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Abstrac t 
Peopl e us e a  wid e variet y o f  devices .  Operatio n o f  a  devic e 
can usuall y b e describe d i n term s o f  knowledg e o f  specifi c 
procedura l  sequences .  However ,  executio n o f  procedure s 
may als o depen d upo n knowledg e o f  th e device ,  it s 
behaviour ,  an d th e relationship s betwee n devic e feature s 
and devic e actions .  A  vide o cassett e recorde r  (VCR )  i s on e 
commonl y use d device .  Programmin g a  VC R t o 
automaticall y recor d a  chose n televisio n progra m i s a n 
exampl e o f  a  devic e manipulatio n task .  I n designin g a 
devic e tutor ,  i t  i s  relevan t  t o as k ho w instructio n abou t 
devic e operatio n shoul d b e designed ,  an d t o as k whethe r 
knowledg e engineerin g fo r  a  devic e tuto r  shoul d focu s o n 
procedura l  knowledg e o r  involv e factua l  an d referentia l 
knowledg e a s well .  Fou r  version s o f  a  tutorin g syste m fo r 
th e V C R devic e an d programmin g tas k hav e bee n 
implemented ,  incorporatin g differen t  tutoria l  approache s 
usin g differen t  type s o f  knowledge .  Th e effectivenes s o f 
thes e version s ha s bee n examine d experimentally . 
Subject s wh o use d th e knowledgeabl e tutorin g versio n 
learne d t o progra m a  VC R simulatio n usin g fewe r  step s an d 
wit h fewe r  error s an d erro r  type s tha n subject s wh o use d a 
promptin g versio n o f  th e tutor . 

Introduction 

Operation of a device involves explicit procedural 
knowledge ,  knowledg e o f  sequence s o f  action s tha t  ca n b e 
consciousl y describe d an d physicall y executed .  Executio n o f 
suc h procedure s ma y als o depen d upo n referentia l  an d factua l 
knowledg e abou t  th e appearance ,  behaviour ,  an d operatio n 
of  th e device .  Differen t  perspective s abou t  th e knowledg e 
involve d i n operatio n o f  a  devic e lea d t o significantl y 
differen t  instructiona l  strategie s fo r  a  devic e tutor .  I f  a  pur e 
procedura l  vie w o f  devic e us e i s correct ,  the n promptin g o r 
correcmes s feedbac k system s ma y b e a  sufficien t  t o teach . 
I f  a  knowledgeabl e perspectiv e i s correct ,  the n purel y 
procedura l  approache s t o instructio n ar e likel y t o b e les s 
effectiv e tha n knowledgeabl e instruction . 

A devic e an d tas k hav e bee n chose n a s suitabl e fo r 
researc h i n thi s area .  Th e devic e i s a  vide o cassett e recorde r 
(VCR) .  V C R s ar e commonl y used ,  bu t  sufficientl y 
comple x tha t  man y peopl e hav e difficult y operatin g them . 
Settin g a  V C R t o automaticall y recor d a  selecte d progra m i s 
one o f  man y procedura l  task s involvin g VCRs .  Thi s tas k 
has bee n chose n a s representativ e o f  task s i n man y domain s 
whic h involv e manipulatio n o f  devices . 

Alternat e version s o f  a  tuto r  ca n b e use d a s a  basi s fo r 

empirica l  studie s t o evaluat e instructiona l  effectivenes s 
(Mark ,  1990) .  Fou r  version s o f  a  V C R devic e tuto r  hav e 
been implemented .  Eac h versio n utilize s a  differen t 
instructiona l  approach .  A n experimenta l  stud y ha s bee n 
carrie d out ,  comparin g th e effectivenes s o f  th e fou r 
prototypes .  Result s ar e discusse d i n term s o f  thei r  relevanc e 
t o theorie s o f  knowledg e an d insttiiction . 

Theories of Knowledge 

Knowledg e ca n b e categorize d int o types ,  base d upo n th e 
degre e o f  consciou s awarenes s o f  knowledg e an d th e 
purpose s fo r  whic h knowledg e appear s t o b e used . 
Knowledg e o f  symbol s an d meaning s ca n b e calle d 
referentia l  knowledge ,  verba l  informatio n (Gagn6,1974) ,  o r 
semanti c knowledg e (Mayer ,  1987 ;  McGra w &  Harbison -
Briggs ,  1989) .  Factua l  knowledg e i s specifiabl e knowledg e 
about  object s an d relationship s betwee n object s withi n th e 
world .  Maye r  (1987 )  include s factua l  knowledg e withi n hi s 
categor y o f  semanti c knowledge ,  whil e McGra w an d 
Harbison-Brigg s (1989 )  classif y i t  a s par t  o f  a  large r 
categor y o f  declarativ e knowledge ,  knowledg e whic h ca n b e 
readil y described .  Procedura l  knowledg e o f  ho w t o d o thing s 
can b e categorize d a s explici t  o r  implicit .  Explici t 
procedura l  knowledg e ca n b e consciousl y describe d i n term s 
of  a n algorithm ,  rules ,  o r  procedures ,  an d use d t o guid e 
performanc e (Mayer ,  1987) .  Thi s ha s als o bee n referre d t o 
as intellectua l  skil l  (Gagn6,1974 )  an d declarativ e knowledg e 
(McGra w &  Harbison-Briggs ,  1989) .  Implici t  procedura l 
knowledg e i s knowledg e o f  ho w t o d o somethin g tha t 
canno t  b e easil y describe d verbally .  Maye r  (1987 )  refer s t o 
thi s a s skills .  McGra w &  Harbison-Brigg s (1989 )  reserv e 
th e ter m procedura l  knowledg e t o indicat e implici t 
procedura l  knowledge .  Metacognitiv e knowledg e 
(Borkowsk i  &  Cavanaugh ,  1979) ,  als o referre d t o a s 
metaknowledg e (McGra w &  Harbison-Briggs ,  1989) , 
strategi c knowledg e (Mayer ,  1987) ,  o r  learnin g strategie s 
(O'Neil ,  1978) ,  i s  increasingl y believe d t o b e importan t  i n 
th e consciou s monitorin g o f  huma n informatio n processin g 
behaviou r  (Baro n &  Sternberg ,  1987) . 

