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Abs t rac t 

We describe the initial prototypes of several Intelligent tutoring systems 

designe d t o buil d students '  scientifi c  Inquir y skills .  Thes e Inquir y skill s  ar e 

taugh t  I n th e contex t  o f  acquirin g knowledg e o f  principle s fro m a  mlcroworl d 

tha t  model s a  specifi c  domain .  W e hav e Implemente d microworld s fo r 

microeconomics ,  electricity ,  an d ligh t  refraction .  Al l  o f  th e system s ar e highl y 

interactive ;  student s ca n pos e questions ,  conduc t  experiment s b y manipulatin g 

domai n specifi c  factors ,  an d recor d results .  Usin g protoco l  studie s o f  exper t 

and non-exper t  learner s usin g thes e microworld s w e identif y importan t  inquir y 

strategies .  W e hav e represente d thes e strategie s formally ,  allowin g th e 

mlcroworl d t o detec t  effectiv e an d ineffectiv e Inquir y strategies .  W e conclud e 

wit h a  descriptio n o f  a  partiall y  implemente d 'inquir y coach* .  Thi s coac h wil l 

be incorporate d int o th e microworld s an d teac h th e Inquir y strategie s i n th e 

contex t  o f  th e specifi c  mlcroworl d domai n knowledge . 

1. Introduction 

H ow ca n w e hel p student s develo p bette r  scientifi c  Investigativ e behaviors ? I n thi s 

pape r  w e describ e th e ke y feature s o f  severa l  intelligent ,  interrogatabl e microworld s 

unde r  development .  Thes e microworld s ar e designe d t o suppor t  student s I n learnin g 

scientifi c  Inquir y skills ,  a s wel l  a s i n learnin g th e particula r  domai n modele d i n th e 

mlcroworld .  Ou r  system s mak e onlin e Inquir y tool s availabl e t o student s an d generall y 

foste r  studen t  interrogation .  I n particular ,  ou r  system s coac h th e studen t  I n th e skill s  o f 

Thi s wor k wa s supporte d b y th e Learnin g Researc h an d Developmen t  Center ,  supporte d I n par t  a s a 
researc h cente r  b y fund s fro m th e Nationa l  Institut e o f  Educatio n (NIE) ,  Departmen t  o f  Education .  Th e 

opinion s expresse d d o no t  necessaril y reHec t  th e positio n o r  polic y o f  N I E an d n o ofHcla l  endorsemen t 

shoul d b e Inferred . 
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conducting systematic Investigations. 

We and others In our lab have developed laboratory mlcroworlds for the scientific 

domain s o f  microeconomics ,  ligh t  refraction ,  an d electrica l  circuits. ^  I n eac h mlcroworl d 

th e studen t  I s give n th e goa l  o f  learnin g th e regularitie s an d rule s o f  th e domai n fro m 

observatio n an d discovery .  Initially ,  th e studen t  manipulate s th e environmen t  an d 

observe s th e results .  A s ne w knowledg e I s acquired ,  student s ca n for m hypothese s an d 

conduc t  experiment s t o tes t  thos e hypotheses .  A s w e describ e I n detai l  later ,  student s 

use th e microworld s eithe r  t o explore ,  experiment ,  o r  d o exercises . 

Work In our mlcroworld environments Is safe and immediate, without the typical 

complication s o f  laborator y activitie s I n th e rea l  world .  Fo r  example ,  th e microworld s 

ar e designe d t o eliminat e muc h o f  th e extraneou s Informatio n an d phenomen a whic h 

hinde r  th e discover y o f  regularities .  Th e microworld s an d thei r  underlyin g simulation s 

allo w fo r  instan t  feedbac k abou t  th e effect s o f  varyin g relevan t  variables . 

In the process of doing or learning science an Individual makes observations, 

generate s hypotheses ,  test s principle s an d laws ,  an d predict s fro m theories .  W e ar e 

concerne d wit h takin g widel y differin g individua l  exploratio n strategies ,  an d coachin g 

our  student s t o b e mor e systemati c an d effective .  Student s diffe r  o n man y dimension s 

and microworld s mus t  b e flexibl e enoug h t o accommodat e thes e differences .  Fo r 

example ,  prio r  relate d knowledg e an d systematlclt y o f  Interrogativ e skill s  represen t  tw o 

importan t  characteristic s underlyin g successfu l  learnin g I n a  mlcroworl d environment . 

Below ,  w e describ e wor k I n progres s o n a  exploratio n skill s  Intelligen t  tutor . 

