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K n o w l e d g e Structure s Involve d i n 

Comprehending Computer Documentation 

Darlen e Clemen t 

Institute of Human Learning 
Universit y o f  California ,  Berkele y 

Berkeley ,  C A 9472 0 

A B S T R A CT 

A mode l  o f  computer-manua l  comprehensio n 

i s propose d i n whic h fou r  processe s operat e simul -

taneously :  task-mappin g o f  th e structur e o f  regula r 

procedure s ont o th e structur e o f  compute r  com -

mands,  constructin g a  menta l  mode l  o f  th e com -

pute r  system ,  inducin g th e comman d languag e 

grammar ,  an d learnin g th e structur e o f  compute r 

procedures .  Finding s fro m a  stud y o f  fiv e novices ' 

comprehensio n problem s unt h U N I X documenta -

tio n ar e analyze d i n term s o f  thes e fou r  processes . 

Two o f  th e fou r  processes—task-mappin g an d pro -

cedur e learning—ar e describe d i n thi s paper .  Th e 

analysi s focuse s o n th e knowledg e structure s 

involve d i n comprehendin g a  technica l  text . 

The solution to the problem of computer 

manual  comprehensio n ha s bee n narrowl y viewe d 

as simpl y a  matte r  o f  eliminatin g jargon ,  usin g 

"good "  sentenc e structure ,  an d s o on .  Tha t  is , 

th e emphasi s ha s bee n o n low-leve l  linguisti c 

aspect s instea d o f  th e fundamenta l  cognitiv e one s 

involvin g th e knowledg e structure s tappe d b y a 

technica l  text .  Th e comprehensio n proble m ma y 

be considere d fro m th e perspectiv e o f  eac h o f  th e 

thre e factor s tha t  giv e ris e t o it ,  viz. ,  th e system , 

th e reader ,  an d th e writer . 

First ,  a  compute r  manua l  give s direction s 

fo r  operatin g a  devic e tha t  i s  unlik e an y othe r 

machine .  Compute r  system s ar e difficul t  t o lear n 

bot h becaus e the y ar e operate d symbolically ,  an d 

becaus e the y "operat e o n invisibl e object s wit h 

consequence s tha t  ar e no t  readil y apparent " 

(Nakatan i  an d Rohrlich ,  1983) .  I n particular ,  th e 

reade r  mus t  understan d bot h th e system' s con -

ceptua l  mode l  an d interface . 

Second ,  th e reader' s knowledg e bas e mus t 

be take n int o account .  I f  th e reade r  i s a  non -

programme r  ther e ar e onl y tw o thing s tha t  h e o r 

sh e ca n brin g t o th e text :  a  mode l  o f  ho w con -

ventiona l  editin g i s done ,  an d som e expectation s 

abou t  tex t  structure .  Beyon d this ,  non -

programmer s ar e a t  a  loss .  The y hav e n o under -

standin g o f  compute r  programmin g whic h som e 

hav e argue d i s th e basi s fo r  a  generativ e mode l  o f 

th e syste m (e.g. ,  Shell ,  1981) . 

Third ,  th e technica l  writer' s abilit y t o con -

ve y th e ne w informatio n mus t  b e analyzed .  T h e 

writer' s rol e i s on e i n whic h h e o r  sh e mus t  com -

pensat e fo r  bot h th e novice' s naivete ,  an d an y 

unnaturalnes s i n th e system' s design .  T o date , 

writer s hav e onl y bee n give n ver y genera l  sugges -

tion s fo r  accomplishin g thi s fea t  (e.g. ,  "writ e 

cleatfly") .  Th e ga p betwee n th e suggestion s an d 

thei r  implementatio n mus t  b e filled  entirel y b y 

intuition .  Cognitiv e psychology ,  an d i n particu -

la r  tex t  comprehensio n research ,  ca n provid e a 

means o f  bridgin g thi s ga p b y elucidatin g th e 

specifi c  schemat a tappe d b y a  technica l  text . 

I n orde r  t o investigat e users '  problem s 

learnin g a  syste m wit h a  manual ,  a n in-dept h 

qualitativ e stud y wa s carrie d ou t  i n whic h 5 

novice s attempte d t o lear n U N I X ^  wit h onl y a 

manual  t o guid e them .  Th e subject s wer e aske d 

t o rea d a  sectio n o f  tw o locall y produce d tutorial s 

i n advanc e o f  meetin g wit h th e researcher .  Th e 

tutorial s covere d file  manipulatio n an d tex t  edit -

in g wit h a  line-oriente d edito r  calle d "Edit. " 

Durin g th e meeting s subject s use d th e compute r 

t o follo w th e instruction s i n th e tutorial .  Th e 5 

*  UNI X i *  k  tndeEur k o f  Bel l  LftborUoriet . 
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session s laste d tw o hour s o n averag e an d wer e 

tap e recorded ,  yieldin g approximatel y 1 0 hour s o f 

tap e fro m eac h subject . 

