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Abstrac t 

Problem-based learning (PBL) reflects new conceptions of 
learnin g tha t  hav e grow n ou t  o f  theor y an d researc h i n 
cognitiv e science .  PB L ha s bee n use d i n medica l  school s t o 
enhanc e th e developmen t  o f  clinica l  reasonin g skill s an d t o 
promot e th e integratio n o f  basi c biomedica l  science s wit h 
clinica l  applications .  I n thi s study ,  th e effec t  o f  PB L o n th e 
developmen t  o f  clinica l  reasonin g strategies ,  us e o f  scientifi c 
knowledge ,  an d accurac y ar e examine d o n a  causa l 
explanatio n task .  Student s i n problem-base d curricul a wer e 
compare d wit h student s i n traditiona l  medica l  curricula .  Th e 
result s indicat e tha t  PB L play s a  rol e i n facilitatin g th e 
developmen t  o f  expertise .  I n PBL ,  student s lear n throug h th e 
transfe r  o f  hypothesis-drive n reasonin g skill s  tha t  resul t  i n 
more coheren t  explanations .  Th e PB L student s ar e bette r  abl e 
t o appl y thei r  scienc e knowledg e tha n nonPB L students , 
leadin g t o greate r  accurac y o f  hypotheses . 

P r o b l e m - b a s e d lea rn in g 

Learning from cases has been proposed and implemented 

i n severa l  form s t o hel p student s lear n complex ,  ill -

structure d domain s (e.g. ,  Barrows ,  1985 ;  Williams ,  1993) . 

Learnin g fro m case s situate s knowledg e i n th e contex t  o f  us e 

(J .  S .  Brown ,  CoUins ,  &  Duguid ,  1989) .  On e typ e o f  case -

base d instructio n i s problem-base d learning .  I n medica l 

schools ,  problem-base d learnin g (PBL )  i s becomin g widel y 

used t o replac e th e first  2  year s o f  scienc e courses .  Instea d 

of  th e traditiona l  lecture-base d format ,  student s lear n 

biomedica l  scienc e throug h solvin g problems .  Thi s stud y 

examine s th e cognitiv e effect s o f  traditiona l  an d problem -

base d medica l  curricul a o n first-yea r  medica l  students .  Th e 

effect s examine d ar e relate d t o th e cognitiv e goal s an d 

activitie s tha t  tak e plac e i n P B L classrooms . 

PBL includes among its goals 1) developing scientific 

understandin g throug h case s an d 2 )  developin g clinica l 

reasonin g strategies .  Cognitiv e theorie s o f  situate d cognitio n 

and transfer-appropriat e processin g sugges t  tha t  thes e goal s 

shoul d b e me t  (J .  S .  Brow n e t  al. ,  1989 ;  Schmidt ,  1993) .  A t 

a genera l  level ,  th e expectatio n i s tha t  P B L wil l  produc e 

physician s who ,  whe n face d wit h a  nove l  o r  difficul t  case , 

can us e thei r  basi c scienc e knowledg e t o assis t  the m i n 

understandin g th e problem .  I n som e regard s then ,  P B L m a y 

be viewe d a s a  desig n experimen t  tha t  test s situate d theorie s 

of  learnin g (A .  Brown ,  1992) .  Th e nex t  sectio n o f  thi s pape r 

wil l  describ e P B L i n mor e detai l  followe d b y a  discussio n o f 

a cognitiv e approac h t o understandin g th e effect s o f  PBL . 

In PBL, small groups of 5-7 students and a facilitator 

meet  t o discus s a  patien t  case .  Th e student s receiv e a n initia l 

scenari o an d the n mus t  questio n th e facilitato r  t o ge t 

additiona l  cas e information .  A t  severa l  point s i n th e case , 

th e student s paus e t o conside r  th e dat a the y hav e collecte d s o 

far ,  t o generat e question s abou t  th e data ,  an d t o hypothesiz e 

abou t  underlyin g causa l  mechanism s fo r  th e patient' s 

problems .  Th e student s mus t  als o identif y issue s tha t  the y 

do no t  understan d an d nee d t o lear n mor e about .  Afte r 

considerin g th e cas e wit h thei r  naiv e knowledge ,  th e student s 

independentl y researc h th e learnin g issue s the y hav e 

identified .  The y the n shar e wha t  the y learned ,  reconside r  thei r 

hypothese s and/o r  generat e ne w hypothese s i n ligh t  o f  thei r 

ne w learning . 

