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W r i t i n g w i t h a  C o m p u t e r 

Ira Goldstein 
Xero x Pal o Alt o Researc h Cente r 

PaloAllo.Cal .  9 4 3 0 4 

Abstract: This essay conjectures that an author's planning 
proces s wil l  b e lacililale d b y a  too l  tha t  represent s hi s pla n a t 
variou s level s o f  abstractio n a s a  netvi/or k o f  subgoals ,  wit h th e 
subgoal s no t  necessaril y  restricte d t o a  linea r  order .  Machin e 
reasonin g o n suc h structure s ha s bee n explore d i n artificia l 
intelligenc e research ;  ou r  proposa l  i s  t o m a k e thes e structure s 
availabl e t o th e write r  a s a  calculu s fo r  representin g hi s essay s 
and t o us e th e compute r  a s a n interactiv e editin g too l  t o 
manipulat e them . 
Writing and Planning 
Machine planning If we examine the literature on machine 
plannin g [1] ,  i t  i s  apparen t  tha t  dat a structure s lo r  plan s mus t 
hav e a  capacit y t o represen t  plan s a t  variou s level s o f 
abstraction .  Otherwis e th e plannin g progra m i s prematurel y 
mire d i n unnecesar y detail .  Furthermore ,  a t  an y particula r  level , 
th e representatio n shoul d minimiz e constraint s o n th e orde r  i n 
whic h goal s mus t  b e accomplished :  i t  shoul d b e possibl e t o 
expres s tha t  tw o goal s mus t  b e satislie d a t  a  certai n poin t  i n th e 
plan ,  bu t  i n a n unspecifie d order .  Again ,  thi s i s t o avoi d havin g 
th e plannin g proces s becom e prematurel y committe d t o a 
particula r  solution .  I t  shoul d als o b e possibl e t o expres s a t  a 
more concret e leve l  tha t  th e goal s i n questio n mus t  b e 
accomplishe d i n a  fixe d orde r  t o satisf y constraint s tha t  aris e a t 
tha t  level . 
Problems ol writing: These characteristics of the planning 
proces s appl y t o organizin g a n essa y jus t  a s m u c h a s the y appl y 
t o a  robo t  choosin g a  pat h t o s o m e destination .  A n autho r  lia s 
a variet y o f  topic s t o present-hi s goal s an d ough t  no t  t o b e 
prematurel y lie d d o w n t o a  particula r  orde r  earl y i n hi s plannin g 
proces s Furthermore ,  h e shoul d b e abl e t o conside r  th e 
organizatio n o l  thes e topic s independentl y o l  thei r  details . 
Limilations ol paper: Authors can meet the demands of 
plannin g wit h penci l  an d paper .  The y ma y wor k wit h outline s t o 
deal  wit h thei r  matena l  abstractl y an d 3x 5 card s t o avoi d 
prematur e commitmen t  t o a  particula r  ordering .  However ,  a s a 
mediu m lo r  planning ,  pape r  ha s a  numbe r  o f  difficulties . 
Explorin g alternative s i s cumbersom e I t  i s  difficul t  t o maintai n 
tw o version s o l  a n outlin e o r  a  fil e o f  cards .  Backin g u p t o a 
previou s versio n i s equall y dillicult ,  especiall y i f  s o m e change s 
hav e bee n m a d e tha t  appl y t o bot h th e n e w an d ol d versions . 
Avoidin g prematur e commitmen t  t o a  particula r  organizatio n i s 
hindere d b y th e linea r  natur e o f  prose .  Constraint s regardin g 
length ,  ligure s o r  citation s mus t  b e remembere d b y th e autho r 
wit h n o hel p Iro m th e mediu m itself . 
Virtues ol the computer The computer is a more flexible 
mediu m tha n pape r  fo r  plannin g becaus e i t  support s dat a 
structure s tha t  captur e th e natur e o f  plan s bette r  tha n linea r 
string s o f  tex t  o r  file s o f  inde x cards .  Th e compute r  ca n 
represen t  alternativ e version s wit h share d structure ,  maintai n a 
histor y o l  previou s versions ,  represen t  nonlinea r  org.inization s 
ol  goal s b y mean s o l  nptworks ,  an d expres s constraint s a s 
program s tha t  monito r  th e evolvin g pla n Thes e dat a structure s 
can .  o l  course ,  b e sketche d o n paper ,  bu t  the y rapidl y becom e 

to o comple x t o edi t  easily .  Th e compute r  ca n serv e a s a n 
editin g devic e tha t  simplilie s thes e dat a structure s b y m e a n s o f 
filtere d view s an d present s the m graphicall y t o a n autho r  s o a s 
t o mak e the m comprehensibl e an d eas y t o edit . 
An Example 

