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Abstrac t 

Differen t  situation s m a y requir e th e presentatio n o f 
differen t  type s o f  examples .  Fo r  instance ,  som e sit -
uation s requir e th e presentatio n o f  positiv e example s 
only ,  whil e other s requir e bot h positiv e an d nega -
tiv e examples .  Furthermore ,  differen t  example s ofte n 
hav e specifi c  presentatio n requirements :  the y nee d 
t o appea r  i n a n appropriat e sequence ,  b e introduce d 
properl y an d ofte n requir e associate d prompts .  I t 
i s importan t  t o b e abl e t o identif y wha t  i s neede d 
i n whic h case ,  an d wha t  need s t o b e don e i n pre -
sentin g th e example .  A  categorizatio n o f  examples , 
alon g wit h thei r  associate d presentatio n requirement s 
woul d hel p tremendously .  Thi s issu e i s particularl y 
salien t  i n th e desig n o f  a  computationa l  framewor k fo r 
th e generatio n o f  tutoria l  description s whic h includ e 
examples .  Previou s wor k o n characterizin g exam -
ple s ha s approache d th e issu e fro m th e directio n o f 
when differen t  type s o f  example s shoul d b e provided , 
rathe r  tha n wha t  characterize s th e differen t  types .  I n 
thi s paper ,  w e exten d previou s wor k o n exampl e char -
acterizatio n i n tw o ways :  (i )  w e sho w tha t  th e scop e 
of  th e characterizatio n mus t  b e extende d t o includ e 
not  jus t  th e example ,  bu t  als o th e surroundin g con -
text ,  an d (ii )  w e characteriz e example s i n term s o f 
thre e orthogona l  dimensions :  th e informatio n con -
lent ,  th e intende d audience ,  an d th e knowledg e type . 
We presen t  description s fro m text-book s o n US P t o 
illustrat e ou r  points ,  an d describ e h o w suc h catego -
rization s ca n b e effectivel y use d b y a  computationa l 
syste m t o generat e description s tha t  incorporat e ex -
amples . 

I n t r o d u c t i o n 

I t  ha s lon g bee n know n tha t  example s ar e ver y usefu l  i n 
communicatio n -  especiall y i n explanation s an d inslruc -
tion .  N e w ideas ,  concept s o r  term s ar e conveye d wit h 
greate r  eas e an d clarit y i f  th e description s ar e accompa -
nie d b y appropriat e examples ,  e.g. ,  (Hout z e t  al. ,  1973 ; 

The authors gratefully acknowledge support from NASA-
Ames gran t  N C C 2-52 0 an d D A R PA contrac t  DABT63-91-C -
0025 .  Cdcil e Pari s als o acknowledge s suppor t  from  N S F gran t 
IRI-9003087 . 

A lis t  alway s iMgin s wit h a  lef t  parenthesis .  The n com e zer o 
or  mor e piece s o t  dat a (calle d th e element s o f  th e list )  an d a 
right  parenthesis ,  f  Som e example s o (  list s are : 

!  (AARDVARK) 
i  (RE D YELLO W GREEN BLUE ) 
j  (23 5 1 1 19 ) 
I  ( 3 FRENCH FRIES ) 

A Lis t  ma y contai n othe r  list s a s elements :  Give n th e thre e lists ! 

(BLUE SKY )  (GREE N GRASS)  (BROWN EARTH)  I 

I  w e ca n mak e a  lis t  b y combinin g the m al l  wit h a  parenthesis ; 

((BLU E SKY )  (GREE N GRASS)  (BROWN EARTH) )  ! 

Figure 1: A description with examples. 

MacLachlan,  1986;PiroUi,1991:Reder«a/., 1986). Fur-
thermore ,  peopl e ofte n lik e example s becaus e the y ten d 
t o pu t  abstract ,  theoretica l  informatio n int o concret e term s 
the y ca n understand .  A n importan t  issu e i n th e us e o f  ex -
ample s i s th e 'suitability '  o f  th e exampl e t o b e presented . 
Previou s studie s o n th e categorizatio n o f  th e 'suitability ' 
of  differen t  example s include :  a  stud y b y Polya ,  base d 
thei r  intende d us e (Polya ,  1945) ,  an d b y Rissland ,  base d 
o n th e "exampl e type '  (Michener ,  1978). '  However ,  thes e 
categorization s di d no t  explicitl y  tak e int o accoun t  th e con -
tex t  i n whic h th e exampl e wa s presented .  Yet ,  th e contex t 
of  a n exampl e affect s it s  characterizatio n an d usefulness . 
I n thi s paper ,  w e shal l  describ e a  differen t  categorizatio n 
of  examples :  on e whic h take s int o accoun t  th e example' s 
surroundin g contex t  an d ca n b e describe d i n term s o f  thre e 
orthogona l  dimensions .  W e als o sho w h o w thi s categoriza -
tio n ca n b e usefu l  t o a n intelligen t  tutorin g system ,  whic h 
ca n the n utiliz e thi s knowledg e t o prun e larg e amount s 
of  it s  searc h spac e i n lookin g fo r  appropriat e example s t o 
present . 

