !  o f  th e first  phas e allowe d u s t o 

construc t  a n animatio n too l  tha t  incorporate s fundamen -

ta l  an d relevan t  aspect s o f  th e supervisors '  job .  Wit h 

th e hel p o f  thi s simulate d environment ,  w e exploite d th e 

classica l  expert-novic e paradig m t o explor e h o w interna l 

knowledg e i s use d t o acces s knowledg e i n a  comple x real -

lif e environment .  I n th e secon d project .  Situate d Actio n 

theor y helpe d u s t o develo p a  symboli c mode l  tha t  doe s 

not  requir e memorizatio n o f  element s o f  th e task .  Th e 

model  combine s knowledg e fro m th e environmen t  wit h 

simpl e interna l  knowledg e abou t  basi c object s (e.g. ,  slots , 

buttons ,  screens )  an d wha t  t o d o wit h them . 

Dec is io n M a k i n g S t u d y 

This section describes the first two phases of the decision 

makin g project .  Thi s projec t  ha s bee n conducte d durin g a 

thre e yea r  period .  Befor e discussin g th e specific s o f  thes e 

tw o phases ,  i t  i s usefu l  t o describ e th e productio n settin g 

and th e natur e o f  decisio n makin g tasks . 

Product io n E n v i r o n m e n t 

The production facility is a large physical plant with ap-

proximatel y 300 0 employee s i n a  spac e th e siz e o f  abou t 

si x footbal l  fields.  Th e facilit y  processe s abou t  si x mil -

lio n piece s o f  mai l  pe r  day .  Mos t  mai l  i s  processe d i n 

th e automatio n sectio n whic h consist s o f  tw o differen t 

processin g areas :  th e optica l  characte r  reade r  ( O C R )  are a 

and th e ba r  cod e sorte r  (BCS )  area .  O C R s rea d th e ad -

dres s o n envelope s an d spra y a  ba r  cod e ont o them .  Thi s 

mai l  i s  the n sen t  t o th e B C S are a wher e i t  i s  sorte d t o 
differen t  level s o f  granularit y accordin g t o it s destination . 

A piec e mai l  m a y therefor e b e processe d anywher e from 

on e t o five  time s i n th e B C S area ,  dependin g o n it s type . 
Decision s i n th e B C S are a ar e contingen t  o n th e activitie s 

of  upstrea m area s suc h a s th e O C R area . 

Our  stud y ha s focusse d mainl y o n h o w first-line  su -
pervisor s searc h fo r  informatio n an d mak e decision s i n 

th e B C S area .  Ther e ar e tw o mai n thing s tha t  supervisor s 

need t o mak e decision s about :  allocatio n o f  manpowe r  t o 

th e B C S machine s an d th e assignmen t  o f  sortin g program s 

t o eac h machine .  A t  th e tim e o f  th e study ,  ther e wer e ap-
proximatel y on e hundre d differen t  sortin g program s fo r 

th e B C S machines .  Differen t  program s ar e neede d t o 

proces s mai l  fo r  specifi c  destinations .  Supervisor s nee d 

t o continuall y asses s th e volum e o f  differen t  mai l  type s i n 
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orde r  t o assig n th e appropriat e sortin g program s t o mee t 

dispatc h times .  Thi s decisio n makin g tas k i s complicate d 

by th e fac t  tha t  ther e ar e interaction s amon g sortin g pro -

grams .  Tha t  is ,  som e program s onl y sor t  mai l  directl y fo r 

dispatc h whil e other s sor t  mai l  tha t  require s furthe r  pro -

cessin g b y othe r  programs .  Therefore ,  th e schedulin g o f 

sortin g program s depend s o n th e volum e o f  differen t  mai l 

types ,  th e availabilit y  o f  manpower ,  th e sortin g program s 

currentl y bein g run ,  th e tim e o f  day ,  an d th e dispatc h 

deadline s fo r  eac h specifi c  mai l  type . 

Th e B C S environmen t  lack s an y computerize d 

sourc e o f  information .  Al l  th e informatio n ha s t o b e 

accesse d b y eithe r  visuall y scannin g th e workfloo r  o r  b y 

directl y askin g othe r  workers .  Supervisor s ma y as k fo r 

informatio n fro m thei r  subordinate s i n th e B C S are a o r 

may us e th e telephon e t o cal l  supervisor s i n othe r  area s 

suc h a s th e O C R.  Supervisor s ma y als o wal k t o th e mai l 

stagin g area s t o se e h o w muc h mai l  i s  waitin g t o b e pro -

cessed .  Th e supervisor s nee d t o mak e thei r  decision s i n 

rea l  tim e i n a  constantl y changin g environment .  I n sum , 

th e facilit y  i s  a  typica l  Situate d Actio n researc h setting . 

P h a s e O n e 

Our first goal was to understand the technology and the 

organizationa l  settin g i n th e B C S area .  W e spen t  6  month s 

learnin g th e languag e use d b y supervisor s an d workers , 

th e sjjecifi c  natur e o f  th e decisio n tasks ,  th e conten t  o f  th e 

informatio n exchange d amon g th e actors ,  an d th e rela -

tionship s betwee n managemen t  an d workforce .  W e als o 

learne d th e technica l  detail s o f  th e overal l  operatio n an d 

h o w othe r  unit s i n th e productio n facilit y  interac t  wit h th e 

B CS area . 

Afte r  thi s initia l  familiarizatio n process ,  w e the n de -

velo p a  codin g instrumen t  fo r  collectin g detaile d dat a 

abou t  th e activitie s an d interaction s o f  th e B C S super -

visors .  Ou r  goa l  wa s t o hav e a  detaile d recor d o f  ho w 

supervisor s spen d thei r  time ,  h o w the y searc h fo r  infor -

mation ,  th e conten t  o f  thi s information ,  an d th e natur e 

and conten t  o f  thei r  interactions .  W e teste d th e reliabilit y 

of  th e instrumen t  b y calculatin g inter-observe r  reliabilit y 

(se e Lerch ,  Fenner ,  Snyder ,  an d G o o d m a n (1992b )  fo r 

mor e details) .  I n genera l  w e obtaine d a  satisfactor y leve l 

of  reliabilit y  (Kapp a value s betwee n .6 9 an d .7 7 fo r  th e 

majo r  categories) .  Th e codin g schem e differentiate s be -

twee n informatio n searc h activitie s (e.g. ,  askin g worker s 

fo r  information ,  lookin g fo r  mai l  i n th e stagin g areas ) 

and decisio n activitie s (e.g. ,  assignin g mai l  t o machines , 

manpower  selectio n an d assignment) . 

We collecte d approximatel y 6 0 hour s o f  shadowin g 

dat a b y followin g si x supervisor s wit h differen t  level s o f 

expertis e fo r  thei r  entir e shif t  (1 0 hours) .  W e collecte d 

and code d 557 0 interaction s an d activitie s fo r  a n averag e 

of  1.7 8 activitie s pe r  minute .  W e use d thes e dat a t o tes t  a 

set  o f  eigh t  informatio n searc h hypothese s tha t  compar e 

informatio n searc h behavio r  betwee n expert s an d novice s 

(Se e Lerch ,  Fenner ,  Snyde r  an d Goodman ,  (1992a)) .  I n 

genera l  th e result s indicat e substantia l  difference s i n in -

formatio n searc h behavio r  betwee n expert s an d novices . 

We presen t  belo w selecte d example s o f  thes e result s t o 

illustrat e thes e differences . 

