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A B S T R A C T:  Clinica l  proble m solvin g involve s bot h diagnosti c an d predictiv e reasoning . 
Diagnosti c reasonin g i s  characterize d b y inferenc e from  observation s t o hypotheses ;  predictiv e 
reasoning ,  b y inferenc e from  hypothese s t o observations .  W e investigat e th e us e o f  suc h strategie s 
by medica l  student s a t  thre e level s o f  trainin g i n explainin g th e underlyin g pathophysiolog y o f  a 
clinica l  case .  O u r  result s sho w tha t  withou t  a  sound ,  pre-existin g diseas e classification ,  th e us e o f 
basi c biomedica l  knowledg e interfere s wit h diagnosti c reasoning ;  however ,  wit h soun d 
classification ,  biomedica l  knowledg e facilitate s bot h diagnosti c an d predictiv e reasoning . 

INTRODUCTION: 
Basi c Sc ienc e V e r s u s Cl in ica l  K n o w l e d g e 

I t  i s generall y believe d tha t  knowledg e o f  basi c scienc e i s require d fo r  competenc e i n th e 
practic e o f  clinica l  medicine .  Ye t  th e precis e rol e o f  basi c scienc e i n diagnosti c reasonin g ha s 
remaine d controversia l  (Clancey ,  i n press ;  Patil ,  Szolovit z &  Schwartz ,  1984) .  Recen t  evidenc e 
suggest s tha t  basi c scienc e an d clinica l  proble m solvin g ma y represen t  domain s o f  knowledg e wit h 
ver y limite d overlap ,  a s judge d b y th e inabilit y  o f  student s an d clinician s t o integrat e basi c scienc e 
knowledg e i n th e contex t  o f  diagnosti c explanatio n task s (Pate l  &  Groen ,  1986 ;  Patel ,  Aroch a & 
Groen ,  1986) .  Indeed ,  som e investigator s hav e propose d tha t  th e use s o f  clinica l  an d basi c scienc e 
knowledg e involv e qualitativel y differen t  type s o f  reasonin g (Patel ,  Groe n &  Scott ,  i n press ; 
Evans ,  Gad d &  Pople ,  forthcoming) . 

One sourc e o f  evidenc e o n th e relatio n betwee n basi c scienc e an d clinica l  knowledg e 
derive s from  analysi s o f  patiiophysiologica l  explanation s offere d b y clinician s t o describ e medica l 
problem s (e.g. ,  Pati l  &  Szolovitz ,  1981) .  I n a  recen t  study ,  Pate l  an d Groe n (1986 )  foun d tha t 
exper t  cardiologist s w h o accuratel y diagnose d a  medica l  cas e manifeste d a  patter n o f  inferenc e i n 
whic h clinica l  finding s wer e progressivel y eliminate d b y subsumptio n unde r  a  diagnosti c 
hypothesis .  Thi s patter n o f  monotoni c reductio n o f  uncertaint y wa s termt d forwar d chaining . 
Such subject s generate d ver y fe w basi c scienc e description s i n explainin g th e underlyin g 
pathophysiolog y o f  th e problem .  B y contrast ,  cardiologist s wh o faile d t o diagnos e th e proble m 
generate d mor e intermediat e steps ,  includin g mor e basi c scienc e descriptions .  Whil e they ,  too , 
gav e evidenc e o f  forwar d chaining ,  thei r  performanc e wa s characterize d b y episode s o f  backwar d 
chaining ,  i n whic h secondar y hypothese s wer e produced ,  effectivel y increasin g th e numbe r  o f 
variable s tha t  require d explanations .  Sinc e th e hypothese s tha t  le d t o greate r  uncertaint y wer e 
derive d fro m basi c scienc e knowledge ,  i t  i s  temptin g t o conclud e tha t  clinica l  an d scientifi c 
knowledg e ar e no t  wel l  integrate d fo r  problem-solvin g tasks . 

What  explanation s ca n w e offe r  t o accoun t  fo r  suc h phenomena ? I n routin e medica l 
proble m solving ,  th e mos t  expeditiou s pat h toward s a  diagnosi s lead s throug h a  chai n o f  clinica l 
associations ,  resultin g i n progressiv e elaboratio n o f  constraint s (specifi c  diagnosti c hypotheses ) 
and incrementa l  reductio n o f  th e proble m spac e (th e clinica l  finding s tha t  mus t  b e explained) . 
When a  patien t  present s wit h a  difficult ,  multi-syste m proble m tha t  doe s no t  confor m neati y t o a 
familia r  pattern ,  th e physicia n mus t  attemp t  t o partitio n th e proble m spac e b y groupin g findings 
accordin g t o thei r  interrelations .  I t  i s i n thi s contex t  tha t  th e physicia n ma y rel y o n knowledg e o f 

221 



basi c scienc e (Josep h &  Patcl ,  1986) .  Similarly ,  a  clinicia n w h o lack s th e domain-specifi c 
knowledg e o r  necessar y clinica l  experienc e t o reason  diagnosticall y vi a clinica l  association s coul d 
be expecte d t o resor t  t o pathophysiologica l  model s o f  systemi c diseas e processe s t o predic t 
association s o f  findings. 

