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ABSTRACT 

Providing coherent explanations of domain knowledge is essential for a fully 

functionin g Intelligen t  Tutorin g Syste m (ITS) .  Curren t  ITS s tha t  generat e 

explanation s directl y fro m domai n knowledg e offe r  limite d applicabilit y  becaus e the y 

plac e restriction s o n th e for m an d exten t  o f  th e domai n knowledge .  Moreover , 

generatin g explanation s i n tutor s tha t  ar e designe d t o teac h th e breadt h o f 

foundationa l  knowledg e conveye d i n mos t  introductor y colleg e course s pose s specia l 

problems .  Thes e problem s aris e becaus e thi s knowledg e i s comple x an d contain s 

multiple ,  highly-integrate d viewpoints .  T o overcom e thes e problems ,  w e propos e a 

metho d fo r  selectin g onl y th e knowledg e tha t  i s relevan t  fo r  generatin g a  coheren t 

explanatio n fro m a  desire d viewpoint .  Thi s metho d use s domain-independen t 

knowledg e i n th e for m o f  vie w type s t o selec t  th e appropriat e knowledge . 

INTRODUCTION 

Providing coherent explanations of domain knowledge is essential for a fully functioning 

Intelligen t  Tutorin g Syste m (ITS) .  Ther e ar e tw o way s t o provid e coheren t  explanations : 

presentin g "canne d text "  an d generatin g explanation s directl y fro m th e domai n knowledge . 

Generatin g explanation s offer s severa l  advantages ,  includin g providin g explanation s fo r 

unanticipate d questions ,  tailorin g explanation s fo r  th e curren t  situatio n an d student ,  an d 

ensurin g consistenc y betwee n th e explanation s an d th e knowledg e bas e whe n th e 

knowledg e bas e changes . 

Curren t  ITS s hav e a  limite d solutio n t o explanatio n generation .  Thei r  succes s result s 

fro m limitation s o n th e for m an d exten t  o f  domai n knowledge .  Thes e limitation s includ e 

dedicatin g th e IT S t o a  singl e tas k [Clance y 87 ,  Holla n 84] ,  representin g th e domai n 

knowledg e wit h a  relativel y smal l  numbe r  o f  rule s o r  axiom s 

Whit e 87 ,  vanLeh n 80 ,  Brow n 82] ,  coverin g onl y a  smal l  portio n o f  a  domai n [Brow n 73] , 

and explicitl y  partitionin g th e knowledg e bas e accordin g t o th e task s fo r  whic h th e 

knowledg e wil l  b e use d [Brow n 82 ,  Whit e 87] . 

Ther e i s a n importan t  clas s o f  tutors ,  however ,  tha t  require s a  mor e comprehensiv e 

solutio n t o generatin g explanations .  Th e domai n o f  thes e tutor s i s th e foundationa l 

knowledg e conveye d i n introductor y colleg e courses .  Fo r  mos t  subjects ,  thi s knowledg e 
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broadly surveys the domain, contains multiple, highly-integrated viewpoints, and is not 

reducibl e t o a  smal l  numbe r  o f  principle s o r  axioms .  Large-scal e knowledg e base s 

containin g fundamenta l  knowledg e pos e a  seriou s proble m fo r  explanatio n generation :  t o 

answer  a  question ,  a  generato r  mus t  efficientl y selec t  onl y th e knowledg e i t  need s t o presen t 

a relevan t  explanation . 

To addres s thi s problem ,  w e presen t  a  metho d fo r  selectin g informatio n fro m a 

knowledg e bas e t o answe r  a  question. ^  Thi s metho d use s viewpoints ,  whic h specif y th e 

knowledg e t o b e selected .  Fo r  example ,  t o answe r  th e question ,  "Wha t  i s a  car?" ,  th e 

viewpoin t  o f  a  "ca r  a s a  manufacture d artifact "  contain s differen t  informatio n tha n a  "ca r 

as a  vehicl e fo r  transportation. " 

Th e us e o f  viewpoint s i n organizin g knowledg e fo r  explanation s ha s bee n propose d b y 

othe r  researcher s [Swartou t  83 ,  M c K e o w n 85 ,  Suther s 88] .  However ,  bot h Swartou t  an d 

M c K e o wn encod e viewpoint s explicitl y  int o th e representatio n o f  th e domai n knowledge . 

