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Abstract 

A comprehension-base d approac h t o learnin g assume s tha t 
incomin g informatio n an d backgroun d knowledg e ar e integrate d 
t o for m a  menta l  representatio n whic h i s subsequentl y use d t o 
incorporat e ne w knowledge .  W e demonstrat e tha t  thi s approac h 
can indicat e whe n peopl e wil l  lear n fro m instructions . 
Specifically ,  w e sho w tha t  a  computationa l  mode l  base d o n th e 
construction-integratio n theor y o f  comprehensio n (Kintsch , 
1988 )  ca n explai n an d predic t  ho w individua l  user s wil l 
comprehen d hel p prompt s tha t  guid e thei r  generatio n o f 
successfu l  comple x command s withi n a n operatin g system . 

Theoretical Background 

Learning from problem solving episodes has previously 
bee n examine d b y differen t  traditions .  Case-base d plannin g 
(e.g. ,  H a m m o n d,  1989 )  assume s tha t  w e acquir e knowledg e 
by storin g case s i n memor y whic h are ,  i n genera l  terms ,  th e 
specifi c  plan s fo r  differen t  problems .  Search-base d model s 
lik e S O A R lear n b y chunkin g th e result s o f  th e searc h 
proces s (Rosenbloo m e t  al. ,  1991) .  Th e presen t  researc h 
build s upo n a  thir d emergin g theor y o f  learning ,  a 
comprehensio n base d approach ,  whic h use s a n associatio n 
betwee n proble m description s (i n thi s cas e incomin g 
instruction s t o produc e a  c o m m a n d )  an d backgroun d 
knowledg e t o firs t  activat e relevan t  knowledg e t o construc t  a 
coheren t  situatio n model .  Thi s menta l  representatio n i s the n 
use d t o incorporat e ne w knowledg e (e.g. ,  Schmalhofe r  & 
Tschaitschian ,  1993) . 

We hypothesiz e tha t  a  computationa l  mode l  base d o n th e 
construction-integratio n theor y o f  comprehensio n (Kintsch , 
1988 )  ca n explai n an d predic t  h o w individua l  user s wil l 
comprehen d an d lear n fro m hel p instruction s a s the y attemp t 
t o generat e comple x compute r  commands .  W e ar e analyzin g 
learnin g i n th e contex t  o f  a  theor y o f  comprehensio n tha t 
has bee n use d t o explai n stor y comprehensio n (Kintsch , 
1988) ,  algebr a stor y proble m comprehensio n (Kintsch , 
1988) ,  th e solutio n o f  simpl e computin g task s (Manne s & 
Kintsch ,  1991) ,  an d th e Towe r  o f  Hano i  tas k (Schmalhofe r 
& Tschaitschian ,  1993) .  Thus ,  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 . 

Th e mai n goa l  o f  thi s stud y i s t o determin e i f  thi s 
comprehension-base d framewor k ca n b e extende d t o accoun t 
fo r  learnin g fro m technica l  instructions .  Specifically ,  w e 
evaluat e whethe r  th e comprehensio n strategie s o f  U N I C O M 
(Doane ,  Kintsch ,  &  Poison ,  1989) ,  a  construction -
integratio n mode l  containin g knowledg e o f  U N I X 
commands,  adequatel y accoun t  fo r  th e typ e o f  instruction s 
user s find  helpfti l  t o thei r  comman d productio n performance . 
We hav e detaile d empirica l  dat a o n learnin g t o produc e 
complex ,  sequence-dependen t  command s i n th e U N I X 
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operating system, a complex problem solving task. In 
previou s empirica l  studie s (Doane ,  McNamara ,  Kintsch , 
Poison ,  &  Clawson ,  1992) ,  w e aske d user s o f  varyin g 
experienc e wit h th e U N I X operatin g syste m t o produc e 
comple x U N I X commands ,  an d the n provide d hel p prompt s 
when th e command s the y produce d wer e erroneous .  Th e hel p 
prompt s wer e designe d t o assis t  subject s wit h bot h 
knowledg e an d processe s tha t  ou r  previou s researc h ha s 
suggeste d ar e lackin g i n les s exper t  user s (Doane , 
Pellegrino ,  &  Klatzky ,  1990) .  Th e result s showe d 
significan t  difference s i n learnin g fro m instruction s 
(prompts )  a s a  functio n o f  U N I X backgroun d knowledge . 

