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Abstract 

Distributed systems of cognition are receiving increasing attention in a variety of research 

traditions .  A  centra l  questio n i s h o w th e specifi c  feature s o f  cognitiv e function s wil l  b e 

affecte d b y thei r  occurrenc e withi n a  syste m o f  cooperativ e agents .  I n thi s paper ,  w e wil l 

examin e th e les s ofte n considere d aspect s o f  th e organizatio n o f  cooperativ e wor k setting s 

tha t  ca n becom e importan t  i n term s o f  erro r  withi n a  system .  Specifically ,  w e examin e 

h o w respons e t o erro r  i n a  cooperativ e tas k ca n i n som e way s benefi t  futur e tas k 

performance .  Th e goa l  i s  t o facilitat e learnin g fro m erro r  s o tha t  futur e error s becom e les s 

likely .  Th e stud y involve d a n analysi s o f  observation s o f  severa l  cooperativ e team s 

involve d i n coordinate d activit y fo r  th e navigatio n o f  a  larg e ship .  Th e analysi s o f  th e tea m 

member' s activitie s reveale d a  surprisingl y hig h rat e o f  errors ;  yet ,  th e final  produc t  o f  th e 

grou p wor k showe d tha t  th e erro r  ha d bee n remove d somewher e withi n th e system . 

Feature s o f  th e distribute d syste m tha t  facilitate d thi s erro r  remova l  include d th e monitorin g 

of  other' s performance ,  a s constraine d b y a  horizo n o f  observation ,  Umitin g exposur e t o 

particula r  subtasks ;  th e distributio n o f  knowledg e withi n th e team ,  suc h tha t  mor e 

knowledgabl e member s wer e als o one s i n a  positio n t o detec t  other' s errors ;  an d method s 

of  providin g feedback .  I n particular ,  specifi c  desig n tradeoff s wer e foun d t o underli e th e 

functionin g o f  th e system .  Fo r  example ,  evaluatio n depend s o n utilizin g objectiv e 

knowledg e o f  h o w th e produc t  reconcile s wit h th e rea l  world ;  however ,  separatin g 

evaluatio n fro m th e syste m mean s "wasting "  th e knowledgabl e potentia l  participant .  Thus , 

th e distribute d syste m wa s foun d t o contai n certai n propertie s tha t  ca n b e exploite d fo r  thei r 

utilit y  i n erro r  detection ,  diagnosis ,  an d correction .  Th e result s m a y b e applie d t o th e 

desig n o f  suc h cooperativ e tasks ,  includin g a  rol e fo r  technology ,  wit h th e goa l  o f 

designin g cooperativ e system s tha t  ca n mor e easil y lear n fro m thei r  errors . 

Introduction 

Most studies of error focus on its reduction or elimination, and there are many steps that 

ca n b e take n t o avoi d o r  preven t  th e occurrenc e o f  errors .  Ye t  i n system s o f  cooperativ e 

wor k i n th e rea l  world ,  ther e i s a  fundamenta l  reaso n w h y erro r  i s  inevitable :  suc h 

system s alway s rel y o n learnin g o n th e job ,  an d wher e ther e i s th e nee d fo r  learning ,  ther e 

i s potentia l  fo r  error .  A  naturall y situate d syste m o f  cooperativ e wor k mus t  bot h produc e 

th e intende d resul t  o f  it s  proces s an d reproduc e itsel f  di X th e sam e time .  Suc h cooperativ e 

system s m a y chang e overtime ,  b e reorganized ,  chang e th e thing s the y do ,  an d chang e th e 

technolog y the y utiliz e t o d o th e job .  Eve n i f  th e task s an d tool s coul d someho w b e frozen , 

change s i n personne l  ar e certai n ove r  time .  Mos t  commonly ,  relativel y exper t  personne l  ar e 

graduall y los t  whil e relativel y inexper t  personne l  ar e added .  Eve n i f  th e skill s  require d t o 

d o th e jo b ca n b e taugh t  i n schools ,  th e interaction s tha t  ar e characteristi c o f  cooperativ e 

wor k ca n generall y onl y b e learne d o n th e job . 

