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ABSTRACT 

Conventional intelligent tutoring systems are based on the individual tutorial as a 

model  o f  instructor-studen t  interactio n an d us e a  mode l  o f  th e student' s understandin g 

as a  principa l  componen t  guidin g instruction .  Apprenticeshi p provide s quit e a 

differen t  mode l  o f  interactio n i n whic h a  mode l  o f  th e sUiden t  i s  no t  essential . 

Instead ,  th e instructor ,  intereste d i n makin g us e o f  th e student' s work ,  provide s 

demonstration s an d feedbac k i n term s o f  th e produc t  towar d whic h the y ar e bot h 

working .  Recen t  advance s i n th e cognitiv e scienc e o f  instructio n provid e insight s 

int o th e interactiv e processe s b y whic h instructor s appropriat e th e wor k o f 

apprentices .  A n intelligen t  instructiona l  syste m tha t  instantiate s apprenticeshi p 

interactio n illustrate s a n alternativ e t o tutorial-base d system s tha t  m a k e us e o f  a 

studen t  model . 

Conventional intelligent tutoring systems are built around a model of the student's partial 

understandin g o f  th e exper t  knowledg e whic h i s use d t o direc t  instructio n (Sleema n &  Brown , 

1982 ;  Wenger ,  1987) .  Th e mode l  o f  instructiona l  interactio n o n whic h thi s approac h i s base d i s 

th e individua l  tutoria l  i n whic h knowledg e o r  skill s  ar e transmitte d from  th e tuto r  t o th e student . 

Ther e ar e man y othe r  way s o f  organizin g instruction ,  fo r  example ,  collaborativ e learnin g o r 

apprenticeships ,  whic h coul d provid e model s fo r  intelUgen t  instructiona l  system s wit h 

characteristic s ver y differen t  from  studen t  model-base d systems .  I n addition ,  th e us e o f  thes e 

system s i n th e contex t  o f  huma n instructor-studen t  interactio n release s extensiv e huma n resource s 

(instructo r  an d students )  fo r  monitorin g progres s an d directin g nex t  step s makin g som e tutorin g 

syste m feature s unnecessary .  Trackin g a n individua l  student' s cognitiv e chang e m a y b e on e o f  th e 

feauire s whic h ca n b e dispense d wit h whe n advance d technologie s ar e pu t  int o us e i n actua l 

instructiona l  contexts . 

This paper examines the properties of intelligent instructional systems developed recently at BBN 

fo r  us e i n trainin g contexts .  Th e goa l  o f  thes e project s wa s t o appl y know n artificia l  intelligenc e 

technique s t o training .  Th e result s o f  th e work ,  however ,  provid e case s tha t  illustrat e a  differen t 

theoretica l  approac h t o instructiona l  interactions .  Th e instructiona l  forma t  supporte d b y th e 

system s mor e closel y resemble s a n apprenticeshi p tha n a n individua l  tutorial .  Tha t  is ,  student s 

wor k a t  simulate d problem s resemblin g thos e the y wil l  confron t  i n th e fiel d whil e th e syste m give s 

the m feedbac k an d exper t  demonstrations .  Th e system s d o no t  creat e a  mode l  o f  th e student .  The y 

presen t  a  mode l  o f  exper t  performanc e throug h direc t  modelin g a s wel l  a s b y showin g h o w th e 

studen t  action s fit  int o a  framework  tha t  th e exper t  use s t o evaluat e them .  I t  i s  assume d tha t 

students ,  supporte d b y huma n instructors ,  ca n carr y ou t  th e interpretiv e wor k require d t o for m th e 

exper t  concep t  base d o n th e informatio n provide d b y th e system , 
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A THEORY O F APPRENTICESHIP LEARNIN G 

Cognitive science has traditionally taken the view that the mind of the individual is the appropriate 
uni t  o f  analysi s (Gardner ,  1985) .  Th e individua l  tutoria l  i s a  natura l  extensio n o f  thi s vie w o f 
human cognitio n sinc e th e tuto r  i s i n th e rol e o f  th e cognitiv e scientist ,  diagnosin g th e individua l 
misconception s an d presentin g jus t  th e right  stimu U t o mov e th e individua l  t o a  ne w understanding . 
Work o n intelligen t  tutorin g system s ha s share d thi s traditiona l  vie w i n it s attemp t  t o simulat e th e 
individual' s tuto r  a s wel l  a s th e tutor' s mode l  o f  th e individual .  A  les s traditiona l  approac h t o 
human cognition ,  however ,  ma y lea d t o ne w way s o f  usin g artificia l  intelligenc e i n instructiona l 
interactions . 