I n th e presen t  work ,  w e extende d ou r  mode l  t o includ e 
comprehension-base d learnin g mechanism s i n orde r  t o mode l 
th e individual s i n th e promptin g study .  I n ou r  modeling , 
eac h subject' s performanc e wa s analyze d t o identif y thei r 
initia l  knowledg e base ,  whic h represent s th e knowledg e the y 
displaye d withou t  prompting .  Usin g thi s knowledg e base , 
we the n "give "  th e mode l  th e sam e prompt s tha t  th e subjec t 
was give n whe n i t  execute s a n unsuccessfu l  actio n plan ,  an d 
the n ru n th e mode l  agai n s o th e incomin g promp t 
instruction s ca n activat e knowledg e t o attemp t  t o solv e th e 
proble m again .  I n s o doing ,  w e exten d thi s theor y t o 
understandin g h o w user s lear n fro m instruction s t o pla n 
comple x actions ,  an d w e ca n provid e a  detaile d analysi s o f 
th e matc h betwee n modele d an d actua l  performance . 

UNICOM Construction/Integration Model 

Th e construction-integratio n mode l  i s  a  cognitiv e 
architectur e tha t  i s base d o n a  genera l  theor y o f  discours e 
comprehensio n an d tha t  represent s knowledg e a s association s 
(Kintsch ,  1988) .  I n th e contex t  o f  th e presen t  research ,  usin g 
U N I X refer s t o th e comprehensio n o f  brie f  instruction s t o 
produc e lega l  U N I X c o m m a n d s an d associatin g thi s 
instructio n wit h knowledg e abou t  U N I X i n orde r  t o develo p 
an actio n plan .  Th e focu s o f  ou r  analysi s i s no t  s o muc h o n 
understandin g th e tex t  pe r  se ,  bu t  o n th e wa y thes e 
instruction s activat e th e U N I X knowledg e relevan t  t o th e 
performanc e o f  th e specifie d task . 

The mode l  activate s knowledg e i n paralle l  throug h 
activatio n an d selectio n o f  contextuall y relevan t  knowledge . 
I t  doe s no t  pla n ahead ;  rather ,  th e mode l  react s t o th e curren t 
stat e o f  th e worl d t o guid e knowledg e activatio n an d 
selectio n i n a  step-by-ste p fashion .  Th e instructiona l  tex t 
and th e curren t  stat e o f  th e operatin g syste m serv e a s cue s 
fo r  activatio n o f  th e relevan t  knowledg e an d fo r  organizin g 
thi s knowledg e t o produc e a n actio n sequence .  Th e 
symbolic/connectionis t  architectur e o f  thi s mode l  i s simila r 
t o tha t  o f  E C H O (Thagard ,  1989 )  an d A C M E (Holyoa k & 
Thagard ,  1989) :  I t  use s symboli c rule s t o interrelat e 
knowledg e t o develo p a  situatio n model ,  an d the n spread s 
activatio n throughou t  thi s representatio n usin g constrain t 
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satisfaction .  Thi s result s i n focuse d activatio n o f  knowledg e 
relevan t  t o th e curren t  goal . 

Classes of knowledge. The UNICOM model requires 
tha t  thre e classe s o f  knowledg e b e availabl e t o simulat e 
command production .  Th e first  class ,  worl d knowledge , 
represent s th e stat e o f  th e worl d a t  th e curren t  moment . 
Example s o f  worl d knowledg e includ e knowledg e o f  th e 
curren t  task ,  wha t  files  exis t  o n th e curren t  directory ,  wha t 
director y yo u ar e in ,  an d wha t  syste m i s i n us e (UNIX) . 