Designing for Error 

Norman (1983, 1986, 1987) argues that because error is inevitable, it is important to 

"desig n fo r  error. "  Speakin g o f  designers ,  N o r m a n says ,  "Inadvertently ,  the y ca n m a k e i t 

eas y t o er r  an d difficul t  o r  impossibl e t o discove r  erro r  o r  t o recove r  fro m i t  "  (1987 ,  Ch . 
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5:24) .  Norma n suggest s tha t  designer s o f  artifact s shoul d desig n t o minimiz e th e cause s o f 
error ,  mak e i t  possibl e t o "undo "  enorlu l  actions ,  an d mak e i t  easie r  t o discove r  an d correc t 
errors .  Thes e sam e goal s ar e appropriat e fo r  designer s o f  cooperativ e wor k systems ,  bu t 
her e w e ca n g o further .  Eac h o f  Norman' s suggestion s i s aime d a t  protectin g th e curren t 
tas k performance ,  ye t  i n th e broade r  perspectiv e o f  productio n an d reproductio n i n 
cooperativ e work ,  i t  woul d b e nic e i f  th e respons e t o erro r  i n th e curren t  tas k coul d als o i n 
some wa y benefi t  futur e tas k performance .  Tha t  is ,  anothe r  aspec t  o f  designin g fo r  erro r 
migh t  b e designin g system s tha t  ca n mor e easil y lear n fro m thei r  errors . 

That would give us two major classes of design goals with respect to errors. First, design 
t o eliminate ,  avoid ,  o r  preven t  error s whereve r  possible .  Second ,  desig n t o tak e ful l 
advantag e o f  an y error s tha t  d o occur .  Th e goa l  i s  t o facilitat e learnin g fro m error s s o tha t 
futur e error s becom e les s likely .  A s caree r  trajectorie s tak e experience d member s ou t  o f  th e 
wor k grou p an d expertis e i s los t  fro m th e system ,  th e likelihoo d o f  erro r  ma y increase . 
The potentia l  advantag e o f  designin g fo r  erro r  i s tha t  thi s increas e i n likelihoo d o f  erro r  ma y 
be offse t  b y th e decreas e i n likelihoo d o f  erro r  du e t o learnin g b y th e remainin g an d ne w 
members o f  th e group .  Th e preventio n o f  erro r  i s  clearl y importan t  an d ha s receive d a  grea t 
deal  o f  attentio n i n th e past .  I n thi s paper ,  w e wil l  examin e th e les s ofte n considere d 
aspect s o f  th e organizatio n o f  cooperativ e wor k setting s tha t  ca n becom e importan t  onc e a n 
erro r  ha s occurred . 

The Navigation Domain 

The response of systems of cooperative work to error came to our attention in studies of 
navigatio n team s abor d larg e ship s (Hutchins ,  i n press) .  A t  al l  time s whil e a  nava l  vesse l  i s 
underway ,  a  plo t  o f  it s  pas t  an d projecte d movement s i s maintained .  Th e informatio n 
gathere d an d processe d b y th e navigatio n tea m support s th e decision s o f  th e connin g office r 
who i s responsibl e fo r  th e ship' s movements .  Da y an d night ,  wheneve r  a  shi p i s neithe r 
tie d t o a  pie r  no r  a t  anchor ,  navigatio n computation s ar e performed .  Mos t  o f  th e time ,  th e 
wor k o f  navigatio n i s performe d b y on e perso n workin g alone ;  however ,  whe n a  shi p 
leave s o r  enter s por t  o r  operate s i n an y othe r  environmen t  wher e maneuverabilit y  i s 
restricted ,  th e computationa l  requirement s o f  th e tas k ma y excee d th e capabilitie s o f  an y 
individual .  I n suc h circumstances ,  th e navigatio n dutie s ar e carrie d ou t  b y a  tea m o f 
individual s workin g together . 

In addition to satisfying the immediate navigation needs of the ship, navigation teams have 
develope d unde r  th e constraint s o f  maintainin g a  workin g syste m i n a  stat e o f  readiness , 
allowin g frequen t  replacement s o f  individua l  tea m member s an d providin g a  tas k 
performanc e environmen t  i n whic h th e jo b ca n b e learne d b y actuall y doin g it .  Thes e 
characteristic s ar e share d b y man y rea l  worl d setting s o f  cooperativ e work . 

We observed the actual operations of navigation teams aboard several ships operating in 
bot h sol o an d grou p performanc e configurations ,  an d mad e detaile d recording s o f  th e 
behavio r  durin g th e cours e o f  observations ,  alon g wit h audi o an d vide o tap e recordin g 
durin g som e observatio n periods .  I n spit e o f  th e fac t  tha t  al l  o f  th e navigatio n team s w e 
observe d functione d satisfactorily ,  clos e examinatio n o f  thei r  operatio n reveale d 
surprisingl y hig h rate s o f  error .  However ,  observin g onl y th e fina l  outpu t  o f  th e teams , 
one woul d no t  suspec t  tha t  man y error s wer e bein g made .  I n fact ,  whil e man y error s wer e 
committed ,  virtuall y al l  o f  the m wer e detecte d an d correcte d withi n th e navigatio n tea m 
itself . 
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Facilitatin g Learnin g fro m Erro r 

In order to benefit from errors that do occur, these errors must be detected, diagnosed as to 

thei r  cause ,  an d correcte d wit h usefu l  feedbacic .  Th e nex t  section s examin e thes e thre e 

processe s a s the y ar e affecte d b y particula r  syste m characteristics . 

