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ABSTRACT 

Disabled individuals who cannot use a standard keyboard require a special interface in 
orde r  t o us e a  computer .  Th e G O MS mode l  i s  use d her e t o quantitativel y evaluat e thre e 
interface s currentl y use d i n compute r  acces s system s fo r  handicappe d people .  Eac h interfac e 
uses a  row/colum n scannin g techniqu e fo r  lette r  selection ,  an d tw o o f  th e interface s emplo y wor d 
predictio n i n a n attemp t  t o improv e tex t  inpu t  rate .  Technique s fo r  modeUn g thes e interface s ar e 
presented ,  an d th e resultin g prediction s fo r  performanc e time ,  learnin g time ,  an d workin g 
memory requirement s ar e discussed .  Th e model s predic t  tha t  th e system s wit h wor d predictio n 
actuall y hav e lowe r  performanc e tha n on e tha t  allow s onl y singl e lette r  selections .  Factor s 
contributin g t o thi s resul t  includ e additiona l  menta l  operator s require d fo r  us e o f  th e wor d 
predictiv e interface s an d a n insufficien t  probabilit y  o f  successfu l  wor d prediction . 

INTRODUCTION 

The personal computer has tremendous potential for improving the functional abiUties of 
physicall y an d cognitivel y disable d individuals .  Som e o f  thi s potentia l  ha s alread y bee n 
realized ,  an d man y ne w educational ,  vocational ,  an d recreationa l  opportunitie s hav e opene d u p 
fo r  disable d individual s throug h th e us e o f  th e computer .  Fo r  a  compute r  t o b e usefu l  t o disable d 
individuals ,  alternative s t o th e computer' s hardwar e o r  softwar e mus t  ofte n b e developed .  Fo r 
example ,  a  disable d use r  wh o canno t  physicall y us e th e standar d keyboar d mus t  hav e a n 
alternativ e mean s o f  accessin g th e computer ,  referre d t o a s a  compute r  acces s system .  I n 
addition ,  us e o f  th e compute r  a s a n alternativ e communicatio n ai d fo r  peopl e wh o canno t  spea k 
require s a  specia l  use r  interfac e design ,  simila r  t o tha t  o f  a  compute r  acces s system . 

This paper addresses issues surrounding the design of these user interface alternatives. 
The G O MS (Goals ,  Operators ,  Methods ,  Selectio n Rules )  mode l  (Card ,  Moran ,  &  Newell ,  1983 ) 
i s use d t o quantitativel y describ e an d predic t  use r  performanc e fo r  thre e interface s currentl y use d 
i n compute r  acces s an d alternativ e communicatio n system s fo r  handicappe d individuals . 
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B A C K G R O U ND 

Handicappe d individual s wit h physica l  impairment s ma y nee d a n alternativ e t o th e 
standar d keyboar d fo r  compute r  access .  Th e exac t  natur e o f  th e physica l  impairmen t  detemiine s 
what  typ e o f  physica l  inpu t  techniqu e i s use d (e.g. ,  singl e switch ,  expande d keyboard) .  Thi s i n 
tur n determine s th e physica l  componen t  o f  th e user' s "typing "  rate .  Som e user s ma y hav e 
cognitiv e and/o r  perceptua l  impairment s a s well ,  whic h affec t  th e menta l  componen t  o f  thei r 
performance . 

There are many communication and computer access aids that are either commercially 
availabl e o r  i n th e final  stage s o f  testing ,  wit h mor e package s bein g develope d eac h year .  Thes e 
incorporat e a  wid e rang e o f  physica l  inpu t  methods ,  suc h a s expande d keyboards ,  hea d pointin g 
devices ,  an d breath-controlle d switches .  I n addition ,  a  variet y o f  method s designe d t o enhanc e 
rate ,  suc h a s symboli c encoding ,  abbreviatio n expansion ,  an d wor d predictio n ca n b e used . 
Unfortunately ,  developers '  publication s giv e onl y minima l  attentio n t o a n analysi s o f  thei r 
desig n goal s an d desig n decisions .  Analyse s o f  tiiese  issue s tha t  d o exis t  focu s almos t 
exclusivel y o n physica l  efficiency ,  withou t  considerin g th e menta l  loa d o n th e use r  i n a  rigorou s 
or  quantitativ e wa y (Goodenough-Trepagnie r  e t  al. ,  1982 ;  Rowley ,  1987) . 

