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Pittsburgh ,  P A 1521 3 
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Abstrac t 

This paper presents a rational theory of cognitive 
strateg y selectio n an d chang e i n whic h th e cognitiv e 
agent  i n consideratio n i s propose d t o b e adaptiv e i n 
choosin g th e "best "  o r  optima l  strateg y fro m a  se t  o f 
strategie s availabl e t o b e employed .  Th e optima l 
strateg y i s assume d t o maximiz e th e differenc e 
betwee n th e expecte d utilit y  o f  th e goa l  whic h th e 
selecte d strateg y woul d lea d t o an d th e computationa l 
cos t  associate d wit h achievin g thi s goal .  W e 
considere d a n exampl e o f  strateg y selectio n an d 
chang e i n compute r  programmin g an d interprete d th e 
result s fro m a  se t  o f  experimenta l  studie s w e ha d 
conducte d i n thi s domai n i n th e ligh t  o f  thi s rationa l 
framework .  W e als o substantiate d ou r  theoretica l 
claim s b y developin g a  compute r  simulatio n o f  thi s 
example .  Th e simulatio n wa s implemente d i n ACT -
R,  a  cognitiv e mode l  constraine d b y rationa l  analysi s 
as wel l  a s b y experimenta l  data . 

Introductio n 

Cognitive research on strategy selection and change 
has flourished  i n th e las t  thre e decades .  Waso n (1960 ) 
studie d th e hypothesis-testin g behavio r  o f  huma n 
subject s o n a  concep t  attainmen t  tas k an d foun d tha t 
th e dominan t  strateg y use d b y subject s o n th e tas k 
was a  kin d o f  "biased "  confirmatio n strateg y whic h 
had bee n suppose d t o b e "irrational "  accordin g t o 
Popper' s (1959 )  philosoph y o f  science .  Wason' s 
researc h ha s sinc e promote d a  larg e bod y o f 
controvers y an d triggoe d a  serie s o f  ensurin g studie s 
(Tukey ,  1986) .  Recently ,  fro m th e perspectiv e o f 
informatio n theory ,  Hoenkam p (1989 )  ha s suggeste d 
tha t  "th e biase d strateg y i s no t  necessaril y  a  ba d one ; 
moreover ,  i t  reflect s a  health y propensit y o f  subject s 
t o optimiz e th e expecte d informatio n o n eac h trial " 
(p.651) .  Earl y i n 1960s ,  Brune r  an d hi s colleague s 
wer e als o amon g th e firs t  t o investigat e ho w subject s 
chos e amon g variou s strategie s i n concep t  attainmen t 
(Bruner ,  Goodnow ,  &  Austin ,  1962) .  Contrar y t o 
what  Wason' s researc h seeme d t o reveal ,  however , 
the y arrive d a t  th e conclusio n tha t  "i n a  forma l  sens e 
i t  ma y b e sai d tha t  th e subject s i n thi s experimen t 
wer e seekin g t o maximiz e th e expecte d utilit y  o f  thei r 
decision s an d i n thi s wa y t o regulat e th e ris k involve d 

i n thei r  problem-solvin g behavior "  (p .  124) . 
Consequently ,  accordin g t o Hoenkam p an d Brune r  e t 
al. ,  subjects '  performanc e o n concep t  attainmen t  task s 
can i n fac t  b e characterize d a s "rational "  o r  "adaptive " 
i n term s o f  informatio n o r  utilit y  maximization . 

Recently ,  ther e ha s als o bee n researc h o n strateg y 
selectio n an d chang e i n othe r  cognitiv e domains — 
e.g. ,  i n memor y retrieva l  (Reder ,  1987) ,  i n arithmeti c 
(Siegle r  &  Jenkins ,  1989) ,  an d i n programmin g (W u 
& Anderson ,  1991) .  Thoug h conducte d i n differen t 
cognitiv e domains ,  thes e relate d studie s hav e s o fa r 
yielde d convergen t  evidenc e suggestin g tha t  subject s 
ar e quit e adaptiv e i n thei r  strateg y selectio n i n tha t 
the y ar e highl y sensitiv e t o proble m type s an d tha t 
the y choos e appropriat e strategie s accordingly .  Rede r 
& Ritte r  (1992 )  hav e furthe r  demonstrate d tha t  ther e 
i s a  genera l  tendenc y o f  shiftin g fro m a  computing -
on-sit e strateg y t o a  retrieving-from-memor y strateg y 
as subject s practic e mor e an d mor e o n problem s o f  a 
certai n type .  Thus ,  take n together ,  thi s lin e o f 
researc h show s tha t  subjects '  strateg y selectio n 
behavio r  i s no t  onl y ver y sensitiv e t o environmenta l 
cues (i.e. ,  proble m types )  bu t  als o strongl y influence d 
by thei r  experienc e o f  learnin g an d practicing . 

