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Abstrac t 

Many o f  th e issue s tha t  confron t  designer s o f  interac -
tiv e compute r  system s ak o appea r  i n natura l  languag e 
evolution .  Natura l  language s an d human-compute r 
interface s shar e a s thei r  primar y missio n th e suppor t 
of  extende d "dialogues "  betwee n responsiv e entities . 
Becaus e i n eac h cas e on e participan t  i s a  huma n being , 
some o f  th e pressure s operatin g o n natura l  languages , 
causin g the m t o evolv e i n orde r  t o bette r  suppor t  suc h 
dialogue ,  als o operat e o n human-compute r 
"languages "  o r  interfaces .  Thi s doe s no t  necessaril y 
pus h interface s i n th e directio n o f  natura l  language — 
sinc e on e entit y i n thi s dialogu e i s no t  a  human ,  thi s 
i s no t  t o b e expected .  Nonetheless ,  b y discernin g 
wher e th e pressure s tha t  guid e natura l  languag e 
evolutio n als o appea r  i n human-compute r  interaction , 
we ca n contribut e t o th e desig n o f  compute r  system s 
and obtai n a  ne w perspectiv e o n natura l  languages . 

Introduction 

A "dialogue "  doe s no t  requir e natura l  language ,  o r  eve n 
words .  Animal s engag e i n sustaine d interaction s tha t  ca n 
be characterize d a s dialogues .  A  m i m e i s  engage d i n 
dialogue s wit h rea l  o r  imaginar y object s an d wit h th e 
audience .  T w o individual s w h o d o no t  shar e a  c o m m o n 
languag e ca n wor k ou t  a  mean s o f  communication , 
perhap s a s a  ste p t o developin g a  share d "pidgi n language. " 

I n thi s paper ,  w e addres s extende d human-compute r 
interaction s tha t  ar e "dialogues "  i n thi s genera l  sense .  W e 
includ e al l  form s o f  human-compute r  interaction ,  no t  jus t 
"conversational "  interface s t o computers .  Consider ,  fo r 
example ,  thi s sequenc e o f  event s i n discardin g a  documen t 
on a  Macintosh .  A s yo u m o v e th e mouse ,  th e arro w o r 
pointe r  move s acros s th e display .  W h e n th e pointe r  i s 
abov e th e ico n tha t  represent s Ui e document ,  yo u pres s an d 
hol d dow n th e butto n o n th e mouse .  Th e ico n switche s t o 
"revers e video "  (interchangin g blac k an d white) ,  signallin g 
tha t  yo u hav e succeede d i n selectin g it .  Y o u m o v e th e 
mouse an d a n outlin e imag e o f  th e ico n moves ,  indicatin g 
you r  positio n an d tellin g yo u tha t  yo u remai n i n contro l 
of  th e documen t  W h e n th e pointe r  an d th e outlin e imag e 
reac h th e vicinit y o f  a n ico n i n th e shap e o f  a  tras h can . 
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tha t  imag e spontaneousl y switche s t o revers e video , 
signallin g tha t  whe n yo u releas e th e mous e button ,  th e 
documen t  ico n wil l  disappea r  an d effectivel y b e discarded . 
Y o u d o so ,  an d th e side s o f  th e tras h ca n bulg e slightly , 
indicatin g tha t  th e documen t  i s inside .  Th e bulgin g side s 
signa l  tha t  ther e ar e n o w document s i n th e tras h ca n tha t 
ca n b e retrieve d i f  desired .  Thi s entir e sequenc e ca n b e 
considere d t o b e a  dialogue ,  althoug h n o word s ar e used . 
T h e syste m an d yo u monito r  on e another ;  yo u 
communicat e b y mous e movement s an d butto n presses , 
th e syste m communicate s b y movin g objects ,  switchin g 
the m t o revers e video ,  makin g the m appea r  an d disappear , 
and changin g thei r  shape . 

A n interfac e designe r  i s reall y a  designe r  o f  interactio n 
languages .  Compute r  system s ar e uniqu e amon g artificia l 
device s i n allowin g fo r  a  substantive ,  intelligen t  interac -
tio n betwee n perso n an d artifac t  Th e developmen t  o f  in -
teractio n technique s i s stil l  i n it s infancy .  Certai n desig n 
guideline s ar e widel y endorse d wit h litfl e critica l  examina -
tion ,  suc h a s "buil d consisten t  interfaces. "  Th e inconsis -
tencie s i n natura l  languages—th e naturall y occurring , 
continuall y evolvin g communicatio n medi a use d fo r 
everyda y interactio n amon g people—hav e bee n analyzed , 
revealin g tradeoff s amon g competin g pressure s o n dia -
logue .  B y contrastin g th e tw o domains ,  b y finding  wher e 
analogue s exis t  an d wher e the y d o not ,  w e m a y obtai n 
insigh t  int o th e natur e o f  compute r  syste m desig n an d a 
riche r  perspectiv e o n th e constraint s o n natura l  languages . 

