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Our goal is to construct a detailed simulation of UNIX user command production based on the 
constructio n integratio n theor y o f  Kintsch ,  (1988) ,  an d buildin g o n th e actio n plannin g mode l 
develope d b y Manne s an d Kintsc h (1988 )  an d Manne s (1989) .  Th e performanc e w e ar e modelin g 
i s tha t  o f  U N I X user s producin g lega l  U N I X commands .  Ou r  subject s var y i n expertise ,  an d som e 
of  th e task s ar e difficult .  Bu t  eve n fo r  th e eas y tasks ,  th e solution s canno t  b e precompiled ,  becaus e 
familia r  element s ar e pu t  togethe r  i n a  nove l  fashion .  I t  i s  presume d tha t  subject s ar e no t  recallin g 
fixe d script s fro m memory .  Rather ,  the y ar e producin g actio n plan s fo r  eac h task . 

THEORETICAL BACKGROUND 
Subject s ar e presente d wit h thei r  tas k throug h a  textua l  descriptio n o f  th e goal .  Fo r  exampl e "sor t 

th e firs t  te n line s o f  fil e x  alphabetically" .  W e ar e simulatin g use r  understandin g o f  thi s instructio n 
and th e generatio n o f  appropriat e plan s b y extendin g th e Manne s an d Kintsc h (1988 )  plannin g 
model  whic h i s base d o n th e discours e comprehensio n theor y o f  va n Dij k an d Kintsc h (1983) ,  an d 
Kintsc h (1988) . 

Mannes an d Kintsc h (1988 )  constructe d a  simulatio n o f  subject s doin g routin e computin g task s 
involvin g a  fil e an d mai l  system .  The y buil t  thei r  knowledg e bas e fro m th e result s o f  verba l 
protocols ,  wher e subject s verbalize d ho w the y woul d accomplis h give n task s (Kintsc h an d 
Mannes,  1987) .  Thei r  mode l  simulate d retrieva l  o f  relevan t  knowledg e usin g instructiona l  tex t  a s 
cues ,  an d i t  showe d ho w thi s le d t o th e formulatio n an d executio n o f  actio n plans . 

va n Dij k an d Kintsc h (1983 )  an d Kintsc h (1988 )  mak e th e poin t  tha t  comprehensio n o f  tex t  tha t 
describe s a  proble m t o b e solve d (e.g. ,  a n algebr a stor y problem )  involve s formulatin g a n effectiv e 
solutio n pla n fo r  tha t  problem ,  retrieva l  o f  relevan t  factua l  knowledge ,  an d utilizatio n o f 
appropriat e procedura l  knowledg e (knowledg e o f  algebrai c an d arithmeti c operations) .  I n Manne s 
and Kintsc h (1988 )  thi s  i s modele d b y retrievin g bot h relevan t  genera l  knowledg e an d specifi c 
knowledg e aljou t  file s an d editin g tasks ,  an d the n formulatin g editin g actio n plans .  Thus , 
understandin g a n editin g tas k mean s generatin g a  menta l  representatio n o f  th e element s o f  a n 
editin g syste m (e.g. ,  files )  an d th e relationship s betwee n thos e elements ,  an d the n usin g thi s 
informatio n t o accomplis h th e task . 

Our  goa l  i s t o determin e wha t  knowledg e abou t  U N I X th e mode l  require s t o produc e lega l  U N I X 
commands.  Th e fundamenta l  assumptio n underlyin g th e U N I X use r  interfac e i s tha t  comple x 
commands ca n b e create d b y concatenatin g simpl e command s wit h th e us e o f  advance d feature s 
tha t  redirec t  comman d inpu t  an d outpu t  (e.g. ,  pipes) .  W e wis h t o understan d wha t  kind s o f 
knowledg e ar e necessar y t o us e thes e advance d feature s (e.g. ,  input/outpu t  redirection) .  W e ar e 
als o intereste d i n th e action s themselves ;  par t  o f  producin g a  U N I X comman d include s makin g a 
pla n fo r  action ,  bu t  knowin g th e specifi c  actio n (e.g. ,  knowin g th e comman d "Is "  list s fil e names ) 
i s critica l  t o pla n execution .  Thus ,  w e ar e extendin g th e Manne s an d Kintsc h wor k t o includ e 
actions ,  i n a  manne r  analogou s t o wor k o f  Card ,  Mora n an d Newel l  (1983 )  an d Kiera s an d Poiso n 
(1985) . 

