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But to n Theo ry :  A  T a x o n o m y o f  Student-Teache r  C o m m u n i c a t i o n 

fo r  Interfac e Desig n i n C o m p u t e r - B a s e d Learn in g E n v i r o n m e n t s 

Menachem Jona, Benjamin Bell, and Lawrence Birnbaum 

Northwester n Universit y 

Th e Institut e fo r  th e Learnin g Science s 

Evanston,I L 6020 1 

Abstrac t 
Thi s pape r  introduce s Butto n Theor y whos e tw o principl e 
goal s are ,  first,  t o provid e a  taxonom y o f  th e way s tha t 
student s migh t  usefull y interac t  wit h an d contro l  a  computer -
base d teacher ,  an d second ,  t o provid e a  natura l  mechanis m b y 
whic h the y ma y exercis e tha t  control .  W e hav e develope d a 
smal l  bu t  comprehensiv e se t  o f  message s tha t  student s woul d 
find  i t  usefu l  t o conve y t o a  teache r  durin g a  tutoria l 
interaction ,  an d hav e associate d eac h messag e wit h a  butto n 
presente d iconicall y o n th e compute r  scree n W e describ e ou r 
experienc e wit h th e us e o f  Butto n Theor y i n a  prototyp e 
computer-base d teachin g system ,  an d demonstrat e how ,  eve n 
wit h rathe r  simpl e mechanisms ,  thi s framewor k enable s 
surprisingl y ric h interactions . 

One of the more serious problems facing education today is 
tha t  student s lac k contro l  ove r  th e instructio n the y receiv e 
(see ,  e.g. ,  Schan k &  Jona ,  1991) .  W h e n student s fee l  tha t 
thei r  learnin g need s ar e no t  bein g attende d to ,  th e resul t  i s 
boredom ,  frustration ,  an d a  dislik e fo r  learnin g i n general . 
Thi s i s  especiall y tru e i n computer-base d learnin g 
environments ,  wher e technologica l  limitations ,  aggravate d 
i n som e case s b y poo r  desig n decisions ,  hav e historicall y pu t 
th e studen t  i n a n extremel y passiv e rol e (see ,  e.g. ,  Papert , 
1980) .  Thi s pape r  introduce s Butto n Theory ,  develope d i n 
orde r  t o allo w student s usin g computer-base d learnin g 
environment s t o hav e a s m u c h contro l  a s possibl e ove r  wha t 
the y see ,  hear ,  an d learn . 

Th e tw o principl e goal s o f  Butto n Theor y are ,  first ,  t o 
provid e a  taxonom y o f  th e way s tha t  student s migh t  usefull y 
interac t  wit h an d contro l  a  computer-base d teacher ,  an d 
second ,  t o provid e a  natura l  mechanis m b y whic h the y m a y 
exercis e tha t  control .  W e hav e develope d a  smal l  bu t 
comprehensiv e se t  o f  message s tha t  student s woul d find  i t 
usefu l  t o conve y t o a  teache r  durin g a  tutoria l  interaction . 
Thes e message s ar e organize d int o thre e groups ,  feelings , 
questions ,  an d control ,  reflectin g th e thre e natura l  domain s 
of  discours e i n a  computer-base d learnin g environment : 
The studen t  m a y wis h t o tal k abou t  himsel f  (feelings) ,  abou t 
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th e domai n o r  tas k o f  instructio n (questions) ,  o r  abou t  th e 
teachin g itsel f  (control) .  T h e feeling s grou p contain s 
message s abou t  h o w th e studen t  i s feelin g abou t  th e lesson , 
allowin g expression s o f  boredom ,  excitement ,  o r  disbelief . 
Th e question s group ,  a s it s n a m e implies ,  contain s variou s 
question s a  studen t  i s likel y t o as k {e.g .  W h y ? ,  What' s th e 
point? ,  etc.) .  Th e thir d group ,  control ,  allow s th e studen t  t o 
chang e th e progressio n o f  th e lesso n t o sui t  hi s o r  he r  needs , 
speedin g u p whe n th e materia l  i s  lo o easy ,  backin g u p whe n 
i t  i s  to o difficult ,  o r  gettin g mor e detai l  abou t  somethin g 
interesting . 