\'iewpoint s i n Swartout' s X P L A I N consis t  o f  annotation s o n element s o f  domai n 

knowledge .  Th e annotation s indicat e whe n a  piec e o f  knowledg e shoul d b e include d i n a n 

explanation .  M c K e o w n als o explicitl y  represent s eac h viewpoint .  Thes e viewpoint s ar e 

represente d a s separat e classificatio n hierarchies ,  on e fo r  eac h tas k i n th e domain . 

Explicitl y  representin g al l  possibl e coheren t  viewpoint s i n a  large-scal e knowledg e bas e i s 

an intractabl e problem .  Ou r  solutio n i s t o dynamicall y generat e viewpoint s throug h th e 

use o f  a  smal l  numbe r  o f  vie w type s an d thei r  associate d strategies .  Suther s [Suther s 8 8 

has propose d a  Vie w Retrieve r  whic h seem s t o operat e lik e ou r  vie w typ e strategies , 

althoug h th e preliminar y natur e o f  th e wor k i n bot h case s make s compariso n difficult . 

REPRESENTING FOUNDATIONAL KNOWLEDGE 

To investigate the problem of generating explanations from foundational knowledge, we 

hav e constructe d a  knowledg e bas e i n th e domai n o f  botanica l  anatomy ,  physiology ,  an d 

development .  Althoug h th e knowledg e bas e currentl y contain s ove r  4,00 0 concepts ,  i t  i s 

onl y a  smal l  portio n o f  th e informatio n containe d i n a n introductor y botan y course . 

Th e "backbone "  o f  th e knowledg e bas e i s a  hierarch y o f  relate d botanica l  object s an d 

processes .  Th e relation s suppor t  th e inheritanc e o f  fact s fro m genera l  concept s t o specifi c 

concepts .  Eac h concep t  i s represente d b y a  node ,  an d relation s betwee n concept s ar e 

represente d b y arcs .  Figur e 1  depict s th e curren t  stat e o f  th e knowledg e bas e wit h respec t 

t o chloroplas t  photosynthesis .  Representin g thi s proces s require s multipl e viewpoints ,  suc h 

as "photosynthesi s viewe d a s photochemica l  energ y transduction "  an d "photosynthesi s 

viewe d a s a  produce r  o f  chemica l  bon d energy. "  Althoug h th e representatio n i s complex ,  i t 

represent s onl y a  smal l  par t  o f  th e scientifi c  knowledg e abou t  chloroplas t  photosynthesis . 

Explanation s ar e subgraph s o f  th e knowledg e bas e whic h i s represente d a s a  semanti c 

network .  Althoug h a  ver y larg e numbe r  o f  subgraph s o f  th e botan y knowledg e bas e ar e 

possible ,  mos t  subgraph s correspon d t o incoheren t  explanations .  Therefore ,  som e mean s 

must  b e provide d t o limi t  th e node s an d arc s include d whe n explanation s ar e generated . 

'Onc e selected ,  thi s knowledg e constitute s a  cor e fro m whic h a n ITS' s natura l  languag e generato r  ma y 

fashio n a n explanation .  However ,  natura l  languag e generatio n i s outsid e th e scop e o f  ou r  curren t  project . 
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Figur e 1 :  Chloroplas t  Photosynthesi s 
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SELECTING KNOWLEDGE FOR EXPLANATION GENERATION 

This section describes our method for selecting relevant knowledge from a large-scale 

knowledg e base .  Rathe r  tha n explicitl y  encodin g numerou s viewpoint s fo r  eac h concep t  i n 

th e knowledg e base ,  ou r  metho d generate s viewpoint s a s neede d fo r  answerin g questions . 

Th e metho d employ s a  smal l  numbe r  o f  vie w type s an d thei r  associate d strategies .  Eac h 

strateg y i s designe d t o answe r  a  give n clas s o f  question s th e studen t  migh t  ask. ^  T o answe r 

a questio n abou t  a  particula r  concept ,  a  vie w typ e i s selected ,  an d th e strateg y associate d 

wit h th e vie w typ e i s applie d t o th e knowledg e base ,  thereb y generatin g a  viewpoint . 