Our paper is organized as follows. First, we describe a prototype Intelligent 

interrogatabl e discover y environment :  th e economic s mlcroworl d calle d Smithtown . 

Second ,  w e describ e th e inquir y tool s provide d I n ou r  microworlds .  Student s us e a n 

Interactiv e notebook ,  tabula r  displays ,  an d graphica l  displays .  Student s als o ca n propos e 

hypothese s an d examin e a  histor y o f  thei r  explorations .  Third ,  w e describ e th e specifi c 

inquir y behavior s (skillfu l  an d otherwise )  foun d I n ou r  protocol s o f  novic e an d exper t 

learner s usin g Smithtown .  Fourth ,  w e describ e a  partiall y  Implemente d Intelligen t  tuto r 

fo r  th e inquir y skill s  described ,  focussin g ou r  discussio n o n th e diagnosticia n an d th e 

coachin g component .  Finally ,  a  pla n fo r  evaluatin g th e effectivenes s o f  thi s researc h 

approac h I s discussed . 

The microeconomic s mlcroworl d wa a develope d b y Valeri e Shut e an d Jami e Schultz .  Th e refractio n 
mlcroworl d wa s develope d b y Pete r  Relman n (Relmann ,  1088| .  Th e electrica l  circuit s mlcroworl d wa s 
develope d b y Jef f  Bonar ,  Joyc e Ivlll ,  Cind y Cosic ,  Lesli e Wheeler ,  Gar y Strohm ,  an d Pau l  Resntck .  Al l 
thes e system s hav e bee n develope d usin g LOOPS o n Xero x Interllsp- D workstations . 
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2. Overview of the System 

Our  mlcroworl d fo r  microeconomic s I s a  hypothetica l  tow n calle d Smithtown . 

W h en th e studen t  sit s dow n a t  th e computer ,  s/h e I s Introduce d t o thi s simulate d town. ^ 

A serie s o f  menu s po p u p fo r  th e studen t  t o selec t  fro m (se e Figur e 2.1) ,  Th e firs t  m e n u 

contain s th e market s currentl y availabl e I n Smithtown .  Th e studen t  use s thi s men u t o 

selec t  a  goo d o r  servic e t o Investigate .  Th e secon d men u I s th e 'plannin g menu' , 

containin g al l  possibl e variable s tha t  eithe r  ma y b e change d b y th e student ,  o r  tha t 

chang e a s a  functio n o f  somethin g else .  Th e studen t  mus t  stat e th e variable s the y ar e 

Intereste d I n Investigating .  Thi s assist s th e syste m I n understandin g an d classifyin g 

studen t  activities .  Third ,  a  men u wit h relevan t  economi c Indicator s fo r  Smithtow n 

appears .  Thes e Indicator s Includ e averag e Income ,  population ,  weather ,  consume r 

preferenc e Index ,  an d numbe r  o f  suppliers .  Eac h o f  thes e Indicator s ha s a  syste m 

supplie d defaul t  valu e (e.g. ,  populatio n =  10,000) .  Th e curren t  valu e fo r  eac h o f  thes e 

Indicator s I s show n o n th e screen . 

After the student examines and/or modifies the Indicators, s/he sees the 'prediction 

menu" .  I f  desired ,  th e studen t  ma y us e thi s men u t o stat e th e variable s an d relationship s 

when predictin g th e outcom e o f  a n event .  Finally ,  th e studen t  I s presente d wit h a 

'Thing s t o Do '  men u wher e s/h e ca n se e th e effec t  o f  marke t  manipulation s o n price , 

quantit y demanded ,  quantit y supplied ,  surplus ,  o r  shortage .  Usin g thi s Informatio n th e 

studen t  may : 

1. Adjust the market price or have the computer make a price adjustment, 

2. Use the Inquiry tools to assist In the Investigation (e.g., make a notebook 

entr y o f  th e marke t  data) ,  o r 

3. Select an experimental framework. 

The experimental frameworks let the student manipulate the market In various 

systemati c way s an d observ e th e effects .  Fo r  example ,  a  studen t  migh t  wan t  t o 

generaliz e a  concep t  acros s goods .  Thi s woul d allo w him/he r  t o se e ho w widel y a 

concep t  applies .  Th e framewor k t o accomplis h thi s generalizatio n Is :  Chang e th e good , 

keep th e sam e independen t  variables . 

