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The primary goal of this research was to facilitate learning by applying a model of the 
change s i n knowledg e representation s tha t  occu r  wit h increase d compute r  experienc e t o 
instructiona l  design .  Th e mode l  propose s tha t  users '  knowledg e representation s o f 
compute r  system s evolv e fro m bein g organize d accordin g t o preconception s t o bein g 
organize d accordin g t o th e goals ,  plan s an d mle s fo r  usin g th e system .  Th e nnode l  wa s 
implemente d i n a n on-lin e trainin g system .  I t  wa s propose d tha t  usin g a  mode l  o f  th e 
natura l  evolutio n o f  knowledg e t o organiz e th e presentatio n o f  informatio n i n th e trainin g 
woul d creat e a  bette r  fi t  betwee n learnin g proces s an d learnin g material s an d thus , 
facilitat e learning .  Th e model-base d trainin g syste m wa s compare d t o fou r  othe r  trainin g 
system s tha t  implemente d othe r  method s o f  organizatio n tha t  ar e currentl y use d i n 
researc h an d industry .  Th e result s illustrate d onl y partia l  validatio n fo r  th e nrwdel .  Tha t  is , 
th e trainin g base d directl y o n th e mode l  di d no t  lea d t o th e bes t  peformance ,  bu t  als o di d 
not  lea d t o th e worst .  Th e bes t  performanc e wa s observe d fo r  instruction s tha t  wer e 
organize d accordin g t o task s an d th e wors t  performanc e wa s observe d fo r  instruction s 
tha t  wer e organize d accordin g t o categorie s o f  commands .  I t  i s  propose d tha t  (1 )  usin g 
model s o f  learnin g i n instructiona l  desig n require s mor e tha n mappin g th e learnin g 
assumption s ont o a n instructiona l  settin g an d (2 )  instructiona l  desig n provide s a n 
importan t  metho d fo r  testin g th e assumption s o f  th e learnin g model . 

There has been a substantial amount of attention given to the investigation of the 

acquisitio n o f  knowledge .  Fro m thi s researc h ha s grow n a n Interes t  I n th e applicatio n o f 

cognitiv e model s o f  th e studen t  t o instructiona l  design .  Tha t  is ,  researcher s hav e begu n t o 

examin e th e benefit s o f  usin g knowledge-base d model s o f  learnin g t o guid e th e organizatio n o f 

instructiona l  information .  I n a  recen t  study ,  Ka y an d Blac k (1985 )  presente d a  mode l  tha t 

trace d th e change s i n th e conten t  an d organizatio n o f  knowledg e tha t  occu r  wit h th e acquisitio n 

of  text-editin g knowledge .  Th e presen t  stud y compare s th e performanc e tha t  result s fro m 

instructio n tha t  i s  base d upo n thi s mode l  t o th e performanc e tha t  result s fro m instructio n tha t  i s 

base d upo n othe r  method s o f  organizin g compute r  knowledge . 

By combinin g th e result s o f  thre e studie s tha t  examine d th e change s i n text-editin g 

knowledg e representations ,  Ka y an d Blac k (1985 )  propose d a  fou r  phas e mode l  o f  th e 

evolutio n o f  knowledg e a s on e proceed s fro m naive  t o exper t  compute r  user .  I n thi s model , 

phase s represen t  snapshot s o f  th e menta l  structure s tha t  exis t  a t  varyin g level s o f  ability . 

Phas e O n e o f  thi s mode l  describe s th e knowledg e representation s tha t  exis t  befor e th e learnin g 

proces s begins .  I n thi s phase ,  knowledg e i s organize d accordin g t o preconception s abou t  th e 

terminolog y tha t  wil l  late r  refe r  t o text-editin g c o m m a n d s .  I n Phas e T w o ,  users '  knowledg e 

representation s begi n t o reflec t  computer-relate d information .  Becaus e on e o f  th e firs t  thing s 

tha t  user s lear n i s th e goal s tha t  th e c o m m a n d s accomplish ,  th e n e w organizatio n o f  th e 

commands i s base d upo n th e relationship s betwee n th e c o m m a n d s an d th e relevan t  goal s tha t 

the y accomplish . 

Havin g acquire d th e basi c text-editin g goal s an d c o m m a n d s ,  user s begi n t o not e tha t 

ther e ar e certai n c o m m a n d s tha t  ar e frequentl y use d togethe r  i n accomplishin g a  goal .  I t  i s  thi s 

realizatio n tha t  lead s t o anothe r  reorganizatio n o f  knowledg e i n whic h action s tha t  wer e 

organize d separatel y i n Phas e T w o ar e n o w combine d int o th e plan-base d representation s o f 

Phas e Three .  Th e fina l  phas e o f  th e mode l  describe s th e knowledg e representation s fo r  user s 

who ar e expert s i n text-editing .  Th e representatio n propose d fo r  thi s phas e complete s th e 

acquisitio n proces s (asid e fro m mino r  form s o f  tunin g tha t  wil l  continuall y tak e place )  an d i s 

simila r  t o th e G O MS (Card ,  Mora n &  Newell ,  1983 )  accoun t  o f  text-editin g experts .  I n thi s 
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phase, knowledge is reorganized to incorporate (1) compound plans that are composed of the 
simpl e plan s o f  Phas e Thre e an d (2 )  selectio n condition s fo r  choosin g th e mos t  appropriat e 
pla n fo r  accomplishin g a  give n goal . 