Unlik e Manne s an d Kintsch ,  w e ar e startin g fro m a  rationa l  analysi s o f  knowledg e necessar y t o 
perfor m task s withi n th e U N I X system ,  an d performanc e data ,  rathe r  tha n fro m verba l  protocols . 
As such ,  w e hav e attempte d t o develo p a  performanc e mode l  base d o n ou r  assumption s abou t  th e 
knowledg e o f  U N I X require d t o produc e lega l  comman d syntax . 
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PERFORMANCE DATA 
Doane,  Pellegrino ,  an d Klatzk y (1989 ,  i n press )  examine d th e developmen t  o f  expertis e withi n 

th e U N I X operatin g syste m b y studyin g U N I X user s wit h varyin g level s o f  experience .  A  portio n 
of  thei r  researc h measure d users '  performanc e i n task s requirin g A e m t o produc e U N I X 
commands.  Include d i n thei r  studie s wer e bot h longitudina l  an d cross-sectiona l  analyse s o f  th e 
emergenc e o f  comman d productio n expertise . 

I n thi s researc h w e ar e attemptin g t o mode l  a  portio n o f  th e productio n performanc e measure d i n 
th e Doan e et .  al. ,  (i n press )  research .  I n th e productio n task ,  subject s wer e aske d t o produc e th e 
most  efficien t  (i.e. ,  th e leas t  numbe r  o f  keystrokes )  lega l  U N I X comman d tha t  the y coul d t o 
accomplis h a  specifie d task .  Task s range d i n difficult y from  individual ,  frequentl y use d U N I X 
commands t o composit e command s tha t  effecte d severa l  action s tha t  ha d t o b e sequence d 
appropriatel y usin g pipe s o r  othe r  input/outpu t  redirectio n symbols .  Th e task s wer e designe d t o 
asses s th e impac t  o f  tw o type s o f  knowledge ;  knowledg e o f  individua l  command s an d knowledg e 
of  th e processe s involve d i n sequencin g thos e command s properly .  Task s involvin g mor e 
elementar y command s wer e designe d t o includ e element s tha t  ha d t o b e pu t  togethe r  i n orde r  t o 
generat e a  successfu l  composit e command . 

An exampl e composit e tas k woul d b e "displa y th e first  te n alphabeticall y arrange d file  name s o f 
th e curren t  directory" .  A  componen t  singl e woul d b e "displa y th e file  name s o f  th e curren t 
directory" .  A  multipl e woul d b e "displa y th e fil e name s o f  th e curren t  directory" ,  "arrang e th e 
content s o f  file  x  alphabeticall y o n th e screen" ,  an d "displa y th e first  te n line s o f  fil e y" .  Thus , 
"single "  command s cause d jus t  on e action ,  multipl e command s cause d severa l  independen t  action s 
and composit e command s cause d severa l  action s tha t  ha d t o b e sequence d appropriatel y usin g 
pipe s and/o r  redirectio n symbols .  Thes e wer e equa l  i n lengt h t o th e multipl e commands ;  thu s th e 
essentia l  differenc e betwee n th e tw o wa s tha t  composite s ha d dependencie s amon g thei r 
component s wherea s multiple s di d not . 

The productio n dat a indicat e tha t  U N I X user s diffe r  markedl y i n performance ,  accordin g t o thei r 
histor y o f  us e wit h th e operatin g system .  Th e strikin g aspec t  o f  thes e dat a wa s tha t  onl y th e expert s 
coul d successfull y produc e th e composites ,  eve n thoug h th e intermediate s an d novice s coul d 
perfor m th e othe r  task s tha t  wer e designe d t o asses s th e componen t  knowledg e require d t o 
successfull y generat e a  composit e (e.g. ,  singles) .  Thi s i s somewha t  surprising ,  sinc e th e 
knowledg e necessar y t o perfor m th e composite s i s taugh t  t o intermediate s an d novices .  Th e 
novice s an d intermediate s had ,  o n th e average ,  8  month s an d 2  year s o f  experienc e wit h th e 
system ,  respectively .  An d al l  o f  th e subject s ha d take n a  cours e whic h taugh t  abou t  pipe s an d othe r 
redirectio n symbols ,  an d require d thei r  us e fo r  cours e homework .  Thus ,  th e les s exper t  group s 
hav e th e knowledge ,  bu t  can' t  us e i t  productivel y i n th e sens e discusse d b y Wertheimer . 
(1982/1945) . 

To summariz e th e Doan e e t  al .  (i n press )  data ,  novic e an d intermediat e U N I X user s appea r  t o 
hav e knowledg e o f  th e element s o f  th e system ,  the y ca n successfull y produc e th e singl e an d 
multipl e command s tha t  mak e u p a  composite .  The y coul d not ,  however ,  pu t  thes e element s 
togethe r  usin g pipe s and/o r  othe r  redirectio n symbol s t o produc e th e composit e commands .  A s 
previousl y stated ,  th e symbol s tha t  enabl e input/outpu t  redirectio n ar e fundamenta l  desig n feature s 
of  UNIX ,  an d thes e feature s ar e taugh t  i n elementar y classes .  Doan e e t  a l  (i n press )  demonstrat e 
tha t  thes e feature s ca n onl y b e use d reliabl y afte r  extensiv e experienc e (e.g.,expert s had ,  o n th e 
average ,  5  year s o f  experienc e wit h UNIX) . 

