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A n c h o r s ,  Cases ,  P rob lems ,  an d Scenario s a s Context s fo r  L e a r n i n g 

Cindy E Hmelo and N Hari Narayanan 
(Organizers ) 

EduTec h Institut e an d Colleg e o f  Computin g 
Georgi a Institut e o f  Technolog y 

Atlanta ,  G A 30332-028 0 
c e h , n a r a y a n @ c c . g a t e c h . e d u 

Abstrac t 

The constructivist paradigm, which views learning as 
an activ e proces s i n whic h student s participat e b y 
engagin g i n activitie s tha t  facilitat e th e constructio n o f 
interna l  representations ,  i s  fas t  gainin g currenc y a s a n 
innovativ e an d effectiv e wa y t o overhau l  classroo m 
instruction .  On e wa y t o promot e constructivis t 
learnin g i s t o firml y embe d th e acquisitio n o f 
knowledg e i n realisti c an d stimulatin g context s tha t 
challeng e student s t o explor e a  variet y o f  issue s an d 
emplo y a  variet y o f  thei r  skills .  Thi s symposiu m wil l 
focu s o n fou r  approache s (anchore d instruction ,  case -
base d reasoning ,  goal-base d scenarios ,  an d problem -
base d learning )  designe d t o contextualiz e learnin g i n 
thi s fashion .  The y d o s o i n different ,  ye t  relate d ways . 
Example s o f  thes e approaches ,  way s i n whic h the y ar e 
simila r  an d different ,  an d importan t  concern s regardin g 
thei r  effect s o n studen t  learnin g an d performanc e wil l 
be som e o f  th e issue s tha t  panelist s wil l  address .  Th e 
panelist s i n thi s symposiu m are :  Ra y Bareiss , 
Institut e fo r  th e Learnin g Sciences ,  Northwester n 
University ;  Cind y Hmelo ,  Jane t  Kolodner ,  an d 
Har i  Narayanan ,  EduTec h Institute ,  Georgi a Institut e 
of  Technology ;  Viml a Patel ,  Cente r  fo r  Cognitiv e 
Science ,  McGil l  University ;  an d Susa n Williams . 
Schoo l  o f  Educatio n an d Socia l  Policy ,  Northwester n 
University . 

Introduction 

Research on human cognition during recent years has 
begu n t o revea l  th e differen t  way s (an d contexts )  i n 
whic h human s acquir e ne w knowledg e an d skills ,  an d 
transfe r  previousl y learne d knowledg e an d skill s  t o ne w 
situations .  This ,  i n turn ,  ha s ha d th e effec t  o f 
underminin g th e traditiona l  vie w o f  classroo m 
instructio n a s a  vehicl e fo r  transmittin g fact s fro m th e 
teache r  t o th e student s (Brown ,  Collins ,  &  Duguid , 
1989 ;  C T G V ,  1990 ,  1993) .  I t  i s  bein g replace d b y th e 
vie w o f  learnin g a s a n activ e process ;  a  proces s i n 
whic h students ,  instea d o f  bein g passiv e recipients , 
participat e i n th e learnin g proces s b y engagin g i n 
activitie s tha t  facilitat e th e constructio n o f  interna l 
representation s an d integratio n o f  ne w knowledg e wit h 
th e old .  Thi s signifie s a  fundamenta l  paradig m shif t  i n 
educatio n fro m th e traditiona l  transmissio n mode l  t o a 
mor e learner-centere d approac h (Brow n et .  al. ,  1993) . 

Thi s paradig m shif t  i s  o f  critica l  importanc e no t  jus t  t o 
th e educatio n community ,  bu t  t o th e cognitiv e scienc e 
communit y a s well ,  primaril y becaus e i t  i s  researc h o n 
cognition ,  an d o n technologie s tha t  suppor t  an d amplif y 
human cognitiv e processing ,  tha t  wil l  bot h driv e thi s 
paradig m shif t  an d provid e th e tool s t o implemen t  an d 
asses s i t  i n th e nation' s classrooms .  Therefore ,  ou r  goa l 
i n thi s symposiu m i s t o expos e th e broade r  cognitiv e 
scienc e communi t y t o th e significan t  issue s an d 
problem s i n thi s area . 

