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Suppor t i n g Linguisti c Cons is tenc y a n d Idiosyncrac y wi t h a n A d a p t i v e Interfac e Des ig n 

Jill Fain Lehman 

Schoo l  o f  Compute r  Scienc e 

Carnegi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 

jef(2)f.cs.cmu.ed u 

Abstract 

Despit e th e goa l  t o permi t  freedo m o f  expression ,  natura l  languag e interface s remain  imabl e t o recognize  th e ful l 

rang e o f  languag e tha t  occur s i n spontaneousl y generate d use r  inpu t  Simpl y increasin g th e linguisti c coverag e 

of  a  large ,  stati c interfac e i s a  poo r  solution ;  a s coverag e increases ,  response  tim e decreases ,  regardles s o f 

whethe r  th e extension s benefi t  an y particula r  user .  Instead ,  w e propos e tha t  a n adaptiv e interfac e b e dedicate d t o 

eac h user .  B y automaticall y acquirin g th e idiosyncrati c languag e o f  eac h individual ,  a n adaptiv e interfac e 

permit s greate r  freedo m o f  expressio n whil e slowin g syste m respons e onl y insofa r  a s ther e i s ambiguit y i n th e 

individual' s language .  Th e usefulnes s o f  adaptatio n relie s o n th e presenc e o f  thre e regularitie s i n users ' 

linguisti c behaviors :  within-use r  consistency ,  across-use r  variability ,  an d limite d use r  adaptability .  W e sho w tha t 

thes e behavior s ar e characteristi c o f  user s unde r  condition s o f  frequen t  use . 

1. Introduction 

Researc h i n designin g natura l  languag e interface s attempt s t o facilitat e human-compute r  interactio n b y 

allowin g a  use r  th e powe r  an d eas e o f  he r  usua l  form s o f  expressio n t o accompUs h a  task .  Unfortunately ,  curren t 

technolog y fall s shor t  o f  thi s ideal .  N o existin g interfac e permit s al l  o f  th e complexitie s o f  natura l  language : 

includin g th e ful l  rang e o f  potentiall y  relevant  vocabulary ,  idiomati c phrases ,  an d extra-grammatica l 

constructions .  I n addition ,  a  tensio n exist s betwee n providin g ful l  freedo m o f  expressio n an d providin g 

reasonable  response  time .  Du e t o language' s loca l  ambiguity ,  significan t  increase s i n th e coverag e o f  a  gramma r 

ar e usuall y accompanie d b y intolerabl e decrease s i n syste m performance . 

The standard resolution to this tension is the "monolithic" interface. For a given domain and task, the 

designe r  mus t  choos e a  restricted  sublanguag e tha t  ha s th e propert y o f  bein g bot h computationall y tractabl e an d 

"user-friendly "  fo r  al l  users .  Thre e assimiption s underli e suc h a  design : 

•  I t  i s  desirabl e t o buil d a  singl e interfac e fo r  al l  users . 

•  Ther e i s a  tractabl e subse t  o f  languag e fo r  th e domai n an d tas k tha t  i s  bot h c o m m o n t o an d natura l  fo r  al l 

users . 

•  I f  a  user s preferre d for m o f  expressio n differ s fro m th e c o m m o n subset ,  th e use r  ca n easil y adap t  he r 

styl e t o confora i  t o th e limitation s impose d b y th e interface . 

H ow wel l  doe s a n interfac e base d o n thes e assumption s serv e th e individual ? T o th e exten t  tha t  a  user' s 

preferre d form s o f  expressio n li e outsid e th e restricted  subset ,  th e syste m relie s o n he r  adaptabilit y  an d is , 

therefore ,  n o mor e facilitatin g o f  th e interactio n tha n a  system-supplie d comman d language .  I n othe r  words ,  thi s 

desig n sacrifice s expressibilit y  fo r  responsiveness.  O n th e othe r  hand ,  t o th e exten t  a  user' s preferre d form s o f 

expressio n li e insid e th e restricted  subse t  bu t  correspon d t o onl y a  smal l  fractio n o f  th e sublanguage ,  th e use r 

pay s a  pric e i n respons e tim e fo r  th e system' s abilit y  t o understan d utterance s sh e wil l  neve r  use .  Thu s th e 

desig n als o sacrifice s responsiveness  fo r  expressibihty . 

As an alternative, we propose the adaptive interface design. Under this paradigm each user has a dedicated 

interfac e capabl e o f  understandin g he r  idiosyncrati c languag e an d limite d i n it s responsivenes s onl y b y th e 

ambiguit y inheren t  i n tha t  language .  Thi s single-use r  approac h i s possibl e throug h a  techniqu e calle d adaptiv e 

parsing ,  a  learnin g metho d i n whic h th e syste m automaticall y acquire s a  user' s preferre d form s o f  expressio n b y 

growin g it s kerne l  gramma r  dynamicall y i n response  t o use r  interactions .  I n essence ,  th e learnin g mechanis m 

explain s perceive d error s i n th e inpu t  utteranc e a s on e o r  mor e deviation s wit h respec t  t o th e system' s curren t 

grammar  ( a deviatio n correspond s t o a n insertion ,  deletion ,  substitution ,  o r  transpositio n o f  tex t  wit h respec t  t o a 

know n grammatica l  form) .  Th e explanatio n i s the n transforme d int o ne w grammatica l  component s tha t  ar e 

capabl e o f  recognizing  th e genera l  structur e o f  th e deviatio n i n futur e interactions . 