RESEARCH GOALS 
One o f  ou r  goal s i s t o understan d i n detai l  th e kind s o f  knowledg e tha t  ar e sufficien t  t o mak e 

effectiv e us e o f  thes e advance d features .  T o simulat e exper t  performanc e o n composites ,  th e mode l 
require s mor e knowledg e tha n i s necessar y t o perfor m single s an d multiples .  I n additio n t o 
knowledg e o f  th e basi c type s o f  command s an d thei r  synta x (th e onl y knowledg e require d t o 
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execut e single s an d multiples) ,  th e mode l  mus t  hav e knowledg e o f  th e orderin g o f  command s i n a 
sequence .  Fo r  example.t o execut e th e tas k "displa y th e firs t  te n line s o f  th e alphabeticall y sorte d 
fil e x",th e mode l  mus t  kno w tha t  th e comman d tha t  sort s files  alphabeticall y (SORT )  shoul d b e 
execute d o n fil e x  prio r  t o executin g th e comman d tha t  wil l  displa y th e firs t  te n line s o f  th e file 
(HEAD) .  Th e mode l  mus t  als o kno w abou t  th e specifi c  redirectio n propertie s o f  eac h command .  I n 
th e exampl e tas k above ,  th e mode l  mus t  kno w tiiat  th e outpu t  o f  S O R T ca n b e redirecte d t o anothe r 
command,  an d tha t  th e inpu t  t o H E A D ca n b e redirecte d fro m anothe r  command . 

A possibl e applicatio n o f  suc h researc h i s t o guid e instructio n H o w woul d yo u modif y 
instructio n t o novice s t o assis t  thei r  performance ? Anothe r  applicatio n i s t o guid e syste m design . 
By modeUn g performance ,  w e hop e t o gai n som e insigh t  int o th e attribute s o f  U N I X syste m 
desig n tha t  ma y hinde r  acquisitio n o f  expertise .  Thi s ma y provid e som e guidanc e towar d designin g 
a syste m whic h woul d provid e simila r  advance s facilitie s withou t  demandin g suc h strenuou s 
knowledg e prerequisites . 

We ar e tryin g t o simulat e th e solutio n o f  task s tha t  canno t  b e precompiled ,  becaus e whil e th e 
element s o f  som e o f  th e task s ma y b e famihar ,  an d indee d overleamed ,  the y ar e ofte n pu t  togethe r 
i n nove l  sequences .  Tha t  is ,  w e ar e no t  dealin g wit h fixe d script s whic h ca n b e retrieve d fro m 
memory,  bu t  wit h plan s o f  actio n tha t  ar e constructe d i n th e contex t  o f  a  specifi c  task .  Th e 
constructio n -  integratio n mode l  i s  a n appropriat e mode l  fo r  ou r  goals .  I t  i s  a  comprehensio n mode l 
of  proble m solvin g tha t  doe s no t  assum e a  highl y structure d precompile d knowledge . 

THE MODEL 
The constructio n -  integratio n mode l  propose d b y Kintsc h (1988 )  contain s fou r  mai n 

components .  Th e firs t  tw o component s ar e representation s o f  knowledge ;  a  propositiona l  textbas e 
derive d from  th e instructiona l  text ,  an d a n associativ e long-ter m memory .  Th e nex t  tw o 
component s ar e processe s whic h activat e th e represente d knowledge ;  a n activatio n proces s whic h 
allow s tex t  proposition s t o activat e informatio n i n long-ter m memory ,  an d a  final  integratio n 
proces s whic h select s relevan t  knowledge ,  an d deactivate s irrelevan t  knowledge .  Thes e processe s 
ar e repeate d cyclically .  W h e n som e actio n i s executed ,  th e stat e o f  di e worl d i s change d t o includ e 
th e resul t  o f  tha t  action .  Th e mode l  continue s processin g i n cycle s unti l  th e desire d stat e o f  th e 
worl d i s achieve d (th e tas k i s accomplished) ,  o r  unti l  th e syste m fails .  Describe d belo w ar e th e 
element s tha t  togethe r  for m a  simulatio n o f  U N I X user' s performance .  Portion s o f  th e descriptio n 
of  th e model' s calculation s ar e a  summar y o f  discussio n foun d i n Manne s an d Kintsc h (1988) . 