Computer Instruction 

Scenario Machines. There are many forms of computer instruction. One form, that has 
bee n give n attentio n b y Carrol l  an d hi s colleagues ,  i s trainin g systems .  Thes e system s ar e 
designe d t o encourag e user s t o lear n b y explorin g th e function s availabl e I n th e system .  Thus , 
user s ar e activel y engage d i n th e learnin g process .  Th e "trainin g wheels *  interfac e (Carrol l  & 
Carrithers ,  1984a )  i s a  trainin g syste m i n whic h ne w user s ar e blocke d fro m accessin g 
advance d syste m function s an d fro m committin g typica l  use r  errors .  Th e motivatio n behin d thi s 
desig n i s t o encourag e "discover y learning, "  whil e sparin g user s th e confusio n an d frustratio n 
tha t  ofte n resul t  whe n ne w user s wande r  int o th e depth s o f  comple x compute r  systems .  B y 
blockin g of f  certai n syste m states ,  th e se t  o f  possibl e action s an d consequence s o f  thes e 
action s i s constrained .  Thus ,  user s ar e fre e t o activel y participat e i n an d contro l  thei r  learning . 

The "Scenari o Machine "  (Carrol l  &  Kay ,  1985 ;  McKendree ,  Schorno ,  &  Carroll ,  1985 )  i s 
a mor e restrictin g versio n o f  th e "trainin g wheels "  interface .  I n thi s design ,  no t  onl y ar e 
advance d function s an d use r  error s blocked ,  bu t  th e use r  i s directe d throug h a  singl e scenari o 
tha t  represent s th e basi c function s o f  th e system .  Th e us e o f  thi s typ e o f  syste m desig n provide s 
researcher s wit h knowledg e o f  wha t  th e use r  wil l  b e require d t o d o an d thus ,  w e ca n bette r 
contro l  ou r  investigatio n o f  use r  learning .  Th e curren t  experimen t  use s th e Scenari o Machin e 
desig n a s a  vehicl e fo r  examinin g th e applicatio n o f  cognitiv e model s o f  studen t  knowledg e 
representation s t o th e desig n o f  compute r  instruction . 

Curren t  method s o f  compute r  instructio n I f  w e surve y th e commercia l  form s o f  compute r 
instructio n tha t  ar e currentl y used ,  ther e ar e tw o prominen t  method s o f  organizatio n tha t  ar e 
use d - -  command-oriente d an d task-oriented .  Command-oriente d instructio n i s designe d b y 
organizin g th e compute r  informatio n accordin g t o categorie s o f  command s tha t  ca n b e use d i n 
th e system .  Th e proble m wit h thi s typ e o f  instructiona l  organizatio n i s tha t  th e orde r  o f 
presentatio n i s guide d b y categorie s o f  commands ,  rathe r  tha n b y th e orde r  i n whic h th e 
commands ar e encountere d a s par t  o f  a n editin g session .  Task-oriente d instructio n illustrate s 
an attemp t  t o fin d a  bette r  matc h betwee n orde r  o f  presentatio n an d orde r  o f  us e i n a n editin g 
session .  A  task-orientatio n present s th e editin g command s accordin g t o plan s fo r 
accomplishin g editin g tasks .  Recen t  researc h ha s improve d upo n th e commercia l  task-oriente d 
instructio n an d prove n i t  t o b e quit e effectiv e (Carroll ,  1984 ;  Carrol l  &  Carrithers ,  1984) . 

Example-base d instructio n i s a  metho d o f  instructio n tha t  ha s no t  bee n implemente d i n 
commercial  systems .  However ,  thi s typ e o f  instructio n ha s bee n examine d withi n th e contex t  o f 
researc h o n teachin g peopl e ho w t o us e computer s an d ha s bee n show n t o b e a n importan t 
par t  o f  learnin g (  Rissland ,  Valvarce ,  &  Ashley ,  1984) .  Example-base d instructio n i s simila r  t o 
th e task-oriente d instructio n i n tha t  th e comman d informatio n i s presente d i n accordanc e wit h it s 
us e i n compute r  session s o r  tasks .  However ,  usin g onl y example s doe s no t  provid e th e use r 
wit h conceptua l  knowledg e o f  th e syste m an d thus ,  th e use r  ma y hav e difficult y recoverin g fro m 
error s du e t o th e us e o f  incorrec t  commands . 

Curren t  Experimen t  Close r  examinatio n o f  th e curren t  method s o f  organizatio n show s 
tha t  non e o f  thes e method s i s base d directl y upo n th e change s i n th e conten t  an d organizatio n 
of  use r  representation s a s presente d b y th e Ka y an d Blac k fou r  phas e model .  Therefore ,  a n 
on-lin e trainin g syste m wa s designe d fo r  thi s experimen t  usin g th e fou r  phas e mode l  t o guid e 
th e organizatio n o f  information .  Th e informatio n presente d i n th e trainin g syste m i s fo r  a 
command-based ,  experimenta l  databas e system .  I n additio n t o th e fou r  phas e mode l  trainin g 
system ,  trainin g system s implementin g th e othe r  method s o f  instructio n wer e als o designe d fo r 
th e databas e system .  B y comparin g th e performanc e (i.e .  tim e t o complet e task s an d error s 
committed )  tha t  result s fro m usin g eac h o f  thes e trainin g systems ,  w e ca n asses s eac h o f  thes e 
method s o f  instruction .  Th e basi c hypothesi s i s tha t  fo r  th e model-base d training ,  ther e wil l  exis t 
a bette r  fi t  betwee n th e learnin g proces s an d learnin g materials .  A s a  result ,  i t  shoul d b e easie r 
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for users to acquire computer information. If using this model facilitates learning, then in 
additio n t o supportin g th e us e o f  cognitiv e model s i n instructiona l  design ,  ther e wil l  als o b e 
furthe r  validatio n o f  th e fou r  phas e model . 

Metho d 
Subject s 

Fort y Yal e undergraduate s participate d i n thi s study .  Al l  participant s ha d littl e o r  n o 
compute r  experience .  Tha t  is ,  the y ha d eithe r  neve r  use d a  compute r  o r  ha d use d th e compute r 
a fe w time s fo r  wor d processin g purpose s only . 