Recent work in the cognitive science of instruction has suggested that a unit of analysis larger than 
th e individua l  perso n ma y b e o f  valu e i n understandin g ho w cognitiv e chang e occur s (Hutchins ,  i n 
press ;  Lave ,  1988 ;  Newman,  Griffi n &  Cole ,  1989 ;  Resnick ,  1987) .  Th e cognitiv e processe s ar e 
seen a s entirel y intertwine d wit h th e socia l  organizatio n o f  instruction .  Recen t  interes t  i n 
apprenticeshi p learnin g (Lave ,  i n preparation ;  Collins ,  Brow n &  Newman,  i n press )  follow s fro m 
thi s reformulatio n sinc e apprenticeship s ar e a  par t  o f  th e organizatio n o f  work .  Thi s fac t  lead s t o 
importan t  constraint s (e.g. ,  th e sequenc e o f  apprentic e task s ha s t o allo w fo r  usefu l  wor k t o ge t 
done )  an d provide s essentia l  motivation s (e.g. ,  th e apprentic e see s th e component s o f  th e tas k i n 
th e contex t  o f  creatin g a  product )  whic h make s apprenticeshi p a  potentiall y  powerfu l  metho d o f 
instruction .  Th e student-instructo r  interaction s i n thi s contex t  d o no t  resembl e Socrati c dialogues . 
The instructor ,  wantin g t o b e abl e t o mak e us e o f  wha t  th e studen t  i s  doing ,  provide s 
demonstration s an d feedbac k i n term s o f  th e produc t  towar d whic h the y ar e bot h working . 

Vygotsky's (1978, 1986) developmental psychology provides important insights into instructional 
interaction s relevan t  t o thi s approach .  Vygotsk y introduce d th e concep t  o f  a  zon e o f  proxima l 
developmen t  i n whic h childre n ca n wor k a t  problem s tha t  ar e beyon d thei r  competenc e a s 
individuals .  Wit h "scaffolding "  provide d b y others ,  childre n ca n solv e problem s interactivel y 
whil e the y ar e i n th e proces s o f  learnin g ho w t o solv e the m themselves .  Observation s o f 
instructiona l  interaction s i n whic h a  teache r  i s helpin g a  studen t  o r  grou p o f  student s indicat e tha t 
teacher s ofte n d o no t  have ,  o r  apparenti y need ,  a n understandin g o f  exacti y ho w th e student s ar e 
approachin g th e task .  N e w m an e t  al .  (1989 )  describ e teachin g an d tutoria l  session s i n whic h th e 
teache r  appropriate s th e students '  action s int o he r  ow n wa y o f  understandin g th e task .  Th e teache r 
has t o find  som e wa y fo r  di e student s t o pla y a t  leas t  a  minima l  rol e i n th e accomplishmen t  o f  th e 
tas k an d giv e feedbac k i n term s o f  th e exper t  understandin g o f  di e task :  wha t  th e goa l  is ,  wha t  i s 
relevant ,  wh y hi s mov e wa s no t  optima l  an d s o on .  I n instructiona l  interactions ,  bot h th e studen t 
and teache r  ar e necessaril y  somewha t  ignoran t  o f  eac h other' s menta l  state .  Al l  th e studen t  ha s t o 
do i s produc e som e mov e tha t  i n som e wa y contribute s (o r  ca n b e understoo d a s a n attemp t  t o 
contribute )  t o th e task .  Th e teache r  doe s no t  hav e t o kno w exacti y wha t  th e studen t  think s h e o r 
she i s doin g a s lon g a s sh e ca n appropriat e wha t  th e studen t  doe s int o th e join t  accomplishmen t  o f 
th e task .  Seein g ho w hi s o r  he r  actio n i s appropriate d provide s th e studen t  wit h a n analysi s o f  tas k 
as th e teache r  understand s it .  Thu s th e basi s fo r  appropriatio n i s th e notio n tha t  th e meanin g o f  a n 
actio n ca n b e change d retrospectivel y b y th e action s o f  other s tha t  follo w i t  (Fox ,  1987 ;  N e w m an 
& Bruce ,  1986) . 