For  example .  Figur e 1  show s th e descriptio n o f  th e 
U SP concep t  l i s t .  Th e highlighte d region s mar k th e 
portion s whic h ar e generate d becaus e example s ar e in -
troduced .  Th e first  highlighte d portion ,  contain s som e 

'Risslan d ha s publishe d a s 'Edwin a Rissland '  an d 'Edwin a 
Risslan d Michener, '  s o reference s t o Risslan d ma y sho w u p dif -
ferently ,  a s [Rissland.. .  ]  o r  (Michener.. .  ] . 
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introductor y tex t  befor e presentin g fou r  example s tha i  ar e 
meant  t o conve y informatio n abou t  th e differen t  type s o f 
element s tha t  ca n b e i n a  list .  Thes e examples ,  there -
fore ,  en d u p replacin g textua l  informatio n tha t  woul d hav e 
conveye d th e sam e information .  Th e secon d highlighte d 
portio n contain s bot h tex t  an d som e example s tha t  serv e 
as backgroun d fo r  th e presentatio n o f  th e actua l  example , 
whic h i s ( ( B L U E S K Y )  ( G R E E N G R A S S)  ( B R O WN 
E A R T H ) ) .  I t  i s  thu s clea r  tha t  th e introductio n o f  exam -
ple s affect s bot h th e descriptiv e part s o f  th e explanatio n 
and th e othe r  example s i n differen t  ways . 

Ther e ar e man y issue s tha t  mus t  b e considere d i n select -
in g an d presentin g example s (Mitta l  an d Paris ,  1992) .  I n 
thi s paper ,  w e addres s th e issu e o f  characterizin g th e typ e 
of  example s tha t  appea r  i n tutoria l  descriptions ,  a s thi s ca n 
hel p a  syste m i n choosin g appropriat e example s t o present . 
I n th e followin g sections ,  w e describ e previou s wor k o n 
categorizin g exampl e types ,  an d illustrat e h o w th e sam e 
exampl e ca n b e categorize d i n tw o differen t  categorie s i f 
th e accompanyin g descriptio n i s no t  take n int o account . 
Finally ,  w e presen t  ou r  categorization ,  takin g int o consid -
eratio n th e surroundin g contex t  o f  th e examples . 

Previous Work on Categorizing Examples 

A very wide variety of examples can be potentially used 
t o illustrat e an y give n point .  However ,  no t  al l  example s 
ar e equall y effectiv e i n al l  situations ;  som e ar e bette r  tha n 
other s i n specifi c  contexts ,  an d other s ten d t o illustrat e 
diffo^n t  aspect s o f  th e sam e concep t  i n differen t  way s an d 
achiev e differen t  goals .  Categorizin g example s i s usefu l 
becaus e identifyin g a  categor y fro m whic h t o generat e 
an exampl e ca n greatl y constrai n th e numbe r  o f  possibl e 
example s tha t  ca n b e sqjplicabl e i n th e give n situation . 

Poly a categorize d example s int o thre e categorie s (Polya , 
1945) :  (t )  leadin g examples ,  {ii )  suggestiv e examples ,  an d 
{iii )  counte r  examples .  Thes e categorie s wer e define d i n 
th e contex t  o f  instruction .  Leadin g example s wer e one s 
tha t  containe d mostl y critical ^  feature s an d ver y fe w "ir -
relevan t  features; "  the y wer e mean t  fo r  naiv e users .  Sug -
gestiv e example s containe d mor e variable ^  feature s tha n 
leadin g example s an d wer e mean t  t o "guid e th e studen t 
i n th e correc t  direction. "  Counter-example s wer e negativ e 
example s tha t  illustrate d h o w instance s wer e no t  indicativ e 
of  som e concq>t . 

I n he r  work ,  Risslan d categorize d example s int o five 
categorie s (Michener ,  1978 ;  Michener ,  1977) :  (i )  intro -
duclor y examples :  perspicuous ,  simpl e cases ,  {ii )  mode l 
examples :  general ,  paradigmati c cases ,  {Hi )  referenc e ex -
amples :  standard ,  ubiquitou s cases ,  {iv )  counte r  exam -
ples :  limiting ,  falsifyin g cases ,  an d {v )  anomalou s exam -
ples :  exceptional ,  pathologica l  cases . 

Ĉritica l  feature s ar e feature s tha t  ar e necessar y fo r  a n exam -
pl e t o b e considere d a  positiv e exampl e o f  a  concept .  Change s t o 
a critica l  featur e caus e a  positiv e exampl e t o becom e a  negativ e 
example . 