Below ,  w e examin e th e "desig n guidelines "  propose d 
by Slobi n (1977 )  fo r  thi s ric h an d comple x natura l 
s ys tem—human language .  Obviously ,  language s hav e 
not  bee n designed ;  the y hav e evolve d ove r  thousand s o f 
year s subjec t  t o numerou s competin g pressures ,  includin g 
political ,  cultural ,  an d religiou s factors .  Nonetheless ,  a 
natura l  syste m suc h a s languag e ha s m u c h i n c o m m o n 
wit h artificiall y  designe d compute r  systems .  M a n y o f  th e 
requirement s ar e similar .  Eac h mus t  ac t  a s a  communica -
tio n med iu m t o transmi t  intentions ,  actions ,  an d result s 
among th e participants ,  eac h mus t  b e leamabl e b y begin -
ners ,  ye t  efficien t  fo r  skille d performers .  Th e abilit y o f 
naturall y evolvin g system s suc h a s languag e t o dea l  wit h 
thes e conflictin g pressure s ca n b e revealin g fo r  th e desig n 
of  compute r  systems . 

I n thi s pape r  w e examin e th e change s i n bot h natura l 
an d compute r  languages ,  th e latte r  includin g high-leve l 
interfac e languages ,  operatin g systems ,  an d eve n 
programmin g languages .  W e restric t  ourselve s t o wor d 
choic e an d for m an d syntacti c structure .  Thus ,  w e d o no t 
deal  wit h speec h act s o r  othe r  subtletie s o f  language . 
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F o u r  D e s i g n Charac te r i s t i c s fo r  L a n g u a g e 

Slobi n (1977 )  ha s analyze d wha t  w e migh t  cal l  th e "desig n 
characteristics "  o f  language ,  aspect s o f  th e usabilit y  an d 
functionalit y o f  languag e tha t  lea d towar d languag e 
developmen t  an d chang e an d tha t  affec t  th e eas e o f 
acquisitio n b y children .  H e identifie s fou r  constraint s o n 
language : 

1. Language should be clear; 
2.  Languag e shoul d b e quic k an d easy ; 
3.  Languag e shoul d b e expressive ; 
4 .  Languag e shoul d b e processible . 

We examine the application of each of these rules both to 
natura l  languag e an d t o human-compute r  interaction . 

1. Language Should Be Clear 

Natural language. Slobin defines clarity to be a 
consisten t  "one-to-on e mappin g betwee n underlyin g 
semanti c structure s an d surfac e forms. "  Thus ,  Slobin' s 
concep t  o f  clarit y correspond s t o consistenc y a s i t  i s  gene -
rall y applie d i n human-compute r  interaction .  Consistenc y 
i n a  languag e facilitate s learning ,  bot h i n childre n an d 
adults .  Childre n no t  onl y lear n mor e quickl y wher e i t  i s 
found ,  bu t  the y enforc e consistenc y b y ignorin g alternativ e 
construction s (usin g " I  will "  o r  " I  wil l  not "  wher e adult s 
woul d sa y "I'll "  o r  " I  won't" )  o r  b y usin g a  consisten t 
for m eve n wher e i t  i s  considere d t o b e ungrammatica l 
(usin g "hitted "  rathe r  tha n "hit "  fo r  th e pas t  tense) . 

Al l  natura l  language s hav e inconsistencies ,  th e irregu -
larit y o f  verb s bein g a  well-know n example .  Thes e irregu -
laritie s caus e th e languag e learne r  grea t  difficulty ,  becaus e 
violation s o f  consistenc y mea n tha t  a  singl e rul e n o longe r 
applie s t o a  wid e clas s o f  instances ,  an d instead ,  man y 
case s hav e t o b e learne d individually .  Althoug h peopl e 
hav e create d mor e consistent ,  artificia l  language s (e.g. , 
Esperanto) ,  i t  i s  significan t  tha t  non e o f  th e thousand s o f 
k n o w n naturally-formin g language s i s completel y 
consisten t  I f  consistenc y wer e a s primar y a  desig n rul e a s 
some hav e argued ,  on e migh t  hav e expecte d t o find a 
greate r  appearanc e o f  consistenc y i n natura l  languages . 

Human-computer interaction. Computer systems 
ca n accru e th e sam e benefit s a s natura l  languag e system s 
fro m a  clear ,  consisten t  mappin g betwee n underlyin g 
semanti c structure s (o r  actions )  an d surfac e form s (o r 
commands an d syste m output) .  Here ,  too ,  consistenc y ha s 
bee n show n t o facilitat e learnin g (e.g. .  Poison ,  1988) . 

However ,  despit e heav y rhetori c advocatin g consisten t 
desig n an d it s prominen t  plac e i n th e standar d guidebooks , 
consistenc y i s ofte n violated .  Thi s i s no t  solel y du e t o 
oversight—i n th e bes t  o f  systems ,  thi s violatio n ca n 
improv e performanc e (Grudin ,  1989) .  A  majo r  poin t  o f 
thi s pape r  i s t o sho w tha t  som e o f  th e sam e pressure s tha t 
militat e agains t  consistenc y an d a n emphasi s o n clarit y i n 
compute r  system s ar e foun d i n natura l  languag e a s well , 
wher e the y ar e clearl y see n t o serv e importan t  purposes . 

