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Cognitiv e System s i n th e Wil d 

I study cognitive systems in the wild.' I study fields of practice 
wher e highl y traine d practitioner s d o cognitiv e wor k (moni -
tor ,  assess ,  diagnose ,  pla n an d act )  unde r  tim e pressure ,  un -
certaint y an d stres s (Woods ,  1994) .  I n particular ,  I  stud y 
th e peopl e an d th e technolog y i n contro l  centers .  I f  w e loo k 
at  flightdecks  o f  commercia l  je t  airliners ,  o r  contro l  center s 
tha t  manag e spac e missions ,  o r  surgica l  operatin g rooms ,  o r 
contro l  room s tha t  manag e chemica l  o r  energ y processes ,  o r 
conu-o l  center s tha t  monito r  telecommunicatio n networks ,  o r 
many othe r  fields  o f  huma n activity ,  wha t  d o w e see ? 

First ,  w e d o no t  se e cognitiv e activit y isolate d i n a  singl e 
individual ,  bu t  rathe r  cognitiv e activit y goe s o n distribute d 
acros s multipl e agent s (Hutchins ,  i n press) .  Second ,  w e d o 
not  se e cognitiv e activit y separate d i n a  thoughtfu l  individ -
ual ,  bu t  rathe r  a s a  par t  o f  a  strea m o f  activit y (Klei n e t  al. , 
1992) .  Third ,  w e se e thes e set s o f  activ e agent s embedde d i n 
a hirge r  group ,  professional ,  organizational ,  institutiona l  con -
tex t  whic h constrain s thei r  activities ,  set s u p reward s an d pun -
ishments ,  define s no t  altogethe r  consisten t  goals ,  an d provide s 
resource s (Wood s e t  al. .  i n press) .  I n th e wilds ,  cooperatio n 
and coordinatio n m e ubiquitous . 

Fourth ,  w e se e phase s o f  activit y wit h evolutio n an d tran -
sitions .  Cognitiv e an d physica l  activit y ebb s an d flows,  wit h 
period s o f  lowe r  activit y an d mor e sel f  pace d task s inter -
sperse d wit h busy ,  hig h tempo ,  externall y pace d operation s 
wher e tas k performanc e i s mor e critical .  Highe r  temp o situ -
ation s creat e greate r  nee d fo r  cognitiv e wor k an d a t  th e sam e 
tim e ofte n creat e greate r  constraint s o n cognitiv e activit y (e.g. , 
tim e pressure ,  uncertainty ,  exceptiona l  circumstances ,  fail -
ure s an d thei r  dissociate d hazards) .  Fifth ,  w e se e tha t  ther e ar e 
consequence s a t  stak e fo r  th e individual s an d th e group s an d 
organization s involve d i n th e field  o f  activit y o r  affecte d b y 
tha t  field  o f  activit y -  economic ,  personal ,  safety . 

Sixth ,  eve n a  causa l  glanc e a t  thes e domain s reveal s tha t 
tool s o f  al l  type s ar e everywhere ;  almos t  al l  activit y i s aide d 
by somethin g o r  someon e beyon d th e uni t  o f  th e individua l 
cognitiv e agent .  Aide d informatio n processin g i s th e norm . 

Seventh ,  technolog y chang e i s rampan t  i n thes e settings . 
Ubiquitou s computerizatio n ha s tremendousl y advance d ou r 
abilit y  t o collect ,  transmi t  an d transfor m data .  I n al l  area s 
of  huma n endeavor ,  w e ar e bombarde d wit h compute r  pro -
cesse d data ,  esf)eciall y  whe n anomalie s occur .  Use r  interfac e 
technolog y ha s allowe d u s t o concentrat e thi s expandin g field 

'Thi s lovel y phras e i s borrowe d fro m E d Hutchins ;  se e Hutchin s 
(i n press) . 

of  dat a int o on e physica l  platfor m (typicall y a  singl e V D U ) 
by providin g th e capabilit y  t o manag e multipl e w indow s an d 
th e capabilit y  t o generat e tremendou s network s o f  compute r 
display s a s a  kin d o f  virtua l  perceptua l  field  viewabl e throug h 
th e narro w apertur e o f  th e V D U (Woods ,  i n press) .  Heuristi c 
and algorithmi c technologie s expan d th e rang e o f  subtask s 
an d cognitiv e activitie s tha t  ca n b e automated .  Thes e "intelli -
gent "  machine s creat e join t  cognitiv e system s tha t  distribut e 
cognitiv e wor k acros s multipl e agent s (Woods ,  1986 ;  Roth , 
Bennet t  an d W o o d s ,  1987 ;  Hutchins ,  1990) . 