^Variabl e feature s ar e feature s tha t  ca n var y i n a  positiv e 
example .  Change s t o variabl e feature s create s differen t  positiv e 
examples . 

We believ e tha t  bot h categorization s suffe r  fro m tw o 
problems :  (i )  the y d o no t  explicitl y  tak e int o accoun t  th e 
contex t  o f  th e presentation,an d th e sam e exampl e ca n ofte n 
be classifie d int o differen t  categories ,  {ii )  th e definitio n o f 
th e categor y i s no t  clearl y specified ;  i t  i s therefor e difficul t 
t o implemen t  i n a  computationa l  system .  Furthermore , 
th e tw o categorization s abov e di d no t  specif y relationship s 
(i f  any )  betwee n thei r  differen t  categories ,  no r  di d the y 
specif y whethe r  thes e categorie s wer e mutuall y exclusive . 

The Necessity for Categorizing Examples 

b a s e d o n th e C o n t e x t 

Our  categorizatio n o f  example s wa s drive n b y th e nee d 
t o b e abl e t o generat e tutoria l  an d explanator y descrip -
tion s tha t  integrat e example s coherentl y  i n a  computationa l 
framework. ^  I n suc h a  framework ,  th e syste m mus t  b e abl e 
t o selec t  (o r  generate )  suitabl e example s tha t  ca n illusU'at e 
th e point s th e syste m need s t o communicat e i n th e expla -
natio n o r  i n th e definitio n bein g presente d t o th e user .  Th e 
suitabilit y  o f  a n exampl e i s usuall y determine d i n th e con -
tex t  i t  appear s in ,  rathe r  tha n i n th e abstract :  i t  depend s 
upo n th e goa l  o f  th e description ,  wha t  feature s ar e bein g 
presented ,  wher e i n th e overal l  descriptio n th e exampl e 
appears ,  etc . 

Furthermore ,  th e suitabilit y  o f  th e exampl e i s als o af -
fecte d b y othe r  example s aroun d it .  A  numbe r  o f  studie s 
on th e cognitiv e effectivenes s o f  example s haveshow n tha t 
th e presentatio n orde r  o f  th e example s play s a n importan t 
rol e i n use r  comprehensio n (e.g. ,  (Litchfiel d e t  al. ,  1990 ; 
Par k an d Tennsyon ,  1986)) .  Thus ,  th e appropriatenes s o f 
on e example ,  presente d fo r  th e sam e description ,  ca n b e 
different ,  base d o n othe r  example s tha t  appea r  wit h it ,  an d 
wher e i t  appears .  I t  i s  therefor e obviou s tha t  a n exampl e 
ca n b e categorize d onl y i n conjunctio n wit h th e contex t  i n 
whic h i t  appears . 

We shal l  n o w describ e th e thre e dimension s alon g whic h 
we characteriz e a n exampl e i n context :  th e relationshi p o f 
th e informatio n i n th e exampl e t o tha t  i n th e context ,  th e 
intende d audienc e o f  th e example ,  an d th e knowledg e typ e 
bein g communicate d b y th e examples . 

The First Dimension: The relationship between 

th e e x a m p l e a n d th e descriptio n 

O ne o f  th e dimension s tha t  a n exampl e ca n b e characterize d 
alon g i s  th e relationshi p o f  th e informatio n containe d i n th e 
exampl e wit h th e informatio n containe d i n th e accompa -
nyin g descriptiv e explanatio n tha t  i t  illustrates .  Alon g thi s 
dimension ,  a n exampl e ca n fal l  int o thre e categories : 

1.  Positiv e Examples :  Thes e example s ar e instance s o f  th e 
concep t  bein g describe d an d satisf y th e propertie s o f  th e 
concep t  a s describe d i n th e accompanyin g description . 
Thes e example s mus t  posses s al l  th e critica l  feature s 
of  th e concep t  the y illusû ate .  Suc h example s pla y a 

^Furthe r  detai b o n thi s wor k o n th e desig n an d imple -
mentatio n o f  a  natura l  languag e syste m capabl e o f  integrat -
in g example s an d tex t  ca n b e see n i n (Mitta l  an d Paris ,  1992 ; 
Mitta l  an d Paris ,  1993) . 
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supportiv e o r  elaboraiiv e rol e t o th e informatio n i n th e 
description . 

