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ON T H E A P P U C A T I O N O F M E D I C A L BASIC-SCffiNC E K N O W L E D GE I N CLINICA L 
R E A S O N I N G:  I M P U C A T I O N S F O R S T R U C T U R AL K N O W L E D GE D I F F E R E N C ES 

B E T W E EN E X P E R TS A N D N O V I C E S i 

Henny P.A. Boshuizen, H.G. Schmidt & Lorence D. Coughlin®, 

University of Limburg, Maastricht, The Netherlands and 
"McGil l  University ,  Montreal ,  Canad a 

Knowledg e structure s i n memor y an d knowledg e applicatio n ar e concept s whic h ar e closel y related 
i n theorie s o n expertis e i n semanticall y ric h domains .  Glase r  (1986 )  t^e s a n extrem e positio n b y 
hypothesizin g tha t  novices '  failur e t o solv e a  proble m ca n b e attribute d solel y t o structura l  aspect s 

of  thei r  knowledg e whic h prohibi t  activation .  Thi s clai m i s supporte d b y research findings  o f 

Allwoo d &  Montgomer y (1981) ,  w h o showe d tha t  novices ,  whil e solvin g problems ,  hav e 

difficultie s i n activatin g relevant  knowledge ,  an d eve n see m unawar e o f  thei r  possessin g tha t 

knowledge .  I n orde r  t o becom e applicabl e i n problem-solvin g situations ,  knowledg e mus t  b e 

conditiona l  ized . 

Lesgold (1984), jqjplying Anderson's (1982) theory on learning of cognitive skills to medicine 

propose d tha t  medica l  basic-scienc e knowledge ,  initiall y  declarativ e i n nature ,  become s tie d t o th e 

condition s unde r  whic h i t  ca n b e applied ,  i s  compile d an d tune d t o medica l  practice . 

Feltovic h an d Barrows '  (1984 )  mode l  o f  medica l  exper t  knowledg e ca n b e perceive d a s th e fina l 

stag e i n thi s developmenta l  process .  The y propos e a  multi-laye r  mode l  i n whic h medica l  basic -

scienc e knowledg e become s integrate d int o wha t  the y cal l  "illnes s scripts" .  I n thei r  view ,  a 

physicia n w h o i s confronte d wit h a  patien t  attempt s t o generat e a  descriptio n o f  th e patient' s majo r 
malfunction s (th e Fault) ,  th e sign s an d symptom s whic h (s)h e suffer s from  (th e Consequence s o f 

th e Fault )  an d h o w th e patient' s conditio n cam e t o b e (th e Condition s tha t  Enable d th e Fault) .  Fo r 

instance ,  sex ,  ag e an d weigh t  ar e condition s i n th e patient ,  associate d wit h severa l  kind s o f 

diseases .  Increasin g ag e i s associate d wit h a  highe r  incidenc e o f  cancer ,  wherea s cardiovascula r 

disease s ar e mor e commonl y foun d i n male s an d i n peopl e sufferin g from  obesity .  Bein g 

overweight ,  ove r  4 5 year s o f  ag e an d a  femal e ar e associate d wit h bil e stones .  Enablin g condition s 

as define d b y Feltovic h &  Barrow s (1984) ,  impos e constraint s o n th e se t  o f  plausibl e hypothese s 

abou t  th e Faul t  causin g th e patient' s sign s an d symptoms .  Tha t  i s w h y bil e stone s wil l  mor e easil y 

be expecte d i n a  5 5 yea r  ol d lad y w h o i s 1 5 k g overweight ,  tha n i n a  thi n youn g m a n ,  althoug h 

bot h m a y presen t  sufferin g from  a n attac k o f  abdomina l  pain .  Th e knowledg e applie d i n 

identifyin g Enablin g Conditions ,  Fault s an d Consequences ,  m a y b e par t  o f  severa l  medica l 
subdomain s an d specialtie s lik e epidemiology ,  microbiolog y an d intema l  medicine .  Feltovic h an d 
Barrow s clai m tha t  i n suc h a n illnes s script ,  basic-scienc e knowledg e play s a  importan t  an d 

integratin g role .  It s causa l  natur e determine s h o w variation s i n patien t  finding s ca n b e accounted 

for . 