The nex t  clas s o f  knowledge ,  genera l  knowledge ,  refer s t o 
fact s abou t  U N I X .  T o facilitat e discussio n o f  th e U N I C O M 
knowledg e base ,  w e wil l  star t  wit h th e comman d "nrof f  -m s 
A T T 2 > A T T 1"  a s a n example .  Thi s c o m m a n d format s th e 
content s o f  th e file  A T T 2 usin g th e utilit y  nrof f  an d th e -m s 
macr o package ,  an d the n store s th e result s i n th e file  A T T l . 
Ther e ar e fou r  type s o f  genera l  knowledg e require d t o produc e 
a composit e command .  Th e mode l  mus t  know :  (a )  comman d 
syntax ,  (b )  I/ O redirectio n syntax ,  (c )  conceptua l  fact s abou t 
th e redirectio n o f  inpu t  an d output ,  an d (d )  conceptua l  fact s 
abou t  conmian d redirection . 

An exampl e o f  c o m m a n d synta x knowledg e i s knowin g 
th e nrof f  c o m m a n d an d th e -m s flag.  A n exampl e o f  I/ O 
redirectio n synta x i s knowin g th e "> "  redirectio n symbol . 
Example s o f  conceptua l  fact s abou t  th e redirectio n o f  inpu t 
and outpu t  includ e th e conceptua l  knowledg e tha t  redirectio n 
of  inpu t  an d 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 .  (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. ) 
Finally ,  a n exampl e o f  a  conceptua l  fac t  abou t  c o m m a n d 
redirectio n woul d b e th e knowledg e tha t  th e outpu t  o f  nrof f 
can b e redirecte d t o a  file. 

Finally ,  th e thir d clas s o f  knowledge ,  calle d p la n 
elements ,  ar e th e "executable "  form s o f  knowledg e abou t 
UNIX .  Pla n element s describ e action s tha t  ca n b e take n i n 
th e world ,  an d the y specif y condition s unde r  whic h action s 
can b e taken .  Thus ,  user s hav e condition-actio n rule s tha t 
the y ca n conside r  an d execut e i f  condition s ar e correct .  I n th e 
model ,  pla n element s hav e thre e parts .  Th e first  i s  th e nam e 
of  th e pla n element .  Th e secon d componen t  contain s th e 
precondition s tha t  mus t  b e presen t  eithe r  i n th e worl d o r  i n 
th e genera l  knowledg e fo r  th e pla n elemen t  t o fire .  Fo r 
example ,  i f  a  file  t o b e formatte d doe s no t  exis t  i n th e worl d 
knowledge ,  the n a  pla n elemen t  tha t  require s tha t  fil e exis t 
wil l  no t  b e abl e t o fire .  Finally ,  ther e i s a n outcom e 
componen t  o f  pla n elements .  Thes e contai n fact s tha t  wil l 
be adde d t o th e worl d i f  th e pla n elemen t  fires.  Fo r  example , 
onc e a  file  i s  formatted ,  th e worl d knowledg e wil l  chang e t o 
reflec t  th e fac t  tha t  th e formatte d content s o f  th e file  exis t  i n 
th e world .  Worl d knowledg e wil l  als o chang e whe n 
incomin g promp t  instruction s ar e introduced . 

Model execution. Many plan elements may be selected 
i n sequenc e t o for m a n entir e actio n pla n (describe d below) . 
The mode l  operate s i n a  cyclica l  fashion .  Th e mode l  fires  th e 
most  activate d pla n elemen t  whos e precondition s ar e 
satisfie d i n th e world .  W h e n i t  fires ,  th e outcom e o f  th e 
selecte d pla n elemen t  i s adde d t o th e world .  Th e selectio n o f 
th e nex t  pla n elemen t  i s determine d b y th e modifie d content s 
of  th e world .  Fo r  plan s t o b e selecte d fo r  execution ,  the y 

must  b e contextuall y relevan t  t o th e curren t  tas k (a s dictate d 
by th e worl d knowledge )  an d th e fact s tha t  allo w the m t o fire 
(preconditions )  mus t  exis t  i n th e knowledg e base . 

