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Abstrac t 

This paper describes an approach to cognitive engineering 
whic h promote s a  symbiosi s betwee n th e theorie s an d 
methodologie s o f  cognitiv e psycholog y an d th e practice s o f 
human-compute r  interactio n desig n W e groun d th e 
descriptio n o f  ou r  approac h i n a  particula r  desig n problem : 
th e developmen t  o f  computerise d decisio n suppor t  i n medica l 
intensiv e care .  W e revie w th e psychologica l  literatur e o f 
medica l  reasonin g an d decisio n making ,  highlightin g it s 
potentia l  t o infor m th e desig n o f  medica l  computerise d aid s 
We als o discus s ho w addressin g thi s desig n proble m ma y i n 
tur n benefi t  cognitiv e theory .  Thi s i s followe d b y a  brie f 
descriptio n o f  ou r  propose d methodology . 

Introduction 

Intensiv e car e monitorin g i s a n are a o f  healt h car e i n whic h 

computerise d aid s m a y pla y a  significan t  role .  Th e 

automati c collection ,  interpretatio n an d displa y o f 

monitorin g dat a ofife r  considerabl e potentia l  fo r  impro\in g 

th e qualit y o f  clinica l  care .  However ,  i t  ha s bee n show n 

repeatedl y tha t  computerise d monitorin g doe s no t  alway s 

lea d t o th e sought-fo r  impro\ement s (se e e.g .  Green , 

Gilhooly .  Lx)gie ,  &  Ross ,  1991 ;  Mcintosh ,  Cunningham ,  & 

Elton ,  1994) .  I t  ca n b e argue d tha t  th e mai n reaso n fo r 

thes e difficultie s i s th e failur e t o develo p a n understandin g 

of  th e way s i n whic h th e eventua l  syste m user s m a k e 

clinica l  decision s a t  th e intensiv e car e uni t  (ICU) . 

I n thi s pape r  w e discus s a  cognitiv e engineerin g 

approac h t o th e problem .  T h e goa l  i s  t o understan d th e 

cognition s an d workin g practice s o f  clinica l  staff ,  wit h a 

\ie w t o developin g desig n principle s fo r  computerise d 

decisio n suppor t  i n intensi\ e care .  W e characteris e 

cognitiv e engineenn g a s a  disciplin e whic h integrates ,  i n a 

symbioti c way ,  psychologica l  researc h an d th e practice s o f 

human-compute r  interactio n design . 

S y m b i o t i c A p p r o a c h t o C o g n i t i v e E n g i n e e r i n g 

I n th e las t  tw o decades ,  a  grea t  dea l  o f  effor t  ha s gon e int o 

applyin g theorie s an d model s develope d b y cognitiv e 

psychologist s t o infor m th e desig n o f  human-compute r 

applications .  Thi s enterpris e ha s ofte n bee n referre d t o a s 

"cognitiv e engineering "  (Norman ,  1986) .  Howeve r  ther e 

ar e stron g suggestion s tha t  psychologica l  knowledg e ha s 

not  ha d a  significan t  impac t  o n syste m desig n (se e e.g . 

Barnar d &  Harrison ,  1988) :  Carroll ,  1991 ;  Landauer , 

1987) .  Thi s ha s le d t o ne w characterisation s o f  cognitiv e 

engineerin g whic h essentiall y  exclud e psychologica l 

practice s fro m human-compute r  studie s (e.g .  Lon g & 

Dowell ,  1989 ,  1996) . 

I n contrast ,  w e argu e tha t  cognitiv e psycholog y ca n pla y 

an importan t  rol e i n engineerin g design ,  an d tha t  syste m 

desig n an d psychologica l  theorie s an d method s ca n suppor t 

eac h othe r  b y maintainin g a  symbioti c relationship . 

We woul d lik e t o emphasis e tha t  cognitiv e scienc e ca n 

pla y (and ,  i n fact ,  ha s played )  importan t  role s i n th e 

developmen t  o f  usabl e knowledg e fo r  human-compute r 

interaction .  I f  rightly  applied ,  a  grea t  dea l  o f  wha t  i s know n 

abou t  h u m a n cognitio n ca n hav e importan t  implication s fo r 

design .  I n particular ,  cognitiv e scienc e researc h ca n pla y a 

number  o f  importan t  role s i n th e developmen t  o f  interactiv e 

compute r  systems : 

1.  T o sugges t  potentia l  biases ,  limitations ,  an d 

cognitiv e abilitie s whic h coul d pla y a  centra l  rol e i n 

specifi c  human-compute r  interactions . 