But  despit e thes e possibilitie s an d th e claim s o f  technol -
ogists ,  w e find  tha t  man y organization s hav e experience d 
significan t  difficultie s i n turnin g A l  researc h an d othe r  ne w 
development s i n computationa l  technolog y int o system s tha t 
actuall y improv e performanc e i n th e targe t  field  o f  practic e 
(e.g. ,  space ,  flightdecks,  ai r  traffi c  control ,  nuclea r  powe r 
plan t  contro l  rooms ,  communicatio n networ k management , 
groun d satellit e contro l  stations) .  I n fact ,  w e find  tha t  ther e 
seems t o b e a n epidemi c o f  failure s labele d a s "huma n error " 
as th e complexit y o f  system s grow s (se e HoUnagel ,  1993 ; 
W o o ds e t  al. ,  i n press) . 

Our  abilit y  t o understan d artifacts ,  "thei r  us e an d effects " 
(Winograd ,  1987) ,  ha s bee n limited .  S o m e ar e los t  i n th e 
detail s an d shor t  ter m horizo n o f  particula r  fields  o f  practice . 
S o me ar e los t  i n th e technolog y itself ,  blinde d t o large r  view s 
by th e effor t  require d t o actuall y creat e ne w systems .  S o m e 
ar e los t  i n thei r  persona l  vision s o f  wha t  the y imagin e t o b e th e 
impac t  o f  technolog y o n huma n performanc e define d broadly . 
A nd som e ar e simpl y aloo f  i n th e pursui t  o f  apparentl y large r 
academi c game . 

Eighth ,  mor e i n dept h observatio n o f  th e interactio n o f 
practitioner s an d artifact s reveal s tha t  th e technolog y i s ofte n 
not  wel l  adapte d t o th e need s o f  th e practitione r  -  tha t  m u c h 
of  th e technolog y i s clums y i n tha t  i t  make s ne w demand s o n 
th e practitioner ,  demand s tha t  ten d t o congregat e a t  th e highe r 
temp o o r  highe r  criticalit y period s o f  activit y (Woods ,  1993) . 
Our  abilit y  t o diges t  an d interpre t  data ,  despit e th e promise s o f 
th e promoter s o f  eac h wav e o f  technology ,  ha s faile d t o kee p 
pac e wit h ou r  abilitie s t o generat e an d manipulat e greate r  an d 
greate r  amount s o f  data .  System s tha t  automat e som e aspect s 
of  cognitiv e wor k ar e ofte n strong ,  silen t  an d non-directable . 
I n othe r  words ,  automatio n ofte n doe s no t  functio n a s a  tea m 
playe r  withi n th e large r  ensemble . 

Ninth ,  clos e observatio n reveal s tha t  peopl e an d system s o f 
peopl e (operators ,  designers ,  regulators ,  etc. )  ar e no t  passiv e 
i n th e fac e o f  th e onslaugh t  o f  clums y technologica l  artifacts . 
Rathe r  the y ar e activ e a t  adaptin g th e tool s an d ad^tin g thei r 
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activitie s continuousl y t o respon d t o indication s o f  troubl e o r 
t o mee t  ne w demands .  Furthennore .  ne w machine s ar e no t 
use d a s th e designer s intended ,  bu t  ar e shape d b y practition -
er s t o th e contingencie s o f  th e field  o f  activit y i n a  locall y 
pragmati c wa y (Wood s e t  al. .  i n press) . 