Research Goals of Prompting Study 

The goal of the empirical prompting study was to determine 
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 )  help s th e users .  Th e experimen t  use d a 
promptin g paradig m t o asses s th e knowledg e an d processe s 
of  user s a t  variou s level s o f  expertise .  W e assume d tha t 
user s hav e differen t  amount s o f  th e require d fou r  type s o f 
knowledg e an d tha t  displayin g th e prompt s tha t  hel p wit h 
eac h typ e o f  knowledg e wil l  influenc e subsequen t  use r 
performance ,  i f  the y lac k thi s knowledge . 

I n th e ful l  study ,  twenty-tw o compute r  scienc e an d 
electrica l  engineerin g major s receive d 2 1 composit e 
command productio n tasks .  Al l  subject s ha d receive d prio r 
instructio n abou t  redirectin g standar d inpu t  an d outpu t  i n 
thei r  coursewor k an d ha d experienc e usin g redirectio n 
symbol s t o complet e coursewor k o r  othe r  task s using 
U N I X .  Novice s ha d les s tha n 1.2 5 year s o f  experienc e wit h 
U N I X ;  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 expert s ha d greate r  tha n thre e 
year s experienc e wit h U N I X .  W e ca n onl y summariz e th e 
procedur e her e -  se e Doan e e t  al .  (1992 )  fo r  details . 

Al l  productio n task s wer e performe d o n a  computer .  Th e 
stimul i  wer e tas k statements ,  a  fixed  director y o f  file  name s 
and a  serie s o f  hel p prompts ,  displaye d whe n appropriat e 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 type d thei r  c o m m a n d o r  serie s o f 
commands o n th e keyboar d t o accomplis h a  give n tas k an d 
the n use d th e mous e t o "click "  o n a  displa y butto n t o obtai n 
an evaluatio n o f  thei r  answer .  Th e tas k instruction s describe d 
action s tha t  coul d bes t  b e accomplishe d b y combinin g tw o 
or  thre e command s throug h th e us e o f  redirectio n (i.e. , 
composit e problems ;  se e Tabl e 1) .  Accompanyin g th e tas k 
statemen t  wa s a  fixed  director y listin g o f  al l  file  name s tha t 
wer e use d i n th e experiment . 

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  type s o f  deficit s i n th e subjects ' 
U N I X knowledge .  Thes e prompt s wer e displaye d o n th e 
scree n on e a t  a  tim 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 syste m simpl y parse d a n 
answer  t o determin e i f  i t  containe d th e require d synta x i n th e 
requisit e orde r  an d i f  i t  di d not ,  the n th e syste m woul d 
displa y th e nex t  promp t  i n th e sequence . 

Ther e ar e 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 .  Promp t  1  parse s th e 
tas k statemen t  int o relevan t  c o m m a n d concepts .  Promp t  2 
identifie s actua l  c o m m a n d synta x ( c o m m a n d synta x 
knowledge) .  Promp t  3  explain s concept s o f  redirectio n i n a n 
abstrac t  fashion ,  independen t  o f  synta x (conceptua l  I/ O 
redirectio n knowledge) .  Promp t  4  identifie s th e actua l  I/ O 
redirectio n symbol s (I/ O redirectio n synta x knowledge ) 
require d fo r  th e problem .  Prompt s 5  an d 7  remin d th e use r  o f 
th e complet e se t  o f  item s tha t  hav e alread y bee n identifie d i n 
previou s prompts .  Promp t  6  i s th e firs t  promp t  tha t 
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determine s th e orde r  o f  command s an d symbol s fo r  th e use r 
(providin g c o m m a n d redirectio n knowledg e an d hel p wit h 
trackin g intermediat e results) .  Thi s informatio n i s repeate d 
i n Promp t  8 .  Finally ,  Promp t  9  give s th e use r  th e correc t 
production . 