To exemplify this, I will use my own experience in writing the 
introductio n t o thi s essay .  Whil e i t  i s  short ,  it s  generation 
nevertlieles s require d th e solutio n o l  a  variet y o f  typica l  writin g 
problems .  I  shal l  sho w h o w th e compute r  wa s employe d a s a 
too l  fo r  copin g wit h thes e problems . 
This example is offered with an awareness that the value 

of  th e compute r  a s a  plannin g ai d increase s i n 
proportio n t o th e complexit y o f  th e writin g task .  I n thi s 
respect ,  plannin g a  journa l  articl e o r  a  boo k woul d b e a 
mor e compellin g exampl e tha n plannin g a n introductio n 
t o a  shor t  essay .  However ,  suc h a n exampl e woul d als o 
be mor e comple x an d tim e consumin g t o present . 
Hence ,  I  hav e chose n a  simple ,  bu t  rea l  cas e t o present . 
The reade r  i s aske d t o generaliz e thi s exampl e t o writin g 
problem s tha t  h e ha s encountered ,  especiall y i n th e 
contex t  o f  longe r  an d mor e comple x documents . 

As with any introduction to a research article, my subgoals were 
t o presen t  a  brie f  statemen t  o f  th e proble m tha t  tha t  I  wa s 
attemptin g t o solve ,  th e natur e o f  previou s solutions ,  thei r 
limitations ,  th e particula r  solutio n tha t  I  wa s proposing ,  an d th e 
evidenc e lo r  thi s solution .  Th e proble m tha t  I  lace d w a s h o w 
much t o sa y abou t  eac h o f  thes e topic s an d i n wha t  order . 
Had I pursued this task with pencil and paper, I would typically 
hav e writte n severa l  dralt s o l  th e introduction .  Th e draft s woul d 
hav e include d change s t o bot h organizatio n an d th e conten t  o f 
individua l  paragraphs .  I  migh t  als o hav e create d an d revise d a n 
outlin e o f  topic s t o b e discussed ,  sometime s t o serv e a s a n 
initia l  plan ,  sometime s t o analyz e a n existin g draft . 
Instead, I wrote this introduction using a writing environment 
implemente d i n PIE ,  a  prototyp e persona l  informatio n 
environmen t  fo r  th e representatio n o f  design s [2J .  Figur e 1  i s a 
graphi c representatio n o l  th e to p leve l  networ k tha t  I 
constructe d t o represen t  a n earl y pla n lo r  thi s introduction .  Th e 
nod e labelle d Introductio n represent s th e mai n goal .  I t  i s 
precede d b y th e Abstrac t  nod e an d followe d b y th e nod e tha t 
represent s th e goa l  lo r  thi s section .  Th e bo x i n boldfac e linke d 
t o th e Introductio n nod e i s th e pla n lo r  accomplishin g thi s goal . 
It  consist s o l  lou r  subgoal s tha t  mus t  preced e th e statemen t  o f 
my particula r  solution ,  bu t  ar e a s ye t  unordered . 
The first return that I obtained Irom using PIE is rellected in its 
abilit y  t o expres s an d manipulat e a  nonlinea r  sequenc e o f 
topic s Pla n 1  di d no t  commi t  m e t o a  particula r  orde r  fo r 
discussin g G 4 throug h G7 . 
Figures 2 and 3 show two alternative refinements of Plan 1. 
Thes e relinement s diffe r  i n th e orde r  i n whic h the y propos e t o 
discus s th e subgoals .  The y ar e simila r  i n tha t  G 6 ha s bee n 
eliminate d i n bot h Th e basi s fo r  thi s decisio n i s tha t  i t  i s  no t  a 
topi c o f  sufficien t  interes t  t o th e intende d audience -  th e 
members o f  th e cognitiv e scienc e society .  Th e detail s o f  fi6  stil l 
remai n i n th e compute r  databas e an d availabl e lo r  olhe r 
discussion s o l  thi s research . 
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G 1:  Abstrac t  [-»JG2 :  Introductio n [* \  G 3 :  E x a m p l e [ • 

G 4:  P rob lem s o f  Writin g — i 

G 5:  Limitation s o f  P a p e r  — 

G 6:  Presen t  Tex t  Editor s • 

G 7:  M a c h i n e Plannin g —' 

G 8:  Virtue s 

of  C o m p u t e r 

Fig .  1 .  Pla n 1 ,  a n earl y pla n i n whicf i  th e orderin g o f 
subgoal s h a s not ,  a s yet ,  b e e n entirel y determined . 