2.  Languag e Shoul d B e Quic k an d Eas y 

Natural language. A language principle that often 
conflict s wit h consistenc y an d clarit y i s th e desir e t o b e 
quic k an d easy .  Thi s tendenc y show s u p i n numerou s 
ways .  Mos t  c o m m o n word s ar e shor t  an d monosyllabic , 
eve n i n language s tha t  relis h lon g words ,  suc h a s German . 
Languag e i s furthe r  simplifie d throug h abbreviatio n o r 
othe r  shortening ,  obtainin g efficienc y a t  th e expens e o f 
leamability ,  regularit y o r  eve n clarity .  Irregula r  verb s an d 
plura l  noun s ar e generall y shorte r  tha n thei r  regula r 
counterpar t  woul d be—inconsistenc y i s introduce d i n th e 

servic e o f  efficiency. ^ 
Often ,  a s a  wor d increase s i n frequenc y o f  use ,  i t  i s 

give n a n abbreviate d form :  "automobile "  become s "auto, " 
"television "  become s "TV, "  "pictur e element "  become s 
"pixel. "  Pronoun s shorte n utterances ,  bu t  a t  th e cos t  o f 
introducin g ambiguity ,  reducin g clarity .  Entir e phrase s 
m ay b e eliminate d i n th e caus e o f  efficiency .  Althoug h 
suc h utterance s ca n technicall y b e ambiguous ,  usually , 
when interprete d i n context ,  the y ar e not . 

Not e tha t  irregula r  construction s tha t  simplif y an d 
shorte n wil l  wor k onl y i f  everyon e i s familia r  wit h them . 
Therefore ,  irregularit y i s  mos t  ofte n foun d wit h frequentl y 
occurrin g constructions—i t  i s  th e mos t  frequentl y 
occurrin g verb s tha t  ten d t o b e irregular . 

Irregularitie s caus e difficult y durin g learning ,  bu t  onc e 
learned ,  the y simplif y th e languag e process ,  makin g th e 
construction s quic k an d eas y t o use .  A s lon g a s th e 
irregularitie s ar e frequently  encountered ,  the y sta y learned . 
Thus ,  th e matur e nativ e speake r  seldo m ha s difficultie s 
wit h irregularities :  I t  i s  onl y th e learne r  o r  th e novic e use r 
w ho ha s trouble . 

A n interestin g demonstratio n o f  th e relationshi p 
betwee n irregula r  languag e form s an d frequenc y o f  usag e 
occur s a s languag e evolve s an d word s chang e i n thei r 
frequenc y o f  usage .  W h e n th e frequency  o f  usag e o f  a n 
irregula r  ver b drops,  th e ver b als o drop s it s irregularitie s 
an d revert s t o a  regula r  for m (Bybee ,  1988) .  Thus , 
speaker s ar e no t  burdene d wit h th e tas k o f  keepin g trac k o f 
languag e exception s tha t  rarel y occur . 

Human-computer interaction. Do we find the same 
pus h towar d non-standard ,  abbreviate d structure s i n 
compute r  interactions ? Yes ,  a  frequent  user' s desir e fo r 
quic k an d eas y mean s t o carr y ou t  operation s result s i n 
simplification ,  abbreviation—and ,  therefore ,  inconsis -
tency .  M a n y compute r  system s allo w thei r  user s t o creat e 
shor t  keystrok e sequence s a s substitute s fo r  longe r 
c o m m a nd sequences ;  S o m e system s eve n provid e thes e 
"shortcuts "  a s standar d features :  shel l  commands ,  aliases , 
scripts ,  macros ,  dedicate d functio n keys ,  option-ke y 
equivalences ,  o r  "power-keys. "  M u c h a s th e shorte r 

^  Fo r  example ,  from a  lis t  o f  17 3 iiiegula r  Englis h verbs ,  th e 
irregula r  writte n for m i s shorte r  i n 16 6 cases ,  th e sam e lengt h 
i n six ,  an d onl y longe r  i n on e ("bought "  i s longe r  tha n 
"buyed "  woul d be ,  althoug h equall y "quic k an d easy "  t o 
pronounce) . 
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construction s i n natura l  languag e ten d t o b e thos e tha t  ar e 
use d wit h highe r  frequency ,  shortcut s i n compute r  system s 
ar e use d primaril y fo r  high-frequenc y operations . 

I n th e Macintos h computer ,  user s wante d a  quic k wa y 

t o ejec t  a  diskett e from  th e driv e an d t o free  th e memor y 
tha t  th e syste m ha d reserve d fo r  it .  Initially ,  tw o opera -
tion s wer e required :  a n "eject "  c o m m a n d an d th e actio n o f 
movin g it s remaining ,  "greyed-out "  ico n int o th e tras h 
can .  I n a  triump h o f  usag e ove r  consistency ,  a n imagina -
tiv e programme r  combine d thes e int o on e operation , 
carrie d ou t  b y movin g th e diskett e ico n t o th e tras h ca n 
icon .  Th e operatio n violate d m a n y people' s notion s o f 
consistenc y an d confuse d first-time  users ,  bu t  du e t o it s 

overwhelmin g efficienc y i t  becam e widel y accepted- ' 
Compute r  user s w h o creat e thei r  o w n shortcut s ofte n 

produc e nameset s tha t  ar e efficient ,  bu t  s o inconsisten t 
tha t  the y themselve s subsequentl y forge t  th e name s tha t 
the y devise d (Grudi n &  Barnard ,  1985) .  The y m a y 
misjudg e th e frequency  wit h whic h thes e term s wil l  b e 
accessed .  Othe r  users ,  o f  course ,  ar e likel y t o find  thes e 
persona l  shortcut s t o b e incomprehensible .  Natura l 
languag e handle s th e correspondin g proble m throug h 
severa l  mechanisms . 

