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P r o b l e m S o l v i n g w i t h D i a g r a m s : 

Modelling the Learning of Perceptual Information 

Peter C.R. Lane, Peter C-H Cheng and Fernand Gobet 
E S RC Centr e fo r  Researc h i n Development ,  Instructio n an d Training , 

Departmen t  o f  Psychology ,  Universit y o f  Nottingham , 
Universit y Park ,  Nottingha m N G 7 2RD ,  U K 

{ p e l , p e c , f r g } @ p s y e h o l o g y . n o t t i n g h a m . a c . u k 

Thi s projec t  attempt s t o mode l  th e proces s b y whic h hu -
mans improv e thei r  abilit y t o solv e problem s usin g dia -
grams .  I n orde r  t o achiev e this ,  w e hav e chose n a n estab -
lishe d mode l  fo r  huma n perceptua l  memory ,  an d extende d 
i t  wit h a n abilit y t o lear n an d manipulat e plan s fo r  draw -
in g schemati c diagrams .  Thi s mode l  i s  applie d t o th e 
learnin g o f  plannin g informatio n i n a  specifi c  problem -
solvin g domain :  th e constructio n o f  a  diagranmiati c repre -
sentatio n fo r  electri c circuits . 

T h e Compu te r  Mode l  Th e genera l  for m o f  a  mode l 
fo r  proble m solvin g wit h diagram s ha s bee n establishe d i n 
earlie r  wor k o n reasonin g an d inferencin g wit h externa l 
representation s (e.g .  Tabachneck-Schijf ,  Leonard o & 
Simon ,  1997) .  I n brief ,  th e mode l  mus t  interac t  wit h it s 
externa l  environmen t  (e.g .  th e shee t  o f  paper )  usin g a n ey e 
fo r  inpu t  an d a  pe n fo r  output .  Th e mode l  wil l  require 
bot h short-ter m an d long-ter m memorie s fo r  visuo-spatial , 
verba l  an d plannin g information .  However ,  thi s earlie r 
wor k ha s no t  addresse d th e questio n o f  learnin g informa -
tio n abou t  externa l  representations ,  whic h i s th e focu s o f 
our  project . 

The long-ter m memor y i n ou r  mode l  i s  base d o n a 
model  fo r  th e recal l  o f  ches s positions ,  C H R E ST (Gobe t 
& Simon ,  i n press) .  C H R E ST i s a  developmen t  o f 
E P AM (Feigenbau m &  Simon ,  1984 )  an d use s a  dis -
criminatio n networ k t o inde x chunk s o f  perceptua l  infor -
mation .  However ,  C H R E ST i s  unabl e t o lear n comple x 
problem-solvin g behaviour ,  becaus e i t  lack s th e abilit y t o 
for m an d represen t  plans .  Accordingly ,  w e hav e adapte d 
C H R E ST t o handl e multipl e externa l  representations :  on e 
seto f  representation s correspondin g t o th e proble m space , 
one se t  correspondin g t o th e solutio n space .  A  discrimina -
tio n networ k i s learn t  whic h use s perceptua l  informatio n 
t o inde x eac h space .  W h e n a  solutio n i s  give n fo r  a  spe -
cifi c  problem ,  a n equivalenc e lin k i s formed ,  linkin g th e 
tw o representations .  W h e n confronte d wit h nove l  prob -
lems ,  thi s ne w mode l  wil l  attemp t  t o matc h th e proble m 
wit h a  previou s entr y i n it s  memory .  I f  suc h a  matc h ex -
ists ,  an y equivalenc e lin k wil l  sugges t  a  possibl e solutio n 
t o th e curren t  proble m base d o n wha t  wa s learn t  earlier . 

Prob le m Solvin g wit h D i a g r a m s Th e wor k i n 
thi s projec t  attempt s t o simulat e a  specifi c  exampl e o f 
problem-solvin g behaviour :  th e constructio n o f  a  dia -
grammati c representatio n fo r  a  give n electri c circuit .  W e 
use A V O W diagram s a s a  representatio n fo r  electri c cir -
cuit s (Cheng ,  1998) .  A n A V O W diagra m represent s eac h 
loa d i n a  circui t  a s a  separat e rectangle ,  know n a s a n 
A V OW box .  Th e dimension s o f  th e A V O W boxe s repre -
sen t  variou s electrica l  properie s i n thei r  loads .  Simpl e 

compositio n rule s enabl e separat e A V O W boxe s t o b e com -
bine d t o for m a  representatio n fo r  a  complet e circuit .  Th e 
visua l  natur e o f  th e representatio n make s i t  suitabl e fo r  us e 
by a  mode l  o f  perceptua l  memory ,  suc h a s C H R E S T. 

We ca n compar e problem-solvin g behaviou r  wit h electri c 
circuit s wit h tha t  i n othe r  domains ,  e.g .  th e constructio n o f 
geometr y proof s studie d b y Koedinge r  an d Anderso n (1990) . 
Thi s an d relate d wor k ha s suggeste d tha t  expert s us e sche -
mas whe n solvin g problems ,  an d i t  i s  th e propagatio n o f 
domai n specifi c  informatio n i n thes e schema s whic h ex -
plain s th e superiorit y o f  expert s ove r  novices . 

However ,  ou r  proposa l  extend s suc h wor k b y attemptin g 
t o explai n ho w schema s ma y b e acquire d whils t  th e learne r 
i s bein g taugh t  t o solv e problems .  I n brie f  schema s ma y b e 
identifie d i n ou r  mode l  wit h th e chunk s o f  diagrammati c 
informatio n store d i n th e discriminatio n networks .  Percep -
tua l  similaritie s ensur e tha t  eac h chun k ma y b e generalise d 
t o a  rang e o f  futur e examples ,  showin g ho w ou r  nove l  ver -
sio n o f  C H R E ST learn s t o improv e it s  problem-solvin g 
ability .  Furthe r  detail s o f  th e projec t  ma y b e foun d i n Lane , 
Cheng an d Gobe t  (1999 )  an d a t  ou r  website : 
http://www.psychology.nottingham.ac.uk/research / 

credit/pro j  ects/problen\_solving / 
The author s wis h t o than k th e Economi c an d Socia l  Re -

searc h Counci l  fo r  fundin g thi s project . 
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