The presen t  pape r  consist s o f  thre e parts :  First ,  w e 
attemp t  t o outlin e a  rationa l  theor y o f  strateg y 
selectio n an d change .  A s mentione d above ,  th e 
notio n o f  rationa l  strateg y choice s ha s existe d i n th e 
cognitiv e psycholog y literatur e fo r  som e time ;  ou r 
objectiv e i n thi s regar d i s simpl y t o articulat e thi s 
notio n i n a  mor e forma l  manne r  an d t o pu t  i t  i n a 
more genera l  framewor k o f  studyin g huma n 
cognition—namely ,  th e Rationa l  Analysi s (RA ) 
perspective .  Second ,  w e illustrat e thi s rationa l 
theoretica l  firamework  wit h a n exampl e o f  strateg y 
selectio n an d chang e i n compute r  programming . 
Third ,  w e pu t  forwar d a  simulatio n mode l  fo r  thes e 
result s t o substantiat e som e o f  th e theoretica l  claim s 
we make . 

A Rationa l  F r a m e w o r k o f 

Strateg y Selectio n an d C h a n g e 

RA is a new theoretical framework for understanding 
human cognitiv e behavio r  (Anderson ,  1990) .  A 
fundamenta l  assumptio n underiyin g thi s  ̂ proac h i s 
th e Principl e o f  Rationalit y whic h basicail y claim s 
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tha t  th e huma n cognitiv e syste m i s adaptiv e t o it s 
informationa l  environment .  I t  i s  wort h notin g tha t 
th e "rationality "  her e doe s no t  mea n optimizatio n 
withou t  an y limitation ;  i t  merel y implie s tha t  a n 
individua l  ca n achiev e a n optima l  solutio n onl y 
withi n hi s o r  he r  cognitiv e o r  computationa l 
constraints .  Sinc e th e differenc e betwee n optimizatio n 
-without-limitatio n an d optimization-with-limitatio n 
i s somewha t  subtle ,  thi s issu e ha s i n fac t  cause d 
considerabl e controvers y i n evolutionar y theory ,  i n 
economics ,  a s wel l  a s i n psycholog y (Simon ,  1983) . 

The ide a o f  huma n rationalit y i n decisio n makin g 
roote d i n economics ;  i n fact ,  th e expecte d utilit y 
model  o f  strateg y selectio n propose d b y BrunC T e t  al . 
(1%2 )  cam e directl y fro m economics .  Th e traditiona l 
notio n o f  rationalit y i n economics ,  nevertheless ,  wa s 
tha t  ther e wer e no t  cognitiv e o r  computationa l  limit s 
on peopl e fo r  decisio n making .  Thi s wa s a n 
unrealisti c assumptio n o f  huma n rationality .  I n 
opposin g thi s traditiona l  view ,  Simo n ha s lon g bee n 
propoundin g th e notio n o f  bounde d rationalit y an d 
arguin g tha t  peopl e onl y adop t  satisficin g solution s 
but  neve r  optima l  ones .  Considere d tha t  th e R A 
approac h onl y assume s optimizatio n withi n 
computationa l  constraints ,  R A an d Simon' s notio n o f 
bounde d rationalit y ca n i n fac t  b e reconcile d (f w mor e 
detaile d discussion ,  se e Anderson ,  1990 ;  pp .  246 -
250) . 