Long-term Memory 
Eighty-eigh t  proposition s wer e constructe d from  ou r  rationa l  analysi s abou t  th e knowledg e o f 

U N I X require d t o execut e 2 9 o f  th e U N I X productio n task s from  th e Doan e e t  al .  (i n press ) 
experiment .  Thes e 2 9 task s wer e mad e u p o f  differen t  combination s o f  9  singl e commands .  Ther e 
wer e 9  singl e tasks ,  8  multipl e tasks ,  an d 1 2 composit e tasks .  (Thes e 2 9 task s ar e a  smal l  subse t 
of  th e task s use d b y Doan e e t  al.. )  Thes e proposition s wer e use d t o simulat e a  portio n o f  th e 
user' s long-ter m memor y (LTM )  network . 

As mentione d above ,  w e ar e intereste d i n understandin g th e knowledg e require d t o us e th e 
advance d feature s o f  UN IX .  Thi s knowledg e i s represente d i n thre e mai n form s i n th e L T M 
portio n o f  th e knowledg e base .  First ,  th e L T M contain s knowledg e o f  th e atomi c command s tha t 
one ca n perfor m (e.g. ,  prin t  a  file).  Second ,  i t  contain s knowledg e o f  th e redirectio n propertie s o f 
thes e command s require d t o combin e the m int o composit e commands .  Fo r  example ,  i n orde r  t o 
execut e th e actio n LSILPR ,  a  modele d use r  mus t  kno w tha t  th e outpu t  fro m L S ca n b e redirecte d t o 
anothe r  command ,  an d tha t  th e L P R comman d wil l  tak e inpu t  fro m anothe r  command .  Third ,  th e 
L T M contain s knowledg e o f  th e synta x require d t o produc e a  comman d sequenc e (e.g. ,  knowin g 
tha t  L P R print s a  file ,  an d tha t  th e pip e symbo l  redirect s inpu t  an d output) . 

Interconnection s fo r  thi s networ k wer e calculate d base d o n argumen t  overlap ,  an d propositio n 
embedding .  Additiv e connectio n strength s o f  . 7 wer e use d fo r  eac h cas e o f  argumen t  overla p o r 
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embedding .  A  LIS P progra m compute s th e interconnectio n value s amon g al l  th e item s i n long-ter m 
memory,  creatin g a  nx n connectivit y matrix .  Th e connectivit y matri x i s  intende d t o approximat e a n 
associatio n matrix .  W e recogniz e tha t  thi s relativel y simpl e an d objectiv e wa y o f  estimatin g value s 
provide s u s wit h crud e an d fallibl e measure s o f  association .  Th e nex t  portio n o f  th e long-ter m 
memory consist s o f  1 1 pla n elements ,  9  o f  whic h correspon d t o th e singl e building-bloc k 
commands,  an d 2  o f  whic h ar e pla n element s tha t  allo w creatio n o f  ne w plans .  Thes e latte r  pla n 
element s ar e calle d buildin g pla n elements ,  becaus e the y allo w th e modele d use r  t o buil d a 
composit e comman d fro m th e singl e building-bloc k commands . 

Thre e o f  th e singl e pla n elements ,  an d on e o f  th e buil d pla n element s ar e shown ,  wit h thei r  tex t  i n 
abbreviate d for m i n Tabl e 1 .  Ther e ar e thre e component s i n eac h plan ,  a  pla n name ,  preconditions , 
and outcomes .  Th e precondition s ar e proposition s whic h represen t  state s o f  th e worl d whic h mus t 
exis t  fo r  th e pla n t o b e executed .  Th e outcome s ar e proposition s whic h becom e state s o f  th e worl d 
i f  th e pla n i s executed .  Th e pla n name s ar e als o propositions . 

Connectio n betwee n proposition s i n th e long-ter m memor y ne t  an d th e plan s ar e base d o n certai n 
type s o f  proposition s whic h Manne s an d Kintsc h cal l  R E Q U E S TS an d O U T C O M E S.  Request s ar e 
imperativ e verb s tha t  ar e use d i n tas k descriptions ,  requestin g tha t  th e use r  accomplis h a  tas k (e.g. , 
sor t  a  file ,  prin t  a  file) .  Th e relationshi p betwee n thes e verb s an d plan s i s mor e precis e tha n tha t 
give n b y argumen t  overlap .  Eac h R E Q U E ST propositio n mus t  b e associate d wit h a  particula r  pla n 
or  se t  o f  plans .  Fo r  example ,  th e R E Q U E ST D ISPLA Y FIL E N A M ES D I R E C T O RY i s associate d 
directl y wit h th e pla n (DISPLA Y FIL E N A M ES D I R E C T O R Y ) ,  an d wit h othe r  plan s tha t  ar e 
considere d t o b e D I S P L A Y plan s (e.g. ,  D ISPLA Y FIRST-TE N LINE S FILE )  wit h a  connectio n 
valu e o f  -Hi ,  an d wit h al l  othe r  plan s wit h a  connectio n valu e o f  0 . 