Detecting Error 

Error detection may require considerable resources. Our observations about the conditions 

unde r  whic h error s ar e detecte d indicat e tha t  th e followin g element s ar e necessar y fo r  erro r 

detectio n an d m a y pla y a  rol e i n diagnosi s an d correctio n a s well . 

Access: In order to detect an error, the detector must have access to the errorful behavior or 

some indicatio n o f  it . 

Knowledge/expectation: The detector must have knowledge of the outcome with respect to 

whic h th e observe d proces s o r  outcom e ca n b e judge d discrepant . 

Attention: The detecting entity must attend to the errorful behavior and monitor it in terms 

of  expectation . 

Perspective: Different perspectives can result in focus of attention on different aspects of 

th e task ,  consequentl y affectin g th e natur e o f  th e discrepancie s i n performanc e tha t  ar e 

noticed . 

In the world of navigation, as in many other systems, novices begin by doing the simplest 

part s o f  th e collaborativ e wor k task .  A s the y becom e mor e skilled ,  the y m o v e o n t o mor e 

comple x duties ,  makin g w a y fo r  les s skille d peopl e behin d them .  Thi s movemen t  defme s a 

caree r  trajector y fo r  individual s throug h th e role s o f  th e wor k group .  A n interestin g aspec t 

of  th e navigatio n settin g i s tha t  th e caree r  trajector y fo r  individual s follow s th e pat h o f 

informatio n throug h th e syste m i n th e team' s mos t  basi c c o m p u t m o n ,  positio n fixing .  Th e 

simples t  job s involv e gatherin g sense d data ,  an d th e mor e comple x job s involv e processin g 

tha t  data .  A s a  consequenc e o f  thi s alignmen t  o f  caree r  trajector y wit h th e pat h o f 

informatio n throug h th e system ,  i f  on e ha s acces s t o a n error ,  on e als o ha s knowledg e o f 

th e processe s tha t  m a y hav e generate d it ,  becaus e on e ha s alread y -  a t  a n earlie r  caree r 

stag e -  performe d al l  thos e operations .  Th e overla p o f  acces s an d knowledg e tha t  result s 

fro m th e alignmen t  o f  caree r  pat h an d dat a pat h i s no t  a  necessar y feaUir e o f  thes e systems , 

nor  i s i t  apparentl y a n intentiona l  on e here .  I t  does ,  however ,  giv e ris e t o especiall y 

favorabl e condition s fo r  th e detectio n an d diagnosi s o f  error . 

The attention required to detect error may be facilitated or even required by the nature of 

coordinate d tasks .  M a n y error s i n earlie r  processin g ar e detecte d b y th e plotte r  whe n visua l 

bearing s ar e plotte d o n th e chart .  I n part ,  thi s i s becaus e th e plottin g procedur e itsel f  i s 

designe d t o detec t  error .  A n y tw o line s o f  positio n defin e th e locatio n o f  th e ship ,  bu t  a 

positio n "fix "  alway s consist s o f  thre e line s o f  position ,  whos e intersectio n form s a  smal l 

triangle .  I f  an y o f  th e thre e i s i n error ,  th e triangl e wil l  becom e larger .  Thus ,  th e natur e o f 

th e plotter' s tas k i s differen t  tha n th e w a y th e bearin g observer s thin k abou t  th e bearings : 

For  th e bearin g observer ,  th e bearin g m a y b e n o mor e tha n a  strin g o f  thre e digit s rea d fro m 

a scal e i n a  telescopi c sight .  I t  i s  no t  necessar y fo r  th e bearin g observe r  t o thin k o f  th e 

directiona l  meanin g o f  th e number .  I n contrast ,  th e plotter' s jo b i s t o recove r  th e directiona l 

meanin g o f  th e reporte d bearin g an d combin e th e meaning s o f  thre e bearing s t o fix  th e 

positio n o f  th e ship .  Differen t  job s i n th e tea m requir e attentio n t o differen t  aspect s o f  th e 

computationa l  objects ,  s o differen t  kind s o f  erro r  ar e likel y t o b e detecte d (o r  not )  b y 

differen t  member s o f  th e team . 