The knowledg e typ e mos t  obviousl y relevan t  t o operatio n 
of  device s i s procedura l  knowledge .  On e viewpoin t  i s tha t 
t o achiev e a  goa l  suc h a s th e automati c recordin g o f  a 
progra m b y a  VCR ,  a  perso n onl y need s t o kno w a  correc t 
sequenc e o f  step s whic h ca n b e execute d t o achiev e tha t 
goal .  Suc h sequence s ca n b e describe d explicitly .  Onc e 
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learned ,  the y ca n b e repeate d i n exactl y th e sam e wa y 
wheneve r  th e sam e goa l  i s desired .  O n e o f  severa l  possibl e 
procedure s fo r  programmin g a  V C R t o recor d a  specifi c 
televisio n progra m i s outline d i n Figur e 1 .  Thi s sequenc e 
has bee n adapte d fro m th e documentatio n o f  a  particula r 

bran d an d mode l  o f  V C R .  Eac h ste p ca n b e describe d i n 
term s o f  simpl e manipulation s o f  devic e features ,  suc h a s 
pressin g button s an d changin g switches .  Th e onl y 
condition s necessar y fo r  executio n o f  thi s sequenc e ar e tha t 

th e V C R an d televisio n ar e connecte d an d tha t  th e V C R 
cloc k i s se t  t o th e curren t  time . 

1 Power switch -> on 
2 Ope n subpane l  doo r 
3 Clock-time r  switc h - > star t 
4 Selec t  progra m numbe r  (pres s Pro g Nb r  button ) 
5 Selec t  th e channe l  yo u wan t  t o recor d (pres s Channel ) 
6 Selec t  th e da y o f  th e wee k (pres s Da y button ) 
7 Se t  th e recordin g star t  tim e (pres s Hour ,  lOMinute ,  Minute ) 
8 Clock-time r  switc h - > en d 
9 Se t  th e recordin g en d tim e (pres s Hour ,  lOMinute ,  Minute ) 
10 Clock-time r  switc h - > se t 
11 PRCXj  RE C switc h - > o n 
12 Clos e subpane l  doo r 
13 Inser t  vide o tap e int o V C R 

Figur e 1 :  Procedura l  step s i n programmin g a  V C R 

According to another view, more complex knowledge is 
necessar y t o operat e devices .  Norma n (1988 )  discusse s th e 
operatio n o f  device s suc h a s V C R s i n term s o f  conceptua l 
model s whic h human s m a y us e t o relat e visibl e devic e 
feature s t o underlyin g devic e action s tha t  ma y o r  ma y no t  b e 
readil y visible .  Th e referentia l  an d factua l  knowledg e 
containe d i n suc h model s enable s a  use r  t o identif y 
significan t  feature s o f  a  devic e an d t o choos e appropriat e 
action s t o manipulat e tha t  device .  Cognitiv e model s o f  th e 
worl d an d o f  object s ma y b e extremel y importan t  whe n th e 
mappin g betwee n visibl e feature s an d operation s i s hidde n 
or  poorl y represented ,  whe n th e outcome s o f  manipulation s 
ar e no t  readil y visible ,  o r  whe n ther e i s sufficien t  variatio n 
i n th e worl d t o mak e th e abilit y  t o identif y relevan t  feature s 
essential . 

Accordin g t o Norman' s view ,  th e procedura l  descriptio n 
of  Figur e 1  assume s referentia l  an d factua l  knowledg e o n th e 
par t  o f  th e V C R user .  Referentia l  knowledg e i s involve d i n 
th e labellin g o f  features .  Th e V C R tuto r  display s similarl y 
shape d an d labelle d buttons ,  fo r  exampl e Program ,  Re c an d 
Pro g Rec .  Referentia l  knowledg e ca n b e importan t  i n 
identifyin g an d distinguishin g betwee n thes e buttons . 

Factua l  knowledg e abou t  feature s ca n b e describe d i n 
term s o f  affordances ,  constraints ,  an d mappings . 
Affordance s o f  manipulatabl e feature s describ e ho w featiu-e s 
can b e used .  Button s ca n b e pressed ,  movabl e switche s ca n 
be move d betwee n settings ,  an d door s ca n b e opene d an d 
closed .  Constraint s describ e ho w feature s canno t  b e used . 
Button s canno t  b e twisted .  Mapping s describ e th e 
relationshi p o f  manipulation s t o syste m changes .  Suc h 
knowledg e i s importan t  i n enablin g th e use r  t o manipulat e 
th e devic e an d interpre t  th e result s o f  suc h manipulations , 
and i n assistin g th e use r  t o identif y simila r  an d differin g 

feature s o f  machines .  Fo r  example ,  tw o type s o f  V C R 
button s ma y appea r  simila r  an d hav e differen t  effect s whe n 
the y ar e manipulated .  A  binar y butto n wil l  hav e alternatin g 
effect s o n alternatin g butto n presses .  Th e Powe r  butto n 
work s i n thi s way ,  switchin g th e powe r  of f  an d on . 
Anothe r  typ e o f  butto n ca n b e repeatedl y pressed ,  producin g 
th e sam e effec t  eac h time .  Th e Pro g Nb r  buuo n increment s 
a valu e eac h tim e i t  i s pressed . 

