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Academic research on decision making appears to have become boxed into a rather 

narro w an d restrictiv e paradigm .  Recentl y som e decisio n researchers  introduce d thei r 

wor k approximatel y a s follows :  " A decisio n proble m consist s o f  thre e basi c elements : 

(1 )  th e alternative s availabl e t o th e decisio n maker ,  (2 )  probabilitie s o f  event s tha t  relate 

outcome s t o th e choic e o f  alternatives ;  an d (3 )  th e value s associate d wit h th e outcomes. " 

Much research  ha s addresse d th e problem s tha t  aris e whe n huma n being s ar e aske d t o 

carr y ou t  a  rationa l  decisio n analysi s withi n tha t  framework ,  th e difficultie s tha t  peopl e 

hav e i n estimatin g probabilitie s an d value s a t  all ,  le t  alon e consistently . 

Perhap s thos e difficultie s shoul d caus e u s t o as k som e mor e fundamenta l  questions . 

I n life ,  ho w ofte n d o decisio n situation s resembl e "decisio n problems "  a s formulate d i n 

th e psychologica l  laboratory ? Althoug h ever y actio n coul d b e sai d t o entai l  a  decision ,  i t 

see m rar e tha t  lif e lay s ou t  befor e u s a  clearl y define d proble m accompanie d b y a  finite 

set  o f  alternatives ,  an d the n pause s lon g enoug h t o permi t  a  ful l  rationa l  analysis .  Rather , 

perceivin g tha t  ther e i s a  proble m whic h call s fo r  a  decisio n an d thinkin g o f  an y reason-

abl e alternativ e tha t  migh t  b e take n seem s mor e th e issue .  I s i t  eve n tru e tha t  decision s 

pas s throug h a  representation  tha t  resemble s th e laborator y problem ? N o clea r  evidenc e 

exist s tha t  the y do .  O f  course ,  traditiona l  decisio n researchers  ca n retrea t  t o th e positio n 

tha t  thi s i s th e wa y decisio n makin g ough t  t o occur ,  eve n i f  i n fac t  i t  doe s not . 

W h en lif e doe s presen t  clea r  occasion s fo r  decisions ,  an d sometime s eve n 

moderatel y clea r  alternatives ,  time  i s ofte n ver y limited .  View s o f  th e wa y decision s 

ough t  t o b e mad e ofte n fai l  t o tak e tha t  facto r  int o accoun t  Seve n minute s i n July .  Tha t 

i s  th e rime  tha t  elapse d i n th e entir e Vincenne s incident ,  fro m th e first  repor t  o f  a  possibl e 

contac t  wit h a  plan e unti l  th e airline r  wa s sho t  down .  I s i t  reasonable  t o thin k abou t  a 

decision-theoreri c analysi s i n tha t  time  period ? Eve n i f  i t  were ,  o n wha t  basi s woul d on e 

assig n probabilitie s t o th e possibl e identitie s o f  th e aircraft ? Wha t  i s th e prope r  cos t  t o 

assig n t o th e possibl e damag e t o one' s ow n shi p an d th e possibl e death s o f  one' s ow n 

men? Wha t  i s th e prope r  cos t  t o assig n t o th e possibl e death s o f  th e passenger s o n a n air -

craft ? A s i s s o ofte n true ,  thes e value s an d probabilitie s see m ver y difficul t  t o assign . 

Whateve r  th e rationa l  appea l  o f  th e process ,  th e outcom e remain s uncertain .  Mistake s - -

as see n i n hindsigh t  — wil l  b e made . 

Yet ,  a s w e shal l  hea r  i n thi s symposium ,  man y importan t  decision s mus t  b e mad e i n 

les s tha n seve n minute s -  decision s abou t  wha t  t o d o fo r  a  patien t  arrivin g i n a n emer -

genc y room ,  decision s abou t  ho w t o comba t  a  rapidl y developin g fire.  Mos t  suc h deci -

sion s ar e mad e i n les s tha n on e minute . 
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I n thi s symposium ,  w e presen t  severa l  sample s o f  newe r  approache s t o decisio n 

making ,  approache s tha t  g o beyon d th e bound s o f  th e nea t  an d clea n laborator y "decisio n 

problem. "  W e shal l  se e tha t  understandin g decisio n makin g outsid e th e laborator y i s a 

challeng e tha t  call s fo r  al l  th e method s an d technique s tha t  th e ful l  rang e o f  cognitiv e sci -

enc e ha s t o offer .  Thi s undertakin g i s necessar y i n orde r  t o develo p vali d an d usefu l 

method s fo r  trainin g peopl e t o mak e mor e effectiv e decision s an d t o desig n effectiv e an d 

usefu l  aidin g systems . 