Results .  Experience d an d novic e supervisor s spen t  ap -

proximatel y th e sam e proportio n o f  thei r  tim e searchin g 

fo r  informatio n (71.7 % vs .  71.9%) ,  bu t  experience d su -

pervisor s see m t o b e mor e efficient .  Fo r  example ,  experi -

ence d supervisor s spen t  7 7 % o f  thei r  informatio n searc h 

activitie s interactin g wit h worker s o r  othe r  supervisor s 

and onl y 2 3 % o f  thei r  tim e direcd y observin g th e work -

floor.  O n th e othe r  hand ,  les s experience d supervisor s 

spen t  6 6 % o f  thei r  informatio n searc h tim e i n interaction s 

and 3 4 % i n direc t  observation .  A n analysi s o f  th e conten t 

of  th e interaction s indicate s tha t  informatio n abou t  th e 

environmen t  i s easie r  t o obtai n b y askin g other s tha n b y 

direc t  observation . 

Experience d supervisor s ar e als o mor e effectiv e i n 

searchin g fo r  prognosti c information .  Fo r  example ,  ex -

perience d supervisor s searc h fo r  informatio n abou t  up -

strea m operation s (e.g. ,  O C R area )  mor e tha n novice s 

when interactin g wit h othe r  supervisor s ( 2 6 % vs .  13%) . 

Upstrea m informatio n i s ke y fo r  predictin g futur e mai l 

flows  an d fo r  improvin g manpowe r  plannin g an d schedul -

ing .  Th e searc h fo r  upstrea m informatio n ha s t o b e initi -

ate d b y th e B C S supervisor s sinc e the y nee d t o cal l  othe r 

area s usin g th e telephone .  Th e dat a suggest s tha t  experi -

ence d supervisor s ar e mor e likel y t o searc h fo r  upstrea m 

informatio n becaus e mor e situation s see m t o trigge r  th e 

requiremen t  o f  searchin g fo r  informatio n outsid e thei r 

immediat e locu s o f  control .  Fo r  example ,  experience d 

B CS supervisor s ma y b e abl e t o notic e subtl e change s 

i n mai l  flows  whic h ma y lea d the m t o reques t  upstrea m 

information . 

I n summary ,  expert s activel y searc h fo r  mor e up -

strea m informatio n (e.g. ,  O C R area )  tha n novices .  The y 

als o rel y les s o n informatio n directl y accessibl e fro m th e 

environment .  Wherea s novice s ten d t o d o mor e direc t 

observatio n whic h give s the m ra w dat a abou t  th e envi -

ronment ,  expert s ar e mor e likel y t o as k othe r  peopl e fo r 

processe d information . 

Discussion .  A  situate d explanatio n o f  thes e result s 

migh t  b e tha t  familiarit y wit h th e environmen t  account s 

fo r  th e difference s i n informatio n searc h behavio r  be -

twee n expert s an d novices .  Tha t  is ,  difference s betwee n 

expert s an d novice s ma y hav e littl e t o d o wit h knowledg e 
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insid e thei r  heads ,  bu t  migh t  instea d b e du e t o socia l  an d 

perceptua l  advantage s gaine d b y longe r  exposur e t o th e 

environment .  A s a  consequenc e o f  havin g bee n ther e 

longer ,  expert s ma y simpl y hav e mor e friend s an d b e fa -

milia r  wit h mor e type s o f  situation s allowin g the m t o ge t 

mor e affordance s fro m thei r  environments .  Experts ,  b y 

virtu e o f  bein g mor e familia r  wit h thei r  environments ,  ar e 

abl e t o abstrac t  bette r  information .  Increasin g acquain -

tanc e wit h one' s surrounding s allow s on e t o mak e bette r 

use o f  externa l  cues .  Anothe r  potentia l  situate d interpre -

tatio n o f  th e result s woul d b e tha t  th e difference s w e foun d 

betwee n novice s an d expert s wer e du e t o thei r  respectiv e 

socia l  role s an d no t  t o thei r  experience .  B y observin g 

the m o n th e workfloor ,  w e coul d no t  distinguis h betwee n 

th e rol e o f  seniorit y an d tha t  o f  knowledge .  Unfortu -

nately ,  th e result s fro m Phas e O n e d o no t  allo w evaluatio n 

of  thes e tw o situate d hypothese s agains t  mor e symboli c 

alternative s (e.g.,tha t  informatio n searc h difference s ar e 

du e t o difference s i n interna l  knowledg e betwee n expert s 

and novices) . 

Althoug h th e methodolog y use d i n Phas e O n e wa s 

ver y usefu l  fo r  understandin g th e natur e o f  informatio n 

searc h behavior ,  i t  i s importan t  t o not e tha t  i t  als o ha d sig -

nifican t  disadvantages .  Sinc e w e di d no t  observ e al l  th e 

supervisor s o n th e sam e day ,  i t  i s  possibl e tha t  th e day s 

on whic h the y wer e observe d wer e differen t  i n impor -

tan t  ways .  Difference s betwee n expert s an d novice s ma y 

therefor e b e du e t o difference s i n th e task s the y faced . 

As traditiona l  cognitiv e scientists ,  w e wante d t o con -

tro l  th e tas k face d b y th e supervisor s (e.g. ,  characteristic s 

of  mai l  volum e an d mai l  flows  fo r  differen t  days )  an d 

t o remov e the m fro m thei r  socia l  role s i n orde r  t o min -

imiz e th e advantag e expert s ma y hav e becaus e o f  thei r 

mor e elaborat e socia l  networks .  I n orde r  t o addres s thes e 
tw o concerns ,  w e proceede d t o conduc t  mor e controlle d 

experimentatio n i n Phas e T w o . 

Phase Two 

In Phase Two, supervisors were asked to interact with 

an animate d compute r  mode l  o f  th e B C S area .  W e too k 

considerabl e car e t o faithfull y reproduc e typica l  situa -

tions .  Fo r  example ,  th e mai l  volume s simulate d i n th e 

animatio n too l  wer e base d o n thos e fro m a  rea l  day .  W e 

als o conducte d a  se t  o f  pilo t  studie s t o evaluat e th e visua l 

layou t  an d interactiona l  aspect s o f  th e simulation .  W e 

modifie d th e too l  a s necessar y t o facilitat e informatio n 

searc h an d interaction . 

Supervisor s searche d fo r  informatio n o n th e ani -
matio n too l  b y switchin g betwee n differen t  informatio n 

screens .  Supervisor s coul d onl y loo k a t  on e scree n a t  a 

time .  Th e animatio n too l  ra n o n tw o differen t  compute r 

monitors :  on e monito r  wa s dedicate d t o informatio n pre -

sentatio n (wit h seve n availabl e screens )  an d th e othe r  wa s 

dedicate d t o inpu t  command s t o assig n sortin g program s 

t o machines .  Supervisor s wer e allowe d t o freez e simu -

late d tim e t o assig n mai l  t o machine s o r  t o brows e fo r 

information .  The y wer e als o allowe d t o brows e fo r  infor -

matio n whil e th e simulatio n wa s running . 

The animatio n too l  simulate s th e mai l  flows  an d sort -

in g activit y durin g th e nigh t  shif t  (fro m 1 0 p m t o 6  a m ) , 

whic h i s referre d t o a s Tou r  1 .  Supervisor s wer e groupe d 

int o thre e categorie s accordin g t o thei r  experience .  Ther e 

wer e tw o group s o f  experts :  Tou r  1  expert s wer e peo -

pl e w h o ha d bee n supervisor s o n th e night-shif t  fo r  thre e 

year s o r  more .  Thes e subject s wer e therefor e domai n 

expert s o n th e nigh t  shif t  task .  Th e othe r  grou p o f  experi -

ence d supervisors .  Tou r  3  experts ,  worke d a n earlie r  shift . 