As th e n a m e o f  th e theor y indicates ,  rathe r  tha n usin g 
natura l  language ,  th e mechanis m w e provid e t o enabl e 
student s t o expres s thes e message s i s a  se t  o f  button s 
presente d iconicall y o n th e compute r  screen ,  eac h butto n 
correspondin g t o on e message .  Th e use r  ca n "press "  an y o f 
thes e button s usin g a  mouse-pointer .  Thi s "Butto n Pad "  ca n 
be though t  o f  a s analogou s t o th e remote-contro l  clicke r  o f  a 
T V o r  V C R ,  excep t  tha t  instea d o f  controllin g th e volum e o r 
th e channel ,  i t  allow s th e studen t  t o manag e th e instructio n 
he o r  sh e i s receiving. ' 

As describe d above ,  th e type s o f  communication s tha t 
migh t  tak e plac e betwee n a  studen t  an d a  compute r  teache r 
ca n b e divide d int o th e thre e categorie s o f  feelings , 
questions ,  an d control .  Thes e thre e categorie s ar e base d o n 
th e thre e naturally-occurrin g domain s o f  discours e tha t  exis t 
i n an y interactio n betwee n a  studen t  an d a  computer-base d 
teacher ,  namel y (a )  th e student ,  (b )  th e teacher/program ,  an d 
(c )  th e domai n and/o r  tas k bein g taugh t  (se e Figur e 1) . 

Th e kind s o f  communication s tha t  fal l  int o eac h o f  th e 
thre e categorie s ca n b e characterize d a s follows : 
•  Feeling s -  Thi s categor y concern s th e student' s interna l 

state .  B y "interna l  state "  w e m e a n th e state s o f  th e 
student' s emotiona l  an d belie f  systems .  Thes e ar e 
influence d by ,  a m o n g othe r  things ,  variou s attribute s o f 
th e domai n and/o r  task ,  th e teachin g program ,  an d th e 
idiosyncrasie s o f  th e individua l  student .  T h e studen t 
m ay fee l  bore d o r  excite d b y th e domain ,  m a y fin d hi s 
or  he r  belief s challenged ,  o r  m a y b e frustrate d b y hi s o r 
her  inabilit y t o understan d th e material .  Eac h studen t 
wil l  als o hav e differen t  reaction s t o differen t  teachin g 
style s an d subjec t  matter . 

•  Question s -Thi s categor y concern s th e domai n and/o r 
tas k bein g taught .  Communicativ e act s i n thi s grou p 
involv e effort s b y th e studen t  t o comprehen d th e subjec t 

^  Se e Schan k &  Jon a (1991 )  fo r  a  fulle r  discussio n o f  thi s analog y 
and it s implications . 
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Feeling s 
Studen t  '  " ^ 

Control .J—-^ Questions 

Teacher / 

Progra m 
Domai n 

Figur e 1 .  Th e thre e natura l  domain s o f  discours e i n a 
student-teache r  interactio n an d thei r  correspondin g 
categorie s o f  communicativ e act s (underlined) . 

or task which he or she is engaged in learning. The 
studen t  m a y b e seekin g t o understan d th e reason s fo r 
doin g o r  knowin g something ,  o r  m a y wan t  t o k n o w 
what  t o d o next . 

•  Contro l  -  Thi s thir d categor y contain s expression s abou t 
th e progres s o f  th e lesson .  Th e studen t  ma y wis h t o 
spee d u p o r  slo w d o w n th e rat e o f  instruction ,  o r  ma y 
wis h t o hav e materia l  presente d i n greate r  detail .  Th e 
structur e o f  a  lesso n i s  ofte n tightl y linke d wit h th e 
domai n bein g taught ,  an d henc e th e tw o ar e ofte n 
difficul t  t o teas e apart .  Nevertheless ,  thi s categor y i s 

A w e s o m e! 