2.  T o investigat e whethe r  an d h o w thos e cognitiv e 

constraint s actuall y influenc e th e interactiv e tas k bein g 

smdied .  Usin g psychologica l  methodolog y on e ca n 

study ,  fo r  example ,  whethe r  prediction s derive d fro m a 

give n cognitiv e mode l  appl y t o a  specifi c  interactiv e 

task . 

3.  T o infor m th e developmen t  o f  prescription s o r 

guideline s fo r  th e desig n o f  specifi c  computationa l  aids ; 

tha t  is ,  a  specificatio n o f  th e characteristic s a  syste m 
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Figur e 1 :  Symbioti c approac h t o cognitiv e engineering . 

must  posses s t o adap t  t o user' s constraints ,  s o tha t  use r 

performanc e i s effectiv e an d pleasurable . 

4.  T o provid e tool s fo r  th e evaluatio n o f  a  particula r 

compute r  design .  Agai n empirica l  psychologica l 

methodologie s ca n contribut e t o th e assessmen t  o f  th e 

utilit y  o f  th e designs . 

Most  o f  th e abov e role s ar e illustrate d i n Figur e I ,  whic h 

summarise s ou r  symbioti c approac h t o cognitiv e 

engineering .  Thi s pape r  concentrate s o n th e to p hal f  o f  th e 

figure  (i.e .  th e on e concerne d wit h th e role s o f  psycholog y 

i n cognitiv e engineering) .  But ,  a s th e figure  suggests ,  th e 

symbioti c relationshi p w e propos e coul d possibl y b e 

mirrore d i n th e role s o f  computationa l  science s i n cognitiv e 

engineering . 

I n fact ,  cognitiv e psycholog y ha s bee n successfull y 

applie d t o th e desig n o f  technolog y i n a  variet y o f  domains . 

For  example ,  th e desig n o f  auditor y alarm s i n aircraf t  an d 

i n intensiv e car e application s (Edworth y &  Stanton ,  1995) ; 

th e desig n o f  bibliographi c softwar e (Egan ,  Remde ,  G o m e z , 

Landauer ,  Eberhardt ,  &  Lochbaum ,  1990) ;  th e evaluatio n 

of  workstatio n desig n fo r  telephon e operator s (Gray ,  John , 

& Atwood ,  1993) ;  th e evaluatio n an d desig n o f  compute r 

display s i n intensiv e car e monitorin g (Green ,  Logie , 

Gilhooly ,  Ross ,  &  Ronald ,  1996) ;  etc .  I n al l  th e abov e 

examples ,  th e applicatio n o f  a  cognitiv e mode l  (e.g .  Card , 

Moran ,  &  Newell ,  1983 ;  Wickens ,  1992) ,  couple d wit h a 

soun d analysi s o f  th e applicatio n domai n an d extensiv e 

empirica l  psychologica l  investigations ,  resulte d i n 

succcssfii l  contribution s t o th e desig n process . 

Additionall y th e result s o f  design-oriente d task-specifi c 

psychologica l  investigation s ca n fee d bac k int o th e 

cognitiv e theor y fro m whic h the y wer e generated .  Th e driv e 

t o develo p a  particula r  piec e o f  technolog y ha s ofte n force d 

question s o n th e psychologica l  theorie s whic h infonne d th e 

development .  And ,  a s a  result ,  thes e theorie s hav e bee n 

refine d an d enhanced .  A n improvemen t  o f  th e cognitiv e 

theor y ca n hav e usefti l  repercussion s fo r  th e solutio n o f 

futur e relate d desig n problem s a s th e theor y (a s wel l  a s th e 

methodology )  ha s bee n adapte d t o mee t  specifi c  constraint s 

of  rea l  worl d domains .  I n othe r  words ,  a  potentia l  benefi t  o f 

a symbiosi s betwee n psychologica l  an d h u m a n factor s 

practice s i s actuall y th e developmen t  o f  mor e poweriu l  tool s 

fo r  addressin g engineerin g design . 

