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Students have extreme difficulty learning their first programming language. This 

difficult y i s magnifie d b y th e learnin g environmen t  -  a  col d terminal ,  a n unforgivin g 

textbook ,  an d a n inaccessibl e teache r  Th e studen t  ma y b e entirel y los t  unti l  a  teachin g 

assistan t  o r  mor e experience d studen t  volunteer s hi s o r  he r  expertise .  W e estimat e tha t 

privat e instructio n i s somewher e betwee n tw o an d fou r  time s a s effectiv e a s classroo m 

instruction .  Ou r  researc h progra m i s aime d a t  findin g thos e aspect s o f  privat e tutorin g 

tha t  ca n b e implemente d a s a  compute r  program ,  s o tha t  w e ca n provid e automate d 

privat e tutorin g t o a  larg e numbe r  o f  students . 

I n thi s pape r  w e describ e a n initia l  versio n o f  a  computer-base d tuto r  fo r  LIS P tha t 

incorporate s som e o f  th e ingredient s o f  goo d huma n tutoring .  W e wil l  firs t  describ e ho w 

we hav e applie d ou r  previou s cognitiv e modellin g wor k t o th e domai n o f  intelligen t 

tutoring .  W e the n describ e th e structur e o f  ou r  tutorin g syste m fo r  LISP .  W e sho w ho w 

thi s tuto r  make s learnin g easie r  b y conveyin g th e problem-spac e structure ,  reducin g 

working-memor y demands ,  an d directin g problem-solving .  Finally ,  w e repor t  th e result s 

of  som e initia l  evaluatio n studie s wit h ou r  tuto r  an d giv e som e futur e direction s fo r  ou r 

research . 

Interactive Student Modelling 

To interactively model a student, a tutoring system must continually recogni2e students' 

•goal s an d thei r  procedure s t o achiev e thos e goals .  W e develope d a  Goal-Restricte d 

Productio n Syste m (GRAPES)  t o mode l  ho w novice s writ e LIS P function s (Sauer s an d 

Farreli ,  1982 )  t o achiev e programmin g goals .  W e hav e use d GRAPES t o construc t  a n idea l 

model  tha t  incorporate s al l  o f  th e correc t  procedure s tha t  student s migh t  us e I n a 

particula r  tutorin g session .  Durin g students '  problem-solving ,  th e tutorin g syste m mus t 

discove r  whic h procedure s o r  deviation s fro m procedure s a  studen t  i s actuall y using .  W e 

als o develope d a  knowledg e compilatio n mechanis m fo r  GRAPES whic h account s fo r  th e 

differenc e i n performanc e betwee n novice s an d advance d student s (Anderson ,  1983) . 

Usin g knowledg e compilation ,  w e ca n adjus t  instructio n accordin g t o th e student' s 
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learnin g rate . 

Tutorial Interaction 

Our LISP tutor consists of a domain-independent interpreter that incorporates tutoring 

strategies ,  a  se t  o f  LIS P programmin g rule s fo r  modellin g th e student ,  a  se t  o f  tutoria l 

rule s tha t  analyz e studen t  cod e an d provid e feedback ,  an d variou s problem s characterize d 

by a n initia l  goa l  an d a  proble m statement . 

Our  tutorin g syste m interact s wit h th e studen t  b y firs t  explainin g a  LIS P problem-solvin g 

goal ;  th e studen t  read s th e goa l  descriptio n an d enter s a n answe r  tha t  shoul d achiev e 

tha t  goal .  I f  th e student' s choic e i s acceptable ,  th e tuto r  pursue s th e chose n pat h an d 

generate s mor e problem-solvin g goals .  I f  th e student' s choic e i s unacceptable ,  th e tuto r 

explain s wh y th e choic e wa s incorrec t  an d permit s th e studen t  t o tr y again .  I f  th e studen t 

canno t  generat e a  goo d answer ,  th e syste m wil l  explai n th e bes t  possibl e response . 

We pla n t o us e ou r  tuto r  t o teac h a  shor t  cours e i n LISP ,  includin g basi c structure s an d 

functions ,  functio n definition ,  conditional s an d predicates ,  helpin g functions ,  recursion ,  an d 

iteration . 

Conveying Problem Space Structure 

Producing a program in any language consists of a medley of algorithm design, coding, 

and debuggin g (Brooks) .  A  goo d huma n tuto r  ca n convers e wit h th e studen t  i n a  variet y 

of  proble m spaces .  I n thi s sectio n w e describ e ho w ou r  tuto r  communicate s i n th e 

problem-space s involve d i n algorith m desig n an d coding .  W e ar e no t  concerne d wit h 

debuggin g sinc e w e neve r  allo w th e studen t  t o produc e a n fina l  solutio n tha t  i s incorrect . 