Th e first  presentatio n i s Gar y Klein' s naturalisti c studie s o f  decisio n makin g 

processe s a s the y actuall y occu r  i n time-pressure d life-and-deat h situations ,  th e sourc e o f 

th e dat a cite d above .  Thes e studie s ar e leadin g t o th e conclusio n tha t  decisio n processe s 

of  exper t  performer s i n thes e situation s involv e perceptua l  recognitio n o f  th e typ e o f 

situatio n the y face ,  whic h trigger s appropriat e action s suggeste d b y pas t  experience , 

whic h ar e the n evaluate d i n rapi d imagina l  processe s an d patche d i f  necessary . 

I f  decisio n makin g involve s perception ,  psycholog y ha s a  rich  repertoir e o f  psycho -

physica l  technique s fo r  figuring  ou t  wha t  i s  goin g o n i n suc h processes .  Th e presentatio n 

by Joh n Swet s display s a n elegan t  orchestratio n o f  thos e researc h technique s i n orde r  t o 

understan d an d ai d th e proces s o f  classifyin g m a m m o g r a m s. 

But  som e situation s ar e mor e complex ,  o r  a t  leas t  ver y differen t  i n kind ,  fro m thos e 

tha t  ca n b e understoo d i n term s o f  a  se t  o f  perceptua l  o r  conceptua l  patterns .  Sometime s 

th e decisio n make r  need s t o mak e sens e o f  a  divers e collectio n o f  facts ,  t o mol d the m 

int o somethin g lik e a  consisten t  stor y o r  scientifi c  theory .  Pau l  Thagar d wil l  discus s th e 

extensio n o f  hi s approac h t o th e self-consistenc y o f  theorie s t o understandin g wha t 

occur s i n decision-makin g situations . 

For  severa l  years ,  Marvi n Cohe n ha s worke d o n th e proble m o f  creatin g practical , 

usable ,  an d acceptabl e decisio n aid s fo r  time-  pressure d militar y decisio n making .  H e 

wil l  discus s h o w i t  ha s bee n possibl e t o mak e us e o f  pas t  decisio n makin g research  an d 

wher e th e seriou s gap s lie ,  wher e th e existin g bod y o f  research  knowledg e ha s litti e t o 

say . 

Finally ,  i t  i s  tru e tha t  many ,  i f  no t  most ,  critica l  decisio n makin g situation s involv e 

severa l  actors .  Judit h Orasan u wil l  describ e on-goin g research  int o th e decisio n 

processe s an d problem s reveale d i n th e tap e recording s o f  flight  crew s face d wit h critica l 

problems . 

Participants : 

Susa n Chipman ,  O N R ,  Chai r 

Gar y Klein ,  Klei n Associate s 

Joh n Swets ,  Bol t  Berane k &  N e w m a n ,  Inc . 

Paul  Thagard ,  Princeto n Universit y 

Marvi n Cohen ,  Decisio n Science s Corporatio n 

Judit h Orasanu ,  A R I  an d Princeto n Universit y 
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Recognitiona l  Decisio n M a k i n g i n Natura l  Situation s 

Gary Klein 

Klein Associates 

A model of proficient decision making will be described that emphasizes situation 

assessmen t  rathe r  tha n a  comparativ e evaluatio n o f  differen t  options .  Th e mode l  i s  a 

descriptiv e accoun t  o f  research  o n skille d decisio n maker s i n differen t  domains . 