View Types 

We believ e tha t  a  smal l  numbe r  o f  vie w type s ar e sufficien t  t o characteriz e al l 

viewpoint s withi n physica l  domains .  Th e vie w type s tha t  w e hav e develope d ar e th e 

functional ,  modulatory ,  structural ,  class-dependent ,  attributional ,  an d comparativ e vie w 

types .  A  vie w typ e specifie s necessar y relations ,  whic h mus t  b e include d i n th e viewpoint s 

generate d b y th e vie w type ,  an d permissibl e relations ,  whic h ma y b e include d bu t  ar e no t 

required . 

Th e functiona l  vie w typ e consider s th e rol e o f  a n objec t  i n a  process .  B y definition ,  i t 

include s som e kin d o f  acto r  i n relationship ,  suc h a s producer ,  agent ,  an d ra w material .  Fo r 

example ,  th e viewpoint s "polle n a s a n acto r  i n plan t  reproduction "  an d "chloroplas t  a s th e 

produce r  i n plan t  photosynthesis "  bot h emplo y th e functiona l  vie w type .  Thes e example s 

illustrat e a  direc t  relationshi p betwee n a n objec t  an d a  process ,  bu t  sometime s th e 

relationshi p i s indirect .  Fo r  example ,  a  par t  o r  specializatio n o f  th e objec t  ma y b e a n acto r 

i n th e proces s specified ,  rathe r  tha n th e objec t  itself .  Fo r  instance ,  i t  ca n b e sai d tha t  on e 

of  th e function s o f  th e see d i s t o protec t  th e plan t  embryo ,  thoug h strictl y speakin g i t  i s 

th e see d coat ,  a  par t  o f  th e seed ,  tha t  protect s th e embryo .  Th e par t  o f  relatio n i s a n 

exampl e o f  a  permissibl e relatio n fo r  functiona l  relationshi p paths . 

Th e modulator y vie w typ e consider s ho w on e objec t  o r  proces s affect s (o r  i s affecte d by ) 

anothe r  objec t  o r  process .  A n exampl e o f  a  modulator y viewpoin t  i s  "sunligh t  a s a n 

influenc e o n plan t  growth "  o r  "embry o growt h a s a  caus e o f  see d coa t  rupture. "  A 

modulator y viewpoin t  necessaril y  include s a t  leas t  on e regulator y relation ,  suc h a s cause s 

or  inhibits .  Permissibl e relation s ma y als o b e included ,  a s wit h th e functiona l  vie w type . 

Th e structura l  vie w typ e consider s a n objec t  o r  proces s i n term s o f  it s  substructure s o r 

superstructures .  Thes e structure s ma y b e eithe r  tempora l  o r  spatial .  A n exampl e o f  a 

substructura l  viewpoin t  i s  "photosynthesi s a s th e ligh t  reaction s followe d b y th e dar k 

reactions. "  A n exampl e o f  a  superstructura l  viewpoin t  i s  "see d coa t  a s th e par t  o f  a  see d 

containin g th e endosper m an d embryo. "  A s illustrate d b y thes e examples ,  a  structura l 

viewpoin t  include s thos e relation s tha t  specif y ho w th e tempora l  o r  spatia l  part s ar e 

interconnected . 

Th e class-dependen t  vie w typ e consider s a  concep t  i n term s o f  ho w i t  fits  int o a  clas s 

hierarchy .  Ther e ar e tw o subtypes :  categorica l  vie w typ e an d enumerativ e vie w type .  Th e 

categorica l  vie w typ e consider s a  concep t  i n term s o f  th e propertie s an d relation s i t  inherit s 

^Thes e questio n type s ar e describe d i n [Porte r  89] . 
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from one of its generalizations or from a concept of which it is an instance. For example, 

"flowe r  a s reproductiv e organ "  i s a  categorica l  viewpoint .  Th e enumerativ e vie w typ e 

consider s a  clas s concep t  i n term s o f  it s  instance s o r  specializations .  A n exampl e o f  a n 

enumerativ e viewpoin t  i s  "plan t  reproductio n a s sexua l  plan t  reproductio n o r  asexua l  plan t 

reproduction. " 

The simples t  vie w typ e i s th e attributiona l  vie w type ,  whic h consider s a  concep t  i n 

term s o f  properties ,  suc h a s colo r  an d weight .  Propertie s hav e value s tha t  fal l  alon g som e 

rang e o r  spectrum . 