Contextualizing Learning 

One way to promote constructivist learning in 
classroom s i s t o firml y e m b e d th e acquisitio n o f 
knowledg e skill s an d strategie s a s wel l  a s fact s i n 
realisti c an d stimulatin g context s tha t  challeng e student s 
t o explor e a  variet y o f  issue s an d engag e a  variet y o f 
thei r  skills .  A  numbe r  o f  term s — suc h a s anchore d 
instruction ,  case-base d learning ,  goal-base d scenarios , 
learning-by-doing ,  learning-to-learn ,  problem-base d 
learning ,  sel f  learnin g an d reflectiv e learnin g — hav e 
c o me int o use ,  denotin g differen t  facet s o f  thi s n e w 
vie w o f  learning .  W e wil l  focu s o n fou r  facet s i n thi s 
symposium :  th e us e o f  anchors ,  cases ,  problem s an d 
scenario s t o facilitat e learnin g an d transfer . 

Anchors, cases and problems have all been proposed as 
context s fo r  learnin g (Barrows ,  1985 ;  C T G V ,  1990 ; 
Kolodner ,  1993 ;  Williams ,  1993) .  Al l  thre e hav e th e 
c o m m on characteristi c o f  bein g ric h situation s tha t  ca n 
affor d generativ e problem-solving .  Learnin g fro m case s 
m ay affor d severa l  advantages .  First ,  th e learner s wil l 
encod e knowledg e i n a  contex t  tha t  i s  simila r  t o th e on e 
i n whic h i t  wil l  ultimatel y b e used ,  enhancin g th e 
likelihoo d o f  appropriat e retrieva l  an d transfer .  Second , 
th e learner s m a y construc t  menta l  model s o f  th e 
underlyin g domai n knowledg e tha t  includ e condition s 
unde r  whic h th e knowledg e i s  applicable .  Third , 
learnin g fro m case s m a y provid e th e learne r  wit h a 
librar y o f  specifi c  instance s fro m whic h t o reason . 
S o me form s o f  case-base d learnin g explicitl y  promot e 
self-directe d learnin g skill s a s well .  Severa l  variation s 
on th e us e o f  case s t o enhanc e learnin g hav e bee n 
develope d fo r  divers e populations .  Anchore d instructio n 
has bee n use d widel y i n middl e schoo l  mathematic s 
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instructio n t o promot e th e developmen t  o f  mathematica l 
problem-solvin g skill s  an d strategies .  Problem-base d 
learnin g (PBL )  i s bein g use d i n medica l  school s i n th e 
US an d internationall y t o hel p student s integrat e 
biomedica l  scienc e wit h clinica l  skill s  a s wel l  a s 
facilitat e th e developmen t  o f  clinica l  reasonin g 
strategies .  Goal-base d scenario s (GBS )  provid e 
framework s fo r  creatin g computer-base d learnin g 
environment s tha t  promot e learnin g whil e student s 
pursu e a  se t  o f  specifie d goal s (Schank ,  e t  al .  1993) . 
However ,  som e researcher s ar e mor e cautiou s i n 
embracin g thes e ne w approaches ,  arguin g tha t  thes e i n 
fac t  ma y lea d t o mor e fragmente d knowledg e (Patel , 
Green ,  &  Norman ,  199 3 bu t  se e Hmelo ,  199 5 fo r  a n 
alternativ e view) .  The y hav e raise d concern s abou t  th e 
deleteriou s effect s tha t  integratin g fundamenta l  an d 
practica l  knowledg e ma y hav e o n th e efficienc y o f 
reasoning ,  an d abou t  th e adequac y an d variet y o f 
reasonin g strategie s tha t  student s acquir e (Patel ,  Aroch a 
& Lecessi ,  1995) . 

In light of the increasing interest in applying these 
methodologie s t o discipline s othe r  tha n medicin e an d t o 
broade r  studen t  populations ,  th e strength s an d 
limitation s o f  thes e approache s a s wel l  a s ho w t o 
effectivel y implemen t  them ,  supporte d b y technology , 
i n classroom s hav e al l  becom e issue s tha t  meri t  furthe r 
researc h an d discussion .  Thi s symposiu m aim s t o 
stimulat e bot h discussio n an d additiona l  researc h o n 
thes e aspects .  I n particular ,  th e speaker s wil l  addres s 
question s suc h a s th e following : 

•  Wha t  make s fo r  a n effectiv e anchor ,  case ,  problem , 
or  scenario ? I n wha t  way s ar e thes e simila r  o r 
different ? 
•  H o w d o thes e promot e learning ,  integration , 
retentio n an d transfer ? H o w ca n thes e b e use d i n th e 
classroo m mos t  effectively ? 
•  Ar e ther e an y disadvantage s t o usin g grounde d 
instance s i n learning ? I f  so ,  ho w ca n the y b e 
remedied ? 
•  H o w ca n technolog y b e use d t o enhance ,  scaffold , 
and contextualiz e learning ? Wha t  for m shoul d 
computer-base d learnin g environment s t o suppor t 
thes e approache s take ? 