G 1:  AbstracTj-^ l  G 2 :  Introductio n f> |  G 3 :  E x a m p l e | -

E 

G 4:  P rob lem s o t  Writin g 
d 

-»|G5 :  Limitation s o f  Pape r  -

G 7:  M a c h i n e P l a n n i n g ] — 

G 8:  Virtue s 
of  C o m p u t e r 

Fig .  2 .  Pla n 2 ,  a  refinemen t  t o pla n 1  i n wh i c h G 6 ha s 
b e e n suppresse d a n d th e remainin g goal s ordered . 

G 1:  Abstract~l-» |  G 2 :  lntroductiorr}> |  G 3 :  E x a m p l e [ -

r 

G 4:  P rob lem s o f  Writin g —i 

G 5:  Limitation s o f  Pape r  | -
G 8:  Virtue s 
of  C o m p u t e r 

••  G 7 :  M a c h i n e Plannin g - J 

Fig .  3 .  Pla n 3 ,  a n alternativ e t o pla n 2  i n wh i c h a 
differen t  orde r  fo r  th e subgoal s i s chosen . 

The abilit y  t o manipulat e alternative s i s tti e secon d retur n ttia t  I 
obtaine d fro m usin g PIE .  Wit h pape r  an d pencil ,  multipl e draft s 
presen t  th e difficult y tha t  on e canno t  edi t  som e paragrap h 
c o m m on t o tw o draft s an d hav e th e change s sho w u p i n both . 
Nor  ca n on e easil y plac e tv/ o draft s sid e b y side ,  wit h thei r 
dillerence s highlighte d Bot h capabilitie s ar e presen t  i n a 
compute r  base d plannin g system .  Th e lin k fro m G' t  i n bot h 
plan s ca n poin t  t o th e sam e subnetwork ;  hence ,  change s t o tha t 
networ k wil l  b e rellecte d i n bot h plans .  Analysi s program s ca n 
examin e tw o networ k structure s an d highligh t  thei r  dillerences . 
Ultimately, I chose Plan 3 based on a belief that the Initial 
discussio n o l  writin g difficuitie s cafle d lo r  i n Pla n 2  wa s 
unnecessar y becaus e the y wer e wel l  known .  Th e relevan t 
difficultie s o l  writin g ar e mentione d thre e paragraph s late r  i n th e 
contex t  o f  describin g th e applicatio n o f  machin e plannin g t o th e 
writin g tas k Th e appea l  o f  Pla n 3  i s tha t  th e discussio n 
occupie s les s space ,  a  significan t  virtu e give n a  iimi t  o f  200 0 
words . 