Researc h wil l  b e presente d tha t  suggest s tha t  proficien t  decisio n maker s rarel y contras t 

options ;  rather ,  experienc e enable s decisio n maker s t o generat e a  plausibl e cours e o f 

actio n a s th e first  the y consider .  I n contrast ,  th e novice s w e studie d wer e mor e ap t  t o 

generat e a  se t  o f  option s fo r  carefu l  evaluation .  Researc h wil l  b e reviewed  fro m area s 

includin g urba n firefighting,  fores t  fire  operations ,  tan k platoo n maneuvers ,  battl e plan -

ning ,  an d trainin g devic e design .  Thes e ar e domain s marke d b y hig h tim e pressure ,  ill -

define d goals ,  ambiguou s an d incomplet e information ,  hig h stakes ,  an d persona l  respon -

sibilit y  fo r  outcomes .  I n all ,  w e hav e examine d ove r  45 0 decisio n point s tha t  wer e exam -

ple s o f  nonroutin e an d difficul t  incidents ,  an d w e foun d tha t  a  recognitiona l  strateg y gen -

eralize d acros s domains .  On e o f  th e importan t  aspect s o f  recognitiona l  decisio n makin g 

i s th e us e o f  menta l  simulatio n t o evaluat e option s withou t  havin g t o contras t  strength s 

and weaknesses .  Th e presentatio n wil l  addres s th e rol e o f  th e simulatio n heuristi c withi n 

a decisio n makin g framework . 

1062 



I m p r o v i n g Percep t ion -Base d Decis ion s 

John A. Swets 

BBN Laboratories 

Cambridge ,  Massachusett s 

Images and other visual representations are used to make diagnostic decisions about 

underiyin g condition s i n m a n y fields,  includin g clinica l  medicine ,  material s testing ,  geo -

logica l  prospecting ,  an d nationa l  defense .  I n m a n y cases ,  i t  m a y prov e possibl e t o 

describe ,  refine ,  an d improv e th e decisio n processe s b y viewin g the m a s consistin g o f 

numerica l  assessment s o f  th e relevant  perceptua l  feature s o f  a n imag e an d a  mergin g o f 

th e featur e assessment s wit h appropriat e weight s t o yiel d a n overa l  diagnosti c probabil -

ity .  I  describ e h o w certai n psychologica l  an d statistica l  technique s ca n b e use d t o 

develo p decisio n aid s fo r  suc h diagnosti c tasks ,  specificall y i n th e contex t  o f  m a m m o g r a -

ph y fo r  th e diagnosi s o f  breas t  cancer . 

Specialist s i n mammograph y participate d i n a  four-ste p procedure :  1 .  individua l 

interview s produce d a  comprehensiv e lis t  o f  features ;  2 .  similarit y judgment s o f  pair s o f 

representativ e case s wer e subjecte d t o multidimensiona l  scalin g t o refin e th e featur e list ; 

3.  a  consensu s meetin g refine d featur e names ,  descriptions ,  an d ratin g scales ;  4 .  rating s o f 

a se t  o f  k n o w n positiv e an d negativ e case s wer e submitte d t o discriminan t  analysi s t o 

produc e a  minima l  bu t  sufficien t  se t  o f  effectiv e feature s an d thei r  optima l  weights .  Th e 

resultin g decisio n aid s wer e a  checklis t  o f  feature s wit h ratin g scale s an d a  computer -

base d (discriminan t  analysis )  algorith m tha t  accepte d th e rating s fo r  a  cas e an d issue d a n 

estimat e o f  th e probabilit y  o f  malignancy .  I n a  tes t  o f  th e aids ,  genera l  radiologist s rea d 

a se t  o f  know n case s first  i n thei r  standar d manne r  an d the n wit h th e aids .  Th e aid s pro -

duce d a  substantia l  improvemen t  i n accuracy . 