Give n th e differen t  demand s o f  clinica l  practic e an d basi c biomedica l  research ,  i t  i s 
reasonable  t o assum e tha t  expert s wil l  sho w preference s i n th e kind s o f  knowledg e the y emplo y i n 
solvin g a  case .  Patel ,  Aroch a an d Groe n (1986 )  compare d endocrin e researchers  an d endocrin e 
clinician s presente d wit h pathophysiologica l  explanatio n tasks .  Th e researcher s generate d ver y 
detaile d basi c scienc e explanation s whil e th e practitioner s use d principall y clinica l  inference s t o 
explai n th e underlyin g problem .  Th e author s conclude d tha t  th e basi s o f  explanatio n wa s a 
functio n o f  th e dail y task s th e specialist s ar e require d t o perform .  Practitioner s typicall y se e a  grea t 
many patient s i n a  sho n perio d o f  tim e an d ar c required  t o classif y problem s i n orde r  t o recommend 
treatment ,  b y contrast ,  researcher s typicall y mus t  attemp t  t o understan d an d elucidat e th e 
mechanism s o f  specifi c  biomedica l  phenomena . 

Medica l  students ,  unlik e practicin g physician s o r  researchers,  hav e onl y partiall y  develope d 
knowledg e o f  basi c scienc e an d clinica l  phenomena .  I n mos t  medica l  schools ,  student s spen d thei r 
firs t  tw o year s takin g basi c scienc e course s suc h a s anatomy ,  biochemistr y an d physiology ,  an d 
onl y i n thei r  secon d tw o year s begi n t o focu s o n problem s i n clinica l  medicine .  I t  i s  reasonabl e t o 
suppos e that ,  i n problem-solvin g tasks ,  students '  us e o f  basi c scienc e knowledg e wil l  depen d o n 
th e leve l  o f  medica l  training ,  tas k demand ,  an d th e degre e o f  uncertaint y inheren t  i n di e problem . 
Thi s pape r  report s o n on e investigatio n o f  thi s intuition . 

HYPOTHESES ON PROBLEM SOLVING 
An obviou s h5T)othesi s i s tha t  efficien t  causa l  reasoning  abou t  a  diseas e proces s require s 

management  o f  cognitiv e loa d — maximizin g th e constraint s o n th e proble m spac e an d minimizin g 
th e numbe r  o f  variable s (uncertainty )  tha t  mus t  b e hel d i n memory .  Give n tha t  th e tas k i s t o 
associat e clinica l  manifestation s t o a  diseas e process ,  ther e ar e a  prior i  tw o way s i n whic h causa l 
network s ca n b e build ,  viz. ,  b y reasonin g predictivel y fro m hypothese s t o manifestations ,  o r 
diagnosticall y fro m manifestation s t o hypotheses .  I n th e sens e tha t  predictiv e reasoning  involve s 
th e us e o f  generalization s associate d wit h diagnose s t o identif y candidates '  specifi c  details ,  i n a 
cas e i t  ca n b e regarde d a s deductive .  Similarly ,  i n th e sens e tha t  diagnosti c reasonin g involve s th e 
use o f  particula r  detail s t o sugges t  th e appropriat e generalize d "diagnoses" ,  i t  ca n b e regarde d a s 
inductive . 

I n predictiv e reasoning ,  th e proble m spac e i s controlle d becaus e on e entertain s a  hypothesi s 
of  sufficien t  powe r  an d generalizatio n t o accoun t  fo r  man y possibl e manifestations .  Uncenaint y i s 
controlle d becaus e inferenc e i s limite d t o wha t  i s entaile d b y th e hypothesis .  Fo r  example ,  i f  a 
physicia n assume s tha t  a  patien t  ha s bacteria l  endocarditis ,  h e o r  sho e ca n kno w tha t  a n infectiou s 
proces s i s involve d and ,  hence ,  ca n predic t  (an d accoun t  for )  a  finding  o f  fever .  Clearly ,  fo r 
predictiv e reasonin g t o b e effectiv e i n proble m solving ,  knowledg e o f  diagnose s an d thei r 
associate d manifestation s i s importan t 

I n diagnosti c reasoning ,  i t  i s  muc h mor e difficul t  t o constrai n th e proble m spac e an d 
eliminat e uncertainty .  Fo r  example ,  on e coul d lin k feve r  wit h a n infectiou s process , 
diagnostically ,  bu t  i t  woul d b e impossibl e t o sa y whic h infectiou s proces s wa s involve d withou t 
considerin g combination s o f  othe r  findings.  Furthermore ,  feve r  i s no t  cause d b y infectiou s 
processes ,  bu t  occur s i n inflammator y disorder s an d certai n cancers .  I n reasonin g fro m specifi c 
manifestation s t o possibl e hypotheses ,  on e introduce s numerou s alternative s tha t  mus t  b e 
reconciled  agains t  on e another .  A  physicia n w h o canno t  quickl y classif y findings  accordin g t o th e 
most  likel y diagnose s tha t  woul d accoun t  fo r  the m wil l  b e overwhelme d wit h th e proble m o f 
managin g informatio n an d inference . 