The concept of appropriation provides a model for a range of interactions between two parties that 
hav e differen t  interpretation s o f  th e initia l  situation .  A n apprenticeship ,  fo r  example ,  involve s a 
novic e an d exper t  wher e th e exper t  make s us e o f  th e novice' s wor k eve n a t  th e earlies t  stage s o f 
trainin g whe n th e novic e ha s litti e understandin g o f  th e overal l  process .  A n "intelligent "  too l  ca n 
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also appropriate the actions of an inexperienced student. For example, a system that provides a 
trac e o f  th e student' s algebr a problem-solvin g activitie s i n effec t  take s th e student s action s an d 
display s the m i n a  framework  tha t  th e studen t  ma y no t  initiall y  understan d (Collin s &  Brown , 
1987) .  B y seein g ho w hi s o r  he r  action s ar e displayed ,  th e studen t  ca n com e t o understand ,  fo r 
example ,  tha t  problem-solvin g i s a  proces s o f  successiv e attempt s an d backtracking . 

Our design for intelUgent instructional systems is based on the notion that students can come to 
understan d th e exper t  approac h t o th e proble m b y observin g example s o f  exper t  problem-solvin g 
and b y seein g ho w thei r  action s ar e interprete d withi n th e framewor k o f  th e exper t  understanding . 
Thi s instmctiona l  format ,  whic h resemble s a n apprenticeship ,  depend s o n th e interpretiv e wor k o f 
th e studen t  i n seein g wha t  th e syste m mad e o f  hi s o r  he r  action s an d o n th e supportiv e rol e o f  th e 
human instructo r  (Newman ,  i n press) .  A  theoretica l  approac h focusin g o n th e characteristic s o f 
instructiona l  interaction s amon g th e student ,  instructo r  an d compute r  point s t o practica l  use s fo r 
relativel y simpl e artificia l  intelligence . 

APPLICATION OF APPRENTICESHIP TO INSTRUCTIONAL SYSTEMS 

Three instructional systems implemented on Symbolics AI workstations illustrate these properties. 
TRI O (Ritte r  &  Feurzeig ,  1988 )  train s F-1 4 navigator s t o carr y ou t  ai r  intercepts .  MACH-lT l 
(Kurlan d &  Tenney ,  1988 ;  Kurland ,  1989 )  train s mechanic s t o troubleshoo t  a  comple x rada r 
system .  I N C O F T (Intelligen t  Conduc t  o f  Fir e Trainer )  train s surface-to-ai r  missil e operator s i n th e 
identificatio n o f  aircraf t  (Newman ,  Grignetti ,  Gros s &  Massey ,  i n press) .  A  descriptio n o f 
INCOFT illustrate s ho w feature s o f  apprenticeship s ar e instantiate d i n intelligen t  feedbac k an d 
articulat e expertis e o f  th e knowledge-base d simulation . 

The Missile Operator's Task 
INCOFT i s designe d t o trai n soldier s t o perfor m a  comple x real-tim e tas k o f  monitorin g th e 
operatio n o f  a n automate d missil e syste m i n whic h error s ca n hav e tragi c consequences .  I n 
modem ai r  defens e surface-to-ai r  missil e systems ,  rada r  informatio n i s processe d an d presente d t o 
th e operator s i n highl y abstrac t  form .  Th e syste m itsel f  ca n assig n identitie s t o aircraf t  a s friendl y 
or  hostil e base d o n fligh t  pattem s an d transmitte d signals .  Th e operato r  mus t  understan d wha t  i s 
happenin g durin g th e fe w minute s tha t  a  trac k take s t o travers e th e radar' s are a o f  coverag e an d b e 
prepare d t o overrid e th e syste m i n case s wher e loca l  exception s t o th e tactic s buil t  int o th e syste m 
ar e require d an d wher e a  highe r  echelo n call s i n informatio n no t  availabl e t o th e loca l  computer . 