Materials 
Databas e Svstem .  A  simpl e experimenta l  databas e syste m wa s designe d fo r  th e study . 

The syste m wa s a  command-based ,  interactiv e syste m tha t  containe d informatio n abou t 
popula r  songs .  Ther e wer e fiftee n command s tha t  coul d b e use d i n th e syste m an d fiv e basi c 
task s tha t  sequence s o f  thes e command s coul d accomplish .  Th e syste m kep t  trac k o f  th e 
keystroke s entere d an d th e reactio n tim e betwee n keystrokes . 

Trainin g Systems .  I n additio n t o th e basi c databas e system ,  fiv e trainin g system s wer e 
als o designed .  Thes e system s taugh t  subject s ho w t o us e th e databas e syste m b y explainin g 
th e command s use d t o accomplis h th e databas e syste m tasks .  Th e presentatio n o f  th e 
commands withi n th e trainin g system s wa s dependen t  upo n th e metho d o f  instructio n 
implemente d i n tha t  trainin g system .  Fou r  o f  th e trainin g system s wer e base d upo n th e 
method s o f  organizatio n previousl y describe d - -  command-oriented ,  task-oriented ,  example -
base d an d fou r  phas e model .  Th e fift h trainin g syste m wa s use d a s a  contro l  conditio n fo r  th e 
fou r  phas e model .  Becaus e i t  i s  believe d tha t  th e orderin g o f  th e phase s i s importan t  t o th e 
learnin g process ,  a  trainin g syste m wa s designe d tha t  organize d th e fou r  phase s i n revers e 
order . 

Ther e wer e tw o part s t o th e desig n o f  thes e systems .  I n th e firs t  part ,  eac h o f  th e fiv e 
method s o f  organizatio n wa s mappe d ont o th e fiftee n command s use d i n th e databas e system . 
In th e secon d part ,  thes e mapping s wer e use d t o desig n a  metho d o f  organizatio n tha t 
generalize d acros s th e mapping s an d resulte d i n a n orderin g fo r  th e command s tha t  coul d b e 
applie d i n al l  th e trainin g systems .  Th e latte r  par t  o f  thi s desig n proces s wa s use d s o tha t  th e 
same exercise s coul d b e use d regardles s o f  th e metho d o f  Instruction . 

Ther e wer e fiv e part s t o th e trainin g systems .  Th e firs t  par t  o f  th e trainin g wa s th e sam e 
fo r  al l  fiv e trainin g syste m condition s an d consiste d o f  tw o parts ,  a n introductio n t o th e databas e 
syste m an d a  descriptio n o f  th e Qui t  command .  Thi s comman d wa s describe d separatel y 
becaus e i t  i s  use d throughou t  th e system ,  regardles s o f  th e task . 

I n Par t  2  o f  training ,  th e command s use d fo r  listing ,  printing ,  an d sortin g th e databas e 
wer e presente d together .  I n Par t  3 ,  th e command s fo r  addin g song s t o th e databas e wer e 
presented .  I n Par t  4 ,  th e command s fo r  searchin g i n th e databas e wer e presente d an d finally , 
i n Par t  5 ,  th e command s fo r  changin g th e databas e wer e presente d together .  Becaus e o f  th e 
similarit y i n comman d relationships ,  th e system s coul d b e designe d s o tha t  regardles s o f 
instructiona l  organization ,  th e sam e exercise s wer e presente d afte r  eac h section . 

The exercise s wer e th e sam e fo r  al l  fiv e trainin g systems .  I n performin g thes e exercises , 
subject s wer e take n int o a  modifie d versio n o f  th e databas e syste m tha t  ha d th e sam e scree n 
desig n a s th e ful l  databas e system .  However ,  th e exercis e environmen t  differe d i n it s  respons e 
t o subjec t  input .  A s describe d previously ,  th e syste m use d a  Scenari o Machin e desig n (Carrol l 
and Kay ,  1985 )  i n whic h th e syste m stall s unti l  th e correc t  comman d (tha t  require d fo r  th e tas k a t 
hand )  i s inpu t  b y th e subject .  Tha t  is ,  fo r  eac h exercise ,  ther e i s a  fixe d scenari o fo r 
accomplishin g th e tas k an d unles s th e subjec t  input s th e correc t  comman d fo r  th e scenario ,  th e 
syste m beep s an d prompt s th e subjec t  t o inpu t  a  command .  Thi s desig n wa s use d t o kee p 
subject s fro m enterin g incorrec t  command s an d gettin g los t  i n th e system . 
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Procedur e 

Learning Phase. The learning phase took place on the first day of the experiment. 
Subject s wer e tol d tha t  the y woul d b e followin g a n on-lin e descriptio n o f  ho w t o us e th e 
databas e syste m an d the n afte r  eac h par t  o f  th e training ,  the y woul d demonstrat e thei r 
understandin g o f  th e syste m b y workin g throug h a  serie s o f  exercise s relate d t o wha t  the y ha d 
jus t  learned .  The y wer e als o tol d tha t  fo r  eac h o f  th e exercises ,  the y woul d no t  b e require d t o 
us e an y comman d tha t  the y ha d no t  bee n previousl y introduce d t o an d tha t  i f  the y inpu t  a  wron g 
command,  th e syste m woul d bee p an d the n promp t  the m t o inpu t  anothe r  command . 