M o d e l i n g p r o m p t i n g per fo rmance .  T o develo p 
individua l  knowledg e base s fo r  simulation ,  w e score d eac h 
subject' s answer s t o determin e wha t  knowledg e the y 
displaye d prio r  t o instructio n o n tha t  knowledge .  Fo r 
example ,  i f  a  subjec t  use d th e comman d "nroff '  befor e w e 
provide d an y informatio n abou t  th e command ,  the n thei r 
initia l  knowledg e bas e woul d receiv e credi t  fo r  th e comman d 
synta x knowledg e fo r  nrof f  an d th e pla n t o produc e nrof f  b y 
itself .  I f  th e subjec t  trie d t o us e nrof f  i n th e contex t  o f  a 
redirectio n symbo l  (e.g. ,  "nrof f  -m s filenam e I  Ipr" )  the n 
the y woul d b e give n credi t  fo r  th e c o m m a n d redirectio n 
knowledg e fo r  nrof f  tha t  it s  outpu t  coul d b e redirecte d a s 
inpu t  t o anothe r  command . 

Th e subject' s knowledg e wa s entere d int o a n initia l 
knowledg e base ,  an d th e mode l  wa s give n th e initia l 

proble m statemen t  i n th e "world "  knowledge .  Th e syste m 
the n wen t  throug h a  serie s o f  construction-integratio n cycle s 
t o produc e a n actio n plan .  I f  th e model' s pla n wa s no t  correc t 
(regardles s o f  th e subject' s actua l  performance) ,  i t  wa s give n 
th e tex t  descriptio n o f  th e firs t  prompt ,  an d th e proces s 
bega n again .  I f  th e nex t  attemp t  wa s agai n unsuccessful , 
the n th e tex t  descriptio n fo r  promp t  2  wa s adde d t o th e worl d 
knowledge ,  an d s o on . 

The tex t  description s o f  th e prompt s influenc e th e 
activatio n o f  knowledg e i n th e system .  I f  the y overla p 
sufficientl y wit h existin g knowledg e an d ar e relevan t  t o th e 
goal ,  the n the y wil l  b e abl e t o provid e precondition s t o th e 
pla n elemen t  tha t  fires.  I f  thi s take s place ,  th e knowledg e 
give n i n th e promp t  tha t  i s  use d i n a  fired  pla n (correc t  o r 
not )  i s  permanentl y adde d t o th e knowledg e base .  Onl y th e 
fou r  mos t  highl y activate d promp t  proposition s ca n remai n 
i n th e worl d knowledg e durin g an y on e cycle .  Thus ,  i f  a n 
incomin g promp t  wa s no t  highl y associate d wit h th e 
existin g knowledg e o r  th e goal ,  i t  wa s droppe d fro m th e 
knowledg e base .  Belo w w e discus s th e empirica l  an d 

Tabl e 1 .  Exampl e o f  tas k descriptio n an d prompt s fo r  th e proble m nroff-m s A T T 2 > A T T 1 

Ta$k PegcriptJQ n 

Forma t  th e tex t  i n A T T 2 usin g th e -m s macr o packag e an d 

stor e th e formatte d versio n i n A T T l 

Prompt ? 