Th e presentatio n wil l  conclud e b y openin g a  discussio n o f  th e exten t  t o whic h thi s 

approac h migh t  generaliz e t o situation s wit h conceptua l  a s wel l  a s perceptua l  features , 

and wit h a  discussio n o f  possibl e limit s o n featur e representations. 
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Explanator y Coherenc e a n d Naturalisti c Decisio n M a k i n g 

Paul Thagard 

Cognitive Science Laboratory, Princeton University 

This talk will describe the relevance of my theory of explanatory coherence 

(Behaviora l  an d Brai n Sciences ,  1989 )  fo r  decisio n makin g i n case s wher e decision s 

depen d o n evaluatio n o f  competin g hypotheses .  I n comple x case s i t  i s  ofte n necessar y t o 

for m an d evaluat e hypothese s concernin g th e natur e o f  th e situation .  Fo r  example ,  a  fir e 

chie f  ma y nee d t o infe r  th e sourc e an d natur e o f  a  fire  befor e decidin g ho w bes t  t o fight 

it .  Judge s an d jurie s ar e frequend y calle d upo n t o evaluat e explanator y hypothese s i n 

crimina l  trials ,  asking ,  fo r  example ,  whethe r  th e propositio n tha t  th e accuse d murdere d 

th e decease d i s th e bes t  explanatio n o f  th e deat h an d othe r  evidence .  Bu t  inferenc e t o th e 

best  explanatio n i n suc h case s i s no t  jus t  a  matte r  o f  considerin g wha t  hypothesi s 

explain s th e mos t  evidence ,  sinc e i t  i s  standar d i n trial s t o conside r  a  motiv e tha t  coul d 

explai n wh y th e murde r  wa s committed .  Th e acceptabilit y  o f  a  hypothesi s increase s o n 

th e basi s o f  ther e bein g explanation s o f  it ,  a s wel l  a s o n th e basi s o f  wha t  i t  explains . 

Everyda y decision s tha t  involv e othe r  peopl e ofte n requir e explanator y inference s con -

cernin g thei r  beliefs ,  desires ,  an d intentions .  I n adversaria l  situation s suc h a s competitiv e 

games,  business ,  diplomacy ,  an d war ,  i t  i s  ofte n necessar y t o infe r  th e plan s o f  th e adver -

sary .  Plan s ca n sometime s b e inferre d a s par t  o f  th e bes t  explanatio n o f  wha t  th e adver -

sar y ha s don e s o far . 

The theor y o f  explanator y coherenc e applie s naturall y t o case s suc h a s these .  Th e 

theor y i s implemente d i n E C H O,  a  progra m tha t  take s inpu t  abou t  explanator y relation s 

t o creat e network s o f  hypotheses .  I t  the n perform s paralle l  constrain t  satisfactio n t o 

evaluat e hypothese s usin g standar d connectionis t  algorithms .  E C H O ha s bee n use d t o 

analyz e th e decisio n mad e i n Jul y 198 8 b y Captai n Roger s o f  th e U S S Vincenne s t o 

shoo t  dow n wha t  appeare d t o b e a n attackin g aircraft .  Th e tru e hypothesi s tha t  th e plan e 

was a  commercia l  airline r  wa s considere d an d rejecte d i n favo r  o f  th e hypothesi s tha t  th e 

plan e wa s a n attackin g F-14 . 
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Cognitiv e Strategie s an d Adaptiv e Aidin g Principle s 

i n Submar i n e C o m m a n d Decisio n M a k i n g 

Marvin S. Cohen 

Decision Science Consortium, Inc. 

Decision aiding efforts have often been premised on the assumption that unaided 

decisio n makin g i s subjec t  t o fundamenta l  flaws  o r  "biases, "  whic h ca n b e correcte d onl y 

by adoptio n o f  "normative "  method s suc h a s Bayesia n decisio n analysis .  Suc h a n 

approac h ma y forc e decisio n maker s t o adop t  highl y unfamilia r  mode s o f  reasoning ;  a s a 

result ,  aid s ma y no t  b e used ,  o r  i f  used ,  ma y fai l  t o exploi t  use r  knowledge .  A n alternat e 

approac h i s t o star t  wit h th e user' s preferre d wa y o f  solvin g th e proble m an d t o examin e 

carefull y  it s strength s an d weaknesses .  Aid s ar e the n designe d whic h suppor t  mor e 

optima l  iant s o f  th e user-preferre d strategy .  Thi s approach ,  calle d Personalize d an d 

Prescriptiv e Aiding ,  ha s recend y bee n applie d t o submarin e tactica l  decisio n making . 