Thi s lead s t o a  discussio n o f  a  thir d virtu e o f  PI E fo r  documen t 
planning :  th e abilit y  t o asser t  constraint s o n th e pla n an d hav e 
th e compute r  monito r  thes e constraints .  PI E allow s th e 
designer-i n thi s case ,  autho r  •t o asser t  predicate s regardin g 
propertie s Of  th e networ k tha t  h e wishe s t o b e monitored .  On e 
suc h predicat e assigne d t o th e nod e representin g th e documen t 
as a  whol e i s tha t  It s entir e lengt h no t  excee d 200 0 words . 
Anothe r  kin d o f  predicat e assigne d t o paragraph s tha t  referenc e 
bibliographi c materia l  i s  tha i  thes e citation s appea r  i n th e 
bibliography .  Simila r  consistency-relate d predicate s appl y t o 
sectio n an d figur e references .  Thes e predicate s serv e a s 
reminder s t o th e autho r  an d a s a  mechanis m t o preserv e 
consistenc y amon g th e variou s part s o f  th e documen t  bein g 
edited . 
A fourth virtue of the system that is closely related to 
constraint s i s th e abilit y  t o vie w th e networ k throug h a  filler . 
Her e a  constrain t  i s  impose d fo r  th e purpos e o f  limitin g th e 
portio n o l  th e networ k tha t  appear s i n a  give n view .  Figure s 2 
and 3  exemplif y on e suc h lifter :  node s tha t  ar e no t  finke d t o a 
pfa n ar e suppressed .  Th e resuf t  i s  tha t  th e nod e labelle d 
Presen t  Tex t  Editors ,  whic h appear s i n Figur e 1 ,  i s  no t  presen t 
I n thes e views .  I n general ,  a  lifte r  i s  a  predicat e o n th e networ k 
and result s i n som e se t  o f  node s and/o r  link s bein g suppressed . 
Objeclions 
The reader has no doubt thought of objeclions to the claim that 
thi s approac h wil l  facifital e goo d writing .  Her e ar e thre e 
common criticisms ,  an d possibl e replies . 
Structures appropriate lor representing machine plans are not 
appropriat e lo r  representin g huma n plans . 
Clearly some data structures appropriate for computers are 
entiret y inappropriat e a s a  calculu s lo r  peopl e t o emplo y fo r 
simila r  tasks .  An d an y machin e dat a structur e i s inappropriat e i f 
presente d t o peopl e a t  to o lo w a  leve l  o f  implementation . 
However ,  thi s i s no t  t o sa y tha t  al l  formalization s o f  cognitiv e 
processe s develope d fo r  machin e proble m solver s ar e useles s 
lo r  people . 
I believe that the formalization of planning described here is 
usefu l  becaus e i t  i s  fargef y base d o n th e natur e o f  pfanning , 
rathe r  tha n o n th e idiosyncracie s o f  computers .  A s evidenc e lo r 
this ,  pfannin g network s hav e bee n devefope d i n th e contex t  o f 
PERT chart s t o anafyz e an d guid e th e pfannin g o f  comple x 
project s fik e th e constructio n o f  ships .  Th e similaritie s betwee n 
thes e network s an d th e A l  structure s i s fa r  greate r  tha n thei r 
differences . 
Conscious planning to the degree proposed here will act as a 
barrie r  t o creativ e writing . 
This is a version of the centipede argument- namely, that if a 
centiped e though t  abou t  o r  planne d hi s perambulatio n to o 
carefully ,  h e woul d fal l  ove r  int o a  ditc h i n utte r  confusion . 
Bette r  t o jus t  engag e i n th e proces s withou t  consciou s 
examination . 
Teachers  of writing courses would lake issue with the centipede 
argument .  I n suc h courses ,  student s ar e taugh t  man y strategie s 
fo r  organizin g thei r  material ,  an d th e clai m i s mad e tha t 
attentio n t o organizationa l  issue s repay s th e write r  man y time s 
ove r  a t  late r  stage s o l  th e writin g process .  Ou r  positio n i s tha t 
il  plannin g i s usefuf ,  suret y th e compute r  ca n provid e a  bette r 
mechanis m tha n 3x 5 cards . 
We do not argue that a document should always be approached 
i n a  to p dow n mode .  A t  certai n times ,  th e bes t  strateg y i s t o 
writ e a  particula r  sectio n i n som e detai l  belor e completin g th e 
pla n lo r  th e entir e documen t  Usin g th e compute r  doe s no t 
preven t  this .  Th e autho r  ca n mov e fro m on e leve l  o l  th e dat a 
structur e t o anothe r  a t  hi s choic e Figur e 2 ,  fo r  example ,  migh t 
hav e bee n th e firs t  pla n create d b y a n author .  Later ,  i n 
searchin g fo r  a n alternativ e organization ,  h e migh t  ste p bac k 
and expres s th e fes s committe d pfa n o f  Figur e 1 ,  the n refin e i t 
t o th e pla n o f  Figur e 3 . 
The overhead in using the computer is too high: belter pencil 