I t  ha s turne d ou t  tha t  usin g ne w computationa l  possibili -
tie s t o creat e eftectiv e human-machin e ensembles ,  wha t  w e 
wil l  refe r  t o a s join t  o r  distribute d cognitiv e systems ,  i s a 
substantiv e issu e a t  th e intersectio n o f  cognitiv e psychology , 
softwar e engineering ,  socia l  psycholog y an d artificia l  intelli -
genc e (Hollnage l  an d W o o d s ,  1983 ;  Woods ,  1986) .  I n othe r 
words ,  thi s  i s a n issu e i n Cognitiv e Science . 

What  i s th e statu s o f  studyin g cognitiv e system s i n th e wild ? 
H o w d o w e dea l  wit h thi s conglomerat e o f  technolog y an d be -
havion U an d socia l  science ,  thi s conglomerat e o f  individuals , 
set s o f  agent s an d organizationa l  context ? H o w doe s i t  relat e 
t o othe r  activitie s an d question s i n Cognitiv e Science ? I s thi s 
merel y th e applicatio n sid e o f  Cognitiv e Science ? Ar e th e 
method s employe d i n thes e studie s casua l  o r  d o the y reflec t 
th e particula r  constraint s o f  studyin g comple x wholes ? 

The Joint or Distributed Cognitive Systems 

Perspect iv e 

Th e reverberation s o f  technolog y chang e an d observation s o f 
cognitiv e wor k i n th e wil d lea d u s t o a n ide a tha t  ca n serv e 
as a  unifyin g theme .  Thi s i s th e ide a suggeste d b y Holl -
nage l  an d W o o d s (1983 )  an d Hutchin s (1991) ,  amon g oth -
ers ,  tha t  on e ca n loo k a t  operationa l  system s -  th e individua l 
people ,  th e organizatio n bot h forma l  an d informal ,  th e hig h 
technolog y artifact s (AI ,  automation ,  intelligen t  tutorin g sys -
tems ,  computer-base d visualization )  an d th e lo w technolog y 
artifact s (displays ,  alarms ,  procedures ,  pape r  notes ,  trainin g 
programs )  intende d t o suppor t  huma n practitioner s -  tha t  on e 
ca n loo k a t  al l  o f  thes e thing s a s a  singl e cognitiv e system . 

Operationa l  system s ca n b e though t  o f  a s join t  an d dis -
tribute d human -  machin e cognitiv e system s i n that : 

•  on e ca n describ e an d stud y an d desig n thes e system s 
i n term s o f  cognitiv e concept s suc h a s informatio n flow, 
knowledg e activation ,  contro l  o f  attention ,  etc. , 

•  cognitiv e system s ar e distribute d ove r  multipl e agent s bot h 
multipl e peopl e an d mixture s o f  peopl e an d apparentl y an -
imate ,  agent-lik e machines . 

•  externa l  artifact s com e t o functio n a s cognitiv e tool s 
throug h us e an d propertie s o f  thes e artifact s modif y th e 
activitie s o f  agent s withi n th e cognitiv e system . 

There is a reciprocal relationship or mutual shaping be-
twee n propertie s o f  externa l  artifact s (e.g. ,  h o w the y represen t 
aspect s o f  th e field  o f  activity ,  e.g. ,  Zhan g an d Norman .  1994 ; 
Woods,  i n press )  an d th e cognitiv e activitie s distribute d withi n 
th e cognitiv e system .  F*ropertie s o f  thes e artifact s an d repre -
sentation s shap e practitione r  cognitiv e strategie s an d i n tur n 
thes e artifact s ar e shape d b y practitioner s t o functio n a s tool s 
withi n th e field  o f  activity . 

•  cognitiv e system s adap t  t o th e demand s o f  th e field  o f  prac -
tice . 

Hence, the cognitive systems perspective can be summa-
rised  b y th e tria d -  cognitio n i n context ,  cooperation ,  an d 
tools . 

H ow T o M a k e Automate d System s Tea m 

Player s 

O ne exiunpl e o f  thi s intimat e an d intertangle d tria d ca n b e see n 
when intelligen t  machin e agent s ar e introduce d int o a  field 
of  practice .  W e hav e observe d thi s proces s acros s differen t 
domains ,  wit h differen t  interventions ,  acros s differen t  specifi c 
technologica l  systems . 