The y ha d thre e o r  mor e year s o f  wor k experienc e o n th e 

day-shift ,  bu t  n o experienc e o n th e nigh t  shift .  Th e thir d 

grou p wa s Tou r  1  novice s w h o worke d th e nigh t  shif t  an d 

had bee n supervisor s fo r  les s tha n 6  months .  Ther e wer e 

thre e supervisor s i n eac h group . 

Each superviso r  wa s ru n individually .  Th e entir e 

session s wa s videotape d an d verba l  protocol s wer e col -

lected .  Th e animatio n too l  recorde d an d time-stampe d 

al l  keystrokes .  Thi s allow s u s t o measur e h o w supervi -

sor s allocate d thei r  tim e searchin g fo r  informatio n i n th e 

differen t  screens . 

Results .  Th e result s ar e divide d int o tw o separat e anal -

yses :  1 )  compariso n o f  Tou r  1  expert s an d Tou r  3  experts , 

and 2 )  compariso n o f  Tou r  1  expert s an d Tou r  1  novices . 

Tour  I  expert s vs .  Tou r  3  experts .  Performanc e 

was measure d b y th e numbe r  o f  piece s o f  mai l  tha t  wer e 

processe d an d sen t  ou t  befor e thei r  appropriat e dispatc h 

times .  Sinc e al l  supervisor s face d th e sam e situation ,  i t  i s 

easie r  t o repor t  performanc e a s th e numbe r  o f  piece s o f 

mai l  tha t  faile d t o mee t  thei r  dispatc h times .  Ther e wer e 

no significan t  difference s i n th e performanc e o f  Tou r  1 
expert s an d Tou r  3  experts .  O n averag e Tou r  1  expert s 

misse d 53,00 0 piece s o f  mai l  whil e Tou r  3  expert s misse d 

57,000 . 

Sinc e w e hypothesize d tha t  Tou r  1  expert s hav e bet -

te r  knowledg e fo r  runnin g mai l  i n Tou r  1  whe n compare d 

t o Tou r  3  experts ,  w e analyze d thei r  informatio n searc h 

behavio r  t o explai n wh y performanc e difference s wer e 

not  found .  Tou r  3  expert s overcam e thei r  lac k o f  tour -

specifi c  knowledg e b y spendin g mor e tim e i n informatio n 

search .  O n averag e Tou r  3  expert s spen t  2 5 minute s mor e 

i n informatio n searc h tha n Tou r  1  expert s (th e averag e 

tota l  tim e t o perfor m th e whol e tas k wa s approximatel y 
on e hou r  an d a  half) .  Tou r  3  expert s ha d a  large r  numbe r 

of  switche s amon g screen s (Tou r  3 :  23 6 screen s vs .  Tou r 

1:  18 0 screens) ,  bu t  th e tim e spen t  i n eac h scree n wa s 

roughl y th e sam e (Tou r  3 :  28. 1 se c vs .  Tou r  1 :  28. 4 sec.) . 
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Tabl e 1 :  Percentageo f  tim e allocate d b y expert s t o cit y 

scree n a t  tw o hou r  tim e intervals . 

10:0 0 p m 

-12:0 0 a m 

12:0 0 a m 

-2:0 0 a m 

2:0 0 a m 

-4:0 0 a m 

Tour  1  exper t 

4.9 % 

1.9 % 

214 % 

Tour  3  exper t 

6.2 % 

7.1 % 

11.1 % 

Tabl e 2 :  Percentag e o f  tim e allocate d b y Tou r  1  super -

visor s t o cit y scree n a t  tw o hou r  tim e intervals . 

10:0 0 p m 

-12:0 0 a m 

12:0 0 a m 

-2:0 0 a m 

2:0 0 a m 

^:00a m 

Tour  1  exper t 

4.9 % 

1.9 % 

21.4 % 

Tour  1  novic e 

4.8 % 

1.9 % 

16.0 % 

Thi s suggest s tha t  bot h group s o f  expert s ar e equall y 

efficien t  i n extractin g informatio n fro m th e screen s (i.e. , 

same tim e pe r  screen) .  However ,  Tou r  3  expert s perfor m 

a mor e exhaustiv e an d systemati c informatio n searc h be -

caus e the y lac k knowledg e abou t  whe n t o loo k fo r  th e 

appropriat e information .  Thi s hypothesi s i s supporte d 

by lookin g a t  th e allocatio n o f  informatio n searc h amon g 

screen s durin g th e cours e o f  th e simulation .  Fo r  exam -

ple ,  Tabl e 1  show s th e percentag e o f  tim e allocate d t o a 

specifi c  scree n (th e "cit y mail "  screen )  a t  thre e differen t 

two-hou r  intervals .  Th e dat a show s tha t  Tou r  1  expert s 

allocat e a  ver y smal l  percentag e o f  tim e t o th e cit y scree n 

betwee n 1 0 p m an d 2  am .  Thi s i s becaus e mos t  o f  th e 

actio n fo r  cit y mai l  occur s afte r  2  a m whe n Tou r  1  expert s 

begi n t o allocat e a  greate r  percentag e o f  thei r  informatio n 

searc h t o it .  O n th e othe r  hand ,  Tou r  3  expert s allocat e 

almos t  twic e th e percentag e allocate d b y Tou r  1  expert s 

betwee n 1 0 p m an d 2  am .  I n general ,  cit y mai l  informa -

tio n i s mostl y irrelevan t  fo r  decisio n makin g befor e 2  am . 

Furthermore ,  Tou r  3  expert s allocat e almos t  hal f  o f  th e 

percentag e o f  Tou r  1  expert s t o th e cit y scree n durin g th e 

critica l  interva l  betwee n 2  a m an d 4  am . 

Tour  1  expert s vs .  Tou r  I  novices .  I n contras t  t o 

th e simila r  performanc e fo r  th e tw o group s o f  experts ,  w e 

foun d significan t  performanc e difference s betwee n ex -

pert s an d novice s fro m Tou r  1 .  Whil e expert s misse d onl y 

53,0(X )  piece s o f  mail ,  novice s misse d o n averag e almos t 

thre e time s a s m u c h (153,(X)Opiece s o f  mail) .  Bot h group s 

spen t  roughl y th e sam e lengt h o f  tim e browsing ,  bu t 

novice s ha d substantiall y  fewe r  switche s amon g screen s 

(Experts :  18 0 screen s vs .  Novices :  13 0 screens) .  There -

fore ,  novice s spen t  significantl y mor e tim e pe r  scree n (Ex -

perts :  28. 4 sec .  vs .  Novices :  40. 3 sec.) .  Thi s suggest s 

tha t  novice s ar e les s efficien t  i n extractin g informatio n 

fro m a  singl e screen .  O n th e othe r  hand ,  Tou r  1  novice s 

follo w a  simila r  tim e allocatio n patter n amon g screen s 

throug h th e cours e o f  th e simulation .  Fo r  example ,  Ta -

bl e 2  show s th e percentage s o f  tim e allocate d t o th e cit y 

scree n fo r  expert s an d novices .  Th e dat a show s tha t  bot h 

group s hav e simila r  percentage s a t  eac h o f  th e thre e tim e 

intervals .  Thi s indicate s tha t  althoug h novice s searc h fo r 

informatio n les s efficiently ,  the y hav e th e necessar y tour -

specifi c  knowledg e t o mimi c th e globa l  allocatio n patter n 

of  Tou r  1  experts . 