METHODS 

The GOMS Model 

The GOMS model was developed by Card, Moran, and Newell (1983), and refined by 
Poiso n an d Kiera s (1985) ,  amon g other s (1986) .  Th e user' s behavio r  i s  represente d b y a 
sequenc e o f  elementar y step s (calle d "Operators" )  define d b y th e goal s o f  th e use r  an d th e 
constraint s o f  th e task .  Th e final  mode l  i s a  lis t  o f  statement s tha t  represen t  th e Goals ,  Methods , 
Operators ,  an d Selectio n Rule s t o provid e a  complet e mode l  o f  th e user' s behavio r  i n pursui t  o f 
th e overal l  goal ,  specifyin g eac h require d ste p i n th e prope r  sequence . 

The GOMS model can be used to predict both learning and performance times, as well as 
point s o f  excessiv e lon g o r  shor t  ter m memor y load .  Thes e prediction s ca n the n b e use d durin g 
th e desig n proces s t o estimat e th e consequence s o f  particula r  desig n decisions ,  o r  t o compar e th e 
performanc e o f  a  propose d desig n t o alternativ e systems .  Severa l  studies ,  mos t  o f  whic h us e tex t 
editin g a s th e paradigmati c task ,  hav e demonstrate d tha t  th e G O MS mode l  provide s a  goo d 
descriptio n o f  use r  behavio r  an d predict s tas k performanc e tim e an d learnin g tim e wit h 
reasonabl e accurac y (Card ,  Moran ,  &  Newell ,  1983 ;  Poiso n &  Kieras ,  1985 ;  Ziegler ,  Hoppe ,  & 
Fahnrich ,  1986) . 

Estimation of Performance Time 

The first  ste p i n predictin g overal l  performanc e time  fo r  a  tas k i s t o identif y  al l  possibl e 
ways i n whic h th e tas k ca n b e achieved ,  represente d b y path s throug h th e G O MS model .  Eac h 
pat h i s define d b y statement s i n th e mode l  tha t  ar e execute d whe n th e use r  follow s th e path .  Th e 
executio n time  fo r  a  give n pat h i s estimate d b y summin g th e times  required  t o execut e eac h 
individua l  statemen t  (Card ,  Moran ,  &  Newell ,  1983) .  Th e statemen t  times  ar e estimate d a s 
follows :  on e cognitiv e cycl e tim e pe r  statemen t  plu s an y Operato r  tim e required  fo r  statemen t 
execution ,  (e.g. ,  key-hi t  time ,  decision-makin g time),  a s determine d b y tiie  analyst . 

The overall performance time estimate is the weighted average of individual path times, 
base d o n th e probabilitie s o f  individua l  pat h executio n durin g genera l  syste m use .  I n th e cas e o f 
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th e system s modele d here ,  th e overal l  performanc e tim e i s th e tex t  generatio n rate ,  an d th e 
individua l  path s ar e th e differen t  method s use d t o selec t  letter s o r  words . 

Estimation of Learning Time 

The empirical formula used to estimate learning time is the sum of 30 minutes for 
baselin e learnin g time ,  3 0 second s fo r  eac h statemen t  i n th e model ,  plu s an y additiona l 
memorizatio n tim e (Kieras ,  1987) .  I f  tw o o r  mor e statement s describ e ver y simila r  o r  identica l 
operations ,  the y ar e counte d onl y onc e t o accoun t  fo r  learnin g transfe r  gains .  Lon g ter m 
memorizatio n tim e i s estimate d a s 1 0 sec/chun k o f  informatio n memorize d (Kieras ,  1987) . 