Finally ,  th e comparativ e vie w typ e use s a  subordinat e vie w typ e t o compar e tw o 

concepts .  Fo r  example ,  tw o concept s ca n b e compare d accordin g t o thei r  structure ,  thei r 

function ,  o r  thei r  effect s o n othe r  concepts .  Example s includ e comparison s betwee n 

concept s withi n th e sam e category ,  a s i n "th e similaritie s an d difference s betwee n 

photosynthesi s an d chemosynthesi s a s energ y transductio n processes, "  an d comparison s o f 

th e functiona l  rol e o f  tw o objects ,  a s i n "th e difference s betwee n 'chlorophyl l  a '  an d 

'chlorophyl l  b '  i n photosynthesis. " 

A vie w typ e i s instantiate d t o creat e a  particula r  viewpoin t  b y specifyin g a  concep t  o f 

interes t  an d a  referenc e concept .  A  concep t  o f  interes t  i s  th e mai n topi c o f  a n explanation . 

A referenc e concep t  i s th e ter m t o whic h th e concep t  o f  interes t  shoul d b e relate d an d i s 

onl y require d fo r  th e functional ,  categorical ,  an d modulator y vie w types. ^  Fo r  example , 

• View Type: Functional 

• Concept of Interest: Pollen 

• Reference Concept: Plant Reproduction 

specifies pollen from the viewpoint of its functional role in plant reproduction. Thus a view 

type ,  whe n applie d t o a  concep t  o f  interes t  an d a  referenc e concept ,  generate s a  specifi c 

viewpoint .  Thi s generatio n i s guide d b y explanatio n strategie s a s describe d i n th e followin g 

section.' * 

Explanation Strategies 

Explanatio n strategie s selec t  domai n knowledg e relevan t  t o answerin g a  particula r 

questio n accordin g t o a  particula r  viewpoint .  Eac h strateg y select s knowledg e abou t  th e 

concep t  o f  interes t  an d it s relationshi p t o th e referenc e concept .  Thi s knowledg e 

constitute s a  coheren t  explanation .  T o illustrat e thes e strategie s w e wil l  us e th e definitio n 

questio n " W h a t  i s photosynthesis? " 

T h e definition-generatio n strateg y fo r  th e categorica l  vie w typ e explain s h o w th e 

concep t  o f  interes t  (i n thi s case ,  Photosynthesis )  i s  a  specializatio n o f  th e referenc e 

concept .  Fo r  th e categorica l  vie w type ,  th e referenc e concep t  ca n b e an y generalizatio n o f 

th e concep t  o f  interest .  T w o possibl e choice s fo r  referenc e concep t  i n thi s cas e ar e th e 

knowledg e bas e node s Productio n an d Photochemica l  Energ y Transduction . 

^Th e choic e o f  referenc e concep t  depend s o n th e dialogu e history ,  th e student' s curren t  understandin g o f 

th e domain ,  an d explanatio n heuristics . 

'' A mor e thoroug h discussio n o f  th e explanatio n strategie s fo r  eac h o f  th e vie w type s i s foun d i n [Porte r  89] . 
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A system using this strategy first collects all relations and properties that the concept 

of  interes t  inherit s fro m th e referenc e concept .  Th e relation s inherite d t o Photosynthesi s 

fro m Productio n ar e producer ,  products ,  an d ra w material s (se e Figur e 1 ,  path s 

marke d I P ) .  Thus ,  th e resultin g definitio n contain s th e informatio n tha t  "Photosynthesi s 

i s a  kin d o f  productio n tha t  ha s a  chloroplas t  a s th e producer ,  wate r  an d carbo n dioxid e a s 

th e ra w materials ,  an d oxyge n an d glucos e a s th e products. "  I f  Photochemica l  Energ y 

Transductio n i s chose n a s th e referenc e concep t  instea d o f  Production ,  th e resul t  contain s 

th e informatio n "Photosynthesi s i s a  kin d o f  photochemica l  energ y transductio n tha t  ha s 

chlorophyl l  a s th e transducer ,  a  photo n a s th e energ y provider ,  ligh t  energ y a s th e inpu t 

energ y form,  an d chemica l  bon d energ y a s th e outpu t  energ y form "  (Figur e 1 ,  path s 

marke d IE ) . 