The cases for PBL are carefully chosen to cover particular 

learnin g objective s i n basi c biomedica l  science .  Topic s ar e 

revisite d fro m severa l  cases .  Thi s i s intende d t o allo w th e 

student s t o lear n basi c science s i n a  manne r  tha t  integrate s 

th e scienc e wit h it s clinica l  applications .  B y situatin g 

scienc e learnin g i n clinica l  situations ,  th e learner s shoul d b e 

bette r  abl e t o recal l  tha t  informatio n i n th e futur e (e.g. , 

Adams,  Kasserman ,  Yearwood ,  Perfetto ,  Bransford ,  & 

Franks ,  1988) .  Also ,  b y tyin g th e scientifi c  principle s t o th e 

case s the y ar e workin g on ,  th e student s ar e generatin g self -

explanation s tha t  shoul d resul t  i n th e constructio n o f  mor e 

coheren t  menta l  model s o f  th e underlyin g scienc e (Chi , 

Bassok ,  Lewis ,  Reimann ,  &  Glaser ,  1989 ;  Pate l  & 

Kauffman ,  1993) .  I n addition ,  student s ma y b e buildin g a 

Hbrar y o f  case s tha t  the y ca n us e i n subsequen t  reasonin g 

(Kolodner ,  1993) .  Moreover ,  b y revisitin g concept s throug h 

multipl e cases ,  cognitiv e flexibility  ma y b e promote d 

(Spiro ,  Coulsen ,  Feltovich ,  &  Anderson ,  1988) . 

To understand the effects of PBL, students were asked to 

generat e causa l  explanation s t o clinica l  cases .  Thei r 

explanation s wer e evaluate d fo r  accuracy ,  coherence , 

reasonin g strategies ,  an d us e o f  science . 
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Method s 

Students from two medical schools participated in this 

study .  A t  Schoo l  A ,  a  midwester n medica l  school ,  3 5 first -

yea r  student s participated .  Sixtee n student s wer e from  th e 

school' s traditiona l  curriculu m an d 1 9 wer e from  th e P B L 

curriculum .  T h e student s i n th e fraditional  curriculu m spen t 

approximatel y 4 0 hour s a  wee k i n lectur e an d laborator y 

course s i n th e basi c biomedica l  science s wherea s th e P B L 

student s ha d tw o 3-hou r  session s fo r  thei r  P B L grou p 

meeting s an d a  thir d optiona l  1-hou r  sessio n a  wee k wher e 

resourc e facult y wer e availabl e t o answe r  questions .  A t 

Schoo l  B ,  a  souther n medica l  school ,  3 9 student s 

participate d i n th e study .  O f  these ,  1 9 student s wer e i n a 

P BL electiv e an d 2 0 student s wer e i n a  differen t  elective .  I n 

Schoo l  B ,  thes e elective s wer e i n additio n t o a  traditiona l 

curriculum .  S o th e P B L student s a t  schoo l  B  ha d 1  hour s a 

week o f  thei r  P B L electiv e i n additio n t o 4 0 hour s o f 

traditiona l  lectur e an d laborator y classes .  Th e actua l  P B L 

grou p meeting s wer e ver y simila r  a t  th e tw o school s excep t 

tha t  th e Schoo l  A  student s ha d a  m u c h mor e intens e P B L 

experienc e tha n th e Schoo l  B  group .  Student s wer e pai d $4 5 

fo r  participatin g i n 3  two-hou r  session s durin g thei r  first 

yea r  o f  medica l  school .  Th e session s too k plac e befor e th e 

star t  o f  classes ,  afte r  3  months ,  an d afte r  7  month s o f 

medica l  school . 

The students' task was to generate pathophysiological 

explanation s fo r  th e mechanism s underlyin g a  medica l  case . 

Th e case s wer e presente d i n 5  segments :  presentin g 

information ,  history ,  physica l  examination ,  laborator y data , 

and hospita l  course .  Student s wer e aske d t o generat e 

explanation s afte r  eac h par t  o f  th e case .  A t  eac h session ,  th e 

subjec t  receive d 2  cases .  Si x differen t  case s wer e use d tha t 

covere d a  variet y o f  bod y system s an d diseas e processes . 