The Design Problem: Computerised Decision 

S u p p o r t  i n Intensiv e C a r e 

Th e clinica l  monitorin g o f  patient s i n th e I C U ha s thre e 

objectives : 

1.  t o allo w confinnatio n tha t  th e patien t  i s  stable ; 

2.  th e earl y detectio n o f  physiologica l  events ,  wit h a 

vie w t o rectifyin g problem s befor e the y becom e to o 

established ; 

3.  t o detec t  situation s i n whic h th e patien t  fail s  t o 

respon d t o treatment ,  thereb y requirin g alternativ e 

actions . 

Intensiv e car e ha s see n a  rapi d increas e i n th e numbe r  o f 

differen t  parameter s whic h ca n b e continuousl y monitored : 

hear t  rate ,  bloo d pressure ,  bloo d gases ,  etc .  Conventionally , 

eac h physiologica l  paramete r  i s displaye d o n a  separat e 

monito r  an d i n a  differen t  format .  However ,  physiologica l 

condition s ca n b e indicate d b y change s i n severa l  o f  thes e 

parameters ;  therefor e suc h a n arrangemen t  result s i n 

significan t  complication s fo r  scannin g an d assimilatin g th e 

dat a displayed . 

Computers and ICU Monitoring 

An importan t  developmen t  i n th e las t  decad e ha s bee n th e 

use o f  computerise d system s t o facilitat e intensiv e car e 

monitorin g (e.g .  Cunningham ,  Deere ,  Elton ,  &  Mcintosh , 

1992 ;  Gree n e t  al ,  1996) .  Computer s ca n collec t  dat a fro m 

th e differen t  monitor s an d displa y the m i n a  mor e unifor m 

way.  Furthermore ,  computer s hav e th e abilit y  t o stor e dat a 

an d kee p a  recor d o f  physiologica l  trend s ove r  lon g period s 

of  time ,  wherea s conventiona l  monitor s onl y giv e a 

measur e o f  a  particula r  m o m e nt  i n time . 

Additionally ,  a  potentia l  contributio n o f  compute r 

technologie s i s th e developmen t  o f  decisio n suppor t  system s 

t o assis t  i n th e interpretatio n o f  monitore d dat a (Coiera , 

1993) .  Th e majo r  differenc e betwee n a  computerise d 
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monitorin g s>ste m an d a  decisio n suppor t  syste m i s i n th e 

leve l  o f  interpretation ,  organisatio n an d selectio n o f 

availabl e dat a A  rol e o f  computerise d decisio n suppor t 

woul d be .  fo r  example ,  t o detect ,  a s the y developed ,  event s 

whic h merite d th e attentio n o f  th e perso n a t  th e bedsid e 

(Salatia n &  Hunter ,  1996) .  A  decisio n suppor t  syste m coul d 

als o sugges t  th e selectio n o f  a n appropriate ,  predefine d 

displa y t o facilitat e th e interpretatio n o f  data .  Researc h an d 

developmen t  i n clinica l  decisio n suppor t  system s ha s a 

histor y goin g bac k fo r  mor e tha n tw o decades ;  howeve r 

onl y a  limite d numbe r  o f  suc h system s i s i n routin e us e 

(Shortliffe ,  1993) . 

Problems with the Implementation of Computerised 

A id s a t  th e I C U 

Sophisticate d compute r  system s ofte n requir e th e 

employmen t  o f  compute r  suppor t  staff ,  an d time-consiunin g 

trainin g o f  staf f  o n th e ward .  I n addition ,  lega l 

consideration s an d th e perceive d o r  actua l  reliabilit y  o f  a 

syste m ma y stil l  requir e pape r  record s t o b e kept .  Thi s 

paralle l  recording ,  couple d wit h trainin g requirement s 

result s i n th e compute r  addin g to ,  rathe r  tha n easing ,  th e 

workloa d o f  war d staff . 

I n a  wid e variet y o f  healt h car e domains ,  i t  ha s bee n 

show n repeatedl y tha t  computerise d aid s i n medicin e ma y 

not  b e readil y accepte d o r  widel y use d b y medica l  o r 

nursin g staf f  (Gree n e t  al ,  1991) .  Furthermore ,  eve n wher e 

staf f  ar e positiv e abou t  th e utilit y  o f  th e computerize d 

system ,  ther e m a y b e n o impac t  o n clinica l  outcom e 

(Mcintosh ,  Cunningham ,  &  Ehon ,  1994) .  However ,  i n spit e 

of  al l  o f  thes e diflTiculties ,  ther e i s a  widesprea d belie f 

withi n th e clinica l  profession s tha t  computer s hav e 

significan t  potentia l  i n patien t  car e provide d tha t  th e 

syste m i s designe d an d implemente d appropriatel y (ImhoflF , 

1992) . 