Discussion .  Th e compariso n amon g th e thre e group s o f 

supervisor s allow s u s t o evaluat e ou r  propose d Situate d 

Actio n interpretation s o f  th e result s o f  Phas e One .  Sinc e 

Tour  3  expert s (i.e .  supervisor s wit h onl y day-shif t  expe -

rience )  d o no t  hav e th e sam e degre e o f  familiarit y wit h 

th e sjjecifi c  tas k characteristic s a s d o Tou r  1  experts ,  thei r 

performanc e shoul d b e worse .  Th e finding  tha t  ther e i s 

no performanc e differenc e betwee n th e tw o group s o f  ex -

pert s ma y b e construe d a s indicatin g tha t  Tou r  3  expert s 

compensat e fo r  thei r  familiarit y deficienc y b y searchin g 

fo r  mor e information .  Bu t  thi s explanatio n i s no t  sup -

porte d b y th e fac t  tha t  novice s fai l  t o compensat e fo r  thei r 

o wn familiarit y deficienc y i n th e sam e manner .  A n al -

ternativ e explanatio n i s tha t  Tou r  3  expert s hav e enoug h 

interna l  knowledg e abou t  th e genera l  natur e o f  th e tas k 

so tha t  the y ar e abl e t o utiliz e externa l  informatio n whe n 

available ,  eve n thoug h the y lac k th e specifi c  knowledg e 

t o searc h fo r  informatio n i n th e sam e directedwa y a s Tou r 

1 experts . 

The secon d situate d explanatio n propose d i n Phas e 

O ne wa s tha t  expert s ha d mor e sophisticate d socia l  net -
work s tha t  allo w the m t o searc h fo r  informatio n mor e 

efficientl y an d effectively .  Thi s interpretatio n i s contra -

dicte d b y th e result s i n Phas e Two .  Tou r  1  expert s ca n 

not  tak e advantag e o f  thei r  socia l  networ k whe n usin g 

th e animatio n tool .  Nevertheles s the y sho w mor e effi -

cien t  informatio n searc h tha n Tou r  I  novice s (e.g. ,  tim e 

per  screen )  an d mor e effectiv e informatio n searc h tha n 

Tour  3  expert s (e.g. ,  tota l  browsin g time ,  th e allocatio n 

of  informatio n searc h amon g screen s a t  differen t  tim e in -



tervals) .  Again ,  thes e result s hin t  tha t  Tou r  1  expert s 

posses s mor e differentiate d interna l  symboli c structure s 

tha t  guid e the m i n thei r  informatio n searc h behavior . 

Th e empirica l  result s fro m th e tw o phase s sho w tha t 

decisio n makin g i n dynami c environment s consist s o f  tw o 

separat e processes :  First ,  decisio n maker s searc h an d 

acces s informatio n fro m th e environment ,  an d second , 

the y proces s thi s informatio n t o mak e decisions .  Situate d 

Actio n researc h suggest s tha t  dynami c decisio n makin g 

environment s provid e sufficien t  informatio n fo r  th e sec -

on d proces s t o b e complete d withou t  significan t  proble m 

solvin g o r  deliberation .  Thei r  argumen t  i s tha t  onc e th e 

first  proces s i s accomplished ,  th e secon d follow s easil y 

i n task s wher e th e environmen t  provide s sufficien t  cues . 

I n genera l  w e agre e wit h thi s characterizatio n o f  decisio n 

makin g i n dynami c environment s bu t  conten d tha t  inter -

nal  knowledg e play s a  ke y rol e i n determinin g th e valu e o f 

th e informatio n accesse d durin g th e first  process .  I n othe r 

words ,  exper t  decisio n maker s i n thes e environment s ar e 

bette r  a t  finding  th e appropriat e informatio n a t  th e righ t 

time ,  an d the y ca n find  i t  faste r  tha n novices . 

In order to make recommendations on how to design 

computer-base d decision-suppor t  tools ,  w e hav e carrie d 

out  a  detaile d stud y o f  th e dail y activitie s o f  first-line 

automatio n supervisors .  W e ar e i n th e proces s o f  devel -

opin g a  prescriptiv e methodolog y intende d t o improv e 

bad feature s o f  th e curren t  environmen t  whil e maintain -

in g positiv e affordance s alread y present .  Ou r  researc h 

has focuse d o n understandin g th e huma n processe s un -

derlyin g informatio n searc h i n dynami c decisio n makin g 
task s i n orde r  t o achiev e thi s goal . 

A n alternativ e approac h t o studyin g thi s tas k woul d 

hav e bee n t o buil d a  compute r  mode l  o f  a  supervisor .  Un -

lik e ches s o r  physic s problems ,  however ,  th e tas k facin g 

supervisor s i s no t  well-defined .  Moreover ,  a t  th e star t  o f 

th e projec t  ou r  understandin g o f  th e tas k wa s no t  suffi -

cien t  t o allo w u s t o confidentl y accoun t  fo r  a  significan t 

proportio n o f  th e variable s affectin g supervisors '  infor -

matio n searc h behavio r  o r  performance .  Sinc e th e task s 

and th e rol e o f  th e perso n i n thes e environment s ar e usu -
all y to o complex ,  buildin g model s o f  huma n cognitiv e 

processe s i s likel y t o fai l  i n providin g significan t  insights . 

A mor e modes t  strateg y fo r  cognitiv e modelin g i s t o selec t 

a simple r  situate d actio n tas k suc h a s th e interactio n wit h 

single-functio n device s suc h photocopier s an d A T M s .  I n 

th e nex t  section ,  w e describ e a  cognitiv e mode l  i n Soar ,  a 

classi c symboli c architecture ,  tha t  simulate s user s learn -

in g an d performin g interaction s wit h a  simplifie d A T M 
interface . 

A Soa r  mode l  o f  a n A T M use r 

Ther e ar e a  variet y o f  c o m m o n human-compute r  interac -

tio n task s that ,  whil e bein g fairl y self-explanatory ,  requir e 

th e use r  t o perfor m behavior s whic h ar e initiall y  nove l  t o 

them .  Usin g a  bankin g machin e ( A T M ) ,  a  photocopier ,  a 

fa x machine ,  an d s o on ,  al l  requir e th e use r  t o navigat e 

throug h a  serie s o f  response s an d decision s whic h ar e no t 

typicall y anticipate d b y th e user .  Th e first  tim e a  perso n 

use s a  particula r  A T M ,  fo r  example ,  the y ar e likel y t o 

closel y rea d an d follo w th e give n instructions .  Throug h 

repeate d us e though ,  th e perso n wil l  usuall y lear n t o per -

for m a t  leas t  som e part s o f  th e tas k withou t  referrin g t o th e 

instructions .  Nevertheless ,  i t  i s  unlikel y tha t  A T M user s 

ca n recal l  th e instruction s o r  th e specifi c  physica l  charac -

teristic s o f  th e interfac e (se e (Payne ,  1991 )  o n Macintos h 

user s recal l  o f  interfac e characteristics) . 

The Soar model we describe proposes that learning i n 

thes e task s i s interactive ,  an d tha t  th e representatio n o f  th e 

tas k remain s dependen t  o n perceptua l  cue s provide d b y 

th e environment .  Ou r  mode l  learn s t o recogniz e pattern s 
i n th e environmen t  an d t o perfor m behaviora l  response s 

when presente d wit h them .  Nevertheless ,  th e learnin g 

proces s doe s no t  resul t  i n a  complet e representatio n o f 

th e interfac e no r  a n explici t  pla n fo r  h o w t o complet e th e 

task . 

Soar is a theory of the human cognitive architec-

tur e embodie d i n a n implemente d programmin g syste m 

(Laird ,  Newel l  an d Rosenbloom ,  1987 ;  Newell ,  1990) . 