Student s wer e randoml y assigne d t o 6  differen t  case s i n 

order s tha t  wer e counterbalance d acros s conditions . 

Th e problem-solvin g protocol s wer e code d fo r  coherence , 

scienc e us e an d accuracy .  I n addition ,  th e directionalit y o f 

reasonin g wa s coded .  A  rando m sampl e o f  2 0 % o f  th e 

protocol s wa s score d b y a  secon d independen t  rate r  blin d t o 

condition .  Interrate r  agreemen t  wa s 91.6% . 

R e s u l t s 

P rob lem-so lv in g 

Th e problem-solvin g analyse s examine d th e product s an d 

processe s o f  th e subjects '  problem-solving .  Th e dat a wer e 

sunune d acros s th e section s o f  th e cas e fo r  th e purpos e o f 

thes e analyses .  Al l  quantitativ e analyse s wer e conducte d 

usin g a 3 x 2 x 2 x 2 (Tim e o f  tes t  x  Orde r  o f  proble m x 

Sit e X  Curriculum )  A N O V A.  Fo r  qualitativ e analyses ,  th e 

same factor s wer e use d i n a  log-linea r  analysis . 

Because students self-select into PBL, an analysis of 

preexistin g difference s wa s conducted .  Ther e wa s n o effec t  o f 

curriculu m o n M C A T scores ,  undergraduat e G P A ,  age ,  o r 

prio r  experienc e i n healt h care .  Ther e wer e difference s 

betwee n th e tw o sites ,  wit h th e student s a t  Schoo l  B  scorin g 

highe r  o n th e M C A T an d G P A measures ,  wherea s th e 

Schoo l  A  student s ha d mor e prio r  healt h car e experience . 

However ,  thi s suggest s tha t  upo n entranc e int o medica l 

school ,  th e P B L an d n o n P B L student s wer e equivalen t  o n 

thes e criteria . 

Directionalit y o f  reasonin g 

The reasoning strategies were of four types: data-driven 

(forward )  reasoning ,  hypothesis-drive n (backward )  reasoning , 

othe r  relationa l  reasoning ,  an d unjustifie d assertions .  I n th e 

P BL sessions ,  th e student s ar e taugh t  t o us e hypothesis -

drive n reasonin g bu t  earl y i n th e yea r  whe n th e student s d o 

not  k n o w ver y much ,  the y m a y eithe r  unsuccessfull y us e 

data-drive n reasonin g o r  the y m a y no t  justif y thei r  assertion s 

at  all .  Preliminar y researc h suggeste d tha t  thes e measure s 

hel p distinguis h P B L fro m n o n P B L student s (Hmelo , 

Gotterer ,  &  Bransford ,  1994) .  Data-drive n reasonin g 

involve s reasonin g fro m th e dat a t o a  hypothesi s wherea s 

hypothesis-drive n reasonin g involve s usin g a  hypothesi s t o 

explai n th e data .  A n exampl e o f  a  data-drive n reasonin g 

statemen t  i s "I f  h e ha s a n elevate d bloo d sugar ,  the n h e mus t 

hav e diabetes. "  "Becaus e h e ha s diabetes ,  h e ha s a n elevate d 

bloo d sugar "  i s a n exampl e o f  a  hypothesis-drive n reasonin g 

statement .  Thi s i s th e typ e o f  reasonin g tha t  i s modele d i n a 

problem-base d curriculum .  Othe r  relation s m a y als o b e 

expressed ,  fo r  example ,  "H e ha s a n infectio n i n associatio n 

wit h diabetes. "  I n thi s case ,  th e directionalit y  o f  reasonin g 

i s unclear .  Subject s m a y als o asser t  cause s withou t 

justifyin g them .  Thes e ar e statement s suc h a s "H e i s 

diabetic "  withou t  an y explanation s t o suppor t  th e 

hypothesis . 

Although data-driven reasoning is more characteristic of 

experts ,  i t  i s inappropriat e fo r  novice s w h o hav e a n 

insufficien t  knowledg e bas e (Pate l  &  Kauffman ,  1993) .  I n 

P B L,  student s ar e taugh t  t o us e hypothesis-drive n reasonin g 

t o construc t  explanation s tha t  accoun t  fo r  al l  o f  th e data . 