Evidence for this proposition is provided by Lesgold, Feltovich, Glaser & Wang (1981) in the 

domai n o f  radiology .  The y foun d tha t  knowledg e become s mor e an d mor e accurat e i n th e cours e 

of  developmen t  towar d expertise ,  an d tha t  knowledg e applie d b y expert s i n characterizin g ches t  X -

ray s wa s fa r  mor e extensive ,  detailed ,  relevant  an d goal-oriente d a s compare d wit h intermediates ' 

and novices '  knowledge .  Othe r  authors ,  however ,  notabl y Boshuizen ,  Schmid t  &  Coughli n 

P̂reparatio n o f  thi s pape r  wa s mad e possibl e b y a  gran t  (#6266 )  o f  th e Dutc h Foundatio n fo r  Educationa l  Researc h 
(SVO)  t o H.G .  Schmid t  an d H.P.A .  Boshuizen . 
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(1987) and Patel, Evans & Grocn (1988), suggest that basic-science knowledge plays a less 

dominatin g rol e i n exper t  performanc e i n medicine ,  whil e i t  doe s pla y a  rol e i n th e earher , 

intennediat e stages .  Thei r  suggestio n i s base d o n th e relativ e absenc e o f  reference s t o basi c scienc e 

concept s i n explanation s provide d b y expert s whe n aske d t o describ e th e pathophysiologica l 

processe s underlyin g sign s an d symptom s displaye d i n a  clinica l  case .  Thus ,  tw o conflictin g 

hypothese s abou t  th e rol e o f  basic-scienc e knowledg e i n exper t  performanc e ca n b e identifie d i n th e 

literature . 

In this p^>er, research on the role of basic-science knowledge in clinical reasoning will be 

reported.  Th e questio n o f  interes t  i s  whethe r  o r  no t  basic-scienc e knowledg e play s a n increasin g 

rol e i n th e developmen t  o f  expertise .  I n additio n a n attenp t  wil l  b e m a d e t o determin e a t  whic h 

stag e i n th e developmen t  toward s expertis e illnes s script s emerg e a s organizer s o f  patien t 

information .  I n orde r  t o investigat e thes e issue s tw o experiment s wer e carrie d out .  I n Experimen t 

1 a n explorative ,  qualitativ e approac h wa s taken ,  utilizin g fou r  subject s wit h differen t  degree s o f 

expertise .  Thes e subject s wer e aske d t o thin k alou d whil e processin g sequentiall y  presente d 

patien t  information .  I n Experimen t  2 ,  results  o f  Experimen t  1  wer e verifie d i n a  sampl e o f  2 4 

subjects ,  usin g bot h qualitativ e an d quantitativ e procedures . 

EXPERIMENT 1 

Experimenta l  Metho d 

Subject s 

Fou r  subject s a t  differen t  level s o f  medica l  expertis e participate d i n thi s study :  on e novic e ( a secon d 

yea r  medica l  student) ;  tw o intermediate s ("I-l" ,  a  fourt h yea r  studen t  nearl y finishe d preclinica l 

training ;  an d "1-2" ,  a  fift h yea r  studen t  w h o ha d finished  bot h primar y car e an d interna l  medicin e 

clerkships )  an d on e exper t  ( a famil y physicia n wit h fou r  year s o f  experience) . 

Procedure 

Th e subject s wer e presente d wit h a  cas e o f  chroni c relapsing  alcohol-induce d pancreatiti s  wit h 

mino r  pancreati c insufficiency .  Th e cas e describe s a  3 8 yea r  old ,  unemploye d mal e wit h a  histor y 

of  neuroti c depression s an d alcoho l  abuse .  O n e yea r  earlier ,  h e ha d a n attac k o f  pancreatitis ,  an d 

n o w call s th e famil y physicia n wit h a  complain t  o f  severe ,  borin g pai n i n th e uppe r  par t  o f  th e 

abdomen . 

Th e cas e wa s presente d o n 4 8 type d cards ,  eac h containin g on e o r  mor e item s o f  informatio n 

characterizin g th e patient ,  th e presen t  history ,  physica l  finding s o r  la b findings . 

Th e subject s wer e aske d t o thin k alou d whil e bein g presente d wit h th e card s i n a  sequentia l  fashio n 

and t o provid e a  differentia l  diagnosi s a t  th e end .  Session s wer e recorded  o n tap e an d verbati m 

transcript s wer e produced . 