The mode l  derive d fro m th e analysi s o f  th e 

dat a partition s th e informatio n containe d i n com -

pute r  manual s int o fou r  classes ,  eac h wit h a 

correspondin g comprehensio n task .  Functiona l 

informatio n describe s th e purpos e o f  eac h com -

mand an d trigger s a  task-mappin g comprehen -

sio n process .  I n thi s process ,  user s ma p th e ne w 

functiona l  informatio n give n i n th e manua l  ont o 

thei r  taci t  model s o f  regula r  text-editin g an d gen -

era l  offic e procedures .  Example s o f  suc h pre -

existin g model s ar e th e familia r  procedure s o f 

cuttin g an d pastin g tex t  i n documents ,  creatin g 

new files,  an d typewrite r  editing .  Structura l 

informatio n describe s th e underlyin g structure s 

and processe s o f  th e compute r  syste m itself .  A 

descriptio n o f  a  devic e trigger s a  model * 

buildin g proces s i n whic h th e reade r  attempt s t o 

construc t  a  menta l  mode l  o f  ho w th e devic e func -

tions ,  fo r  example ,  ho w th e edito r  buffe r  an d dis k 

(importan t  entitie s whic h th e use r  neve r  sees )  ar e 

related .  C o m m a nd informatio n describe s th e 

way i n whic h command s ar e issued .  I t  trigger s 

th e c o m m a n d learnin g proces s i n whic h user s 

attemp t  t o lear n th e synta x an d semantic s o f  th e 

command language .  Procedura l  informatio n 

provide s direction s fo r  navigatin g throug h th e 

system ,  i.e. ,  knowin g whic h comman d t o issu e i n 

whic h context .  Th e correspondin g procedur e 

learnin g proces s entail s recognizin g thes e 

differen t  progra m contexts ,  an d learnin g th e 

orde r  i n whic h command s mus t  b e issued . 

Thoug h eac h o f  thes e processe s tap s radi -

call y differen t  knowledg e structures ,  the y ar e fun -

damentall y th e same :  i n eac h cas e i t  i s  necessar y 

fo r  th e ne w informatio n t o connec t  wit h th e 

reader' s knowledg e base .  I t  i s  apparen t  fro m th e 

problem s novice s ha d tha t  th e documentatio n 

the y use d ha d seriou s shortcoming s i n eac h o f 

thes e areas .  Becaus e o f  spac e limitations ,  onl y 

tw o o f  th e fou r  comprehensio n processe s wil l  b e 

describe d here—th e task-mappin g proces s an d 

th e procedure-learnin g process . 

T A S K - M A P P I NG 

The task-mopin g proces s wa s initiall y 
describe d i n Clemen t  (1983 )  a s a  globa l  proces s o f 

mappin g th e structur e o f  th e regula r  editin g tas k 

ont o th e correspondin g compute r  versio n o f  th e 

task .  So ,  fo r  example ,  th e regula r  editin g prc ^ 

cedur e o f  changin g a  wor d b y crossin g i t  ou t  an d 

writin g anothe r  wor d abov e it ,  get s mappe d t o 

th e tex t  editor' s substitut e command .  Recently , 

thi s sam e proces s ha s bee n describe d i n mor e 

detai l  b y Mora n (1983) .  Mora n state s tha t  th e 

user' s knowledg e o f  editin g procedure s consist s o f 

at  leas t  eigh t  editin g function s (add ,  remove , 

change ,  transpose ,  move ,  copy ,  split ,  join )  whic h 

operat e o n five  tex t  entitie s (character ,  word , 

sentence ,  line ,  paragraph) .  Th e 3 7 task s tha t 

resul t  fro m th e combinatio n o f  editin g function s 

and tex t  entitie s constitut e th e cor e knowledg e 

th e use r  possesses .  Thi s knowledg e comprise s th e 

"externa l  tas k spaMre. "  Th e compute r  syste m 

als o ha s entitie s an d operation s define d withi n it , 

but  thes e ma y b e ver y differen t  fro m th e one s th e 

user  knows .  Th e entitie s an d operation s interna l 

t o th e compute r  constitut e th e "interna l  tas k 

space. "  Mora n give s th e exampl e o f  a  syste m 

tha t  define s onl y on e entit y ( a characte r  string) , 

and onl y thre e editin g operations .  Wit h thi s sys -

te m user s mus t  lear n t o conflat e th e five  separat e 

tex t  entitie s the y ar e familia r  wit h ont o thi s on e 

syste m entity ,  an d th e eigh t  editin g function s 

the y ar e use d t o mus t  b e collapse d ont o three : 

cut ,  paste ,  an d insert .  I n othe r  words ,  th e task -

mappin g proces s require s tha t  th e use r  lear n t o 

carr y ou t  famUia r  task s b y mean s o f  unfamilia r 

function s whic h operat e o n unfamilia r  entities . 