Subject s wer e als o give n a  manua l  tha t  containe d th e sam e informatio n tha t  wa s 
presente d o n th e computer .  The y wer e informe d tha t  the y coul d us e thi s manua l  whil e workin g 
on th e exercises ,  bu t  tha t  the y shoul d le t  th e on-lin e syste m guid e thei r  training .  Th e 
experimente r  informe d th e subject s tha t  the y wer e t o wor k o n thei r  own ,  bu t  tha t  i f  the y fel t  tha t 
the y wer e i n trouble ,  the y coul d cal l  fo r  help .  I n addition ,  subject s wer e informe d tha t  thei r 
interactio n wit h th e compute r  woul d b e video-taped . 

W h en th e subject s complete d th e trainin g tasks ,  a  compute r  concept s tes t  wa s 
administere d t o asses s conceptua l  understandin g o f  th e databas e system .  Thi s tes t  consiste d 
of  nin e questions .  S o m e o f  thes e question s aske d user s "ho w "  t o accomplis h certai n databas e 
tasks .  Othe r  question s aske d subject s abou t  th e function s associate d wit h certai n databas e 
commands.  Tw o version s o f  thi s tes t  wer e used .  On e versio n wa s administere d hal f  wa y 
throug h th e stud y (afte r  training )  an d th e othe r  wa s give n a t  th e en d o f  th e stud y (afte r  transfer) . 

Transfe r  Phase .  Th e transfe r  phas e too k plac e o n th e secon d da y o f  th e study .  Subject s 
wer e tol d tha t  the y woul d b e usin g th e databas e syste m again .  However ,  i n thi s par t  o f  th e 
study ,  the y woul d no t  b e usin g th e trainin g syste m tha t  guarde d the m agains t  errors ,  bu t  rather , 
the y wer e usin g th e complet e databas e system .  Subject s wer e give n th e manua l  tha t  the y ha d 
use d th e da y befor e an d a  bookle t  o f  1 2 transfe r  exercise s o f  varyin g level s o f  difficulty .  Fou r  o f 
th e exercise s wer e direc t  mapping s fro m th e trainin g exercise s tha t  wer e par t  o f  th e trainin g 
phase .  Fou r  o f  th e exercise s wer e simpl e extension s fro m th e trainin g exercise s (i.e .  the y 
combine d tw o o f  th e exercise s presente d i n training) .  Th e las t  fou r  wer e mor e comple x 
exercise s (i.e .  the y combine d mor e tha n tw o o f  th e exercise s presente d i n training) .  Agai n 
subject s wer e tol d tha t  thei r  interactio n wit h th e compute r  woul d b e video-tape d an d tha t  the y 
wer e t o wor k o n thei r  own ,  bu t  coul d cal l  fo r  hel p i f  the y wer e i n trouble . 

Afte r  completin g th e transfe r  tasks ,  subject s wer e give n anothe r  compute r  concept s tes t 
abou t  th e system .  I n thi s test ,  som e o f  th e question s wer e repeate d fro m th e trainin g tes t  an d 
some o f  th e question s wer e new .  Regardless ,  th e question s aske d "how "  t o accomplis h task s 
i n th e syste m an d "what "  task s certai n combination s o f  command s accomplished . 

Results 
Performanc e Measure s 

Each tim e subject s use d th e database ,  fiv e performanc e measure s wer e recorded .  Th e 
trainin g system s an d th e databas e syste m recorde d th e tim e t o complet e th e exercise s 
performe d whil e usin g th e systems .  A n overal l  tim e measur e fo r  eac h phas e wa s a\s o coWecle b 
by totallin g acros s th e exercis e times .  I n additio n t o th e tim e measures ,  tw o erro r  measure s 
wer e als o recorded .  O n e typ e o f  erro r  i s  a  "related "  erro r  i n whic h th e subject s use s a n incorrec t 
command tha t  i s  relate d t o th e correc t  command .  Th e secon d typ e o f  erro r  i s  a n "unreiated " 
erro r  i n whic h th e comman d inpu t  i s  no t  relate d t o th e correc t  command .  I n mos t  cases ,  th e 
"unrelated "  error s resul t  whe n th e use r  appear s t o b e inputtin g rando m commands . 

The fourt h performanc e measur e i s th e numbe r  o f  time s tha t  th e subjec t  requeste d ai d 
fro m th e experimente r  (experimente r  interventions) .  Th e rang e fo r  thi s measur e wa s zer o t o 
fou r  interventions .  Th e fift h performanc e measur e i s th e scor e o n th e compute r  concept s test . 
Thi s scor e i s a  numbe r  (0-9 )  representin g th e numbe r  o f  correc t  answer s t o th e question s 
asked . 
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Performance during learning 
Tabl e 1  present s th e relevan t  dat a fo r  th e learnin g phase .  Th e firs t  ro w o f  th e tabl e 

present s th e mea n tim e t o complet e training .  Th e result s o f  thi s analysi s showe d tha t  th e fiv e 
trainin g system s differe d i n thei r  tim e t o complet e th e learnin g exercise s £(4,35 )  =  4.4 ,  q  <  .01) . 
A follow-u p analysi s showe d tha t  (1 )  th e task-oriente d trainin g trainin g syste m too k significantl y 
les s tim e t o complet e th e exercise s tha n th e fou r  phas e model ,  th e revers e phas e mode l  an d 
th e command-oriente d trainin g system s a t  th e .0 5 leve l  an d (2 )  th e example-base d trainin g 
syste m wa s significantl y faste r  tha n th e command-oriente d trainin g system . 