Al l  behavio r  i n Soa r  occur s i n proble m spaces ,  wher e op -

erator s ar e applie d t o state s t o mak e progres s toward s a 

goal .  Th e curren t  proble m spac e contex t  i s  represente d 

i n a  shor t  ter m workin g memory .  Al l  th e knowledg e tha t 

guide s behavio r  (e.g. ,  wha t  operator s t o apply ,  h o w t o 
appl y them )  i s hel d i n a  lon g ter m recognitio n memory , 

whic h continuall y matche s agains t  th e workin g memory . 

Thi s recognitio n memor y consist s o f  a  se t  o f  condition -

actio n associations . 

When no more progress towards the goal can be 

made i n th e curren t  proble m space ,  a n impass e arises , 

signalin g a  lac k o f  immediatel y availabl e knowledg e i n 

th e recognitio n memory .  Soa r  respond s t o th e impass e b y 
generatin g a  subgoa l  t o acquir e th e missin g knowledg e 

i n othe r  proble m spaces .  Thes e proble m space s ca n ap -

pl y genera l  problem-solvin g heuristic s an d tas k specific -

knowledg e unti l  th e proble m i s solve d o r  anothe r  impass e 

occurs .  W h e n th e impass e i s resolved ,  Soar' s learnin g 

mechanis m build s ne w association s i n L T M whic h cap -

tur e th e result s o f  th e subgoal .  Th e nex t  tim e Soa r  en -

counter s a  simila r  situation ,  th e association s allo w th e 

syste m t o recogniz e immediatel y wha t  t o do . 
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Figur e 1 :  P e r f o r m i n g th e tas k wit h instruction s fo r  th e firs t  t ime . 

T h e tas k 

The ATM machine our model will use has a slot for in-

settin g a  ban k card ,  a n orang e button ,  a  gree n button , 

and a n alphanumeri c displa y fo r  instructions .  Th e tas k 

i s retrievin g a  checkin g accoun t  balance .  Th e machin e 

wil l  first  displa y th e instructio n " INSER T C A R D INT O 

SLOT' ,  an d onc e thi s ste p i s  successfull y completed , 

i t  wil l  displa y "PRES S T H E O R A N GE B U T T O N F O R 

ACCOUNT BALANCE,  GREEN BUTTON FO R DE-
POSIT ' .  Thoug h thi s tas k an d interfac e i s a n abstractio n 

of  a  rea l  situation ,  i t  stil l  permit s explorin g th e question s 

of  interest :  H o w doe s th e mode l  initiall y  perfor m th e tas k 

by followin g instructions ? W h a t  kin d o f  learnin g goe s 

on a s a  resul t  o f  instructio n taking ? H o w doe s th e mode l 

subsequentl y perfor m withou t  th e instructions ? W h a t  i s 

th e natur e o f  th e interna l  representations ? 

Behav io r  o f  th e S o a r  m o d e l 

Consider what must happen functionally for the user to 

succee d i n performin g th e initia l  ste p o f  insertin g th e 

card .  Th e use r  mus t  first  comprehen d th e natura l  languag e 

instructions ,  extractin g fro m th e sequenc e o f  word s a n 

interna l  representatio n o f  thei r  meaning .  The n th e use r 

must  operationaliz e thi s informatio n withi n th e curren t 

contex t  b y generatin g a n intentio n t o actuall y perfor m th e 

actio n o f  insertin g th e car d (Mostow ,  1981 ;  Huffma n an d 

Laird ,  1992) .  Finally ,  th e use r  mus t  successfull y execut e 

th e intende d moto r  behavior . 

Figur e 1  show s th e sequenc e o f  event s leadin g t o th e 

"insert "  action .  (Thi s i s a  simplificatio n o f  th e actua l  se t 

of  proble m space s an d operator s evoke d b y th e task ;  th e 

proces s boxe s i n th e figure  d o no t  represen t  separat e mod -

ule s t o whic h contro l  i s  passed. )  Th e initia l  writte n in -

struction s ar e comprehende d b y applyin g Soar' s existin g 

natura l  languag e capabilit y  (Lehman ,  Lewi s an d Newell , 

1991 ;  Lewis ,  1993a) .  Comprehensio n o f  instructionspro -

duce s a  temporar y declarativ e meanin g representatio n i n 

workin g memor y whic h w e wil l  cal l  a  behavio r  model . 

I n thi s case ,  i t  represent s th e actio n o f  insertin g th e card . 

Th e behavio r  mode l  i s  no t  itsel f  th e behavio r  though ; 

Soar  mus t  transfor m thi s declarativ e representatio n int o 

executabl e operator s (Lewis ,  Newel l  an d Polk ,  1989) . 

Sinc e Soa r  ha s ha d n o prio r  experienc e wit h thi s task , 

no suc h operator s ar e directl y availabl e an d a n impass e 

arises .  Soa r  the n enter s anothe r  proble m spac e wher e i t 

trie s t o interpre t  th e behavio r  mode l  an d produc e a  ne w 

operato r  directl y executabl e i n th e curren t  context .  I t 

i s thi s proces s o f  interpretivel y executin g th e behavio r 

model  tha t  result s i n th e operationalizatio n o f  th e instruc -

tions .  Th e mappin g fro m behavio r  mode l  t o actio n i s 

relativel y simpl e i n thi s case ,  thoug h i n genera l  i t  ca n 

be comple x (Huffma n an d Laird ,  1992) .  Th e executabl e 

operato r  whic h result s  i s th e intentio n t o perfor m th e rel -

evan t  moto r  action s tha t  wil l  resul t  i n th e insertio n o f  th e 

card .  A s a  resul t  o f  resolvin g thi s impasse .  Soa r  store s a n 

associatio n i n L T M o f  th e form : 

IF there is a behavior model object encoding 
"inser t  th e car d int o th e slot " 

and ther e i s a  car d an d a  slo t 
and th e goa l  i s  t o retriev e th e checkin g balanc e 

T H EN propos e th e operato r  tha t  intend s th e 
moto r  action s t o inser t  th e car d 

Figure 2 shows what happens when the same task is 

performe d agai n wit h th e instructions .  Soa r  comprehend s 

th e instruction s a s before .  Onc e th e behavio r  mode l  i s 

produced ,  th e learne d associatio n immediatel y propose s 

th e intentio n t o inser t  th e card ,  thereb y avoidin g goin g 

int o th e interpretatio n proble m space .  Thus ,  th e effec t 

tha t  learnin g ha s i s t o conver t  th e operationalizatio n o f 

th e instruction s fro m a  deliberat e proces s t o on e o f  recog -

nition . 

Th e onl y memor y o f  th e tas k tha t  Soa r  carrie s fro m 

on e A T M episod e t o th e nex t  consist s o f  th e associa -

tio n describe d abov e tha t  arise s durin g tas k performance . 

W h at  happen s i f  th e instruction s ar e absent ,  o r  ignored ? 

Th e associatio n tha t  propose s th e inser t  actio n wil l  no t  b e 
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Figur e 2 :  Performin g th e tas k agai n wit h instructions . 

evoke d sinc e it s condition s tes t  fo r  th e behavio r  mode l  tha t 

resulte d fro m comprehendin g th e instructions .  I t  woul d 

appea r  tha t  Soa r  canno t  re-execut e th e tas k withou t  ex -

plici t  instructions .  Soa r  ca n recogniz e th e correc t  actio n 

t o take ,  bu t  canno t  recal l  it .  Th e onl y wa y t o evok e th e 

associatio n i s t o assembl e th e appropriat e cue s i n workin g 

m e m o ry b y generatin g behavio r  mode l  representation s o f 

candidat e actions .  I n th e A T M task ,  th e obviou s gener -

ato r  i s th e interfac e itself ,  alon g wit h genera l  knowledg e 

abou t  slot s an d buttons . 