Heuristi c an d algorithmi c technologie s expan d th e rang e o f 
subtask s an d cognitiv e activitie s tha t  ca n b e automated .  Au -
tomate d resource s ca n i n principl e offloa d practitione r  tasks . 
Computerize d system s ca n b e develope d tha t  asses s o r  diag -
nos e th e situatio n a t  hand ,  alertin g practitioner s t o variou s 
concern s an d advisin g practitioner s o n possibl e responses . 

Our  imag e o f  thes e miichin e capabilitie s i s tha t  o f  a  ma -
chin e alon e rap t  i n though t  o r  action .  Bu t  th e realit y i s tha t 
automate d subtask s exis t  i n a  large r  contex t  o f  interconnecte d 
task s an d multipl e actors .  Introducin g automate d an d intelli -
gen t  agent s int o a  large r  syste m change s th e compositio n o f 
th e distribute d syste m o f  monitor s an d manager s an d shift s 
th e human' s rol e withi n tha t  cooperativ e ensembl e (Hutchins , 
i n press) .  I n effect ,  thes e 'intelligent '  machine s creat e join t 
cognitiv e system s tha t  distribut e cognitiv e wor k acros s mul -
tipl e agent s (Woods ,  1986 ;  Roth ,  Bennet t  an d Woods ,  1987 ; 
Hutchins ,  1990 ;  Billings ,  1991) .  I t  seem s paradoxica l  bu t 
studie s o f  th e impac t  o f  automatio n revea l  tha t  desig n o f  auto -
mate d system s i s reall y th e desig n o f  a  ne w human-machin e 
cooperativ e syste m (contras t  man y o f  th e discussion s abou t 
machin e abductiv e reasonin g wit h th e observation s abou t  hu -
m an an d cooperativ e abductio n i n Woods ,  1994) . 

Th e behavio r  an d capabilitie s o f  th e machin e agen t  i n 
human-machin e system s i s changing .  I n simple r  devices , 
eac h syste m activit y wa s dependen t  upo n operato r  input ;  con -
sequently ,  th e operato r  ha d t o ac t  t o evok e undesire d syste m 
behavior .  I n mor e automate d systems ,  machin e agent s ar e 
capabl e o f  apparentl y "autonomous "  activities .  Onc e the y ar e 
instructe d an d activated ,  system s ar e capabl e o f  carryin g ou t 
lon g sequence s o f  task s withou t  use r  interventions .  Thes e ca -
pabilitie s creat e ne w monitorin g an d coordinatio n demand s 
fo r  human s i n th e syste m (Wiener ,  1989 ;  Norman ,  1990 ; 
Sarte r  an d Woods ,  i n press) .  A s observer s o f  thi s chang e 
i n technolog y hav e pu t  it ,  th e mos t  c o m m o n question s peopl e 
ask abou t  thei r  automate d partner s are :  wha t  i s i t  doing ? wh y 
i s i t  doin g that ? wha t  wil l  i t  d o next ? h o w i n th e wori d di d 
we ge t  int o tha t  mode ? 

Thes e question s ar e aske d i n th e contex t  o f  automatio n 
surprises .  Automatio n surprise s ar e situation s wher e th e au -
tomate d system s ac t  i n som e wa y outsid e o f  th e expectation s 
of  thei r  huma n supervisors .  Introducin g mor e "autonomous " 
machine s int o a  syste m increas e th e nee d fo r  mechanism s t o 
coordinat e th e activitie s o f  th e multipl e agents .  Automatio n 
surprise s ar e on e clas s o f  symptom s o f  a  deepe r  proble m -  th e 
automate d system s ar e no t  workin g a s tea m player s (Mali n e t 
al. ,  1991) . 