W M Y 

Vhg? 
o 
Change tas k 

Borin g Ho w d o I  d o that ? Bac k u p 

3 S 
No wa g Now what ? Bi g pictur e 

m m 
Huh? V h a f s th e point ? Mor e detai l 

H U H 

Too har d Histor y Ski p thi s 

Figur e 2 .  A  condense d versio n o f  th e Butto n Pad . 

intende d t o dea l  wit h th e mechanic s an d styl e o f 
teachin g rathe r  tha n wit h th e domain . 

Withi n eac h o f  th e abov e categories ,  w e hav e selecte d 

what  w e believ e t o b e th e fiv e mos t  important ,  mos t 
frequentl y use d communicativ e acts ,  an d assigne d eac h t o 
an iconi c butto n o n th e Butto n Pa d (se c Figur e 2) .  Th e fiv e 
message s w e hav e chose n fo r  eac h categor y ar e a s follows : 

•  F'eeling s — "Awesome!" ,  "Boring" ,  " N o way" , 
"Huh?" ,  "To o hard " 

•  Question s — "Why?" ,  " H o w d o 1  d o that?" ,  " N o w 
what?" ,  "What' s th e point?" ,  "History " 

•  Contro l  — "Chang e ta.sk" .  Bac k up" .  Bi g picture" , 
"Mor e detail" ,  "Ski p this " 

I t  shoul d b e clea r  tha t  th e first  ste p i n developin g a  theor y 
of  communicativ e interactio n i n tutoria l  situation s mus t  b e 
t o develo p a  taxonom y o f  kind s o f  communicativ e act s tha t 
a studen t  migh t  b e expecte d t o perfor m i n suc h situations ,  a s 
we hav e describe d above .  Thi s i s Uu e regardles s o f  whethe r 
th e ultimat e applicatio n o f  th e theor y wil l  b e i n th e 
developmen t  o f  th e sor t  o f  iconi c interfac e w e ar e pursuing , 
or  i n natura l  languag e processing .  Tha t  i s t o say ,  th e firs t 
ste p i n developin g an y theor y o f  thi s communicativ e proces s 
must  b e t o characteriz e th e clas s o f  expecte d inputs . 
Moreover ,  thi s characterizatio n mus t  b e functiona l  i n nature , 
tha t  is ,  i t  mus t  facilitat e a  determinatio n o f  th e intende d 
meanin g o f  a  communicativ e act ,  an d o f  a n appropriat e 
response .  I n othe r  words ,  a  representatio n theor y mus t  b e 
develope d tha t  enable s u s t o categoriz e studen t  input s i n 
term s o f  bot h conten t  an d intent .  Th e taxonom y describe d 
abov e embodie s on e suc h theory . 

I t  i s  certainl y arguabl e tha t  ou r  choice s withi n eac h 
categor y are ,  t o a  certai n extent ,  arbiu-ary ,  o r  tha t  w e shoul d 
hav e chose n mor e o r  fewe r  item s i n eac h category .  Ou r 
respons e t o suc h argument s i s  simila r  t o tha t  offere d i n 
defens e o f  an y knowledg e representatio n theory. ^  W e ma y 
not  hav e th e righ t  numbe r  o f  buttons ,  no r  d o w e clai m tha t 
we hav e identifie d th e onl y possibl e "correc t  set. "  Rather , 
we clai m tha t  thi s i s on e reasonabl e solution ,  an d tha t  an y 
equall y reasonabl e se t  o f  choice s woul d b e roughl y 
equivalen t  i n a  functiona l  sense .  T o pu t  thi s anothe r  way , 
th e choic e o f  button s i n eac h categor y i s no t  a  questio n o f 
righ t  o r  wrong :  Th e rea l  questio n is ,  ho w well ,  an d ho w 
easily ,  doe s thi s comparativel y narro w channe l  o f 
communicatio n allo w student s t o expres s themselves ? Ou r 
experienc e usin g th e Butto n Pa d i n severa l  computer-base d 
learnin g environment s indicate s tha t  Butto n Theor y provide s 
a goo d balanc e o f  eas e o f  us e an d expressivity . 