I n th e followin g section s w e provid e brie f  summarie s o f 
th e fou r  approache s tha t  wil l  b e covere d i n th e 
symposium :  anchore d instruction ,  case-base d reasoning , 
problem-base d learnin g an d goal-base d scenarios . 

Anchored Instruction 

In anchored instruction, learning is situated in rich, 
multimedi a context s tha t  affor d opportunitie s fo r 
proble m finding,  exploration ,  an d discovery .  I n thi s 
approach ,  rathe r  tha n beginnin g wit h a  se t  o f  fact s t o b e 
learned ,  student s ar e introduce d t o a  video-base d 
problem ,  on e tha t  wil l  provid e challenge s t o the m a s 
the y attemp t  t o solv e it .  Th e multimedi a presentatio n 

of  th e proble m present s a  situatio n a s on e woul d se e i t 
i n th e world ,  thoug h i t  i s  orchestrate d s o tha t  i t  ha s 
embedded i n i t  al l  th e dat a tha t  student s nee d t o solv e 
th e problem .  A s i n th e rea l  world ,  th e presentatio n doe s 
not  mak e clea r  whic h o f  th e presente d materia l  i s 
relevan t  t o proble m solvin g an d whic h i s incidental . 
Student s mus t  lear n t o differentiat e betwee n relevan t  an d 
irrelevan t  data .  Th e goa l  i s  t o hav e student s find  an d 
defin e problems ,  generat e subgoals ,  an d thin k abou t 
the m ove r  a n extende d perio d o f  time .  Th e problem s 
use d i n thi s approac h us e a  narrativ e forma t  t o presen t 
informatio n an d creat e a  meaningfu l  contex t  fo r  proble m 
solvin g (CTGV ,  1990) .  Th e problem s tha t  ar e use d ar e 
much mor e comple x tha n typica l  mat h wor d problem s 
on th e premis e tha t  student s canno t  lear n t o dea l  wit h 
complexit y unles s the y hav e ha d th e chanc e t o 
experienc e it . 

Case-Based Reasoning 

Case-based reasoning (CBR) addresses both problem 
solvin g an d learnin g withi n a  singl e framewor k a 
framewor k buil t  aroun d th e notio n o f  usin g pas t 
experience s t o solv e curren t  problem s (Kolodner ,  1993) . 
The centra l  ide a i n case-base d reasonin g therefor e i s tha t 
cases ,  i n th e for m o f  interprete d an d encode d description s 
of  previou s problem s an d thei r  solutions ,  ar e th e 
primar y generator s o f  inferences ,  suggestin g curren t 
solution s t o problems ,  pointin g th e wa y ou t  o f 
quandaries ,  allowin g potentia l  failure s an d error s t o b e 
anticipate d an d avoided ,  an d focusin g attention .  A s 
case s ar e use d i n interpretin g an d solvin g ne w problems , 
ne w case s ar e generate d an d store d i n th e memor y -  thi s 
i s th e learnin g componen t  o f  C B R .  A  cas e typicall y ha s 
th e followin g characteristics : 

•  i t  describe s a  previousl y experience d episod e o f 
proble m solving ; 

•  i t  i s a n interprete d an d encode d knowledg e structure ; 
•  i t  contain s a  ric h variet y o f  information ,  includin g 

-  a  descriptio n an d importan t  feature s o f  th e 
proble m tha t  wa s solved , 

-  th e solutio n tha t  wa s arrive d at ,  an d it s 
importan t  features , 
a proces s descriptio n o f  th e solutio n process , 
decision s tha t  wer e made ,  an d thei r 
justification s (rationale) , 

-  outcome s tha t  resulte d fro m carryin g ou t  th e 
solution , 

-  evaluatio n o f  th e success/failur e o f  th e 
solutio n i n term s o f  it s outcomes ,  an d 

-  aspect s foun d t o hav e le d t o th e succes s o r 
failur e base d o n thi s evaluation . 

