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Institut e o f  Cognitiv e Scienc e an d Departmen t  o f  Psycholog y 
Campus Bo x 34 5 

Universit y  o f  Colorado .  Boulder ,  C O 80309-034 5 
sdoane@boulder.colorado.ed u 

Abstrac t 

Our goal is to provide empirical support for assumptions of 
th e Doane ,  Kintsch ,  &  Poiso n (1989 ;  1990 )  consuuciion -
integratio n mode l  fo r  generatin g comple x commands i n 
UNIX.  I n s o doin g w e designe d a  methodolog y tha t  may b e 
used t o examin e th e assumption s o f  othe r  cognitiv e models . 
The plannin g tas k studie d wa s th e generatio n o f  comple x 
sequence s o f  UhfI X commands .  Th e sequence s wer e novel , 
and a s suc h coul d no t  b e recalle d fro m memory .  We aske d 
user s whos e VNI X experienc e varie d t o produc e comple x 
UNI X commands ,  an d the n provide d hel p prompt s whe n th e 
commands the y produce d wer e erroneous .  Th e hel p prompt s 
were designe d t o assis t  th e subject s wit h bot h knowledg e 
and processe s whic h ou r  UNI X modelin g effort s hav e 
suggeste d wer e lackin g i n les s exper t  users .  Ther e ar e tw o 
majo r  fmdings .  First ,  i t  appear s tha t  expert s respon d t o 
differen t  prompt s tha n d o novices .  Exper t  performanc e i s 
helpe d b y th e presentatio n o f  abstrac t  information ,  whil e 
novic e an d intermediat e performanc e i s modifie d b y 
presentatio n o f  concret e information .  Second ,  whil e 
presentatio n o f  specifi c  prompt s aid s th e les s expert ,  i t  doe s 
not  appea r  t o b e sufficien t  informatio n t o obtai n optima l 
performance .  T o d o this ,  th e les s exper t  subject s requir e 
informatio n abou t  th e orderin g o f  th e item s i n a  command. 
Our  analyse s sugges t  tha t  informatio n abou t  th e orderin g o f 
prompt s help s th e les s exper t  wit h memor y loa d problem s i n 
a manne r  coiuisten t  wit h skil l  acquisitio n theories . 

Theoretical Background 

The goal of this study is to provide empirical support for 
assumption s abou t  use r  knowledg e o f  U N I X an d use r 
memory processe s whic h ar e propose d i n th e Doane , 
Kintsch .  &  Poiso n (1989;1990 )  U N I C O M construction -
integratio n mode l  fo r  generatin g comple x command s i n 
UNIX.  I n s o doing ,  w e presen t  a  genera l  methodolog y tha t 
may use d t o examin e th e comple x knowledg e an d proces s 
assumption s mad e b y othe r  cognitiv e models . 

Previou s empirica l  wor k gav e U N I X user s a t  varie d 
level s o f  expertis e textua l  description s t o produc e lega l 
U N I X command s tha t  require d th e redirectio n o f  standar d 
inpu t  an d outpu t  (i.e. .  "composite "  commands )  (Doane , 
Pellegrino ,  &  Klatzky .  1990) .  Thei r  dat a sugges t  tha t 
novice s an d intermediate s hav e knowledg e o f  th e element s 
of  th e system ;  tha t  is ,  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 . 
They 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 .  Th e symbol s tha t  enabl e 
input/outpu t  redirectio n ar e fundamenta l  desig n feature s o f 
UNIX ,  an d thes e feature s ar e taugh t  i n elementar y 
compute r  scienc e courses .  Doan e e t  a l  (1990 )  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) . 

U N I C OM (Doane ,  Kintsch ,  &  Poison .  1989 ;  1990) .  wa s 
develope d t o determin e wh y th e Doan e e t  al .  199 0 user s 
had suc h difficultie s generatin g composit e commands .  T o 
facilitat e discussio n o f  th e U N I C O M knowledg e base ,  w e 
wil l  us e th e comman d "nrof f  -m s ATT2>ATT1 "  a s a n 
example .  Thi s comman d format s th e content s o f  th e file 
A T T2 usin g th e utilit y  nrof f  an d th e -m s macr o package , 
and the n store s th e formatte d content s o f  ATT 2 i n th e file 
ATTl .  T o correctl y produc e composit e actio n plan s lik e 
this ,  th e mode l  mus t  firs t  identif y th e item s tha t  mus t  b e 
used t o produc e th e command ,  an d the n i t  mus t  sequenc e 
thes e item s usin g th e properl y place d redirectio n symbo l  t o 
construc t  a n actio n plan .  Thus ,  th e Doan e e t  a l 
(1989 ;  1990 )  mode l  assume d tha t  exper t  user s us e a  two -
stag e proces s t o complet e actio n plan s an d tha t  thi s proces s 
require s knowledg e o f  bot h item s an d order .  T o complet e 
th e first  phase ,  th e mode l  require s fou r  differen t  type s o f 
ite m knowledg e t o produc e composites .  U N I C O M mus t 
kno w tw o synta x specifi c  type s o f  knowledg e (a )  command 
synta x (e.g. .  th e nrof f  comman d an d th e -m s flag )  an d (b ) 
I/ O redirectio n synta x (e.g. ,  th e "> "  redirectio n symbol) . 
The mode l  mus t  als o hav e tw o genera l  type s o f  knowledg e 
tha t  ar e synta x independent .  Th e mode l  mus t  kno w (c ) 
genera l  fact s abou t  th e redirectio n o f  inpu t  an d outpu t  (e.g. , 
tha t  redirectio n o f  inpu t  a n outpu t  ca n occu r  betwee n 
commands) .  Thi s i s separat e fro m th e synta x specifi c 
knowledg e o f  I/ O redirectio n symbols .  Tha t  is ,  som e user s 
appea r  t o kno w tha t  redirectio n ca n occur ,  an d no t  kno w 
th e specifi c  syntax .  U N I C O M mus t  als o hav e (d )  genera l 
fact s abou t  comman d redirectio n (e.g. ,  tha t  th e outpu t  o f 
nrof f  ca n b e redirecte d t o a  file) .  Th e latte r  for m o f 
knowledg e i s necessary ,  becaus e UNI X command s ar e no t 
consisten t  i n thei r  I/ O structur e (e.g. .  a n "Is "  canno t  tak e 
inpu t  fro m anothe r  command ,  bu t  "sort "  can) . 