The missile system for which INCOFT trains operators uses a point system for determining 
identitie s o f  aircraf t  picke d u p o n it s radar .  Th e airspac e surroundin g th e missil e sit e an d an y 
asset s i t  i s  defendin g i s divide d int o volumes .  Aircraf t  los e a  certai n numbe r  o f  point s fo r  eac h 
volum e the y penetrate .  Friendl y aircraf t  presumabl y kno w th e exac t  locatio n o f  thes e volume s a s 
wel l  a s o f  saf e passag e corridor s whic h cu t  throug h them .  Flyin g s o tha t  the y ar e aligne d wit h th e 
corridor ,  fo r  example ,  i s  wort h positiv e point s a s a  friendl y indicator .  Dependin g o n th e specifi c 
tactica l  situation ,  ther e ar e als o spee d an d altitud e limit s whic h caus e point s t o b e adde d o r 
subtracted .  Finally ,  ther e ar e code s whic h friendl y aircraf t  ca n transmi t  tha t  suppl y additiona l 
evidenc e o f  friencfi y status .  Fo r  eac h o f  hundred s o f  track s tha t  th e rada r  ca n follow ,  th e missil e 
syste m compute r  ca n assig n a n identit y a s a  friend ,  assume d friend ,  unknown ,  o r  hostil e 
dependin g o n th e predefine d thresholds . 

The task of manual identification is used in training operators. The assumption is that if an 
operato r  ca n d o wha t  th e compute r  does ,  the n h e o r  sh e mus t  understan d ho w th e compute r  work s 
and b e abl e t o monito r  it s  operation .  Th e tas k i s t o lea m th e algorith m use d b y th e compute r  an d b e 
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able to reproduce it. Given the complex set of criteria and the mental arithmetic this learning task is 

not  trivial .  Interview s wit h student s afte r  severa l  hour s o f  conventiona l  instructio n indicate d tha t 

the y ofte n di d no t  understan d th e criteri a o r  utiliz e th e algorith m ( N e w m a n ,  1989) .  Track s whic h 

had a  positiv e indicato r  wer e declare d friendl y befor e sufficien t  point s wer e accumulated ,  an d 

track s wit h a  singl e negativ e indicato r  wer e declare d hostil e whil e th e P A T R I O T compute r  woul d 

hav e stil l  considere d the m unknow n accordin g t o th e give n poin t  value s an d thresholds .  Student s 

d o no t  se e th e tas k a s understandin g a n algorith m bu t  rathe r  a s determinin g th e identit y o f  th e 

aircraf t  picke d u p o n thei r  radar .  A n initia l  ste p i n training ,  therefore ,  i s  t o communicat e th e exper t 

vie w tha t  ther e i s a n algorith m o n whic h thes e decision s mus t  b e based .  I N C O F T simulate s th e 

operator' s console ,  present s scenarios ,  an d provide s speec h synthesize d feedbac k o n th e student' s 

action s a s wel l  a s demonstration s o f  h o w th e automati c syste m woul d hav e handle d th e situation . 

Th e feedbac k an d demonstration s appropriat e an d reflec t  bac k th e student' s action s udthi n a 

framewor k represente d bot h graphicall y an d i n th e for m o f  table s tha t  display s th e expert' s 

perspective . 

Replay of the Exercise 
As i n conventiona l  intelligen t  tutorin g systems ,  I N C O F T compare s th e studen t  performanc e t o a n 

exper t  performance ,  i n thi s cas e th e missil e system' s computer .  Th e studen t  i s  presente d wit h a 

scenari o o f  betwee n 2  an d 1 3 minute s i n whic h h e o r  sh e mus t  manuall y identif y a  numbe r  o f 

tracks .  W h e n th e exercis e i s complete ,  th e scenario ,  exactl y a s carrie d ou t  b y th e student ,  i s 

replaye d i n "fas t  forward" ,  pausin g fo r  eac h studen t  action .  Eac h actio n i s compare d t o th e exper t 

actio n an d commente d upon ,  right  o r  wrong .  W h e r e possible ,  I N C O F T provide s a n analysi s o f 

incorrec t  actions ,  an d o f  action s tha t  happene d t o b e correc t  bu t  fo r  whic h th e operato r  m a d e a 

procedura l  erto r  o r  faile d t o gathe r  al l  th e necessar y data .  Fo r  example ,  i f  th e differenc e betwee n 

th e exper t  identificatio n an d th e studen t  identificatio n ca n b e accounte d fo r  b y on e featur e o r  b y a 

piec e o f  informatio n th e studen t  faile d t o gather ,  the n tha t  i s  pointe d out .  I n al l  cases ,  th e verba l 

feedbac k i s accompanie d b y a  graphi c representatio n o f  th e poin t  value s an d threshold s involve d i n 

th e arithmeti c calculation . 

