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Learnin g b y Observatio n i n C o m p l e x T a s k Env i ronment s 

Diete r  Wallac h 
Fachrichtun g Psychologi c 
Universita t  de s Saarlande s 

6604 1 Saarbriicken/German y 
d i e t e r @ c o p s . u n i - s b . d e 

I n 198 6 Donal d A .  Norma n coine d th e ter m Cognitiv e 
Engineering ,  whic h denote s a  Cognitiv e Scienc e approac h 
withi n th e Engineerin g Sciences .  Th e researc h presente d her e 
follow s i n thi s traditio n an d exemplifie s applie d Cognitiv e 
Scienc e b y investigatin g knowledg e acquisitio n processe s i n 
naturalisti c tas k domains .  Whil e problem-solvin g researc h i n 
Psycholog y formerl y concentrate d o n knowledge-lea n task s 
lik e th e Towe r  o f  Hanoi ,  attentio n shifte d durin g th e eightie s 
t o question s o f  knowledg e acquisition ,  it s  organizatio n an d 
applicatio n i n knowledge-ric h tas k domains .  A  ne w 
paradigm ,  labelle d Comple x Proble m Solvin g (se e Frensc h 
& Funke ,  1995) ,  deepene d Cognitiv e Psycholog y b y 
investigatin g th e effect s o f  complexit y an d uncertaint y i n 
dealin g wit h computer-simulate d dynami c systems . 

W h en comparin g differen t  studie s concernin g comple x 
proble m solving ,  on e centra l  basi c assumptio n ca n b e found : 
th e opportunit y o f  activ e syste m contro l  i n a n initia l 
learnin g phas e i s regarde d a s a  necessar y preconditio n fo r  th e 
acquisitio n o f  a n appropriat e Menta l  Mode l  o f  th e syste m t o 
be controlled .  I t  i s a n unquestione d assumptio n tha t  subject s 
hav e t o b e give n th e possibilit y  o f  activ e exploratio n o f  a 
dynami c syste m i n orde r  t o cop e successfull y wit h it .  I n 
contrast ,  ther e i s a  well-establishe d tren d i n man y 
engineerin g system s substitutin g supervisor y contro l  fo r 
manual  control .  A s a  consequenc e o f  th e stil l  increasin g 
impetu s fo r  automatization ,  operator s ar e remove d fro m th e 
manual  operatin g loops ,  an d thei r  role s ar e redefined  a s 
syste m monitors . 

To investigat e th e effect s o f  differen t  activit y demand s o n 
syste m identificatio n an d syste m contro l  tw o experiment s 
wer e conducted .  A s a  scenari o fo r  thes e experiment s 
P o w e r P l a n t ,  a  validate d an d systems-theoreticall y well -
define d mode l  o f  a  rea l  coal-fire d powerstatio n wa s con -
structe d an d implemented .  I n bot h experiment s 4 0 
engineerin g student s wher e assigne d t o tw o experimenta l 
groups : 
•  whil e a  Syste m Contro l  Grou p wa s encourage d i n a 

knowledg e acquisitio n phas e t o activel y explor e 
P o w e r P l a n t ,  e.g .  t o freel y mak e interventions ,  gathe r 
dat a an d tes t  hypotheses , 

•  th e interactio n o f  a  Monitorin g Grou p wa s restricte d t o 
th e observatio n o f  a  correspondin g operato r  fro m th e 
Syste m Contro l  Grou p controllin g P o w e r P l a n t . 
T o separat e effect s o f  activ e syste m exploratio n from 

thos e o f  pur e syste m observatio n a  yoke d contro l  desig n wa s 
used .  Afte r  th e knowledg e acquisitio n phas e bot h group s ha d 

t o contro l  PowerPlan t  i n a  knowledg e applicatio n phase .  T o 
diagnos e th e students '  knowledg e abou t  P o w e r P l a n t 
severa l  knowledge-assessmen t  technique s (e.g . 
questionnaires ,  sorting-tasks ,  thinkin g aloud )  wer e applied . 

I n shar p contras t  t o th e prevailin g assumptio n i n th e are a 
of  comple x proble m solvin g a  significan t  superiorit y o f  th e 
Monitorin g Grou p wit h respec t  t o syste m knowledg e an d 
contro l  performanc e i n th e knowledg e applicatio n phas e wa s 
found .  Interestingly ,  whil e ther e i s a  stron g associatio n 
betwee n syste m knowledg e an d contro l  performanc e i n th e 
Syste m Contro l  Grou p ( r  >  .75) ,  n o correlation s wer e foun d 
i n th e Monitorin g Group .  Analyzin g th e thin k alou d 
protocol s reveale d tha t  student s fro m th e Monitorin g Grou p 
generate d significan t  mor e self-explanation s (Sandoval , 
Trafton ,  &  Reiser ,  1995 )  abou t  contro l  strategie s an d th e 
causa l  relationshi p o f  PowerPlant ' S underiyin g variable s 
and thei r  dynamics .  Student s o f  th e Syste m Contro l  Grou p 
on th e othe r  han d mainl y paraphrase d th e syste m behavio r 
withou t  tracin g i t  bac k t o physica l  principles . 

Usin g th e dat a gathere d throug h th e knowledge-assess -
ment  techniques ,  a  cognitiv e simulatio n mode l  o n th e basi s 
of  Ac t - R (Anderson ,  1993 )  wa s implemente d an d 
empiricall y evaluated .  ACT- R i s a  cognitiv e architecnir e 
capabl e o f  performin g an d learnin g fro m th e sam e task s 
worke d o n b y huma n subjects .  Th e mode l  no t  onl y offer s a 
straightforwar d explanatio n o f  th e result s an d a  clos e fi t  t o 
th e empirica l  dat a bu t  ca n als o b e see n a s a  rigorous  tes t  o f 
th e applicabilit y  o f  th e ACT- R framewor k i n naturalisti c tas k 
domains . 
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