Prompt  1 .  Y o u wil l  nee d t o us e th e followin g 

command 

One tha t  wil l  forma t  th e content s o f  a  file  usin g 

th e -m s macr o packag e 

Prompt  2  Y o u wil l  nee d t o us e thi s comman d 

nroff -ms will format the contents 

of  a  file  usin g th e ;in s macr o packag e 

Prompt  3  Y o u wil l  nee d t o us e a  specia l  symbo l 

that redirects command output to a file 

Prompt  4  Y o u wil l  nee d t o us e th e arro w symbo l 

" ^ " that redirects output from a command to a file 

Prompt s Y o u wil l  nee d t o us e th e arro w symbo l 

"  ̂  "  an d th e conmian d nrof f  -m s 

Prompt  6  You'l l  nee d t o us e a n nroff-m s 

on A T T 2 (whic h wil l  outpu t  th e formatte d 

content s o f  A T T 2 ) ,  an d you'l l  nee d t o redirec t 

thi s outpu t  a s inpu t  t o A T T l 

Prompt  7  Yo u wil l  nee d t o us e exactl y th e 

following command elements (though not 

necessarily  in this order): >• OfQff -PITS 

Prompt  8  You'l l  nee d t o us e th e comman d 

nrof f  -m s followe d b y th e arro w symbol "  >  " 

Prompt  9  Th e correc t  productio n i s 

p r o f f - m s A T r 2 > A T n 
Pleas e ente r  thi s productio n no w 

256 



(SUBJECTS) (MODEL) 

100 - , 

80 A 

60 - I 

40 - I 

20 4 

Prompt 

I 

100 - I 

80 J 

60 -| 

40 J 

20 A 

. v ^ 

Novic e 
Intermediat e 

Exper t 

1 2 3 4 5 6 7 8 9 
Prompt 

Figure s 1(a )  an d 1(b) .  M e a n percen t  correc t  production s fo r  novice ,  intermediate ,  an d exper t  subjects ,  an d fo r  th e simulatio n 
model  o f  thes e subject s usin g U N I C O M. 

modelin g result s fo r  th e 6  subject s modele d ( 2 novices ,  2 
experts ,  2  intermediates) . 

Results and Discussion 

Scoring correct command productions. For the 
empirica l  work ,  production s wer e score d a s correc t  b y th e 
compute r  i f  the y matche d th e synta x o f  th e idealize d 
command (space s wer e no t  counted) .  Thus ,  a  subjec t  ha d t o 
produc e th e c o m m a n 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 "sor t 
filel>temp ;  hea d temp>file2 "  fo r  th e comman d "sor t  file l  I 
head>file2") .  Production s produce d b y eac h mode l  wer e 
score d usin g th e sam e rule s o f  correctness .  Th e problem s 
simulate d i n thi s pape r  ar e thos e requirin g th e greates t 
percentag e (60-100% )  o f  ne w knowledg e fo r  solution ,  a s 
detaile d i n Doan e e t  al .  (1992) .  Thi s subse t  o f  problem s i s 
discusse d i n thi s paper . 

Correc t  production s a s a  functio n o f  p rompt . 
Figure s 1(a )  an d 1(b )  sho w th e cumulativ e percentag e o f 
correc t  composit e production s fo r  th e thre e subjec t  group s 
and modele d subjec t  group s a s a  functio n o f  prompt .  Th e 
dat a ar e cumulative ;  subject s (an d modele d subjects )  w h o 
correctl y produce d a  proble m a t  Promp t  4  wer e include d a s 
correc t  dat a point s a t  Prompt s 5- 9 a s well .  Thus ,  a t  Promp t 
9,  al l  o f  th e subject s i n each  expertis e grou p wer e a t  1 0 0 % 
correc t  performance .  Lookin g a t  th e empirica l  result s i n 
Figur e 1(a) ,  expert s hav e th e highes t  correc t  percentag e 
overall ,  followe d b y th e les s exper t  groups .  Prompt s hav e 
differentia l  influence s 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 zer o fo r 
intermediate s an d experts ,  suggestin g tha t  Promp t  4 ,  whic h 
give s I/ O synta x informatio n (se e Tabl e 1 )  provide d littl e o r 
no ne w informatio n t o them .  Conversely ,  th e sam e chang e 
betwee n Prompt s 3  an d 4  fo r  th e novice s i s large , 
suggestin g tha t  thi s promp t  doe s provid e the m wit h 
significan t  ne w information .  Expert s an d intermediate s 
requir e fewe r  prompt s i n orde r  t o obtai n perfec t  performance . 
Novices ,  i n contrast ,  onl y obtai n perfec t  performanc e onc e 
the y ar e expose d t o th e fina l  promp t  whic h give s th e exac t 