Summary Table 
W h en th e repla y i s complete ,  a  tabl e i s displaye d listin g th e action s th e missil e syste m woul d hav e 

take n fo r  eac h trac k an d comparin g th e studen t  actions .  I n additio n t o summarizin g th e repla y 

feedback ,  th e tabl e display s th e tim e la g betwee n th e missil e syste m identificatio n actio n an d th e 

student' s actio n an d relate s thi s t o th e tim e availabl e fo r  makin g a n identificatio n actio n befor e som e 

disaste r  occurs .  Th e tabl e als o provide s a  summar y scor e o f  percentag e o f  cortec t  identification s 

and averag e tim e t o m a k e th e identification . 

Expert Demonstrations 
Th e tabl e als o serve s a s a  m e n u fo r  selectin g demonstration s o f  th e identificatio n proces s fo r  an y 

targe t  o n whic h a n erro r  wa s m a d e o r  fo r  whic h th e proces s wa s no t  understood .  Unlik e th e 

replay ,  th e exper t  demonstratio n show s th e scenari o a s th e missil e syste m woul d proces s i t  i n 

automati c mode .  Th e actio n i s show n i n "fas t  forward "  u p t o th e tim e tha t  ther e i s a  chang e i n th e 

poin t  tota l  fo r  th e trac k bein g demonstrated .  I N C O F T explain s eac h chang e i n term s o f  volum e 

penetration ,  corrido r  alignment ,  exceedin g spee d threshold s an d s o on .  A  scal e indicatin g th e 

accumulate d point s an d th e threshold s fo r  th e identification s i s als o displayed . 

FORMATIVE RESEARCH RESULTS 

Formative research with students and instructors in the current program of instruction guided the 

desig n o f  scenario s an d feedback .  I t  als o provide d initia l  informatio n o n th e potentia l  effectivenes s 

of  I N C O F T i n contras t  t o conventiona l  simulator-base d training .  Thi s researc h wa s no t  intende d 
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as a summative evaluation of the effectiveness of the system but does point to areas of strength. 

Student s w h o ha d complete d th e relevan t  portio n o f  th e cours e wer e interviewe d durin g an d afte r 

operatin g a  scenario .  W e als o observe d tw o instructor s us e I N C O F T i n actua l  instructio n wit h 

student s w h o wer e learnin g th e materia l  fo r  th e firs t  time . 

INCOFT's Representation of the Task 
Student s foun d th e repla y t o b e a  grea t  improvemen t  ove r  th e conventiona l  simulato r  an d over-the -

shoulde r  instructio n sinc e th e usua l  student-instructo r  rati o make s i t  impossibl e t o obtai n feedbac k 

on mos t  actions .  Bu t  beyon d simpl y providin g detaile d feedbac k an d analysis ,  a  powerfu l  featur e 

of  INCOFT' s articulat e exper t  becam e eviden t  i n th e students '  response s t o th e singl e trac k exper t 

demos o f  th e identificatio n process .  Student s ha d neve r  befor e see n a  scenari o decompose d int o 

separat e tracks .  M a n y student s remarke d o n bein g abl e t o se e th e precis e poin t  a t  which ,  fo r 

example ,  a  trac k dealigne d wit h a  comdo r  an d wa s declare d hostile .  Whil e followin g an y singl e 

trac k i s jus t  a  matte r  o f  straightforwar d addin g an d subtracting ,  th e missil e syste m i s abl e t o d o tha t 

fo r  hundred s o f  track s simultaneously .  A  novic e huma n operato r  face d with ,  fo r  example ,  1 5 

tracks ,  wil l  hav e t o loo k a t  eac h track ,  on e time ,  i n som e sequenc e an d mak e identifications .  Thi s 

snapsho t  approac h doe s no t  tak e i n th e continuou s histor y o f  a  singl e track ,  ye t  i t  i s  th e pattem s o f 

motio n an d activit y tha t  revea l  a  track' s identit y an d intention .  Interestingly ,  interview s wit h 

experience d ai r  defens e operator s w h o wer e bein g reassigne d fro m differen t  systems ,  indicate d tha t 

i t  i s  th e perceptio n o f  thes e pattern s fo r  particula r  track s tha t  seem s t o mar k expenis e i n ai r  defens e 

operation .  B y decomposin g wha t  th e missil e system' s compute r  doe s simultaneously ,  I N C O F T 

demonstrate s par t  o f  huma n expertis e i n thi s task . 