2.  Negativ e Examples :  Negativ e example s (o r  counter -
examples )  ar e no t  instance s o f  th e concep t  bein g de -
scribed .  Thes e ar e case s tha t  d o no t  mee t  th e require -
ment s specifie d i n th e accompanyin g description ,  an d 
the y pla y a  contrastiv e rol e i n th e context .  Negativ e 
example s ca n b e ver y useful ,  becaus e the y hel p rul e ou t 
non-critica l  feature s o f  a  concep t  (Hout z e t  al. ,  1973) . 
For  instance ,  th e followin g pai r  o f  example s 

(AARDVARK)  ;  e x a m p l e o f  a  l i s t 
A A R D V A RK ;  n o t  a  l i s t 

abou t  th e concep t  o f  a  l i s t  i n th e programmin g lan -
guag e LIS P illustrat e th e nee d fo r  parenthese s i n a  l i s t . 
Thus./eamr M i n commo n betwee n positivean d negativ e 
example s ca n b e rule d ou t  a s sufficien t  features ,  whil e 
differin g feature s ar e highlighte d a s necessar y an d thu s 
become mor e important . 

3.  Anomalou s Examples :  Anomalou s example s represen t 
inegula r  o r  exceptiona l  cases .  Thes e ar e either :  (i )  in -
stance s o f  th e concep t  described ,  bu t  no t  covere d b y th e 
description ,  o r  (ii )  thos e ar e likel y t o b e mis-classifie d b y 
th e use r  (becaus e o f  a n incomplet e description) .  Thus , 
positiv e instance s whic h appea r  t o b e ver y differen t  fro m 
othe r  positiv e examples ,  o r  negativ e instance s whic h ap -
pear  t o b e ver y simila r  t o positiv e examples ,  woul d b e 
classifie d a s anomalou s cases . 

The classificatio n o f  a n exampl e int o eithe r  o f  thes e 
categorie s depend s upo n th e contex t  establishe d b y th e ac -
companyin g descriptiv e explanation .  A s mentione d pre -
viously ,  i t  i s  possibl e tha t  a n exampl e whic h woul d b e 
classifie d a s a n anomalou s exampl e i n on e contex t  coul d 
be classifie d a s a  normal ,  positiv e exampl e i n anothe r  con -
text .  Conside r  th e followin g descriptio n o f  a  l i s t  i n 
USP: 

A lef t  parenthesi s followe d b y zer o o r  mor e S -
expression s followe d b y a  righ t  parenthesi s i s a  list . 

(Fro m (Shapiro ,  1986) ) 
Give n th e abov e definitio n o f  a  l i s t ,  th e followin g ex -
ampl e woul d classif y a s a  positiv e example : 

( 1 2  3 4 5  67 ) 
and th e followin g woul d b e a  negativ e one : 

123456 7 
However ,  th e followin g example s woul d b e anomalou s 
cases ,  becaus e the y ar e no t  covere d b y th e definitio n pre -
sente d above : 

N I L ;  th e lis t  N I L 
( a .  b )  ;  example s o f  a  dolted-lis t 

Thi s categorizatio n o f  example s woul d change ,  wit h an -
othe r  definition : 

A lis t  i s  a  cONS-cel l  whos e CDR i s eithe r  th e ato m 
NI L o r  anothe r  list .  Th e ato m ni l  i s  th e identifie r  tha t 
represent s th e empt y lis t  an d th e boolea n concep t 
FALSE. 

(Fro m (Steel e Jr. ,  1984) ) 
I n thi s case ,  N l  L  become s a  positiv e exampl e o f  a  l i s t . 
Similarly ,  a  l i s t  ma y b e s o define d a s t o includ e th e 
concep t  o f  a  dotted-lis t  a s well . 

I t  i s clea r  tha t  i t  i s difficult ,  an d sometime s impossible , 
t o classif y a n exampl e a s belongin g t o a  certai n categor y 
withou t  takin g int o consideratio n th e surroundin g contex -
tua l  information .  I t  i s  als o difficul t  t o categoriz e example s 
as bein g 'suggestive *  o r  'model '  o r  "reference *  withou t 
havin g a  complet e definitio n o f  thes e differen t  categories . 
I t  i s  als o no t  possibl e t o labe l  a n exampl e 'positive '  o r 
'negative '  withou t  knowin g th e definitio n i t  i s  suppose d 
t o illustrat e ( A A R D V A RK i s positiv e exampl e o f  a n a tom , 
but  i s a  negativ e exampl e o f  a  l i s t ) .  I n addition ,  a n 
exampl e tha t  i s 'anomalous '  i n on e contex t  ca n classif y a s 
a positiv e exampl e i n anothe r  context .  Correc t  classifica -
tio n o f  th e example s i s essential ,  becaus e example s mus t 
be presente d i n accordanc e wit h th e categor y the y hap -
pen t o classif y  in .  Fo r  instance ,  anomalou s example s ca n 
caus e grea t  confusio n i n a n introductor y use r  i f  presente d 
alon g wit h othe r  positiv e examples .  Anomalou s example s 
shoul d b e treate d a s suc h (presente d separatel y fro m th e 
regula r  examples ,  wit h a  suitabl e introductio n t o notif y th e 
use r  o f  th e anomalou s natur e o f  suc h examples) . 