Wit h a  compute r  system ,  i f  a  use r  invent s a  n e w 
command nam e o r  othe r  shortcut ,  thi s innovatio n i s kep t 
relativel y private :  Onl y th e use r  an d th e compute r  syste m 
nee d know .  Similarly ,  i f  a  compute r  designe r  create s a 
poo r  nam e o r  shortcut ,  a  use r  m a y b e abl e t o fix  i t  wit h a n 

alias ,  bu t  agai n thi s remain s a  privat e adjustment.' ^  Wit h 
natura l  language ,  however ,  a  neologis m i s onl y effectiv e i f 
i t  i s use d wit h others .  Thi s share d socia l  us e provide s fo r 
a natura l  evolutionar y process .  Successfu l  innovation s ar e 
thos e tha t  ar e kep t  aliv e throug h usag e withi n a  languag e 
commun i t y—w e se e example s i n th e wa y tha t  som e slan g 
term s maintai n thei r  existenc e throug h frequent  usage , 
wherea s other s di e natura l  deaths .  I n languag e evolution , 
on e natura l  tendenc y i s toward s consistency ,  an d onl y 
frequentl y use d construction s maintai n a n inconsisten t 
form .  Today' s compute r  system s provid e neithe r  th e 
extensiv e share d socia l  us e o f  innovation s no r  a n 
equivalen t  evolutionar y proces s tha t  wil l  rescu e user s from 
poorl y devise d name s o r  procedures. ^ 

The "Law of Least Effort" in human 
performance .  Th e pressur e t o increas e efficienc y i s 
observe d i n man y domain s o f  huma n skill .  Zip f  (1949 , 
1965 )  postulate d tha t  a  genera l  "la w o f  leas t  effort "  applie d 

3 Th e inconsistenc y ha s alway s bothere d th e desig n team , 
however ,  wh o pla n t o phas e ou t  thi s "slang "  shortcu t  i f  a 
more consisten t  bu t  equall y efficien t  solutio n i s found . 

^  A  majo r  us e o f  customizatio n feature s th e "undoing "  o f 
designe r  innovation s i n ne w release s (Mackay ,  1990) . 

'  Th e bes t  analog y betwee n linguisti c an d computationa l 
neologism s ma y b e privat e abbreviation s use d i n persona l 
diarie s o r  notebooks .  Her e ther e ar e n o socia l  interactions , 
and her e th e analog y hold s well :  Muc h a s i n th e compute r 
world ,  a  diarist' s  cleve r  abbreviation s an d phrase s ma y prov e 
undecipherabl e t o th e write r  turne d reader . 

t o m u c h o f  huma n behavior .  Zip f  showe d tha t  a  powe r 
la w applie s betwee n th e lengt h o r  siz e o f  a n instanc e an d 

it s relativ e ran k o f  frequenc y occurrence. ^  Elli s  an d 
Hitchcoc k (1986 )  hav e foun d tha t  experience d compute r 

user s creat e c o m m a n d abbreviation s ("aliases" )  tha t  follo w 
Zip f  s  L a w ,  wit h shorte r  term s use d fo r  higher-frequenc y 
commands.  A s expertis e develops ,  peopl e modif y th e 
task ,  system ,  languag e o r  metho d o f  operatio n i n orde r  t o 
produc e smooth ,  effortless ,  an d efficien t  performanc e (Agr e 
& Shrager ,  1990 ;  Newel l  &  Rosenbloom ,  1981) . 

3. Language Should Be Expressive 

Natural language. Natural languages must have 
powerfu l  expressiv e capabilit y  ".. .  t o communicat e 
effectively ,  engagingly ,  appropriately ,  an d s o forth .  Th e 
speake r  mus t  b e abl e t o direc t  th e listener' s attention ,  t o 
tak e accoun t  o f  hi s knowledg e o r  expectations "  (Slobin , 
1977 ,  p .  187) .  Th e centra l  poin t  her e i s tha t  languag e 
must  functio n i n a  wid e rang e o f  contexts ,  requirin g a 
versatilit y  tha t  ofte n come s int o conflic t  wit h th e othe r 
constraints .  I n orde r  t o b e bot h expressiv e an d efficient , 
languag e mus t  b e compressed—thereb y sacrificin g a  clear , 
consisten t  mappin g betwee n for m an d function .  Slobi n 
writes ,  "i t  i s th e charg e t o b e expressiv e whic h introduce s 
much o f  th e complexit y int o language. " 

Mille r  (1951 )  observe d tha t  "th e socia l  pressur e fo r  a 
c o m m on vocabular y an d th e convenienc e o f  monosyllabi c 
word s ten d t o restric t  th e variet y o f  ou r  responses ,  wherea s 
th e attemp t  t o differentiat e betwee n simila r  statement s 
expand s th e vocabular y an d lead s t o th e occasiona l  us e o f 
polysyllabi c words "  (p .  94) .  Thi s capture s th e opposin g 
pressure s o f  Slobin' s max im s "b e expressive "  an d "b e 
quic k an d easy. "  Th e variou s tension s pus h th e solution s 
i n opposin g ways . 