Computerise d monitorin g system s ma y b e designe d 

throug h consultatio n wit h a  pane l  o f  medica l  experts . 

However  typicall y i t  i s  th e mor e junio r  physician s an d th e 

nursin g staf f  w h o ar e th e mai n user s o f  th e system .  Hence , 

a majo r  issu e i s whethe r  junio r  staf f  ca n efTecti N el y us e th e 

dat a displaye d t o spo t  trend s an d t o tak e appropriat e action : 

a)  th e nurse s ar e continuall > b y th e bedsid e bu t  ma y no t  se e 

i t  a s thei r  rol e t o us e computerise d dat a displa>s ;  b )  junio r 

physician s visi t  th e bedsid e i n tur n an d ma y no t  b e presen t 

when a  tren d start s t o develo p o r  ma y no t  ha\ e th e clinica l 

experienc e t o detec t  a  tren d inheren t  i n th e presente d dat a 

pattern ,  c )  experts ,  o n th e othe r  hand ,  ma y b e abl e t o detec t 

trend s bu t  the y ar e th e leas t  frequen t  professiona l  visito r  t o 

eac h patient . 

Th e abov e analysi s suggest s tha t  understandin g 

difference s i n clinica l  expertis e m a y b e a n importan t 

requiremen t  fo r  th e desig n an d successfu l  applicatio n o f 

computerise d monitorin g system s i n th e ICU .  Othe r 

psychologica l  factor s whic h ma y influenc e th e successfu l 

us e o f  suc h system s ar e th e so-calle d cognitiv e biase s 

(Evans ,  1989) .  Th e desig n o f  computerise d aid s d o no t 

normall y tak e int o accoun t  suc h limitation s o f  h u m a n 

thinking .  Therefor e w e nex t  presen t  a  brie f  summar y o f 

recen t  psychologica l  findings  o n expertis e an d biase s i n 

medica l  reasoning . 

How Cognitive Theory Can Contribute to 

Des ig n 

Expertis e i n medica l  reasonin g 

Gilhool y (1990 )  summarise d th e majo r  findings  emergin g 

fro m researc h i n expertis e i n variou s comple x cognitiv e 

activitie s an d compare d the m wit h wha t  wa s know n a t  th e 

tim e abou t  expertis e i n medica l  reasoning .  I n general , 

expertis e researc h ha d suggeste d tha t  expert s perfor m bette r 

tha n novice s becaus e the y posses s superio r  domai n 

knowledg e accumulate d afte r  man y year s o f  extensiv e 

practice ,  an d no t  becaus e o f  superio r  basi c capacities .  I t  i s 

generall y assume d tha t  experts '  superio r  domai n knowledg e 

i s i n th e for m o f  schemat a whic h includ e recommendation s 

fo r  action .  Th e assumptio n i s that ,  becaus e the y hav e a 

richer  repertoir e o f  schemata ,  expert s ca n remembe r  bette r 

tha n novice s ne w informatio n i n thei r  field,  an d hav e bette r 

proble m representations ,  tha t  is ,  expert s focu s o n th e dee p 

structur e o f  th e proble m (i.e .  the y ar e abl e t o abstrac t 

relevan t  principles )  wherea s novice s ar e le d b y th e surfac e 

feature s o f  th e problem .  Additionally ,  expert s wor k 

forward s (i.e .  fro m th e startin g stat e t o th e goa l  state) , 

wherea s novice s wor k backward s fro m th e unknow n t o th e 

givens . 