As mentione d previously ,  i n additio n t o th e reactio n tim e measures ,  othe r  performanc e 
measure s wer e als o collecte d -  "related "  errors ,  "unrelated "  errors ,  experimente r  interventions , 
and scor e o n th e compute r  concept s test .  Th e result s fo r  thes e measure s durin g trainin g ar e 
presente d i n th e secon d throug h fift h row s i n Tabl e 1 .  A  multivariat e analysi s o f  varianc e 
showed a  significan t  mai n effec t  fo r  th e typ e o f  instructio n use d (Hotelling s trac e criterion , 

£(16l,102 )  =  2.2,c<.01) . 
To localiz e thes e effects ,  univariat e analyse s o f  varianc e fo r  th e individua l  measure s 

wer e used .  A  significan t  effec t  fo r  typ e o f  trainin g syste m wa s presen t  fo r  th e numbe r  o f 
"related "  error s (£(4,30 )  =  3.17 ,  c  <  .05 )  an d fo r  th e scor e o n th e compute r  concept s tes t  £(4,30 ) 
= 3.58 ,  c  <  .025) .  Furthe r  analysi s o f  thes e difference s showe d tha t  fo r  th e "related "  errors ,  th e 
command-oriente d trainin g syste m lea d t o significantl y mor e error s tha t  th e othe r  fou r  trainin g 
systems .  I t  appear s tha t  subject s usin g th e command-oriente d trainin g syste m ha d t o tr y mor e 
commands befor e finall y usin g th e correc t  command .  I n addition ,  th e analysi s o f  scor e o n th e 
compute r  concept s tes t  showe d tha t  th e example-base d trainin g syste m ha d significantl y poore r 
performanc e o n th e tes t  tha n th e task-oriented ,  fou r  phas e an d revers e phas e trainin g systems . 
Thus ,  althoug h thi s trainin g syste m lea d t o faste r  performanc e tha n som e o f  th e othe r  trainin g 
systems ,  th e conceptua l  knowledg e o f  th e subject s usin g thi s trainin g syste m wa s no t  a s goo d 
as th e knowledg e extracte d fro m th e othe r  trainin g systems . 

Table 1 

feriormsnc ^ 

Tota l  Tim e 
(i n mins ) 

Relate d 
Error s 

Unrelate d 
Error s 

Inter -
vention s 

Concept s 
Tes t 

5 ro r  ijear i 

Command 

37.46 2 

60.37 5 

50.25 0 

1.25 0 

6.56 3 

:iin g fnas e 

Trainin g Syste m 

Tas k 

20.37 6 

11.12 5 

9.87 5 

0.50 0 

7.18 8 

Exampl e 

•26.05 4 

29.00 0 

13.87 5 

1.12 5 

6.12 5 

Treatment s 

Four 
Phas e 

27.54 1 

30.00 0 

14.62 5 

0.75 0 

7.43 8 

Revers e 
Phas e 

30.26 5 

31.37 5 

23.87 5 

1.62 5 

7.18 8 

"•Th e degree s o f  freedo m i n thi s analysi s ar e smalle r  tha n expectedbecaus e a n analysi s  o f  covarianc e wa s 
used .  Th e covariate s use d an d th e result s  o f  thes e covariate s wil l  no t  b e discusse d i n thi s pape r  du e t o 
lac k o f  significan t  effect s an d spac e constraints . 

319 



Cognitiv e Model s i n Instructiona l  Desig n 

Table 2 

Tota l  Tim e 
(i n mins ) 

Relate d 
Error s 

Unrelate d 
Error s 

Inter -
vention s 

Concept s 
Tes t 

Command 

41.47 4 

66.87 5 

17.00 0 

0.37 5 

7.31 3 

Trainin g Syste m 

Tas k 

35.84 1 

11.12 5 

3.00 0 

0.00 0 

7.75 0 

Exampl e 

38.85 7 

24.75 0 

7.37 5 

0.12 5 

7.62 5 

Treatment s 

Four 
Phas e 

42.64 1 

21.50 0 

5.12 5 

0.10 3 

7.50 0 

Revers e 
Phas e 

44.92 3 

41.25 0 

10.25 0 

0.25 0 

V.56 3 

The result s fo r  th e learnin g phas e sho w tha t  th e command-oriente d treatmen t  too k 
longe r  t o complet e th e learnin g exercise s an d committe d mor e error s whil e doin g thes e 
exercises .  O n th e othe r  en d o f  th e continuum ,  th e task-oriente d treatmen t  too k th e leas t  amoun t 
of  time .  Althoug h th e example-base d trainin g syste m ha d relativel y fas t  time s an d fe w errors , 
thi s treatmen t  seeme d t o lac k i n conceptua l  knowledg e o f  th e syste m a s i s show n b y th e poo r 
performanc e o n th e concept s test .  I t  appear s tha t  usin g th e example s t o trai n users ,  ease s us e 
of  th e system ,  bu t  doe s no t  provid e user s wit h a n understandin g o f  th e syste m beyon d th e task s 
at  hand . 

Transfer Phase 
Tabl e 2  present s th e performanc e measure s fo r  th e transfe r  phase .  A s i n th e learnin g 

analyses ,  a n analysi s o f  tota l  tas k tim e wa s use d first .  However ,  ther e wa s n o significan t  effec t 
fo r  trainin g syste m type s (E(4,30 )  =  .63,nsl .  A s i n th e learnin g phase ,  ther e wer e fou r  additiona l 
performanc e measure s recorde d i n additio n t o tim e t o complet e th e transfe r  exercises .  A s ca n 
be see n fro m th e table ,  th e mea n fo r  experimente r  intervention s fo r  th e task-oriente d trainin g 
syste m wa s zero .  Becaus e th e valu e fo r  thi s variabl e ca n onl y b e positive ,  th e varianc e fo r  thi s 
variabl e fo r  th e task-oriente d trainin g syste m ca n onl y b e zero .  Sinc e a  zer o varianc e disturb s 
th e homogeneit y o f  varianc e fo r  thi s variable ,  i t  wa s analyze d separately .  Th e result s o f  thi s 
analysi s showe d n o significan t  differenc e betwee n trainin g syste m treatment s i n th e numbe r  o f 

experimente r  intervention s Qi ^  =  2.927 ,  ds) -
A multivariat e analysi s o f  varianc e wa s performe d o n th e remainin g thre e measures . 