We woul d sugges t  tha t  physicians ,  i n fact ,  us e relatively  simpl e classificatio n schemat a t o 
transfor m th e proble m spac e o f  individua l  findings  t o on e o f  a  smal l  numbe r  o f  diagnosti c 
hypothese s an d clustere d findings.  Withou t  clinica l  knowledg e a s a  basi s fo r  classification , 
knowledg e o f  physiologica l  mechanism s an d scientifi c  principle s wi U b e use d t o driv e inference s 
and associat e observations .  Ou r  characterizatio n o f  reasonin g i n th e domai n o f  medicine ,  thus , 
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underscore s th e epistemologica l  complexit y o f  th e task .  Thi s suggest s tha t  th e managemen t  o f 
uncertaint y wil l  b e th e principa l  componen t  o f  effectiv e pcrfomiance .  I t  is ,  therefore ,  importan t  t o 
conside r  structura l  problem s tha t  aris e i n reasonin g unde r  uncertainty .  I n panicular ,  Henrio n 
(1986 )  ha s identifie d certai n phenomen a associate d wit h th e representatio n o f  causa l  knowledg e 
tha t  lea d t o propagatio n o f  uncertaint y i n inference .  W e focu s o n tw o problem s discusse d b y 
Henrion ,  dependenc y effect s an d cyclica l  inferencing . 

Dependenc y effect s ca n b e illustrate d wit h th e ai d o f  Figur e 1 ,  below .  Unde r  th e first 
representatio n o f  th e relation s o f  observation s t o hypotheses ,  o n th e left ,  evidenc e fro m thre e 
differen t  source s A ,  B ,  an d C  togethe r  strengthe n th e hypothesis ,  H j .  However ,  i f  A ,  B ,  an d C 

ar e dependen t  o n som e othe r  source ,  D ,  a s represente d o n th e right ,  th e hypothesi s i s no t 
strengthened .  On e metho d fo r  avoidin g this ,  suggeste d b y Henrion ,  i s  t o insur e independenc e o f 
evidence . 

FIGURE 1 :  D E P E N D E N CY EFFECTS 

Cyclica l  inferencin g occur s whe n a  hypothesis ,  base d o n certai n specifi c  evidence ,  i s  use d 
t o accoun t  fo r  phenomena ,  includin g th e evidenc e tha t  originall y gav e ris e t o th e hypothesis .  Sinc e 
reasoning  i n th e medica l  domai n involve s bot h predictiv e an d diagnosti c strategie s -  i.e. ,  reasoning 
from  hypothesi s t o diseas e manifestation s an d vic e vers a -  ther e i s th e dange r  that ,  withou t  a  mean s 
of  keepin g evidenc e fro m predictiv e an d diagnosti c source s separate ,  cyclica l  inferencin g ca n 
occur .  Fo r  example ,  conside r  th e followin g reasoning ,  give n schematicall y i n Figur e 2 : 
Intravenou s dru g us e ca n lea d t o infection ,  whic h lead s t o fever .  I n a  patien t  wit h feve r  an d hear t 
murmur ,  ther e i s a  hig h possibilit y  o f  bacteria l  endocarditis .  Bacteria l  endocarditi s  i s  associate d 
wit h intravenou s dru g users ,  henc e account s fo r  dru g use .  Th e resultin g networ k lead s t o 
propagatio n o f  uncertainty . 

INTRAVENOUS DRUG US E (A ) 
INFECTIO N (B ) 
FEVER (C )  &  HEART M U R M UR (D ) 
BACTERIAL ENDOCARDITIS (E ) 

- > INFECTIO N (B ) 
- *  FEVE R (C ) 
- ^  BACTERIA L ENDOCARDITIS (E ) 
- ^  INTRAVENOUS DRUG US E (A ) 

B 

, / ^ V 

FIGURE 2 :  CYCLICA L INFERENCIN G 
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Henrio n argue s tha t  thi s proble m arise s a s a  resul t  o f  failur e t o maintai n separatio n betwee n 
th e flow  o f  predictiv e an d diagnosti c reasoning .  W e ar c particularl y intereste d i n th e interactio n o f 
basi c biomedica l  an d clinica l  knowledg e wit h suc h phenomena .  Ou r  approac h ha s bee n t o analyz e 
th e protocol s o f  medica l  student s a t  differen t  level s o f  trainin g w h o wer e aske d t o perfor m a 
diagnosti c task .  Ou r  hypothesi s i s tha t  clinica l  trainin g provide s knowledg e o f  appropriat e diseas e 
classificatio n tha t  enable s efficien t  predictiv e reasoning ,  leadin g t o explanation s tha t  manifes t  causa l 
coherence .  I n term s o f  reasoning  strategies ,  w e hypothesiz e tha t  classification-guide d predictiv e 
reasonin g wil l  b e preferre d t o diagnosti c reasoning ;  an d tha t  i n th e absenc e o f  well-develope d 
classificatio n schemata ,  som e combinatio n o f  diagnosti c reasonin g an d predictiv e reasonin g fro m 
naiv e o r  for-the-nonc e classificatio n wil l  b e used .  A d ho c classificatio n i s facilitated ,  w e suggest , 
by applicatio n o f  basi c scientifi c  knowledg e edge ;  an d i n suc h instances ,  w e expec t  t o se e a 
compoundin g o f  problem s o f  dependenc y effect s an d cyclica l  inferencing .  Mor e generally ,  w e 
hypothesiz e tha t  an y us e o f  inductio n withou t  a n adequat e basi s fo r  deductio n -  suc h a s afforde d b y 
well-develope d classificatio n schemat a -  wil l  lea d t o inefficient ,  incomplete ,  an d incoheren t 
diagnosti c proble m solving . 