804 



The practicalit y o f  thi s approac h ha s bee n demonstrate d b y th e implementatio n o f  a n adaptiv e interfac e calle d 

C H A MP whic h acquire d eigh t  ver y differen t  idiosyncrati c grammar s fro m users '  spontaneousl y generate d inpu t 

(se e [4,5]) .  Th e assumption s upo n whic h C H A MP i s base d diffe r  significantl y fro m thos e o f  a  monolithi c 

design .  I n th e remainder  o f  thi s pape r  w e examin e th e assumption s underlyin g adaptiv e parsin g an d demonstrat e 

thei r  validity . 

2. Behavioral Hypotheses 

Ther e ar e thre e condition s necessar y fo r  a n adaptiv e interfac e t o benefi t  use r  performance .  Eac h conditio n 

corresponds ,  i n turn ,  t o a n hypothesi s abou t  users '  linguisti c behavior : 

•  Conditio n 1 ;  within-use r  consistency .  W e hypothesiz e tha t  i n a  natura l  languag e interfac e use d 

frequently  b y th e sam e individua l  ove r  time ,  th e use r  tend s t o rcly  o n thos e form s o f  expressio n tha t  sh e 

remembers  a s havin g worice d i n th e past .  I n othe r  words ,  frequen t  us e lead s t o a  stylize d an d self-bounde d 

grammar .  I f  th e hypothesi s i s fals e an d a  use r  doe s no t  rely  primaril y o n wha t  worke d i n th e past ,  the n a 

fixed,  restricte d sublanguag e i s necessary— a syste m base d o n automati c adaptatio n woul d hav e n o 

protectio n agains t  th e intractabilit y  associate d wit h steadil y increasin g coverage . 

•  Conditio n 2 :  across-use r  variability .  W e hypothesiz e tha t  give n a n environmen t  tha t  permit s a 

reasonable  subse t  o f  English ,  user s wil l  demonstrat e significan t  idiosyncrac y i n thei r  preferre d form s o f 

expression .  I f  thi s hypothesi s i s fals e an d al l  user s emplo y th e sam e restricte d sublanguag e the n a 

methodolog y suc h a s tha t  o f  Kelle y [3 ]  o r  Goo d e t  al .  [1 ]  i s  preferable ;  on e build s a  monolithi c syste m 

incorporatin g th e complet e commo n subse t  throug h a  generate-and-tes t  cycle . 

•  Conditio n 3 :  limite d use r  adaptability .  A  monolithi c approac h t o interfac e desig n assume s tha t  th e 

cognitiv e burde n o f  learnin g th e interface' s sublanguag e i s a  mino r  one .  W e hypothesiz e tha t  a  syste m tha t 

pennit s th e namra l  expressio n o f  idiosyncrati c languag e pattern s results  i n bette r  tas k performanc e tha n a 

syste m tha t  force s th e use r  t o adap t  t o it .  I f  ou r  hypothesi s i s wron g an d th e use r  i s abl e t o adap t  quickl y 

and wit h littl e effor t  t o a  restricted  sublanguage ,  the n adaptatio n o n th e par t  o f  th e syste m i s n o longe r  a 

clea r  advantage . 

The experiments discussed in the next section validate our three behavioral hypotheses and prove that with 

frequen t  us e th e required  condition s ar e met . 

3. Description of the Experiments 

Dat a wa s collecte d a t  tw o distinc t  point s i n ou r  research  o n adaptiv e interfaces .  T o demonstrat e th e feasibilit y 

of  adaptiv e parsin g an d t o establis h th e validit y o f  th e behaviora l  hypotheses ,  w e first  simulate d a n adaptiv e 

interfac e usin g a  hidden-operato r  paradigm. ^  Th e algorith m use d b y th e hidde n operato r  forme d th e basi s fo r  th e 

implementatio n o f  th e workin g interface ,  C H A M P.  Next ,  t o verif y tha t  th e implementatio n capture d th e crucia l 

aspect s o f  th e simulate d environmen t  (an d t o assur e ourselve s tha t  ou r  initia l  results  di d no t  depen d o n havin g a 

human i n th e loop) ,  w e use d C H A MP t o ru n th e initia l  experiment s "on-line "  wit h tw o ne w users . 