Analyses 

Th e Feltovic h &  Barrow s mode l  wa s use d a s a n analyti c  tool .  First ,  th e origina l  case ,  a s presente d 

t o th e subjects ,  wa s analyze d usin g th e Feltovic h an d Barrow s categories .  Fo r  eac h cas e item ,  i t 

was decide d whethe r  o r  no t  i t  fit  wit h th e pancreatiti s  script .  Next ,  eac h scrip t  ite m wa s assigne d 

t o on e o f  th e model' s categories .  Subsequently ,  th e fou r  think-alou d protocol s wer e analyze d 

countin g th e numbe r  o f  link s i n reasoning  chain s in-whic h cas e item s wer e clustere d together ,  an d 

th e numbe r  o f  mle s connectin g concept s i n a  chain .  A  lin k i n a  chai n i s define d her e a s th e 

associatio n betwee n tw o cas e item s constructe d b y th e subject .  Thes e link s wer e classifie d 

utilizin g th e Feltovic h an d Barrow s model . 

For  instance ,  w h e n th e exper t  i s  confronte d wit h th e first  Consequenc e ite m (#8) : 

Complain t  :  "contiDuou s pai n i n tb e uppe r  pai t  o f  th e abdomen ,  radiatin g t o th e back " 
He responds : 
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O)  3 0 
•  fromEtoE/ C 
•  fromCtoE/ C 
0 non-scrip t 

relation s 

E - Enabling Condition 

C-  Consequenc e 

novic e 1- 1 1- 2 

Leve l  o f  Expertis e 

exper t 

figure 1. Percentage of links between case items 

"Well ,  whe n I  visi t  a  perso n (7 )  wit h a n acute ,  continuou s pai n i n hi s abdomen ,  radiatin g t o th e bac k (8) ,  wh o 
suffere d fro m pancreatiti s  a  yea r  befor e (5) ,  wher e I  don' t  kno w fo r  sur e whethe r  o r  no t  h e i s stil l  drinkin g afte r 
th e Refusa l  cur e (6) ,  bu t  I  d o kno w tha t  hi s menta l  proble m stil l  exist s  (2) ,  wel l  I  thin k tha t  I'l l  thin k first:  ho w 
i s hi s pancreas ? ho w i s hi s liver ? an d dia t  -becaus e o f  hi s ag e (1) -  othe r  malignan t  processe s i n th e abdome n ar e 
les s probable. "  (relevan t  item # ar e betwee n brackets. ) 

Here ,  th e exper t  i s  linkin g a n Enablin g Conditio n (#7) ,  Consequenc e (#8 )  an d fou r  othe r  Enablin g 

Condition s (#1,2,5&6 )  int o a  chain .  Thu s five  link s emerg e from  thi s excerpt :  E  # 7 -  C  #8 ,  C  # 8 -

E #1 ,  E  # 1 -  E  #2 ,  E  # 2 -  E  # 5 an d E  # 5 -  E  #6 .  Thes e link s ar e classifie d a s E-to-C ,  C-to- E an d 3 

E-to- E links . 

I n orde r  t o investigat e th e typ e o f  knowledg e subject s wer e usin g i n chainin g th e cas e items ,  rule s 
wer e abstracte d from  th e protocols .  Rule s wer e indicate d i n th e protocol s b y expression s like : 
"<. .  . > indicate s <. .  .>" ,  "<. .  . > make s m e thin k o f  <. .  .>" .  o r  "i f  yo u thin k o f  <. .  .> ,  yo u alway s 

hav e t o thin k o f  <. .  . > a s well" .  Th e abstracte d rule s wer e represente d a s I F - T H E N statements .  I n 

th e exampl e above ,  tha t  wa s derive d from  th e expert' s  protocol ,  tw o comple x rule s ca n b e 

identified : 
I F (bous e cal l  &  acute ,  continuou s pai n i n uppe r  abdome n 

& pancreatiti s  y r  befor e &  ma y drin k alcoho l 
& menta l  problems )  THE N (pancrea s o r  liver ) 

I F (hous e cal l  &  acute ,  continuou s pai n i n up^ r  abdome n 
& pancreatiti s  y r  befor e &  ma y drin k alcoho l 
& menta l  problem s &  hi s ag e (38) ) THEN (les s probable )  (malignanc y i n 

abdomen) 