I n th e secon d phas e o f  actio n planning ,  th e mode l  ha s t o 
sequenc e item s properl y an d the n kee p trac k o f  th e 
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intermediat e stage s o f  it s actio n pla n i n orde r  t o produc e a 
successfu l  c o m m a n d .  Fo r  example ,  t o produc e th e 
command "sor t  filelheadllpr" ,  th e mode l  ha d t o firs t  selec t 
th e item s t o b e use d (sort.l.l.lpr.head.file )  an d the n 
determin e th e orde r  o f  th e item s an d kee p trac k o f  whic h 
command wa s first ,  second ,  an d third ,  an d wha t  th e outpu t 
of  th e first  comman d was ,  wher e it s outpu t  wa s redirected , 
and s o on .  Doan e e t  a l  (1989 ;  1990 )  assume d tha t  th e 
mechanism s involve d i n integratin g an d orderin g th e item s 
t o produc e a  composit e woul d produc e seriou s memor y 
loa d problems .  I n addition ,  i t  wa s assume d tha t  expert s 
hav e knowledg e structure s whic h decreas e thi s memor y 
load ,  wherea s novice s d o not . 

I t  i s  importan t  t o ou r  researc h tha t  explanatio n o f  th e 
ite m knowledg e an d orderin g processe s fits  i n a  mor e 
globa l  contex t  tha n simpl y U N I X c o m m a n d production . 
Ther e ar e reason s t o believ e tha t  thi s i s th e case .  First , 
U N I X composite s hav e characteristic s tha t  ar e importan t 
fo r  understandin g proble m solvin g an d skil l  acquisitio n i n 
general .  Th e literatur e o n expertis e an d skil l  acquisitio n 
(e.g. ,  Chi ,  Feltovich ,  &  Glaser ,  1981 ;  Larkin .  1983 ) 
suggest s tha t  les s exper t  individual s ma y kno w th e separat e 
fact s i n a  domain ,  bu t  no t  b e abl e t o us e the m productivel y 
i n th e sens e describe d b y Wenheime r  (1982/1945) .  Thus , 
thi s issu e i s no t  uniqu e t o th e U N I X composit e problem . 
Understandin g ho w individual s utiliz e textua l  instruction s 
t o develo p thei r  factua l  knowledg e int o effectiv e proble m 
solvin g procedure s i s a n importan t  skil l  acquisitio n issu e i n 
general .  Second ,  w e ar e analyzin g th e knowledg e an d 
processe s require d t o chai n element s togethe r  i n th e contex t 
of  a  theor y o f  comprehensio n tha t  ha s bee n use d t o explai n 
algebr a stor y proble m comprehensio n (Kintsch ,  1988) ,  an d 
solutio n o f  simpl e computin g task s (Manne s &  Kintsch ,  i n 

press) .  Thus ,  rathe r  tha n developin g a n idiosyncrati c 
knowledg e analysis ,  w e ar e performin g ou r  researc h i n th e 
contex t  o f  a  genera l  architectur e o f  cognition .  A s such ,  w e 
contribut e t o th e goa l  suggeste d b y Newel l  (1987 )  t o 
develo p a  "unifie d theor y o f  cognition" . 

Experiment 

The goal s o f  thi s study ,  then ,  ar e t o determin e mor e 
precisel y wha t  user s a t  differen t  level s o f  expertis e kno w 
abou t  U N I X ,  wha t  informatio n i s lackin g whe n user s 
produc e erroneou s commands ,  an d wha t  informatio n (i.e. , 
promp t  contents )  helps .  Th e experimen t  use s a  promptin g 
paradig m t o asses s th e knowledg e an d procense s o f  user s a t 
variou s level s o f  expertise .  W e assum e tha t  user s hav e 
differen t  amount s o f  th e require d fou r  type s o f  knowledg e 
and tha t  displayin g th e prompt s tha t  hel p wit h eac h 
respectiv e typ e o f  knowledg e wil l  impac t  subsequen t  use r 
performance .  W e hol d simila r  assumption s abou t  th e 
proces s knowledg e (i.e. ,  keepin g trac k o f  intermediat e 
results) . 