The result s o f  thi s analysi s showe d a  significan t  differenc e betwee n th e trainin g syste m 
treatment s (Hotelling s trac e criterion ,  £(12,95 )  =  1.95 ,  b. < .05) .  Thi s mai n effec t  wa s localize d t o 
a significan t  differenc e i n th e numbe r  o f  "related "  error s committe d (£(4,35 )  =  5.68 ,  q .  <  .01) .  A 
follow-u p analysi s reveale d tha t  th e command-oriente d trainin g syste m treatment s committe d 
significantl y mor e error s tha t  th e fou r  phase ,  revers e phase ,  an d task-oriente d treatments .  I n 
addition ,  th e revers e phas e treatmen t  committe d significantl y mor e error s tha n th e task-oriente d 
treatment . 
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In the transfer phase, the results show that all subjects learned to use the system and 
wer e abl e t o complet e th e exercise s I n roughl y th e sam e amoun t  o f  time .  However ,  whe n w e 
loo k a t  th e result s fo r  th e error s committed ,  th e command-oriente d an d revers e phas e 
treatment s committe d th e mos t  errors .  Th e syste m use d i n thi s stud y wa s a  simpl e system . 
However ,  i f  a  mor e comple x syste m wa s used ,  w e ca n imagin e tha t  committin g a  grea t  dea l  o f 
error s woul d lea d t o th e user s gettin g i n troubl e an d i n th e end .  takin g longe r  t o complet e th e 
tasks .  Thi s i s a n empirica l  questio n t o b e addresse d i n th e future . 

Discussion 

The primary goal of this study was to facilitate learning and improve performance by 
designin g instructio n tha t  i s  base d upo n a n analysi s o f  th e change s i n knowledg e 
representatio n wit h th e acquisitio n o f  compute r  knowledge .  Th e result s fro m th e trainin g phas e 
of  th e stud y showe d tha t  th e task-oriente d an d fo r  som e measure s th e example-base d 
organizatio n le d t o th e bes t  performance ,  whil e th e command-oriente d organizatio n le d t o th e 
worst .  Th e instruction s organize d accordin g t o th e fou r  phas e mode l  seeme d t o fal l  i n th e 
middl e wit h th e fou r  phas e mode l  bein g somewha t  bette r  tha n th e revers e fou r  phas e 
organizatio n (a t  leas t  a s measure d b y th e numbe r  o f  error s committe d durin g transfer) .  Thus , 
th e origina l  hypothesi s tha t  th e fou r  phas e treatmen t  woul d lea d t o th e bes t  performanc e i s no t 
totall y supported . 

Four Phase Facilitation of Learning 
utilit y  o f  Phas e Two .  On e possibl e explanatio n fo r  th e lac k o f  suppor t  o f  th e origina l 

hypothesi s refer s bac k t o th e origina l  proposa l  o f  th e model .  I n thi s presentation ,  Ka y an d Blac k 
(1985 )  provid e severa l  reason s fo r  th e existenc e o f  th e fou r  phase s tha t  the y observed .  The y 
argue d tha t  th e firs t  phas e wa s necessar y becaus e th e onl y informatio n tha t  ne w user s hav e t o 
use i n thei r  initia l  attempt s wit h a  compute r  syste m ar e th e prio r  knowledg e association s tha t 
the y brin g t o th e compute r  domain .  I n addition ,  th e fourt h phas e i s necessar y becaus e pas t 
researc h (albei t  minimal )  ha s suggeste d tha t  comple x plan s an d selectio n rule s ar e necessar y 
fo r  skille d compute r  performanc e (Card ,  Mora n &  Newell ,  1983) .  Th e questio n the n become s 
ar e bot h th e intermediat e phase s als o necessary ? 

It  woul d b e difficul t  fo r  user s t o progres s directl y fro m Phas e On e t o Phas e Fou r  becaus e 
thi s transitio n require s th e us e o f  mor e knowledg e tha n huma n workin g memor y i s capabl e o f 
holdin g a t  on e time .  Thus ,  th e tw o intermediat e phase s provid e a  wa y o f  movin g fro m Phas e 
One t o Phas e Fou r  withi n th e constraint s o f  workin g memor y capacity .  Tha t  is ,  thes e phase s 
allo w fo r  th e progressio n fro m Phas e On e t o Phas e Fou r  t o follo w step s tha t  ca n b e handle d b y 
workin g memory .  However ,  Ka y an d Blac k als o suggeste d tha t  i t  migh t  no t  b e necessar y t o 
hav e tw o intermediat e phases .  The y propose d tha t  Phas e Thre e wa s a  necessar y preconditio n 
fo r  Phas e Four ,  bu t  tha t  Phas e Tw o migh t  b e a n artifac t  o f  th e wa y tha t  user s currentl y lear n t o 
use a  computer .  Tha t  is ,  unti l  recently ,  mos t  commercia l  compute r  trainin g material s hav e use d 
a command-oriente d organizatio n an d therefore ,  i t  i s  no t  surprisin g tha t  novice s incorporat e thi s 
organizatio n int o thei r  representatio n o f  th e domai n i n th e for m o f  goal/actio n relationships . 

