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In t roduc t io n 

Althoug h a n intelligen t  tutorin g syste m (ITS )  an d a  huma n 
tuto r  m a y hav e th e sam e goals ,  the y d o no t  hav e th e sam e 
skill s  availabl e fo r  achievin g thos e goals .  CiRCSlM-Tuto r 
V.  3  i s a  natural-languag e base d IT S whic h tutor s student s 
on proble m solvin g i n cardia c physiology .  W e examin e a 
corpu s containin g ove r  500 0 turn s o f  human-to-huma n 
tutorin g session s i n orde r  t o determin e th e salien t  feature s 
leadin g t o studen t  success .  W e determin e whic h o f  thos e 
feature s ca n b e replicate d b y a n IT S an d develo p alter -
native s fo r  th e others .  T o reduc e th e inpu t  processin g 
burden ,  w e substitut e mixed-initiativ e processin g 
(Carbonell ,  1970 )  fo r  tru e cooperativ e conversation ,  short -
answe r  question s fo r  free-tex t  input ,  an d th e us e o f  explici t 
question s fo r  th e us e o f  turn-takin g rules .  T o obtai n th e 
most  "ban g fo r  th e buck "  i n tex t  generation ,  w e emphasiz e 
precis e response s t o studen t  input ,  simulatio n o f  th e 
discours e pattern s o f  exper t  tutors ,  an d th e provisio n o f 
variet y i n bot h pedagog y an d languag e a s substitute s fo r 
comple x menta l  processing .  Ou r  goa l  i s  t o kee p th e 
tutorin g proces s a s interactiv e a s possibl e whil e providin g 
bot h broade r  an d deepe r  domai n coverage . 

Simplifying the Input 

Tru e cooperativ e conversation ,  wher e tuto r  an d studen t  ar e 
equa l  partner s i n choosin g an d respondin g t o topics , 
require s th e tuto r  no t  onl y t o understan d free-tex t  inpu t  bu t 
t o trac k th e student' s pla n a s well .  Instead ,  CiRCSiM-Tuto r 
end s eac h tur n wit h a n explici t  short-answe r  questio n i n 
orde r  t o reduc e th e burde n o n th e inpu t  processo r  withou t 
restrictin g th e student' s us e o f  language .  Fo r  example , 
human tutor s migh t  sa y "Firs t  w e nee d t o kno w ho w H R 
[hear t  rate ]  i s  controlled, "  knowin g tha t  th e studen t  wil l 
respon d cooperatively ,  o r  as k " H o w i s H R controlled? " 
sinc e the y ar e comfortabl e wit h thei r  abilit y  t o understan d 
th e answer .  Bu t  peopl e expec t  a  progra m t o giv e the m a 
clea r  indicatio n whe n i t  i s  thei r  tur n t o respond .  ClRCSlM -
Tuto r  achieve s th e communicativ e inten t  o f  question s lik e 
thos e abov e wit h short-answe r  question s suc h a s "B y wha t 
mechanis m i s H R controlled? "  o r  "Wha t  control s H R ? " . 

Generating the Response 

Instea d o f  dividin g processin g betwee n a  pedagogica l 
planne r  an d a  tex t  planner ,  ou r  tex t  planner ,  TIPS ,  divide s 

th e wor k betwee n th e tutoria l  planner ,  whic h make s 
discours e decision s a t  th e dialogu e level ,  an d th e tur n 
planner ,  whic h assemble s individua l  turns . 

TIP S use s a n expande d for m o f  schemat a t o simulat e 
discours e pattern s o f  exper t  tutors .  Fo r  example ,  i f  i t 
notice s tha t  th e studen t  ha s give n inconsisten t  value s t o tw o 
variables ,  i t  migh t  say ,  " H o w ca n X  increas e an d Y 
decrease? "  Multi-tur n schemat a ar e use d t o simulat e mor e 
comple x patterns ,  a s i n th e exampl e below . 

T: ... What equation determines the value of MAP? 
S:  MA P =  CO*TPR. 
T:  Correct .  An d yo u hav e predicte d C O increase s an d 

T PR increases .  S o h o w ca n yo u sa y M A P 
decreases ? 

To ensure responsivity to the student, TIPS can replan after 
ever y turn .  I f  th e studen t  doe s no t  understan d th e poin t  o f  a 
multi-tur n schema ,  i t  ca n respon d t o th e student' s erro r  o r 
dro p th e schem a i n favo r  o f  a  differen t  one .  Rathe r  tha n 
merel y evaluatin g th e student' s answer s a s righ t  o r  wrong , 
i t  ca n issu e acknowledgments ,  restat e answer s whic h ar e 
clos e bu t  no t  exact ,  rebu t  untru e statements ,  an d provid e 
tip s fo r  student s w h o ar e o n th e pat h towar d a  correc t 
answer . 

We hav e trie d t o provid e a  variet y o f  way s t o teac h eac h 
topic ,  includin g option s a t  th e pedagogical ,  syntacti c an d 
lexica l  levels .  Additionally ,  sinc e th e tur n planne r  build s a 
tur n a t  a  tim e fro m semanti c form s provide d b y th e tutoria l 
planner ,  w e ca n generat e additiona l  variet y b y combinin g 
semanti c form s int o sentence s i n differen t  ways . 
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