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T r a c k i n g Cogn i t i v e Represen ta t i on s 

Dietma r  Janetzk o (dii:tmar@cognition.iig.uni-freiburg.de ) 
Universit y  o f  Freibur g 

Cente r  fo r  Cognitiv e Scienc e 
Friedrichstr .  5 0 

D-7909 8 Freibur g i .  Br. ,  German y 

Introductio n 

Evidence for change of representation has been collected in 
field s a s divers e a s proble m solvin g (Baue r  &  Reiser ,  1990) , 
visua l  reasonin g (Tabachneck-Schijf ,  Leonard o &  Simon , 
1998) ,  scientifi c  discover y (Kuhn ,  1962) ,  metapho r  compre -
hensio n (Indurkhya ,  1992 )  an d developmenta l  psycholog y 
(Carey ,  1991) .  Despit e al l  difference s i n thes e field s ther e 
i s a  clea r  cormno n denominato r  o f  wor k relate d t o chang e o f 
representation :  cognitiv e structure s determin e wha t  ca n prin -
cipall y b e conceive d i n huma n cognition .  Thus ,  developmen t 
and selectio n o f  a n appropriat e cognitiv e structur e i s a n indis -
pensabl e requiremen t  fo r  addressin g a  proble m successfully . 
Tak e th e exampl e o f  replacin g a  particula r  componen t  o f  a 
comple x technica l  syste m b y a  mor e efficien t  one .  A  cogni -
tiv e structur e tha t  give s a n accoun t  o f  th e domai n i n term s o f 
functiona l  equivalenc e betwee n component s surel y provide s a 
goo d knowledg e bas e t o tackl e th e problem .  Le t  u s chang e th e 
example :  i f  i n th e sam e syste m a  short-circui t  i s t o b e identi -
fied ,  th e cognitiv e structur e mentione d abov e i s  no t  helpful .  I n 
thi s case ,  i t  seem s t o b e mor e promisin g t o organiz e proble m 
solvin g i n term s o f  conductin g elements .  Th e shif t  betwee n 
bot h structures ,  e.g. ,  i n differen t  phase s o f  proble m solving , 
i s a n instanc e o f  chang e o f  representation . 

The goal of this contribution is to provide pointers to 
knowledg e tracking ,  viz. ,  a  knowledge-base d an d psycho-
metri c metho d se t  u p t o investigat e change s o f  representa -
tion .  Knowledg e trackin g analyze s th e dominan t  structur e 
concerne d wit h proble m solving .  Th e basi s o f  K T i s th e pre -
dictio n o f  empirica l  dat a b y usin g concep t  structures ,  viz. ,  net -
work s o f  concept s an d relations .  I n knowledg e tracking ,  con -
cep t  structure s ar e use d a s a  unifor m representatio n schem a 
tha t  replace s representatio n schema s lik e scripts ,  frames ,  o r 
semanti c networks .  Succes s o r  failur e o f  predictio n o f  em -
pirica l  sequentia l  dat a b y competin g concep t  structure s give s 
indicatio n o f  thei r  validity .  Th e concep t  structur e tha t  bes t 
predict s empiricall y observe d behavio r  ma y b e identifie d an d 
i s interprete d a s a n approximatio n o f  th e cognitiv e represen -
tatio n primaril y used .  K T combine s result s from  cognitiv e 
scienc e wit h mathematica l  method s (i.e. ,  Marko v processes) . 

•  expressin g th e concep t  structure s b y transitio n probabili -
ties ,  thi s i s  essentiall y th e transformatio n o f  knowledge -
base d model s int o stochasti c models ; 

•  predictin g empirica l  dat a b y usin g concep t  structure s an d 
calculatio n o f  goodnes s o f  fit  scores ; 

•  selectin g th e structur e tha t  produce s th e bes t  goodnes s o f 
fit  score . 

Empirical evaluation studies support the claim that the 
structur e tha t  give s th e bes t  accoun t  o f  th e dat a m a y b e take n 
t o b e th e structur e tha t  dominate s cognition .  A n on-lin e tuto -
rial  alon g wit h th e possibilit y  o f  applyin g K T vi a th e W W W 
i s provide d b y Janetzk o (1998). '  Sinc e knowledg e trackin g 
i s suitabl e fo r  automati c on-lin e analysi s o f  hug e amount s o f 
data ,  i t  ca n b e ver y wel l  applie d t o th e analysi s o f  human -
compute r  interaction . 
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K n o w l e d g e TY-ackin g -  A  5-Ste p S c h e m e 

Analyzing changes of representation via KT involves five 
steps : 

• eliciting concepts and relations in the domain under study 
and settin g u p concep t  structures ; 

•  recordin g empirica l  dat a (sequence s o f  concepts) ,  thi s kin d 
of  empirica l  dat a m a y b e obtaine d i n thinkin g alou d studie s 
or  studie s o f  HCI ; 

'O n th e th e client-side ,  th e use r  ma y inpu t  sequentia l  symboli c 
data ,  i.e. ,  traces ,  an d als o concep t  structures ,  o n th e server-sid e a 
LIS P progra m analyze s th e dat a an d return s a  goodnes s o f  fit  scor e 
t o th e user . 
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