The Second Dimension: The intended audience 

The secon d dimensio n tha t  example s ca n b e characterize d 
alon g i s dictate d b y th e intende d audienc e typ e o f  th e pre -
sentation .  Thi s i s a n importan t  constrain t  o n th e selectio n 
of  informatio n t o b e presente d bot h i n th e descriptio n an d 
th e example .  Ther e hav e bee n man y studie s o n th e nee d 
fo r  varyin g bot h th e amoun t  o f  informatio n an d th e manne r 
of  it s  presentation ,  base d o n th e use r  (e.g. ,  (London ,  1992 ; 
Yoder ,  1986 ;  Paris ,  1988)) .  Thes e studie s hav e demon -
strate d tha t  ther e ar e significan t  difference s i n description s 
and example s mean t  fo r  differen t  use r  types . 

As w e hav e alread y mentione d before ,  th e majo r  short -
comin g o f  bot h th e previou s exampl e categorization s wa s 
due t o th e fac t  tha t  the y di d no t  tak e th e accompanyin g 
contex t  int o account .  I n contrast ,  w e conside r  bot h th e 
descriptio n an d th e exampl e fo r  categorization .  Thi s i s 
essentia l  i n ou r  case ,  becaus e th e syste m need s t o gen -
erat e bot h th e tex t  a s wel l  a s th e exampl e i n it s expla -
nation .  Often ,  eve n thoug h th e example s ten d t o loo k 
alike ,  th e accompanyin g description s ar e ver y differen t  fo r 
differen t  use r  types .  Fo r  instance ,  Piroll i  foun d tha t  i n 
some domains ,  suc h a s recursion ,  th e example s presente d 
t o bot h naiv e an d advance d user s wer e almos t  identical , 
but  thei r  explanation s wer e ver y differen t  (Pirolli ,  1991) . 
Feldma n an d Klausmele r  foun d simila r  difference s i n th e 
phrasin g o f  definition s presente d t o fourt h an d eigh t  grad e 
student s (Feldma n an d Klausmeier ,  1974) . 

Fro m ou r  analyse s o f  naturall y occurrin g texts ,  w e hav e 
classifie d example s (i n th e contex t  o f  thei r  accompanyin g 
descriptions )  int o thre e mai n classe s -  introductory ,  inter -
mediat e an d advanced .  Thi s classificatio n constrain s th e 
conten t  an d th e presentatio n styl e o f  th e description s an d 
th e example s use d wit h them : 

1.  introductory :  -  user s wit h littl e o r  n o previou s exposur e 
assumed fo r  th e concept ;  goa l  i s  t o lear n abou t  th e 
concept , 

2.  intermediate :  -  user s wit h moderat e previou s exposure ; 
goal  i s t o lear n t o mak e us e o f  th e concept . 

755 



3.  advanced :  -  user s wii h extensiv e knowledge ;  goa l  i s  t o 
clarif y som e poin t  o r  misconceptio n abou t  th e concept . 

Introductor y Users :  Example s i n in -
troductor y descriptions '  ten d t o b e simpl e one s -  wher e 
'simple '  refer s t o th e fac t  tha t  the y ar e usuall y single -
feature d (o r  i f  the y hav e multipl e features ,  sometime s two , 
wher e th e tw o feature s ar e alon g tw o differen t  featur e di -
mensions) .  I n ou r  domai n o f  US P descriptions ,  th e ac -
companyin g descriptio n i s syntacti c o r  surface/appearanc e 
oriented .  Anomalou s example s ar e usuall y absent ,  an d 
i f  the y ar e presented ,  the y ar e don e s o afte r  al l  th e othe r 
examples .  Example s ar e ofte n introduce d a s soo n a s th e 
poin t  the y illustrat e i s mentione d i n th e text . 

Conside r  fo r  instanc e th e descriptio n i n Figur e 1 .  Th e 
description s ar e centere d aroun d th e synta x o r  th e surfac e 
appearanc e o f  th e l i s t .  Th e example s ar e simpl e an d 
illustrat e a  featur e a t  a  tim e (th e typ e o f  dat a elements , 
excep t  i n on e cas e wher e th e typ e an d th e number ,  tw o dif -
feren t  dimension s o f  variation ,  ar e illusu-aied) .  Example s 
d o no t  alway s hav e prompts, *  becaus e th e sam e informa -
tio n i s ofte n realize d a s sentence s i n th e accompanyin g 
description . 