44 



SEIFERT,  H U T C H I N S 

Many error s ar e detecte d b y tea m nicinbcr s wh o ar e simpl y monitorin g th e action s o f  thos e 
aroun d them .  No t  onl y i s eac h member  o f  th e tea m responsibl e fo r  hi s ow n job ,  eac h 
seems als o t o tak e responsibilit y  fo r  al l  part s o f  th e proces s t o whic h h e ca n contribute . 
Sinc e detectio n depend s upo n access ,  however ,  th e mor e th e activitie s o f  th e tea m member s 
ar e conducte d wher e the y ca n b e observe d (o r  overheard )  b y others ,  th e highe r  th e potentia l 
rat e o f  erro r  detection .  Detectio n als o require s attention ,  whic h ma y b e a  scarc e resource . 
One o f  th e consequence s o f  hig h workload s ma y b e bot h a n increas e i n th e rat e o f  erro r 
itsel f  du e t o th e reductio n o f  resource s availabl e fo r  monitorin g th e action s o f  others . 

On some ships, the job of making a global assessment of the quality of the work of the 
navigatio n tea m i s institutionalize d i n th e rol e o f  th e evaluator .  Thi s evaluato r  i s  a  qualifie d 
navigatio n practitione r  wh o i s no t  engage d i n th e navigationa l  computation s themselves ,  bu t 
monitor s th e proces s b y whic h th e computation s ar e performe d an d assesse s th e qualit y o f 
th e product .  Ther e i s a  tradeof f  her e betwee n usin g th e evaluator' s processin g powe r  t o d o 
th e computation s themselves ,  thereb y possibl y lowerin g erro r  rate s whil e rislan g lowe r 
erro r  detectio n rates ,  versu s keepin g th e evaluato r  ou t  o f  th e computations ,  thereb y 
possibl y increasin g erro r  rate s whil e detectin g mor e o f  th e error s tha t  ar e committed . 

The important structural property of the evaluator role is that the evaluator has access to and 
knowledg e o f  th e performanc e o f  th e task ,  bu t  doe s no t  participat e i n it s  performance . 
Instead ,  th e evaluato r  attend s t o th e wa y th e tas k i s don e an d specificall y monitor s th e 
performanc e fo r  error .  Th e evaluato r  build s int o th e syste m som e attentio n t o ho w wel l  th e 
resul t  o f  th e computatio n fit s  th e physica l  worl d i t  measures ,  a n aspec t  o f  th e system' s 
behavio r  tha t  woul d no t  otherwis e b e reliabl y present .  Thi s sam e strateg y i s recognizabl e 
i n th e mandate d rol e o f  th e captai n o f  th e ship ,  o r  tha t  o f  th e senio r  captai n i n a  commercia l 
airlin e cockpit .  Thes e peopl e ar e tas k monitor s rathe r  tha n tas k performer s (Miyake ,  1982) ; 
as such ,  the y serv e a n importan t  functio n i n providin g a n externa l  validatio n o f  th e proces s 
the y observe . 

Diagnosing Errors 

Not all recoveries from error are instructional in intent or consequence. Because some 
recover y method s ar e use d simpl y t o complet e th e task ,  ther e ma y b e n o nee d t o diagnos e 
th e caus e o f  th e erro r  i n orde r  t o discove r  ho w t o recove r  fro m it .  However ,  othe r  erro r 
recover y strategie s involv e th e diagnosi s o f  th e sourc e o f  th e error ,  an d perhap s explici t 
demonstratio n o f  th e correc t  solution .  Diagnosin g erro r  depend s o n understandin g ho w th e 
erro r  ma y hav e bee n generated .  Thi s appear s t o occu r  throug h th e modellin g o f  th e 
reasonin g processe s o f  th e perso n wh o committe d th e error .  Thi s ma y requir e modellin g o f 
th e reasonin g processe s o f  th e perso n wh o committe d th e error .  Th e distributio n o f 
knowledg e characteristi c o f  th e navigatio n system ,  i n whic h acces s t o erro r  an d th e 
knowledg e o f  it s  cause s ar e aligned ,  insure s tha t  mos t  error s tha t  ar e detecte d wi U b e 
detecte d b y peopl e wh o alread y hav e experienc e wit h th e operation s tha t  le d t o th e error . 
Familiarit y wit h th e tas k assist s i n modellin g other' s understandin g t o determin e wher e th e 
generatio n o f  th e erro r  ma y hav e occurred .  Error s indicat e i n ver y specifi c  way s exactl y 
what  informatio n o r  abilit y  i s  missin g i n th e curren t  knowledg e stat e o f  th e novice . 
Conside r  thi s example : 