Result s an d Discussio n 

Figur e 1  summarize s th e result s o f  th e analysi s o f  th e natur e o f  th e chain s betwee n cas e item s 

foun d i n eac h o f  th e fou r  protocol s (E-to- E an d C-to- E chain s wer e tak e togethe r  a s wer e C-t o E 

and C-to- C chains. )  Th e dat a sho w tha t  non-scrip t  chain s decreas e fro m th e intermediat e t o th e 

exper t  levels ,  suggestin g a n increasin g skil l  i n decidin g whic h patien t  findings  ar e importan t  i n th e 

final  diagnosis .  Furthermore ,  the y sho w tha t  reasonin g chains ,  startin g fro m a  Consequenc e ( a 

sig n o r  a  symptom )  decreas e wit h increasin g expertise ,  wherea s reasonin g from  Enablin g 

Condition s t o othe r  Enablin g Condition s o r  t o Consequence s (denote d E ^  i n figure  1 )  increase s 

wit h experience .  Thes e dat a sugges t  a n increasin g us e o f  thi s kin d o f  knowledg e i n clinica l 

reasoning . 
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novic e 1- 1 1- 2 exper t 

leve l  o f  expertis e 

flgure 2. Percentage of basic science concepts identified in the rules 

In all subjects, in most niles that are abstracted from the protocols, case items are linked to a 

hypothesi s abou t  th e patient' s Fault .  Al l  subject s use d Consequence s t o generat e a n underlyin g 

Fault ,  bu t  th e exper t  an d subjec t  1- 2 i n addition ,  displaye d mle s concernin g relations  betwee n 

Enablin g Condition s an d a  possibl e Fault .  Again ,  indicatin g a n increasin g us e o f  thi s kin d o f 

knowledge . 

I n summary ,  thes e results  sugges t  tha t  al l  subject s appl y illness-scrip t  knowledg e t o interpre t  th e 

natur e o f  a  patient' s diseas e a s i s suggeste d b y Feltovic h an d Barrows '  mode l  o f  medica l 

expertise .  Wit h th e developmen t  o f  expertis e a  shif t  ca n b e observe d from reasoning from 

Consequence s t o reasoning  fro m Enablin g Condition s i n orde r  t o m a k e sens e ou t  o f  a  problem .  I t 

i s  particularl y interestin g t o not e tha t  novice s alread y appl y illness-scrip t  knowledg e befor e al l 

relevant  basic-scienc e Imowledg e i s acquired . 

Figur e 2  contain s percentage s o f  basi c scienc e concept s extracte d from  th e mle s applie d b y th e fou r 

subjects .  Th e dat a sugges t  tha t  th e applicatio n o f  basic-scienc e knowledg e i s primaril y 

characteristi c o f  lowe r  level s o f  expertis e (th e novic e an d subjec t  I-l) .  I n th e exper t  protocol , 

hardl y an y references  t o basi c scienc e ar e made ,  indicatin g tha t  basic-scienc e knowledg e doe s no t 

pla y a n over t  rol e i n exper t  clinica l  reasoning. A  straightforwar d interpretatio n o f  thi s findin g 

migh t  b e tha t  th e ̂ jplicatio n o f  basic-scienc e knowledg e i s characteristi c o f  novic e proble m 

solving .  Th e dat a sugges t  tha t  th e natur e o f  th e knowledg e use d b y th e exper t  i n diagnosin g a  cas e 

i s essentiall y  illness-scrip t  related  knowledge ,  wherea s hi s basic-scienc e knowledg e ha s becom e 

iner t  (Bransford ,  Sherwood ,  V y e &  Rieser ,  1986 )  o r  eve n rudimentary . 

However ,  a n altemativ e interpretatio n i s possible .  Lesgold' s (1984 )  theor y suggest s exper t  basic -

scienc e knowledg e t o b e compile d an d integrated .  A n d sinc e Ericsso n &  Simo n (1984 )  assum e 

tha t  th e applicatio n o f  compile d knowledg e leave s n o trace s i n think-alou d protocols ,  i t  m a y b e 

possibl e tha t  i n expert s basic-scienc e knowledg e play s it s centra l  an d integratin g rol e i n a  taci t  way . 

Thi s assumptio n however ,  woul d b e a t  varianc e wit h dat a provide d b y bot h Lesgold ,  Feltovich , 

Glase r  &  W a n g (1981 )  usin g th e sam e thinking-alou d methodology ,  whic h suggest s a n explici t 

us e o f  basic-scienc e knowledg e i n clinica l  problem-solving . 