Othe r  factua l  knowledg e relate s t o th e meanin g an d 
purpos e o f  th e differen t  steps ,  an d thei r  relationship s t o on e 
another .  Suc h knowledg e ca n hel p th e learne r  t o organiz e 
and monito r  th e sequenc e o f  step s whic h i s bein g executed , 
t o remembe r  wha t  i s bein g don e a t  an y give n poin t  i n th e 
sequence ,  t o remembe r  wha t  t o d o next ,  t o correc t  error s 
when correctabl e error s ar e made ,  an d t o restar t  th e sequenc e 
when error s canno t  b e corrected .  I t  ca n als o enabl e th e use r 
t o identif y an d execut e variation s o f  a  procedura l  sequenc e 
whic h wil l  achiev e a  desire d goal .  Relatin g Clock-Time r 
setting s t o manipulation s o f  th e Hour ,  lOMinute ,  Minute , 
Day an d Channe l  button s ca n b e importan t  i n organizin g 
and carryin g ou t  th e programmin g tas k taugh t  b y th e V C R 
tutor . 

Metacognitiv e skill s  relate d t o learnin g an d memor y ma y 
affec t  cognitiv e task s suc h a s memorizin g an d monitorin g 
executio n o f  th e procedura l  sequence .  Metacognitio n ma y 
als o influenc e users '  strategie s fo r  usin g th e tuto r  an d 
respondin g t o th e behaviou r  o f  th e devic e an d th e tutorin g 
system .  Withou t  bein g specifi c  t o th e devic e o r  task , 
metacognitiv e knowledg e ma y indirectl y influenc e learnin g 
abou t  devic e operation . 

Implementation 

Four  version s o f  th e V C R tutorin g syste m hav e bee n 
implemente d o n a  Macintos h compute r  i n object-oriente d 
Allegr o C o m m on Lisp .  Version s o f  th e tuto r  diffe r  i n 
instructiona l  approach .  T h e leve l  o f  understandin g 
considere d sufficien t  fo r  knowledg e communicatio n i s on e 
criterio n fo r  categorizin g instructiona l  approaches .  Rot e 
learnin g i s oriente d toward s memorization .  I t  present s 
informatio n tha t  i s t o b e repeate d o r  mimicke d withou t  an y 
othe r  understandin g o n th e par t  o f  th e learner .  I n contrast , 
knowledgeabl e learnin g approache s emphasiz e th e 
importanc e o f  understandin g underlyin g qualitie s an d 
relationship s betwee n information .  Knowledgeabl e learnin g 
i s simila r  i n meanin g t o "instructio n tha t  support s 
cognitiv e mediation "  (Winne ,  1985) .  I t  indicate s th e 
explici t  presentatio n o f  factua l  informatio n t o th e learner . 
Anothe r  wa y t o categoriz e instructiona l  approache s i s t o 
loo k a t  th e technique s tha t  ar e use d t o teac h an d th e 
processe s i n whic h student s ar e expecte d t o engag e whil e 
learnin g (Gagn6 ,  1985) .  Promptin g explicitl y  tell s  o r 
show s th e learne r  wha t  t o do ,  bu t  give s n o furthe r 
information .  Practic e an d feedbac k i s a n instructiona l 
techniqu e i n whic h student s ar e presente d wit h task s t o 
execut e an d give n feedbac k o n thei r  attempt s t o execut e 
them .  Suc h feedbac k ma y o r  ma y no t  b e knowledgeable . 

Th e fou r  version s o f  th e V C R tutorin g syste m ar e 
identica l  excep t  i n thei r  instructiona l  approach .  Th e 
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versions ,  n a m e d Mark - I  throug h M a r k - I V ,  us e th e 
instructiona l  approache s o f  p rompt in g wit h a  fixe d 
p rog rammin g procedur e (Mark-I) ,  practic e an d feedbac k o n 
correctnes s wit h a  fixe d procedur e (Mark-II) ,  practic e a n d 
feedbac k o n correctnes s wit h a  flexibl e p r o g r a m m i n g 
procedur e (Mark-Ill) ,  an d practic e wit h knowledgeabl e 
feedbac k (Mark- IV) .  T h e fixed  procedur e fo r  programmin g 
th e V C R i s s h o w n i n Figur e 1 .  I n realit y ther e ar e m a n y 

w a y s t o achiev e th e desire d final  settin g fo r  recordin g a  T V 
program .  Mark-Il l  an d Mark- I V accep t  an y vali d procedura l 
sequenc e whic h result s i n th e desire d settings .  Mark-I I  and -
II I  provid e feedbac k onl y o n correcUies s o r  incorrecoies s o f 

eac h step ,  whil e Mark- I V provide s knowledgeabl e advic e an d 
attempt s t o diagnos e an d correc t  deepe r  misconception s tha t 
th e learne r  migh t  hav e abou t  th e device . 