The Phone Tutor: A simple case study of 

B u t t o n T h e o r y i n actio n 

To ge t  a  bette r  fee l  fo r  th e kind s o f  interaction s supporte d b y 
Butto n Theory ,  let' s  loo k a t  a  concret e exampl e o f  th e 
theor y i n action .  Th e exampl e come s fro m a  prototyp e 
syste m calle d th e Phon e Tuto r  whic h i s  designe d t o hel p 
phon e compan y customer s lear n ho w t o us e specia l  phon e 

2 For example, see Schank (1975) for a discussion of this issue as 
i t  arise s i n th e contex t  o f  th e Conceptua l  Dependenc y meanin g 
representatio n fo r  natura l  language . 
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service s suc h a s cal l  waitin g o r  cal l  forwarding. ^  Th e ide a 
behin d th e syste m i s t o provid e user s wit h a n enhance d 
telephon e keypa d containin g a  fe w additiona l  biiiton s ilia l 
enabl e the m t o interac t  wit h a n on-lin e tutor .  Th e thre e 
additiona l  button s o n th e phon e keypa d ar e a  smal l  subse t  o f 
th e fiftee n button s discusse d above ,  on e fro m th e feeling s 

categor y ("Huh?") ,  an d tw o fro m th e question s categor y 
("Why? "  an d " N o w what?") . 

Th e syste m respond s t o butto n presse s wit h recorde d 
audi o messages .  A  transcrip t  o f  a  sampl e interactio n i s 
show n below .  T h e student' s action s ar e show n i n boldface . 

Practice 

Thank s fo r  callin g th e Phon e Tutor .  Th e Phon e Tuto r  ca n hel p yo u 
lear n t o us e Custo m Callin g Services .  Choos e th e servic e abou t 
whic h yo u ar e confused .  Pres s 1  fo r  cal l  forwarding ,  pres s 2  fo r 
cal l  waiting ,  pres s 3  fo r  spee d dialing ,  o r  pres s 4  fo r  three-wa y 
calling . 

1 

Wit h cal l  forwarding ,  yo u ca n hav e you r  call s — loca l  o r  lon g 
distanc e -  transferre d t o anothe r  number .  Tha t  mean s you r  call s 
can follo w yo u whe n yo u leav e hom e o r  work .  I s thi s th e firs t  tim e 
you hav e practice d cal l  forwarding ? 

Yes 

OK,  w e wil l  star t  b y practicin g th e procedur e fo r  settin g u p cal l 
forwarding .  Th e firs t  ste p i s t o dia l  72 .  D o tha t  now . 

W h y? 

Pressin g 7 2 i s th e specia l  cod e tha t  tell s  ou r  computer s tha t  yo u ar e 
about  t o se t  u p cal l  forwarding .  Othe r  specia l  service s us e differen t 
codes .  N o w typ e 72 . 

72 

Good.  N o w pres s th e #  key . 

Huh? 

The #  ke y i s jus t  t o th e right  o f  th e 0  key .  I t  i s als o labelle d "No" . 
N ow pres s th e #  key . 

W h y? 

Pressin g th e #  ke y i s neede d t o indicat e tha t  yo u wan t  t o acces s a 
specia l  servic e instea d o f  dialin g a  regula r  number .  Al l  specia l 
phon e services ,  includin g cal l  forwarding ,  requir e yo u t o dia l  # 
afte r  th e specia l  code .  N o w pres s th e #  key . 

# 

That' s right .  N o w typ e th e numbe r  yo u wan t  t o forwar d to . 

Huh? 