A novice navigator was asked, "How far west shall we go to get 
bac k t o harbo r  a t  1600? "  Th e shi p wa s directl y wes t  o f  th e harbo r 
entranc e (tim e =  1200) .  H e paused ,  the n measure d th e distanc e th e 
shi p coul d g o i n a n hou r  an d marke d i t  wit h a  compass ;  h e the n marke d 
fou r  hour-length s fro m th e harbo r  entranc e o n th e chart .  Thi s 
positio n la y fa r  wes t  o f  th e ship' s curren t  position .  A  mor e 
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experienced quartermaster was observing, and said, "If he wants to be 

bac k b y 1600 ,  he' s no t  goin g t o g o wes t  fro m n o w unti l  h e hit s thi s 

point! " 

In the task of diagnosis, the expert attempts to determine what may be the cause of the 

novice' s error ;  t o d o this ,  h e mus t  utiliz e meta-knowledg e abou t  wha t  th e tas k require s an d 

what  th e novic e i s Ukel y t o know .  A  solutio n procedur e woul d b e t o measur e th e curren t 

distanc e t o lan d from  th e ship ,  subtrac t  th e tim e t o retur n fro m thi s locatio n from  th e fou r 

hours ,  an d the n spli t  th e remainde r  t o continu e wes t  fo r  hal f  o f  it .  Th e novic e appear s t o 

hav e par t  o f  th e solutio n procedur e availabl e fo r  use :  t o mar k th e distanc e travelle d wit h a 

distanc e preservin g too l  (th e divider )  an d compar e th e distanc e t o a  scal e o n th e sid e o f  th e 

char t  whic h provide s a  transformatio n int o miles .  However ,  thi s procedur e i s incorrectl y 

applie d t o th e proble m whe n h e focuse s o n th e abilit y  o f  th e shi p t o trave l  a  particula r 

distanc e withi n th e tim e interva l  rathe r  tha n o n determinin g th e particula r  distanc e alread y 

travele d fro m th e en d point .  Th e respons e o f  th e observe r  indicate s h e i s modellin g th e 

reasonin g proces s o f  th e novice ,  a s h e point s ou t  tha t  th e solutio n bein g generate d b y th e 

novic e i s no t  goin g t o solv e th e state d proble m o f  returnin g b y 1600 . 

The particular solution generated by the novice also provides information about what 

informatio n m a y b e lackin g o r  wha t  element s ar e problemati c fo r  him ;  th e exper t  ca n utiliz e 

th e erro r  t o gea r  th e explanatio n t o th e novice' s curren t  knowledge .  B y modellin g th e 

novice' s understandin g o f  th e task ,  th e exper t  m a y b e abl e t o determin e wher e th e novic e 

went  wron g i n hi s reasonin g an d h o w t o describ e th e solutio n i n a  wa y tha t  i s  usefu l  t o th e 

learner .  Fo r  example ,  i n th e abov e problem ,  th e exper t  m a y recogniz e tha t  th e novic e 

starte d ou t  b y solvin g a  mor e familia r  problem ;  namely ,  "ho w fa r  ar e w e fro m locatio n X ? " 

Th e solutio n t o tha t  proble m i s related ,  bu t  th e novic e di d no t  k n o w h o w t o pos e th e 

cours e recommendatio n i n a  for m tha t  connecte d t o thi s solution .  B y understandin g th e 

w ay i n whic h th e novic e wa s attemptin g t o solv e th e problem ,  th e nex t  ste p o f  correctio n i s 

assiste d becaus e th e exper t  ca n gea r  th e presentatio n o f  a  bette r  solutio n i n a  wa y tha t  i s 

mor e understandabl e an d memorabl e t o th e novice . 

Correcting Errors 

Beyond the purpose of correcting an error that has occurred, a consequence of having 

engage d i n th e activitie s o f  detectin g and/o r  diagnosin g th e caus e o f  a n erro r  m a y b e tha t  th e 

perso n doin g th e detectin g come s t o a  ne w insigh t  abou t  th e operatio n o f  th e system .  Thi s 

i s tru e whethe r  th e erro r  wa s committe d b y onesel f  o r  someon e else ,  an d i t  m a y b e 

particularl y inportan t  fo r  novice s w h o detec t  other' s errors .  Further ,  ever y instanc e o f 

correctio n i s practic e i n th e skill s  o f  detectio n an d confrrmatio n o f  knowledg e whic h m a y 

sav e th e syste m fro m consequence s o f  futur e error . 