Materials. A calendar scheduling task was chosen because it has fairly well-defined semantics and requires 

frequen t  interaction s ove r  time .  Th e stimul i  consiste d o f  calenda r  page s wit h pictoria l  representations  o f  change s 

to b e mad e t o th e schedule .  Th e stimul i  wa s pictoria l  i n orde r  t o minimiz e it s influenc e o n th e user' s form s o f 

expression . 

Users. All of the users were female adults between twenty and sixty-five years of age. None had prior 

experienc e wit h namra l  languag e interfaces .  Eac h wa s employe d a s a  secretar y o r  executiv e assistan t  i n eithe r  a 

busines s o r  universit y environment .  Althoug h no t  ever y use r  maintaine d a  calenda r  fo r  he r  employer ,  eac h ha d 

kept  a  persona l  calenda r  fo r  a t  leas t  on e year . 

Procedure. The Adapt condition was designed to test our hypotheses about the development of self-bounded, 

idiosyncrati c grammars .  User s wer e tol d tha t  the y woul d b e typin g th e inpu t  t o a  natura l  languag e learnin g 

' a hidden-operato r  experimen t  i s on e i n whic h th e use r  believe s sh e i s inleractin g wit h a  compute r  syste m when ,  i n reality ,  th e 
feedbac k i s produce d b y a n experimente r  simulatin g th e system' s behavior .  Fo r  example s o f  othe r  studie s conducte d unde r  th e 
hidden-operato r  paradigm ,  se e [1] ,  [3] ,  [9] ,  an d [10] .  Th e hidden-operato r  experiment s describe d her e wer e fu-s t  reporte d i n [6] . 
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interfac e tha t  woul d increas e it s knowledg e o f  Englis h whil e helpin g the m kee p a n on-lin e calenda r  fo r  a  bus y 

professor/entrepreneur .  I n eac h session ,  th e use r  wa s aske d t o effec t  th e change s i n te n t o twelv e tas k picture s b y 

typin g he r  command s a s i f  sh e wer e "speakin g o r  writin g t o anothe r  person. "  Althoug h n o tim e limi t  wa s 

enforced ,  th e instruction s tol d user s t o procee d t o th e nex t  tas k afte r  thre e unsuccessfu l  attempts . 

In responding to a user's utterances, the hidden operator or CHAMP had the user's current grammar and 

lexico n available .  Wit h respec t  t o tha t  information ,  a n utteranc e wa s judge d eithe r  parsable ,  learnabl e 

(containin g a t  mos t  tw o deviations) ,  o r  uninterpretabl e (mor e tha n tw o deviations) .  A  parsabl e utteranc e wa s 

accepte d withou t  furthe r  interactio n an d th e desire d actio n wa s performed .  Th e interpretatio n fo r  a  learnabl e 

utteranc e ha d t o b e verifie d b y th e user .  I f  verified ,  th e curren t  gramma r  wa s augmente d t o captur e th e ne w 

forms ,  an d the n th e actio n wa s performed .  I f  th e utteranc e wa s uninterpretable ,  a  use r  i n th e hidden-operato r 

experiment s wa s tol d whic h segments ,  i f  any ,  appeare d understandabl e an d wa s aske d t o tr y again .  I n th e on-lin e 

experiments ,  user s wer e simpl y aske d t o tr y again .  Eac h o f  th e si x user s i n th e Adap t  conditio n participate d i n 

nin e sessions ;  User s 1 ,  2 ,  3 ,  an d 4  too k par t  i n th e origina l  hidden-operato r  experiments ,  User s 9  an d 1 0 

participate d i n th e late r  on-lin e experiments . 

To evaluat e th e counterargumen t  t o adaptatio n tha t  maintain s tha t  th e use r  wil l  naturall y adap t  t o th e system' s 

limitation s faste r  tha n th e syste m ca n usefull y adap t  t o th e user' s idiosyncrasies ,  tw o user s participate d i n th e 

No-Adap t  contro l  condition .  I n thi s condition ,  th e experimen t  wa s conducte d a s outline d abov e excep t  tha t  user s 

wer e tol d th e syste m wa s a  namra l  languag e interfac e (no t  a  learnin g interface) ,  an d th e kerne l  gramma r  wa s 

neve r  changed .  Althoug h th e syste m remained  mor e permissiv e o f  extragrammaticalit y tlia n th e averag e natura l 

languag e interfac e (b y allowin g u p t o tw o ungrammatica l  construction s wit h respect  t o th e kerne l  grammar) ,  th e 

use r  wa s nevertheles s restricted  t o a  fixed  sublanguage .  An y improvemen t  i n tas k performanc e woul d therefor e 

be attributabl e t o th e user' s adaptability .  Th e numbe r  o f  session s varie d i n th e contro l  conditio n accordin g t o th e 

availabilit y  o f  th e users .  Use r  6  participate d i n thre e sessions ,  Use r  8  i n five  sessions. ^ 

4. Results and Discussion 

Wit h th e exceptio n note d below ,  al l  user s wer e abl e t o complet e mos t  tasks ;  the y rarel y required  mor e tha n 

thre e attempt s pe r  tas k i n th e initia l  session s an d average d onl y slightl y mor e tha n on e attemp t  pe r  tas k i n late r 

sessions .  Th e results  fo r  user s i n th e Adap t  conditio n indicate d a  hig h degre e o f  self-limitin g behavior , 

convergin g toward s a  user-specifi c  subse t  o f  English .  User s i n th e No-Adap t  conditio n showe d ver y limite d 

adaptability .  I n th e remainder  o f  thi s sectio n w e revie w th e result s pertainin g t o eac h behaviora l  hypothesi s i n 

turn . 