Afte r  dialin g 72# ,  indicatin g tha t  yo u wan t  t o se t  u p cal l 
forwarding ,  th e nex t  ste p i s t o ente r  th e numbe r  t o whic h yo u wis h 
t o hav e you r  call s forwarded .  N o w typ e th e numbe r  yo u wan t  t o 
forwar d to . 

N ow what ? 

Tr y it . 

^  Th e Phon e Tuto r  syste m wa s buil t  b y th e firs t  author . 

N ow what ? 

Typ e th e numbe r  yo u wan t  t o forwar d to . 

S5S3500 

So fa r  you'v e practice d typin g 72 # an d th e numbe r  separately .  N o w 
tr y t o d o i t  al l  a t  once .  Pres s 72 ,  the n th e #  key ,  the n th e number . 

72S5S350 0 

Let' s tr y tha t  again .  Pres s 72 ,  the n # ,  the n th e numbe r  yo u wan i  t o 
forwar d to . 

72#555350 O 

O K,  fo r  practice ,  preten d yo u woul d lik e t o forwar d a  cal l  t o 555 -

8989 . 

[dialo g continues... ] 

The program that produces these dialogs is rather simple 
i n structure :  I t  i s  essentiall y  a n augmente d finit e stat e m a -
chine ,  i n whic h butto n presse s an d studen t  response s ar e 
use d t o determin e wha t  sor t  o f  actio n th e progra m shoul d 
take ,  withi n th e contex t  provide d b y a  networ k rcpreseniin g 
th e hierarchica l  goal/sub-goa l  structur e o f  th e task ,  th e stu -
dent' s curren t  positio n i n tha t  task ,  an d a  fe w othe r  features , 
e.g. ,  th e las t  butto n the y pressed .  T h e relativ e richnes s an d 
coherenc e o f  th e dialo g presente d abov e i s no t  reall y du e t o 
th e algorith m employed .  Rather ,  i t  reflect s th e utilit y  o f  th e 
thre e querie s permitte d b y th e availabl e button s i n conjunc -
tio n wit h th e conten t  o f  th e tas k network .  Th e messag e her e 
i s tha t  wit h a  goo d representatio n o f  wha t  need s t o b e taught , 
an d a  sensibl e taxonom y o f  studen t  queries ,  eve n rathe r 
simpl e mechanism s wil l  suffic e t o produc e relativel y natura l 
and flexibl e interaction s wit h a  teachin g system . 

Buttons as conceptual interface 

A n importan t  goa l  o f  Butto n Theor y i s t o shif t  th e burde n o f 
mappin g fro m th e learner' s need s t o th e system' s response s 
fro m th e learne r  t o th e syste m itself .  Fo r  example ,  a  grea t 
deal  o f  researc h i n human-compute r  interactio n i s concerne d 
wit h h o w easil y a  use r  ca n associat e a  scree n ico n wit h a 
syste m actio n o r  componen t  (see ,  e.g. ,  Pejlerse n & 
Goodstein ,  1988 ;  N o r m a n &  Draper ,  1986) .  I n contrast , 
Butto n Theor y i s concerne d wit h makin g i t  eas y fo r  th e 
studen t  t o associat e scree n icon s (i.e. ,  buttons )  wit h 
conceptua l  categorie s tha t  directl y expres s hi s o r  he r 
feelings ,  questions ,  o r  desires .  Determinin g h o w t o interpre t 
and respon d appropriatel y t o a  butto n pres s i s u p t o th e 
syste m itself ;  th e use r  nee d not—indeed ,  ofte n c a n n o t — 
specif y th e particula r  actio n t o b e performe d b y th e system . 