Feedback on how to correct the error is extremely important to the learning 

process .  Withou t  correction ,  furthe r  performanc e act s t o increas e familiarit y wit h th e 

erro r  path ,  thereb y increasin g th e tendenc y toward s erro r  (Anderso n e t  al ,  1984) . 

However ,  i f  competin g solution s ar e presente d a s feedbac k o r  ca n b e inferre d b y th e learne r 

fro m th e feedback ,  th e erro r  serve s t o direc t  th e learnin g focu s toward s informatio n tha t  ha s 

bee n demonstrate d t o b e missin g from  th e novice' s knowledg e base .  Eve n whe n th e 

feedbac k lack s instructiona l  content ,  i t  coul d contribut e t o th e refinemen t  o f  understandin g 

tas k requirement s tha t  m a y no t  b e apparen t  from  correc t  performanc e alone .  Suc h 

correction s hel p th e learne r  t o induc e th e principle s tha t  defin e correc t  performance . 

This can be especially important with concepts that must be inferred from cases rather than 

expliciti y  stat&d .  Becaus e relevan t  informatio n fo r  a  decisio n m a y no t  b e explicitl y 

observabl e o r  explicabl e b y a n expert ,  novice s hav e t o infe r  th e domai n informatio n fro m 
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experienc e i n a  variet y o f  situations ,  guide d b y erro r  correctio n o n specifi c  failures .  W h e r e 

ther e i s a  solutio n spac e t o b e explored ,  respons e t o erro r  ca n guid e th e discover y o f  th e 

concep t  underlyin g th e solution .  Th e resul t  m a y b e a  directe d searc h throug h th e 

informatio n abou t  a  tas k guide d b y th e particula r  error s m a d e b y th e novic e durin g 

performance .  Thus ,  th e implici t  natur e o f  domai n knowledg e i n th e navigatio n tas k 

motivate s learnin g throug h error .  Novice s ar e allowe d t o d o thei r  best ,  an d ar e provide d 

directe d instructio n o n th e particula r  error s the y make . 

However, feedback with little instructional content may not be as helpful as a more 

complet e demonstratio n o r  instruction .  I n navigatio n teams ,  erro r  feedbac k i s sometime s 

reduce d t o a  contentles s complain t  o r  a n exhortatio n t o d o better .  Suc h limite d feedbac k 

m ay b e o f  litti e us e t o th e perso n w h o ha s committe d th e error .  However ,  i t  m a y b e th e 

onl y respons e th e erro r  detecto r  ca n provide .  Error s ar e correcte d durin g performanc e o f 

th e task ,  rathe r  tha n delayed .  Becaus e th e detecto r  i s  als o involve d i n a  subtask ,  the y m a y 

not  hav e th e time ,  processin g resources ,  o r  communicatio n channel s require d fo r  th e 

compositio n an d deliver y o f  appropriat e instruction .  Further ,  becaus e o f  th e ongoin g 

natur e o f  th e task ,  thes e resource s mus t  b e availabl e t o th e perso n providin g correctio n a t  o r 

near  th e tim e tha t  th e erro r  i s  committe d i n orde r  t o full y  benefi t  fro m th e specific s o f  th e 

erro r  commissio n setting .  Thi s represent s a  tradeof f  betwee n apprentic e trainin g systems , 

wher e tw o peopl e perfor m th e tas k o f  one ,  an d redundanc y withi n cooperativ e systems , 

wher e eac h ha s a  separat e tas k t o complet e bu t  share d knowledg e allow s som e correctio n o f 

errors . 

Learning from one's own mistakes is an obvious case of improvement of future 

performanc e fro m correction .  Particularl y i n th e earl y stage s o f  acquisition ,  th e correctio n 

of  error s m a y pla y a  significan t  rol e i n improvin g performance .  I n addition ,  meta -

knowledg e abou t  error s m a y b e transferre d throug h th e cooperativ e process .  Contentfu l 

correction s m a y hel p th e novic e lear n recover y strategie s tha t  ca n b e applie d t o self-detecte d 

errors .  And ,  throug h th e correctio n o f  errors ,  th e novic e m a y internaliz e th e processe s o f 

erro r  detection ,  diagnosis ,  an d correction . 