For  example ,  conside r  th e diagnosti c situatio n i n a  multi -
agen t  environment ,  whe n on e notice s a n anomal y i n th e pro -
ces s the y monito r  (Woods ,  1994) .  I s th e anomal y a n indi -
catio n o f  a n underlyin g fault ,  o r  doe s th e anomal y indicat e 
some activit y b y anothe r  agen t  i n th e system ,  unexpecte d b y 
thi s monitor ? I n fact ,  i n a  numbe r  o f  differen t  settings ,  w e 
observ e huma n practitioner s respon d t o anomalie s b y first 
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checkin g fo r  wha t  othe r  agent s hav e bee n o r  ar e doin g t o th e 
proces s jointl y managed .  Dat a from  studie s o f  thes e surprise s 
i n aviatio n an d medicin e (Norman ,  1990 ;  Sarte r  <md Woods , 
1993 ;  Mol l  va n Charant e e t  al. .  1993 )  indicat e tha t  poo r  feed -
bac k abou t  th e activitie s o f  automate d system s t o thei r  humii n 
panner s i s a n importan t  contributo r  t o thes e problems . 

Designin g automate d system s i s mor e tha n gettin g tha t  ma -
chin e t o functio n autonomously .  I t  i s  als o mjikin g provision s 
fo r  tha t  automate d agen t  t o coordinat e it s activit y wit h othe r 
agents .  Or ,  perhj^ s mor e realistically ,  i t  i s  makin g provision s 
so tha t  othe r  huma n agent s ca n se e th e assessment s an d activ -
it y o f  th e automate d agen t  s o tha t  thes e huma n practitioner s 
can perfor m th e coordinatio n functio n b y managin g a  se t  o f 
partiall y  autonomou s subordinat e agent s (se e Billings ,  1991 ; 
Sarte r  an d Woods ,  1994) . 

Cognitive Systems And Context 

I n studyin g cognitiv e system s i n th e wil d w e ar e concerne d 
wit h cognitiv e wor k withi n comple x fields  o f  practice .  W e 
ar e contex t  bound .  Doe s thi s mea n w e ar e buildin g a n applie d 
sid e t o cognitiv e science ? Afte r  all ,  th e domai n o f  Cognitiv e 
Scienc e i s th e universa l  wit h respec t  t o mind ,  brai n an d lan -
guage ? I s cognitio n i n contex t  simpl y th e laborator y wher e 
one studie s too l  creatio n an d skille d us e a s anothe r  i n th e 
pantheo n o f  capabilitie s whic h ar e trul y human ? I s i t  a n alter -
nativ e paradigm ,  on e base d o n anthropolog y wher e th e stud y 
of  cognitio n ca n onl y progres s throug h stud y th e stud y o f  th e 
situatio n i n whic h cognitiv e activit y occurs ? Fo r  me ,  progres s 
i s base d o n a  creativ e tensio n betwee n an d complementarit y 
among thes e possibilitie s rathe r  tha n dominanc e o f  on e vie w 
or  another . 

"/ /  i s  th e fundamenta l  principl e o f  cognitio n tha t  th e 
universa l  ca n b e perceive d onl y i n th e particular ,  whil e th e 
particula r  ca n b e though t  o f  onl y i n referenc e t o th e univer -
sal "  (Cassirer ,  1953 ,  p .  86) .  A s Hutchin s put s it ,  "Ther e 
ar e powerfu l  regularitie s t o b e describe d a t  a  leve l  o f  analysi s 
tha t  transcend s th e detail s o f  th e specifi c  domain .  I t  i s  no t 
possibl e t o discove r  thes e regularitie s withou t  understandin g 
th e detail s o f  th e domain ,  bu t  th e regularitie s ar e no t  abou t  th e 
domai n specifi c  details ,  the y ar e abou t  th e natur e o f  huma n 
cognitio n i n huma n activity." ^  T o b e contex t  boun d i n th e 
stud y o f  cognitiv e system s i s no t  simpl y t o d o "applied "  stud -
ie s i n particula r  domain s (thoug h contex t  boun d studie s whe n 
don e wel l  shoul d influenc e shor t  ter m chang e an d immediat e 
problem s i n th e hos t  "natural "  laboratory) . 