Each O U T C O ME propositio n i s associate d wit h a  + 1 valu e t o th e pla n tha t  produce s thi s 
outcome ,  wit h a  valu e of- 1 t o plan s whic h produc e a n incompatibl e outcom e (e.g. ,  th e outcom e 
C R E A TE FIL E X  an d a  pla n whic h D E L E T E S FIL E X ) ,  an d wit h a  valu e o f  0  t o plan s whic h 
produc e a n irrelevan t  outcom e (e.g. ,  th e outcom e C R E A TE FIL E X  an d a  pla n t o D E L E T E FIL E 
Y) .  Onl y final  goal s ar e connecte d i n thi s manner .  Plan s whic h nee d t o b e execute d befor e th e final 
goal  ca n b e execute d mus t  b e contextuall y activate d throug h th e networ k activations . 

Textbase 
A propositiona l  textbas e wa s derive d fi-om  th e tex t  o f  th e problem s pose d t o subject s (e.g. , 

displa y th e file  name s o f  th e curren t  directory )  followin g th e method s outline d i n Kintsc h (1985) . 
Each textbas e propositio n activate s tw o othe r  associate d proposition s i n th e long-ter m memor y net . 
The exac t  computation s ar e describe d i n Manne s an d Kintsc h (1988) .  A s before ,  th e reques t 

Pla n Name 

Tabl e 1 .  Lis t  o f  fou r  plans . 
Precondition s 

(DIS P F L DIR )  (@SYS)(EXIS T DIR )  ( K N O W LS ) 

(SORT FL) (@SYS) (EXIST FL) (KNOW SORT) 

(DISP 1ST TEN LINES FL) (@SYS) (EXIST FL) (KNOW HEAD) 

(BUILD PIPE) (KNOW LS 1 ST) (DISP FL DIR) 
( K N OW SORT 2ND )  (SOR T FL ) 
( K N OW H E A D 3RD )  (DIS P 1S T TE N FL ) 
( K N OW REDIRECT H E A D OUTPUT) 
( K N OW REDIRECT SORT INPUT ) 
( K N OW REDIRECT SORT OUTPUT) 
( K N OW REDIRECT H E A D INPUT ) 

Outcome s 

(DISP FL DIR) 

(SORT FL) 

(DISP 1ST TEN FL) 

(USE PIP E PLAN ) 
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proposition s requir e specia l  treatment .  The y d o no t  randoml y activat e associate d knowledge ,  bu t 
must  b e use d t o retriev e a  particula r  outcome .  Specifically ,  R E Q U E S TS an d O U T C O M ES ar e use d 
as a  join t  retrieva l  cu e t o retriev e th e outcom e o f  th e appropriat e reques t  - -  whic h i s associate d wit h 
bot h retrieva l  cues ,  a s i n Raaijmaker s &  Shiffri n (1981 )  an d Kintsc h an d Manne s (1987) .  I n 
summary ,  th e mode l  no w contain s th e tex t  proposition s alon g wit h thei r  associate s an d thei r 
outcomes .  W h e n th e mode l  i s tryin g t o accomplis h a  task ,  al l  plan s mus t  hav e th e potentia l  o f  bein g 
activated .  Thus ,  t o th e tex t  proposition s w e ad d al l  1 1 pla n elements . 

A matri x  i s constructe d fro m thi s textbase ,  an d th e interconnection s betwee n item s ar e calculate d 
i n th e sam e manne r  a s i t  wa s fo r  th e long-ter m memor y matrix ,  wit h thre e additiona l  calculations . 
The firs t  calculatio n concern s th e relationship s betwee n outcome s an d plans .  I f  al l  o f  th e outcome s 
of  a  pla n currentl y exis t  i n th e curren t  worl d o f  th e model ,  the y inhibi t  th e firing  o f  tha t  plan .  Fo r 
example ,  i f  th e FIL E X  i s alread y printed ,  th e pla n (SEN D FIL E X  T O T H E LIN E PRINTER )  wil l 
be inhibited .  Th e nex t  tw o calculation s concer n th e relationship s betwee n th e plan s themselves . 
Expecte d outcome s o f  plan s ar e relate d t o eac h othe r  i n th e sam e wa y a s i n th e long-ter m memor y 
matrix .  Tha t  is ,  plan s ca n activat e othe r  plan s whic h produc e compatibl e outcomes ,  an d inhibi t 
plan s whic h produc e incompatibl e outcomes .  Finally ,  plan s themselve s ar e interconnecte d b y a 
causa l  chainin g mechanism .  Fo r  example ,  a  pla n tha t  require s tha t  FIL E X  exis t  wil l  activat e plan s 
tha t  hav e th e existenc e o f  FIL E X  a s a n outcome .  Thus ,  Manne s an d Kintsc h (1988 )  designe d th e 
model  s o tha t  interconnection s amon g plan s represen t  th e user' s knowledg e abou t  causa l 
relationship s within ,  i n thi s case ,  th e U N I X operatin g system . 