Thu s w e predicte d tha t  th e P B L smdent s woul d b e mor e 

likel y t o us e hypothesis-drive n reasonin g tha n conventiona l 

(nonPBL )  student s becaus e tha t  i s th e strateg y the y wer e 

taught .  Prio r  researc h ha s demonstrate d tha t  traditiona l 

medica l  student s wer e mor e likel y t o us e data-drive n 

reasonin g althoug h ther e i s no t  a  clea r  theoretica l  basi s fo r 

thi s resul t  (Pate l  e t  al. ,  1993) . 

Log-linear analyses were conducted to analyze these data. 

The P B L student s increase d thei r  us e o f  hypothesis-drive n 

reasonin g relativ e t o th e n o n P B L student s ove r  th e cours e o f 

th e yea r  (jc^(4)=42.\0 ,  /K.OOl )  bu t  simpl e effect s test s 

indicate d tha t  bot h th e P B L an d nonPB L group s increase d 

thei r  us e o f  hypothesis-drive n reasonin g ove r  th e cours e o f 

th e yea r  (;f2(4)=20.34 ,  p<.00 1 an d ;t2(4)=54.86 ,  p<.001 , 

respectively) .  Figur e l a illustrate s thi s effec t  b y showin g 

th e percentag e o f  student s usin g hypothesis-drive n reasonin g 
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as thei r  dominan t  fo r m o f  reasoning .  Ther e w a s n o 

consisten t  effec t  acros s condition s an d tim e fo r  data-drive n o r 

other-relationa l  reasoning .  T h e c h a n g e i n dominan t  us e o f 

unjustifie d assertion s i s  s h o w n i n Figur e lb .  Overall ,  ihi -

number  o f  unjustifie d assertion s decrease d ove r  lim e a. s ilj c 

student s generate d m o r e elaborat e explanation s (22(4)=25.02 , 

p< .001 ) . 

Time 1 Time 2 Time 3 

Figur e la :  D o m i n a n t  us e o f  Hypothesis-Drive n 

Reasonin g 

« 4 0 

nofiPB L 

Time 1 Time 2 Time 3 

Figur e lb :  D o m i n a n t  us e o f  unjustifie d assertion s 

Cohe renc e 

To measure the coherence of an explanation, the number 

of  finding s tha t  th e subject s use d i n thei r  longes t  reasonin g 
chai n wa s measured .  A  fragmente d explanatio n tha t  onl y 

deal s wit h a  singl e findin g i s les s coheren t  tha n longe r 

statement s tha t  includ e multipl e findings .  A  findin g wa s 

counte d i f  i t  wa s a  repetitio n o f  dat a give n i n th e cas e o r  a 

lo w leve l  interpretatio n o f  tha t  dat a (e.g. ,  a n elevate d hear t 

rate) .  Fo r  example ,  " A decrease d bicarbonat e leve l  woul d 

caus e a  metaboli c acidosi s resultin g i n a n increase d 

respirator y rate "  contain s 2  findings.Th e results ,  shovr a i n 

Figur e 2  indicat e that ,  ther e i s a n interactio n o f  Curriculu m 

x Sit e X  bot h linea r  an d quadrati c trend s fo r  T im e 

(F(l,68)=5.16 ,  u<.05 ,  M S £ = 0.3 7 an d F(l,68)=5.96 ,  £=.05 , 

M Sc =  0.3 6 ,  respectively) .  Furthe r  evaluatio n wa s therefor e 

conducte d separatel y fo r  eac h site . 

At  Schoo l  A ,  ther e wa s differentia l  chang e ove r  tim e 

(Curriculu m x  linea r  tren d fo r  T im e F(l,31)=9.20 ,  fi<.005, 

M S^ =  0.49 ,  Curriculu m x  quadrati c tren d fo r  T im e 

F(l,68)=5.16 ,  E<.05 ,  M S g = 0.37) .  Thi s effec t  occurre d 

becau.s e o f  th e linea r  increas e i n th e numbe r  o f  finding s use d 

ove r  tim e fo r  th e P B L student s (£(1,31)=29.47 ,  I2<001 ) 
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Figur e 2 :  Coherence :  N u m b e r  o f  finding s pe r  reasonin g chai n 

wherea s ther e w a s n o significan t  chang e ove r  tim e fo r  th e 

n o n P B L students .  T h e result s o f  thi s measur e indicat e tha t 

th e P B L student s hav e a  bi g improvemen t  i n coherenc e fro m 

T i m e 1  t o T i m e 2  whic h the y sustai n unti l  T i m e 3 .  T h e 

n o n P B L student s d o no t  s h o w an y change . 