Figur e 3  show s th e processe s tha t  aris e whe n Soa r  at -

tempt s t o perfor m th e tas k withou t  th e instructions .  Soa r 

engage s i n a  generate-and-tes t  behavio r  whic h proceed s 

as follows .  Withou t  instructions ,  a n impass e arise s sinc e 

no comprehensio n o r  intentio n operator s ar e immediatel y 

available .  Soa r  enter s a  spac e fo r  guessin g th e appro -

priat e actio n t o take .  Thi s spac e o f  possibl e action s i s 

constraine d b y th e externa l  cue s presen t  i n th e interface . 

Thes e cue s trigge r  association s tha t  propos e Gues s oper -

ators .  Knowledg e abou t  affordance s i n th e environmen t 

i s thu s encode d i n th e proposal s fo r  thes e guesses .  Sinc e 

ther e i s a  butto n o n th e interface ,  a  gues s i s propose d an d 

applie d tha t  create s a  behavio r  mode l  objec t  representin g 

a pus h action .  Nothin g happen s a s a  resul t  o f  guessin g th e 

pus h action ,  s o anothe r  guess ,  triggere d b y th e presenc e 
of  th e slot ,  create s a n objec t  representin g a n inser t  action . 

Sinc e thi s objec t  ha s th e sam e structur e a s th e behavio r 

model  buil t  fro m th e instructio n th e firs t  tim e th e tas k wa s 

performed ,  i t  immediatel y evoke s th e associatio n t o pro -

pos e th e operato r  tha t  intend s th e inser t  behavior .  Soa r 

n o w remember s tha t  thi s wa s th e actio n i t  too k i n th e first 

episode . 

Th e proposa l  o f  th e inten d operato r  resolve s th e ini -
tia l  impasse ,  an d Soa r  build s a  ne w associatio n i n L T M : 

IF there is a card and there is a slot 
and th e goa l  i s  t o retriev e th e checkin g balanc e 

T H EN propos e th e operato r  tha t  intend s th e 
moto r  action s t o inser t  th e car d 

Since the behavior model was not part of the pre-

impass e contex t  (becaus e th e instruction s wer e absent) , 

th e resultin g associatio n doe s no t  tes t  fo r  it .  Figur e 4 
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Guess action s 

Behavio r 
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Figur e 3 :  Performin g th e tas k withou t  instructions . 
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Figur e 4 :  Performin g th e tas k agai n withou t  instruc -

tions . 

show s wha t  happen s w h e n Soa r  perform s th e tas k o n 
subsequen t  trials :  thi s associatio n wil l  b e evoke d i m m e -

diately ,  proposin g th e intentio n o f  th e inser t  action .  Ther e 

i s n o w a  direc t  mappin g fro m th e cue s i n th e environmen t 

t o th e desire d behavior . 

Theoretica l  implication s 

While extremely simple, this model has several inter-
estin g characteristics .  Th e initia l  executio n o f  th e tas k 
require s som e deliberat e interpretatio n processe s t o op -

erationaliz e th e instructions .  Thi s interpretiv e proces s 

improve s wit h learning .  Th e m e m o r y o f  th e tas k an d in -

struction s tha t  result s i s fine-grained  an d recognitional— a 
complete ,  declarativ e pla n i s neve r  store d away .  Becaus e 

th e tas k m e m o r y i s recognitional ,  retrievin g th e conten t 

of  th e instruction s i s a  reconstructiv e process .  T h e re -

constructio n i s drive n b y a  combinatio n o f  th e immediat e 
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environmen t  an d knowledg e abou t  genera l  affordances . 

Thes e atfordance s ar e no t  jus t  a  programmin g hack ; 

the y fill  a  rol e functionall y require d b y th e wa y learnin g 

work s i n Soar .  Th e mos t  simpl e imaginabl e mode l  i n Soa r 

yield s association s tha t  deman d th e kin d o f  knowledg e 

capture d b y affordances' .  Th e final  resul t  o f  learnin g i s a 

set  o f  association s tha t  tes t  specifi c  aspect s o f  th e interfac e 

and goa l  context ,  an d propos e intentio n operators .  Thi s 

result s i n reactiv e behavio r  wit h n o intermediat e declara -

tiv e representations . 

Al l  o f  thi s derive s fro m buildin g a  Soa r  mode l  wit h 

a coupl e o f  simpl e assumption s abou t  th e user :  1 )  Th e 

use r  initiall y  perform s jus t  wha t  i s functionall y require d 

t o carr y ou t  th e task ;  an d 2 )  Th e use r  ha s a  bod y o f 

genera l  knowledg e abou t  thing s lik e button s an d slot s tha t 

enabl e hi m o r  he r  t o generat e possibl e action s fo r  a  give n 

interface .  Th e natur e o f  th e learning ,  th e memor y o f  th e 

task ,  th e necessit y fo r  reconstruction ,  an d th e subsequen t 

reactivit y  al l  aris e directl y fro m independen t  assumption s 

of  th e Soa r  architecture . 

Th e mode l  ca n b e extende d i n interestin g way s t o ex -

plor e differen t  assumption s abou t  th e user .  Fo r  instance , 

th e use r  coul d adop t  a  strateg y o f  deliberat e memoriza -

tio n initially ,  whic h woul d lea d t o bot h a  recognitio n an d 

recal l  m e m o r y o f  th e conten t  o f  th e instructions .  Suc h 

preparatio n woul d eliminat e th e late r  cos t  o f  reconstruc -

tiv e recall .  However ,  th e user s mus t  mak e a  deliberat e 

decisio n t o d o this ;  i t  i s no t  functionall y require d t o per -

for m th e tas k th e first  tim e through .  I n general ,  a  mi x o f 

behavio r  i s possible ,  b y memorizin g certai n part s o f  th e 

tas k an d reconstructin g othe r  parts .  Bu t  eve n whe n th e 

strateg y involve s memorization ,  learnin g wil l  eventuall y 

resul t  i n reactiv e tas k performance . 

Th e performanc e o f  thi s mode l  ca n b e describe d a s 

learnin g t o us e instruction s t o interpre t  th e externa l  envi -

ronment .  Th e mode l  progresse s fro m usin g instruction s 

t o directl y usin g th e cue s i n th e environmen t  i n orde r  t o 

achiev e it s goal .  Shrage r  an d Callana n (1991 )  presen t 

an accoun t  o f  h o w childre n us e collaborativ e activit y a s 

a learnin g resourc e whic h is ,  i n importan t  ways ,  simi -

la r  t o th e behavio r  o f  thi s Soa r  model .  The y observe d 

child-paren t  diad s bakin g muffin s wherei n th e languag e 

of  th e interactio n facilitate s children' s developmen t  of , 

not  jus t  cookin g skills ,  bu t  als o activ e interpretatio n o f 

th e activity .  Th e chil d learn s h o w t o us e activ e languag e 

(i.e. ,  instructions )  t o interpre t  th e situation .  Simila r  t o 

our  model ,  th e proces s o f  understandin g th e instruction s 

i s onl y th e first  step .  Learnin g h o w t o becom e a n activ e 

interprete r  o f  th e environmen t  (withou t  instructions )  i s 

th e crucia l  step .  Th e Soa r  mode l  lend s suppor t  t o th e 

vie w posite d b y Shrage r  an d Callanan ,  and ,  i n addition . 

present s a  plausibl e cognitiv e mechanis m tha t  migh t  un -

derli e learnin g i n thes e kind s o f  tasks . 