Method 

Subjects .  Twenty-tw o compute r  scienc e an d electrica l 
engineerin g major s wit h betwee n si x month s an d 6  year s 
experienc e wit h U N I X wer e pai d S2 0 fo r  thei r 
participation .  Novice s ha d les s tha n 1.2 5 year s o f 
experienc e wit h U N I X an d n o operatin g system s courses ; 
intermediate s ha d betwee n 1.2 5 an d 3. 0 year s experienc e 
wit h U N I X an d som e ha d operatin g system s courses ;  an d 
expert s ha d greate r  tha n thre e year s experienc e wit h U N I X 
and al l  ha d take n a n operatin g system s course . 

Tas k Description : 

Prompts : 

forma t  th e tex t  i n ATT 2 usin g th e -m s macr o pacKag e an d 
stor e th e formatte d versio n I n AT T I 

Prompt  I .  Yo u wil l  nee d t o us e 
th e followin g comman d 

One tha t  wil l  forma t  th e content s 
of  a  fil e usin g th e -m s macr o packag e 

Prompt s Yo u wil l  nee d t o us e thi s 
command 
nroff -mswill format the contents 

of  a  fil e usin g th e cmimacr o 
packag e 

Prompt s Yo u wil l  nee d t o us e a 
specia l  symbo l  tha t  redirect s 
command outpu t  t o a  fil e 

Prompt s Yo u wil l  nee d t o us e th e 
arro w symbo l  "> •  tha t  redirect s 
outpu t  fro m a  comman d t o a  fil e 

Prompt s YOU wil l  nee d t o us e th e 
arro w symbo l  "> '  an d th e comman d 
nrof f  -m s 
Prompt  6  You'l l  nee d t o us e a n 
nrof f  -m'io n ATT 2 (whic h wil l  outpu t 
th e formatte d content s o f  ATT2) ,  an d 
you'l l  nee d t o redirec t  thi s outpu t  a s 
Inpu t  t o AT T 1 Prompt  7  YOU wil l  nee d t o us e 
exactl y th e followin g comman d 
element s (thoug h no t  necessaril y 
I n thi s order) : 

f.nraf f  -m a 
Prompt s You'l l  nee d t o us e th e 
command nrof f  -m s followe d b y th e 
arro w symbo l  "i. " 

Prompt  9  Th e correc t  productio n i s 
nrafr-msMT?'ATT l 

Pleas e ente r  thi s productio n no w 

T a b l e 1 .  E x a m p l e o f  tas k descr ip t io n a n d p r o m p t s fo r  p r o b l e m nro f f  - m s A T T 2 > A T T l . 
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Apparatu s an d Materials .  Al l  task s wer e performe d o n 
a Macintos h wit h large-scree n monitor .  Th e stimul i  wer e 
tas k statements ,  a  fixe d director y o f  file  name s an d a  scrie s 
of  hel p prompts ,  al l  displaye d o n th e screen ,  a s wel l  a s 
thre e "erro r  cards' "  presente d b y th e experimenter .  Subject s 
responde d b y typin g a t  th e keyboar d a  c o m m a n d o r  serie s 
of  c o m m a n d s whic h woul d accomplis h a  give n tas k an d 
the n usin g th e mous e t o "click "  o n a  displaye d button . 

The tas k instruction s describe d action s tha t  coul d bes t  b e 
accomplishe d b y combinin g tw o o r  thre e c o m m a n d s 
throug h th e us e o f  redirectio n (i.e. .  composit e problems) . 
An exampl e i s th e tas k show n i n Tabl e 1  fo r  whic h th e 
c o m m a nd sequenc e woul d b e "nrof f  -m s A T T 2 > A T T 1 . "  A 
fixe d director y listin g o f  file  name s wa s displaye d o n th e 
scree n a t  al l  times . 

For  incorrec t  responses ,  ther e wa s a  serie s o f  hel p 
prompt s designe d t o addres s specifi c  deficit s i n th e 
subjects '  U N I X knowledge .  Thes e prompt s wer e displaye d 
on th e scree n on e a t  a  lim e i n a  fixed  orde r  regardles s o f  th e 
typ e o f  erro r  tha t  th e subjec t  ha d made .  Th e hel p prompt s 
wer e develope d t o addres s th e mos t  probabl e cause s o f 
error ,  a s suggeste d b y th e U N I C O M mode l  o f  U N I X 
c o m m a nd production .  Ther e ar c seve n differen t  area s i n 
whic h th e hel p prompt s coul d assis t  th e subjects ,  an d thes e 
ar e bes t  describe d b y referrin g t o th e exampl e i n Tabl e 1 . 