As students Interact with new subject-matter situations, they compare their 

observation s wit h thei r  curren t  belief s an d theories .  Consequently ,  thes e belief s m a y b e 

rejected ,  accepted ,  modified ,  o r  replaced .  I n th e cours e o f  thi s developin g knowledg e 

student s as k questions ,  mak e predictions ,  mak e Inferences ,  an d generat e hypothese s 

abou t  wh y certai n event s occu r  wit h systemati c regularity .  I n Smithtown ,  th e result s o f 

thi s studen t  Interactio n wit h th e environmen t  ar e Immediate ,  dynamic ,  an d recordable . 

We d o thi s wit h a  se t  o f  Inquir y tools ,  describe d I n detai l  I n th e followin g section . 

Befor e actuall y Interactin g wit h th e system ,  th e studen t  receive s a  shor t  guideboo k t o Smithtown , 
outlinin g th e purpose ,  se t  up .  an d terminolog y o f  th e system . 
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3. Tools for Systematic Investigations 

We hav e severa l  onlin e tool s fo r  scientifi c  Investigation s I n th e mlcroworl d 

environments .  Thes e Include :  a  Noteboo k fo r  collectin g dat a an d observations ,  a  Tabl e t o 

organiz e dat a fro m th e notebook ,  a  Grap h utilit y  t o plo t  data ,  a  Hypothesi s m e n u t o 

compose relationship s amon g variables ,  an d thre e Histor y window s tha t  allo w th e 

student s t o se e a  chronologica l  listin g o f  behaviors ,  data ,  an d concept s learne d s o far . 

Each o f  thes e wil l  b e discusse d I n turn . 

An example of the Notebook Is shown In Figure 3.1. The students select variables 

t o record ,  an d curren t  value s ar e automaticall y pu t  Int o th e Notebook .  Onc e the y hav e 

collecte d dat a I n th e Notebook ,  the y ca n elec t  t o Isolat e som e o f  th e variable s an d pu t 

the m togethe r  Int o a  Table .  Table s provid e sortin g tool s fo r  reorderin g th e entrie s (se e 

Figur e 3.2 )  Thi s I s a n Importan t  too l  fo r  simplifyin g an d makin g sens e o f  ra w dat a I n th e 

Notebook .  Th e Grap h utilit y  allow s a  studen t  t o plo t  dat a collecte d fro m thei r 

explorations/experiments .  Thi s provide s a n alternativ e wa y o f  viewin g relation s betwee n 

variables .  A n exampl e o f  a  Grap h I s show n I n Figur e 3.3 . 

The Hypothesis menu (Figure 3.4) allows students to make Inductions or 

generalization s o f  relationship s fro m th e dat a the y hav e collecte d an d organized .  Ther e 

ar e actuall y thre e Interconnecte d menu s comprisin g th e Hypothesi s menu .  First ,  th e 

connecto r  m e n u Include s th e items :  if ,  then ,  as ,  when ,  resultin g In ,  and ,  the .  Next ,  th e 

variabl e m e n u contain s th e economi c indicato r  variable s use d b y th e system :  income , 

population ,  quantit y demanded ,  demand ,  quantit y supplied ,  supply ,  marke t  price , 

surplus ,  shortage ,  an d s o on .  Finally ,  th e descripto r  m e n u describe s th e type s o f  change : 

decreases ,  Increases ,  equals .  Intersects ,  i s  par t  of ,  ha s n o relatio n to .  I s greate r  than ,  an d 

Is les s than .  A s student s choos e word s fro m thes e menus ,  th e emergin g statemen t 

appear s I n th e Hypothesi s Statemen t  Window . 

A pattern matcher analyzes key words from the Input and checks whether this 

matche s store d relationship s fo r  eac h targete d concept .  I f  so ,  th e syste m flag s tha t 

concep t  a s havin g bee n conditionall y learned .  Otherwise ,  th e studen t  i s informe d tha t 

th e statemen t  i s no t  understood . 

Three history windows are included in the system. As students continue to interact 

wit h th e microworld ,  historie s accumulat e summarizin g th e variou s action s resultin g 

fro m differen t  exploration s an d experiments .  Thi s summar y I s maintaine d i n th e Studen t 

Histor y Window .  Th e Marke t  Dat a Windo w keep s a  recor d o f  al l  variable s an d 

associate d value s tha t  th e studen t  ha s manipulated .  Finally ,  ther e I s th e Goa l  Histor y 

Window.  Thi s provide s a  chronologica l  representatio n o f  wha t  th e studen t  ha s 

successfull y learne d i n term s o f  concept s targete d b y th e system . 
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4. Investigative Behaviors 

Th e scientifi c  Inquir y tool s provid e student s wit h mean s fo r  collecting ,  organizing , 

and understandin g dat a fro m thei r  investigations .  Moreover ,  ther e ar e severa l  type s o f 

systemati c Investigation s recognize d b y th e system .  Thes e Includ e explorations : 

obtainin g informatio n fro m th e mlcroworl d i n orde r  t o refin e an d complet e developin g 

hypothese s abou t  th e microeconoml c concepts ;  experiments :  a  serie s o f  studen t  action s 

conducte d t o confir m o r  differentiat e hypotheses ;  an d exercises :  test s o n a  previousl y 

confirme d hypothesis ,  perhap s t o se e th e exten t  o r  limitation s o f  It s application . 