A cas e i s indexe d b y th e dee p feature s o f  th e problem , 
th e solution ,  an d it s outcome s s o tha t  i t  ca n b e retrieve d 
base d o n simila r  problem s o r  simila r  solutio n strategie s 
tha t  ar e bein g considered ,  o r  th e expecte d outcomes . 
Cases ca n provid e no t  onl y solution s tha t  ca n 
potentiall y  b e adapte d t o fit  a  ne w problem ,  bu t  als o 



enabl e a  learne r  t o hypothesiz e th e result s o f 
implementin g a  simila r  solutio n an d provid e warning s 
abou t  potentia l  pitfall s  t o avoi d an d successfu l  avenue s 
t o pursue .  I n man y domains ,  ther e i s n o wel l  develope d 
causa l  theor y o r  th e causa l  theor y ma y b e irregularl y 
applicabl e acros s th e variet y o f  case s tha t  a  problem -
solve r  ma y encounter .  I t  i s  i n thes e domain s tha t  case s 
ca n serv e a s valuabl e resource s fo r  bot h problem -
solvin g an d learning . 

Problem-Based Learning 

Problem-based learning (PBL) is an educational 
methodolog y i n whic h student s lear n b y solvin g 
problem s an d reflectin g o n thei r  experiences .  I n 
problem-base d learning ,  student s fac e a  proble m 
situatio n wit h som e hig h leve l  goa l  tha t  need s t o b e 
addressed ,  an d lear n b y solvin g authenti c real-worl d 
problems .  Becaus e th e problem s ar e complex ,  student s 
wor k i n groups ,  wher e the y poo l  thei r  expertis e an d 
experienc e an d togethe r  grappl e wit h th e complexitie s o f 
th e issue s tha t  mus t  b e considered .  Coache s guid e 
studen t  reflectio n o n thes e experiences ,  facilitatin g th e 
learnin g o f  th e cognitiv e skill s  neede d fo r  proble m 
solving ,  th e ful l  rang e o f  skill s  neede d fo r  collaboratio n 
and articulation ,  an d th e principle s behin d thos e skills . 
Becaus e student s direc t  thei r  learning ,  skill s  neede d fo r 
life-lon g learnin g ar e als o acquired ,  fo r  the y mus t 
manage thei r  learnin g goal s an d strategie s a s the y cop e 
wit h problem s se t  fo r  them .  Experienc e i n medica l  an d 
busines s school s show s tha t  problem-base d curricul a 
serv e t o enhanc e learnin g fact s an d concept s a t  a  rang e 
of  level s an d t o promot e th e learnin g o f  critica l  proble m 
solvin g an d collaboratio n skill s  neede d fo r  th e 
workplac e (Hmelo ,  1994 ;  Norma n &  Schmidt ,  1992) . 
The classica l  metho d o f  P B L wa s develope d i n medica l 
school s (Barrows ,  1985) .  Instea d o f  th e traditiona l 
lecture-base d format ,  student s lear n biomedica l  scienc e 
throug h solvin g problems .  Thi s for m o f  P B L include s 
among it s goal s (1 )  developin g scientifi c  understandin g 
throug h cases ,  (2 )  developin g clinica l  reasonin g 
strategies ,  an d (3 )  developin g self-directe d learnin g 
skills .  I n thi s approach ,  smal l  group s o f  fiv e t o seve n 
student s an d a  facilitato r  mee t  t o discus s a  patien t  case . 
The 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 reflec t  o n 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 d o 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 . 

A significan t  transformatio n occur s a s a  resul t  o f  th e 
learnin g processe s i n P B L .  Th e origina l  proble m 
whic h consist s onl y o f  clinica l  dat a an d som e relate d 
backgroun d informatio n become s transforme d int o a 
cas e -  comprisin g relevan t  symptom s fro m amon g thos e 
originall y give n t o th e students ,  th e solutio n i n term s 
of  diagnosti c hypotheses ,  a n elaborate d causa l  mode l 
tha t  provide s a n accoun t  o f  h o w th e hypothesize d 
disease s giv e ris e t o th e observe d symptoms ,  condition s 
of  applicabilit y  o f  thi s model ,  associationa l  knowledg e 
tha t  link s symptom s t o hypothese s bot h positivel y an d 
negatively ,  an d connection s t o relevan t  an d applicabl e 
scientifi c  knowledge .  W h e n th e proble m correspond s t o 
an actua l  clinica l  case ,  th e student s als o lear n th e 
outcome s o f  th e diagnose s -  th e therap y plan ,  whethe r 
thei r  diagnose s wer e accurat e o r  not ,  an d why .  Thes e 
correspon d t o th e component s o f  a  cas e a s define d i n 
C BR -  th e proble m an d it s features ,  th e solutio n an d it s 
features ,  rationale ,  outcomes ,  an d evaluativ e 
informatio n i n term s o f  th e succes s o r  failur e o f  th e 
solutio n an d th e reason s behin d it .  Thus ,  wha t  develop s 
i n P B L i s a n interprete d an d encode d representatio n o f  a n 
episod e o f  proble m solvin g a s a  cas e i n memory . 