I n orde r  t o furthe r  investigat e thes e altemativ e hypothese s o n th e rol e o f  basic-scienc e knowledg e 

i n clinica l  reasoning,  a  secon d experimen t  wa s carrie d out .  Th e knowledg e actuall y applie d i n 

clinica l  reasonin g wa s investigate d utilizin g th e sam e on-lin e methodolog y a s i n Experimen t  1 .  I n 

additio n however ,  th e basic-scienc e knowledg e apphcabl e t o th e cas e wa s ehcite d afterward s 

throug h a  direc t  prob e techniqu e (Pate l  &  Groen ,  1986) .  I t  wa s expecte d tha t  matchin g 
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-D-  n-node s 

-• -  n-link s 

novice s 1-1' s l-2' s 

level of expertise 

expert s 

Figur e 3 .  Averag e value s o f  feature s o f  th e semanti c net s derive d fro m th e pathophysiologica l 
explanation s o f  th e cas e 

information from these two sources would provide evidence as to whether expert basic-science 

knowledg e i s essentiall y  mdimentar y o r  inert ,  o r  whethe r  i t  i s  compile d an d integrate d int o illness -

scrip t  knowledge . 

EXPERIMENT 2 
Experimenta l  Metho d 
Subject s 
I n Experimen t  2 ,  2 0 subject s ( 6 novices ,  4  fourt h yea r  an d 5  fift h students ,  an d 5  experts ) 

partiĉ jated .  The y wer e o f  th e sam e level s o f  expertis e a s th e subject s w h o participate d i n 

Experimen t  1 . 

Procedure 
Subject s wer e presente d wit h th e sam e cas e o f  pancreatiti s  usin g th e sam e methodolog y a s i n 

Experimen t  1 .  Th e subject s wer e aske d t o thin k alou d an d t o provid e a  differentia l  diagnosis . 

Subsequently ,  the y wer e aske d t o describ e th e pathophysiologica l  proces s which ,  i n thei r  view , 

woul d explai n th e case . 

Analysis 
The think-alou d protocol s wer e analyze d wit h respec t  t o th e typ e o f  knowledg e tha t  wa s applie d i n 

clinica l  reasoning .  Thi s wa s don e i n th e sam e wa y a s i n Experimen t  1 .  Th e pathophysiologica l 

protocol s wer e analyze d usin g a  methodolog y describe d b y Pate l  &  Groe n (1986) .  Essentially , 

thi s procedur e consist s o f  a  prepositiona l  analysi s o f  th e generate d text .  Th e resultin g proposition s 

ar e graphicall y presente d i n a  semanti c network ,  displayin g th e concept s an d thei r  relation s 

appearin g i n th e propositiona l  analysis .  Th e numbe r  o f  concept s an d thei r  connectin g link s wer e 

determined .  Subsequently ,  th e semanti c network s wer e matche d agains t  th e subjects '  ml e set s 

derive d fro m th e think-alou d protocols .  Th e numbe r  o f  share d concept s wa s use d a s a  measur e fo r 

th e overla p betwee n semanti c network s an d rul e sets . 

Results and Discussion 
Thre e alternativ e hypothese s emerge d from  Experimen t  1 . 