EXPERIMENTAL METHOD 
A tota l  o f  2 4 subject s wer e selecte d fro m thre e level s o f  medica l  schoo l  training .  Leve l  1 

include d si x student s jus t  enterin g thei r  firs t  yea r  o f  medica l  school .  Leve l  2  include d si x second -
yea r  medica l  student s w h o ha d complete d al l  basi c medica l  sciences ,  bu t  ha d ha d n o clinica l  work . 
Leve l  3  include d twelv e final-yea r  medica l  student s thre e month s befor e graduation . 

P r o c e d u r e :  Th e followin g empirica l  paradig m wa s used :  W e (1 )  presente d th e subjec t 
wit h a  clinica l  proble m text ;  (2 )  obtaine d a  summar y protoco l  o f  th e problem ;  (3 )  aske d th e subjec t 
t o explai n th e underlyin g pathophysiology ;  (4 )  aske d th e subjec t  fo r  a  diagnosis ;  an d (5 )  presente d 
th e subjec t  wit h thre e basi c scienc e text s an d aske d fo r  a n explanatio n o f  th e clinica l  problem . 

ANALYSIS:  W e us e a  combinatio n o f  propositiona l  an d protoco l  analysis .  Ou r  firs t  ste p 
i s t o separat e th e text s int o segments ,  correspondin g t o syntacti c units ,  usin g Winograd' s syste m 
of  clausa l  analysi s (Winograd ,  1972) .  Th e nex t  ste p involve s th e representatio n o f  clause s i n temi s 
of  thei r  propositiona l  conten t  an d structure ,  usin g th e technique s o f  propositiona l  analysi s base d o n 
Frederikse n (1975) .  A  detaile d analysi s o f  a  clinica l  cas e identica l  t o tha t  use d her e i s give n i n 
Pate l  &  Groe n (1986 )  an d Pate l  &  Frederikse n (1984) .  A t  a  secon d leve l  o f  analysis ,  proposition s 
ar c linke d t o for m a  higher-ordere d rclational  structur e (frames) .  Suc h structure s ar e representabl e 
as th e causa l  network s discusse d i n th e literatur e o n medica l  artificia l  intelligence .  Th e link s i n th e 
causa l  network s ca n b e converte d int o productio n rules .  Th e directionalit y o f  suc h rule s i s 
importan t  sinc e causa l  rule s generall y lea d awa y fro m a  diagnosi s (i n a  predictiv e direction )  an d 
onl y conditiona l  rule s lea d towar d on e (i n a  diagnosti c direction) .  Ou r  analysi s als o use s th e notio n 
of  referenc e fram e o f  a  disease ,  whic h aid s u s i n identifyin g wher e basi c scienc e knowledg e i s 
use d i n reasoning  i n eithe r  direction . 

C o g n i t i v e T a s k :  Th e task s requir e eac h subjec t  t o rea d th e cas e an d for m a 
representatio n o f  di e problem .  Subsequenti y the y ar e aske d t o summariz e th e problem .  Thi s 
provide s insigh t  int o th e relation s amon g clinica l  fmding s tha t  the y hav e considered .  A s subject s 
ar e als o aske d t o explai n th e underlyin g pathophysiolog y o f  th e problem ,  i t  i s  possibl e t o asses s th e 
degre e t o whic h the y ca n coherentl y accoun t  fo r  th e diseas e process .  Ther e ar e severa l  level s o f 
abstractio n from  whic h the y ca n approac h thi s task .  Fo r  example ,  the y ca n describ e th e diseas e 
proces s entirel y i n term s o f  clinica l  o r  anatomica l  feature s (a s a  stati c process )  o r  the y ca n explor e 
th e perturbation s i n th e physiologica l  processe s tha t  resul t  i n th e patient' s presentin g conditio n ( a 
dynami c process) .  Afte r  presentin g a  pathophysiologica l  account ,  the y ar e require d t o mak e a 
diagnosis .  Th e tex t  o f  th e clinica l  problem ,  acut e bacteria l  endocarditis ,  i s  give n i n Figur e 3  an d 
th e component s o f  th e reference  frame s ar e give n i n Figur e 4 . 
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THIS 27-YEA R OL D UNEMPLOYED MAL E WAS ADMITTE D T O TH E EMERGENCY ROOM WIT H TH E 
COMPLAINT O F SHAKIN G CHILL S AN D FEVER O F FOUR DAYS DURATION.  H E TOOK HI S O WN 
TEMPERATURE AN D WAS RECORDED A T 4 0 T O N TH E MORNING O F ADMISSION.  TH E FEVER AN D 
CHILLS WERE ACCOMPANIED B Y SWEATING AN D A  FEELIN G O F PROSTRATION.  H E ALS O 
COMPLAINED O F SHORTNESS O F BREATH WHEN H E TRIE D T O CLIM B TH E T WO FUGHTS O F STAIR S I N 
HIS APARTMENT.  FUNCHONAL ENQUIRY REVEALED A  TRANSIENT LOSS O F VISIO N I N HI S RIGH T EY E 
WHICH LASTE D APPROXIMATELY 45 "  O N TH E DA Y BEFORE HI S ADMISSIO N T O TH E EMERGENCY 
WARD. 