Experiment s wer e conducte d t o investigat e th e decisio n strategie s adopte d b y submarin e 

staf f  i n handlin g multipl e goal s (attackin g high-valu e target s versu s avoidin g counter -

detection) ,  combinin g multipl e uncertai n estimate s (o f  targe t  range) ,  an d dealin g wit h 

ambiguou s probabilit y  assessment s (o f  hi t  an d counterdetection) .  I n eac h case ,  a 

significan t  numbe r  o f  subject s faile d t o aggregat e informatio n int o a  singl e abstrac t  meas -

ur e a s require d b y th e standar d normativ e approache s t o thes e problem s (i.e. ,  a  measur e 

of  expecte d utility ,  a  poole d targe t  range ,  o r  a n expecte d probability) .  Neithe r  th e result s 

nor  th e comment s o f  subject s wer e consisten t  wit h th e "psychophysical "  approac h t o 

decisio n biase s propose d b y Prospec t  Theor y (Kahnema n an d Tversky ,  1979) ,  wit h a 

workload-versus-accurac y tradeof f  hypothesi s (Johnso n an d Payne ,  1984) ,  o r  wit h 

individual-difference s model s (Lopes ,  1987) .  Th e findings  ar e bes t  understoo d a s 

reflectin g th e adoptio n b y subject s o f  simplifyin g assumption s i n orde r  t o exploi t  thei r 

knowledg e o f  th e proble m environment .  Decisio n maker s appea r  t o utiliz e a  basi c o r 

natura l  leve l  o f  representatio n (Rosch ,  1976)-i n term s o f  specifi c  evaluativ e dimensions , 

rang e estimates ,  o r  conditiona l  probabilities-tha t  effectivel y capture s thei r  causa l  o r 

correlationa l  knowledge .  Decisio n aidin g concept s hav e bee n develope d an d demon -

strate d fo r  rang e poolin g an d attac k planning ,  whic h permi t  user s t o adop t  suc h assump -

tion s whil e guardin g agains t  potentia l  pitfall s  i n thei r  preferre d decision-makin g strategy ; 

rathe r  tha n demandin g adoptio n o f  a n abstrac t  numerica l  representation ,  suc h aid s kee p 

trac k o f  assumptions ,  amk e user s awar e o f  alternatives ,  an d activel y war n the m whe n 

alternative s hav e significantl y differen t  implications . 
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S h a r e d M e n t a l  M o d e l s a n d C r e w Dec is io n M a k i n g 

Judith Orasanu 

U.S. Army Research Institute and Princeton University 

When faced with decisions in high-stress situations, groups, like individuals, typi-

call y narro w th e rang e o f  informatio n the y conside r  an d revert  t o dominan t  behavio r  pat -

terns .  Ye t  som e group s ar e clearl y mor e successfu l  tha n other s i n copin g wit h emergen -

cies .  Compare d t o individua l  decisio n makers ,  group s offe r  expande d cognitiv e 

resources,  bu t  thes e contribut e t o increase d effectivenes s onl y i f  the y ar e appropriatel y 

orchestrate d an d exploited .  Th e research  describe d her e aim s t o accoun t  fo r  difference s 

i n grou p decisio n makin g effectivenes s i n critica l  situation s usin g proces s tracin g an d 

discours e analysi s techniques . 

Subject s wer e experience d airlin e cockpi t  crew s makin g decision s abou t  h o w t o 

handl e realisti c emergencies ,  suc h a s hydrauli c failur e o r  lo w fue l  i n ba d weather ,  i n hig h 

fidelity  simulators .  Th e hypothesi s addresse d i n thi s wor k i s tha t  effectiv e crew s develo p 

share d menta l  model s an d us e languag e t o suppor t  join t  cognitiv e function s critica l  t o 

decisio n making .  Thes e includ e situatio n assessment ,  interpretin g information ,  constrain -

in g solutions ,  anticipatin g futur e events ,  an d justifyin g an d primin g futur e actions .  W e 

hypothesiz e tha t  th e ne t  result  o f  developin g share d model s i s t o reduc e informatio n pro -

cessin g demand s durin g hig h workloa d periods ,  permittin g bette r  decision s an d assurin g 

coordinate d actions .  Th e presentatio n wil l  conclud e wit h implication s fo r  trainin g an d 

aidin g group s fo r  decisio n making . 
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