Most  o f  th e abov e findings  hav e bee n replicate d b y 

researc h o n medica l  reasoning .  However ,  Gilhool y note d 

tw o significan t  discrepancie s betwee n researc h o n medica l 

proble m solvin g an d genera l  researc h i n expertise .  O n e 

suc h discrepanc y i s tha t  medica l  expert s d o no t  see m t o 

sho w a  stron g tendenc y t o wor k forwar d t o a  goa l  state .  I n 

pioneerin g studie s o f  diagnosti c thinkin g (Elstein , 

Shulman ,  &  Sprafka ,  1978) ,  i t  wa s foun d tha t  exper t 

physician s generate d hypothese s \er y earl y i n th e process , 

afte r  seein g jus t  a  fe w sign s o r  symptoms ;  thes e hypothese s 

wer e the n tested ,  checkin g fo r  th e presenc e o r  absenc e o f 

symptom s deduce d fro m th e hypotheses .  Thi s approach , 

whic h ca n b e characterise d a s on e o f  hypothedco-deductiv e 

reasoning ,  involve s reasonin g backward s fro m th e goa l  (th e 

hypothesis )  t o th e give n (th e symptoms) .  A  reasonabl e 

explanatio n fo r  thi s typ e o f  processin g i s tha t  i n diagnosti c 

thinkin g no t  al l  th e necessar y informatio n i s presente d 

initially ;  hence ,  th e tas k require s informatio n search ,  an d 

thi s searc h i s usefull y guide d b y hypothese s (se e discussion s 

i n Gilhholy ,  1990 ;  Elstein ,  Shulman ,  &  Spraflca ,  1990) . 

A secon d discrepanc y betwee n researc h o n medica l 

diagnosi s an d genera l  expertis e researc h i s tha t  medica l 

expert s d o no t  remembe r  informatio n abou t  ne w case s an y 

bette r  tha n les s experience d subject s (Claesse n & 

Boshui/en ,  1985) .  However ,  eve n i f  expert s hav e poo r 
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memor> fo r  th e specific s o f  a  case ,  th e diagnose s produce d 

by th e expert s fo r  tha t  sam e cas e ten d t o b e mor e accurat e 

tha n thos e produce d b y les s experience d subjects .  Thi s dat a 

patter n ma y b e explaine d b y th e diffcrcn l  form s o f 

knowledg e brough t  t o bea r  o n th e tas k b y expor t  an d les s 

exper t  subject s (Schmid t  &  Norman ,  1988) .  Expert s see m 

t o us e compile d knowledg e i n th e for m o f  "illnes s scripts " 

whic h contai n prototypica l  informatio n abou t  diseases .  Thi s 

usuall y allow s a  reasonabl e diagnosi s wit h littl e processin g 

of  th e textua l  information .  Les s experience d subjects ,  o n th e 

othe r  hand ,  m a y rel y o n genera l  pathophysiologica l 

knowledg e (no t  grounde d o n persona l  e.xperience )  whic h 

lead s the m t o a  slowe r  an d ofte n les s accurat e processin g o f 

th e information . 

The findings  jus t  outline d ca n b e o f  particula r  us e i f  the y 

ar e incorporate d i n som e wa y i n a  computerise d decisio n 

suppor t  system .  O n e ca n vie w th e functio n o f  suc h a  syste m 

as tha t  o f  makin g availabl e t o les s experience d staf f  th e 

expertis e o f  senio r  clinicians .  Thi s m a y involve ,  fo r 

example ,  highlightin g o r  makin g explici t  thos e correlation s 

or  causa l  relationship s (know n b y th e experts )  whic h m a y 

not  b e obviou s t o mor e junio r  staff ;  thu s supportin g th e 

detectio n an d preventio n o f  risky  pathologica l  conditions . 

Adtlitionally .  b y understandin g th e difference s i n domai n 

knowledg e an d cognitiv e processe s o f  expert s an d novices , 

one ca n decide ,  fo r  example ,  o n th e sor t  o f  informatio n 

whic h shoul d b e mad e availabl e t o junio r  staf f  a s wel l  a s 

th e sor t  o f  representatio n (e.g .  leve l  o f  abstraction )  i n whic h 

tha t  informatio n shoul d b e provided . 