Finally ,  w e use d erro r  cards ,  describin g th e typ e o f  erro r 
made b y th e subjec t  o n a n incorrec t  attempt .  Th e thre e 
type s wer e "Illegal, "  "Different ;  Lega l  bu t  doe s somethin g 
othe r  tha n wha t  th e proble m ask s for, "  an d "Keystrokes ; 
lega l  an d doe s wha t  th e proble m ask s fo r  bu t  use s mor e 
tha n th e m in imu m possibl e keystrokes. "  (Thi s las t  erro r 
categor y wa s intende d t o forc e subject s t o us e composit e 
c o m m a n ds rathe r  tha n a  serie s o f  c o m m a n d s wit h 
temporar y files  i n orde r  t o b e correct ) 

Procedure .  Subject s wer e ru n individuall y fo r  a  singl e 
two-hou r  session .  Th e experimen t  wa s mad e u p o f  thre e 
sections :  a  questionnaire ,  a n orientation ,  an d completio n o f 
th e actua l  U N I X problems . 

Composit e C o m m a nd Problems .  Th e subject s wer e 
give n a  serie s o f  2 1 composit e c o m m a n d problems . 
Together ,  th e problem s use d 1 0 differen t  utilitie s (e.g. ,  Ipr , 
c m p,  cat )  an d 4  differen t  input/outpu t  (I/O )  redirectio n 
symbol s (e.g. ,  < ,  I ,  » ,  >) .  I n thi s activity ,  subject s wer e 
presente d wit h a  tas k statemen t  o n th e compute r  screen . 
suc h a s tha t  show n i n Tabl e 1  an d aske d t o typ e a  comman d 
or  serie s o f  command s tha t  woul d accomplis h th e task .  Fo r 
eac h composit e problem ,  th e tas k statemen t  appeare d first 
alon g wit h th e director y listin g o f  al l  file  name s use d i n th e 
experiment .  Th e subject s woul d the n typ e thei r  first  attemp t 
at  a  c o m m a n d o r  c o m m a n d serie s t o accomplis h th e task . 
Afte r  th e subjec t  clicke d th e butto n imag e labelle d 
" D O N E " ,  th e progra m woul d evaluat e th e subject' s attemp t 
and giv e feedbac k o f  "Correct "  o r  "Tr y again" .  I f  th e 
subject' s answe r  wa s no t  correct ,  th e experimente r 
evaluate d th e subject' s attemp t  an d hande d th e subjec t  th e 
appropriat e erro r  card .  Afte r  readin g th e erro r  card ,  th e 
subjec t  clicke d anothe r  butto n image ;  th e progra m the n 

erase d th e subject' s attemp t  an d reveale d th e firs t  hel p 
prompt . 

Once th e hel p promp t  wa s revealed ,  th e subjec t  trie d 
agai n t o giv e a  comman d sequenc e tha t  woul d accomplis h 
th e task .  I f  incorrect ,  th e subjec t  receive d anothe r  erro r  car d 
and wa s show n anothe r  hel p prompt .  Throughou t  a  give n 
task ,  th e tas k statement ,  director y listing ,  an d al l  previou s 
prompt s remaine d visible ;  onl y th e subject' s previou s 
attempt s an d erro r  card s wer e removed .  I f  a t  an y tim e th e 
subject s fel t  completel y stymied ,  the y wer e abl e t o typ e "n o 
help "  rathe r  tha n a  solutio n attemp t  i n orde r  t o ge t  th e nex t 
hel p prompt .  Th e procedur e o f  subjec t  attempt ,  erro r  card , 
hel p promp t  continue d unti l  th e subjec t  type d th e correc t 
response .  W h e n th e subjec t  type d th e require d comman d 
sequence ,  th e progra m displaye d a  " C O R R E C T ! "  scree n 
and the n reveale d th e nex t  composit e tas k instructions . 

Results 

Scorin g Correc t  C o m m a nd Productions .  Production s 
wer e score d a s correc t  b y ih c M a c compute r  i f  the y 
matche d th e synta x o f  th e idealize d comman d (space s wer e 
not  parsed) .  Thus ,  a  subjec t  ha d t o produc e th e comman d 
tha t  require d th e leas t  numbe r  o f  keystroke s (i.e. ,  subject s 
coul d no t  substitut e "sort>filel ;  hea d filel>nie2"  fo r  th e 
c o m m a nd "sor t  filellhead>file2").  Problem s wer e broke n 
int o tw o groups ,  wher e problem s 1- 4 constitute d th e first 
grou p wher e mos t  o f  th e learnin g too k place ,  an d problem s 
5-2 1 mad e u p th e second ,  mor e stabl e group .  I n thi s pape r 
we repor t  onl y th e dat a fro m th e first  grou p o f  problems . 