Not  memorizin g thing s whe n w e d o no t  hav e t o 

i s a  ver y adaptiv e trait .  Thi s als o keep s u s i n a  "nic e 

balanc e betwee n stimulus-boun d activit y an d stimulus -

independen t  activity "  (Newel l  an d Simon ,  1972 ,  p .  805) . 

T wo clea r  prediction s o f  thi s theor y ar e tha t  peopl e wil l 

not  b e abl e t o reca !  I  al l  th e step s o f  th e tas k (Payne ,  1991) , 

and increasin g th e numbe r  o f  beneficia l  affordance s re -

duce s th e overal l  complexit y o f  learnin g th e task .  Cor -

respondingly ,  conflictin g affordance s shoul d increas e th e 

need t o memoriz e thos e part s o f  th e tas k tha t  ar e repeat -

edl y stumble d on .  Fo r  example ,  i f  ther e ar e a  numbe r 

of  slot s i n th e interface ,  eac h o f  whic h afford s inserting , 

the n explici t  memorizatio n o f  thi s aspec t  o f  th e interfac e 

coul d b e adaptive . 

S o a r  a n d Si tuate d A c t i o n 

Now that we have seen how Soar behaves in a simple 

situate d task ,  i t  i s  interestin g t o ste p bac k an d conside r 

Soar  generall y i n term s o f  th e concern s o f  situate d cogni -

tion .  T o d o this ,  w e wil l  evaluat e Soa r  alon g severa l  ke y 

dimension s propose d b y Mae s (1992) .  Thes e dimension s 

putativel y distinguis h Behavior-Base d A I  (i.e. ,  A I  base d 

on Situate d Actio n principles )  fro m Knowledge-Base d A I 

(base d o n symboli c theorie s o f  cognition) . 

Integrate d competence s vs .  singl e competence .  A s 

oppose d t o buildin g system s wit h a  singl e expertise , 

behavior-base d A I  propose s constructin g singl e system s 

wit h a  variet y o f  integrate d competences .  Soa r  share s 

thi s goal ,  whic h i s a  centra l  tene t  o f  th e genera l  researc h 

paradig m o f  buildin g integrate d intelligen t  architecture s 

(Newell ,  1990 ;  Laird ,  1991)^ .  Fo r  example .  Soa r  system s 

hav e bee n create d tha t  combin e natura l  languag e instruc -

tio n takin g wit h othe r  task s (Lewi s e t  al. ,  1989 ;  Huffma n 

and Laird ,  1992) .  (Thes e competence s ar e relativel y hig h 

leve l  compare d t o thos e o f  behavior-base d A I  whic h hav e 

typicall y bee n moto r  an d perceptual) .  Nevertheless ,  w e 

ar e stil l  fa r  fro m integratin g al l  th e individua l  Soa r  sys -

tem s int o a  singl e agent—integratio n continue s t o b e a n 

importan t  are a o f  researc h fo r  th e Soa r  community . 

Situated/ope n system s vs .  non-situated/close d sys -

tems .  Behavior-base d A I  focuse s o n constructin g sys -

tem s directl y situate d i n th e environment ,  whic h mus t 

operat e i n rea l  tim e an d b e interruptable .  Real-tim e op -

eratio n an d interruptabilit y  ar e importan t  feature s o f  Soa r 

as a n A I  architectur e (Pearson ,  Huffman ,  Willis ,  Lair d 

'  Thi s i s a  specifi c  cas e o f  th e genera l  data-chunkin g proble m i n Soa r 
(NeweU,  1990 ) 

^Behavior-base d A I  focuse s o n system s wit h independen t  compe -
tenc e modules ,  whic h appear s t o contras t  wit h Soar' s approac h o f  finding 
genera l  mechanism s tha t  cove r  a  rang e o f  domains .  Fo r  a n interestin g 
discussio n o n modularit y (Fodor ,  1983 )  an d Soar ,  se e (Newell ,  1990 ) 
and(Uwis ,  1993b) . 
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and Jones ,  1993 )  an d a s a  theor y o f  cognitio n (Newell , 

1990) .  I n fact ,  th e real-tim e constrain t  i s th e mos t  funda -

menta l  constrain t  shapin g cognitiv e theorie s withi n Soar . 

For  example ,  th e immediac y o f  interpretatio n constrain t 

of  languag e comprehension—tha t  languag e i s rapidl y an d 

incrementall y comprehende d o n a  wor d b y wor d basis — 

i s th e primar y facto r  shapin g th e Soa r  theor y o f  lan -

guag e comprehension .  Soa r  mus t  b e abl e t o recognition -

all y brin g t o bea r  multipl e knowledg e source s t o proces s 

utterance s syntactically ,  semantically ,  an d referentiall y 

(Lehma n e t  al. ,  1991 ;  Lewis ,  1993a ,  thi s volume) . 

Behavior-producin g structure s vs .  declarative/stati c 

structures .  Behavior-base d A I  focuse s o n system s wit h 

structur e tha t  i s  primaril y active ,  a s oppose d t o static , 

declarativ e representation s tha t  mus t  b e interprete d t o 

yiel d behavior .  Nearl y al l  structur e i n Soa r  consist s o f 

a massivel y parallel ,  recognitio n memor y whic h i s nei -

the r  stati c no r  declarative .  N o interprete r  examine s th e 

association s i n recognitio n memory :  the y ar e activ e pro -

cesse s evoke d wheneve r  thei r  relevan t  cue s ar e presen t 

i n workin g memory .  Onl y Soar' s workin g memor y con -

tain s wha t  m a y b e characterize d a s stati c an d declarativ e 

representations . 

Developin g system s vs .  non-developin g systems . 

Behavior-base d A I  focuse s o n system s tha t  acquir e thei r 

behavior-producin g structur e an d evolv e wit h experience , 

as oppose d t o system s i n whic h th e structur e i s simpl y 

posite d withou t  concer n fo r  h o w i t  arose .  Thi s concer n fo r 

learnin g i s als o a  criticall y centra l  issu e fo r  Soa r  a s a n A I 

syste m an d a s a  cognitiv e theory .  Soa r  continuall y learn s 

throug h th e experience-base d chunkin g mechanism .  Fo r 

ever y piec e o f  programme d structur e i n Soar ,  th e ques -

tio n naturall y  arises :  fro m wha t  se t  o f  task s an d proble m 
space s coul d thi s structur e hav e arise n b y learning ? Ev -

er y programme d associatio n i n Soa r  mus t  ultimatel y b e 

hel d accountabl e i n term s o f  h o w i t  migh t  b e learned ,  o r 

w hy i t  migh t  plausibl y b e innate . 

Anothe r  issue d raise d b y Mae s i s th e natur e o f  wha t 

i s learned :  doe s th e syste m jus t  compil e wha t  i t  alread y 

knows ,  o r  doe s i t  lear n ne w thing s fro m th e environment ? 
Acquirin g ne w knowledg e ha s bee n a n importan t  researc h 

are a i n Soa r  (Rosenbloom ,  Newel l  an d Laird ,  1991 )  sinc e 

a concer n aros e earl y o n tha t  chunkin g coul d onl y compil e 

existin g knowledge .  Ove r  th e pas t  fe w years ,  severa l  Soa r 

system s hav e bee n develope d tha t  d o lear n ne w thing s 
fro m th e externa l  environment .  Th e simpl e A T M syste m 

describe d abov e i s a  goo d example .  I t  start s ou t  wit h 

no knowledg e o f  th e initia l  ste p t o tak e i n operatin g th e 

machine ;  i t  acquire s tha t  knowledg e fro m th e externa l 

instructions . 