Working memory storage requirements 

The GOMS model provides a means of estimating the number of information chunks in 
workin g memor y a t  an y give n tim e a s wel l  a s th e storag e tim e betwee n retentio n an d retrieva l  fo r 
eac h chunk .  Th e numbe r  o f  statement s tha t  mus t  b e execute d betwee n retentio n an d retrieva l 
yield s a n estimat e o f  th e necessar y storag e tim e fo r  tha t  informatio n (Kieras ,  1987) . 

Alternative Input Systems Modeled 

Each of the three computer access interfaces modeled is designed for use by a severely 
disable d use r  wh o ca n activat e onl y on e o r  tw o switches .  Th e standar d row/colum n scannin g 
interfac e consist s o f  a  lette r  matri x tha t  i s scanne d automaticall y t o allo w th e use r  t o mak e a 
selectio n usin g a  singl e switch .  Th e use r  wait s  fo r  th e syste m t o highligh t  a  particula r  row ,  the n 
hit s th e switc h t o selec t  th e row .  Th e syste m the n highlight s successiv e letter s i n tha t  row ,  unti l 
th e use r  hit s th e switc h agai n t o selec t  th e desire d letter .  Th e letter s ar e arrange d i n orde r  o f 
overal l  frequenc y o f  occurrenc e (Dabbag h &  Damper ,  1985) ,  a s show n i n Figur e 1 ,  s o tha t  th e 
letter s wit h th e highes t  frequenc y o f  us e requir e th e fewes t  numbe r  o f  sca n step s fo r  selection . 
Thi s arrangemen t  stay s fixe d whic h simplifie s use r  memorizatio n o f  lette r  position .  Tex t  i s 
generate d b y selectin g eac h lette r  fro m th e lette r  matri x on e b y one . 

The other two interfaces modeled add word prediction to simple letter scanning in an 
attemp t  t o improv e use r  performance .  Thes e system s exploi t  th e redundanc y o f  th e Englis h 
languag e i n orde r  t o predic t  th e user' s desire d word ,  thereb y reducin g th e numbe r  o f  physica l 
action s require d o f  th e use r  (Gible r  &  Childress ,  1982) .  I t  i s assume d tha t  th e predictiv e 
interface s us e th e sam e lette r  matri x arrangemen t  describe d above . 
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FIGURE 1 .  Standar d row/colum n lette r  matri x 
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The firs t  predictiv e interfac e studie d i s a  sligh t  variatio n o n th e P A C A system ,  develope d 

at  Northwester n Universit y (Heckathorn e &  Leibowitz ,  1985) .  Th e firs t  tw o letter s o f  ever y 

wor d ar e selecte d usin g standar d single-switc h row/colum n scanning .  Whe n th e secon d lette r  i s 

selected ,  th e lette r  matri x  i s replace d b y a  lis t  o f  th e seve n mos t  likel y word s tha t  star t  wit h th e 

tw o selecte d letters .  I f  th e desire d wor d i s no t  i n th e firs t  predictio n list ,  th e use r  ca n selec t  a 

secon d predictio n lis t  an d subsequentl y choos e a  wor d o r  retur n t o row/colum n scanning . 

The second predictive interface analyzed is the PAL system, developed at the University of 

Dundee ,  Scotlan d (Amot t  e t  al. ,  1984) .  Th e majo r  difference s betwee n i t  an d th e P A C A syste m 

ar e tha t  bot h it s ten-wor d lis t  an d lette r  matri x ar e o n th e scree n a t  th e sam e time ,  an d prediction s 

ar e mad e e\'e n befor e a  lette r  i s selecte d an d ar e refine d a s subsequen t  letter s ar e selected .  I f  a 

wor d i s i n th e predictio n lis t  th e use r  hit s on e switc h t o initiat e one-dimensiona l  scannin g o f  th e 

\sor d list ;  i f  not ,  a  secon d switc h initiate s row/colum n scannin g o f  letters . 