Experiment s carr y a  specifi c  predictio n whil e exploration s d o not . 

The distinction into the type of investigation being conducted allows the system to 

determin e whethe r  tutoria l  Interventio n wil l  occur .  Tha t  is ,  a  studen t  i s considere d I n 

exploratio n mod e i f  s/h e ha s n o predictio n o f  outcome s fro m a n investigation .  Ignorin g 

th e 'predictio n menu '  woul d resul t  i n thi s classification .  Ther e i s n o assistanc e fro m th e 

Inquir y coac h whil e i n thi s mode ,  unles s th e studen t  remain s to o lon g i n i t  (e.g. ,  2 0 

consecutiv e action s withou t  makin g a  prediction) .  I f  a  studen t  predict s a n experimenta l 

outcome ,  w e conside r  her/hi m i n experimenta l  mod e an d allo w th e syste m t o interven e 

wit h th e student .  Finally ,  I f  th e studen t  I s replicatin g th e result s fro m a  previou s 

experiment ,  s/h e I s classifie d a s bein g i n exercis e mod e an d n o interventio n wil l  occur . 

Using the tools provided, there are various dimensions on which student 

investigativ e performanc e ca n b e evaluated .  Th e followin g i s a  listin g o f  scientifi c 

behavior s w e loo k for : 

• Baseline Data Collection: For an initial exploration, Is data collected from 

th e marke t  i n equilibrium ,  befor e an y variable s hav e bee n altered ? 

• Baseline Data Entry: For an initial exploration, Is data entered into the 

noteboo k fro m th e marke t  i n equilibrium ,  befor e an y variable s hav e bee n 

altered ? 

• Thorough Data Entry: Does the student make a notebook entry every time a 

variabl e ha s bee n changed ? 

• Relevant Data Collection and Entry: Does the student enter only those 

variable s tha t  ar e bein g activel y manipulate d o r  chang e a s a  resul t  o f  a 

manipulatio n (i.e. ,  n o superfluou s informatio n o r  Incomplet e recordings) ? 

• Generalize a Concept Across All Goods: Did the student try to generalize 

an economic s principl e a s i t  hold s fo r  al l  goods ? Fo r  example ,  havin g learne d 

th e la w o f  deman d operatin g i n th e donu t  market ,  doe s th e studeu t  attemp t 

t o generaliz e t o othe r  goods ? 

• Generalize a Concept Across Related Goods: Did the student try to 

generaliz e a n economic s principl e acros s specificall y relate d goods ,  i.e. , 
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Investigating substitute/complementary relationships or component-of 

relations ? 

• Sufficiently Large Change to Variables: Are the changes made to the 

variable{s )  larg e enoug h t o detec t  marke t  effect s i f  ther e ar e any ? 

• Sufficiently Small Change to Variables: Are the changes made to the 

variable(s )  smal l  enoug h t o discriminat e an d refin e subtl e pattern s i n th e 

data ? 

• Number of Variables Changed: Did the student change only one variable at 

a tim e fo r  compariso n and/o r  recording ? Thi s I s relate d t o wha t  a  studen t 

alread y knows ;  ove r  time ,  a  studen t  ca n progressivel y handl e mor e variables . 

• Isolating Variables in the Table: Did the student put only a few variables 

Int o th e tabl e t o reduc e an d mak e sens e o f  th e data ? 

• Sorting on Relevant Variables: Was the sorting option used on relevant 

variable s I n th e tabl e (e.g. ,  I f  pric e wa s systematicall y varied ,  the n I t  shoul d 

be th e sor t  key. ) 

• Plotting Variables: Did the student use the graph utility to plot potentially 

meaningfu l  relationship s betwee n variables ? 

• Saving Graphs: Was the graph of a significant relationship saved for later 

comparisons ? 

• Superimposing Graphs: Was there an attempt made to superimpose two 

graph s t o se e relationship s betwee n functions ,  lik e suppl y an d demand ,  o r  tw o 

demand curve s I n parallel ? 