The connectivit y matri x o f  siz e nx n i s obtaine d fo r  eac h tas k description ,  correspondin g t o th e 
origina l  m tex t  proposition s an d t o th e (n-m )  associates ,  outcomes ,  an d plan s tha t  hav e bee n adde d 
t o th e text .  A n initia l  activatio n vecto r  wit h n  element s i s the n constructed ,  wit h activatio n value s 
1/ m fo r  th e m origina l  tex t  proposition s an d 0  fo r  al l  others .  Thi s vecto r  i s  the n repeatedl y 
postmultiplie d wit h th e connectivit y matrix ,  wit h th e m value s i n th e vecto r  rese t  t o 1/ m an d th e 
remainde r  o f  th e vecto r  renormalize d afte r  eac h multiplication .  Thi s multiplicatio n compute s th e 
sprea d o f  activatio n amon g th e element s o f  th e vector ,  wit h th e rese t  o f  th e m element s trappin g th e 
activatio n valu e o f  th e i n th e worl d proposition s suc h tha t  i t  prevent s weakenin g o f  thei r  effect s 
wit h eac h iteration .  W h e n th e chang e i n th e activatio n vecto r  betwee n iteration s reache s a n arbitrar y 
criterio n o f  .(X)01 ,  th e activatio n patter n i s assume d t o reflec t  th e stabl e stat e o f  knowledg e forme d 
by th e modele d use r  give n th e curren t  task . 

To summarize ,  i n term s o f  th e va n Dij k an d Kintsc h mode l  (1983) ,  ou r  smal l  textbas e activate d 
bot h irrelevan t  an d relevan t  knowledge .  Th e mode l  the n use d a n integratio n proces s t o sprea d 
activatio n t o th e relevan t  knowledge ,  an d thu s t o simulat e th e modele d user' s stat e o f  knowledg e 
give n th e cuiren t  task . 

Plans and Action 
The mode l  o f  th e user' s stat e o f  knowledg e result s i n plan s wit h differen t  level s o f  activation . 

Mannes an d Kintsc h (1988 )  propos e a n executiv e proces s whic h examine s pla n activatio n values , 
and pick s fo r  executio n th e pla n wit h th e highes t  leve l  o f  activation .  I f  th e precondition s o f  tha t 
pla n ar e me t  (th e precondition s exis t  i n th e world) ,  the n th e pla n i s fired.  However ,  i f  th e 
precondition s ar e no t  met ,  the n th e executiv e proces s goe s t o th e nex t  mos t  highl y activate d plan , 
and s o on .  I f  th e outcom e o f  th e execute d pla n i s th e expecte d outcome ,  the n th e tas k i s complete . 
I f  not ,  the n th e outcom e o f  th e execute d pla n i s adde d t o th e mode l  o f  i n th e worl d knowledge,  an d 
th e integratio n proces s i s repeated ,  resultin g i n a  ne w patter n o f  pla n activation .  Th e proces s 
describe d abov e i s reiterate d unti l  th e pla n wit h th e expecte d outcom e fires . 
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THREE EXAMPLES 
Tabl e 2  depict s th e mai n result s o f  simulatin g th e componen t  task s show n i n Tabl e 1  i n th e for m 

of  singles ,  multiple s an d a  composite .  Th e tabl e show s onl y thos e plan s considere d b y th e 
executiv e process ,  alon g wit h thei r  relativ e activatio n values .  Th e simulatio n o f  th e singl e 
command t o displa y th e fil e name s o f  th e curren t  director y (L S problem )  i s ver y simpl e fo r  th e 
model ,  a s i t  wa s fo r  th e subject s i n Doan e et .  al .  Th e syste m finds  al l  o f  th e precondition s ar e met , 
and th e pla n i s execute d immediately .  Fo r  th e multipl e proble m (LS ,  S O R T,  H E A D ) ,  th e executiv e 
first  choose s th e L S task ,  it s  precondition s ar e met ,  an d it s outcom e (th e propositio n (DISPLA Y 
F ILE-NAMES)  i s adde d t o th e i n th e worl d knowledge .  Afte r  a  ne w integratio n phase ,  th e mos t 
activate d pla n i s SORT.  Th e executiv e choose s t o fire  th e S O RT plan ,  an d it s outcom e (SOR T 
FILE )  i s adde d t o th e knowledg e base .  Finally ,  th e sam e proces s occur s fo r  th e pla n H E A D ,  an d 
th e tas k i s complete . 