GOMS Models for the Three Interfaces 

Standar d row/colum n scanning .  Th e G O MS mode l  fo r  th e standar d row/colum n scannin g 

interfac e contain s seve n statements .  Th e onl y selectio n pat h usin g thi s interfac e i s a  singl e lette r 

selectio n fro m a  stati c two-dimensiona l  lette r  matri x requirin g executio n o f  al l  seve n G O MS 

statements . 

The P A C A System .  Th e G O MS mode l  fo r  th e P A C A syste m contain s 2 9 statements . 

Ther e ar e fou r  possibl e path s throug h th e P A C A syste m model : 

1. Single letter selection for first or second letter of each word. 

2.  Singl e lette r  selectio n followin g a n unsuccessfu l  searc h o f  bot h predictio n lists . 

3.  W o r d selectio n w h e n wor d i s foun d i n firs t  predictio n list . 

4.  W o r d selectio n w h e n wor d i s foun d i n secon d predictio n list . 

The PAL System. With the PAL system, if the user searches the prediction list after every 

lette r  selection ,  ther e ar e onl y tw o possibl e selectio n paths ,  a s follows : 

1. Letter selection after deciding that the desired word is not in the prediction list. (Ti) 

2.  W o r d selectio n w h e n th e desire d wor d i s foun d i n th e predictio n list .  (T2 ) 

However, if the word is not present in the prediction lists after the 3rd letter selection, it is 

assume d tha t  th e use r  doe s no t  searc h th e subsequen t  predictio n list s an d wil l  selec t  individua l 

letters . 

H^odel  Inpu t  Parameter s fo r  Mode l  Simulation .  Th e firs t  ste p i n comparin g syste m 

performanc e time s i s t o establis h a  se t  o f  nomina l  paramete r  value s t o us e i n th e performanc e 

predictio n equation s fo r  eac h system .  Th e parameter s are : 

Basi c Processo r  T ime s 

•  cogniiiv e cycl e tim e 

*  perceptua l  cycl e tim e 

•  moto r  cycl e lim e 

Operator s 

•  switc h hi t 

•  word-foun d 

•  selection-i s lette r  o r  wor d 

•  lst-or-2nd-lctler-of-wor d 

•  at-least-4ih-letlcr-of-wor d 

•  searc h lis t  fo r  wor d 

•  decid e i f  tex t  i s  complet e 

Syste m Parameter s 

•  syste m sca n rat e 

•  ave .  no .  o f  lelters/wor d 

•  ave .  no .  o f  scans/wor d selciio n 

•  predictio n succes s parameter s 
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Values for the cognitive, perceptual, and motor Processor times are taken from basic 
human informatio n processin g researc h (Card ,  Moran ,  &  Newell ,  1983) .  Al l  thre e value s ca n b e 
estimate d a t  0. 1 second s fo r  peopl e withou t  cognitive ,  perceptual ,  o r  moto r  impairments .  Thes e 
value s wer e use d fo r  initia l  simulatio n trial s a s the y als o represen t  a  wid e rang e o f  disable d user s 
whose cognitive ,  perceptual ,  an d moto r  time s (fo r  operatin g on e o r  tw o switches )  i s identica l  t o 
able-bodie d individuals .  Tim e require d t o hi t  th e switc h ca n b e modele d a s a  simpl e reactio n 
time ,  takin g on e cognitiv e cycl e an d on e moto r  cycle ,  o r  0. 2 sec . 

All except one of the mental Operator times are estimated by determining the relative 
number  o f  componen t  Processo r  times .  Th e text-complet e Operato r  i s  on e tha t  canno t  b e readil y 
subdivide d int o componen t  Processo r  cycles .  Therefore ,  a  valu e o f  1.3 5 second s wa s used ,  take n 
fro m Card ,  Moran ,  an d Newell' s  stud y (1983 )  o f  th e generi c M operator . 