Goal-Based Scenarios 

The motivating principle behind the development of 
goal-base d scenario s a s a n educationa l  framewor k a s 
wel l  a s a  framewor k fo r  designing  computer-base d 
learnin g environment s i s tha t  bette r  learnin g ca n b e 
achieve d b y presenfin g student s wit h problem s i n thei r 
domain s o f  interes t  alon g wit h well-define d goal s an d 
th e mean s fo r  achievin g thes e goals .  Thus ,  a  G B S i s a 
learning-by-doin g tas k tha t  require s a  carefu l  selectio n o f 
material s t o b e taught ,  th e goal s student s wil l  pursue , 
th e environmen t  i n whic h student s wil l  work ,  th e 
subtask s tha t  i n th e pursui t  o f  thei r  goal s th e student s 
wil l  engag e in ,  an d th e resource s tha t  wil l  b e m a d e 
availabl e t o th e students .  Th e scenario s ar e constructe d 
and th e goal s ar e specifie d i n suc h a  wa y a s t o motivat e 
student s t o accomplis h th e goals ,  an d t o enabl e the m t o 
acquir e th e necessar y skill s  durin g thi s proces s o f  goal -
accomplishment .  Goal-base d scenario s scaffol d th e 
acquisitio n o f  skills ,  b y providin g opportunitie s fo r  th e 
practic e o f  skill s  i n th e pursui t  o f  goal s tha t  als o serv e 
t o illustrat e th e potenda l  ufilit y  o f  thes e skill s  t o 
students .  Th e mai n component s o f  a  G B S ,  therefore ,  ar e 
a clea r  an d concret e goa l  t o b e achieved ,  a  se t  o f  targe t 
skill s  t o b e learne d an d practiced ,  an d a  tas k 
environmen t  i n whic h student s wil l  work .  A  G B S 
consist s o f  a  missio n contex t  an d a  missio n structure . 
The missio n contex t  outline s th e themati c aspect s o f  a 
G BS b y statin g th e goa l  student s wil l  pursu e (calle d th e 
mission )  an d th e premise s unde r  whic h the y wil l  wor k 
(calle d th e cove r  story) .  Th e missio n structur e describe s 
th e mean s b y whic h student s wil l  pursu e th e mission , 
includin g th e natur e o f  th e tas k involve d (calle d th e 
missio n focu s thi s m a y be ,  fo r  instance ,  design . 



diagnosis ,  discovery ,  etc. )  an d th e activitie s student s ca n 
undertak e i n pursui t  o f  th e missio n (calle d scenari o 
operations) .  Guideline s o n ho w t o effectivel y desig n a 
G BS ar e give n i n (Schank ,  e t  al .  1993) .  Lik e th e othe r 
approaches ,  GBS' s ar e designe d t o allo w student s t o 
lear n withi n a n realisti c context . 

Summary 

This symposium is being organized around a set of four 
innovativ e approache s t o learning ,  an d th e centra l  issue s 
and concern s tha t  surroun d thei r  deploymen t  i n 
classrooms .  W e wil l  illustrat e th e differen t  approache s 
wit h concret e examples ,  an d the n discus s thei r 
similaritie s an d difference s a s wel l  a s th e importan t 
issue s an d concern s regardin g thei r  use .  Th e symposiu m 
wil l  b e structure d a s a  serie s o f  shor t  illustration s an d 
presentations ,  followe d b y a n ope n discussio n involvin g 
th e audience .  Thes e proceeding s shoul d b e o f 
considerabl e interes t  t o th e broa d cognitiv e scienc e 
communit y becaus e th e issue s tha t  w e wil l  addres s hav e 
bee n derive d fro m fundamenta l  researc h o n huma n 
cognitio n and  artificia l  intelligence .  I t  wil l  touc h upo n 
issue s suc h a s learnin g fro m instances ,  analogica l 
transfer ,  case-base d learnin g an d reasoning ,  situate d 
cognition ,  an d proble m solving ;  issue s tha t  hav e bee n 
at  th e cente r  o f  cognitiv e scienc e research .  Furthermore , 
what  w e ar e concerne d wit h i s th e applicatio n o f 
cognitiv e scienc e researc h o n learnin g an d instructio n t o 
th e rea l  worl d proble m an d nationa l  priorit y o f 
improvin g education . 
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