Human-computer interaction. The range of 
expressio n i s narrowe r  i n compute r  interactio n tha n i n 
language ,  bu t  a s application s matur e th e demand s fo r  a 
wide r  rang e o f  expressivenes s grow ,  an d w e find  analogou s 
source s o f  inconsistency .  Informatio n retrieva l  system s 
provid e a  wid e rang e o f  searc h capabilities ,  wherea s a 
simpl e strin g searc h i s sufficien t  fo r  a  wor d processor ;  a 
professiona l  typographe r  require s a  degre e o f  layou t 
precisio n no t  neede d fo r  mos t  documen t  preparation .  Th e 
resul t  i s  ofte n inconsisten t  interactio n language s o f 
varyin g complexity .  I n general ,  larg e application s m a y 
hav e hundred s o f  command s t o satisf y th e requirement s o f 
thousand s o f  differen t  users ,  w h o oftentime s requir e ver y 
differen t  syste m performance .  W e expec t  thi s issu e t o b e 
of  increasin g importanc e a s compute r  system s becom e 
richer  an d mor e powerful . 

"  Thi s abbreviate d descriptio n fail s  t o d o justic e t o Zipf' s 
numerou s observation s o f  th e relationshi p betwee n ranking , 
size ,  an d relativ e frequency .  Hi s observations ,  largel y 
forgotten ,  ma y b e wort h reexaminatio n a s indicativ e o f  som e 
genera l  principle s o f  huma n action . 
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4.  Languag e Shoul d B e Processibl e 

Natural language. The rate at which the speaker and 
listene r  ca n accuratel y encod e an d decod e languag e utteran -
ces mus t  b e comparable .  I f  the y proceede d a t  rate s tha t 
wer e to o discrepan t  o r  le d t o to o muc h error ,  communica -

tio n woul d suffer̂ .  Thi s i s a  particula r  challeng e i n spoke n 
language ,  becaus e o f  th e non-persistenc e o f  sound—th e 
listene r  ha s a  limite d abilit y  t o revie w wha t  ha s bee n 
spoken ,  an d thu s mus t  proces s i t  i n "rea l  time, " 

Human-computer interaction. Computer 
communicatio n i s persisten t  Th e compute r  ca n preserv e a 
recor d o f  inpu t  an d ca n provid e persisten t  outpu t  b y 
means o f  a  stati c visua l  displa y o r  b y allowin g read y 
repetitio n o f  a n otherwis e transien t  auditor y o r  visua l 
signal .  Eve n so ,  a  genera l  constrain t  t o b e humanl y 
processibl e operate s i n th e visua l  mediu m a s wel l  a s th e 
acoustic .  Fo r  exampl e i n th e desig n o f  visua l  icons ,  th e 
relativ e siz e differenc e o f  a  tras h ca n an d a  documen t  i n th e 

rea l  worl d i s  no t  mappe d ont o th e interfac e (i t  woul d mak e 
one ico n to o larg e o r  th e othe r  to o small) ;  similarly ,  on e 
may enhanc e th e users '  abilit y  t o distinguis h amon g 
object s b y exaggeratin g difference s (HoUa n Hutchins , 
McCandless ,  Rosenstein ,  an d Weitzman ,  1987) .  Thus ,  i f 
i t  i s  crucia l  fo r  th e user s o f  a  syste m tha t  control s a n 
industria l  proces s t o distinguis h betwee n 2(X)-gallo n an d 
220-gallo n boilers ,  a  designe r  migh t  us e icon s tha t  var y i n 
siz e b y 5 0 % rathe r  tha n a  precisely-mappe d 10% .  Thi s 
violate s a  clea r  mappin g o f  semanti c informatio n ont o 
surfac e form ,  bu t  provide s greate r  huma n processibility . 

Contextual Factors in Language Change 

I n additio n t o th e desig n rules ,  Slobi n (1977 )  discusse d 
fou r  differen t  mean s b y whic h natura l  pressure s ca n chang e 
natura l  languages : 

1. Gradual evolutionary processes; 
2.  Contac t  wit h othe r  languages ; 
3.  Creolization ; 
4.  Individua l  developmen t 

In this section we briefly examine these four avenues of 
languag e chang e an d th e wa y simila r  factor s influenc e 
compute r  interactio n design . 