Heuristics and biases in medical decision making 

I t  i s  wel l  establishe d tha t  huma n decisio n makin g i s pron e 

t o a  rang e o f  biase s (Evans ,  1989) .  A  well-know n bia s i s 

th e so-calle d confirmatio n bias ;  tha t  is ,  onc e a n individua l 

form s a n hypothesi s ther e i s a  tendenc y t o see k evidenc e 

whic h confirm s tha t  hypothesi s rathe r  tha n t o gathe r 

informatio n t o refut e it .  Give n th e open-ende d natur e o f 

medica l  diagnosi s which ,  a s note d above ,  i s a t  leas t  partl y 

drive n b y hypothetico-deductiv e reasoning ,  th e potentia l 

implication s o f  confirmatio n bia s ar e particularl y relevan t 

I n fact ,  ther e i s evidenc e tha t  suggest s tha t  physician s 

(eithe r  experience d o r  novice )  d o no t  us e scientifi c 

principle s base d o n systemati c evaluatio n o f  evidenc e (se e 

e.g .  Patel ,  Evans ,  &  Groen ,  1989) , 

Anothe r  weaknes s o f  huma n cognitio n i s th e tendenc y t o 

selec t  inappropriat e bas e rate s whe n makin g probabilit y 

judgement s o r  assessin g risk.  Fo r  example ,  i f  a  tes t  t o detec t 

a diseas e whos e prevalenc e i s 1/100 0 ha s a  false-positiv e 

rat e o f  5 % ,  the n wha t  i s th e chanc e tha t  a  perso n foun d t o 

hav e a  positiv e resul t  actuall y ha s th e disease ? Th e majorit y 

of  a  sampl e o f  Harvar d Medica l  Schoo l  student s reporte d 

tha t  th e answe r  t o thi s questio n wa s 9 5 % .  Bu t  thi s answe r 

fail s  t o tak e int o accoun t  th e ver y lo w bas e rat e o f  th e 

disease ,  an d th e correc t  answe r  i s 2 % (Cascclls , 

Schocnberg ,  &  Grayboys .  1978) .  I t  i s  possibl e t o increas e 

somewhat  th e numbe r  o f  correc t  respondent s i f  th e figures 

i n th e scenario s ar e give n a s frequencie s (e.g .  5 0 ou t  o f 

ever y 1000 )  rathe r  tha n a s probabilitie s (e.g .  5 % )  (cite d i n 

Gilhooly ,  1 9 % ,  pp .  188-189) .  Qualifie d medica l 

practitioner s ar e apparentl y n o les s pron e t o fault y 

probabilisti c  reasonin g an d cognitiv e biase s tha n ar e 

medica l  student s o r  othe r  member s o f  th e adul t  populatio n 

(se c e.g .  Christensen-Salansk i  &  Bushyhead ,  1981 ; 

Schwartz ,  1994) . 

Thes e findings  (i f  confirme d i n rea l  medica l  practice ) 

hav e importan t  implication s fo r  th e desig n o f  a 

computerise d medica l  decisio n suppor t  system .  Suc h a 

syste m woul d hav e severel y limite d utilit y  i f  th e syste m 

designe r  assume d (implicitl y  o r  e?q)licitly )  tha t  decision s 

woul d b e mad e b y exper t  clinician s w h o systematicall y 

evaluat e evidence ,  o r  i f  th e syste m faile d t o tak e accoun t  o f 

possibl e biase s i n probabilisti c  reasonin g o r  m hypothesi s 

testing .  M o r e spedficaily ,  th e desig n o f  appropriat e dat a 

display s m a y compensat e fo r  use r  limitation s by ,  fo r 

example ,  showin g rate s an d othe r  numerica l  dat a i n a n 

easil y interpretabl e manne r  o r  b y highlightin g patterns ,  o r 

othe r  information ,  whic h ar e likel y t o b e ignore d b y th e 

user . 

How Solving A Design Problem Can Benefit 

C o g n i t i v e T h e o r y 

Researc h i n medica l  reasonin g ha s typicall y involve d 

simulate d patien t  scenarios ,  eithe r  usin g actor s i n th e rol e 

of  patients ,  o r  vignette s comprisin g a  medica l  histor y an d 

set s o f  symptom s (fo r  a  revie w se e Gilhooly ,  1990) .  Rarel y 

hav e studie s o f  medica l  decisio n makin g take n plac e wit h 

genuin e patient s o r  genuin e patien t  dat a (Koehler ,  1996) . 