Correc t  Production s a s a  Functio n o f  Prompt .  Figur e 
1(a )  show s th e cumulativ e percentag e o f  correc t  composit e 
production s a t  eac h promp t  leve l  fo r  th e thre e expertis e 
groups .  Expert s hav e th e highes t  percentag e overall , 
followe d b y th e les s exper t  groups .  W e expec t  expert s t o 
excee d novic e performance .  Prompt s hav e a  differentia l 
influenc e o n correctin g performanc e fo r  th e thre e expertis e 
groups .  Fo r  example ,  th e chang e i n percen t  correc t 
performanc e fro m Promp t  3  t o Promp t  4  i s ver y smal l  fo r 
experts ,  leadin g t o th e inferenc e tha t  Promp t  4  provide d 
litd e o r  n o ne w informatio n fo r  them .  Conversely ,  th e sam e 
chang e betwee n prompt s 3  an d 4  fo r  th e les s exper t  group s 
i s relativel y large ,  suggestin g tha t  thi s promp t  doe s provid e 
the m wit h som e ne w information .  T o analyz e thi s effect , 
we stud y th e fou r  type s o f  knowledg e a t  eac h promp t  leve l 
i n detail . 

Scorin g o f  Knowledge .  Eac h o f  th e 2 1 problem s give n 
t o subject s require d certai n amoun t  o f  th e fou r  type s o f 
knowledge .  Fo r  example ,  th e proble m describe d i n Tabl e I 
require s tw o c o m m a n d synta x facts :  nrof f  -m s a s a 
c o m m a nd name ,  an d tha t  nrof f  take s a  file  argument .  I t 
require s knowledg e o f  on e V O redirectio n synta x fact ,  tha t 
"> "  redirect s outpu t  fro m a  comman d t o a  file.  Conceptua l 
I/ O knowledg e require d i s tha t  redirectio n o f  inpu t  an d 
outpu t  ca n occur ,  an d tha t  I/ O redirectio n ca n occu r  fro m 
c o m m a n ds t o files .  Th e require d c o m m a n d redirectio n 
knowledg e include s th e fac t  tha t  nrof f  outpu t  ca n b e 
redirecte d t o a  file.  Answer s fo r  eac h tas k wer e score d fo r 
th e percentag e o f  eac h typ e o f  knowledg e displaye d b y 
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Figur e 1 .  (a )  Cumulativ e percen t  correc t  composit e answer s a s a  functio n o f  prompt ;  (b )  Percen t  chang e i n correc t  composit e 
answer s average d acros s certai n prompts . 

eac h subjec t  a t  eac h promp t  level .  Fo r  example ,  i f  a 
command require s tw o comman d synta x facts ,  an d th e 
attemp t  a t  promp t  0  (befor e an y prompts )  show s evidenc e 
of  onl y on e o f  thes e facts ,  the n th e subject s i s credite d fo r 
havin g 5 0 % o f  th e require d comman d synta x knowledg e 
fo r  tha t  task .  Whe n a  productio n wa s correct ,  al l  knowledg e 
type s wer e a t  1 0 0 % levels . 

Knowledg e Analyses .  Figure s 2  (a )  -  2  (d )  sho w th e 
mean knowledg e score s fo r  th e thre e expertis e group s fo r 
prompt s 0-9 .  Th e arro w marker s signa l  th e reade r  wha t 
promp t  first  provide d subject s wit h informatio n relevan t  t o 
th e knowledg e typ e displaye d i n th e graph .  Fo r  example , 
i n Figur e 2(a) ,  Promp t  2  i s th e first  promp t  tha t  describe s 
al l  o f  th e comman d synta x knowledg e require d t o complet e 
th e tas k (se e Tabl e 1  fo r  a n exampl e o f  al l  promp t  type s 
describe d i n thi s section) .  T o determin e whethe r  amoun t  o f 
relevan t  knowledg e wa s influence d b y expertis e an d 
prompt ,  thes e dat a wer e subjecte d t o a  3 x 4  x  1 0 analysi s 
of  varianc e ( A N O V A )  wit h grou p (expert ,  intermediate , 
novice )  a s a  between-subject s variable ,  an d knowledg e typ e 
and promp t  a s within-subject s variables .  [I n al l  cases , 
Greenhouse-Geisse r  degree s o f  freedo m ar e use d fo r 
within-subjec t  variables. ]  Thi s analysi s resulte d i n a 
margina l  effec t  o f  level ,  F(2,19) = 3.24 ,  p  <  .06 .  Expert s 
posses s significantl y highe r  knowledg e score s tha n d o th e 
othe r  tw o groups .  Ther e wa s als o a  mai n effec t  o f 
knowledg e type ,  F  (3,57 )  =  24.52 ,  p<.01 ,  wit h th e 
command redirectio n conceptua l  knowledg e showin g th e 
lowes t  score s overal l  an d th e comman d synta x knowledg e 
showin g th e highes t  score s overall .  W e di d no t  obtai n a 
knowledg e typ e b y leve l  interaction ,  F  <  2 ,  seemingl y du e 
t o th e exper t  grou p ceilin g effect .  A  mai n effec t  o f  promp t 
exists ,  F  (9,171 )  =  29.04 ,  p  <  .01 ,  an d a  promp t  b y leve l 
interaction ,  F  (18,171 )  =  3.74 ,  p  <  .01 .  Performanc e 
improve s a s user s receiv e mor e prompts ,  thoug h th e 
amount  o f  improvemen t  i s differen t  fo r  expert s tha n fo r 
novices .  Expert s appea r  t o reac h ceilin g performanc e mor e 
quickl y tha n d o novices .  Prompt s influenc e th e fou r  type s 
of  knowledg e differently ,  a s evidence d b y knowledg e b y 
promp t  interaction ,  F  (27,513 )  =  8.12 ,  p  <  .01 . 