Within-user consistency. To measure this aspect of user behavior, we examine the number of constituents 

adde d t o a n individual' s gramma r  ove r  time .  I f  a  use r  i s self-boundin g i n he r  language ,  the n thi s numbe r  shoul d 

decreas e asymptotically .  Figur e 4- 1 show s th e measur e fo r  eac h o f  th e si x user s i n th e Adap t  condition .  Th e 

figure  indicates ,  b y use r  an d session ,  th e numbe r  o f  ne w construction s pe r  interpretabl e sentenc e whic h i s 

calculate d a s th e tota l  numbe r  o f  change s t o th e gramma r  divide d b y th e tota l  numbe r  o f  parsabl e o r  learnabl e 

sentences .  Th e numbe r  o f  uninterpretabl e sentence s i n a  sessio n i s give n i n parentheses .  Shade d area s o f  th e 

figures  indicat e session s followin g th e introductio n o f  th e supplementar y instruction s t o wor k quickly. ^ 

Ûser s 5  an d 7  participate d i n a  differen t  contro l  conditio n {AdapUEcho )  whic h wa s ru n i n response  t o argument s b y Slato r  e t  al . 
[9 ]  tha t  user s wan t  t o an d wil l  lea m a  mnemoni c command syntaj t  an d domain-specifi c  vocabulary .  User s i n th e Adapt/Ech o conditio n 

wer e give n th e sam e instruction s a s thos e i n th e Adap t  conditio n excep t  tha t  the y wer e tol d th e syste m woul d displa y a  paraphras e o f  thei r 
utteranc e i n a n "interna l  form "  tha t  the y wer e fre e t o incorporat e int o thei r  command s o r  t o ignore ,  a s the y sa w fi t  N o experimenta l 
effec t  wa s observe d i n thi s condition .  Furthe r  discussio n ca n b e foun d i n [4] . 

^The supplementary instructions were included in response to the observation that users try to employ terser, more economical 
languag e a s tim e goe s o n [7,2 ,  3,8] .  I t  wa s unclea r  whethe r  nin e session s woul d b e adequat e tim e fo r  th e tendenc y t o b e manifested . 
Thus ,  th e additiona l  instruction s wer e include d t o subjec t  th e syste m t o mor e extrem e linguisti c behavio r  withi n th e lim e available .  Note , 
however ,  tha t  th e supplementar y instruction s wer e no t  give n unti l  th e user s gramma r  ha d essentiall y  stabilized .  Figur e 4- 2 show s 
example s o f  movemen t  towar d terse r  languag e b y ou r  users . 
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Figur e 4-1 :  Self-limitin g behavio r  i n th e Adap t  condition .  Shade d session s followe d th e supplementar y 

insmiction s t o woil c quickly .  Th e numbe r  o f  unparsabl e utterance s fo r  eac h sessio n i s give n i n parentheses . 

Figur e 4- 1 show s bot h th e effec t  o f  th e choic e o f  kerne l  form s an d th e differenc e i n th e rate s a t  whic h 

languag e stabilizatio n occurs .  Observ e tha t  Use r  1  ' s gramma r  require d th e leas t  learnin g an d stabilize d quickly . 

She bega n wit h ters e utterance s an d a  vocabular y tha t  wa s quit e clos e t o th e kerne l  chose n fo r  th e experimen t 

User  2' s gramma r  showe d les s initia l  resemblance ,  bu t  sh e employe d i t  consistentl y  and .  thus ,  stabilize d quickl y 

as well .  Use r  3  ha d a  tendenc y t o b e bot h polit e an d verbose ,  s o he r  utterance s wer e mor e likel y t o contai n ne w 

fom s an d stabilizatio n occurre d mor e slowly .  Use r  4  showe d rapi d stabilizatio n becaus e th e ne w form s sh e 

introduce d i n session s on e an d two ,  whil e no t  terse ,  wer e quit e *'natural *  *  (tha t  is ,  the y wer e use d consistentl y 

and withou t  modificatio n i n subsequen t  sessions) . 

Users 9 and 10 showed the same overall decrease in the number of new constructions per interpretable 

sentenc e a s th e user s i n th e hidden-operato r  experiments .  The y als o showe d th e sam e loca l  increas e an d retur n 

t o stabilizatio n afte r  th e supplementar y instruction s wer e given .  Use r  9' s  behavio r  wa s particularl y interesting . 