'  Th e issu e i s no t  simpl y tha t  th e listene r  b e abl e t o kee p u p 
wit h th e speaker ,  bu t  tha t  th e processin g rate s b e comparable . 
I f  th e "speaker "  wer e force d t o handwrit e instea d o f  speak ,  th e 
mismatc h o f  rate s woul d disrup t  communication :  Norma l 
readin g rate s ar e abou t  twent y time s a s fas t  a s norma l  writin g 
rates .  W e handl e thi s discrepanc y b y havin g mos t  writin g 
tak e plac e "off-line, "  asynchronousl y wit h reading .  I n 
normal  spoke n conversation ,  th e mismatc h betwee n speakin g 
and listenin g rate s i s no t  sufficientl y grea t  t o affec t 
communication ,  althoug h especiall y slo w speaker s ca n ta x 
especiall y quic k listeners . 

1.  Gradua l  Evolutionar y Processe s 

Broa d shift s i n a  languag e occu r  tha t  ar e independen t  o f 
specifi c  externa l  pressur e o n i t  Slobi n present s evidenc e 
tha t  thes e primaril y improv e ho w wel l  languag e ca n b e 
processed :  "A t  eac h poin t  i n it s histor y th e languag e ha s 
apparentl y bee n strongl y constraine d b y th e charg e t o 
confor m t o perceptua l  strategies. "  H e als o discusse s 
constraint s tha t  facilitat e productio n (speech) . 

Thes e languag e change s correspon d i n a  sens e t o broa d 
change s i n compute r  interaction s tha t  als o hav e move d 
towar d conformanc e wit h perceptual-moto r  abilities .  On e 
ste p i n thi s directio n i s th e shif t  fro m simpl e "glas s 
teleteype "  interactions—singl e lin e statement s displaye d 
on terminals ,  an d typewrite r  keyboar d input — t o full -
scree n graphica l  interface s wit h inpu t  throug h pointin g an d 
gesture .  Futur e compute r  system s promis e t o enhanc e th e 
perceptua l  mappin g throug h increasin g us e o f  graphica l 
displays ,  includin g larg e screens ,  color ,  an d three -
dimensions ,  an d th e us e o f  motio n an d sound .  Chang e i n 
productio n i s manifeste d i n th e proliferatio n o f  inpu t 
mechanism s includin g pointin g devices ,  gestur e 
recognition ,  an d eve n voic e recognitio n an d eye-tracking . 
Interestingly ,  Slobi n note s tha t  languag e shift s ar e 
accompanie d b y a n initia l  focu s o n increasin g consistency , 
a patter n als o foun d i n compute r  syste m design . 

However ,  ther e i s generall y littl e evolutionar y forc e 
upon specifi c  compute r  system s apar t  fro m slo w pressure s 
of  th e marke t  an d innovatio n tha t  lea d t o ne w releases . 
Thes e artificia l  system s ar e relativel y immutable :  Onc e 
designed ,  on e i s unchange d unti l  a  ne w syste m take s it s 
place .  A  majo r  exceptio n i s i n th e evolutio n o f  inherentl y 
extensibl e compute r  languag e system s suc h a s Lis p an d 
Unix ,  i n whic h ne w construction s o r  command s tha t  ar e 
added b y an y use r  becom e relativel y indistinguishabl e fro m 
th e origina l  languag e primitives .  Bu t  a s note d earlier , 
compute r  system s lac k a  feedbac k o r  "natura l  selection " 
mechanism .  Th e resul t  o f  evolutio n fo r  bot h Lis p an d 
Uni x ha s bee n a n amazin g proliferatio n o f  command s an d 
structures ,  s o tha t  a  ne w use r  face s dauntin g sigh t  o f 
manual s an d documentatio n whos e siz e i s measure d i n 
meters .  Instea d o f  simplifyin g a  user' s task ,  thi s for m o f 
evolutio n ha s increase d th e learnin g burden . 

But  sign s o f  evolutio n ar e indee d there .  Some o f  th e 
origina l  construct s o f  Uni x an d Lis p ar e n o longe r  taugh t 
t o newcomer s an d ar e replace d instea d wit h mor e efficien t 
and usefu l  evolutionar y appendages .  Bu t  w e suspec t  tha t 
compute r  system s suffe r  f̂ o m th e lac k o f  socia l  interactio n 
and communication .  Childre n lear n a  languag e b y 
existin g an d interactin g withi n a  community ,  an d wha t 
thes e ne w learner s acquir e the n determine s wha t  the y wil l 
pass o n t o thei r  children .  Th e relate d proces s i n th e 
acquisitio n o f  compute r  language s an d system s ha s a  muc h 
differen t  character . 
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2.  Contac t  wit h othe r  Language s 

When tw o societie s tha t  spea k differen t  language s com e 
int o contact ,  th e language s change ,  i n par t  t o mak e 
communicatio n betwee n th e languag e group s mor e 

efficient .  Ove r  time ,  eac h languag e ma y impor t  element s 
of  th e othe r  language :  Individua l  word s ar e th e first  t o 
cros s over ,  bu t  evenuiall y whol e syntacti c structure s ca n 
be incorporate d t o allo w quicke r  an d easie r  speec h (Slobin , 
1977) .  Par t  o f  th e pric e o f  thi s merge r  o f  th e tw o 
language s an d th e overal l  improvemen t  i n communicatio n 
i s th e introductio n o f  inconsistencies . 