T h e fou r  version s o f  th e V C R tuto r  ar e identica l  excep t  i n 
instructiona l  approach .  T h e tuto r  architectur e conform s t o 
th e intelligen t  tutorin g syste m (ITS )  m o d e l  propose d b y 
McCal l a an d Gree r  (1990) .  T h e cor e o f  th e V C R tuto r  i s a 
devic e simulatio n consistin g o f  a  manipulatabl e interfac e 
whic h resemble s a  V C R (Figur e 2 ) ,  an d a  devic e automato n 
w h o s e setting s an d state s describ e th e underiyin g structur e 
an d behaviou r  o f  a  V C R .  T h e V C R interfac e form s a  majo r 
par t  o f  th e communicat ion s componen t  o f  th e V C R tutor . 
I t  i s  th e focu s o f  th e learner' s interactio n wit h th e system . 
Th roug h manipulatio n o f  interfac e features ,  th e learne r 
affect s th e state s an d setting s o f  th e underlyin g devic e 
automaton .  T h e contro l  c o m p o n e n t  o f  th e V C R tuto r 
syste m collect s event s fro m th e interfac e an d notifie s othe r 
componen t s o f  thos e incomin g events .  A s th e learne r 
interact s wit h th e V C R simulator ,  event s ar e reporte d t o th e 
devic e automato n o f  th e simulation ,  an d t o th e instructiona l 
componen t s .  T h e instructiona l  c o m p o n e n t s e m b o d y 
knowledg e abou t  th e tas k t o b e taugh t  an d th e instructiona l 
approac h t o b e used .  Event s reporte d fro m th e V C R 
interfac e ar e th e observabl e learne r  behaviou r  upo n whic h 
instructiona l  behaviou r  o f  th e V C R tuto r  i s  based .  T h e 
instructiona l  component s contro l  th e selectio n o f  varyin g 

type s o f  feedback ,  t o guid e th e learner' s performanc e i n 
accordanc e wit h th e tutorin g approach .  T h e communicatio n 
componen t  manipulate s th e V C R interfac e an d present s 
textua l  informatio n i n accordanc e wit h th e selecte d feedback . 
I n additio n t o thi s d y n a m i c feedback ,  subject s hav e 
voluntar y m e n u acces s t o a  s u m m a r y o f  procedura l  step s fo r 
th e tas k (simila r  t o Figur e 1) . 

T h e tutorin g approac h underlyin g Mark - I ,  th e first 

versio n o f  th e system ,  i s  p r o m p t i n g .  G a g n 6 (1985 ) 
suggest s tha t  th e repeate d presentatio n o f  prompt s fo r  step s 

i n a  procedura l  sequenc e ca n suppor t  th e memorizatio n an d 
subsequen t  us e o f  tha t  sequence .  Thi s v ie w o f  learnin g 
assume s tha t  an y prerequisit e knowledg e fo r  carryin g ou t  th e 
step s o f  th e actio n sequenc e i s  abead y availabl e t o th e 
learner .  Sinc e onl y informatio n abou t  th e correc t  operation s 
t o carr y ou t  i s presente d t o th e learner ,  thi s approac h i s 
unlikel y t o lea d t o generalizatio n o r  discrimination . 

Mark- I  restrict s a  learners '  possibl e action s s o tha t  onl y 
on e predetermine d correc t  ste p ca n b e carrie d ou t  a t  an y 
time .  Thi s i s  don e b y manipulatin g th e V C R tuto r 
interface ,  disablin g al l  displaye d image s excep t  fo r  th e on e 
th e use r  i s  t o manipulat e next .  T h e correc t  nex t  ste p i s 
visuall y apparent ,  remainin g i n norma l  vide o whil e disable d 
image s ar e greyed .  Onl y th e desire d even t  ca n occur .  T h e 
teachin g componen t  o f  thi s promptin g versio n o f  th e tuto r 
require s k n o w l e d g e o f  a  singl e correc t  sequenc e o f 
manipulation s whic h lea d t o a  particula r  se t  o f  devic e 
conditions .  Teachin g know ledg e i s represente d a s a  tas k 
automaton ,  w h o s e state s represen t  step s i n th e procedura l 
sequenc e o f  Figur e 1 .  E a c h stat e contain s informatio n 

abou t  it s expecte d even t  an d relate d interfac e restrictions ,  an d 
abou t  devic e condition s relatin g t o stat e transitions .  A  stat e 
m ay hav e severa l  possibl e transition s wit h varyin g 
destinations ,  dependin g o n condition s o f  th e devic e 
automato n followin g executio n o f  th e correc t  step .  A 
know ledg e mode l  o f  a  singl e correc t  procedura l  tas k i s 
sufficien t  t o direc t  th e tutoria l  componen t  o f  th e V C R tuto r 
w h en prompting .  K n o w l e d g e o f  th e learner' s mos t  recen t 
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actio n enable s th e tas k automato n t o respon d appropriatel y 
at  an y poin t  i n th e task ,  s o studen t  modellin g an d diagnosi s 

component s ar e no t  require d b y Mark-I . 
One approac h t o practic e an d feedbac k present s immediat e 