Despit e th e fac t  tha t  th e instniction s clearl y state d tha t  th e syste m coul d no t  understan d it s o w n output ,  sh e 

insiste d o n usin g th e system' s message s a s a  templat e fo r  he r  o w n command s (Use r  7  showe d a  les s extrem e 

for m o f  th e sam e behavio r  i n th e hidden-operato r  experiments) .  B y th e en d o f  he r  thir d session .  Use r  9  ha d 

essentiall y  use d th e adaptiv e qualitie s o f  th e interfac e t o bootstra p th e syste m t o imderstan d a  terse r  for m o f  it s 

own outpu t 

Across-user variability. The high degree of idiosyncracy in users' preferred forms of expression can be seen 

i n Rgur c 4-2 .  Not e tha t  muc h o f  tha t  idiosyncrac y i s maintaine d despit e th e movemen t  ove r  tim e t o terse r 

utterances .  Fo r  user s i n th e Adap t  conditio n o f  th e hidden-operato r  experiments ,  th e grammar s resultin g fro m 

807 



interaction s wit h th e simulate d interfac e sho w littl e overlap .  On e coul d argue ,  however ,  tha t  th e idiosyncrac y 

foun d i s a n artifac t  o f  th e hidde n operator' s freedo m whe n addin g a  ne w for m t o a  user' s grammar .  C H A M P ' s 

unifor m adaptatio n an d generalizatio n mechanis m provid e th e opportunit y t o examin e across-use r  variabilit y  i n 

a mor e meaningfu l  way . 

u 1.1. 9 mov e Anderso n semina r  o n Jun e 1 0 t o room  722 0 

ul.9. 3 mov e 1:3 0 P M clas s o n Jun e 2 3 t o room  540 9 

U2.1.14 change the location of the meeting on June 10,1986 at 12:00 noon ending at 1:30 from room 5409 

t o 722 0 

u2.9. 3 chang e Qas s 15-73 1 locatio n t o R o o m 540 9 o n Jun e 2 3 

u3.1.13 CogSci Seminar will be held on Tuesday, June 10, 1986 from 12:30 to 1:30 in room 7220; Speaker 

wil l  b e Anderson . 

U3.9. 3 Qas s 15-73 1 wi U b e hel d i n R o o m 540 9 instea d o f  722 0 o n Jun e 23rd . 

u4.1.13 change room number of seminar from 5409 to 7220 on Tuesday June 10 from 12:30 to 1:30 

U4.9. 3 clas s 15-73 1 o n Monday .  Jun e 2 3 wil l  b e i n room  540 9 

u9.1.27 change location of COGSCI Seminar to Room 7220 June 6 

U9.9. 5 chang e clas s 15-73 1 Jun e 1 9 fro m 722 0 t o 540 9 a t  1:30p m 

u 10.1.26 Change June 6 Cogsci seminar to WeH 7220 

u 10.9. 3 Chang e Jun e 1 9 clas s t o room  540 9 

Figur e 4-2 :  Sampl e sentence s fro m session s on e an d nin e fo r  user s i n th e Adap t  conditio n 

(ui.j. k  refer s t o th e la h utteranc e i n session ;  fo r  use r  /) • 

To attai n a  quantitativ e measur e fo r  idiosyncracy ,  w e examin e th e acceptanc e rat e fo r  eac h user' s tota l  se t  o f 

utterance s acros s th e nin e session s usin g he r  o w n final  gramma r  (he r  gramma r  a t  th e en d o f  sessio n nine )  an d 

usin g eac h o f  th e othe r  users '  fina l  grammars .  I f  eac h fina l  gramma r  recognizes  approximatel y th e sam e 

language ,  the n ther e shoul d b e n o significan t  differenc e i n th e acceptanc e rates .  I n contrast ,  Figur e 4- 3 clearl y 

demonstrate s a  wid e rang e o f  variability .  Fo r  example .  Use r  2' s fina l  gramma r  i s abl e t o pars e 8 8 % o f  he r  o w n 

sentences ,  bu t  ca n pars e onl y 1 1 % o f  th e utterance s fro m Use r  3.' ^  Not e tha t  i n n o instanc e doe s th e gramma r  fo r 

anothe r  use r  approac h th e acceptanc e rat e o f  th e user' s ow n final  grammar .  Th e hig h value s o n th e diagonal , 

whic h denot e th e acceptanc e rat e o f  eac h user' s final  gramma r  fo r  he r  o w n utterances ,  result  bot h fro m within -

use r  consistenc y an d fro m th e efficac y o f  th e learnin g mechanism . 