Soar  i s eve n bein g applie d t o difficul t  problem s i n 

uncoverin g th e mechanism s o f  cognitiv e development . 

Q-Soa r  i s a  syste m tha t  model s thre e an d four-yea r  ol d 

childre n learnin g som e aspect s o f  numbe r  conservatio n 

knowledg e (Simon ,  Klah r  an d Newell ,  1992) .  Th e mode l 

learn s b y participatin g i n ( a simulatio n of )  a n experimen -

ta l  trainin g stud y use d t o trai n an d tes t  conservation . 

Emergen t  vs .  planne d activity .  I n Behavior-base d 

AI  systems ,  activit y i s a n emergen t  propert y o f  interact -

in g module s an d th e immediat e environment .  Ther e i s n o 

pla n structur e tha t  i s deliberate d upo n an d the n executed . 

Whil e i t  i s tru e tha t  Soa r  ca n deliberat e an d pla n (thereb y 

correctl y predictin g tha t  human s ca n a s well) ,  ther e i s 

no singl e structur e i n Soa r  tha t  correspond s t o th e plan . 

Rather ,  th e knowledg e tha t  prepare s Soa r  fo r  behavio r  i s 

distribute d amon g independen t  association s i n th e recog -

nitio n memory .  Furthermore ,  ther e i s n o executio n phase . 

Rather ,  plannin g an d actin g m a y b e interleave d (Laird , 

Yager ,  Huck a an d Tuck ,  1990) .  Th e behavio r  tha t  occur s 

i n an y particula r  episod e emerge s fro m a n interactio n o f 

th e knowledg e i n th e recognitio n memor y wit h th e de -

mands o f  th e curren t  task .  Nove l  behavio r  m a y aris e i n a 

give n situatio n becaus e tha t  situatio n evoke d association s 

tha t  neve r  befor e ha d a n opportunit y t o interact .  Thi s i s  al l 

possibl e becaus e Soar' s contro l  structur e i s open :  n o sin -

gl e module ,  proble m space ,  subprocedur e o r  productio n 

may eve r  gai n complet e contro l  (Newell ,  1973) .  Thus , 

th e behavio r  doe s no t  correspon d t o th e executio n o f  a 

rigi d pla n structure .  Admittedly ,  i t  i s  possibl e t o buil d a 

Soar  syste m tha t  commit s itsel f  t o a  sequenc e o f  action s 

and i s no t  interruptibl e b y change s i n th e environment . 

But  thi s  i s no t  a n architectura l  constraint .  Understandin g 

h o w bes t  t o buil d Soa r  system s tha t  respon d flexibly  i n a 

dynami c environmen t  i s a n are a o f  activ e research . 

Situate d Actio n an d Behavior-Base d A I  rais e impor -

tan t  issue s tha t  an y theor y o f  huma n o r  artificia l  intelli -

genc e mus t  address .  Nevertheless ,  afte r  evaluatin g Soa r 

alon g thes e dimension s propose d b y Maes ,  w e believ e tha t 

Soar  i s a n exampl e o f  a  symboli c cognitiv e architectur e 

and researc h progra m tha t  share s man y o f  th e concern s o f 

th e Behavior-Base d approach . 

General Discussion 

We have presented two studies of very different situated 

task s tha t  involv e extractin g knowledg e fro m th e envi -

ronment .  Th e first  stud y examine d th e decision-makin g 

behavio r  o f  novice s an d expert s i n a  dynami c an d com -
ple x mai l  sortin g facility .  Phas e O n e o f  th e stud y fol -

lowe d supervisor s o n thei r  dail y routine s an d showe d tha t 
novice s an d expert s diffe r  i n thei r  searc h fo r  th e infor -

matio n the y us e t o mak e decisions .  Thes e difference s 

include d th e frequenc y wit h whic h novice s an d expert s 
consulte d othe r  worker s fo r  th e necessar y information . 

The animatio n too l  use d i n Phas e T w o controlle d fo r  th e 

effect s o f  familiarit y an d socia l  interaction ,  an d reveale d 

tha t  th e difference s i n th e informatio n searc h behavio r 

93 



must  b e attribute d a t  leas t  i n par t  t o difterence s i n knowl -

edge alone . 

Wit h th e Soa r  mode l  o f  th e A T M task ,  w e explore d 

i n a  simplifie d domai n th e mechanism s tha t  migh t  un -

derli e acquirin g knowledg e fro m th e externa l  world—i n 

thi s case ,  fro m instructions .  W e describe d ho w th e Soa r 

model  make s a  transitio n fro m behavio r  tha t  result s fro m 

deliberatio n abou t  th e instruction s t o behavio r  tha t  i s  di -

rectl y triggere d b y element s o f  th e interface ,  withou t  in -

termediat e declarativ e representations .  B y assumin g tha t 

subject s onl y d o wha t  i s minimall y necessar y t o perfor m 

th e tas k eac h time ,  w e discovere d tha t  th e mode l  actuall y 

predict s a  dependenc e o n cue s i n th e externa l  environmen t 

throughou t  th e learnin g process .  Suc h a  mode l  demon -

strate s th e potentia l  explanator y powe r  o f  architectura l 

theorie s i n situate d tasks . 

These studie s demonstrat e th e effectivenes s o f  de -

velopin g a  complet e approac h t o studyin g behavio r  i n 

situate d tasks .  A  common techniqu e o f  Situate d Actio n 

researc h ha s bee n t o d o ver y detaile d analyse s o f  task s 

suc h a s photocopyin g (Agr e an d Shrager ,  1990 ;  Such -

man,  1987) .  I f  th e goa l  o f  th e researc h i s t o understan d 

photocopyin g a s a n activity ,  the n th e focu s shoul d appro -

priatel y b e o n th e activit y itself .  Peopl e shoul d onl y b e 

studie d a s interactiv e component s o f  th e activity .  O n th e 

othe r  hand ,  i t  i s clea r  tha t  i n eac h o f  thes e activities ,  th e 

human participan t  doe s hav e independen t  menta l  activit y 

and tha t  thi s menta l  activit y  i s importan t  t o understand -

in g wh y human s behav e th e wa y the y do .  I f  w e wan t  t o 
understan d th e perso n engage d i n thes e activities ,  the n 

par t  o f  wha t  w e mus t  understan d i s ho w tha t  perso n ac -

quire s an d use s knowledg e i n th e activity .  Thi s require s 

understandin g ho w behavio r  i s  modulate d b y knowledg e 

(a s i n th e decisio n makin g study )  an d th e natur e o f  th e 

mechanism s use d i n th e acquisitio n an d applicatio n o f  th e 

knowledg e (a s i n th e Soa r  study) . 

Thus ,  th e challeng e no w i s t o continu e t o integrat e 

what  i s bein g learne d fro m symboli c cognitiv e scienc e 

and Situate d Actio n researc h t o furthe r  ou r  understandin g 

of  huma n cognition .  On e wa y t o creat e bridge s betwee n 

th e tw o approache s i s  t o appl y the m t o eac h other' s tradi -

tiona l  tasks .  Ou r  goal ,  a s traditiona l  cognitiv e scientists , 

i s  therefor e t o construc t  symboli c model s tha t  hel p u s 

understan d performanc e an d behavio r  i n situate d tasks . 

Some situate d actio n researcher s ma y correspondingl y 

tak e i t  a s thei r  jo b t o provid e a n accoun t  o f  ho w a  situate d 

or  behavior-base d syste m migh t  pla y ches s o r  lear n t o 

solv e Towe r  o f  Hano i  problems . 
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