Intermediat e Users :  Description s writte n fo r  th e 'inter -
mediate '  use r  (wh o i s alread y assume d t o hav e inuoduc -
tor y knowledge )  ten d t o b e mor e comple x tha n th e one s 
fo r  introductor y users ,  i n tha t  the y includ e mor e detai l  o n 
h o w th e infonnaiio n m a y b e use d b y th e user .  Th e ex -
ample s ar e no t  alway s presente d immediately ;  i f  ther e ar e 
a numbe r  o f  relate d points ,  thes e point s ar e state d first , 
befor e a  grou p o f  example s illustratin g thes e point s ar e 
presented .  Th e example s themselve s ar e usuall y briefl y 
annotate d (wit h prompts) .  Intermediat e description s con -
tai n a  fe w introductor y examples ,  whic h ar e the n followe d 
by typica l  use s o f  suc h exampl e instances ,  whic h contai n 
mostl y multi-feature d examples .  Fo r  example ,  th e de -
scriptio n i n Figur e 2  describe s h o w a  l i s t  ca n b e use d 
t o represen t  shoppin g lists ,  stor e phon e number s an d writ e 
functio n calls . 

Advance d Users :  Sinc e th e purpos e o f  advance d o r  ref -
erenc e material s i s no t  instruction ,  i t  i s no t  surprisin g tha t 
bot h th e textua l  descriptio n an d th e accompanyin g exam -
ple s ar e ver y differen t  fro m thos e i n th e introductor y ones . 
Th e documentatio n an d th e example s usuall y occu r  i n a 
fixed  formal ,  wit h th e example s followin g th e definitio n 
and th e explanation .  Th e example s ar e no t  simple ,  single -
featured ,  bu t  ten d t o b e fe w an d multi-feature d (typicall y 
thre e t o fou r  features) .  Th e example s ar e ofte n almos t 
independen t  o f  th e textua l  description ,  wit h littl e cross -
ref^^ncin g betwee n th e two .  Thi s almos t  invariabl y re -
sult s i n p r o m p u bein g use d t o indicat e som e o f  th e salien t 
charactCTistic s o f  th e examples .  Sinc e th e description s ten d 
t o b e comprehensive ,  ther e ar e fe w (i f  any )  anomalou s ex -

*We shal l  us e tcnn s suc h a s 'introductor y descriptions '  t o 
indicat e description s mean t  fo r  a n introductor y audience . 

''Prompts '  ar e additiona l  tex t  o r  marker s associate d wit h ex -
ample s t o dra w attentio n t o specifi c  feature s i n th e example s (En -
gelman n andCamine ,  1982) . 

A lis t  look s lik e a  sequenc e o f  objects ,  withou t  commas betwee n 
Ihcm ,  enclose d i n parentheses . 

Appropriatel y constructe d list s ca n als o b e use d t o cal l  function s 
i n LISP .  I f  yo u typ e an y o f  th e list s i n ubi e 2- 4 t o LISP ,  yo u wil l 
get  a n appropriat e response . 

Table 2-2: 
( 1 2 3  4  5 )  ;  Lis t  o f  number s 
( A B C  D )  ;  Lis t  o f  symbol s 
(#\ A «\ B n c #\D )  ;  Lis t  o f  character s 

Tabl e 2-3 : 
(Thi s i s (also )  a  list ) 
("thi s  i s a  str in g i n a  l is t "  -53 ) 
((Bet h "b55-5834" )  (Pa t  "555-8098") ) 

Tabl e 2-4 : 
(SQRT 2 ) 
( + 2  3 ) 
(- 6 5  4 ) 

Lists can be considered ways to store data. For example, you 
migh t  wan t  t o stor e you r  inventor y a s a  list ,  o r  grou p togethe r 
names an d phon e number s i n a  lis t 

Figure 2: Intermediate descriptions with *use' oriented 
example s fro m (Tatar ,  1987) ,  p.l6 . 

A list is recursively defined to be either the empty list or a 
CONS whos e CD R componen t  i s a  list .  Th e CA R component s 
of  th e CON Se s ar e calle d th e element s o f  th e lis t  Fo r  eac h elemen t 
of  th e lis t  ther e i s a  CONS.  Th e empt y lis t  ha s n o element s a t  all . 
A lis t  i s annotate d b y writin g th e element s o f  th e lis t  i n order , 
separate d b y blan k spac e (space ,  tab,  o r  retur n character )  an d 
surrounde d b y parentheses .  Fo r  example : 

(a be) ; A list of 3 symbols 
(2.0s 0 ( a 1 )  #\* )  ;  A  lis t  o f  3  things: a 

;  f loat ,  a  l ist ,  an d a 
;  characte r  objec t 

The empty list NIL therefore can be written ( ), because it is a 
lis t  wit h n o elements . 

F ro m (Steel e Jr. .  1984) ,  p.2 6 

Figure 3: Reference documentation is complete and lends 
t o hav e fe w (multi-featured )  examples . 

amples. If there are any anomalous examples, they are 
alway s presented .  Fo r  example ,  a  descriptio n o f  a  l i s t 
fro m a n advanced ,  referenc e manua l  i s show n i n Figur e 3 . 