The composit e proble m (t o produc e LSISORTIHEAD )  i s fa r  mor e complex ,  sinc e th e tas k 
require s tha t  th e mode l  g o thr u bot h a  plannin g phas e an d a  buildin g phase .  I n th e singl e an d 
multipl e tasks ,  ther e ar e n o interrelationship s betwee n sequence s o f  actions ,  an d th e mode l 
immediatel y generate s appropriat e use r  action s upo n determinatio n o f  th e correc t  plan .  I n th e cas e 
of  th e composites ,  w e argu e tha t  th e appropriat e plan s mus t  b e determined ,  an d the n sequence d 
correctl y usin g th e interrelationship s amon g th e precondition s fo r  th e variou s plans .  Followin g 
eac h integratio n phase ,  thi s plannin g proces s add s representation s o f  th e individua l  command s an d 
th e orde r  i n whic h the y shoul d b e execute d t o th e i n th e worl d knowledge .  I n ou r  example ,  th e 

Table 2. Traces of solutions to example production tasks. 

Single :  Composite : 

1 L S •^ -  (DISPLA Y PL ) 

Multipl e 

1 L S 

2 S O RT 

3 H E A D 

(DISPLA Y PL ) 

1 S O RT 

2 H E A D 

1 H E A D 

•^ -  (SOR T PL ) 

(DISPLA Y 1S T TEN ) 

1 H E A D 

2 S O RT 

3 L S — 

4 B .  PIP E 

r 

1 H E A D 

2 S O RT 

S B.  PIP E 

r 

1 H E A D 

2 B .  PIP E 

r 
1 B .  PIP E 

(DISPLA Y PL ) 

(LS1ST ) 

(SORT PL ) 

(SORT 2ND ) 

(DISP1S T TEN ) 

(HEAD 3RD ) 

(US E PIPE ) 
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request which is acted on first is LS; the system would like to execute the HEAD plan, but its 
precondition s hav e no t  bee n met .  Th e precondition s fo r  H E A D i n thi s tas k requir e th e existenc e o f 
an alphabeticall y sorte d listin g o f  th e file  name s i n th e curren t  directory .  Tha t  is ,  th e (EXIS T FL ) 
preconditio n ha s bee n boun d t o a  specifi c  file;  th e require d file  contiiin s th e alphabeticall y sorte d 
file  name s fro m th e curren t  directory .  Th e nex t  mos t  highl y activate d pla n i s S O R T,  bu t  i t  ha s th e 
preconditio n tha t  a  displa y o f  th e file  name s exist .  Th e (EXIS T FL )  preconditio n i s no w boun d t o a 
file  containin g th e file  name s o f  th e curren t  directory .  Th e onl y pla n wit h satisfie d precondition s i s 
LS.  I t  i s  fired ,  an d th e outcom e (DISPLA Y F ILE-NAMES )  i s adde d t o th e curren t  knowledg e 
base ,  alon g wit h a  representatio n o f  it s  orde r  i n th e tas k sequenc e (i.e. ,  tha t  i t  i s  first).  Afte r  th e 
nex t  iteration ,  th e simulatio n woul d agai n lik e t o fire  th e H E A D plan ,  bu t  can't .  Th e precondition s 
fo r  th e S O R T pla n ar e no w met ,  an d i t  fires,  an d th e outcom e (DISPLA Y S O R T ED FILE -
N A M E S)  i s adde d t o th e knowledg e base ,  a s i s th e informatio n tha t  i t  i s  secon d i n th e sequence , 
followin g LS .  O n th e final  plannin g iteration ,  th e H E A D pla n i s agai n th e desire d plan ,  it s 
precondition s ar e no w met ,  th e pla n i s  fired,  relevan t  i n th e worl d knowledg e i s added ,  an d th e 
plannin g phas e i s complete . 

Followin g th e plannin g phase ,  thes e ne w representation s ar e use d b y th e buil d pip e pla n t o creat e 
th e actua l  composit e command .  Th e mode l  wil l  execut e th e buil d pip e pla n whe n it s precondition s 
ar e met ,  bu t  th e precondition s fo r  th e buil d pip e pla n ar e extensive .  I n orde r  fo r  th e pla n t o fire ,  th e 
modele d use r  mus t  have ,  fo r  eac h command ,  knowledg e o f  th e comman d syntax ,  knowledg e o f 
th e comman d orde r  i n th e sequence ,  an d knowledg e o f  th e comman d redirectio n properties .  Sinc e 
we ar e modelin g th e expert ,  th e syste m ha s al l  o f  3i e prerequisit e knowledge ,  an d th e buil d pip e 
pla n fires.  Th e outcom e o f  thi s pla n i s th e creatio n o f  a  "us e pipe "  plan ,  whic h i s boun d t o th e 
syntacticall y correc t  sequenc e o f  commands .  Whe n th e us e pip e pla n fires,  th e tas k i s complete . 