CHAMP also allows us to quantify the degree to which idiosyncracy contributes to poor response in a 

monolithi c interfac e design .  Recal l  tha t  i n motivatin g th e ide a o f  adaptiv e parsing ,  w e argue d fro m a  theoretica l 

poin t  o f  vie w tha t  th e monolithi c approac h mus t  engende r  som e degre e o f  mismatc h betwee n th e languag e 

accepte d b y th e syste m an d th e languag e employe d b y an y particula r  user .  Th e mismatc h i s o f  tw o types : 

languag e th e use r  prefer s tha t  canno t  b e understoo d b y th e interfac e an d languag e th e interfac e understand s tha t 

i s neve r  employe d b y th e user .  T o compar e designs ,  w e mus t  contro l  fo r  th e first  kin d o f  mismatc h b y 

guaranteein g tha t  th e monolithi c gramma r  ca n pars e a t  leas t  a s man y sentence s i n th e tes t  se t  a s ca n C H A M P. 

To accomplis h this ,  w e construc t  a  monolithi c gramma r  b y addin g t o th e kerne l  th e unio n o f  th e users '  final 

grammar s minu s an y redundant  components . 

Figure 4-4 demonstrates the monolithic grammar's performance on each user's utterances. The figure 

provide s value s fo r  thre e measures :  th e averag e numbe r  o f  searc h states ,  th e averag e numbe r  o f  roots  (eac h root 

*We d o no t  compar e final  grammar s acros s experiment s becaus e th e on-lin e user s starte d wit h a  slightl y differen t  kerne l  gramma r  tha n 
th e hidden-operato r  users ;  a  cross-experimen t  compariso n woul d sho w inflate d variabilit y  du e t o thos e differences . 
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Applie d t o Ai l  Sentence s o f 
User l  Use r  2  Use r  3  Use r  4 

115/12 7 
(91%) 

59/12 7 
(46%) 

75/12 7 
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48/12 7 
(38%) 

72/14 4 
(50%) 

127/14 4 
(88%) 

71/14 4 
(49%) 

66/14 5 
(46%) 

40/13 8 
(29%) 

15/13 8 
(11%) 

60/13 0 
(46%) 

74/13 0 
(57%) 

112/13 8 66/13 0 
(81%)  (51% ) 

19/13 8 
(14%) 

118/13 0 
(91%) 

Applie d t o Al l  Sentence s o f 

User  9  Use r  1 0 

I S 

O C7N 

192/21 2 
(91% ) 

120/21 2 
(57%) 

87/17 3 
(50%) 

148/17 3 
(86%) 

Figur e 4-3 :  Across-use r  variabilit y  i n th e Adap t  condition . 

represent s a  uniqu e pars e tree ;  multipl e root s correspon d t o multipl e interpretations) ,  an d th e numbe r  o f 

utterance s parsabl e b y th e monolithi c gramma r  tha t  wer e no t  als o parsabl e b y th e user' s fina l  grammar .  Du e t o 

th e implementation ,  increase d value s fo r  th e firs t  tw o measure s (state s an d roots )  ca n correspon d t o relativel y 

independen t  source s o f  ambiguit y i n th e grammar .  Fro m th e user' s poin t  o f  view ,  a n increas e i n th e numbe r  o f 

state s correspond s t o decrease d respons e time ,  whil e a  highe r  nimibe r  o f  root s correspond s t o a n increas e i n th e 

number  o f  interaction s require d t o arriv e a t  a  uniqu e interpretatio n fo r  th e utterance . 

User 

1 

2 

3 

4 

9 

10 

Avg .  states^g ^  Avg .  states^ ^ 

37. 6 109. 6 

59. 8 

43. 3 

40. 7 
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148. 3 
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68. 2 

Avg .  roots^^ ^ 

1. 5 
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2. 0 

1. 5 

2. 6 

1. 7 

Avg .  roo ts^ ^ 

7. 7 

8. 5 

9. 3 

7. 1 
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3. 4 

Add iuona l^ ^ 

4 

4-4 :  A  compariso n o f  th e relativ e cost s o f  parsin g wit h a  monolithi c 

versu s parsin g wit h th e idiosyncrati c grammar s provide d b y adaptation . 

4 

1 

1 

0 

0 

Let  u s first  conside r  th e result s fo r  th e user s i n th e hidden-operato r  experiments .  Figur e 4- 4 show s tha t  i n 

ever y instanc e th e averag e numbe r  o f  searc h state s examine d b y th e monolithi c gramma r  i s significantl y greate r 

tha n th e numbe r  require d b y th e user' s idiosyncrati c grammar .  Althoug h w e d o gai n th e abilit y  t o understan d te n 

additiona l  sentence s i n th e tes t  se t  (thi s occur s whe n adaptation s learne d fo r  Use r  i  ar e abl e t o pars e a  sentenc e 

tha t  wa s rejecte d fo r  Use r  j) ,  th e trade-of f  hardl y seem s favorable .  Use r  1  woul d find a  3 % increas e i n th e 

number  o f  he r  sentence s imderstoo d b y th e interfac e (4/127 )  a t  a  cos t  o f  almos t  thre e time s th e search .  Use r  2 

als o receives  abou t  a  3 % increas e (4/144 )  a t  a  cos t  o f  abou t  tw o an d a  hal f  time s th e search .  Use r  3  an d Use r  4 

suffe r  th e most ;  eac h receive s a n increas e o f  les s tha n 1 % i n accepte d sentence s bu t  mus t  wai t  throug h 3. 6 time s 

th e search .  Th e trade-of f  seem s eve n les s favorabl e whe n w e examin e th e differenc e i n th e niunbe r  o f  root s 

produce d b y eac h system .  Th e monolithi c stati c gramma r  produce s abou t  five  time s a s man y root s o n th e 

averag e a s a  user' s adapte d grammar .  Thus ,  i n additio n t o slowe r  response ,  th e monolithi c desig n require s mor e 

user  interaction s t o arriv e a t  a  uniqu e interpretation . 