As N o r m a n (1986 )  point s out ,  th e chie f  tas k o f  an y inter -
fac e i s "t o bridg e th e ga p betwee n [user ]  goal s an d [the ] 
system. "  H e continues ,  "ther e ar e onl y tw o way s t o d o this : 
m o ve th e syste m close r  t o th e user ;  m o v e th e use r  close r  t o 
th e system .  Mov in g fro m th e syste m t o th e use r  mean s pro -
vidin g a n interfac e tha t  matche s th e user' s needs ,  i n a  for m 
tha t  ca n b e readil y interprete d an d manipulated "  (p .  43) . 
Herei n lie s th e strengt h o f  th e Butto n Pa d interface .  B y in -
corporatin g th e basi c message s provide d b y ou r  taxonom y 
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N u m b er  o f  Button s Number  o f  Button s Number  o f  Button s 
Figur e 3 .  Schemati c depictio n o f  h o w disambiguatio n tim e an d searc h tim e combin e t o shap e th e student' s eas e o f  us e a s a 

functio n o f  th e numbe r  o f  buttons . 

of  student-teache r  communication ,  th e Butto n Pa d interfac e 
enable s th e learne r  t o expres s hi s o r  he r  need s directly ,  i n a 
w ay tha t  i s nearl y a s simpl e an d natura l  a s natura l  languag e 
itself .  Thi s clos e matc h provide s th e Butto n Pa d interfac e 
wit h wha t  ha s bee n calle d semanti c directness ,  th e abilit y t o 
easil y expres s thing s o f  interes t  usin g th e interfac e 
(Hutchins .  HoUan ,  &  Norman ,  1986) .  Interface s tha t  pro -
vid e user s wit h thes e importan t  characteristic s w e ter m con -
ceptua l  interfaces . 

Th e Butto n Pa d (Figur e 2 )  alway s display s th e complet e 
rang e o f  expression s possible .  Th e visua l  presenc e o f  th e 
Butto n Pa d o n th e scree n i s a  subtl e bu t  importan t  aspec t  o f 
th e efficac y o f  thi s typ e o f  interface .  Th e sequenc e o f  map -
ping s tha t  th e use r  mus t  construc t  fro m th e though t  h e o r  sh e 
want s t o express ,  t o a  scree n icon ,  t o a  progra m command ,  i s 
made simple r  an d mor e direct .  Th e availabilit y  o f  th e but -
ton s offer s a  palett e o f  genera l  utterance s fro m whic h th e 
studen t  nee d onl y selec t  th e on e closes t  t o wha t  h e o r  sh e 
want s t o say . 

A relate d question ,  give n th e restricte d vocabular y pro -
vide d b y Butto n Theory ,  i s  th e effec t  tha t  th e interfac e ha s 
on h o w th e learne r  think s abou t  th e domain ,  "becaus e th e in -
teractio n languag e demande d b y th e physica l  syste m come s 
t o colo r  th e thought s o f  th e person "  (Norman ,  1986 ,  p .  39) . 
Th e manne r  i n whic h th e wa y w e thin k abou t  somethin g i s 
shape d b y th e th e vocabular y w e hav e fo r  talkin g abou t  i t  i s 
k n o w n a s linguisti c determinis m (Hutchin s e t  al. ,  1986).' ' 
Thi s i s problemati c i n tha t  th e restriction s impose d b y th e in -
terfac e m a y c o m e t o restric t  th e user' s abilit y  t o thin k flexi -
bl y abou t  th e domai n (Hutchin s e t  al. ,  1986) .  Ou r  expecta -
tio n i s that ,  becaus e th e Butto n Pa d provide s th e learne r  wit h 
an interfac e tha t  embodie s natura l  categorie s o f  expression , 
i t  i s  unlikel y t o forc e a n overl y limite d perspectiv e o n th e 
learner .  I n fact ,  becaus e i t  alway s display s th e entir e rang e 
of  querie s possible ,  th e Butto n Pa d interfac e turn s linguisti c 
determinis m t o it s advantage ,  b y assistin g learner s i n th e 
ofte n difficul t  proces s o f  questio n formation .  Indeed ,  i t  m a y 
wel l  lea d t o better ,  mor e creativ e thinking ,  becaus e i t  en -
courage s student s t o as k mor e an d bette r  question s tha n the y 
migh t  ordinaril y  as k (Schank ,  1986,1988) . 

' ^  Thi s is ,  o f  course ,  closel y relate d t o th e Whorf-Sapi r  hypothesis . 