By presenting the student's task in terms of its own framework, INCOFT utilizes features of 

apprenticeshi p i n it s styl e o f  student-machin e interaction .  Th e syste m essentiall y  show s th e studen t 

ho w th e missil e syste m woul d dea l  wit h th e sam e case s an d wha t  aspect s o f  th e simulate d situatio n 

ar e relevan t  t o it .  Operatin g a  simulatio n i s no t  productiv e wor k so ,  unlik e a n apprentice' s master , 

th e syste m doe s no t  literall y mak e us e o f  th e student' s work .  Th e feedback ,  however ,  share s 

feature s wit h a n apprenticeshi p i n tha t  i t  relate s th e student' s outpu t  t o th e exper t  peifoimanc e 

rathe r  tha n t o th e student' s interna l  states .  Fo r  example ,  th e repla y feedbac k present s th e aircraf t 

identification s i n term s o f  a  graphicall y represente d arithmeti c calculatio n an d th e summar y tabl e 

present s th e student' s decision-makin g tim e i n relatio n t o th e urgenc y o f  th e situatio n a s a n expe n 

woul d understan d it .  I n thi s sense ,  th e outpu t  i s  appropriate d b y th e system' s interpretiv e 

framewor k providin g a  reflectio n fo r  th e studen t  i n th e expert' s  terms . 

The Instructors' Role in the Apprenticeship 
I t  i s  assume d tha t  huma n instructor s ar e par t  o f  th e trainin g contex t  an d assis t  th e studen t  i n 

interpretin g th e feedbac k an d i n suggestin g additiona l  practice .  Fo r  example ,  th e instructo r  ca n 

sugges t  t o th e studen t  tha t  h e o r  sh e se e a  particula r  exper t  demonstration .  A  fiel d tes t  o f  I N C O F T 

i n actua l  instniction-supervise d b y instructor s rathe r  tha n researchers-demonstrate s th e 

reasonablenes s o f  puttin g thi s powe r  a t  th e disposa l  o f  rea l  instructor s an d th e student s rathe r  tha n 

attemptin g t o buil d th e entir e presentatio n int o a n automati c tutor .  Th e summar y tabl e provide s a n 

opportunit y fo r  student s t o as k question s o f  th e instructor s an d fo r  instructor s t o giv e meta -

analyse s t o th e students .  I N C O F T doe s no t  proces s th e dat a furthe r  o r  mak e decision s abou t  wha t 

th e studen t  ough t  t o d o next .  Thes e decision s ar e hande d ove r  t o th e peopl e involved . 

The following example is taken from a session in which INCOFT was being used in instruction 

wit h student s w h o wer e learnin g th e tas k fo r  th e firs t  time .  Th e instructo r  i s  a  highl y experience d 

teache r  bu t  workin g wit h I N C O F T fo r  th e firs t  time .  I n thi s segment ,  th e studen t  ha s finishe d a 

relativel y comple x scenari o an d i s lookin g a t  th e summar y table . 
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S: What's the 84 mean? [referring to the summary score at the bottom of the table] 

T: That's your average time, average time that you did things, 84 seconds. A minute and a half almost. 

And it should have all been done in 30 seconds? 

Well, remember now, 30 seconds is operator override time, and that's maximum operator override time and 
what  we'r e sayin g ther e i s tha t  yo u hav e tha t  littl e tim e t o mak e a  decisio n o n critica l  thing s tha t  nee d t o b e 
done .  I f  you'v e go t  a  target ,  tha t  i s  i f  you' d pu t  into -  whic h ta b d o yo u hav e overrid e time ? 

S: Uh, tab, I got it wrote down in my notes. 

T: Tab zero one. And what ever you have down in your operator override time that's the amount of time you 
hav e t o d o somethin g befor e th e syste m automaticall y engage s th e target .  N o w wha t  thi s says ,  wha t  thi s say s 
t o m e i s tha t  yo u definitel y nee d t o improv e an d wor k o n you r  decisio n makin g abilit y  an d capability ,  caus e 
84 second s averag e tim e i n orde r  t o mak e a  decisio n i s a  lon g time .  I f  yo u ge t  a n aircraf t  goin g 80 0 meter s a 
second . 

Uhhuh . 

he can go a loong way in a minute and a half, a long way. 

Okay, I want to try this one again. 