The minimum scan rate can be set at the time it takes to perceive a letter on the display 
and matc h i t  t o a n imag e o f  th e desire d lette r  plu s th e switc h hi t  time ,  o r  0. 4 sec .  Fiv e 
letters/wor d wa s chose n a s th e nomina l  estimat e fo r  simulatio n trial s (Goodenough-Trepagnie r  e t 
al. ,  1982) .  A n estimat e o f  one-hal f  th e numbe r  o f  word s i n th e predictio n lis t  i s use d a s th e 
nomina l  valu e fo r  th e numbe r  o f  sca n steps/wor d selection .  Overal l  predictio n succes s 
parameter s fo r  P A C A an d P A L system s wer e base d o n developers '  estimate s o f  7 0 % predictio n 
succes s (Arnot t  e t  al. ,  1984 ;  Gible r  &  Childress ,  1982) . 

RESULTS 

Performanc e Tim e 

The results of simulation trials to predict overall text generation rate using the nominal 
parameter s value s ar e show n i n Figur e 2 .  Th e predicte d rat e fo r  th e standar d R/ C syste m i s 3.5 8 
words/minut e (wpm) ,  wit h th e P A L syste m a t  3.1 6 w p m an d th e P A C A syste m a t  2.9 2 wpm . 
Thes e simulatio n trial s predic t  tha t  th e standar d R/ C scannin g syste m i s faste r  tha n th e predictiv e 
interfaces . 

Dependence on Number of Letters/Word 

Figure 3 shows the predicted text generation rate for each system plotted against the 
number  o f  letters/word ,  L ,  whe n i t  i s varie d fro m 4. 5 t o 6  an d al l  othe r  parameter s ar e kep t  a t 
nomina l  values .  Th e standar d R/ C syste m i s muc h mor e sensitiv e t o change s i n L  tha n eithe r  o f 
th e predictiv e interfaces .  Thi s i s becaus e th e standar d R/ C syste m ha s onl y on e selectio n pat h s o 
th e numbe r  o f  letters/wor d i s th e sam e a s th e numbe r  o f  selectio n loop s executed .  Wit h th e 
predictiv e interfaces ,  a  chang e i n L  affect s onl y thos e selectio n loop s i n whic h th e final  letter s o f 
a wor d ar e individuall y selecte d (approximatel y 3 0 % o f  th e time) . 

Dependenc e o n Predictio n Parameter s 

The overall proportion of words in the dictionary (70%) can be subdivided into the 
distributio n o f  word s amon g th e predictio n lists .  Fo r  th e P A C A system ,  w i  an d W2 ar e th e 
probabilitie s tha t  a  wor d i s o n th e firs t  o r  secon d wor d lists ,  respectively ,  give n tha t  th e wor d i s 
i n th e dictionary .  Eve n wit h w i  =  1.0 ,  indicatin g tha t  al l  word s i n th e dictionar y ar e presente d o n 
th e first  wor d list ,  th e estimate d rat e i s onl y 3.0 1 wpm.  Fo r  th e P A L system ,  X j  i s th e probabilit y 
of  successfu l  wor d predictio n followin g selectio n o f  th e it h letter .  W h e n x i  an d X 2 ar e varie d 
togethe r  fro m 0.2 5 t o 0.40 ,  th e larges t  estimate d rat e i s 3.2 2 w p m a t  x i  =  X 2 =  0.40 . 
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FIGURE 2 . Estimate d rate s usin g 
nomina l  parameter s 

FIGURE 3 .  Estimate d rate s a s function s o f 
letter s pe r  word . 

Learnin g Tim e Requirement s 

The GOMS model for the standard row/column scanning interface predicts a basic 
operationa l  learnin g tim e o f  33. 5 minutes .  Th e tim e required  t o memoriz e th e 2 7 lette r  location s 
can b e estimate d a t  22. 5 minute s fo r  a  tota l  learnin g tim e o f  5 6 minutes .  Th e P A C A syste m 
operationa l  leamin g tim e estimat e i s 4 3 minutes ,  an d th e memorizatio n learnin g tim e 23. 8 fo r  a 
tota l  o f  66. 8 minutes .  Th e P A L syste m operationa l  leamin g tim e estimat e i s 45. 5 minutes ,  an d 
th e memorizatio n leamin g tim e 22. 5 fo r  a  tota l  o f  6 8 minutes . 