PHYSICAL EXAMINATIO N REVEALED A  TOXI C LOOKIN G YOUNG MA N W HO WAS HAVIN G A  RIGOR. 
HI S TEMPERATURE WAS 4  r C ,  PULS E 120 .  H P 110/40 .  MUCUS MEMBRANES WERE PINK . 
EXAMINATION O F HI S UMBS SHOWED PUNCTURE WOUNDS I N HI S LEF T ANTECUBITAL FOSSA.  TH E 
PATIENT VOLUNTEERED THA T H E HA D BEEN BITTE N B Y A  CA T A T A  FRIEND' S HOUSE ABOUT A  WEEK 
BEFORE ADMISSION.  THERE WERE N O OTHER SKI N FINDINGS .  EXAMINATIO N O F TH E 
CARDIOVASCULAR SYSTEM SHOWED N O JUGULAR VENOUS DISTENSION ,  PULSE WAS 12 0 PE R MINUTE. 
REGULAR.  EQUAL A N DISYNCRONOUS.  THEPULSE WAS ALS O NOTED T O B E COLLAPSING.  TH E APE X 
BEAT WAS NOT DISPLACED.  AUSCULTATION O F HI S HEART REVEALED A  2/ 6 EARL Y DL^STOUC 
MURMUR I N TH E AORTI C AREA AN D FUNDOSCOPY REVEALED A  FLAME-SHAPED HEMORRHAGE I N TH E 
LEFT EYE.  THERE WAS N O SPLENOMEGALY.  URINALYSI S SHOWED NUMEROUS RE D CELL S BU T 
THERE WERE N O RE D CEL L CASTS. 

FIGURE 3: BACTERIAL ENDOCARDITIS TEXT 
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I n th e secon d pa n o f  th e experimen t  th e subject s ar e aske d t o rea d thre e basi c scienc e texts , 
whic h the y mus t  subsequend y relat e t o th e clinica l  case .  I n effect ,  th e subject s ar e provide d wit h 
th e opportunit y a t  thi s stag e t o updat e thei r  pathophysiologica l  explanation s usin g th e basi c scienc e 
principles ,  abstractions ,  an d concept s presente d i n th e texts .  Ther e ar e severa l  way s i n whic h thei r 
explanation s ca n change .  Th e subject s ca n choos e t o elaborat e an d embellis h previou s 
characterization s o f  th e diseas e proces s wit h additiona l  detail ;  the y m a y choos e t o rejec t  earlie r 
characterization s o n th e basi s o f  th e ne w information ;  o r  the y ma y offe r  ne w pathophysiologica l 
descriptions ,  entirel y orthogona l  t o thei r  previou s descriptions ,  resultin g fro m a  complet e shif t  i n 
focus .  Th e natur e o f  thei r  revise d representation s i s a  functio n o f  severa l  factor s includin g (a )  thei r 
abilit y  t o for m a  coheren t  representatio n o f  th e clinica l  text ;  (b )  thei r  comprehensio n o f  th e basi c 
scienc e material ;  an d (c )  thei r  abilit y  t o synthesiz e an d integrat e th e relevan t  informatio n from  th e 
basi c scienc e text s int o th e contex t  o f  th e clinica l  problem . 

RESULTS AND DISCUSSIONS 
Th e performanc e o f  subject s a t  eac h leve l  wa s distinc t  an d quit e unifor m i n term s o f 

diagnosti c an d predictiv e reasonin g usin g basi c scienc e knowledg e i n th e explanatio n task . 
Student s a t  leve l  1  wer e rate d poo r  o n bot h diagnosti c an d predictiv e reasoning ;  student s a t  leve l  2 
wer e rated/a/ r  o n both ;  an d student s a t  leve l  3  wer e rate d goo d o n both .  Thus ,  thoug h al l  group s 
of  subject s showe d evidenc e o f  bot h type s o f  reasonin g i n explainin g th e patient' s underlyin g 
problem ,  reasonin g improve d i n accurac y an d coherenc y wit h leve l  o f  training . 