There was no evidence of a PBL effect for change over 

tim e i n th e Schoo l  B  students .  T h e Schoo l  B  student s a s a 

showe d a n overal l  improvemen t  i n th e n u m b e r  o f  finding s 

tha t  the y accounte d fo r  ove r  th e cours e o f  th e year .  Thi s 

improvemen t  w a s see n a s a  linea r  increas e ove r  tim e 

(F(l,37)=20.64 ,  iK.OOl ,  M S e =  0.28) . 

Accuracy 

Accurac y wa s measure d a t  eac h poin t  i n th e case .  I f  th e 

P BL student s ar e constructin g causa l  model s an d acquirin g a 

librar y o f  case s fro m whic h t o reason ,  the y shoul d becom e 

mor e accurat e ove r  th e cours e o f  th e year .  Th e n o n P B L 

student s shoul d als o becom e mor e accurat e ove r  th e yea r  i f 

the y ar e abl e t o appl y thei r  increase d knowledg e t o patien t 

cases .  O n e poin t  wa s give n fo r  a  partiall y  accurat e scor e 

(i.e. ,  a  superordinat e hypothesis ,  suc h a s Tuberculosi s i n a 

cas e o f  Disseminate d Tuberculosis )  an d 2  point s wer e give n 

fo r  a  full y accurat e hypothesis .  A  subjec t  w h o considere d a 

full y accurat e hypothesi s fro m th e star t  o f  th e cas e coul d 

scor e 1 0 point s fo r  accuracy .  A  subjec t  w h o fu-s t  considere d 

th e correc t  hypothesi s i n th e la b portio n o f  th e cas e an d 

carrie d tha t  hypothesi s throug h th e hospita l  cours e coul d 

scor e 4  points .  A  contras t  tha t  teste d a  Curriculu m x  Linea r 

tren d acros s tim e effec t  wa s significant ,  indicatin g tha t  th e 

P BL student s showe d a  differen t  rat e o f  improvemen t  i n 

accurac y tha n th e n o n P B L student s (F(l,68 )  =4.69 ,  j2<.05 , 

MSe=6.12) ,  a s illustrate d i n Figur e 3 . 
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Thi s interactio n occurre d becaus e ther e w a s a n increas e i n 
accurac y ove r  tim e fo r  th e P B L student s (F(l,68)=22.68 .  c 
<.001 )  bu t  th e n o n P B L student s di d no t  s h o w significan t 
improvement .  Thi s indicate s tha t  th e P B L student s wer e 
correctl y applyin g thei r  knowledg e t o clinica l  case s wherea s 
th e n o n P B L student s di d no t  s h o w improvement . 

5.0 0 X 
4.5 0 -
4.0 0 -

(0 3.00 -
2.50 -

1.50 -
1.0 0 • -

nonPBL 0.5 0 • 

Time 1 Time 3 Time 2 

Figur e 3 :  Accurac y 

One explanation for these results might be that the PBL 
student s ha d experience s wit h th e type s o f  case s tha t  wer e 
use d i n thi s study .  A  follow-u p analysi s o n th e T i m e 3 
result s whic h use d case-specifi c  experienc e (a s reporte d b y 
th e students )  a s a  facto r  stil l  showe d a  differenc e favorin g th e 
P BL student s (F(l,64)=11.53 ;  ik .001 ,  M S 4 = 9 . 3 5 ) .  Thi s 

suggest s tha t  ther e i s a  beneficia l  effec t  o f  P B L ,  beyon d th e 
experienc e i t  provide s wit h specifi c  cases .  Moreover ,  cas e 
experienc e w a s als o a  significan t  facto r  i n determinin g 
accurac y (F(l,64)=20.32 ,  e<.001) . 