I t  i s  interestin g t o loo k a t  th e thre e expertis e group s 
separatel y t o determin e ho w th e prompt s influenc e thei r 
knowledg e scores .  Lookin g a t  Figure s 2  (a-d) ,  i t  appear s 
tha t  les s exper t  group' s knowledg e score s diffe r  fro m th e 
expert's .  T o determin e this ,  eac h o f  th e thre e groups ' 
knowledg e score s wer e subjecte d t o separat e 4  x  1 0 
A N O V As wit h th e knowledg e type s an d th e prompt s a s 
within-subjec t  variables .  Th e novice s an d intermediate s 
sho w a  mai n effec t  o f  knowledg e typ e (  Novic e F  (  3,27 )  = 
21.99 ,  p  <  .01 ;  Intermediate ,  F  (3^1 )  =  13.02 ,  p  <  .01 )  an d 
a mai n effec t  o f  promp t  (Novice ,  F  (9,81 )  =  26.82 .  p  <  .01 ; 
Intermediate ,  F  (9,63) = 18.65 ,  p  <  .01) .  Bot h group s sho w 
differen t  level s o f  th e fou r  knowledg e types ,  an d a n 
improvemen t  i n performanc e wit h th e prompts .  The y als o 
eac h sho w a  knowledg e typ e b y promp t  interactio n 
(Novice ,  F  (27,243 )  =  6.44 ,  p  <  .01 ;  Intermediate ,  F 
(27,189 )  =  4.84 ,  p  <  .01) .  Thi s suggest s tha t  th e influenc e 
of  th e prompt s o n th e fou r  knowledg e type s i s no t 
equivalen t  fo r  thes e tw o groups .  Th e expert s als o sho w a 
mai n effec t  o f  knowledge ,  F  (3,9 )  =  5.94 ,  p  <  .05 ,  an d 
prompt ,  F  (9,27 )  =  6.90 ,  p  <  .02 .  Thei r  dat a d o no t  sho w a 
knowledg e typ e b y promp t  interactio n ( F <  3) .  Th e result s 
may reflec t  exper t  ceilin g effects .  Thei r  knowledg e leve l  i s 
so hig h t o begi n wit h tha t  ther e i s minima l  varianc e i n thei r 
data . 

The arro w marker s o n Figure s 2(a-d )  sho w som e o f  th e 
most  interestin g interactions ,  especiall y whe n compare d 
wit h th e percen t  correc t  performanc e show n i n Figur e 1(a) . 
Figur e 2(a )  suggest s tha t  fo r  novice s an d intermediates , 
presentatio n o f  Promp t  2 ,  whic h help s wit h comman d 
synta x (se e Tabl e 1  fo r  a n example) ,  improve s comman d 
synta x knowledg e an d percen t  correc t  performanc e (se e 
Figur e 1(a)) .  Thi s i s les s th e cas e fo r  th e experts .  Figur e 
2(b )  show s group s wit h improve d I/ O conceptua l 
knowledg e score s fo r  thei r  attempt s followin g presentatio n 
of  Promp t  3 ,  whic h give s thi s information .  However , 
Figur e 1(a )  suggest s tha t  whil e th e expert s ca n us e 
conceptua l  I/ O informatio n t o increas e thei r  chance s fo r  a 
correc t  production ,  th e novice s cannot .  Thi s lead s t o th e 
inferenc e tha t  th e novice s ca n us e conceptua l  I/ O 
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informaiio n t o m a k e a  subsequen t  attemp t  tha t 
demonstrate s greate r  I/ O conceptua l  knowledge ,  bu t  the y 
ar e slil l  lackin g othe r  informatio n whic h woul d allo w the m 

t o produc e a  correc t  c o m m a n d .  Figur e 2(c )  show s tha t 
Promp t  4  appear s t o assis t  th e novic e grou p I/ O synta x 
knowledge ,  an d tha t  th e sam e tren d hold s t o a  lesse r  degre e 
fo r  th e intermediates .  Figur e 1(a )  suggest s tha t  thi s promp t 
increase s th e percen t  correc t  performanc e fo r  th e les s 
exper t  groups .  Th e experts ,  however ,  find  thi s informatio n 
useless .  Figur e 2(d )  an d Figur e 1(a )  sho w simila r  trend s i n 
th e th e chang e i n c o m m a n d redirectio n knowledg e fo r  les s 
exper t  group s followin g Promp t  6 .  Thi s promp t  give s bot h 
c o m m a nd redirectio n informatio n an d orderin g 
information .  Not e tha t  expert s find  thi s informatio n useless . 