• Hypothesis Specification: Were any hypotheses stated as a result of the 

observe d systematlcltle s I n th e data ,  eithe r  abstracte d fro m th e Tabl e o r  fro m 

th e Graph ? 

• Complexity of Hypotheses: Is there an increase over time In the chaining of 

variable s whe n th e studen t  generate s hypothese s fro m th e menu ? A s 

knowledg e Increases ,  th e numbe r  o f  variable s strun g togethe r  shoul d g o fro m 

tw o t o more ,  i n progressivel y mor e comple x relationships . 

• Passively Monitoring the Market— Computer Price Change: Did the 

studen t  allo w th e compute r  t o mak e adjustment s t o th e marke t  pric e o f  a 

good an d se e th e ensuin g repercussions ? Fo r  explorations ,  monitorin g i s 

probabl y th e bes t  strateg y t o follow . 
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• Actively Manipulating the Market- User Price Change: Did the student 

mor e activel y mak e adjustment s t o th e marke t  pric e o f  a  goo d an d se e th e 

marke t  changes ? Fo r  experiments ,  manipulatin g th e pric e onesel f  I s probabl y 

mor e effective . 

• Failure Driven Behaviors: If a student conducts an experiment testing some 

specifie d belief/prediction ,  th e result s ca n lea d t o a  numbe r  o f  differen t 

actions .  I f  th e experimen t  I s confirmed ,  ther e m a y follo w a  generalizatio n 

attempt ,  o r  a n exercise ,  bot h o f  whic h tes t  th e limitation s o f  th e Idea ,  I f  th e 

experimen t  I s dlsconflrmed ,  th e studen t  m a y d o on e o f  th e following : 

o Re-do the experiment with parameter changes. 

o Ignore the results and go on to something new, or 

o Try a new hypothesis that fits the observed data. 

5. An Intelligent Tutor for Inquiry Skills 

We ar e currentl y Implementin g a n intelligen t  tuto r  fo r  th e Inquir y skill s  discusse d 

above .  Ou r  tuto r  fo r  Smithtow n I s organize d t o provid e a  rang e o f  guidanc e tha t  ca n b e 

graduall y Increase d o r  decreased ,  dependin g o n th e characteristic s o f  th e learner' s 

performance .  A t  on e en d o f  th e rang e I s a  purel y discover y environment .  A s lon g a s th e 

studen t  i s progressing ,  th e mlcroworl d wil l  remai n a  discover y environment .  "Progress " 

I s define d a s (a )  demonstratin g appropriat e investigativ e behaviors ,  an d (b )  learnin g th e 

domai n concept s a t  a  regula r  rate .  A t  th e othe r  en d o f  th e rang e I s a  directiv e 

environmen t  tha t  explicitl y  assist s th e studen t  I n usin g a n Interrogativ e skil l  tha t  i s 

deemed problemati c fo r  him/her .  Fo r  example ,  th e syste m migh t  instruc t  a  studen t  t o 

ente r  dat a i n th e noteboo k fro m th e marke t  befor e alterin g an y variables . 

The system Is composed of four main components: the knowledge base, the 

diagnostician ,  th e studen t  model ,  an d th e coach .  Th e knowledg e bas e Include s th e 

targete d element s t o b e learned ,  suc h a s th e "la w o f  demand" ,  fro m economic s domai n 

knowledge ,  an d "generalizatio n o f  a  concept" ,  fro m scientifi c  skil l  knowledge .  Th e 

diagnosticia n i s a  se t  o f  softwar e critic s tha t  monito r  th e student' s succes s i n applyin g 

th e Inquir y behavior s an d learnin g th e domai n concepts .  Th e studen t  mode l  i s th e 

update d representatio n o f  th e student' s evolvin g knowledg e base ,  an d th e coac h instruct s 

th e studen t  base d o n informatio n provide d t o I t  b y th e diagnosticia n regardin g denclen t 

skills . 

Tutor knowledge about the domain concepts Is kept In the knowledge base. Using 

th e knowledg e base ,  th e tuto r  model s whethe r  a  studen t  I s progressin g I n th e acqulsltiO D 

of  domai n knowledge .  Althoug h a  studen t  m a y b e quit e efficien t  i n Interrogatin g th e 

environmen t  an d performin g experiments ,  s/h e m a y extrac t  onl y a  subse t  o f  th e relevan t 

concept s fo r  instructio n i n th e particula r  domain .  T o accomplis h thi s assessment ,  th e 
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Instructional domains for each mlcroworld have been broken down Into key concepts 

tha t  ar e loosel y organize d I n a  bottom-u p manner ,  fro m simple r  t o mor e comple x Idea s 

(se e Figur e 5.1 )  (se e (Bonar ,  Cunningham ,  Schultz ,  1986 ]  fo r  a  descriptio n o f  thi s 

approach) . 