Additional learning opportunities are provided by the errors others make. When an error is 

detecte d an d correcte d i n th e contex t  o f  collaborativ e work ,  man y participant s m a y witnes s 

and benefi t  fro m th e respons e t o error .  Depending ,  again ,  o n th e horizo n o f  observatio n 

(wh o ha s acces s t o wha t  behavio r  o f  others) ,  erro r  an d correctio n m a y provid e a  learnin g 

contex t  fo r  man y o f  th e participants .  Th e novic e ha s th e opportunit y t o observ e others ' 

errors ,  witnes s thei r  correction ,  an d participat e i n detectin g th e error s o f  others .  Thu s th e 

sociall y distribute d tas k give s a  participator y rol e t o th e novic e i n al l  area s o f  tas k 

performanc e tha t  h e i s physicall y abl e t o perceive .  Thus ,  th e valu e o f  a  respons e t o erro r 

fo r  futur e performance s m a y depen d upo n th e horizo n o f  observation s fo r  variou s member s 

of  th e team .  Witnessin g suc h a  correctio n m a y b e o f  valu e a s wel l  t o thos e w h o ar e alread y 

competan t  i n th e tas k i n whic h th e erro r  occur s i f  the y wil l  subsequentl y b e i n a  positio n t o 

detec t  an d correc t  suc h errors .  The y ca n lear n abou t  h o w t o provid e usefu l  feedbac k b y 

watchin g th e correction s o f  others ,  leadin g t o a n improvemen t  i n subsequen t  learnin g fo r 

other s i n th e system . 

Through errors, novices learn by being corrected and instructed by more advanced 

members o f  th e team ,  b y self-detecting ,  diagnosing ,  an d correcting ,  an d b y observin g th e 

error s an d correction s o f  other s i n clos e proximity ,  b y participatin g i n th e detection , 

diagnosi s an d correctio n o f  others .  Th e avenue s o f  knowledg e acquisitio n investigate d b y 

novic e navigator s ar e m u c h richer  a s a  result .  B y participatin g i n th e proces s o f  error-base d 

learnin g a s a  performer ,  a n observer ,  an d a  teacher ,  th e novic e increase s th e numbe r  o f 

learnin g experience s availabl e fo r  acquisitio n an d deepen s understandin g o f  th e lesso n 

throug h interactio n i n severa l  participator y roles .  I n addition ,  othe r  learner s provid e 
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model s o f  th e learnin g proces s itself ,  an d thi s meta-knowledg e m a y b e helpfu l  t o novice s 

i n formin g expectation s abou t  thei r  o w n performance . 

Discussion 

Tradeoffs are prevalent throughout this analysis: designing systems so as to benefit from 

erro r  tha t  doe s occu r  require s maximizin g th e abilit y  t o lear n fro m th e errors .  However , 

improvin g th e detection ,  diagnosis ,  an d correctio n capabilitie s withi n a  syste m ofte n ha s 

othe r  consequence s fo r  syste m performance .  Fo r  example ,  perspectiv e ca n b e affecte d 

withi n a  syste m t o improv e erro r  detection .  Th e bearin g observer s frequentl y tak e th e 

perspectiv e o f  "mete r  readers "  i n thei r  performance ,  ignorin g th e physica l  worl d 

perspectiv e whic h woul d giv e the m som e top-dow n expectation s regardin g th e plausibilit y 

of  th e readings .  Consequently ,  the y ofte n fai l  t o detec t  error s tha t  the y coul d recogniz e 

usin g a  physica l  directio n perspective .  Bearin g observin g require s n o though t  abou t  h o w 

th e informatio n i s use d -  th e number s ar e simpl y reported .  Despit e th e fac t  tha t  the y kno w 

th e intende d us e o f  th e number ,  the y hav e litd e motivatio n t o thin k abou t  th e numbe r  i n 

term s o f  it s  meanin g i n th e coordinat e spac e o f  th e chart .  Consequently ,  erro r  i s 

propagate d throug h th e syste m pas t  th e poin t  wher e i t  coul d logicall y b e detecte d an d 

corrected . 

However, the task system could be redesigned to encourage the directional perspective in 

th e bearin g observers .  O n e metho d whic h woul d improv e self-detectio n o f  thes e error s i s 

t o remin d th e observer s o f  h o w th e informatio n wil l  b e use d b y placin g a n artifac t 

indicatin g th e directiona l  coordinat e spac e int o thei r  wor k environmen t  -  fo r  example ,  hav e 

an indicatio n o f  th e ful l  36 0 degre e representatio n availabl e o n th e gyrocompas s instea d o f 

th e partia l  displa y currentl y provided .  Suc h a  cognitiv e artifac t  woul d serv e t o remin d th e 

taker s o f  th e coordinat e spac e an d therefor e o f  th e plausibilit y  o f  th e reporte d numbe r  i n tha t 

space .  T o th e exten t  tha t  th e bearin g observe r  adopt s th e perspectiv e o f  "thinkin g 

direction" ,  h e wil l  b e bette r  abl e t o utiliz e plausibilit y  informatio n t o detec t  hi s o w n o r 

other' s errors .  Bu t  ther e i s a  tradeof f  involve d i n affectin g perspective :  knowin g th e 

intende d us e an d plausibilit y  o f  th e readin g m a y influenc e th e perceptio n o f  th e reading . 