A clea r  analo g i s foun d i n th e compute r  domain . 
Operatin g systems ,  applications ,  an d applicatio n domain s 
can b e though t  o f  a s independen t  languag e families . 
Contac t  amon g thes e languag e group s take s plac e a s user s 
move amon g the m o r  whe n a  singl e compute r  come s t o 
suppor t  severa l  system s (e.g. ,  a s th e stand-alon e wor d 
processor ,  persona l  computer ,  transactio n processing ,  an d 
othe r  world s com e together) .  Differen t  name s ar e suddenl y 
bein g use d fo r  th e sam e thin g o r  th e sam e nam e ha s 
differen t  meaning s i n differen t  contexts .  Thi s seem s a 
particularl y promisin g topi c fo r  furthe r  exploration . 

I n compute r  programmin g languages ,  a s wit h othe r 
human-compute r  interfaces ,  th e clas h o f  differen t  culture s 
has mean t  change s t o al l  languages .  Thus ,  element s o f 
structure d programmin g hav e com e t o eve n th e leas t 
structure d language s o f  all :  Basi c an d Fortran ;  an d 
algebrai c language s hav e mad e thei r  impac t  upo n suc h 
devian t  suiicture s a s Lis p an d Prolog ,  whic h i n turn ,  hav e 
le d t o change s i n th e algebrai c languages . 

3. Creoiization 

The ter m "Creoiization "  refer s t o th e creatio n o f  a  ne w 
languag e b y th e expansio n o f  a  "pidgin "  o r  barte r 
language .  Pidgin s ar e communicativ e system s develope d 
t o mak e i t  possibl e fo r  group s tha t  us e widel y differen t 
languag e system s t o interact .  Thes e ar e use d primaril y fo r 
barterin g an d the y ten d t o b e simpl e an d no t  ver y 
expressive .  Whe n childre n acquir e th e pidgi n a s a  first 
language ,  thi s start s it s evolutio n int o a  full-fledge d 
language— a Creole .  Childre n first  mak e th e languag e 
more regular ,  the n expan d i t  t o appl y i t  t o al l  situations , 
addin g vocabulary ,  ver b tense ,  an d s o forth . 

Erickso n (1990 )  note s parallel s betwee n pidgi n 
language s an d man y o f  today' s simpl e compute r 
interactio n languages .  A s functionalit y i s  added ,  a  poin t  i s 
reache d wher e th e languag e for m canno t  suppor t  th e desire d 
functions :  I t  i s  tim e fo r  th e pidgi n t o becom e a  full-fledge d 
language .  Erickso n note s tha t  th e lac k o f  tense—ou r 
restricte d abilit y  t o refe r  t o pas t  an d futur e events—i s 
share d b y pidgin s an d compute r  languages .  Suc h 
limitation s ar e ofte n mos t  apparen t  t o ne w user s o f  a 
syste m wh o ma y fee l  tha t  th e existin g structure s ar e 
needlessl y comple x ye t  insufficientl y expressiv e fo r  tfieir 
needs .  Ne w user s provid e th e pressur e t o develo p a  full -
fledged  language—Creoiization . 

4.  Individua l  Developmen t 

Slobi n note s tha t  th e languag e learne r  i s firs t  mos t 
concerne d tha t  languag e b e consisten t  an d processible . 
Later ,  th e languag e learne r  i s willin g t o sacrific e 

consistenc y fo r  expressivenes s an d efficiency .  Speaker s o f 
natura l  language s shar e thei r  knowledg e o f  th e languag e b y 
propagatin g thei r  innovation s t o othe r  speakers . 

I n th e compute r  world ,  on e finds  simila r  processes . 
Consistenc y i s o f  mos t  importanc e fo r  learners ,  wherea s 
advance d compute r  user s ma y welcom e o r  develo p 
shortcuts ,  eve n a t  th e expens e o f  consistency .  Advance d 
user s d o ten d t o shar e thei r  specia l  knowledg e wit h others , 
tradin g macros ,  scripts ,  hints ,  an d shortcut s (Mackay , 
1990) .  Compute r  magazine s usuall y hav e column s 
devote d t o hint s fo r  th e us e o f  specialize d systems .  An d 
informa l  tutorin g network s develop . 

Even so ,  ther e i s fa r  les s sharin g i n compute r  usag e 
tha n i n language ,  becaus e mos t  dialogue s involv e onl y 
one person ,  an d th e compute r  doe s no t  lear n fro m th e 
experience .  Innovation s i n speec h ar e immediatel y passe d 
on t o th e peopl e wit h who m w e speak ,  bu t  innovation s i n 
compute r  us e onl y affect s on e compute r  system' s 
interactio n wit h th e innovator .  W e hav e t o mak e a  specia l 
effor t  an d us e a  specia l  foru m t o communicat e thi s 
innovatio n t o others .  T o complet e th e analog y wit h 
language ,  i t  i s  th e compute r  tha t  need s t o change :  A s w e 
develo p shortcuts ,  th e compute r  syste m mus t  mak e the m 
availabl e t o othe r  user s o f  simila r  compute r  systems . 