A n advantag e o f  workin g o n a n applie d medica l  domai n 

suc h a s intensiv e car e i s tha t  th e physiologica l  dat a ar e 

recorde d an d archived .  Thi s offer s a  rich  sourc e o f  stimulu s 

materia l  fo r  us e i n experimenta l  studies .  I n othe r  words ,  i t 

facilitate s controlle d studie s o f  th e cognition s o f  th e staf f 

concerne d i n realisti c setting s involvin g genuin e patien t 

dat a (i.e .  computerise d record s o f  monitore d physiologica l 

data) ;  henc e increasin g th e ecologica l  validit y o f  th e 

research .  Suc h investigation s ca n therefor e provid e insight s 

as t o whethe r  medica l  decisio n makin g i s affecte d i n 

practic e b y th e biase s an d expertis e effect s encountere d i n 

laborator y studies .  A s note d earlier ,  a  potentia l  outcom e i s 

th e refinemen t  o f  th e cognitiv e theorie s whic h inspire d th e 

investigations . 

Methodologies 

I n orde r  t o buil d a  syste m whic h wil l  actuall y hel p it s 

intende d users ,  w e nee d t o achiev e a n understandin g o f  it s 

rol e b y studyin g th e decision-makin g environmen t  i n som e 

detail .  Mo r e specifically ,  w c nee d t o understan d wha t 

factor s (i.e .  biases ,  expertise ,  availabilit y  o f  information , 

etc. )  affec t  th e decisio n makin g o f  medica l  an d nursin g 
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practitioner s a t  th e intensiv e car e ward .  I n addressin g thes e 

issues ,  ou r  approac h ha s bee n t o us e a  rang e o f 

methodologie s whic h w e outlin e i n th e res t  o f  thi s sectio n 

(fo r  a  mor e detaile d discussio n se e Logic .  Hunter , 

Mcintosh ,  Gilhooly .  Alberdi .  &  Reiss ,  1997) . 

•  Questionnaire s an d semi-structure d interview s wit h 

staff .  Thes e wil l  yiel d a  subjectiv e vie w o f  workin g 

practices ,  staf f  attitude s an d perceive d expertise .  Th e 

interview s als o ca n focu s o n th e clinicians '  report s a s t o 

ho w the y interpre t  dat a an d th e source s o n whic h the y 

rely . 

•  Systemati c obser\>ation s an d recordin g o f  dail y 

activitie s i n th e workin g environment .  Thi s provide s a 

mor e objectiv e pictur e o f  staff s workin g liabit s an d 

performance . 

•  Experimenta l  approache s t o examin e th e cognition s 

o f  physician s an d nurses .  Ou r  curren t  approac h i s t o 

presen t  staf f  wit h dat a pattern s recorde d fro m previou s 

rea l  patients ,  an d the n as k the m t o "thin k aloud "  durin g 

thei r  decisio n making .  Th e "think-aloud "  protocol s ar e 

the n transcribe d an d analyse d (Ericsso n &  Simon , 

1984 )  t o examine ,  o n th e on e hand ,  clinicians ' 

hypothesi s generatio n an d testin g procedures ;  and ,  o n 

th e othe r  hand ,  thei r  abilit y  t o identif y relevan t 

physiologica l  pattern s o n th e compute r  display .  Thi s 

for m o f  analysi s the n allow s a n assessmen t  o f  th e 

decisio n makin g i n term s o f  th e incidenc e o f  decisio n 

makin g biases ,  th e rol e o f  expertise ,  an d s o on . 

Once th e factor s affectin g decisio n makin g hav e bee n 

identified ,  thi s insigh t  ca n b e use d t o infor m th e desig n o f 

computationa l  algorithm s i n computerise d decisio n support . 

Conclusions 

I n thi s paper ,  w e hav e highlighte d th e importan t  role s tha t 

cognitiv e psycholog y ca n pla y (an d i n fac t  ha s played )  i n 

th e desig n o f  human-compute r  interactions .  I n contras t 

wit h pessimisti c view s whic h questio n th e applicabilit y  o f 

psychologica l  theorie s an d method s t o th e desig n o f 

interactiv e compute r  system s (Lon g &  Dowell ,  1996) ,  w e 

hav e show n th e potentia l  mutua l  benefit s o f  a  symbiosi s 

betwee n psychologica l  practice s an d th e practice s oriente d 

t o solvin g th e practica l  problem s o f  compute r  design .  I n 

particular ,  w e hav e discusse d i n som e detai l  ho w suc h a n 

approac h ca n hav e it s applicatio n i n a  particula r  desig n 

proble m whic h w e ar e currentl y addressing ,  tha t  is ,  th e 

developmen t  o f  decisio n suppor t  system s i n medica l 

intensiv e care . 
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