1.  Exper t  basic-scienc e knowledg e ha s becom e rudimentary .  I f  thi s i s th e case ,  th e experts ' 
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pathophysiological protocols will be less elaborate than the intermediates', expressed in a smaller 
number  o f  concepts . 
2.  Exper t  basic-scienc e knowledg e ha s becom e inert .  I f  thi s  i s th e case ,  n o overla p wil l  b e foun d 
betwee n exper t  basic-scienc e an d illness-scrip t  knowledge . 
3.  Exper t  basic-scienc e knowledg e ha s becom e integrate d int o illness-scrip t  knowledge .  I f  thi s i s 
th e case ,  a n increasin g overla p betwee n basi c scienc e an d iUness-scrip t  knowledg e i s expected . 
Thes e hypothese s ar e teste d i n a  two-ste p qjproach .  First ,  th e exten t  o f  basic-scienc e knowledg e 
i s investigate d i n orde r  t o tes t  hypothesi s 1 .  I n figur e 3 ,  th e rcsuhs  o f  thi s analysi s ar e shown . 
Bot h analyze d ne t  features :  numbe r  o f  node s ( F (3,I6) = 3.811 ,  p = .031 )  an d numbe r  o f  link s ( F 
(3,16) = 3.567 ,  p = .0379 )  var y monotonousl y wit h increasin g expertise .  Thi s indicate s a n eve r 
increasin g amoun t  o f  basic-scienc e knowledg e abou t  pancreatiti s  instea d o f  a  knowledg e bas e tha t 
has becom e rudimentary . 
As hypothesi s 2  an d 3  ar e mutuall y exclusive ,  the y wer e joind y teste d i n th e nex t  step .  I t  wa s 
foun d tha t  th e overl<q )  betwee n th e semanti c network s an d rul e set s increase s monotonousl y from 
.14 9 i n th e novice s t o .56 2 i n th e expert s ( F (3,15) = 19.854 ,  p < .0001) .  Thi s finding 
demonstrate s tha t  i n th e mor e experience d an d knowledgeabl e subject s basic-scienc e knowledg e i s 
bette r  integrate d int o th e knowledg e tha t  i s applie d i n clinica l  reasoning. 
I n summary ,  th e results  o f  Experimen t  2  sho w tha t  exper t  basic-scienc e knowledg e i s mor e 
extensiv e tha n intermediat e o r  novic e knowledge .  Th e increasin g overla p betwee n semanti c 
network s an d ml e set s indicat e tha t  exper t  basic-scienc e knowledg e i s neithe r  iner t  no r 
radimentary,  bu t  rathe r  i s integrate d int o illness-scrip t  knowledge .  Th e result s o f  Experimen t  1 , 
demonstratin g th e absenc e o f  thi s typ e o f  knowledg e i n clinica l  reasoning  ma y b e attribute d t o it s 
compile d an d integrate d character . 

GE>fERAL DISCUSSION 
The result s o f  Experimen t  1  an d 2 ,  take n together ,  sho w tw o remarkable  trend s i n th e developmen t 
of  medica l  exper t  knowledge .  Th e firs t  experimen t  focusse d o n th e applicatio n o f  illness-scrip t 
knowledge ,  an d th e results  sugges t  a  fundamenta l  restructuring  o f  medica l  knowledg e originatin g 
from  variou s domain s an d subjec t  matter .  I n clinica l  reasoning ,  thi s  restructuring  i s eviden t  i n th e 
increasin g us e o f  Enablin g Condition s i n th e cas e description ,  an d i n a  decreasin g dependenc y o n 
sign s an d symptoms .  I n addition ,  i t  wa s foun d tha t  i t  wa s particularl y th e novic e subjec t  an d no t 
th e expert ,  wh o overtl y applie d basic-scienc e knowledg e whil e reasonin g abou t  th e case .  Sinc e 
Feltovic h &  Barrow s (1984 )  assum e tha t  basic-scienc e knowledg e ha s a n integratin g rol e i n exper t 
clinica l  reasoning,  thi s finding  wa s unexpected .  Th e secon d experimen t  showe d tha t  th e absenc e 
of  basi c scienc e concept s i n exper t  clinica l  reasonin g wa s no t  th e resul t  o f  a  basic-scienc e 
knowledg e bas e whic h ha d becom e mdimentary .  O n th e contrary ,  exper t  basic-scienc e knowledg e 
i s mor e elaborate ,  bu t  th e concept s i n th e mle s ihe y actuall y appl y i n clinica l  reasoning  coincid e 
more ofte n wit h pathophysiologica l  knowledg e suggestin g tha t  experts '  basic-scienc e knowledg e 
can b e m n i n compile d mod e an d i s integrate d int o illness-scrip t  knowledge . 
However ,  th e finding  tha t  i n th e reasonin g o f  al l  subjects ,  eve n th e mos t  novice ,  th e applicatio n o f 
illness-scrip t  knowledg e i s prominent ,  doe s no t  suppor t  Lesgold' s theor y (1984 )  o f  a  compilatio n 
proces s startin g from  basic-scienc e knowledg e an d resultin g i n illness-scrip t  knowledge .  Th e 
results  o f  th e presen t  experiment s sugges t  tha t  initiall y  bot h knowledg e layer s ar e buil t  u p 
separately ,  an d graduall y becom e integrate d durin g th e developmienta l  proces s towar d expertise . 
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