D i a g n o s t i c R e a s o n i n g :  I t  appear s tha t  reasonin g i n a  diagnosti c directio n i s 
frustrate d b y th e applicatio n o f  basi c scienc e knowledg e unles s ther e i s a  stron g classificatio n o f 
hypothese s (diagnoses) .  Th e final-yea r  medica l  students ,  w h o hav e ha d som e clinica l  experience , 
hav e partia l  classificatio n schemat a whic h assis t  the m bot h i n selectin g a n initial ,  accurat e 
diagnosti c hypothesi s an d i n predictin g selectively ,  th e variable s t o b e teste d t o confir m th e selecte d 
hypothesis .  Thi s i s illustrate d i n Tabl e 1  b y a n analysi s o f  a  protocol ,  take n fro m a  final-year 
smdent ,  showin g th e explanation s produce d befor e an d afte r  receivin g basi c scienc e information . 
Figure s 5  an d 6  giv e th e causa l  network s generate d fro m thes e protocols .  Ther e i s n o evidenc e o f 
cyclica l  inferencin g o r  dependenc y effect s i n pre-basi c scienc e protocol s bu t  the y ar e presen t  t o a 
limite d exten t  i n post-basi c scienc e protocols . 

TABLE u 

PATHOPHYSICAL EXPLANATION PROTOCOLS O F BACTERIAL ;  ENDOCARDITIS 
BY A  HNAL YEAR MEDICAL STUDENT STUDENT,  WIT H AN D WITHOUT TH E 

BASIC SCIENCE TEX T PROVIDED. 

ri.IM(TAT .  TEX T ONT. Y 

Bacierein u resulting  i n genenlize d 
symptom s o f  illness ,  i.e. ,  fatigue ,  chills , 
fever ,  sweating .  Thes e bacteii a acxaunulate d 
inaoiti c  valv e wit h resultan t  vegetation s an d 
miumii r  du e t o ausclatio n o f  valve .  Embo U 
from  thes e vegation s trave l  vi a caroti d o n lef t 
t o lef t  rednal  aiur y resulting  i n temporai y 
bbndnes s an d flam e hemonhage s du e 
t o th e ocdude d Moo d supply . 

w iTT T a i y T < : A L a m ? 
B A S I C S C I R N C E T E X T S 

1)  Bacteria introduced into bloodstream perhaps 
vi a vena-puncture .  Subsequentl y releas e 
endotoxin s whic h ac t  o n bon e marro w cell s 
t o produc e pyrogens .  Thes e pyrogen s ac t  o n 
th e hypothalamu s (pre-afler )  t o result  i n fever . 
Chill s  occu r  du e t o nee d t o increas e bod y 
temperatur e a s indicate d b y th e hypothalamus . 

2)  This bacteremia results in vegetations occuring 
i n aoni c valve .  Th e diastoli c murmu r  i s du e t o 
aorti c  regurgiutian  a s thes e vegeution s alte r  th e 
closin g o f  th e valve .  Th e murmu r  ndiate s alon g 
th e bloo d flo w trac t  o f  th e aoni c valv e whic h i s 
th e lef t  sterna l  border ,  wher e th e lef t  ventrica l  is . 

3)  Micro emboli are released from these vegeutions 
and flo w i n th e atha l  ciinilatio n an d eventuall y 
occlud e capillaiie s goin g t o th e renn a resultin g i n 
tiansien i  blindness .  Thi s increase d capillar y 
pressur e du e t o occlusio n resulted  i n retina l 
hemonfaag e an d thu s ar e see n o n fundoscopi c 
examination . 
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I t  i s  clea r  tha t  th e subjec t  inductivel y dec ide s tha t  th e patien t  h a s b a c t e r e m i a a n d th e 

bacteremi a ha s affecte d th e aorti c hear t  valv e (Figur e 5 ) .  I n orde r  t o accoun t  fo r  thes e t w o facet s o f 

th e overal l  disease ,  certai n prediction s h a v e t o b e m a d e .  T h e subjec t  con f i rm s tha t  i t  i s  bac teremi a 

becaus e th e patien t  h a s fatigue ,  chills ,  fever ,  a n d sweat ing ,  w h i c h ar e th e f inding s o n e w o u l d 

expect .  I n orde r  t o c o n f i r m aorti c va lv e i nvo l vemen t ,  th e subjec t  expla in s hear t  m u r m u r  a n d 

subsequen t  h e m o r r h a g e a n d blindness .  T h e classificatio n o f  th e diseas e p r e s u m a b l y directe d hi s o r 

her e selectio n o f  particula r  variable s (findings) ,  w h o s e p resenc e c a n b e take n a s con f i rma to r y 

evidenc e tha t  th e predictio n w a s v a h d . 

Af te r  th e basi c scienc e tex t  ha s b e e n read ,  th e subjec t  o n c e agai n use s a  classificatio n 

s c h e m a t o prov id e th e necessar y basi c scienc e k n o w l e d g e require d t o explai n th e f inding s (Figur e 

6 ) .  H e r e ,  a  d e e p e r  a c c o u n t  o f  th e diseas e proces s i s  offered .  T h e r e i s n o c h a n g e i n eithe r  th e 

diagnosti c exp lanat io n o r  i n th e selectio n o f  prediction s i n c o n f i r m i n g th e d iagnosis .  Bas i c 

scientifi c  informatio n i s use d t o provid e detaile d physiologica l  m e c h a n i s m s tha t  c a n accoun t  fo r  th e 

existenc e o f  th e selecte d variable s identifie d earlier .  T h e r e i s a n effec t  o f  globa l  c o h e r e n c e i n boti i 

explanatio n protocols ,  d u e i n par t  t o th e ric h c o n n e c t e d n e s s o f  details .  B o t h causa l  n e t w o r k s 

resulte d i n on l y o n e diagnosti c c o m p o n e n t  each ,  cor respondin g t o th e diagnosis ,  a n d p r o d u c e d n o 

disjoin t  c o m p o n e n t s . 