AJthough the mlcroworld need not constrain the student to learn the concepts In 

any prescribe d order ,  th e conceptua l  hierarch y provide s th e basi s fo r  a  mode l  o f  studen t 

knowledge .  Eac h concep t  I s associate d wit h a  rul e o r  relationshi p amon g economi c 

variables .  Fo r  example ,  th e la w o f  deman d relate s pric e an d quantit y demande d i n a n 

invers e relationship .  W h e n a  studen t  use s th e hypothesi s men u an d generate s a  vali d 

statemen t  abou t  th e underlyin g variabl e relationship s fo r  a  particula r  concept ,  the n th e 

syste m flag s th e concep t  a s havin g bee n learned .  Thi s i s calle d a n overla y studen t  mode l 

(  [Car r  an d Goldstein ,  1977]) .  Th e studen t  I s the n provide d wit h a  congratulator y 

statemen t  b y th e system ,  Includin g th e prope r  nam e o f  th e concept .  Fo r  Instance ,  th e 

syste m ma y respon d t o a  studen t  havin g jus t  specifie d th e la w o f  deman d (i.e. ,  a s pric e 

increases ,  quantit y demande d decreases) ,  wit h 'Congratulations ,  yo u hav e jus t 

discovere d wha t  economist s refe r  t o a s th e L a w o f  Demand .  Pleas e not e tha t  th e 

convers e i s als o true .  Tha t  is ,  a s pric e decreases ,  quantit y demande d increases .  N o w 

pleas e conduc t  a n experimen t  tha t  illustrate s thi s phenomenon. '  Thi s reques t  fo r  a n 

experimen t  guarantee s tha t  th e studen t  possesse s no t  onl y declarativ e knowledg e abou t 

th e concep t  i n question ,  bu t  als o procedura l  knowledg e abou t  ho w t o construc t  a n 

experimen t  t o demonstrat e it . 

The diagnostician evaluates a student's interrogation of the system. It determines 

whethe r  a  studen t  i s proceedin g I n a  systematic ,  efficien t  manner .  T o d o so ,  a 

compariso n i s mad e betwee n th e student' s actua l  behavio r  an d optima l  behavio r  (muc h 

as wa s don e wit h th e W E S T tuto r  [Burto n an d Brown ,  1982]) .  Fo r  example ,  a  studen t 

migh t  consistentl y alte r  multipl e variable s a t  th e beginnin g o f  eac h experiment .  Thi s 

obscure s an y conclusion s tha t  migh t  b e draw n fro m th e resultin g marke t  conditions . 

Thi s proble m are a woul d the n b e note d b y comparin g th e student' s behavio r  t o th e idea l 

behavio r  wher e onl y on e variabl e I s changed . 

Each scientific behavior is translated Into a critic consisting of specific student 

action s o r  condition s t o b e met .  A  matc h i s attempte d an d th e studen t  mode l  i s update d 

accordingly .  Fo r  example ,  th e behavior :  'Sufficientl y Larg e Chang e t o Variables ' 

addresse s th e questions :  Ar e th e change s mad e t o th e variable s sufficientl y larg e enoug h 

t o detec t  an y marke t  effect s i f  ther e ar e any ? 

The critic, translated Into English, Is shown In Figure 5-2. 

In conjunction with each critic are actions where the student might go astray. 

Thes e defin e th e bugg y versions .  I n Criti c  6 ,  th e asteris k show s th e lin e wher e student s 
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Nev Equilibr i 

SurplusjT<Shortag e 

Qeaand Shif O 

Law o f  Demand Law o f  Suppl y 

Qhange i n Quantit y Demanded )  (Chang e i n Quantit y Supplied ) 

Qeraan d Curve* ^ Suppl y Curv e 

Demand Schedul e Suppl y Schedul e 

Graph Understandin g 

Figur e 5-1 :  H I E R A R C H Y O F S U P P L Y A N D D E M A ND C O N C E P TS 
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Critic 6 

IF: For any experiment, AND 

fo r  an y tim e number ,  A N D 

fo r  an y goo d selected ,  A N D 

fro m variable-men u ther e I s a  lis t  o f  variable s changed ,  A N D 

*  th e degre e o f  chang e I s a t  leas t  1 0 % o f  th e tota l  rang e 

(maximu m minu s th e min imu m values ) 

THEN: The behavior for 'sufficiently large change to variables' has 

been demonstrated . 