I n Anderso n (1990) ,  muc h attentio n ha s bee n pai d 
t o developin g R A theorie s o f  memory ,  categorization , 
causa l  inference ,  an d proble m solving .  Recently , 
Anderso n an d Kushmeric k hav e als o endeavore d t o 
develo p a n R A theor y o f  strateg y selectio n (Ch .  5 ; 
Anderson ,  i n preparation) .  Basically ,  strateg y 
selectio n ca n b e conceptualize d a s choosin g amon g a 
set  o f  branche s i n a  conceptua l  tre e wit h eac h branc h 
leadin g t o a  certai n goal .  Fo r  eac h branch ,  ther e 
woul d b e a  probabilit y  o f  succes s P^ ,  a n utilit y  valu e 

fo r  it s goa l  U  ̂ ,  an d a  computationa l  cos t  C  ̂  

associate d with .  Unde r  thi s characterization ,  a 
rationa l  choic e amon g al l  availabl e strategie s woul d 
amount  t o choosin g th e branc h whic h satisfie s th e 
following : 

Max {P iU i -C j ^  I  i  goe s throug h al l 

availabl e strategie s } .  (1 ) 
Not e tha t  th e se t  consistin g o f  al l  availabl e 

strategie s ma y b e dynamic ;  tha t  is ,  som e ne w 
strategie s ma y onl y becom e availabl e durin g th e 
cours e o f  proble m solving .  Thus ,  (1 )  i s  th e basi c 
tene t  o f  ou r  rationa l  theor y o f  strateg y selectio n an d 
chang e presente d i n a  forma l  fashion ;  i t  directl y 
correspond s t o th e underlyin g concep t  o f  th e cost -
benefi t  analysi s approac h i n economic s (Varian , 
1987).  I n cognitiv e psychology ,  Russ o &  Doshe r 
(1983 )  an d Payne ,  Bettman ,  &  Johnso n (1988 )  hav e 
similarl y argue d tha t  h u m a n strateg y selectio n 
involve s no t  onl y maximizin g expecte d utilit y bu t 
minimizin g cognitiv e effor t  a s well . 

Relatin g t o th e m e m o r y structur e o f  h u m a n 
cognitio n (e.g. ,  se e Anderson ,  1983) ,  ther e ar e 
basicall y tw o factor s involve d i n th e computationa l 
cos t  ter m C ^  i n (1) :  th e cos t  o f  retrievin g fi-o m long -

ter m memor y ( L T M )  an d th e cos t  o f  calculation .  I n 
othe r  words ,  t o choos e an d appl y a  certai n strategy , 
ther e woul d b e a  cos t  associate d wit h retrievin g tha t 
strateg y fro m L T M a s wel l  a s a  cos t  o f  calculatin g 
th e detail s an d action s o f  tha t  strategy .  A s thes e tw o 
factor s ar e contributin g t o th e sam e term ,  w e woul d 
expec t  tha t  a  tradeof f  betwee n thes e tw o factor s ma y 
sometime s b e involve d i n strateg y selectio n an d 
change .  W e woul d furthe r  expec t  tha t  th e mor e on e 
practice s wit h a  certai n strategy ,  th e lowe r  th e 
retrievin g cos t  fo r  tha t  strateg y woul d be ,  an d 
consequentl y th e mor e ofte n tha t  strateg y woul d b e 
selected .  I n fact ,  thi s  i s th e shif t  fro m calculating-on -
sit e t o retrieving-from-memor y whic h Rede r  &  Ritte r 
(1992 )  observe d i n thei r  experiments .  O n th e othe r 
hand ,  i f  a n individua l  i s  onl y naiv e wit h a  certai n 
strategy ,  w e ca n conceiv e tha t  i n suc h a  cas e th e 
calculatio n cos t  woul d b e smalle r  tha n th e retrieva l 
cost .  I n othe r  words ,  wha t  i s  ah^ead y i n th e 
individual' s curren t  consciousnes s ma y influenc e hi s 
or  he r  strateg y selectio n behavio r  i n subsequen t 
situations ;  i n consequence ,  i t  ca n b e expecte d tha t 
ther e b e som e latera l  transfe r  effec t  occurrin g fro m 
solvin g earlie r  problem s t o solvin g late r  problem s fo r 
suc h a n individual . 