Th e definition-generatio n strateg y fo r  th e structura l  vie w typ e explain s th e 

substructura l  o r  superstructura l  relationship s fo r  a n even t  o r  object .  A  substructura l 

definitio n report s th e value s o n al l  substructur e arc s {part s o r  stage s fo r  objects ,  subevent s 

fo r  events) .  Thi s definitio n als o include s relation s tha t  describ e th e interconnectio n o f  part s 

or  th e orderin g o f  subevent s o r  stages .  Fo r  example ,  a  substructura l  definitio n o f 

photosynthesi s contain s th e informatio n "Photosynthesi s i s a n even t  consistin g o f  tw o 

subevents :  th e ligh t  reaction s followe d b y th e dar k reactions .  Th e ligh t  reaction s consis t  o f 

chloroplas t  ligh t  captur e followe d b y photophosphorylation .  Th e dar k reaction s consis t  o f 

th e Calvi n cycl e an d A T P splittin g whic h occu r  simultaneously "  (Figur e 1 ,  path s 

labele d 2) .  A  superstructura l  definitio n i s constructe d i n a n analogou s manne r  an d 

contain s informatio n abou t  ho w th e objec t  o r  even t  i s a  componen t  o f  a n encompassin g 

objec t  o r  event . 

Th e definition-generatio n strateg y fo r  th e modulator y vie w typ e explain s ho w th e 

concep t  o f  interes t  explain s ho w th e concep t  o f  interes t  modulate s th e referenc e concept ,  o r 

vic e versa .  Thi s strateg y require s a  searc h fo r  a  pat h fro m th e concep t  o f  interes t  t o th e 

referenc e concep t  consistin g onl y o f  modulator y an d permissibl e relations .  Thi s limitatio n 

on th e kind s o f  arc s tha t  ma y b e traverse d constrain s searc h mor e effectivel y tha n genera l 

spreadin g activation .  Fo r  example ,  suppos e th e chose n referenc e concep t  i s Plan t 

Biosynthesis .  Th e searc h begin s a t  Photosynthesis ,  bu t  becaus e n o modulator y relation s 

emanat e fro m th e concep t  Photosynthesis ,  a  permissibl e relatio n mus t  b e chosen .  On e o f 

th e permissibl e relation s i s products ,  wit h value s Oxyge n an d Glucose .  Oxyge n ha s a 

modulator y relatio n (require d for )  t o Respiration ,  an d Glucos e ha s th e sam e relatio n t o 

Plan t  Biosynthesi s (Se e Figur e 1 ,  path s labele d 3) .  Th e searc h terminate s becaus e Plan t 

Biosynthesi s i s th e referenc e concept ,  an d th e resultin g explanatio n contain s th e 

informatio n "Photosynthesi s ha s produc t  glucose ,  whic h i s require d fo r  plan t  biosynthesis. " 

CONCLUSION 

Generating explanations using a large-scale knowledge base creates a serious problem: 

selectin g relevan t  an d coheren t  information .  Pas t  researc h o n thi s proble m ha s employe d 

viewpoint s t o constrai n knowledg e selection .  Thes e viewpoint s hav e bee n encode d b y han d 

i n a  domain-dependen t  manner .  However ,  a  large-scal e knowledg e base ,  suc h a s th e on e w e 

hav e constructe d i n th e domai n o f  botany ,  require s a  ver y larg e numbe r  o f  viewpoints .  Ou r 
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method for solving these problems uses view types, which can be used to generate 

viewpoints . 

For  eac h o f  ou r  si x vie w types ,  w e hav e develope d explanatio n generatio n strategie s fo r 

tw o differen t  classe s o f  questions :  definitio n request s an d compariso n questions .  Eac h 

strateg y locate s th e knowledg e require d t o generat e a n explanatio n accordin g t o a 

particula r  vie w type .  Th e strategies ,  eithe r  singl y o r  i n combination ,  wer e sufficien t  t o 

generat e eac h o f  5 0 definition s selecte d fro m a  botan y textbook . 

We ar e applyin g ou r  researc h t o th e IT S tas k o f  presentin g domai n knowledg e t o 

student s i n a  mixed-initiativ e environment .  A  questio n answerer ,  i n conjunctio n wit h a 

pedagogica l  planner ,  wil l  us e th e vie w type s t o answe r  students '  question s an d t o provid e 

instructio n i n th e domain .  B y accessin g a  studen t  mode l  an d a  dialogu e history ,  th e syste m 

wil l  b e abl e t o generat e context-specifi c  presentations . 
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