T h e Th i r d D imens ion :  T h e Knowledge-T^ 'p e 

I n additio n t o th e user-typ e an d th e example-typ e whic h ca n 
be use d t o constrai n th e possibl e choice s tha t  nee d t o b e 
made i n generation ,  th e knowledge-typ e ca n als o b e use d 
durin g th e generatio n proces s t o determin e th e appropriat e 
typ e an d sequenc e o f  example s t o b e generate d i n a n ex -
planation .  Th e knowledge-typ e refer s t o th e categorizatio n 
of  informatio n int o on e o f  thre e broa d classes :  concepts , 
relation s O T processes .  Ther e ca n b e significan t  difference s 
i n th e presentatio n o f  example s an d th e accompanyin g de -
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The lis t  functio n lake s an y numbe r  o f  input s an d make s a 
lis t  o f  the m all .  Fo r  example : 

INPUT t o lis t 
'fo o 'ba r  'ba z 
'fo o 
•su n NI L 
"(frob ) 

—. 
- . 
— 
-> 

OUTPUT 
(fo o ba r  baz ) 
(foo ) 
(su n NIL ) 
((frob) ) 

F ro m (Tourclzky ,  1984) ,  p.5 1 

Figure 4: Examples of relations focus on the items being 
related . 

scription s base d o n whethe r  th e ide a t o t o b e explaine d i s 
a concept ,  relatio n o r  a  process . 

Conside r  fo r  instanc e th e concep t  'list '  (a s describe d i n 
Figur e 1 )  an d th e relatio n 'list '  (function s ar e relation s tha t 
hol d betwee n th e inpu t  parameter s an d th e outpu t  value s 
of  th e function) ,  a s describe d i n Figur e 4 . 

The concep t  lis t  i s  describe d a s a n object ,  an d example s 
of  lis t  ar e instance s whic h exemplif y th e ter m 'list' ;  th e 
functio n list ,  o n th e othe r  hand ,  i s describe d i n term s o f  it s 
inpu t  an d outpu t  parameters ,  an d example s o f  th e functio n 
reflec t  thi s fact .  SimWaxly ,  processes ,  whic h ar e sequence s 
of  function s ar e describe d differentl y an d thei r  example s 
ar e ofte n instance s o f  functio n parameter s a t  ever y ste p i n 
th e sequence .  I n generatin g example s o f  relations ,  i t  i s  im -
portan t  t o kee p i n consideratio n tha t  th e example s use d a s 
input-outpu t  parameter s mus t  b e k n o w n t o th e hearer .  Th e 
syste m mus t  als o b e carefu l  t o choos e example s whic h ar e 
not  anomalou s o r  exceptiona l  case s fo r  thes e parameters . 

Example s o f  processe s consis t  o f  chain s o f  event s tha t 
tak e plac e i n a  particula r  order .  Th e goa l  i s  t o communicat e 
th e sequenc e o f  event s an d thei r  cumulativ e effect .  A s i n th e 
cas e o f  example s o f  relations ,  th e syste m mus t  ensur e tha t 
al l  th e concept s an d relation s neede d t o presen t  a  proces s 
exampl e ar e k n o w n t o th e use r  befor e th e proces s exampl e 
i s presented . 

Discussion 

The thre e dimension s alon g whic h w e categoriz e example s 
ar e no t  limite d t o th e gradation s tha t  w e hav e mentione d 
i n thi s paper .  I n ou r  framework ,  ther e ar e ye t  finer  grada -
tion s whic h ar e use d b y th e syste m i n makin g decisions . 
For  instance ,  concept s ar e furthe r  sub-divide d int o whethe r 
the y ar e single-featured ,  multiple-featured ,  o r  comparativ e 
concepts .  Thes e finer  gradation s allo w u s t o mak e bette r 
decision s abou t  bot h th e numbe r  o f  example s a s wel l  a s 
thei r  presentatio n orde r  i n ou r  system .  Figur e 5  show s a 
representatio n o f  th e thre e dimension s i n thi s categoriza -
tion . 

Applications to the Generation of Ttitorial 

Desc r i p t i on s 

The categorization of examples (in the context of their 
accompanyin g description )  tha t  w e hav e outline d i s ex -
tremel y usefu l  i n constructin g a  syste m fo r  generatin g tu -
toria l  descriptions .  Ou r  majo r  goa l  i s  no t  jus t  th e selectio n 
(o r  generation )  o f  appropriat e example s b y themselves . 