The trainin g syste m result s sugges t  tha t  i t  migh t  indee d b e th e cas e tha t  Phas e Tw o i s 
an artifac t  o f  learnin g materials .  I f  w e examin e th e task-oriente d trainin g system ,  w e se e tha t 
thi s syste m take s subject s directl y fro m Phas e On e (preconceptions )  t o Phas e Thre e (plans) . 
Becaus e o f  th e simplicit y o f  th e databas e syste m an d th e plan s necessar y fo r  usin g th e system , 
th e presentatio n o f  thes e plan s ca n easil y b e handle d withi n th e limit s o f  workin g memory . 
Therefore ,  subject s ca n lear n thes e plan s an d begi n usin g the m immediately .  I n th e fou r  phas e 
model  trainin g system ,  subject s ar e firs t  guide d throug h th e Phas e Tw o representatio n an d the n 
presente d wit h th e Phas e Thre e plans .  I t  i s  possibl e tha t  becaus e th e Phas e Tw o 
representatio n wa s unnecessary ,  thi s informatio n interfere d wit h subjects '  abilit y  t o lear n th e 
plan s presente d late r  i n th e instruction s an d performanc e wa s hampered . 
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Process + Representation. Another possible explanation pertains to the method by 
whic h th e fou r  phas e mode l  wa s applie d t o th e trainin g syste m design .  Recal l  tha t  on e o f  th e 
origina l  goal s o f  th e fou r  phas e mode l  wa s t o describ e th e change s i n th e conten t  an d 
organizatio n o f  users '  knowledg e representations .  However ,  i n applyin g th e fou r  phas e mode l 
t o instructiona l  design ,  th e organizatio n wa s focusse d o n th e change s i n knowledg e 
representatio n an d no t  o n th e processe s tha t  lea d t o thes e changes .  Tha t  is ,  th e instruction s 
guide d user s throug h th e fou r  phases ,  bu t  di d no t  describ e th e acquisitio n processes .  I t  i s 
possibl e an d probabl e tha t  fo r  th e mode l  t o b e use d successfully ,  instructio n need s t o includ e 
proces s an d representatio n information . 

Mappin g Learnin g ont o Instructio n A n implici t  assumptio n i n th e desig n o f  th e fou r 
phas e trainin g syste m i s tha t  b y mappin g knowledg e representation s an d learnin g processe s 
directl y ont o Instruction ,  w e ca n desig n bette r  instructio n tha t  wil l  facilitat e learning .  I t  i s 
possibl e tha t  thi s assumptio n i s no t  totall y correc t  an d therefore ,  th e fou r  phas e mode l  di d no t 
lea d t o th e bes t  performance .  Althoug h understandin g th e use r  ma y b e importan t  t o 
instructiona l  design ,  i t  ma y b e th e cas e tha t  wha t  w e kno w abou t  knowledg e representatio n an d 
learnin g need s t o b e reorganize d int o a  framewor k tha t  i s organize d aroun d th e goal s o f  th e 
instruction .  O n e sourc e o f  th e nee d fo r  thi s reorganizatio n i s tha t  learnin g analyse s wor k fro m 
th e mean s t o th e en d (i.e. ,  the y loo k a t  ho w peopl e progres s t o a  certai n leve l  o f  expertise) , 
whereas ,  instructio n work s fro m th e en d (knowledg e t o b e learned )  t o th e means .  I f  w e 
conside r  instructiona l  desig n a s a  proble m solvin g task ,  w e ca n propos e tha t  th e proble m 
specificatio n shoul d reflec t  th e goal s o f  th e instructio n an d th e domai n knowledg e tha t  i s  use d 
t o solv e th e problem s an d accomplis h thes e goal s i s ou r  knowledg e o f  th e "how "  an d "what "  o f 
learning . 

Example-based Learning 
Althoug h th e example-base d subject s wer e abl e t o successfull y perfor m th e trainin g 

task s withou t  a n extrem e numbe r  o f  errors ,  thei r  performanc e o n th e concept s tes t  wa s 
significantl y poore r  tha n th e othe r  trainin g treatments .  Thus ,  althoug h thes e subject s coul d us e 
th e databas e system ,  the y di d no t  hav e a  goo d conceptua l  representatio n o f  ho w th e syste m 
worked .  O n e possibl e explanatio n fo r  thi s resul t  i s  tha t  thes e subject s wer e performin g th e 
task s b y analogicall y mappin g the m ont o th e example s presente d i n th e trainin g system .  Tha t 
is ,  thes e subject s wer e applyin g th e command s i n th e example s withou t  understandin g ho w th e 
commands interact . 

Learnin g b y analog y ha s bee n show n t o b e a  prominen t  metho d use d b y novice s i n a 
domai n (Anderson ,  Farrell ,  &  Sauers ,  1984) .  However ,  a s suggeste d b y th e curren t  results , 
onc e th e problem s fro m whic h student s analogiz e ar e take n away ,  th e student s ar e n o longe r 
abl e t o perfor m successfully .  I n addition ,  pas t  researc h ha s show n tha t  usin g analogie s ofte n 
lead s t o misconception s i n students '  thinkin g (Dougla s &  Moran ,  1983 )  becaus e student s hav e 
difficult y notin g ho w th e analog y an d th e proble m ar e similar/differen t  (Halas z &  Moran ,  1982) . 

One o f  th e motivation s behin d usin g th e example-base d trainin g syste m wa s t o examin e 
example s a s a  sol e sourc e o f  instructio n sinc e i t  i s  mor e ofte n th e cas e tha t  example s ar e 
include d a s par t  o f  mor e detaile d instruction .  I t  appear s tha t  example s whe n presente d b y 
themselve s provid e onl y performanc e informatio n an d d o no t  provid e informatio n a t  a  mor e 
conceptua l  level .  Therefore ,  on e migh t  propos e tha t  example s shoul d b e include d i n additio n 
t o othe r  form s o f  informatio n tha t  d o provid e conceptua l  information . 