T r a d e o f f s i n des ign in g a  se t  o f  bu t ton s 

Ther e exis t  a  numbe r  o f  underlyin g tradeoff s i n designin g a 
set  o f  buttons .  Fro m th e perspectiv e o f  buildin g a  progra m 
tha t  ca n respon d intelligentl y t o butto n presses ,  clearl y th e 
mor e button s th e better .  Mo r e buttons ,  i n general ,  mean s 
tha t  ther e wil l  b e les s ambiguit y t o resolv e fo r  eac h 
individua l  butto n press .  Th e rang e o f  possibl e meaning s 
associate d wit h eac h butto n pres s wil l  decreas e a s th e 
number  o f  button s increases ,  sinc e mor e button s ar e bein g 
use d t o cove r  th e sam e rang e o f  possibl e meanings . 
Unfortunately ,  a n indefinitel y larg e se t  o f  button s i s no t  a 
plausibl e optio n whe n buildin g a  use r  interface . 

Moreover ,  fro m th e user' s perspectiv e th e situatio n i s no t 
so clear-cut .  Wit h a  smal l  numbe r  o f  buttons ,  th e studen t  i s 
face d wit h th e tas k o f  fittin g hi s  intende d messag e t o th e 
butto n tha t  h e think s bes t  subsume s tha t  message .  Whethe r 
or  no t  thi s i s  a  sever e bottlenec k wil l  depen d upo n th e 
detail s o f  th e decisio n procedur e th e studen t  employ s i n thi s 
task .  I f  th e studen t  firs t  formulate s a n intende d messag e an d 
the n attempt s t o determin e th e butto n tha t  bes t  expresse s it , 
as seem s plausibl e (especiall y i n th e cas e o f  novic e users) , 
the n hi s tas k wil l  b e th e invers e o f  tha t  facin g th e interprete r 
of  th e butto n press ,  an d h e wil l  fac e a  simila r  proble m o f 
ambiguit y (Figur e 3a) .  Wit h a  larg e numbe r  o f  buttons ,  th e 
studen t  i s face d wit h anothe r  difficul t  task ,  tha t  o f  finding 
th e butto n tha t  bes t  expresse s hi s o r  he r  questio n (Figur e 
3b) .  Presumabl y ther e i s a  middl e groun d (analogou s t o th e 
basi c leve l  fo r  categorie s describe d b y Rosc h e t  al. ,  1976 ) 
whic h closel y matche s th e kind s o f  thing s student s typicall y 
wis h t o express ,  minimizin g th e cognitiv e effor t  th e studen t 
must  devot e t o expressin g hi s  questio n b y reducin g th e 
amount  o f  searchin g an d fitting  tha t  i s require d (a s reflecte d 
by decisio n time ;  se e Figur e 3c) .  W e hav e selecte d a  se t  o f 
button s whic h w e believ e correspond s closel y t o th e need s 
of  th e studen t  whil e a t  th e sam e tim e providin g sufficien t 
clarit y t o facilitat e implementin g th e appropriat e response s 
i n a  computer-base d learnin g environment . 

Interpreting button presses 

Anothe r  prerequisit e fo r  th e succes s o f  Butto n Theor y i s tha i 
computer-base d teacher s employin g th e button s b e capabl e 
of  interpretin g wha t  th e learne r  mean s b y a  give n butto n 
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pres s i n th e contex t  o f  a  tutoria l  dialog .  Th e tractabilit y  o f 
thi s interpretiv e tas k i s dependen t  upo n th e availabilit y  o f 
contextua l  informatio n tha t  ca n significantl y constrai n th e 
meanin g o f  butto n presses .  W e believ e tha t  thi s contextua l 
informatio n ca n b e mad e availabl e i n tutoria l  dialogs . 