feedbac k abou t  th e correctnes s o r  incorrectnes s o f  th e las t 
ste p o f  th e procedura l  sequenc e execute d b y th e student . 
Instea d o f  bein g prompte d fo r  eac h correc t  step ,  th e learne r 
i s allowe d t o tr y a  variet y o f  appropriat e o r  inappropriat e 
operation s whil e manipulatin g th e device .  I n response ,  th e 
learne r  i s informe d o f  th e correctnes s o r  incorrectnes s o f 
thos e actions .  Thi s i s simila r  t o th e rigid  mode l  tracin g 
approac h use d i n earl y version s o f  Anderson' s LIS P Tuto r 
(Anderso n &  Reiser ,  1985) .  Lik e prompting ,  thi s i s a 
learnin g approac h i n whic h knowledg e o f  a  sequenc e o f 
action s i s believe d t o becom e proceduralize d throug h 
practice .  Correctnes s feedbac k i s considere d sufficien t 
becaus e i t  i s assume d tha t  necessar y prerequisit e knowledg e 
i s eithe r  alread y availabl e t o th e learner ,  o r  discoverabl e 
throug h tria l  an d error .  Give n tha t  th e learne r  ca n carr y ou t 
a variet y o f  action s an d determin e thei r  correctness ,  thi s 
tutorin g approac h m a y foste r  discriminatio n an d 
generalization .  However ,  presentatio n o f  case s m a y no t  b e 
varie d o r  purposefu l  enoug h t o indicat e importan t 
similaritie s an d difference s characteristi c o f  th e domain . 

Mark-I I  use s thi s typ e o f  rot e learnin g approac h whil e 
restrictin g acceptabl e use r  behaviou r  t o a  singl e correc t 
procedura l  sequence ,  comparabl e t o tha t  allowe d b y th e 
promptin g approac h (Mark-I) .  Mark-I I  present s onl y thos e 
visua l  cue s whic h woul d b e availabl e fro m th e actua l  device . 
Al l  display s ca n b e manipulate d b y th e learner ,  w h o i s 
give n immediat e textua l  feedbac k abou t  th e correcmes s o r 
incorrectnes s o f  thes e action s relativ e t o th e fixed  procedura l 
sequence .  Feedbac k indicate s onl y tha t  a n actio n i s o r  i s no t 
acceptable ,  withou t  indicatin g why .  I f  th e learne r  make s a 
slip ,  suc h a s goin g pas t  th e correc t  valu e whe n changin g a 
setting ,  feedbac k indicate s th e mistak e an d instruct s th e 
learne r  t o correc t  th e slip .  I f  th e learne r  make s a n error , 
suc h a s pressin g a  butto n outsid e th e correc t  sequence ,  th e 
simulatio n retract s (undoes )  thi s incorrec t  actio n befor e 
allowin g th e learne r  t o continue .  I n thi s way ,  attentio n i s 
directe d t o th e require d procedura l  sequenc e a t  th e sam e tim e 
tha t  realisti c  visua l  cue s ar e presented . 

Knowledg e requirement s fo r  thi s singl e procedur e 
correctnes s feedbac k versio n o f  th e tuto r  ar e simila r  t o thos e 
fo r  prompting .  A n explici t  knowledg e mode l  o f  th e 
procedura l  tas k i s th e basi s o f  th e teachin g component .  Th e 
tas k automato n i s extende d b y addin g transition s t o state s t o 
deal  wit h incorrec t  events .  Sinc e th e learne r  i s no t  allowe d 
t o alte r  underlyin g devic e condition s throug h incorrec t 
action s (result s o f  suc h event s ar e retracted) ,  th e se t  o f  state s 
i s no t  extended .  Th e instructiona l  componen t  i s differen t  i n 
tha t  state s sen d textua l  message s abou t  th e correctnes s o f 
event s t o th e communication s componen t  o f  th e tuto r  whe n 
u-ansition s occur ,  rathe r  tha n triggerin g modification s o f  th e 
simulatio n displays .  Loca l  knowledg e remain s sufficien t  t o 
determin e whethe r  a  subject' s curren t  actio n i s correc t  o r 
incorrect ,  an d t o identif y th e correc t  nex t  ste p a t  a  give n 
time .  A n individua l  studen t  mode l  i s no t  necessary . 

Mark-Il l  i s  simila r  t o Mark-I I  i n tha t  i t  provide s practic e 
wit h correctnes s feedback .  However ,  Mark-Il l  expand s th e 
rang e o f  acceptabl e learne r  behaviour ,  allowin g th e learne r 

t o carr y ou t  an y potentiall y  correc t  procedura l  sequence . 
Thi s approac h resemble s Anderson' s later ,  mor e flexible , 
model-tracin g tutors .  I n Mark-Il l  a  tas k automato n i s use d 
t o mode l  knowledg e o f  th e procedura l  tas k an d t o monito r 
learne r  behaviour ,  bu t  i t  i s  extende d t o accep t  a  variet y o f 
procedure s fo r  accomplishin g th e task .  Thi s require s 
alteratio n o f  bot h th e se t  o f  state s an d th e stat e transition s 
i n th e tas k automaton .  Les s importanc e i s place d upo n th e 
sequenc e i n whic h event s occur ,  an d mor e importanc e upo n 
th e examinatio n o f  condition s affectin g th e devic e 
automaton .  Thi s loca l  knowledg e i s use d t o determin e 
whethe r  th e learner' s curren t  actio n i s correc t  o r  incorrect . 
Feedbac k i s onl y concerne d wit h whethe r  eac h individua l 
ste p i s consisten t  wit h reachin g th e desire d final  state ,  s o a n 
individua l  studen t  mode l  i s no t  necessary . 