Working Memory Requirements 

None of the systems modeled here places excess demands on working memory capacity 
or  retentio n time .  Th e larges t  amoun t  o f  storag e require d a t  an y on e tim e i s thre e chunks ,  whic h 
i s safel y belo w th e fiv e chun k limi t  suggeste d b y Kieras ,  an d al l  require d retentio n time s ar e les s 
tha n on e secon d (Kieras ,  1987) . 

DISCUSSION 

Performanc e Tim e 

Performanc e tim e refer s t o th e tim e i t  take s t o perfor m th e overal l  task .  I n th e cas e o f  a n 
alternativ e inpu t  system ,  th e overal l  tas k i s t o generat e tex t  t o b e spoke n i n a  conversatio n o r 
use d a s inpu t  t o a n applicatio n program .  Th e idea l  cas e i s fo r  th e disable d use r  t o approac h rate s 
achieve d b y able-bodie d individuals ,  typicall y 3 5 -  4 0 words/minut e fo r  typin g an d 10 0 -  20 0 
w p m fo r  speaking .  Thes e ar c unrealisti c fo r  a  singl e switc h scannin g system .  Th e minimu m 
acceptabl e rat e shoul d b e abov e 3  w p m becaus e a t  rate s belo w thi s point ,  conversatio n break s 
down du e primaril y t o th e receiver' s impatienc e (Goodenough-Trepagnie r  e t  al. ,  1984) . 
Goodenough-Trepagnie r  e t  al .  (1984 )  hav e show n tha t  receivers'  impatienc e decrease s markedl y 
at  a  rat e o f  5  w p m ,  whic h make s thi s rat e a  reasonabl e targe t  fo r  a  minimall y acceptabl e rate . 

The precedin g G O MS analysi s provide s estimate s o f  performanc e tim e fo r  eac h syste m 
unde r  a  variet y o f  conditions .  Th e surprisin g overal l  resul t  o f  thi s analysi s i s tha t  non e o f  th e 
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thre e interface s approache s 5  w p m usin g nomina l  paramete r  values ,  eve n thoug h use r  parameter s 
correspon d t o thos e o f  a n able-bodie d user .  I n addition ,  th e tw o predictiv e interface s ar e a t  a 
consistend y slowe r  rat e tha n th e standar d R/ C system ,  wit h th e P A L syste m somewha t  faste r 
tha n P A C A ,  unde r  almos t  al l  conditions . 

There are three main factors that contribute to the estimated slowness of the predictive 
interfaces .  First ,  th e numbe r  o f  statement s t o b e execute d i n us e o f  th e predictiv e interface s i s 
much greate r  tha n th e mer e 7  statement s use d i n th e standar d R/ C system ;  thi s reflect s th e 
relativ e complexit y o f  th e predictiv e systems .  Second ,  us e o f  th e predictiv e system s require s 
additiona l  menta l  operators ,  suc h a s visua l  searc h tim e an d word-foun d matching ,  whic h increas e 
th e overal l  tex t  generatio n rate .  Third ,  th e relativel y poo r  predictiv e abilit y  o f  th e P A C A an d 
P AL system s contribute s t o th e slo w rat e estimate . 

The proportion of words present in the dictionary is crucial to text generation speed with 
predictiv e interfaces .  I t  shoul d b e note d tha t  a  majo r  featur e o f  bot h th e P A C A an d P A L syste m 
i s tha t  th e dictionar y content s chang e dynamicall y base d o n th e user' s wor d usage .  Thi s featur e 
may significantl y increas e th e proportio n o f  word s presen t  i n th e dictionar y ove r  tim e wit h a 
resuldn g increas e i n tex t  generatio n rate .  Thi s i s a  user-specifi c  syste m featur e tha t  canno t  b e 
easil y modele d wit h th e G O MS model .  However ,  th e G O MS mode l  ca n b e use d t o develo p 
criteri a fo r  th e proportio n o f  word s neede d t o b e foun d i n th e dictionar y i n orde r  t o achiev e a 
predefine d performanc e level . 