Language Evolution 

a n d th e Desig n o f  C o m p u t e r  System s 

The analyse s o f  natura l  language s an d th e desig n o f 
interactiv e compute r  system s revea l  man y o f  th e sam e 
pressures .  I n bot h communicatio n media ,  thes e pressure s 
lea d t o innovation s i n th e structur e o f  th e medium ,  incon -
sistencies ,  an d a  continua l  tensio n betwee n expressiveness , 
ease o f  use ,  eas e o f  understanding ,  an d eas e o f  learning . 

Compute r  system s lac k th e huma n abilit y  t o interpre t 
contex t  an d ar e thu s unabl e t o tak e ful l  advantag e o f 
mechanism s fo r  promotin g efficiency .  Compute r  system s 
and designer s coul d mak e bette r  us e o f  contextua l  effect s t o 
interpre t  people' s actions ,  allowin g simplificatio n o f  th e 
action s require d o f  th e user .  A  goo d exampl e o f  th e us e o f 
contex t  i s  i n th e specificatio n o f  Uni x files .  Th e ful l 
name o f  a  file  include s it s compet e "path "  (th e entir e 
director y hierarchy) ,  bu t  Uni x allow s fo r  considerabl e 
abbreviatio n b y usin g th e curren t  locatio n o f  a  use r  i n th e 
file  hierarch y a s th e defaul t  context .  Ther e ma y b e man y 
file s i n th e compute r  syste m name d "notes, "  bu t  a  use r 
who type s jus t  th e nam e "notes "  i s  assume d t o b e referrin g 
onl y t o files  i n th e curren t  directory .  Unfortunately ,  thi s 
nic e us e o f  contex t  i s  mor e th e exceptio n tha n th e rul e i n 
curren t  syste m design . 

Spoke n huma n communicatio n inevitabl y contain s 
errors .  Listener s ofte n d o no t  eve n notic e thes e error s 
becaus e th e contex t  make s th e utteranc e interpretabl e eve n 
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when ambiguou s o r  erroneous .  Whe n listener s d o hav e 
troubles ,  th e speake r  ca n ofte n detec t  thi s throug h th e 
listener' s nonverba l  an d verba l  reactions .  Languag e i s a n 
exampl e o f  a  syste m tha t  seem s designe d fo r  error—i t 
tolerate s a  goo d dea l  o f  imprecisio n an d i t  provide s error -
correctin g mechanism s tha t  ar e s o effectiv e that ,  afte r  th e 
fact ,  sometime s neithe r  listene r  no r  speake r  i s awar e o f  th e 
error .  Compute r  systems '  genera l  lac k o f  sensitivit y t o 
contex t  mean s tha t  developer s mus t  tak e th e initiativ e b y 
buildin g i n safeguard s an d confirmatio n step s t o preven t 
catastrophi c error s (Lewi s an d Norman ,  1986)—whic h can , 
of  course ,  ad d complexit y o r  inconsistenc y t o th e dialogue . 

Today ,  th e prope r  analog y wit h computer s i s perhap s 
not  full-fledge d natura l  languages ,  bu t  rathe r  pidgins .  Lik e 
pidgins ,  human-compute r  interactio n deal s wit h exchange s 
betwee n user s an d syste m tha t  ar e restricte d i n domain . 
Pidgin s ar e restricte d i n expressiv e power .  Bu t  th e 
"pidgin "  use d fo r  human-compute r  interactio n mus t 
develo p towar d a  Creol e a s greate r  rang e i s sought ,  thu s 
bringin g int o pla y al l  th e issue s discusse d i n thi s paper . 

Compute r  system s ar e stil l  smal l  an d limited .  Unlik e 
natura l  languag e systems ,  the y d o no t  las t  fo r  multipl e 
generation s o f  users ,  an d the y d o no t  provid e mechanism s 
fo r  th e sharin g o f  development s amon g th e use r 
community .  Unlik e huma n listeners ,  the y d o no t  evaluat e 
innovation s an d propagat e goo d ones .  Mor e important , 
perhaps ,  i s tha t  ther e i s non e o f  th e richnes s o f  natura l 
languag e tha t  allow s fo r  heav y us e o f  context ,  a  relativ e 
insensitivit y t o error ,  an d efficien t  erro r  correctin g 
mechanisms . 

An understandin g o f  ho w naturall y evolving ,  intensel y 
socia l  system s suc h a s language s cop e wit h conflictin g 
pressure s ca n hel p th e designer s o f  artificia l  systems .  Bu t 
i f  w e ar e t o adap t  som e o f  th e lessons ,  w e mus t  mov e 
beyon d today' s system s whic h hav e relativel y limite d 
capabilitie s an d limite d lifetime s an d tha t  ar e stati c an d 
unresponsive .  Instead ,  w e mus t  lear n t o develo p system s 
tha t  hav e lon g lifetime s o f  gradua l  evolution ,  an d tha t  ar e 
ad£q}tive ,  flexible,  an d robust . 
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