Thi s i s a  comple x interactio n i n whic h th e studen t  display s a  misconceptio n abou t  a  3 0 secon d tim e 

limi t  introduce d i n anothe r  contex t  an d th e instructo r  use s th e studen t  questio n a s a n occasio n t o 

revie w th e concep t  an d th e locatio n i n th e databas e o f  th e relevan t  parameter .  Th e instructo r  return s 

t o th e initia l  topi c an d present s a  graphi c cas e fo r  th e nee d fo r  th e studen t  t o ac t  mor e quickly . 

Two kinds of instructor-student interaction are evident in this transcript. The instructor conducted 

a brie f  tutoria l  o n operato r  overrid e tim e afte r  havin g recognize d tha t  th e studen t  mistoo k th e 

"averag e tim e yo u di d things "  fo r  thi s featur e o f  th e syste m whic h ha s t o d o specificall y wit h tim e 

availabl e t o overrid e th e compute r  i n automati c engagement .  Clearly ,  th e instructo r  recognize d th e 

misconceptio n an d engage d i n a n asid e t o tr y t o clarif y th e distinctio n befor e returnin g t o hi s mai n 

topic . 

The other kind of instructor-student interaction evident in the transcript is an amplification of the 

system' s appropriatio n o f  th e student' s actions .  Th e syste m reflecte d bac k t o th e studen t  th e 

number  8 4 whic h i s a  w a y o f  seein g th e student' s action s peculia r  t o th e exper t  syste m whic h i s 

capabl e o f  comparin g eac h studen t  actio n wit h th e "expert "  treatmen t  o f  th e trac k an d comin g u p 

wit h a n averag e tim e lag .  Th e instructo r  reformulate d th e 8 4 second s a s " a minut e an d a  hal f 

almost "  an d late r  m a d e hi s evaluatio n expUci t  i n term s o f  a  rea l  worl d concer n fo r  P A T R I O T 

operators .  Thi s interactio n i s ver y differen t  fro m th e tutoria l  i n tha t  i t  i s  no t  base d o n a n 

understandin g o f  th e studen t  i n hi s o w n right  bu t  o n a n evaluatio n o f  th e student s action s i n term s 

of  h o w i t  fits  int o a n exper t  performance .  Thi s i s mor e tha n jus t  feedbac k o n th e "correctness "  o f 

th e performanc e becaus e i t  i s  introducin g an d motivatin g consideration s tha t  becom e eviden t  t o th e 

studen t  onl y afte r  h e see s h o w th e syste m (includin g th e instructor )  appropriate s hi s actions .  Th e 

instructo r  an d machin e wor k togethe r  i n th e appropriation :  I N C O F T provide s th e studen t  an d 

instructo r  wit h detaile d feedbac k o n whic h t o bas e thi s interactio n bu t  i t  i s  th e instructor ,  no t  th e 

machine ,  w h o handle s th e mor e comple x misconception s an d place s th e tas k i n a  motivationa l 

context . 
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CONCLUSION 

Instructiona l  interaction s i n whic h a  tuto r  i s  attentiv e t o th e student' s understandin g o f  th e tas k ca n 
be a  valuabl e for m o f  instructio n bu t  i s  onl y on e o f  man y form s i n whic h intelligen t  technolog y ca n 
be employed .  Whil e perhap s a n interestin g theoretica l  problem ,  creatin g a  machin e t o mode l 
human tutorin g i s ver y difficul t  a s a  practica l  concern .  Ou r  wor k o n I N C O F T demonstrate s som e 
simplification s o f  th e conventiona l  tutorin g syste m mode l  tha t  mak e th e concep t  practicall y usefu l 
i n instruction .  Apprenticeshi p provide s a  mode l  o f  instructor-studen t  interactio n tha t  guide s ou r 
desig n o f  feedback .  I n a n apprenticeship ,  th e instructo r  i s  intereste d i n appropriatin g th e studen t 
action s int o productiv e work .  Feedbac k show s th e studen t  whethe r  hi s o r  he r  action s ar e 
productiv e i n th e framewor k o f  th e tas k a s understoo d b y th e instructor .  I N C O F T doe s no t  attemp t 
t o mimi c a  tutoria l  interaction .  I t  als o doe s no t  attemp t  t o carr y th e entir e weigh t  o f  instruction .  B y 
puttin g variou s decomposition s o r  representation s o f  th e processe s i n th e hand s o f  student s an d 
human instructors ,  w e migh t  expec t  usefu l  instructiona l  interaction s t o ensu e betwee n th e peopl e 
involved . 
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