A summar y o f  th e trend s foun d i n correc t  performanc e 
as a  functio n o f  promp t  i s foun d i n Figur e 1(b) .  Thi s figure 
show s th e percen t  chang e i n correc t  performanc e average d 
togethe r  fo r  th e firs t  prompt s tha t  provid e synta x 
knowledg e (bot h I/ O an d c o m m a n d syntax .  Prompt s 2  & 
4 ) ,  fo r  th e conceptua l  I/ O promp t  (Promp t  3) ,  Promp t  5 , 
whic h i s th e first  reminde r  o f  th e item s require d fo r  th e 
production ,  an d th e c o m m a n d redirectio n prompts ,  whic h 
als o giv e orderin g informatio n (Prompt s 6  &  8) .  Overall , 
ther e appear s t o b e a  stron g interaction ,  wit h novice s an d 
expert s showin g ver y differen t  change s i n performanc e a s a 

functio n o f  exposur e t o differen t  type s o f  prompts ,  an d 
intermediate s fallin g somewher e betwee n th e othe r  tw o 
groups . 

I t  appear s tha t  novice s an d intermediate s nee d hel p wit h 
bot h c o m m a n d an d I/ O syntax ,  bu t  tha t  thi s i s no t  a 
proble m fo r  th e experts .  Expert s ge t  hel p fro m a n abstrac t 
statemen t  o f  I/ O conceptua l  knowledg e (se e Tabl e 1  fo r  a n 
example),whil e thi s statemen t  i s practicall y worthles s t o th e 
les s exper t  groups .  Thi s finding  i s i n lin e wit h th e expertis e 
literatur e (e.g. ,  Ch i  e t  al. ,  1981 )  whic h suggest s tha t  expert s 
ca n proces s mor e abstrac t  informatio n tha n ca n novices . 
Certainl y Promp t  3  i s mor e abstrac t  tha t  Prompt s 2  an d 4 . 
Expert s als o successfull y utiliz e a  reminde r  promp t  tha t 
list s al l  o f  th e c o m m a n d an d I/ O element s togethe r  i n on e 
prompt .  Novice s an d intermediate s don' t  see m t o utiliz e 
thi s information .  Anecdotally ,  i t  i s ou r  vie w tha t  th e expert s 
tha t  hav e no t  solve d a  proble m correctl y b y thi s poin t  hav e 
ofte n represente d th e proble m wit h on e c o m m a n d reverse d 
or  dropped ,  an d thi s promp t  remind s the m tha t  the y hav e 
forgotte n a n element ,  an d the y ca n us e thi s informatio n t o 
make a  correc t  production .  Th e les s exper t  subject s see m 
t o hav e mor e problem s a t  thi s poin t  tha n jus t  knowin g th e 
elements ,  the y can' t  pu t  the m togethe r  wit h jus t  a  lis t  o f  th e 
items .  Thei r  respons e t o th e orderin g prompt s ( 6 &  8 ) 
make thi s clear .  Thes e ar e th e first  prompt s tha t  tel l  user s 
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Figur e 2 .  (a )  C o m m a nd synta x knowledge ;  (b )  I/ O conceptua l  knowledge ;  (c )  I/ O redirectio n synta x knowledge ;  an d (d ) 
C o m m a nd redirectio n conceptua l  knowledg e a s a  functio n o f  prompt . 
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what  orde r  Ihe y mus t  us e fo r  th e commands .  Fo r  example . 
tha t  first  nrof f  -m s mus t  b e performe d o n ATT 2 an d the n 
tha t  thi s outpu t  mus t  b e redirecte d t o th e file  ATTl ,  an d s o 
on.  Thi s orderin g informatio n help s th e les s exper t  group s 
quit e a  bit ;  i t  doe s almos t  nothin g fo r  th e experts . 

Discussion 

Our  findings  indicat e tha t  user s var y markedl y i n thei r 
respons e t o ver y differen t  classe s o f  promp t  a s a  functio n o f 
expertise .  Th e result s sugges t  tha t  novice s an d 
intermediate s lac k bot h specifi c  synta x knowledg e an d 
more genera l  conceptua l  redirectio n knowledge .  I f 
prompte d wit h specifi c  synta x knowledge ,  novice s an d 
intermediate s ca n increas e thei r  chance s o f  producin g a 
correc t  composite .  However ,  novice s an d intermediate s 
canno t  utiliz e ou r  mor e abstrac t  promp t  (Promp t  3 )  whic h 
provide s conceptua l  redirectio n informatio n knowledg e 
tha t  the y nee d (se e Figur e 2(b) )  t o increas e thei r  correc t 
performanc e (se e Figur e 1(a)) .  Ou r  experts ,  i n contrast , 
can us e thi s informatio n effectivel y t o increas e thei r 
performance .  Thi s finding  i s consisten t  wit h th e literatur e 
on expertis e whic h suggest s tha t  expert s ca n utiliz e abstrac t 
information ,  whil e novice s canno t  (e.g. ,  Ch i  et .  al ,  1981) . 