The operatio n o f  thi s proces s wa s especiall y 

eviden t  whe n subject s attempte d t o lear n th e 

U N I X rea d conomand .  Thi s comman d allow s a 

file  t o b e inserte d int o th e file  currentl y bein g 

revised ,  tha t  is ,  i t  allow s th e use r  t o cu t  an d 

paste .  H o w i s i t  simila r  t o conventiona l  cuttin g 

and pasting ? I n bot h th e compute r  versio n an d 

th e regula r  versio n o f  th e cuttin g an d pastin g 

procedur e th e poin t  a t  whic h th e ne w informa -

tio n i s t o b e inserte d mus t  b e located .  The n th e 

pastin g actio n ca n b e carrie d out .  I n th e com -

pute r  procedur e th e "read "  comman d i s issued ; 

i n th e regula r  procedur e th e materia l  i s  actuall y 

paste d in .  Ther e ar e tw o way s i n whic h th e pro -

cedure s differ .  First ,  i n regula r  cuttin g an d past -

in g th e materia l  paste d i n typicall y n o longe r 

exist s i n it s origina l  location .  I n contrast ,  i n th e 

compute r  versio n o f  th e task ,  th e file  paste d i n 

stil l  exist s a s a  separat e file.  Second ,  i n regula r 

cuttin g an d pastin g usuall y onl y par t  o f  a  remot e 

document  i s splice d int o th e documen t  unde r 

revision .  I n contrast ,  i n compute r  cuttin g an d 

pastin g th e entir e remot e file  i s paste d in ,  no t 

jus t  a  sectio n o f  it . 

The manua l  describe d th e conunan d a s fol -

lows . 
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Read in g addH lon* !  fllea  (r ) 

The read (r) commaDd allows you to add the 

content s o f  a  file  t o th e buffe r  a t  a  specifie d loca -

tion ,  essentiall y  copyin g ne w line s betwee n tw o 

existin g lines .  T o us e it ,  specif y th e lin e afte r 

whic h th e ne w tex t  wil l  b e placed ,  th e rea d (r ) 

command,  an d the n th e nam e o f  th e file.  I f  yo u 

hav e a  file  name d "example" ,  th e c o m m a n d 

t$r example 

"example "  1 8 lines ,  47 3 character s 

reads the file "example" and adds it to the buffer 

afte r  th e las t  line .  Th e curren t  filename  i s no t 

change d b y th e rea d command .  {Edit :  A  Tutoria l 

p.  22 ) 

I n general ,  th e subject s ha d difficult y understand -

in g thi s paragraph .  Afte r  the y wer e tol d tha t  i t 

referre d t o cuttin g an d pastin g furthe r  discussio n 

reveale d thei r  attempt s t o m a p th e structur e o f 

th e regula r  procedur e ont o th e compute r  pro -

cedure .  T w o subject s though t  tha t  th e file 

paste d i n disappear s fro m it s  origina l  location . 

Notic e tha t  thi s i s wha t  woul d b e predicte d fro m 

a mode l  o f  regula r  editing .  Anothe r  subjec t  won -

dere d i f  onl y par t  o f  th e remot e file  i s paste d in , 

or  th e whol e file. 

F ro m a  tex t  comprehensio n standpoin t  thi s 

paragraph  fro m th e manua l  i s reminiscen t  o f  pa» -

sage s use d i n tex t  comprehensio n studie s i n th e 

earl y 70' s (e.g. ,  Doolin g an d Lachman ,  1972 ) 

wher e subject s wer e presente d wit h text s tha t 

wer e incomprehensibl e withou t  a  title .  Onc e a 

titl e wa s provide d th e text s wer e easil y 

comprehende d becaus e th e titl e triggere d th e 

tehem a tha t  th e tex t  wa s about .  Similarly ,  thi s 

tex t  woul d hav e bee n easie r  fo r  th e subject s t o 

assimilat e ha d th e cuttin g an d pastin g schem a 

been activate d a t  th e outset ,  say ,  i n th e heading . 

Thi s i s a  poin t  tha t  ca n b e o f  us e t o documen t 

developers .  Onc e th e appropriat e regular-editin g 

schema i s  activate d the n th e task-mappin g pro -

ces s ca n b e carrie d ou t  mor e easily .  Th e docu -

ment  develope r  ca n furthe r  facilitat e th e task -

mappin g proces s b y explicitl y  comparin g th e 

similaritie s an d difference s betwee n th e regula r 

editin g procedur e an d th e compute r  procedure . 

Thi s woul d reduc e th e amoun t  o f  inferencin g th e 

reade r  woul d hav e t o engag e in ,  an d woul d simul -

taneousl y answe r  th e reader' s questions . 