BACTEREMIA CRU: GENERALIZED 
SYMPTOMS 
OF ILLNES S 
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FIGURE S-  CAUSAL NETWORK OF PATHOPHYSIOLOGICAL EXPLANATION OP 
ENDOCARDITIS B T A  FINA L TEA R MEDICAL STUDENT 

(Clinica l  Uz t  only ) 
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FIGURE 6 r  CAUSAL N E T W O RK O F PATHOPHYSIOLOGICAL 
EXPLANATION O F ENDOCARDITIS B Y A  F INA L 

YEAR MEDICA L STUDENT 
(clinica l  an d bad e aclaac *  t»st ) 

Th e second-yea r  medica l  students ,  w h o d o no t  hav e a  clinica l  basi s fo r  diseas e 
classification ,  ar e no t  abl e t o us e basi c scienc e knowledg e adequatel y i n diagnosti c reasoning . 
However ,  thes e student s d o hav e goo d taxonomie s o f  som e fo r  th e component s o f  diseas e 
processes ,  suc h a s genera l  infection ,  whic h hel p focu s hypothese s an d provid e loca l  coherenc e i n 
th e organizatio n o f  findings .  Thi s  i s illustrate d b y a n explanatio n from a  second-yea r  student ,  a s 
analyze d i n th e causa l  networ k i n Figur e 7 .  Th e analysi s show s tha t  diagnosti c reasonin g i s 
facilitate d b y th e identificatio n o f  th e infectio n componen t  o f  bacteria l  endocarditis .  Further ,  th e 
subjec t  rule s ou t  othe r  source s o f  infection ,  viz. ,  c o m m o n cause s an d tropica l  fever ,  an d thereb y 
increase s th e cenaint y o f  infectio n fro m ca t  bite .  Th e subjec t  doe s no t  us e basi c scienc e 
informatio n an y furthe r  t o reaso n diagnostically ;  rather ,  move s backwar d t o explai n th e findings,  t o 
confir m th e generate d hypothesis .  W h e n mor e basi c scienc e informatio n i s provided ,  t o confir m 
th e generate d hypothesis .  W h e n mor e basi c scienc e informatio n i s provided ,  i t  i s  use d b y th e 
studen t  t o rul e ou t  th e possibilit y  o f  immun e respons e a s a  differentia l  diagnosi s (Figur e 8) . 
Beside s that ,  th e additiona l  basi c scienc e knowledg e lead s t o a  reductio n i n globa l  coherenc e ( 6 
hypothetica l  component s appeare d wher e ther e previousl y wa s onl y 1  candidat e diagnosis) , 
withou t  a  los s o f  loca l  coherence .  Furthermore ,  som e us e o f  basi c scienc e knowledg e i s wholl y 
inaccurate .  Fo r  example ,  decrease s i n th e transfe r  o f  energ y fro m systol e t o diastol e d o no t  caus e 
hypotension . 
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T h e first-yea r  students ,  w h o hav e onl y naiv e taxonomie s o f  diseas e phenomena ,  choos e a 

genera l  hypothesi s abou t  th e problem ,  whic h the y ar e prepare d t o understand .  Fo r  example ,  on e 

subjec t  diagnose s th e proble m a s mil d shock ,  the n classifie s th e symp tom s o f  thi s conditio n a s 

increase d hear t  rate ,  lo w diastoli c pressure ,  lo w systoli c pressure ,  an d poo r  venou s retur n (Figur e 

9) .  T h e balanc e o f  th e student' s effor t  i s  spen d reflectin g o n connection s a m o n g individua l 

findings,  t o provid e s o m e coherenc e t o th e text .  Al l  subsequen t  explanation s suppor t  bloo d los s 

an d hemorrhaging ,  whic h accoun t  fo r  th e shakin g chills .  T h e sampl e explanation s hav e onl y 

modest  loca l  coherenc e wit h ver y littl e globa l  coherenc e ( 3 component s remain  unresolved) .  Afte r 

th e first-year  student s hav e rea d th e basi c scienc e text ,  globa l  coherenc e diminishe s ( 6 unresolve d 

componen t s appear) ;  thoug h loca l  coherence ,  whic h i s stil l  poor.improve s ove r  th e first 

explanation .  A s ca n b e see n from  Figur e 10 ,  th e additiona l  basi c scienc e knowledg e doe s no t 

provid e extr a understandin g affectin g diagnosti c reasoning . 

P r e d i c t i v e R e a s o n i n g :  W e migh t  conjecture  tha t  reasonin g i n predictiv e direction s 

woul d b e facilitate d b y th e applicatio n o f  basi c scienc e knowledge .  I n fact ,  final-year  medica l 

students ,  w h o hav e knowledg e o f  relevant  basi c scienc e an d som e diseas e classificatio n schemata , 

hav e n o proble m i n usin g thei r  knowledg e t o predic t  selecte d variable s t o confir m th e hypothesis . 