command.  Promp t  9 .  Lookin g a t  th e modelin g result s i n 
Figur e 1(b) ,  w e obtai n th e basi c expertis e effect̂ .  Fo r  th e 
model ,  a s fo r  th e subjects ,  Promp t  4  help s th e novice s bu t 
not  th e intermediat e group . 

Scoring of knowledge. Each of the problems given to 
subject s an d t o th e Learn ing-UNICO M mode l  require d a 
certai n amoun t  o f  th e fou r  type s o f  componen t  knowledg e 
discusse d earlie r  i n th e sectio n describin g th e U N I C O M 
model .  Answer s fo r  th e presen t  task s wer e score d fo r  th e 
percentag e o f  each  typ e o f  knowledg e displaye d b y a  subjec t 
and b y a  mode l  o f  th e subjec t  a t  eac h promp t  level . 

Knowledge analyses. Figures 2 (a-h) show the mean 
knowledg e score s fo r  th e thre e expertis e group s afte r 
prompt s 0- 9 fo r  bot h th e subject s an d th e modele d subjects . 
The arro w marker s specif y whic h promp t  firs t  provide d 
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 firs t 
promp t  tha t  describe s al l  o f  th e c o m m a n 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) ,  an d th e arro w 
indicate s knowledg e displaye d afte r  presentatio n o f  Promp t 
2.  Th e chang e i n th e knowledg e scor e fo r  c o m m a n d synta x 
betwee n Prompt s 1  an d 2  indicate s th e effec t  o f  Promp t  2 . 
The componen t  knowledg e show n i s highe r  tha n th e percen t 
correc t  score s show n i n Figur e 1(a) .  Thi s i s becaus e a n 
attemp t  ca n sho w high ,  bu t  no t  perfec t  componen t 
knowledge ,  an d componen t  knowledg e mus t  b e perfec t  fo r  a n 
attemp t  t o b e entere d a s correc t  i n Figure s 1(a )  an d 1(b) . 

The difference between percent correct performance and the 
amount  o f  knowledg e displaye d i n a n attemp t  ca n b e 
examine d b y comparin g th e knowledg e score s show n i n 
Figure s 2  (a-b )  wit h th e percen t  correc t  performanc e show n 

^ We chos e t o mode l  tw o representativ e experts ,  an d score d acros s 
thei r  performance ,  the y displaye d al l  o f  th e requisit e knowledg e 
withou t  prompting .  Thi s le d t o 100 % correc t  performanc e b y th e 
model  (se e Figur e 1(b)) . 
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Figure s 2(a )  -  2(h) .  M e a n c o m m a n d synta x knowledge ,  I/ O conceptua l  knowledge ,  I/ O synta x knowledg e an d 

c o m m a nd redirtectio n knowledg e fo r  expert ,  intermediate ,  an d novic e subjects ,  an d modele d subjects . 
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Knowledg e Typ e 

Qjinman d Synta x 

J M Redirectio n 

• 1 Synta x 
• Inman H Red . 

Knowledg e Score s 

Novic e 

.9 9 

.9 8 

.9 7 
,9 4 

Intermediat e 

.7 4 

.8 0 

.8 1 

.9 7 

Changes i n Knowledg e Score s | 

Novic e 

.8 2 
,4 1 
.8 0 
.4 8 

Intermediat e 
.4 4 
.1 8 
.0 7 
.8 3 

Tabl e 2 .  R ^  value s fo r  mode l  fit  wit h subjec t  knowledg e score s an d change s i n knowledg e scores . 