Sc ienc e u s e 

Because one of the goals of PBL was to learn science, it 
i s  importan t  t o measur e whethe r  student s use d scienc e 
informatio n i n thei r  explanations .  U s e o f  scienc e concept s 
w as score d 0- 1 fo r  eac h sectio n o f  th e cas e an d the n totale d 
acros s th e cas e s o th e m a x i m u m scor e w a s a  5  fo r  thi s 
measure .  A n exampl e o f  a n explanatio n code d a s a  1  fo r 
scienc e us e is : 

" she seems to have something in her left atrium. 
Whateve r  i t  i s  seem s t o b e blockin g th e m o v e m e n t  o f 
bloo d fro m th e lef t  atriu m int o th e lef t  ventricle .  Thi s 
woul d explai n th e enlarge d L A .  I t  woul d continu e t o fill 
wit h bloo d comin g fro m th e lungs ,  bu t  woul d no t  b e abl e 
t o reliev e th e tensio n b y givin g al l  o f  th e bloo d t o th e L V . 
I n othe r  words ,  th e L A woul d hav e t o accommodat e m o r e 
an d m o r e bloo d resultin g i n hypertrophy .  " 

In this example the subject used her knowledge of anatomy 
t o explai n w h y th e hear t  w a s enlarge d i n thi s specifi c  case . 

A log-linear analysis revealed a three-way Curriculum x 
T i m e x  Sit e interactio n suggesfin g tha t  th e Curriculu m x 
T i m e effec t  w a s differen t  a t  eac h sit e (x2(4)=21.13 ,  q 

<.001) .  T o clarif y th e natur e o f  thes e effects ,  simpl e effect s 
test s wer e conducte d withi n eac h site .  A t  bot h Schoo l  A  an d 
B,  ther e wer e significan t  Curriculu m x  T i m e interaction s 
(X2(4)=338.20 ,  u  <.00 1 an d x2(4)=141.37 ,  e  <.001 , 
respectively )  indicatin g tha t  a t  bot h site s th e P B L student s 
became mor e likel y t o us e scienc e concept s i n thei r 
responses ,  bu t  th e natur e o f  th e Curriculu m x  T i m e 
interactio n w a s differen t  a t  th e tw o sites .  Figure s 4 a an d 4 b 
illustrat e th e natur e o f  thi s differentia l  change . 

At School A, the number of nonPBL students who used 
scienc e concept s onl y onc e remaine d stead y betwee n T im e 1 
and T i m e 2  an d droppe d slightl y a t  T i m e 3 ,  bu t  ther e wa s a 
smal l  bu t  stead y increas e i n th e numbe r  o f  student s w h o 
use d scienc e concept s a t  severa l  point s i n th e cas e 
throughou t  th e duratio n o f  th e study .  T h e P B L student s ha d 
a larg e increas e betwee n T i m e 1  an d T i m e 2  i n subject s 
usin g scienc e concept s bot h a t  1  poin t  i n th e cas e an d a t  2  o r 
m o r e points .  A t  T i m e 3 ,  th e numbe r  o f  student s w h o use d 
scienc e concept s onc e durin g th e cas e drop s bu t  thi s i s 
probabl y becaus e thos e student s w h o use d scienc e onc e 
durin g th e cas e a t  T i m e 2  use d scienc e concept s mor e 
frequently  a t  T i m e 3 . 

°  Sc*>oo (  A  rwnPB L 
• Sc*K»(AF=BL 
A- — - SchodBnonPei 
* School BPBl. 

Figur e 4a :  U s e o f  scienc e concept s i n a  singl e sectio n o f 

th e cas e 

70 

60 • 

(A 

S 3 0 . 

1 20 . 

1 0  ' 
' 

r - ^ 

/ 

/  •-'/' ' 
/  '•*" '  / 

(̂̂' ^  /  -
^---" " 

Tim« 1  Tim « 2 

^- A 

O 

Tima 3 

«»•  S*oolAnonPB L 

^  Schoo l  B  nonPB L 
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At  Schoo l  B ,  betwee n T i m e 1  an d T im e 2 ,  bot h th e 

nonPBL student s an d th e P E L student s showe d a  larg e 

increas e i n th e numbe r  o f  student s usin g scienc e concept s a l 

leas t  once ,  bu t  th e n o n P B L student s maintaine d th e sanii ; 

number s a t  tim e 3  wherea s th e P B L student s sho w a  decreas e 

i n th e numbe r  o f  student s usin g scienc e concept s a l  thi s 

level .  Figur e 4 b help s clarif y thi s becaus e i t  ca n b e see n 

tha t  th e numbe r  o f  student s usin g scienc e concept s i n tw o o r 

more section s o f  th e cas e increase d steadil y fo r  th e nonPB L 

student s bu t  di d no t  increas e b y muc h unti l  T im e 3  fo r  th e 

P BL student s whe n the y surpasse d th e n o n P B L students . 