Our  tuto r  currentl y utilize s fou r  proble m space s fo r  codin g an d algorith m design : 

* The LISP coding problem space is used in normal problem-solving. The 

studen t  enter s LIS P cod e i n a  syntax-base d editor .  Th e hierarchica l  structur e 

of  th e proble m i s represente d b y symbol s t o b e expanded .  Fo r  instance ,  (con s 

< 1 > < 2 > )  tell s  th e studen t  tha t  h e o r  sh e ca n choos e t o produc e cod e fo r 

eithe r  < 1 > o r  < 2 > . 

* The means-ends analysis space is used when the student is having trouble 

producin g cod e fo r  a  proble m tha t  ca n b e characterize d b y a  se t  o f 

successiv e operation s o n a n example .  Th e studen t  produce s a  solutio n b y 

supplyin g LIS P operator s tha t  reduc e difference s betwee n th e curren t  stat e 

and th e goa l  stat e i n th e example . 

* The problem decomposition space is used when the student is having trouble 

producin g cod e fo r  a  proble m tha t  ca n b e easil y decompose d int o pieces . 

The syste m display s a  men u o f  possibl e decomposition s o f  th e proble m an d 
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th e studen t  mus t  pic k a  correc t  decomposition . 

* The case analysis problem space is used when the student is having trouble 

producin g cod e fo r  a  proble m tha t  ha s a  decomposabl e input-outpu t  behavior . 

The studen t  specifie s a n actio n fo r  eac h input-outpu t  cas e an d the n produce s 

cod e tha t  achieve s al l  o f  th e actions . 

Reducing Working Memory Demands 

In previous work (Anderson, Farrell, and Sauers, 1983) we estimated that half of 

students '  tim e spen t  solvin g programmin g problem s i s spen t  recoverin g fro m workin g 

memory failures .  A  goo d huma n tuto r  constantl y remind s th e studen t  o f  th e informatio n 

necessar y t o solv e th e proble m tha t  th e studen t  i s attempting .  Ou r  tuto r  reduce s workin g 

memory demand s i n th e followin g ways : 

* The tutor always displays the problem statement in a separate window. 

* The tutor displays the entire student answer and that portion of the answer 

tha t  i s  correc t  s o far . 

* The tutor prov/ides a tree-structured help facility that describes all of the LISP 

operator s tha t  th e studen t  ha s learne d s o far . 

Directing Problem Solving 

• Novices spend a large amount of time exploring incorrect solutions that result in little 

learning .  A  goo d huma n tuto r  direct s th e studen t  towar d correc t  answers ,  whil e stil l 

lettin g th e studen t  lear n fro m mistakes .  Lewi s an d Anderso n (1984 )  hav e show n tha t 

student s lear n mor e slowl y whe n the y ar e give n feedbac k abou t  thei r  erroneou s 

application s o f  operator s onl y afte r  a  delay . 

Our  tuto r  direct s problem-solvin g b y firs t  focusin g th e studen t  o n a  singl e problem -

solvin g goal .  Th e tuto r  formulate s a  quer y tha t  direct s th e studen t  t o suppl y a  particula r 

piec e o f  LIS P cod e t o d o a  specifi c  task .  Th e tuto r  ca n suppl y example s t o illustrat e a 

sampl e inpu t  o r  outpu t  t o th e cod e i t  i s  requesting . 

The tuto r  keep s th e studen t  fro m generatin g incorrec t  solution s b y providin g immediat e 

feedbac k o n errors .  I f  th e studen t  canno t  solv e a  proble m subtas k afte r  a  smal l  numbe r 

of  tries ,  th e tuto r  explain s th e bes t  answer .  Bot h explanation s an d querie s ar e generate d 

by instantiatin g natura l  languag e pattern s associate d wit h eac h rul e o r  goal .  Th e resultin g 

englis h i s modifie d b y a  se t  o f  transformationa l  rewrit e rule s t o enhanc e readibility . 
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Conclusio n 

We have constructed a computer-based tutor for LISP based upon some abilities of 

goo d huma n tutors .  Th e tuto r  ca n interac t  wit h th e studen t  i n a  numbe r  o f  differen t 

proble m spaces ,  correspondin g t o differeri t  studen t  solutio n strategies .  Ou r  tuto r  reduce s 

workin g memor y demand s b y us e o f  pop-u p window s an d directe d dialogue .  I t  als o 

direct s problem-solvin g b y immediatel y intervenin g whe n a  studen t  generate s a n 

unacceptabl e answer .  Ou r  syste m interactivel y model s th e studen t  b y updatin g a  se t  o f 

productio n rules .  W e hav e performe d a n evaluatio n stud y o n ou r  tuto r  whic h confirm s ou r 

belie f  tha t  ou r  tuto r  i s abou t  twic e a s effectiv e a s classroo m instruction ,  bu t  i s onl y hal f 

as effectiv e a s a  goo d privat e tutor .  W e pla n t o furthe r  tes t  th e pedagogica l  effectivenes s 

of  ou r  tuto r  b y automatin g a  shor t  LIS P cours e taugh t  i n th e fal l  o f  1984 . 
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