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TUTORIAL G O A LS A N D STRATEGIE S I N TH E 

INSTRUCTION O F P R O G R A M M I NG SKILL S 

Jean McKendree, Brian J. Reiser, 

an d Joh n R.  Anderso n 

Advance d Compute r  Tutorin g Projec t 

Departmen t  o f  Psycholog y 

Carnegie-Mello n Universit y 

Pittsburgh ,  P A 1521 3 

Curren t  researc h o n Intelligen t  Computer-Assiste d Instructio n (ICAI )  ha s largel y 

focuse d o n modellin g exper t  domai n knowledge ,  student' s knowledge ,  an d erro r  diagnosi s 

techniques .  I n mos t  curren t  ICA I  systems ,  tutoria l  strategie s ar e implici t  onl y i n th e 

architectur e o f  th e system ,  an d canno t  b e dynamicall y chose n durin g th e instructiona l 

conversatio n wit h th e student .  Whil e learnin g theorie s ma y sugges t  efficien t  strategie s 

fo r  th e learner ,  the y hav e littl e t o offe r  th e instructo r  i n guidin g effectiv e presentatio n o f 

materia l  o r  i n makin g strategi c decision s regardin g tutoria l  methods . 

In thi s pape r  w e examin e th e range ,  situationa l  determinants ,  an d effectivenes s o f 

tutora l  strategies .  Ou r  analysi s o f  tutorin g strategie s i s base d o n recording s o f  fourtee n 

undergraduate s bein g individuall y tutore d o n th e LIS P programmin g languag e Th e 

student s ha d n o prio r  experienc e wit h LISP ;  approximatel y three-fourth s ha d prio r 

programmin g experienc e wit h BASI C o r  Pascal .  Fiv e psycholog y an d compute r  scienc e 

student s wh o ha d prio r  experienc e a s teachin g assistant s o r  privat e tutor s fo r  LIS P serve d 

as tutor s i n thi s experimen t  Eac h studen t  rea d a  tex t  describin g basi c LIS P function s an d 

synta x an d worke d throug h a  se t  o f  problem s wit h th e tutor' s assistanc e Tutor s wer e 

tol d onl y t o hel p th e student s solv e th e problem s i n th e text ,  an d wer e fre e t o us e 

whateve r  technique s the y foun d appropriate .  Al l  termina l  interaction s wer e recorde d an d 

th e session s wer e video-taped . 

We characteriz e th e tutoria l  interaction s i n term s o f  th e tutoria l  goal s (e.g .  clarif y 

misconception ,  guid e problem-solving ,  promot e exploration ,  elaborat e knowledge) ,  th e 

strateg y o r  pla n enacte d t o achiev e th e goa l  {e.g .  analogy ,  restructurin g a  problem , 

reminding ,  statemen t  o f  facts) ,  an d th e problem-solvin g contex t  i n whic h th e interactio n 

occured .  Thi s characterizatio n indicate s th e manne r  i n whic h tutor s dynamicall y devis e 

an individuall y tailore d curriculum .  Most ,  o f  th e interaction s wer e directe d a t  tw o majo r 

tutoria l  goals .  First ,  tutor s provide d informatio n t o clarif y studen t  misconception s I n 
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thes e situations ,  th e studen t  exhibit s a  misunderstandin g o r  sli p i n th e executio n o f  a 

procedure .  Exannple s ar e usin g a  synonv m fo r  th e desire d functio n (AD D v s PLUS) ,  typin g 

an incorrec t  numbe r  o f  parenthese s o r  choosin g a n incorrec t  combinin g function .  Th e 

strategie s chose n b y th e tuto r  varie d wit h th e student' s pas t  performanc e an d th e curren t 

stat e o f  proble m solving .  Th e strategie s observe d included : 

* Analogy. A typical problem with instruction in a new domain is the student's 

lac k o f  conceptua l  structur e t o appl y t o th e abstrac t  idea s prese n e d i n a n 

attemp t  t o construc t  ne w rules .  B y presentin g an d the n guidin g applicatio n o f 

an analogy ,  tutor s ai d th e studen t  i n developin g a  usefu l  mode l  fo r  th e ne w 

domain . 

* Fact provision. When an error is judged to be either a slip or a non-serious 

misconception ,  tutor s provid e th e necessar y informatio n directl y i n orde r  t o 

facilitat e proble m solvin g o r  t o lesse n th e student' s memor y loa d Typica l 

example s o f  input s elicitin g thi s respons e ar e th e generatio n o f  a  synony m fo r 

a functio n nam e o r  unbalance d parenthese s 

* Reminding. Knowledge learned in previous episodes is often unavailable to 

th e studen t  fo r  immediat e recal l  i n a  differen t  context .  Tutor s remin d 

student s o f  previou s episode s t o encourag e the m t o appl y knowledg e learne d 

i n thos e context s t o th e ne w problem . 