ELSE: Alert the coach for helping the student, depending on the 

valu e o f  th e Critlc6-counter ,  whic h provide s informatio n o n th e 

number  o f  time s th e studen t  ha s erre d o n thi s skill . 

Figure 5-2: A Critic For -SUFFICIENTLY LARGE CHANGE TO VARLa^BLES' 

Explanatio n 1  (vague) : 

/ /  yo u mak e a  change ,  yo u shoul d tr y t o stac k th e deck .  I n othe r 

words ,  d o somethin g regardin g th e siz e o f  th e chang e s o tha t  yo u 7 /  b e 

abl e t o actuall y se e an y effect s i n th e marke t  plac e i f  ther e reall y ar e 

any . 

Explanation 2 (analog mapping): 

I f  yo u entertaine d th e notio n tha t  havin g a  lo t  o f  hat s mad e a  perso n 

mor e self-confident ,  yo u woul d probabl y compar e th e self-confidenc e 

of  a  grou p o f  peopl e wit h n o hat s (o r  a  smal l  numbe r  o f  them )  t o 

thos e havin g m a n y hats ,  wher e 'many '  wa s som e larg e enoug h 

number  t o se e i f  you r  hypothesi s wa s correct .  Appl y th e sam e logi c 

here . 

Explanation 3 (explicit): 

You increase d th e "Cvariabl e n a m e > b y onl y < a m o u n t > .  Doubl e i t 

no w an d chec k ou t  ho w th e marke t  change s fo r  th e value s o f  quantit y 

demanded an d quantit y supplied . 

Figure 5-3: LEVELS OF EXPLICITNESS FOR REMEDL\TING CRITIC 6 
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might err.^ 

The results of the diagnosis are passed to the coach. If there Is sufficient evidence of 

Inappropriat e studen t  strategie s o r  floundering ,  th e coac h wil l  interrup t  th e student . 

Thi s coac h doe s no t  discus s th e genera l  inquir y slci U directly .  Instead ,  i t  addresse s th e 

issu e i n th e contex t  o f  th e student' s curren t  Investigatio n i n th e mlcroworld . 

Interventio n wil l  occu r  afte r  th e coac h receive s severa l  corroboration s o f  deficien t 

performanc e an d i f  th e studen t  i s i n experimen t  mode .  "Deficiency "  I s define d a s eithe r 

not  usin g a  behavio r  whe n i t  wa s appropriate ,  o r  usin g a  bugg y versio n o f  tha t  behavior . 

A "battin g average "  i s compute d fo r  eac h behavio r  consistin g o f  th e numbe r  o f  time s th e 

skil l  wa s use d divide d b y th e numbe r  o f  time s i t  shoul d hav e bee n used .  I f  tha t  numbe r 

i s les s tha n som e threshol d (suc h a s <  5 0 % ) ,  thi s wil l  promp t  a  respons e b y th e coach . 

Also ,  i f  ther e ar e severa l  deficien t  studen t  behaviors ,  th e tuto r  ca n addres s each ,  on e a t  a 

time .  Thi s involve s a  hierarch y o f  coachin g where ,  fo r  example ,  th e behavio r  fo r 

Baselin e Dat a Collectio n take s precedenc e ove r  Sav e a  Graph ,  an d s o on . 

To encourage an Independence of thinking, the tutorial assistance will progress in 

term s o f  expllcltnes s i n a  3-par t  range :  (1 )  Vagu e initially ,  wit h abstrac t  direction s an d 

example s fo r  th e student ,  (2 )  Clearer ,  wit h analogie s provide d t o th e student ,  an d (3 ) 

Ver y clear ,  wit h explici t  instruction s fo r  conductin g a  particula r  experiment .  Fo r  th e 

exampl e give n above ,  th e bugg y versio n o f  thi s criti c  woul d addres s th e siz e o f  th e 

chang e t o th e variable .  Figur e 5- 3 show s th e thre e responses . 

The preliminary principles calling for interrupting a student's activity are: 

• Student weakness must be apparent. What Is an "apparent" level will 

Initiall y  b e a n arbitrar y threshhol d ratio ,  t o b e refine d afte r  experimentation . 

• Feedback should not be always critical, but also appreciative of any good 

aspec t  o f  a  student' s behavior . 

• Any instruction or guidance should be spaced. That is, at least a gap of two 

or  thre e event s betwee n interruptions . 