Novice s an d intermediate s see m t o nee d hel p retrievin g 
th e element s tha t  g o int o makin g a  composite ;  bu t  fo r  man y 
of  them ,  thi s  i s no t  enough .  The y als o nee d hel p orderin g 
th e element s -  o r  constructin g a n actio n plan .  Whe n the y 
receiv e a  promp t  tha t  help s the m orde r  th e items ,  thei r 
performanc e improves .  Ther e i s evidenc e tha t  orderin g th e 
element s taxe s thei r  workin g memory .  The y delet e an d 
substitut e man y mor e symbol s tha n d o experts ,  an d thes e 
memory error s decreas e markedl y onc e orderin g 
informatio n ha s bee n give n (Doan e e t  al .  1991) .  Thus ,  th e 
hypothesi s suggeste d b y th e U N I C O M construction -
integratio n mode l  wa s supported .  Retrievin g th e element s 
i s onl y par t  o f  th e proble m i n composin g a  composite .  T o 
chai n thes e element s togethe r  i s anothe r  aspec t  o f  th e 
problem ,  an d thi s require s relatin g th e piece s o f  knowledg e 
i n a n ordere d fashio n an d trackin g th e intermediat e results . 

Whil e thes e dat a provid e suppor t  fo r  th e assumption s o f 
th e Doan e et .  a l  (1989;1990 )  model ,  mor e direc t  suppor t  i s 
provide d b y extendin g ou r  modelin g wor k t o accoun t  fo r 
thes e promp t  data .  W e ar e currentl y buildin g model s o f 
individual s i n thi s study ,  an d runnin g simulation s b y givin g 
U N I C OM prompts ,  an d evaluatin g promp t  activatio n 
withi n th e individual' s network .  W e hopx ;  t o determin e 
whethe r  th e overla p betwee n th e knowledg e i n a  promp t 
and th e individua l  networ k o f  knowledg e dictate s th e 
usefulnes s o f  th e prompt .  Thi s wor k wil l  hav e clea r 
implication s compute r  aide d instructio n an d fo r  syste m 
design . 

Acknowledgements 

Thi s researc h wa s supporte d b y gran t  IRI-872279 2 fro m 
th e Nationa l  Scienc e Foundation . 

Reference s 

Anderson ,  J .  R. ,  &  Jeffries ,  R .  1985 .  Novic e LIS P errors : 
Undetecte d losse s o f  informatio n fro m workin g memory . 

Human-Compute r  Interaction ,  1,133-161 . 

Chi, M. T. H., Feltovich, P. J., & Glaser, R. 1981. 
Categorizatio n an d representatio n o f  physic s problem s b y 
expert s an d novices .  Cognitiv e Science ,  5 ,  121-152 . 

Doane, S. M., McNamara, D. S., Kintsch, W. Poison, P. G., 
Clawson ,  D .  M. ,  Dungca ,  R .  G .  1991 .  P r o m p t 
Comprehensio n i n UNI X Command Production .  Technica l 
Repor t  91-4 .  Institut e o f  Cognitiv e Science ,  Universit y o f 
Colorado ,  Boulder . 

Doane, S. M., Kintsch,, W. & Poison, P. 1989. Action 
Planning :  Producin g UN I X commands .  Proceeding s o f  th e 
Elevent h Annua l  Conferenc e o f  th e Cognitiv e Scienc e 
Society ,  (pp .  458-465) .  An n Arbor .  Michigan :  Lawrenc e 
Erlbau m Associates . 

Doane, S. M., & Kintsch, W., & Poison, P. G. 1990. 
Understandin g UNI X Commands:  What  Expert s Mus t 
Know.  Technical .  Report .  90-1 .  Institut e o f  Cognitiv e 
Science ,  Universit y  o f  Colorado ,  Boulder . 

Doane, S. M., Pellegrino, J. W., & Klatzky, R. L. 1990. 
Expertis e i n a  compute r  operatin g system : 
Conceptualizatio n an d performance .  Human-Compute r 
Interaction .  5 ,  267-304 . 

Kintsch, W. 1988. The use of knowledge in discourse 
processing :  A  construction-integratio n model . 
Psychologica l  Review ,  95 ,  163-182 . 

Larkin, J. H. 1983. The role of problem representation in 
physics .  I n D .  Centne r  &  A .  Steven s (Eds.) ,  Menta l  model s 
(pp .  75-98) .  Hillsdale ,  NJ :  Lawrenc e Erlbau m Associates , 
Inc . 

Mannes, S. M. & Kintsch, W. in press. Routine computing 
tasks ;  Plannin g a s understanding .  Cognitiv e Science . 
Murdock ,  B .  B .  1974 .  Huma n memory :  Theor y an d data . 
Lawrenc e Erlbau m Associates . 

Newell, A. 1987. Unified theories of cognition. The 1987 
Willia m Jame s Lectures . 

van Dijk, T. A. & Kintsch, W. 1983. Strategies of 
discours e comprehension .  Ne w York :  Academi c Press . 
Wertheimer ,  M .  1982/1945 .  Productiv e thinking .  Chicago , 
IL :  Universit y  o f  Chicag o Press . 

687 


	cogsci_1991_682-687