KnowUdtt 

Figur e 5 :  Th e thre e dimension s alon g whic h example s ca n 
be categorize d i n context . 

but the generation of a description that integrates exam-
ple s an d tex t  i n a n effectiv e manner .  Thi s requiremen t 
bring s u p m a n y issue s tha t  m a y otherwis e b e no t  consid -
ere d a s important :  issue s suc h a s th e interactio n betwee n 
th e example s an d th e descriptio n (ho w th e tex t  change s 
becaus e o f  th e presenc e o f  examples) ,  th e placemen t  o f  th e 
example s i n relatio n t o th e explanatio n (before ,  withi n o r 
afte r  th e description) ,  etc . 

Our  curren t  framewor k implement s th e generatio n o f 
example s withi n a  text-generatio n syste m b y explicitl y 
postin g th e goal s o f  providin g examples .  Ou r  syste m 
use s a  plannin g mechanism :  give n a  to p leve l  c o m m u -
nicativ e goa l  (suc h a s ( D E S C R I B E L I S T )  ) ,  th e syste m 
finds  plan s capabl e o f  achievin g thi s goal .  Plan s typicall y 
pos t  furthe r  sub-goal s t o b e satisfied ,  an d plannin g contin -
ues unti l  primitiv e speec h act s -  i.e. ,  directl y realizabl e i n 
Englis h -  ar e achieved .  Th e resul t  o f  th e plannin g pro -
ces s i s a  discours e tree ,  wher e th e node s represen t  goal s 
at  variou s level s o f  abstractio n (wit h th e roo t  bein g th e 
initia l  goal ,  an d th e leave s representin g primitiv e realiza -
tio n statements ,  suc h a s ( I N F O R M .  .  . )  statements .  I n 
th e discours e tree ,  th e discours e goal s ar e relate d throug h 
coherenc e relations .  Thi s tre e i s the n passe d t o a  gram -
mar  interfac e whic h convert s i t  int o a  se t  o f  input s suitabl e 
fo r  inpu t  t o a  natura l  languag e generatio n syste m (Pen -
m an (Mann ,  1983)) .  Example s ar e generate d b y explic -
itl y  postin g a  goa l  withi n th e tex t  plannin g system :  i.e. , 
some o f  th e pla n operator s use d i n th e syste m includ e th e 
generatio n o f  example s a s on e o f  thei r  steps ,  w h e n appli -
cable .  Thi s ensure s tha t  th e example s e m b o d y specifi c 
informatio n tha t  eithe r  illustrate s o r  complement s th e in -
formatio n i n th e accompanyin g textua l  description .  Issue s 
suc h a s th e numbe r  o f  example s t o b e presented ,  th e orde r 
i n whic h the y shoul d b e presented ,  whethe r  the y shoul d 
hav e prompt s associate d wit h them ,  etc .  ca n the n b e de -
termine d i n conjunctio n (usin g th e constraint s impose d o n 
th e selection )  wit h th e categorizatio n o f  th e example s t o 
be presented .  Associate d wit h eac h gradatio n i n ou r  cat -
egorization ,  w e hav e specifi c  presentatio n heuristic s fo r 
th e example s an d thei r  descriptions .  Th e resultin g dis -
cours e structur e i s the n processe d t o m a k e final  decisions , 
suc h a s th e choic e o f  lexica l  items .  Finally ,  th e complete d 

757 



discours e tre e i s passe d l o a  a  syste m tha t  convert s th e 
I N F O RM goal s int o a n intermediat e for m tha t  i s  accessibl e 
t o Penman ,  whic h generate s th e desire d Englis h output . 

Conclusions 

The categorizatio n o f  examples ,  alon g wit h specifi c  guide -
line s o f  whe n an d ho w differen t  type s o f  example s shoul d 
be presente d i s a n extremel y importan t  issu e i n th e desig n 
of  a n intelligen t  tutorin g system .  Ou r  categorizatio n i s a 
generalizatio n o f  th e previou s wor k b y Risslan d an d Polya , 
and extend s th e scop e o f  th e characterizatio n t o tak e int o 
accoun t  th e surroundin g contex t  o f  th e example .  Th e cat -
egorie s alon g eac h o f  th e thre e dimension s tha t  w c hav e 
mentione d ar e onl y mean t  l o illustrat e ho w the y affec t  th e 
example s an d th e tex t  t o b e presented .  Thes e categorie s 
can b e sub-divide d furthe r  int o smalle r  classe s an d specifi c 
presentatio n method s ca n b e associate d wit h eac h class . 

We hav e implemente d a  syste m tha t  plan s th e presen -
tatio n o f  coheren t  tex t  an d examples .  Th e pla n operator s 
(whic h selec t  informatio n t o b e presented) ,  als o mak e us e 
of  th e informatio n alon g th e user-typ e an d th e knowledge -
typ e dimension s t o structur e th e conten t  a s wel l  a s th e 
surfac e for m o f  th e descriptio n appropriately .  Thus ,  th e 
characterization' s modula r  natur e allow s th e represente d 
informatio n t o b e share d amon g differen t  resource s i n th e 
system . 
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