Second, tutors often set new goals for the student within the current problem. 

Althoug h student s ma y posses s th e necessar y procedure s fo r  solvin g component s o f  th e 

problem ,  the y ar e ofte n unabl e t o partitio n th e proble m int o manageabl e pieces .  Ou r 

tutor s tende d t o provid e hint s o r  suggestion s concernin g th e nex t  goa l  i n th e problem -

solving ,  rathe r  tha n simpl y providin g th e nex t  ste p i n th e proble m an d encouragin g th e 

student s t o continue .  Furthermore ,  hint s wer e preferre d t o statin g rule s i n genera l  Th e 

thre e primar y strategie s use d withi n thi s goa l  contex t  were : 

* Decomposition. Often at the beginning of a problem, the student will flounder 

seemingl y overwhelmed .  Tutor s offe r  directio n b y focusin g o n a  subpar t  o f 

th e curren t  proble m eithe r  b y explicitl y  suggestin g a  goa l  o r  b y askin g leadin g 

questions . 

* Reminding. Tutors use previous episodes to guide the solution path as they 

do i n tryin g t o clarif y a  misunderstandin g However ,  i n thes e cases ,  th e 

remindin g i s use d t o promp t  th e studen t  t o recal l  previou s solution s i n orde r 

t o construc t  a  paralle l  pla n fo r  th e curren t  problem . 

* Simpler problem. Students may become fixated on a particular point or 

intimidate d b y a  comple x proble m Here ,  tutor s generat e a  simple r  proble m t o 
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be solve d tha t  contain s th e essentia l  feature s Th e student ,  perhap s wit h th e 

tutor' s guidance ,  ca n the n appl y thi s solutio n i n th e ne w context . 

In addition, tutors reinforce correct concepts, elaborate knowledge and promote active 

exploration. These strategies are less prevalent in our tutorial transactions, but help to 

var y th e tutor-studen t  interaction s an d t o enric h th e knowledg e provide d fo r  th e student s 

Finally, we discuss why these tutorial strategies are effective within the ACT* theory 

of  learnin g (Anderson ,  1983) .  Whil e i t  ma y see m tha t  providin g fact s an d rule s a t 

appropriat e time s coul d b e th e mos t  helpfu l  interactio n provide d b y a  tutor ,  ACT *  offer s 

some insigh t  a s t o wh y thes e strategie s ar e les s effectiv e tha n th e "indirect "  strategie s 

preferre d b y ou r  tutors . 

* Setting goals. Our tutors tended to provide hints or suggestions concerning 

th e nex t  goa l  i n th e problem-solving ,  rathe r  tha n providin g eithe r  a n 

applicabl e rul e o r  th e resul t  o f  tha t  rul e Th e proble m wit h referrin g t o 

genera l  rule s i s tha t  student s ma y no t  hav e th e conceptua l  vocabular y t o 

correctl y repre s :n t  th e saJien t  proble m feature s involve d i n th e rule s W h e n 

th e tuto r  intervene s b y settin g th e nex t  goal ,  th e studen t  ma y mor e easil y 

acces s a  weakl y encode d rul e an d thereb y strengthe n i t  throug h executio n i n 

th e appropriat e goa l  contex t  Furthermore ,  a n opportunit y i s offere d fo r 

incorrectl y encode d rule s t o b e accesse d an d debugge d withi n th e curren t 

context ,  i f  th e studen t  wer e give n th e nex t  resul t  the y ma y simpl y accep t  i t 

and neve r  acces s thei r  wea k o r  incorrec t  rule .  Similarly ,  i f  th e tuto r  ha d 

simpl y presente d th e genera l  rul e tha t  wa s applicabl e i n th e curren t  context . 

th e studen t  coul d encod e i t  declaratively ,  missin g a n opportunit y t o 

strengthe n a n existin g bu t  currentl y inaccessibl e rule . 

* Guided Generalization Our tutors often redefined the problem for the 

studen t  b y selectin g simple r  problem s wit h th e sam e essentia l  features . 

Thes e case s enabl e th e studen t  t o acces s a  rul e whic h the y hav e alread y 

acquire d an d t o appl y i t  t o th e ne w context .  Thi s allow s th e learnin g 

mechanism s t o generaliz e fro m th e instance s an d t o construc t  a  mor e 

generall y applicabl e rul e 

In fact, these "indirect" strategies lead to faster learning rates and better performance 

fo r  ou r  subject s tha n d o th e standar d pedagogica l  environment s (readin g texts ,  attendin g 

lectures ,  workin g problems) .  W e believ e thes e technique s enabl e th e studen t  t o acces s 

and therefor e t o modif y o r  generaliz e existin g rule s wherea s factua l  informatio n presente d 

by th e tuto r  i s likel y t o b e encode d declarativel y o r  i n a n overl y specifi c  form . 
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