Turning to the results for users in the on-line experiments, we note that User 9 would notice little difference 

betwee n interaction s wit h a  monolithi c interfac e an d thos e wit h C H A M P.  Use r  10 ,  o n othe r  hand ,  woul d notic e 
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some difference ,  primaril y i n th e numbe r  o f  interaction s require d t o resolve  th e extr a interpretation s produce d b y 

th e monolithi c grammar .  Mos t  o f  th e extr a wor k require d t o accep t  Use r  lO' s sentence s i s cause d b y Use r  9* s 

grammar .  I n othe r  words .  Use r  1 0 mus t  pa y fo r  Use r  9' s idiosyncrac y i n th e monolithi c design . 

I n essence ,  Figur e 4- 4 show s th e pric e pai d b y eac h use r  fo r  searc h ove r  thos e portion s o f  th e monolithi c 

system' s languag e sh e wil l  neve r  use .  W e kno w tha t  w e canno t  contro l  fo r  thi s kin d o f  mismatc h withou t 

sacrificin g freedo m o f  expressio n becaus e o f  th e real  variabilit y  i n preferre d forai s acros s users .  Althoug h i t  ma y 

be possibl e t o achiev e th e sam e acceptanc e rate  wit h somewha t  les s ambiguit y i n a  muc h mor e carefull y crafte d 

monolithi c grammar ,  th e across-use r  variabilit y  i s  no t  goin g t o disappear .  Adaptatio n resolves  thi s dilemm a 

withou t  requirin g inordinat e skil l  a s a  gramma r  designer .  B y learnin g th e user' s preferre d form s o f  expressio n 

and engenderin g onl y thos e mismatche s required  b y it s smal l  kernel ,  a n adaptiv e interfac e keep s th e cos t  o f 

understandin g eac h use r  i n proportio n t o th e inheren t  ambiguit y i n he r  idiosyncrati c language . 

Limite d use r  adaptability .  Figur e 4- 5 display s th e results  fo r  th e No-Adap t  condition .  Recal l  tha t  th e 

purpos e o f  thi s variatio n i s t o smd y th e clai m tha t  peopl e adap t  wel l  enoug h t o obviat e th e nee d fo r  syste m 

adaptation .  W e measur e use r  adaptatio n categorizin g eac h utteranc e accordin g t o th e minimu m numbe r  o f 

deviation s require d t o interpre t  it .  I f  th e use r  adapte d t o th e limitation s o f  th e system ,  w e shoul d se e a  genera l 

increas e i n interpretabl e sentence s (thos e containin g zero ,  on e o r  tw o deviations) . 

The grap h fo r  Use r  6  doe s sho w a n increas e i n 

interpretabl e sentence s ove r  he r  thre e sessions .  He r 

behavio r  i s interestin g i n tw o respects .  First ,  i t  i s 

reminiscent  o f  Use r  I' s  behavior .  Use r  6' s gramma r 

was fairl y clos e t o th e kemel ,  especiall y wit h respec t 

t o vocabulary ,  an d sh e tende d t o rely  o n ters e fomis . 

As a  result,  he r  utterance s presente d fewe r  loc i  fo r 

deviatio n tha n migh t  occu r  i n a  mor e verbos e style . 

Second .  Use r  6 ,  lik e th e user s i n th e Adap t  condition , 

relied  o n thos e form s tha t  ha d worke d i n th e past . 

W h en a n utteranc e me t  wit h failure ,  he r  nex t  tr y wa s 

usuall y a  mino r  variatio n tha t  almos t  alway s 

succeeded .  I n short .  Use r  6  perfonne d successfull y i n 

th e No-Adap t  condition ,  bu t  relatively  littl e adaptatio n 

was required  o f  her . 

1.0 0 
User  6 

Session s 
User s 

Session s 

8 
c 
i2 

i 
8 

.7 5 

.5 0 

25 

0 
1 2  3 1 2 3  4  5 

Figur e 4-5 :  Th e No-adap t  condition . 