i n Figure s 1(a )  an d 1(b) .  Figur e 2(a )  suggest s tha t  fo r  novic e 
and intermediat e groups ,  presentatio n o f  Promp t  2  improve s 
command synta x knowledge ,  bu t  onl y intermediate s sho w 
improvemen t  i n percen t  correc t  performanc e (se e Figur e 
1(a)) .  Th e lac k o f  chang e i n percen t  correc t  performanc e fo r 
th e novic e group s (se e Figur e 1(a) )  suggest s tha t  fo r  them , 
th e promp t  i s no t  sufficien t  t o guarante e tha t  subsequen t 
attempt s wil l  sho w perfec t  c o m m a n d synta x knowledge . 
Figur e 2(b )  show s a  simila r  patter n o f  improvemen t  fo r 
modele d novice s an d intermediate s i n respons e t o th e 
command synta x prompt .  Th e novic e mode l  show s th e 
greates t  improvemen t  i n c o m m a n d synta x knowledg e a t 
Prompt  2 .  Th e novic e mode l  als o show s a n increas e i n 
correc t  performanc e (se e Figur e 1(b )  a t  Promp t  2) ,  whic h 
differ s fro m th e subjec t  performance .  Th e remainin g figures 
(Figure s 2(c-h) )  ca n b e examine d i n a  simila r  fashion ,  wher e 
th e comparison s sho w tha t  th e mode l  doe s a  goo d jo b o f 
predictin g wha t  typ e o f  informatio n i s importan t  t o improv e 
th e amoun t  o f  knowledg e displaye d i n a n attemp t  fo r 
novices ,  an d slightl y les s s o fo r  intermediates . 

To quantif y th e fit  betwee n th e mode l  an d th e subjec t  data , 
correlation s wer e performe d o n th e knowledg e score s a s a 
functio n o f  promp t  an d o n th e chang e i n knowledg e score s 
as a  functio n o f  prompt .  Th e chang e score s provid e a  mor e 
stringen t  tes t  o f  th e fit  betwee n th e mode l  an d th e subjec t 
dat a becaus e i t  pinpoint s th e change s betwee n prompt s rathe r 
tha n th e genera l  increas e i n knowledge .  Tabl e 2  show s th e 

resultin g R ^  values .  Descriptivel y speaking .  Tabl e 2 
suggest s tha t  th e mode l  doe s a  goo d jo b o f  predictin g th e 
patter n o f  improvemen t  i n percen t  correc t  performance , 
showin g th e bes t  fit  wit h th e novic e data .  Th e chang e score s 
indicat e tha t  th e mode l  doe s a  goo d jo b o f  predictin g th e 
syntax-base d knowledg e fo r  novices ,  an d c o m m a n d 
redirectio n knowledg e fo r  th e intermediate s Th e fit  betwee n 
expert' s  performanc e an d th e model' s prediction s wa s no t 
calculate d du e t o ceilin g performance . 

The analyse s sugges t  tha t  ther e i s a  goo d matc h betwee n 
what  th e mode l  learn s fro m instructions ,  an d wha t  th e actua l 
subject s learn .  Th e difference s i n wha t  knowledg e i s relevan t 
as a  functio n o f  expertis e i s consisten t  fo r  th e actua l  novic e 
and intermediat e subjects ,  an d thei r  models . 

General Discussion 

We have shown that the construction-integration model can 
be extende d t o accoun t  fo r  learnin g fro m technica l 
instructions .  Usin g thi s comprehension-base d approach ,  w e 
ar e abl e t o predic t  wha t  promp t  instruction s user s wil l  appl y 
and lear n a s a  functio n o f  thei r  backgroun d knowledge .  TTii s 
wor k ha s implication s fo r  computer-aide d instructio n an d 
intelligen t  tutoring .  I f  w e ca n specif y wha t  instruction s wil l 

be effectiv e base d o n th e activatio n resultin g fro m th e 
overla p betwee n incomin g instruction s an d backgroun d 
knowledge ,  the n w e ca n desig n mor e effectiv e instructiona l 
systems . 
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