Clearly ,  a t  Schoo l  A ,  P B L ha s improve d acces s t o scientifi c 

informatio n fo r  thes e student s i n th e contex t  o f  clinica l  case s 

relativ e t o th e n o n P B L students .  A t  Schoo l  B ,  althoug h th e 

result s ar e no t  clea r  cut ,  ther e i s a  tren d towar d th e P B L 

student s usin g scienc e concept s mor e frequentl y tha n th e 

nonPBL student s i n explainin g thes e cases . 

Discussion 

I n thi s study ,  man y change s wer e foun d tha t  resulte d fro m 

th e typ e o f  curriculu m tha t  th e student s participate d in .  Th e 

reasonin g su-ategie s tha t  th e student s lear n an d transfe r  t o 

ne w problem s (i.e. ,  hypothesis-drive n reasoning )  help s the m 

construc t  th e knowledg e structure s tha t  ar e use d i n th e earl y 

developmen t  o f  expertise .  Earl y developmen t  o f  medica l 

expertis e i s characterize d b y th e developmen t  o f  elaborate d 

causa l  network s tha t  explai n disease s i n term s o f  genera l 

pathophysiologica l  processe s (Schmid t  e t  al. ,  1990) . 

Throug h extensiv e applicatio n o f  thi s knowledge ,  th e 

network s becom e compile d an d ar e subsume d unde r 

diagnosti c label s (Schmid t  e t  al. ,  1990) .  B y promotin g th e 

use o f  hypothesis-drive n reasonin g strategies ,  P B L m a y 

accelerat e thi s development .  Th e sam e argumen t  m a y b e 

extende d t o th e knowledg e compilatio n stag e a s th e P B L 

student s hav e a  greate r  opportunit y t o appl y thei r  knowledg e 

t o clinica l  cases .  I n addition ,  learnin g t o us e causa l 

knowledg e appropriatel y wil l  b e importan t  a s th e student s 

become expert s an d fac e difficul t  problem s tha t  requir e the m 

t o us e thei r  causa l  knowledg e (e.g. ,  N o r m a n e t  al. ,  1994) . 

Althoug h th e dat a reporte d i n thi s stud y sho w som e o f  th e 

outcome s associate d wit h P B L ,  the y d o no t  explai n h o w 

learnin g occurs .  Researc h i n cognitiv e scienc e offer s som e 

explanation s tha t  ar e consisten t  wit h th e result s obtained .  I n 

PBL,  learnin g occur s throug h collaborativ e discussion .  Th e 

developmen t  o f  causa l  model s i s facilitate d i n P B L a s 

student s activat e thei r  prio r  knowledg e i n P B L groups , 

enhancin g th e processin g o f  n e w informatio n (Schmidt , 

1993) .  Grou p discussio n encourage s student s t o articulat e 

thei r  knowledg e an d theories .  Thes e discussion s us e 

hypothesis-drive n reasonin g whic h serve s th e functio n o f 

self-explanation s whic h itsel f  i s a  learnin g mechanis m a s 

student s connec t  abstrac t  knowledg e t o clinica l  application s 

(Ch i  e t  al. ,  1989).Th e natur e o f  hypothesis-drive n reasonin g 

allow s student s t o lear n t o filte r  relevan t  fro m irrelevan t 

information .  O n e resul t  o f  thi s  i s a  coheren t  understanding . 

Menta l  model s ar e constructe d an d restructure d i n respons e t o 

th e proble m pose d an d students '  explanation s o f  th e 

phenomen a t o b e understood .  I n late r  discussions ,  a s th e 

grou p seek s t o furthe r  understan d th e causa l  mechanism s 

underlyin g th e case ,  furthe r  tunin g o f  th e menta l  model s 

occur s (Schmidt ,  1993) .  I f  student s i n P B L construc t 

elaborate d causa l  model s o f  biomedica l  scienc e tha t  ar e 

integrate d wit h clinica l  cases ,  the n thei r  abilit y  t o generat e 

mor e coheren t  causa l  explanation s shoul d increas e ove r  time . 