A s th e causa l  networ k i n Figur e 6  shows ,  additiona l  basi c scienc e knowledg e i s use d t o ad d 

coherenc e t o th e clinica l  mode l  whic h i n tur n provide s th e basi s o f  th e diseas e classification .  Ther e 

i s a  clea r  evidenc e o f  predictiv e reasoning  usin g basi c scienc e knowledg e t o suppor t  th e hypothesi s 

tha t  th e patien t  w a s sufferin g fro m bacteria l  endocarditis . 
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Basic science knowledge did not adequately assist the second-year students in predictive 

reasonin g (Figur e 8) .  I t  provide d coherenc e t o th e loca l  infectio n componen t  o f  th e disease ,  onl y 

t o th e exten t  tha t  chills ,  rigor ,  an d palenes s coul d b e predicted .  T h e res t  o f  th e protoco l  show s 

sign s o f  predictiv e reasonin g usin g basi c scienc e knowledge ,  bu t  withou t  leadin g t o th e selectio n o f 

relevan t  predictions . 

T h e first-year  students '  protocol s s h o w poo r  predictiv e reasonin g throughout .  I n th e 

exampl e case ,  th e variable s selecte d fo r  confirmatio n wer e base d o n th e diagnosti c hypothesi s 

(mil d shock) ,  whic h wa s grossl y inaccurate .  Thi s hypothesi s guide d th e selectio n o f  predictor s 

suc h a s bloo d los s an d hemorrhaging .  Althoug h th e us e o f  knowledg e irrelevan t  t o th e diagnosi s 

provide s som e coherenc e t o th e text ,  i t  doe s no t  contribut e t o a n explanatio n o f  th e basi c underlyin g 

pathophysiolog y o f  th e problem .  Wit h additiona l  basi c scienc e knowledg e ther e i s evidenc e o f  on e 

variabl e predictin g another ,  cyclically .  Thi s i s see n whe n decrease d diastoli c pressur e account s fo r 

hemorrhag e i n th e ey e an d vic e vers a (Figur e 10) .  Furthe r  evidenc e o f  cyclica l  inferenc e appear s 

when feve r  i s use d t o explai n bacteria l  infection .  Chills ,  sweating ,  rigor ,  an d pin k m u c u s 

membrane ar e cause d b y feve r  an d thu s provid e evidenc e fo r  fever .  Hig h feve r  i s sai d t o b e cause d 

by pyrogen s whic h accoun t  fo r  al l  th e findings -  fever ,  chills ,  sweating ,  an d rigor . 

Th e patter n o f  result s describe d i n detai l  fo r  on e subjec t  a t  eac h leve l  o f  medica l  trainin g 

was als o tru e fo r  th e othe r  subject s a t  tha t  level .  Nin e ou t  o f  twelv e student s i n thei r  final-year  o f 

trainin g conforme d t o th e patter n o f  diagnosti c an d predictiv e reasonin g described .  Al l  si x o f  th e 

second-yea r  student s protocol s reflecte d th e genera l  phenomen a describe d fo r  on e subject . 

However ,  ther e wa s somewha t  greate r  varianc e see n i n th e protocol s o f  th e first-year  medica l 

student s where ,  althoug h fou r  ou t  o f  si x subjec t  protocol s showe d th e describe d patter n o f  results , 

ther e wer e difference s i n thei r  specifi c  prio r  knowledg e an d i n interpretin g th e protocols .  T w o 

subject s i n thi s yea r  di d no t  follo w th e describe d patter n o f  result s fo r  th e first-yea r  student s 

becaus e o f  thei r  unusua l  backgroun d o f  havin g a  degre e o f  Ph.D .  an d nursing . 
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C O N C L U S I ON 
For  clinica l  proble m solving ,  basi c scienc e knowledg e serve s a s a  powerfu l  resource  fo r 

bridgin g gap s durin g deductiv e reasoning ;  bu t  i s to o powerfu l  t o b e use d i n inductiv e reasoning. 
Inductiv e reasoning  i s successfu l  onl y i n th e contex t  o f  a  well-differentiate d taxonom y o f  goals ,  i n 
particular ,  a  soun d classificatio n schem a fo r  diagnose s an d thei r  facets .  Th e abilit y  t o organiz e 
observation s base d o n relevan t  clinica l  association s provide s sufficien t  structurin g o f  a  diagnostic -
proble m spac e t o exploi t  th e detail s o f  basi c scienc e knowledg e mos t  efficiendy .  Onc e partitioned , 
th e proble m spac e ca n b e constraine d furthe r  b y eithe r  diagnosti c reasonin g o r  predictiv e 
reasoning ,  wit h o r  withou t  th e additio n o f  basi c scienc e knowledge .  I n sum ,  w e find  tha t  basi c 
biomedica l  knowledg e interfere s wit h diagnosti c proble m solving ,  unles s ther e i s a  basi s fo r 
predictiv e reasoning. 
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