Mark- I  V  i s als o buil t  aroun d practic e an d feedback .  I t 
attempt s t o promot e knowledgeab l e rathe r  tha n rot e 
learning .  Knowledgeabl e learnin g make s fe w assumption s 
abou t  th e learner' s understandin g o f  th e domain .  I t  attempt s 
t o identif y missin g knowledg e an d explicitl y  remediat e 
misconceptions .  Learne r  behaviou r  mus t  no t  b e restricte d 
i n way s tha t  invalidat e th e devic e mode l  t o b e taught .  A 
studen t  shoul d b e abl e t o carr y ou t  an y procedura l  sequenc e 
compatibl e wit h th e V C R devic e an d th e ultimat e solutio n 
of  th e task .  A  knowledgeabl e tuto r  mus t  therefor e dea l  wit h 
a wid e rang e o f  learne r  behaviour .  Thi s include s slips , 
error s relate d t o fault s i n learning ,  problem s i n reasonin g 
and misconception s resultin g fro m incorrec t  model s o f  th e 
devic e (Norman ,  1988) ,  a s wel l  a s correc t  behaviour .  A 
knowledgeabl e feedbac k syste m shoul d identif y suc h 
behaviou r  an d presen t  relevan t  feedback .  Instructio n an d 
feedbac k ar e concerne d wit h conceptua l  model s o f  th e devic e 
as wel l  a s learne r  behaviou r  whe n manipulatin g th e device . 
Generalizatio n o f  knowledg e an d discriminatio n o f  relevan t 
similaritie s an d difference s ca n b e fostere d explicitly . 

Mark-I V i s th e mos t  knowledge-intensiv e o f  th e fou r 
version s o f  th e V C R tutor .  Extensiv e conceptua l  model s o f 
th e tas k t o b e performe d an d o f  th e learners '  behaviou r  i n 
manipulatin g th e devic e ar e required .  A n extende d tas k 
automato n accept s a  variet y o f  possibl e correc t  procedures . 
Loca l  knowledg e o f  th e learner' s las t  actio n i s insufficient . 
Studen t  modellin g an d individualize d erro r  diagnosi s ar e 
introduced .  A  studen t  modellin g componen t  track s studen t 
behaviour s an d identifie s characteristi c behaviou r  pattern s 
indicatin g problems .  A  catalo g o f  k n o w n conceptua l  an d 
procedura l  bug s i s use d t o diagnos e slip s an d error s relate d 
t o procedura l  sequence ,  error s i n reasoning ,  an d underlyin g 
misconception s reflectin g incorrec t  model s o f  th e device . 
Slips ,  error s an d misconception s fo r  th e bu g catalo g wer e 
identifie d throug h detaile d observatio n o f  te n individual s 
w ho use d th e Mark-Il l  V C R tuto r  prototype .  Mark-IV' s 
knowledgeabl e feedbac k i s targete d a t  correctin g a  learner' s 
conceptua l  mode l  o f  th e device ,  a s wel l  a s correctin g th e 
procedura l  sequenc e tha t  th e learne r  i s attemptin g t o execute . 
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A numbe r  o f  hypothese s abou t  th e effectivenes s o f 
differen t  method s o f  tutorin g follo w fro m th e theorie s o f 
knowledg e an d instructio n previousl y outlined .  I f  a  purel y 
procedura l  vie w o f  th e V C R programmin g domai n i s 
correct ,  the n th e onl y knowledg e tha t  i s relevan t  i n th e 
V CR programmin g domai n i s procedura l  knowledge . 
Therefore ,  instructiona l  method s suc h a s promptin g an d 
practic e wit h correcmes s feedbac k shoul d b e sufficien t  fo r 
instruction .  I t  shoul d b e possibl e t o lear n an d appl y th e 
desire d procedure s withou t  difficulty .  Knowledgeabl e 
feedback ,  whil e i t  ma y als o lea d t o learnin g o f  th e 
procedure ,  shoul d no t  promot e mor e effectiv e applicatio n o f 
procedura l  knowledge .  I n contrast ,  i f  a  knowledgeabl e vie w 
of  th e V C R programmin g domai n i s correct ,  promptin g 
may hav e limite d value ,  sinc e neede d generalizatio n an d 
discriminatio n wil l  b e unlikel y t o occur .  Fo r  practic e wit h 

correctnes s feedback ,  th e degre e t o whic h generalizatio n an d 
discriminatio n wil l  occu r  i s uncertain .  Thos e wh o hav e 
used th e promptin g an d correcmes s feedbac k version s o f  th e 
tuto r  ma y lear n ho w t o carr y ou t  th e procedura l  sequence , 
but  the y ma y als o hav e difficult y i n effectivel y applyin g 
tha t  knowledge .  I f  a  knowledgeabl e vie w o f  th e V C R 
programmin g domai n i s correct ,  knowledgeabl e instructio n 
shoul d teac h student s th e V C R programmin g task ,  an d 
enabl e learner s t o appl y thei r  procedura l  knowledg e mor e 
effectivel y an d avoi d mistakes . 

I n th e absenc e o f  a  prior i  evidenc e abou t  difference s 
betwee n th e tutorin g versions ,  th e followin g nul l 
hypothese s wer e formed .  I t  wa s hypothesize d tha t  n o 
difference s i n V C R programmin g achievemen t  woul d b e 
observe d whe n comparin g group s o f  subject s wh o use d th e 
fou r  version s o f  th e V C R tutor .  I t  wa s als o hypothesize d 
tha t  n o difference s i n tim e t o complet e th e trainin g regime n 
woul d b e observe d whe n comparin g group s o f  subject s wh o 
used th e fou r  version s o f  th e V C R tutor . 

