
T h e Us e o f  Multipl e Knowledg e Type s 

i n a n Intelligen t  Tutorin g Syste m 

Reva Freedma n 
Departmen t  o f  CSAM 

Illinoi s institut e o f  Technolog y 
f r e e d m a n Q s t e v e . c s a m . i i t . e d u 

M a r t h a W .  Even s 
Departmen t  o f  C S A M 

Illinoi s Institut e o f  Technolog y 
c s e v e n s @ m i n n a . c n s . i i t . e d u 

CiRCSiM-Tuto r  V .  3  i s a  natural-languag e base d intelligen t 
tutorin g syste m (ITS )  whos e domai n i s  cardiovascula r 
physiology .  Sinc e th e problem s whic h ClRCSlM-Tuto r 
teache s involv e causa l  reasoning ,  i t  i s  no t  sufficien t  t o tuto r 
th e studen t  o n a  lis t  o f  'facts '  o r  'topics. '  Instead ,  w e mus t 
ensur e tha t  th e tutor' s utterance s lea d student s throug h th e 
reasonin g w e wan t  the m t o learn .  W e presen t  severa l 
example s showin g tha t  th e knowledg e bas e mus t  includ e 
suc h domain-dependen t  pedagogica l  knowledge ,  a s th e 
knowledg e require d canno t  b e derive d fro m domai n axioms . 

The followin g reasonin g show s th e derivatio n o f  th e valu e 
of  a  variabl e usin g a  rul e from  th e domai n knowledg e bas e 
and a  se t  o f  proposition s representin g a  proble m th e studen t 
i s workin g on .  I n thi s example ,  T P R (tota l  periphera l 
resistance )  i s th e nam e o f  a  variabl e whos e valu e th e studen t 
i s  require d t o determine .  'Neural '  an d 'primary '  ar e possibl e 
attribute s o f  variables .  'DR '  refer s t o th e direc t  respons e 
stag e o f  th e physiologica l  proces s bein g discussed . 

I. TPR is neural. 
2.  T P R isn' t  primary . 
3.  Curren t  stag e i s D R . 
4.  I f  V  i s neura l  an d no t  primary ,  the n V  doesn' t 

chang e i n D R .  (domai n axiom ) 
5.  Therefor e T P R doesn' t  change . 

This logic is sufficient for the mechanized tutor to 'know' 
th e answer .  Bu t  i t  i s  no t  sufficien t  t o determin e th e for m o r 
conten t  o f  a  dialogu e wit h a  student . 

To star t  with ,  thi s reasonin g doe s no t  tel l  u s ho w muc h o f 
th e conten t  t o say .  Fo r  example ,  huma n tutor s ofte n giv e th e 
studen t  a  hin t  b y choosin g onl y on e fac t  t o express : 

T: But TPR is neural. 

Second, once the content is chosen, the rule used to solve 
th e proble m i s no t  necessaril y th e formulatio n th e tuto r 
wishe s t o giv e th e student .  Fo r  example ,  ite m 4  o f  th e 
syllogis m abov e coul d b e expresse d a s follows : 

T: Neural variables don't change in DR, unless they're 
primary . 

But our expert tutors never use this formulation when the 
topi c i s a  neura l  variable .  Wha t  the y actuall y sa y is : 

T: Neural variables don't change in DR. 

The latte r  i s  th e fundamenta l  ide a whic h th e tutor s wan t  th e 
studen t  t o remember .  Th e informatio n abou t  primar y 
variable s i s secondary . 

Furthermore ,  w e mus t  decid e whic h logi c t o teach . 
Conside r  th e proces s o f  usin g qualitativ e causa l  reasonin g t o 
determin e th e valu e o f  a  variabl e from  th e value s o f 
previousl y determine d variables .  Th e mechanize d tuto r 
require s reasonin g suc h a s th e following : 

1. 
2. 
3. 
4. 

5. 

HR an d S V ar e th e determinant s o f  C O . 
H R increases . 
SV doe s no t  hav e a  valu e yet . 
I f  V  ha s tw o determinant s an d on e o f  the m ha s a 
valu e an d th e othe r  on e doe s not ,  the n th e valu e o f  V 
i s determine d b y th e on e whic h ha s a  value . 
(domai n axiom ) 
Therefor e C O increases . 

H u m an beings ,  b y confrast ,  ca n loo k a t  a  diagra m an d follo w 
th e arrow s withou t  usin g a n algorith m explici t  enoug h fo r  a 
computer .  Wha t  huma n tutor s actuall y say ,  eithe r  whe n 
workin g th e proble m o r  whe n teachin g th e solutio n t o a 
student ,  is : 

T: HR increases, so CO increases. 

People typically simply ignore variables which do not have 
value s yet .  Thu s th e huma n tutor' s utteranc e matche s th e 
student' s implici t  though t  process ,  althoug h th e latte r  i s  no t 
precis e enoug h t o encod e i n software . 

Finally ,  onc e th e conten t  o f  th e tutor' s tutoria l  pla n ha s 
been determined ,  ther e ar e multipl e way s t o interac t  wit h th e 
studen t  t o teac h it .  Option s migh t  includ e generatin g a 
paragraph-styl e explanatio n fo r  th e studen t  o r  engagin g th e 
studen t  i n a  dialogue .  Fo r  example ,  th e hin t  abov e coul d b e 
expresse d i n dialogu e for m a s follows : 

T: What confrols TPR? 
S:  T P R i s neural . 
T:  Well ,  then ,  ho w ca n yo u sa y tha t  i t  increases ? 
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