6. Evaluation of the System 

T o evaluat e whethe r  th e syste m i s effectiv e i n enhancin g students '  learnin g scientifi c 

inquir y skills ,  w e wil l  nee d t o loo k a t  transfe r  effects .  Tha t  is ,  a  studen t  goin g throug h 

on e mlcroworl d environmen t  learnin g microeconoml c principle s shoul d consequentl y 

transfe r  thei r  interrogativ e skill s  i n th e investigatio n o f  a  ne w domain ,  say ,  geometri c 

optics . 

Performanc e dat a i s kep t  a s a  proportio n o f  actua l  us e o f  behavio r  versu s whe n th e behavio r  shoul d 

have bee n used . 
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Studies are planned to assess the degree to which students apply Inductive reasoning 

skill s  withi n an d acros s subject-matte r  domains .  I n th e contex t  o f  th e variou s 

mlcroworlds ,  a  serie s o f  nea r  an d fa r  transfe r  situation s ar e bein g designed ,  drawin g o n 

recen t  literatur e o n analogica l  reasoning ,  cognitiv e mapping ,  an d rul e assessmen t 

procedure s (e.g. ,  [Chen g &  Holyoak ,  1986 ,  Centner ,  D. ,  1983 ,  GIc k an d Holyoak , 

1983 ,  Slegle r  an d Klahr ,  1982)) .  I n addition ,  recen t  informatio n wil l  b e considere d fro m 

artificia l  Intelligenc e researc h o n learnin g system s tha t  attemp t  t o Improv e thei r  o w n 

performanc e I n Inferentia l  reasonin g an d proble m solvin g (  [Mlchalskl ,  Carbonel l  an d 

Mitchell ,  1983)) . 

We are In the process of running subjects (college freshmen) on the system. None of 

th e subject s wil l  hav e an y forma l  economic s training .  Th e majo r  focu s wil l  b e o n ho w 

thi s grou p Interact s wit h th e system ,  analyze d o n tw o levels :  (1 )  Whethe r  student s 

become mor e facil e acros s experimenta l  sessions ^  I n usin g th e scientifi c  tools/behavior s I n 

th e microworld ,  an d (2 )  I f  th e student s actuall y learne d an y o f  th e targete d 

mlcroeconoml c concepts .  Th e firs t  questio n wil l  b e answere d b y protoco l  analyse s o f 

subjects '  Justification s o f  actions ,  a s wel l  a s detaile d historie s o f  studen t  action s kep t  b y 

th e microworld .  Th e secon d questio n wil l  b e answere d fro m a n analysi s o f  th e differenc e 

score s betwee n pre -  an d post-tests. ^  Performanc e wit h regar d t o th e solutio n o f  th e 

comple x scenario s wil l  allo w u s t o se e Individua l  difference s I n knowledg e representatio n 

fo r  economi c phenomena .  Thi s wil l  compar e economi c syste m understandin g befor e an d 

afte r  Interactio n wit h th e microworld . 

7. Concluding Remarks 

Researc h o n scientifi c  Inquir y learnin g wil l  contribut e t o th e teachin g o f  subject -

matte r  conten t  wit h Interrogatio n an d Inferentia l  skills .  Ou r  mlcroworld s provid e 

simulate d experimenta l  environment s an d allo w fo r  studen t  Interrogatio n o f  scientifi c 

phenomena b y makin g observations ,  organizin g th e dat a obtained ,  formulatin g 

explanator y hypotheses ,  an d testin g experimenta l  predictions .  Th e mlcroworld s 

Incorporat e a  se t  o f  tool s whic h suppor t  a  student' s Inquir y proces s b y makin g thes e 

scientifi c  processe s visibl e an d manlpulatable .  Ou r  mlcroworld s allo w studen t  pattern s o f 

scientifi c  reasonin g t o b e monitored ,  assessed ,  an d coached .  Thi s researc h shoul d giv e u s 

Informatio n fo r  ne w method s I n scienc e Instructio n an d contribut e t o knowledg e o f  ho w 

t o teac h higher-orde r  problem-solvin g skills . 

Note :  th e desig n Involve s fou r  experimenta l  session s wit h th e tutor ,  tw o hour s eac h session .  Thes e 

occu r  ever y othe r  day . 

Two types of objective tests have been developed for this purpose: a) multiple choice and short answer 

tes t  o f  economi c concepts ,  an d b )  comple x scenario s requirin g solutio n o f  'wha t  woul d happe n If... ' 

questions . 
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