Learning 

Syste m learnin g tim e shoul d b e a s shor t  a s possible ,  sinc e system s tha t  ar e difficul t  t o 
lear n wil l  b e les s acceptabl e t o th e targe t  user .  Rubinstei n an d Hers h (1984 )  propos e a  "1 0 
minut e rule "  a s a  criteri a fo r  learnin g th e basic s o f  a  system .  Thi s ma y b e impossibl e t o achiev e 
as som e publishe d estimator s o f  learnin g tim e us e a  bas e learnin g tim e o f  a t  leas t  3 0 minute s 
(Poiso n &  Kieras ,  1985) .  A  mor e reasonabl e desig n requiremen t  fo r  learnin g tim e ma y b e t o 
combin e thes e fo r  a  tota l  o f  4 0 minutes . 

None o f  th e estimate s fo r  th e thre e modele d interface s meet s thi s desig n requirement , 
wit h th e closes t  bein g standar d R/ C scannin g a t  5 6 minutes .  Th e tw o predictiv e system s hav e 
basicall y th e sam e estimate d learnin g times ,  a t  roughl y 6 8 minutes .  Note ,  however ,  tha t  th e 
estimate d learnin g time s includ e 22. 5 minute s fo r  memorizatio n o f  th e 2 7 lette r  matri x positions . 
Memorizatio n o f  thes e position s i s no t  essentia l  fo r  us e o f  an y system .  Therefore ,  th e tim e 
require d fo r  thi s memorizatio n ca n b e subtracte d fro m th e estimate d learnin g tim e t o giv e a n 
absolut e minimu m learnin g tim e estimate . 

Future Work 

Thi s researc h represent s a n initia l  stag e i n th e developmen t  o f  a  mode l  tha t  ha s th e 
potentia l  t o becom e a n extremel y importan t  too l  i n th e desig n an d prescriptio n o f  compute r 
acces s an d communicado n aid s fo r  disable d people .  Th e result s presente d her e rais e th e 
questio n a s t o whethe r  wor d predictio n interfaces ,  develope d a s a  faste r  alternativ e t o 
row/colum n lette r  scanning ,  ar e actuall y les s efficien t  tha n th e row/colum n scannin g interface . 
The mode l  als o provide s insigh t  int o th e reason s fo r  thi s surprisin g result .  First ,  a n overal l  wor d 
predictio n succes s o f  7 0 % doe s no t  provid e enoug h wor d selectio n opportunitie s t o counterac t 
th e menta l  overhea d involve d i n usin g th e mor e complicate d predictiv e interfaces .  Second , 
when a  wor d i s selected ,  th e lengt h o f  th e averag e wor d i s to o shor t  t o provid e enoug h switc h hi t 
savings . 
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The quantitativ e validit y o f  thes e resuh s i s dependen t  upo n th e accurac y o f  th e G O MS 
model  description s an d inpu t  parameters .  Therefore ,  on e directio n fo r  futur e researc h i s t o stud y 
th e behavio r  o f  actua l  user s t o determin e th e validit y o f  th e G O MS mode l  predictions . 

If previous validation of this approach for analysis of text editing is assumed to carry 
ove r  t o th e presen t  applicatio n the n furthe r  sensitivit y analysi s o f  inpu t  parameter s ca n b e 
expecte d t o yiel d a t  leas t  qualitativ e informatio n abou t  th e valu e o f  on e approac h ove r  another . 
By modelin g variou s technique s commo n t o man y differen t  systems ,  criteri a ca n b e develope d 
fo r  syste m optimizatio n (e.g. ,  detemiin e efficac y o f  a  linea r  vs .  binar y searc h strategy) .  Futur e 
wor k wit h th e G O MS mode l  i s wel l  justifie d b y th e potentia l  benefit s o f  a n accurat e mode l  fo r 
human performanc e wit h a n alternativ e inpu t  schem e fo r  compute r  operation . 
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