Experimental Methods 

The subject s fo r  thi s experimen t  wer e 8 0 undergraduat e 
student s a t  th e Universit y o f  Saskatchewan ,  wh o 
volunteere d fo r  th e study .  Mos t  wer e registere d i n 
undergraduat e computin g classes .  Subject s di d no t  hav e 
previou s experienc e i n programmin g a  VCR.  The y wer e 
tol d tha t  th e stud y wa s intende d t o examin e th e effectivenes s 
of  a  V C R tutor ,  bu t  wer e no t  give n informatio n abou t  th e 
instructiona l  approache s involved ,  o r  th e existenc e o f 
differin g version s o f  th e tutor .  Eac h subjec t  wa s randoml y 
assigne d t o on e o f  th e fou r  instructiona l  version s o f  th e 
V CR tuto r  fo r  training .  Followin g testing ,  th e tes t  result s 
of  4  subject s wer e foun d t o b e mor e tha n tw o standar d 
deviation s awa y fro m thei r  grou p means .  Thos e subject s 
wer e remove d from  th e analysis ,  reducin g th e sampl e t o 76 . 

Initia l  preparatio n fo r  al l  subject s i n th e experimen t  wa s 
identical .  Eac h subjec t  wa s aske d t o rea d a  writte n 
descriptio n o f  th e domain ,  th e programmin g procedure ,  an d 
th e us e o f  th e tutor .  Detail s o f  th e metho d o f  instructio n 
wer e no t  given .  Th e programmin g procedur e describe d 
(simila r  t o Figur e 1 )  wa s procedura l  rathe r  tha n conceptual . 
The programmin g procedur e wa s als o availabl e t o th e 

studen t  durin g trainin g fro m a  H IN T menu .  Trainin g 
consiste d o f  thre e trials .  I n eac h tria l  th e subjec t  chos e a 
targe t  T V progra m fro m a n automate d T V Guide ,  an d the n 

programme d th e V C R simulatio n t o recor d tha t  T V 
program ,  receivin g guidanc e fro m th e tuto r  i n accordanc e 
wit h th e instructiona l  strateg y fo r  tha t  version . 

Followin g training ,  eac h subjec t  use d a  testin g versio n o f 
th e tutor .  Th e testin g versio n o f  th e tuto r  presente d a  V C R 
simulatio n simila r  t o th e Mark-Il l  trainin g version , 
acceptin g al l  possibl e correc t  variant s o f  th e procedur e fo r 
accomplishin g th e task .  Th e testin g versio n analyse d 
subjec t  behaviou r  b y trackin g progres s an d identifyin g bug s 
(a s i n Mark-IV )  an d thu s automaticall y collecte d dat a durin g 
th e test .  However ,  n o feedbac k wa s give n t o th e subjects , 
and th e HIN T men u describin g th e procedur e wa s no t 
available .  Durin g th e testin g period ,  subject s wer e aske d t o 
complet e a  singl e trial ,  involvin g th e programmin g o f  th e 
V CR simulatio n t o recor d a n assigne d T V program . 

Thre e measure s o f  achievemen t  wer e selecte d a s indicator s 
of  learnin g i n th e V C R programmin g domain .  Th e first 
achievemen t  measur e wa s th e numbe r  o f  step s require d t o 
correctl y progra m th e VCR ,  withou t  assistance ,  durin g th e 
test .  Thi s measur e capture s notion s o f  bot h accurac y an d 
efficienc y i n carryin g ou t  th e procedure .  Th e secon d 
achievemen t  measur e wa s th e tota l  numbe r  o f  bug s 
diagnose d durin g th e test .  Th e thir d measur e wa s th e 
number  o f  categorie s i n th e bu g catalo g i n whic h error s 
wer e identified .  Thes e measure s summariz e th e conceptua l 
and procedura l  error s mad e b y th e student .  Th e trainin g 
tim e wa s th e numbe r  o f  second s tha t  student s spen t  i n 
carryin g ou t  thre e practic e run s a t  programmin g thei r 
versio n o f  th e V C R tuto r  t o recor d particula r  T V programs . 

Results 

Tabl e 1  show s mean s an d standar d deviation s fo r  eac h grou p 
on eac h dependen t  variable .  I t  als o display s th e F-rati o an d 
significanc e level s fro m a  one-wa y analysi s o f  varianc e fo r 
each experimenta l  measure .  Significan t  difference s amon g 
group s wer e foun d o n al l  experimenta l  measures .  Post-ho c 
analysi s usin g th e Scheff e Metho d showe d tha t  subject s 
traine d wit h th e knowledgeabl e versio n o f  th e tuto r  (Mark -
IV )  use d fewe r  step s ( a <=.01).an d ha d fewe r  tota l  error s 
( a <=.05).an d type s o f  error s ( a <=.01 )  tha n student s traine d 
wit h th e promptin g versio n (Mark-I) .  Student s traine d wit h 
a tuto r  providin g practic e wit h correcmes s feedbac k o n al l 
correc t  path s (Mark-Ill )  als o ha d significantl y fewe r  type s o f 
error s tha n student s wh o use d th e promptin g versio n (Mark -
I )  ( a <=.05). .  Post-ho c analysi s o f  trainin g tim e showe d tha t 
trainin g tim e wit h Mark-Il l  wa s significantl y greate r  tha n 
wit h Mark- I  ( a <=.05). .  Ther e wa s n o significan t  differenc e 
i n trainin g tim e betwee n Mark-I V an d th e othe r  versions . 