Whil e o n th e surface ,  th e constructio n o f  a  composit e comman d seem s simple ,  th e psychologica l 
processe s involve d appea r  t o b e ver y complex .  Th e creatio n o f  a  composit e comman d appear s t o 
involv e th e us e o f  comple x knowledg e i n plannin g an d buildin g activities .  Ou r  plannin g phas e 
suggest s tha t  i t  shoul d tak e longe r  t o begi n composin g a  composit e comman d tha n t o begi n 
composin g a  singl e o r  multiple ,  especiall y fo r  th e experts .  I n fact ,  thi s i s  exactl y th e patter n o f 
respons e tim e reporte d i n Doan e et .  al. ,  (i n press) .  Expert s too k significantl y longe r  t o mak e a n 
initia l  keystrok e whe n composin g composite s tha n whe n the y wer e composin g les s comple x 
commands.  Thi s patter n wa s no t  foun d wit h novices ,  whic h suggest s tha t  the y di d no t  complet e a 
satisfactor y plannin g phase .  I n additio n t o th e knowledg e prerequisites ,  th e plannin g phas e fo r 
constructio n o f  composite s seem s t o mak e a  larg e deman d o n workin g memory .  Previou s 
researcher s hav e suggeste d (e.g. ,  Anderso n &  Jeffries ,  1985 )  tha t  novic e performanc e ma y suffe r 
due t o los s o f  informatio n fro m workin g memory .  Perhap s on e o f  th e reason s tha t  novice s don' t 
succee d i n constructin g composit e command s i s tha t  plannin g thes e task s creat e a  larg e workin g 
memory load . 

WORK IN PROGRESS AND FURTHER DEVELOPMENTS 
The abilit y  o f  th e constructio n -  integratio n mode l  t o simulat e th e productio n processe s fo r  th e 

task s considere d her e i s encouraging ,  thoug h ou r  result s ar e no t  ye t  definitive .  Th e simulation s 
describe d abov e mode l  th e idea l  exper t  performin g U N I X comman d productio n tasks .  On e o f  ou r 
majo r  goal s i s t o systematicall y brea k dow n th e knowledg e bas e i n a  manne r  tha t  explain s U N I X 
performanc e fo r  user s a t  differen t  level s o f  expertise .  Tha t  is ,  w e wan t  t o determin e wha t  aspect s 
of  th e knowledg e bas e mus t  b e delete d t o simulat e intermediat e an d novic e performance .  Thi s wil l 
allo w u s t o simulat e th e natur e o f  U N I X knowledg e acquisition ,  perhap s eve n o n th e leve l  o f 
individua l  differences .  Th e longitudina l  dat a fro m th e studie s provid e u s wit h a n initia l  startin g 
poin t  fo r  thi s task .  W e wil l  nee d t o develo p a  methodolog y fo r  comparin g th e detail s o f  mode l 
prediction s t o th e empirica l  data .  I n ou r  curren t  comparisons ,  w e hav e note d goo d correspondence . 

Anothe r  goa l  i s  t o analyz e th e result s o f  thes e simulations ,  suc h tha t  w e ca n mak e som e 
recommendation s abou t  teachin g U N I X skills ,  an d abou t  syste m design .  Al l  tha t  w e hav e note d s o 
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fa r  i s  tha t  us e o f  th e advance d feature s o f  U N I X require s a  goo d amoun t  o f  knowledg e abov e an d 
beyon d knowledg e o f  th e comman d element s themselve s 

CONCLUSIONS 
Thoug h thi s wor k i s currentl y incomplete ,  w e ar e encourage d b y ou r  progress .  A s i n Manne s 

and Kintsc h (1988) ,  wha t  ha s bee n accomplishe d i s no t  i n itsel f  surprising :  w e ar e usin g a  means -
end,  backwar d proble m solvin g mechanis m simila r  t o mechanism s include d i n th e Genera l 
Proble m Solver .  Unlik e previou s proble m solvin g models ,  w e ar e usin g thi s mechanis m i n th e 
contex t  o f  a  genera l  theor y o f  discours e comprehension .  W e ar e extendin g th e wor k o f  Kintsc h an d 
Mannes (1988) ,  whic h adapt s thi s comprehensio n mode l  t o th e proble m solvin g domai n b y 
representin g th e domai n specifi c  knowledg e a s plans . 
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