Task-oriented vs. Command-oriented 
Schema representations .  On e possibl e explanatio n fo r  th e observe d result s i s tha t  th e 

task-oriente d metho d o f  instructio n allow s th e subject s t o se e th e us e o f  th e command s a s a 
coheren t  whole .  Tha t  is ,  presentin g th e command s i n th e contex t  o f  th e plan s tha t  the y ar e par t 
of  provide s subject s wit h enoug h informatio n t o for m a t  leas t  a  sketch y schem a fo r  th e pla n tha t 
ca n late r  b e easil y applied .  O n th e othe r  hand ,  presentin g th e command s a s separat e 
fragment s o f  informatio n a s i n th e command-oriente d organizatio n force s subject s t o develo p 
th e plan s o n thei r  own .  Th e erro r  result s fo r  subject s i n th e command-oriente d treatmen t 
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suggest that this instruction leads to a strategy In which learners decide on a goal to accomplish 
and the n tr y al l  th e command s tha t  ar e relate d t o thi s goa l  unti l  the y ge t  thei r  desire d result .  A s 
a resul t  o f  thi s tria l  an d erro r  strategy ,  subject s obscure d th e coherenc e o f  th e inter-comman d 
relationships .  Thus ,  whe n require d t o perfor m a  simila r  task ,  the y wer e no t  abl e t o remembe r 
how the y ha d previousl y performe d th e task .  Th e result s fo r  th e transfe r  phas e i n whic h th e 
command-oriente d subject s wer e stil l  committin g significantl y mor e error s tha n th e othe r 
subject s lend s suppor t  t o thi s claim . 

Procedural/declarativ e representation .  Anothe r  wa y o f  explainin g th e trainin g syste m 
result s pertain s t o th e procedural/declarativ e distinctio n an d mor e specifically ,  it s  influenc e o n 
th e acquisitio n o f  knowledg e a s propose d i n th e ACT *  theor y (Anderson ,  1983) .  Applyin g th e 
procedural/declarativ e representatio n t o th e method s o f  organizatio n use d i n th e curren t  study , 
one ca n propos e tha t  th e task-oriente d organizatio n provide s user s wit h procedura l  informatio n 
whereas ,  th e command-oriente d organizatio n provide s onl y declarativ e information .  W h e n w e 
presen t  subject s wit h a  procedura l  organizatio n o f  information ,  w e ar e showin g the m th e ho w t o 
accomplis h domain-specifi c  task s an d thus ,  facilitatin g th e learnin g process .  W h e n w e presen t 
subject s wit h a  declarativ e organizatio n o f  information ,  w e ar e requirin g the m t o firs t  us e thei r 
genera l  proble m solvin g procedure s t o interpre t  th e declarativ e knowledg e an d the n us e thi s 
interpretatio n proces s t o develo p domain-specifi c  procedures .  Thus ,  w e ar e makin g th e th e 
learnin g proces s mor e difficult . 

Thus ,  combinin g thi s distinctio n an d th e result s o f  th e curren t  experimen t  suggest s tha t 
usin g a  procedura l  organizatio n o f  knowledg e ca n lea d t o bette r  performance .  Ther e are , 
however ,  tw o caveat s t o thi s proposal .  First ,  i t  i s no t  necessaril y  th e cas e tha t  procedura l 
informatio n alon e wil l  lea d t o th e bes t  performance .  I n th e curren t  experiment ,  th e example -
base d trainin g als o provide d som e procedura l  informatio n i n tha t  i t  provide d user s wit h 
informatio n abou t  ho w th e command s ar e use d togethe r  i n a  sequenc e fo r  a  specifi c  example . 
However ,  a s wa s discusse d previously ,  thi s organizatio n di d no t  provid e user s wit h a  complet e 
conceptua l  understandin g o f  th e compute r  system .  On e possibl e explanatio n fo r  th e differenc e 
betwee n th e task-oriente d an d example-base d trainin g system s i s tha t  th e task-oriente d 
organizatio n provide s mor e abstrac t  procedura l  informatio n tha t  include s informatio n abou t  th e 
genera l  goal s tha t  driv e th e procedure s an d thus ,  driv e performance . 

The othe r  cavea t  fo r  interpretin g th e us e o f  procedura l  informatio n t o facilitat e learnin g 
pertain s t o th e syste m use d i n th e curren t  experiment .  Th e databas e syste m use d i s a  simpl e 
compute r  syste m (i.e .  require s learnin g fo r  onl y a  smal l  se t  o f  command s tha t  ca n accomplis h a 
smal l  numbe r  o f  tasks )  an d onl y require s learnin g simpl e procedures .  I t  i s  no t  clea r  tha t 
procedura l  instructio n woul d affor d th e sam e benefit s i n a  mor e procedurall y comple x domain . 

The goal s o f  thi s researc h wer e t o improv e instructio n an d learnin g b y usin g a 
knowledge-base d analysi s o f  learnin g t o guid e th e desig n o f  th e instructio n an d a t  th e sam e 
tim e us e instructiona l  desig n a s a  metho d o f  validatio n fo r  th e Ka y an d Blac k fou r  phas e model . 
The result s o f  th e stud y provid e onl y partia l  evidenc e i n suppor t  o f  thes e goals .  A s previousl y 
described ,  th e fou r  phas e mode l  trainin g syste m wa s designe d b y mappin g th e learnin g mode l 
directl y ont o instruction .  Th e result s fro m th e trainin g syste m comparison s sugges t  tha t  i t  i s 
importan t  t o conside r  instructiona l  goal s i n additio n t o learnin g goal s an d thus ,  instructiona l 
desig n shoul d b e viewe d a s mor e tha n a  mappin g process .  I n addition ,  th e result s fro m th e 
model-base d trainin g suggest s tha t  instructiona l  desig n ca n an d shoul d b e use d a s a n 
importan t  tes t  o f  th e assumption s mad e i n propose d model s o f  learning .  Futur e researc h wil l 
addres s th e relationshi p betwee n learnin g model s an d instructiona l  desig n a s i t  pertain s t o 
thes e issues . 
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