Certai n trend s i n th e data ,  althoug h no t  significan t  wit h 
suc h a  smal l  sample ,  meri t  som e discussion .  I t  i s 
interestin g t o not e tha t  th e tw o mode l  tracin g versions , 
Mark-I I  an d Mark-Ill ,  le d t o ver y simila r  mea n achievemen t 
but  surprisingl y differen t  standar d deviations .  I t  i s  als o 
interestin g tha t  Mark-I V wit h it s knowledgeabl e feedbac k 
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seems t o promot e marginall y bette r  achievemen t  tha n an y 
othe r  versio n o f  th e tutor . 

Maik d 
(n=19 ) 

Steps : 
Mean 107. 7 
St.D .  55. 0 

Tota l  Errors : 
Mean 28. 5 
St.D .  33. 5 

Maikz H 
(n=18 ) 

89. 6 
61. 5 

21. 0 
27. 4 

Distinc t  Erro r  Tvpes : 
Mean 6. 1 
St.D .  3. 7 

Trainin g Time : 
Mean 105 3 
St.D .  35 7 

4. 6 
3. 9 

136 0 
728 

MAlkJ U M a i U Y 
(n=20 ) 

69. 4 
29. 8 

10. 0 
9. 7 

3. 0 
1. 8 

171 6 
890 

(n=19 ) 

54. 6 
16. 4 

6. 1 
6. 9 

2. 2 
1. 6 

133 0 
501 

E £ 

5.2 6 0.00 2 

4.0 6 0.0 1 

6.6 3 0.00 1 

3.3 7 0.0 2 

Tabl e 1 :  A N O V A Result s fo r  Experimenta l  Measure s 

Discussion 

Give n tha t  al l  students ,  regardles s o f  tutorin g approach , 
wer e abl e t o correctl y progra m th e V C R simulatio n durin g 
testing ,  i t  appear s tha t  an y versio n o f  th e V C R tuto r  i s 
sufficien t  t o trai n potentia l  V C R users .  However , 
knowledgeabl e feedbac k promote d mor e effectiv e acquisitio n 
of  procedura l  knowledg e tha n di d prompting ,  a t  n o 
additiona l  cos t  i n trainin g time .  Thes e result s suppor t  th e 
ide a tha t  referentia l  an d factua l  knowledg e ar e importan t  i n 
thi s seemingl y procedura l  domain .  Th e result s len d credenc e 
t o th e clai m tha t  knowledgeabl e tutorin g provide s belte r 
advic e t o th e learne r  an d thu s lead s t o improve d achievemen t 
on procedura l  tasks .  Thi s i s  consisten t  wit h Norman' s 
theorie s o f  knowledg e an d devic e us e (Norman ,  1988) . 

Onl y th e Mark-l V versio n o f  th e V C R tuto r  ca n b e 
considere d a n intelligen t  tutorin g syste m sinc e i t 
incorporate s bot h individualize d studen t  modellin g an d 
knowledgeabl e feedback .  Thi s researc h suggest s tha t 
knowledgeabl e tutorin g i s  preferabl e i n thi s procedura l 
domai n an d show s tha t  i t  ca n b e provide d b y a n intelligen t 
tutorin g syste m utilizin g individualize d studen t  modelling . 
Ther e is ,  however ,  a  cost-benefi t  issu e t o b e considered . 
Constructin g th e knowledgeabl e versio n o f  th e tuto r  require d 
cognitiv e modellin g t o develo p a  reasonabl y comprehensiv e 
and accurat e catalo g o f  bugs .  Anothe r  importan t  concer n 
was t o ensur e tha t  th e knowledgeabl e versio n o f  th e tuto r 
woul d continu e t o ru n i n rea l  time ,  s o tha t  th e 
computationall y expensiv e diagnosi s an d studen t  modellin g 
woul d no t  rende r  th e simulatio n unusable .  Additiona l 
modelling ,  programming ,  an d performanc e enhancemen t 
cost s ar e th e nor m i n developin g intelligen t  tutorin g 
systems :  "th e cos t  o f  th e I  i n th e ITS" .  Thi s researc h 
suggest s tha t  th e invesunen t  ca n b e worthwhile . 

Thi s researc h make s a  numbe r  o f  conuibution s relevan t 
t o researc h abou t  instructiona l  systems . 
•  I t  survey s principle s o f  knowledg e an d instructio n tha t 

relat e t o devic e operation . 

•  I t  applie s thes e principle s t o th e desig n an d 
implementatio n o f  variou s version s o f  a  particula r  devic e 
tuto r  fo r  a  particula r  task . 

•  Th e resultin g tuto r  version s ar e evaluate d t o investigat e 
relationship s betwee n knowledg e an d insu-uctiona l 
su-ateg y i n thi s domain . 

•  B y comparin g differen t  version s o f  a  singl e tutor ,  a 
tightl y controlle d experimen t  wa s assured . 

•  Thi s evaluatio n methodolog y i s  applicabl e t o th e 
assessmen t  o f  tutorin g system s an d th e examinatio n o f 
theoretica l  assumption s underlyin g thei r  design . 

•  Th e result s suppor t  th e clai m tha t  knowledgeabl e 
tutorin g ca n lea d t o greate r  achievemen t  i n procedura l 
domains ,  an d s o ma y b e a  preferabl e metho d o f  training . 

•  Th e researc h demonstrate s tha t  intelligen t  tutorin g 
system s ca n provid e effectiv e instruction . 
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