I t  i s  i n th e tensio n betwee n th e particula r  an d th e universa l 
i n cognitiv e scienc e tha t  w e ca n se e th e prope r  complemen -
tarit y betwee n s o calle d basi c an d applie d wor k wher e th e 
experimente r  function s a s designe r  an d th e designe r  a s exper -
imenter .  " N e w technolog y i s a  kin d o f  experimenta l  investi -
gatio n int o fields  o f  ongoin g activity .  I f  w e trul y understan d 
cognitiv e systems ,  the n w e mus t  b e abl e t o develo p design s 
tha t  enhanc e th e performanc e o f  operationa l  systems ;  i f  w e 
ar e t o enhanc e th e performanc e o f  operationa l  systems ,  w e 
need conceptua l  lookin g glasse s tha t  enabl e u s t o se e pas t 
th e unendin g variet y o f  technolog y an d particula r  domains " 
(Woods an d Sarter ,  1993) . 

The experimente r  a s designer ? Cognitiv e tool s ar e ubiqui -
tous ;  technolog y chang e implicitl y  change s cognitiv e system s 

Hutchins ,  1992 ,  persona l  communication . 

throug h th e introductio n o f  agent-lik e machine s Jm d throug h 
th e introductio n o f  artifact s tha t  constrai n cognitiv e work . 
Thi s mean s ne w technolog y i s a  kin d o f  experimenta l  ma -
nipulatio n tha t  ca n b e exploite d t o hel p understan d humit n 
cognitio n a s expresse d i n meaningfu l  fields  o f  practice . 

The designe r  a s experimenter ? Th e possibilitie s o f  technol -
ogy see m t o affor d designer s grea t  degree s o f  freedom .  Th e 
possibilitie s see m les s constraine d b y question s o f  feasibilit y 
and mor e b y concept s abou t  ho w t o us e th e possibilitie s skill -
full y  t o mee t  operationa l  an d othe r  goals .  I n othe r  words ,  i n 
orde r  fo r  design s t o b e develope d i n a  problem-drive n manner , 
as oppose d t o th e mor e typica l  technology-drive n fashion ,  i n 
orde r  fo r  design s t o provid e rea l  an d no t  illusor y benefit s fo r 
rea l  operationa l  systems ,  th e designe r  mus t  adop t  th e attitud e 
of  a n experimente r  tryin g t o understan d an d mode l  o f  th e 
dynamic s o f  join t  cognitiv e systems . 

To conceiv e o f  th e experimente r  a s designe r  an d designe r  a s 
experimente r  require s a  drasti c shif t  i n th e norma l  attitud e o f 
researcher s an d developer s toward s th e subject s o f  thei r  wor k 
-  peopl e an d technology .  Instea d o f  separat e an d independen t 
topics ,  the y ar e intimatel y interconnecte d a s part s o f  a  large r 
and mor e usefu l  syste m boundar y -  a  join t  cognitiv e system . 
To conceiv e o f  th e experimente r  a s designe r  an d designe r  a s 
experimente r  shift s th e relationshi p betwee n 'basic '  an d 'ap -
plied '  research .  Th e abov e concept s mea n tha t  thes e activitie s 
ar e complimentar y wher e growin g th e researc h bas e an d de -
velopin g effectiv e application s ar e mutuall y inter-dependen t 
(Woods ,  1993) . 

I f  w e los e ou r  balanc e an d pursu e th e universa l  disconnecte d 
from  th e particular ,  w e ca n mis s th e var y phenomen a w e clai m 
t o b e studyin g an d b e aloo f  from  th e potentia l  fo r  ne w idea s t o 
stimulat e o r  modulat e change .  I f  w e los e ou r  balanc e an d ar e 
governe d onl y b y th e particular ,  w e ar e los t  i n th e shor t  ter m 
horizo n o f  today' s ho t  buttons .  B y discardin g barriers ,  barri -
er s betwee n technologica l  an d behaviora l  sciences ,  betwee n 
individua l  an d socia l  perspectives ,  betwee n th e laborator y an d 
th e field,  w e wil l  develo p ne w insight s abou t  cognitio n an d w e 
wil l  hel p stee r  technolog y chang e int o mor e human-centere d 
channels ;  i n othe r  words ,  w e ca n "ascen d t o th e particular. " 
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