P R O C E D U RE L E A R N I N G 

Accordin g t o th e Card ,  Moran ,  an d Newel l 
(1080 )  mode l  o f  th e manuscrip t  editin g task ,  a n 

expert' s  knowledg e dt/uctur e consist s o f  goals , 

operators ,  methods ,  an d selectio n rules .  Tha t  is , 

expert s hav e pre-store d informatio n abou t  th e 

sequenc e o f  operation s an d alternativ e method s 

availabl e fo r  performin g a n editin g task .  I t  i s 

thi s knowledg e tha t  th e novic e mus t  acquir e fro m 

th e manua l  an d fro m interaction s wit h th e sys -

tem . 

I t  i s  clea r  fro m th e dat a tha t  novice s com e 

t o th e procedur e learnin g tas k wit h a  rudimen -

tar y procedur e schem a containin g slot s fo r  goals , 

steps ,  an d methods .  However ,  th e proces s o f 

filling  thes e slot s i s no t  eas y t o d o i f  th e rol e o f 

eac h piec e o f  informatio n i s no t  clearl y marke d i n 

th e text .  Fo r  example ,  on e sectio n o f  th e 

tutoria l  describe d ho w t o correc t  typographica l 

error s wit h a  line-oriente d editor .  T o carr y ou t 

thi s tas k th e use r  mus t  understan d thre e things : 

1)  ho w th e edito r  function s (th e nee d t o positio n 

i t  o n th e relevan t  line) ;  2 )  th e sequenc e o f  step s 

necessar y fo r  carryin g ou t  th e task ;  an d 3 )  th e 

variou s method s tha t  ca n b e use d t o carr y ou t 

th e task .  Th e structur e o f  th e tas k i s a s follows : 

Goal: Correct typographical error in text. 

Step 1: Position editor on relevant 

line . 

Method 1: Search for pattern on 

relevan t  line . 

Metho d 2 :  Typ e 

relevan t  line . 

number  o f 

Ste p 2 :  Issu e substitut e c o m m a n d . 

Afte r  performin g onl y th e first  ste p i n th e pro -

cedure ,  tw o subject s assume d tha t  th e tas k ha d 

bee n completed ,  i.e. ,  tha t  th e correctio n ha d bee n 

made.  Thi s indicate s tha t  th e manua l  di d no t 

make clea r  th e two-ste p natur e o f  th e task .  O n e 

subjec t  rea d abou t  th e tw o method s fo r  carryin g 

ou t  a  ste p an d assume d tha t  eac h metho d wa s a 

necessar y par t  o f  th e sequence .  Thi s indicate s 

tha t  th e variou s method s wer e no t  clearl y 

marke d i n th e manua l  a s alternatives .  Afte r 

readin g th e tw o page s describin g th e procedure , 

on e subject ,  afte r  m u c h thought ,  manage d t o 

induc e th e two-ste p structur e o f  th e task . 

Togethe r  thes e example s sho w ho w muc h 

inferencin g th e subject s wer e force d t o do ,  an d 
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ho w difficul t  i t  wa s fo r  them . 

Thi s analysi s describe s novices '  attempt s t o 

bduc e th e structur e o f  a  particula r  editin g task . 

Yet  w e kno w fro m th e researc h previousl y 

describe d tha t  th e expert' s  knowledg e i s a  fine'y 

articulate d goa l  structur e i n whic h th e step s an d 

method s ar e clearl y differentiated .  Th e write r 

coul d facilitat e th e constructio n o f  thi s structur e 

by simpl y makin g i t  explicit .  I f  th e goals ,  steps , 

and method s o f  th e procedur e wer e explicitl y 

marke d i n th e text ,  the n th e novic e woul d b e 

abl e t o assimilat e eac h piec e o f  information ,  a s i t 

i s  read ,  t o th e appropriat e slo t  i n th e schema . 

Lik e th e suggestio n pu t  fort h i n th e task -

mappin g section ,  thi s suggestio n als o reduce s th e 

amount  o f  inferencin g th e reade r  woul d hav e t o 

do. 

Researc h o n th e schemat a novice s brin g t o 

th e text ,  a s wel l  a s th e schemat a ultimatel y con -

structe d b y th e exper t  ca n len d mor e precisio n t o 

th e tas k o f  packagin g informatio n i n a  technica l 

text .  I n particular ,  thi s kin d o f  analysi s give s 

ris e t o psychologically-base d heuristic s fo r  docu -

ment  developmen t  whic h addres s th e importan t 

conceptua l  aspect s o f  comprehendin g compute r 

documentation . 

Sheil ,  B ,  A .  Copin g wit h complexity ,  (Tech . 

Rep.  CIS-15) .  Xero x Pal o Alt o Researc h 

Center ,  1981 . 
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