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Learnin g Procedure s b y Imitatio n o f  a  Teache r 

Edmund Furs e (ffurse@glain.ac.uk ) 
Departmen t  o f  Compute r  Studies , 

Universit y o f  Glamorga n 
Pontypridd ,  Mi d Glamorgan ,  C F 3 7 IDL ,  U K . 

Imitatio n i s a  c o m m o n for m o f  learnin g bot h i n human s 
and animals ,  an d i n som e way s i s a s importan t  a  metho d o f 
learnin g a s th e mor e common l y studie d classificatio n o f 
examples .  Thi s researc h ha s focuse d o n procedure s tha t  an s 
ofte n taugh t  i n educatio n b y imitatio n o f  a  teache r  goin g 
throug h th e appropriat e steps ,  an d i n particular ,  procedure s 
tha t  ar e taugh t  usin g square d paper .  Thi s restrictio n make s 
th e tas k computationall y tractable ,  an d ye t  utilise s th e sam e 
underlyin g learnin g mechanisms . 

Mor e generally ,  example s includ e learnin g t o operat e 
coffe e dispensers ,  ticke t  machines ,  vide o recorder s an d 
compute r  programs .  I n eac h cas e peopl e mor e ofte n lear n 
ho w t o carr y ou t  a  procedur e b y imitatin g someon e els e tha n 
by readin g instructions .  Th e questio n fo r  cognitiv e scienc e 
i s ho w doe s thi s learnin g mechanis m work ? 

A procedur e suc h a s lon g divisio n i s ofte n learne d b y a 
studen t  followin g th e teache r  workin g throug h th e steps . 
Othe r  researcher s hav e als o calle d thi s "learnin g b y doing " 
(Lieberman ,  1993 )  an d "learnin g b y instruction "  (Huffma n 
& Laird ,  1994) ,  bu t  th e essentia l  componen t  i s th e imitatio n 
of  th e wa y th e teache r  carrie s ou t  th e procedure .  Othe r 
example s woul d includ e th e manipulatio n o f  matrices ,  an d 
conjugatio n o f  Frenc h verbs . 

Imitatio n o f  a  teache r  carryin g ou t  a  procedur e require s 
more tha n verbati m reproductio n o f  th e behaviour ,  an d 
some for m o f  generalisatio n i s required .  Fo r  example ,  a n 
even t  suc h a s makin g a  choic e b y pressin g a  butto n m a y 
need t o b e generalise d t o pressin g anothe r  butto n withi n th e 
same class ,  e.g .  a  differen t  destinatio n i n a  ticke t  machine , 
or  a  differen t  amoun t  o f  mone y i n a  cas h dispenser .  I n 
procedure s suc h a s lon g division ,  generalisatio n take s plac e 
ove r  bot h th e number s actuall y used ,  an d thei r  position s o n 
th e paper . 

The researc h wa s conducte d b y askin g expert s t o explai n a 
procedur e b y workin g throug h th e step s o f  a n example .  I n 
eac h cas e th e subject s wer e aske d t o explai n th e procedur e t o 
a novic e w h o understoo d th e underlyin g operations .  Fo r 
example ,  i n teachin g lon g divisio n i t  wa s assume d tha t  th e 
studen t  understoo d multiplicatio n an d subtraction .  Th e 
expert s wer e videod ,  an d th e result s analysed .  B y usin g larg e 
square d pape r  i t  wa s easie r  t o observ e th e detaile d operation s 
of  th e experts .  Eac h ste p consiste d o f  selectin g on e o r  mor e 
digit s an d carryin g ou t  a n operation .  Th e studen t  ha d t o 
lear n th e overal l  sequenc e o f  event s an d understan d it . 

A compute r  progra m ha s bee n develope d calle d L A W E 
(Learnin g Algorithm s fro m Worke d Examples )  whic h 

model s th e tas k o f  th e studen t  imitatin g th e teacher .  Th e 
teache r  act s a s th e use r  o f  th e progra m an d teache s th e 
syste m a  procedure .  L A W E observe s th e teache r  carryin g 
out  th e procedur e an d learn s it ,  ofte n from  a  singl e example . 
L A W E ha s learne d procedure s suc h a s matri x multiplicatio n 
and th e conjugatio n o f  Frenc h verbs . 

L A W E ha s t o generalis e ove r  it s exampl e o r  example s i n 
fou r  ways :  a .  Generalisin g th e position s o f  th e example ,  b . 
Generalisin g th e element s o f  th e example ,  e.g .  differen t 
number s o r  word s c .  Generalisin g th e size s o f  th e elements , 
e.g .  fro m a  ro w o f  thre e cell s t o a  ro w o f  arbitrar y length ,  d . 
Generalisin g acros s example s includin g generalisatio n ove r 
differen t  conditio n states . 

Th e teache r  first  type s i n a  typica l  inpu t  t o th e procedur e 
i n on e o r  mor e cells ,  an d the n select s th e cell s whic h ar e t o 
be th e inpu t  t o th e procedure .  H e the n goe s throug h th e 
step s o f  th e procedure ,  an d whe n finished  click s th e "End " 
button .  L A W E the n build s th e cod e o f  th e procedur e i t  ha s 
bee n taugh t  whic h i s a  generalisatio n o f  th e step s tha t  th e 
teache r  wen t  through .  Ofte n on e exampl e i s sufficien t  t o 
teac h L A W E a  procedure ,  bu t  i f  necessary ,  th e teache r  ca n 
repea t  th e process .  L A W E wil l  accommodat e th e ne w 
exampl e wit h it s existin g procedur e t o produc e a  revise d 
procedur e t o handl e th e ne w example . 

Learnin g b y imitatio n i s  suc h a  c o m m o n experienc e i n 
human lif e tha t  th e underlyin g cognitiv e processe s ar e likel y 
t o b e fairl y genera l  purpose .  Fou r  kind s o f  learnin g 
mechanism s hav e bee n foun d t o suppor t  thi s skill .  First , 
th e learne r  need s t o b e abl e t o perceiv e an d encod e th e 
individua l  step s tha t  th e teache r  i s carryin g out .  Secon d 
thes e step s nee d t o b e transforme d int o som e positiona l 
independen t  representation .  Third ,  pattern s o f  behaviou r  i n 
th e tempora l  an d spatia l  domain s nee d t o b e detected . 
Finally ,  i f  th e procedur e i s  learne d from  mor e tha n on e 
example ,  the n th e procedure s nee d t o b e merged . 
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