Th e result s o f  thi s stud y sugges t  tha t  thi s i s occurrin g an d 

tha t  hypothesis-drive n reasonin g m a y b e th e mechanism . 

Coherence in reasoning is an important metric to use. A 

coheren t  explanatio n ha s n o loos e end s an d account s fo r  al l 

th e information .  Furthermore ,  increasin g coherenc e i s foun d 

i n exper t  reasoning .  I n a  stud y o f  radiologists ,  a  simila r 

measur e o f  coherenc e reveale d a n increas e wit h expertis e 

(Lesgold ,  Rubinson ,  Feltovich ,  Klopfer ,  &  W a n g ,  1988) . 

Senio r  radiologist s chunke d mor e finding s togethe r  tha n 

residents .  Thi s suggest s tha t  expert s d o mor e inferentia l 

thinkin g an d en d u p wit h a  mor e coheren t  representatio n o f 

th e patient .  Novice' s explanations ,  wit h les s dat a accounte d 

for ,  sugges t  a  mor e fragmente d representation . 

Transfer-appropriat e processin g i s anothe r  mechanis m tha t 

has bee n propose d t o explai n th e effectivenes s o f  P B L . 

Becaus e student s lear n scienc e i n th e contex t  o f  clinica l 

problems ,  the y shoul d b e mor e likel y t o recal l  tha t 

informatio n i n clinica l  practic e (Adam s e t  al.,1988 , 

Needha m &  Begg ,  1991) .  I n thi s study ,  explanation s wer e 

examine d fo r  concept s o r  fact s fro m th e biomedica l  science s 

as a n indicatio n tha t  student s wer e integratin g scienc e 

information .  Th e result s showe d tha t  P B L student s becam e 

increasingl y likel y t o us e scienc e i n thei r  explanations , 

particularl y i n th e full-tim e P B L program .  Thi s i s consisten t 

wit h othe r  wor k a s wel l  (Hmel o e t  al ,  1994 ,  Pate l  e t  al , 

1993) .  Fo r  example ,  i n Pate l  e t  al .  (1993) ,  P B L an d 

conventiona l  student s wer e aske d t o construc t  causa l 

explanation s an d integrat e relevan t  basi c scienc e informatio n 

int o thei r  think-alou d explanations .  Th e P B L student s 

incorporate d mor e o f  th e scienc e informatio n int o thei r 

explanation s an d generate d mor e hypothesis-drive n 

explanation s tha n th e conventiona l  students .  I t  i s temptin g 

t o conclud e tha t  th e P B L student s learne d t o us e scienc e a s a 

too l  fo r  understanding ,  bu t  fiirthe r  researc h i s neede d t o 

investigat e thi s issue . 

Anothe r  possibl e mechanis m fo r  th e effect s o f  P B L i s tha t 

th e student s acquir e a  librar y o f  case s fro m whic h t o reaso n 

(Kolodner ,  1993) .  Th e post-ho c analysi s o f  th e accurac y 

dat a sugges t  tha t  specifi c  experienc e account s fo r  par t  o f  th e 

accurac y effec t  bu t  tha t  ther e i s a n influenc e o f  P B L beyon d 

this .  Furthe r  investigatio n i s neede d t o bette r  understan d th e 

effec t  o f  P B L o n case-base d reasoning . 

Conclusion s 

P BL ha s clear-cu t  cognitiv e effect s tha t  ar e relate d t o th e 
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intensit y o f  th e P B L experience .  Fo r  Schoo l  A ,  th e full y 

problem-base d curriculum ,  th e student s constructe d coheren t 

model s o f  scienc e tha t  wer e integrate d wit h th e case s the y ar e 

studying .  A t  Schoo l  B ,  th e result s wer e no t  a s clear .  Ther e 

wer e P B L effect s fo r  scienc e use ,  us e o f  hypothesis-drive n 

reasoning ,  an d accuracy .  Furthe r  researc h need s t o b e don e 

t o examin e th e rol e o f  th e specifi c  case s use d an d th e 

developmen t  o f  misconception s tha t  ma y occu r  i n thes e 

student-directe d groups .  Nonetheless ,  P B L hold s th e 

promis e o f  powerfu l  cognitiv e benefit s fo r  learners . 
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