I n computer-huma n interactions ,  contex t  act s t o reduc e 
ambiguit y i n tw o distinc t  ways .  First ,  i t  ca n mak e th e mean -
in g o f  th e button s i n a  specifi c  situatio n cleare r  t o th e learne r 
(Jones ,  1987 ;  Pejterse n &  Goodstein ,  1988) ,  thu s reducin g 
th e likelihoo d tha t  a  use r  pushe s th e "wrong "  button . 
Second ,  th e contex t  naturall y constrain s th e rang e o f  possi -
bl e meaning s th e learne r  ma y b e expecte d t o hav e i n min d 
when posin g a  questio n t o th e program .  Fo r  example , 
Moor e (1989 )  ha s investigate d appropriat e response s t o 
"huh "  questions ,  Moor e &  Swartou t  (1990 )  presen t  a n anal -
ysi s o f  "why "  an d "how "  questions ,  an d Kahnema n & 
Mille r  (1986 )  discus s "why "  queries .  Thi s work ,  i n con -
junctio n wit h ou r  o w n experienc e t o date ,  support s th e clai m 
tha t  th e disambiguatio n o f  butto n presse s b y a  computer -
base d teache r  i s tractable . 

Future work and conclusions 

To investigat e th e usefulnes s o f  Butto n Theor y w e hav e in -
corporate d th e Butto n Pa d interfac e i n severa l  prototyp e 
computer-base d learnin g environments .  I n addition ,  w e ar e 
currentl y investigatin g a  numbe r  o f  empirica l  question s 
raise d b y Butto n Theory ,  includin g whethe r  al l  o f  th e but -
ton s w e hav e devise d ar e indee d useful ,  an d wha t  kin d o f  re -
spons e a  teache r  shoul d mak e t o eac h one .  W e hav e begu n 
t o desig n a  suit e o f  experiment s t o investigat e thes e ques -
tions ,  whic h ar e intende d t o she d ligh t  o n suc h issue s a s th e 
optima l  numbe r  o f  buttons ,  whic h message s ar e mos t  neces -
sar y t o include ,  wha t  kin d o f  respons e student s expec t  whe n 
the y pres s a  give n button ,  wha t  kin d o f  respons e huma n 
teacher s actuall y give ,  an d ho w wel l  thes e latte r  tw o corre -
late .  W e woul d als o lik e t o investigat e th e exten t  t o whic h 
th e button s affec t  bot h th e quantit y an d qualit y o f  question s 
aske d b y students .  Th e hypothesi s t o b e investigate d i s 
whether ,  rathe r  tha n constrainin g th e kind s o f  question s 
asked ,  th e Butto n Pa d wil l  actuall y encourag e no t  onl y mor e 
questio n asking ,  bu t  als o bette r  questio n askin g (Schank , 
1986,1988) .  W e hop e t o repor t  th e findings  o f  thes e exper -
iment s i n th e nea r  future . 

I t  shoul d b e apparen t  tha t  th e proble m o f  correctl y inter -
pretin g an d respondin g t o a  give n butto n pres s b y a  give n 
studen t  i n a  give n contex t  is ,  i n it s ful l  extent ,  a s difficul t  a 
proble m a s natura l  languag e understanding .  I n fact ,  i t  i s  th e 
same problem .  Ou r  hop e i s tha t  th e framewor k provide d b y 
Butto n Theor y wil l  permi t  u s t o tackl e thi s proble m incre -
mentally ,  startin g wit h simpl e response s fo r  a  subse t  o f  th e 
buttons ,  an d graduall y increasin g th e sophisticatio n o f  th e 
interpretiv e mechanism s underlyin g eac h butto n a s neces -
sary .  Th e ke y poin t  i s  tha t  eve n wit h rathe r  simpl e mecha -
nisms ,  thi s framewor k enable s surprisingl y rich  interactions . 
Thes e interaction s ar e onl y a s successfu l  a s th e taxonom y 
upon whic h the y ar e based ;  bu t  eve n th e rathe r  straightfor -
war d analysi s o f  studen t  communicativ e need s offere d b y 
Butto n Theor y provide s a  grea t  dea l  o f  leverage . 
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