and pape r  becaus e i t  i s  eas y t o us e an d doe s no t  itsel l  obstruc t 
th e writin g process . 
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Unles s carefu l  attentio n i s  pai d t o th e h u m a n factor s o f 
designin g a  plannin g editor ,  thi s objectio n I s a  tellin g one . 
Powerfu l  plannin g structure s ar e useles s unles s the y ar e eas y t o 
manipulat e an d comprehend .  Th e graphi c displa y o f  th e 
plannin g networ k use d i n th e figure s o f  thi s articl e constitute s 
an implici t  proposa l  fo r  a  presentatio n m o d e tha t  i s eas y t o 
understand .  Th e PI E syste m presentl y use s a  no n graphi c 
displa y o f  th e networit :  on e tha t  require s mor e tutelag e tha n th e 
networ k diagrams ,  bu t  i s easie r  t o implemen t  Researc h int o th e 
menta l  model s tha t  user s hav e o f  suc h network s an d int o user -
interfac e desig n tha t  the y fin d comfortabl e t o emplo y i s critica l 
t o th e succes s o f  suc h tools . 
However, even with a good interface, some planning overhead 
wil l  remain .  Hence ,  anothe r  repl y t o thi s objectio n i s tha t  onl y 
some document s justif y th e overhead .  O n e pag e m e m o s d o not . 
But  ou r  hypothesi s i s tha t  fo r  mor e comple x documents ,  th e 
plannin g overhea d require d b y th e compute r  ca n b e les s tha n 
th e overhea d require d b y  penci l  an d paper . 
A third response is that while authors are presently more 
familia r  wit h penci l  an d pape r  tha n wit h computers ,  thi s wil l  no t 
be s o a  decad e hence .  Fo r  a  larg e numbe r  o f  reasons ,  i t  i s 
reasonabl e t o predic t  tha t  computer s wil l  becom e a  universa l 
technology ,  an d tha t  compute r  literac y wil l  b e a s c o m m o n a 
subjec t  a s penmanship .  Hence ,  tha t  par t  o f  th e overhea d du e 
t o unfamillarit y wit h computer s i s o n th e wane . 
Extensions 
We did not attempt to formalize the kinds of plans that an 
autho r  migh t  employ ,  beyon d providin g a  mean s t o represen t 
subgoal s an d successo r  relationships .  However ,  book s o n 
rhetori c an d debat e contai n list s o f  suc h plans .  Thi s suggest s 
tha t  on e migh t  b e abl e t o defin e a  se t  o f  generi c plannin g 
schemat a t o represen t  differen t  argument s suc h a s argument -
by induction ,  argument-b y authority ,  an d argumen t  by-deductive -
prool .  A  give n schem a woul d contai n slot s fo r  th e variou s 
position s tha t  a  give n argumen t  requires :  th e axiom s an d logi c 
of  a  proof ;  th e se t  o f  example s lo r  a n inductiv e argument ,  etc . 
A write r  coul d the n expan d a  pla n fo r  a  documen t  a s a  serie s o f 
instantiation s o f  differen t  schemata .  Whethe r  thi s woul d resul t 
i n mor e coheren t  o r  compellin g pros e remain s t o b e seen ,  bu t  i t 
woul d a t  leas t  b e usefu l  a s a  devic e t o articulat e a  forma l  theor y 
of  argumen t  structure . 
An application of the computer complementary to its use as a 
writin g too l  i s  it s  us e a s a  readin g instrument .  Th e plannin g 
structure s create d b y th e autho r  ca n serv e a s a  roadma p an d 
th e compute r  ca n ac t  a s a  devic e lo r  examinin g thes e 
structure s Potentially ,  thi s increase s th e reader' s abilit y t o 
brows e throug h materia l  i n idiosyncrati c ways ,  rathe r  tha n bein g 
tie d t o a  fixe d orde r  o f  presentatio n selecte d b y th e author .  I t 
may als o simplil y  th e writer' s tas k b y eliminatin g th e nee d t o 
fin d a  singl e linearizatio n appropriat e lo r  al l  audiences .  H o w 
comlorlabl e a  reade r  wil l  b e wit h nonlinea r  informatio n 
structure s an d whethe r  ther e ar e writin g an d readin g skill s 
uniquel y appropriat e t o the m ar e researc h question s tha t  mus t 
ti e addressed . 
Conclusions 
This essay has proposed that planning is one writing skill that 
ca n b e lacilitate d b y th e us e o f  th e compute r  a s a n desig n tool . 
Experiment s t o veril y  thi s proposa l  an d researc h t o investigat e 
what  othe r  skill s  o f  writin g migh t  b e facilitate d b y thi s mediu m 
remai n lo r  th e future :  wha t  i s certai n no w i s tha t  i f  w e progra m 
thes e machine s t o imitat e paper ,  a s i s th e cas e lo r  th e curren t 
generatio n o f  tex t  editin g systems ,  w e wil l  neve r  kno w i f 
qualitativ e improvement s i n th e handlin g o f  word s ca n b e 
obtained . 
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