Th e poin t  i s  tha t  i n thisa s i n m a n y othe r  desig n decisions ,  th e choic e o f  whetiie r  t o cu t  erro r 

rate s o r  diminis h th e separatio n o f  perspective s i s simpl y a  tradeof f  t o b e decide d base d 

upo n environmenta l  feature s o r  syste m goals . 

The analysis provided other observations of design tradeoffs in cooperative systems; for 

example ,  th e evaluato r  observe d o n on e shi p serve d t o detec t  error s bu t  di d no t  participat e 

i n th e computation .  Th e cos t  t o thi s separatio n o f  evaluatio n from  computatio n i s firs t  tha t 

erro r  i s  ofte n detecte d m u c h late r  i n th e computationa l  proces s tha n nee d b e i f  evaluatio n 

wer e performe d a s th e processin g occurred ;  an d secondly ,  tha t  th e computationa l  advantag e 

of  includin g thi s potentia l  participan t  i s  lost .  Othe r  tradeoff s include :  th e horizo n o f 

observation ,  whic h allow s erro r  detectio n bu t  increase s distraction ;  th e distributio n o f 

knowledge ,  whic h improve s diagnosi s bu t  increase s cost s du e t o redundanc y o f  training ; 

an d erro r  rates ,  whic h allo w opportunitie s fo r  learnin g bu t  cos t  i n curren t  tas k performance , 

and i n resource s fo r  detectio n an d recovery .  Unde r  som e conditions ,  thes e cost s ca n b e 

offse t  t o som e exten t  b y th e benefit s derive d from  th e proces s o f  learnin g from  error s 

throug h detection ,  diagnosis ,  an d correctio n o f  errors .  Achievin g thes e benefit s i s no t  a n 

automati c resul t  o f  error ,  bu t  require s way s t o organiz e system s tha t  ar e mor e likel y the n 

other s t o notice ,  recove r  from ,  an d chang e fuUir e performanc e base d o n errors .  A t 

present ,  w e k n o w o f  n o w a y t o quantif y th e tradeoff s involved ;  however ,  recognizin g thei r 

natur e an d identifyin g th e propertie s o f  cooperativ e system s tha t  affec t  the m seem s lik e a 

usefu l  firs t  step . 
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I n conclusion ,  error s wil l  occu r  i n an y syste m o f  huma n behavior ;  however ,  desig n o f 

cooperativ e system s ca n b e altere d s o a s t o benefi t  fro m th e unavoidabl e erro r  b y facilitatin g 

learnin g fro m them .  Th e inten t  o f  thi s researc h wa s t o examin e h o w learnin g from  error s 

take s plac e i n a  natura l  setting ,  an d i n particular ,  h o w th e cooperativ e tas k settin g foster s 

learnin g withi n a  complicate d computationa l  task .  Th e result s o f  di e analysi s poin t  t o 

desig n feature s o f  th e navigationa l  environmen t  tha t  ar e well-suite d t o learnin g fro m error . 

The demand s o n syste m organizatio n includ e no t  onl y tha t  th e tas k b e complete d withou t 

majo r  error ,  bu t  tha t  th e syste m replicat e itsel f  an d trai n novic e tea m member s whil e 

participatin g i n th e task .  Th e navigatio n syste m appear s well-suite d t o allo w novice s t o 

perfor m o n th e jo b wit h litti e prio r  training ,  t o allo w error s t o indicat e wher e instructio n i s 

necessary ,  an d t o allo w detection ,  diagnosis ,  an d correctio n o f  error s whil e avoidin g thei r 

propagatio n int o th e fina l  decisio n phas e o f  tiie  task .  A n analysi s o f  th e tas k propertie s ha s 

identifie d particula r  feature s o f  thi s successfu l  tas k environment ,  an d th e criteri a identifie d 

ca n b e use d t o design ,  t o analyze ,  an d t o interven e i n proble m situation s withi n cooperativ e 

tas k systems . 
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