Figur e 4- 5 als o display s Use r  8* s performanc e i n th e No-Adap t  condition .  Ther e i s n o patter n o f  improvemen t 

i n Use r  8' s data ;  he r  succes s a t  adaptin g t o th e interface' s subse t  o f  Englis h wa s extremel y limited .  Bot h he r 

wor k experienc e an d th e conten t  o f  he r  utterance s lea d t o th e conclusio n tha t  litd e o f  he r  behavio r  wa s 

attributabl e t o tas k misunderstanding .  Pu t  simply ,  sh e wa s imabl e o r  refused  t o adapt .  He r  linguisti c style ,  lik e 

tha t  o f  Use r  3 ,  i s  bes t  characterize d a s verbose .  I n response  t o a  typica l  utterance ,  th e hidde n operato r  tol d he r 

whic h segment s coul d b e parse d an d aske d he r  t o tr y again .  Sh e woul d the n typ e exactl y thos e segment s jus t 

echoed ,  wit h n o connectin g text .  W h e n th e ters e for m me t  wit h failur e sh e woul d gravitat e bac k t o overl y 

explanator y sentences . 

User 8's performance in session two was so poor (in 31 minutes she produced one leamable sentence with 

tw o deviations )  an d he r  frustratio n s o great ,  tha t  sh e wa s give n hint s abou t  h o w t o us e th e syste m mor e 

effectivel y prio r  t o beginnin g sessio n three. ^  Althoug h th e hel p appeare d t o improv e he r  performanc e i n session s 

thre e an d four ,  i n sessio n five  sh e stil l  generate d a  hig h percentag e o f  unparsabl e forms .  Thi s i s i n shar p contras t 

t o th e exp)erience s o f  user s i n th e Adap t  condition ,  mos t  o f  w h o m ha d n o unparsabl e utterance s b y sessio n five. 

Ŝpecifically ,  sh e wa s tol d t o tr y t o typ e simpl e bu t  full y  grammatica l  sentence s an d t o thin k o f  th e syste m a s someon e t o who m sh e 
was writin g instructions .  Sh e wa s th e onl y use r  wh o wa s give n thi s aid . 
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The contras t  i s  sharpene d b y examinin g tas k completion .  A s mentione d above,  al l  othe r  user s complete d 

almos t  al l  task s (98 % completio n o n th e average) ;  Use r  8  complete d onl y 4 4 % o f  th e task s i n he r  five  sessions . 

Thi s wa s du e largel y t o th e fac t  tha t  sh e neve r  manage d t o find  a n acceptabl e for m o f  expressio n fo r  a n entir e 

clas s o f  task s (thos e involvin g th e chang e action) .  Thus ,  althoug h Use r  8  relie d o n th e fe w form s tha t  ha d 

worke d i n th e past ,  he r  performanc e mus t  b e see n a s a  stron g counterargumen t  t o th e notio n tha t  everyon e finds 

i t  natura l  o r  eas y t o adap t  t o a  system' s linguisti c limitations . 

5. Summary and Future Work 
The purpos e o f  thes e experiment s wa s t o establis h certai n behaviora l  characteristic s o f  frequen t  user s which , 

i n turn ,  guarante e th e condition s necessar y fo r  a n adaptiv e interfac e t o benefi t  use r  performance .  Th e behavio r 

of  th e user s i n th e Adap t  conditio n demonstrate s th e self-limiting ,  idiosyncrati c languag e us e predicted .  A s a 

result ,  w e ma y assum e tiiat  th e condition s o f  within-use r  consistenc y an d across-use r  variabilit y  wil l  b e met , 

makin g single-user ,  adaptiv e interface s a  practica l  an d desirabl e alternativ e t o a  monolithi c interfac e design . 

The experimental results validate the idea of limited user adaptability as well. Although we cannot guarantee 

tha t  a  particula r  use r  wil l  find  adaptatio n t o a n interface' s limitation s difficult .  Use r  8  serve s a s a  dramati c 

exampl e o f  th e kin d o f  limite d use r  adaptabilit y  w e mus t  b e prepare d t o encounter .  Further ,  a  compariso n o f 

User s 6  an d 8  support s Watt' s  argumen t  [11 ]  tha t  th e eas e wit h whic h a  use r  adapt s t o a  rigi d interfac e depend s 

significanti y o n a  fortuitou s correspondenc e betwee n th e user' s natura l  languag e an d th e sublanguag e provide d 

by th e interfac e designer .  Mor e importantiy ,  th e performanc e o f  th e user s i n th e adaptiv e conditio n demonstrate s 

tha t  a n initia l  lac k o f  correspondenc e ca n b e overcom e b y syste m adaptation . 

Despite these results, it remains to be seen whether the behavioral assumptions upon which adaptation relies 

hol d ove r  mor e realistic  period s o f  time  (nin e month s rathe r  tha n nin e sessions )  an d ove r  ver y differen t  tasks . 

Assumin g suc h generalit y ca n b e demonstrated ,  w e beUev e adaptiv e parsin g represents a  significan t  ste p 

forwar d i n th e effor t  t o provid e user s wit h ful l  freedo m o f  expressio n i n compute r  interactions . 
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