Iterativ e S t ra teg y Select io n a n d 

C h a n g e i n P r o g r a m m i n g 

We had conducted a set of experimental studies on 
ho w P A S C AL programmer s woul d choos e an d 
chang e iterativ e strategie s i n thei r  programming . 
Sinc e th e quantitativ e result s ha d bee n publishe d 
elsewher e (W u &  Anderson ,  1991) ,  her e w e onl y 
sho w som e majo r  point s o f  thes e results .  However , 
we wil l  analyz e a n episod e o f  strateg y selectio n an d 
an episod e o f  strateg y chang e i n som e detai l  sinc e 
thes e episode s ar e ver y illustrativ e o f  ou r  theoretica l 
claim s o f  rationa l  strateg y selectio n an d chang e an d 
tha t  the y ha d no t  bee n reporte d previously . 

Ther e ar e tw o indefinit e loopin g construct s i n 
P A S C A L — n a m e l y,  th e while...d o an d th e 
repeat...unti l  constructs .  Fo r  convenience ,  thes e 
tw o construct s o r  strategie s wil l  hereafte r  b e referre d 
t o a s W -  an d R-construct s o r  strategies .  T o 
implemen t  an y kin d o f  loopin g program ,  eithe r 
construc t  alon e woul d suffice ;  nonetheless ,  i n certai n 
case s usin g th e W-constnic t  woul d produc e a  mor e 
concis e an d well-structure d progra m tha n usin g th e 
R-construct ,  an d i n othe r  case s i t  i s  jus t  th e opposite . 
Th e genera l  principl e fo r  choosin g betwee n th e W -
and th e R-construct s i s t o us e th e W-construc t  fo r 
loopin g program s wher e th e loopin g bod y ma y no t  b e 

469 



execute d a t  al l  an d t o us e th e R-construc t  fo r  case s 
wher e th e loopin g bod y mus t  b e execute d a t  leas t 
once .  Accordin g t o thi s principle ,  w e ca n classif y 
loopin g problem s eithe r  a s W-problems ,  fo r  whic h i t 
i s easie r  an d mor e natura l  t o us e th e W-construct ,  an d 
R-problem s fo r  whic h i t  i s  bette r  t o us e th e R -
construct .  A n exampl e o f  W-proble m an d a n exjunpl e 
of  R-problem ,  whic h w e actuall y use d i n ou r 
experiments ,  alon g wit h thei r  moda l  P A S C A L 
solution s ar e illustrate d i n Figur e 1 . 

T h e first  o f  ou r  experiment s wa s t o investigat e 
h o w programmer s woul d choos e betwee n th e tw o 
loopin g strategie s o n differen t  type s o f  problems . 
T h e subject s involve d i n th e experimen t  wer e 
recruite d fro m C M U ;  thei r  programmin g experienc e 
range d fro m havin g jus t  finished  a n introductor y 
programmin g cours e i n P A S C A L t o highl y skillfu l 
(e.g. ,  havin g mor e tha n te n year s o f  programmin g 
experience) .  Th e result s fro m th e experimen t  turne d 
out  t o b e tha t  ther e wa s a  minorit y o f  th e subject s 
(abou t  2 0 % )  w h o idiosyncraticall y use d onl y on e typ e 
of  loopin g construc t  ove r  al l  th e problem s teste d i n 
th e experimen t  whil e th e majorit y (th e res t  8 0 % )  di d 

var y thei r  choice s o f  loopin g strategie s o n differen t 
problems .  Fo r  thes e 8 0 % subjects ,  Figur e 2  (a ) 
shows th e patter n o f  thei r  choice s o n th e tw o type s o f 
loopin g problems .  A s th e figure  shows ,  thes e 
subject s wer e i n fac t  ver y sensitiv e t o proble m type s 
and quit e adaptiv e i n choosin g appropriat e loopin g 
strategies ;  a  one-wa y A N O V A performe d o n th e dat a 
fo r  th e W-strateg y i n programmin g reveale d tha t  th e 
effect s du e t o proble m type s wer e significant .  I n 
anothe r  experiment ,  w e trie d t o se e whethe r  subjects ' 
performanc e woul d deteriorat e i f  the y wer e force d t o 
use a n unnatura l  strategy ,  i.e. ,  t o us e th e W-construc t 
on R-problem s o r  vic e versa .  Figur e 2  (b )  show s th e 
majo r  result s fro m thi s experiment ;  statistica l 
analyse s reveale d tha t  th e effec t  du e t o experimenta l 
manipulation s an d it s interactio n wit h proble m type s 
wer e bot h significant .  Therefore.thes e result s clearl y 
indicate d tha t  whe n th e subject s wer e force d t o us e a 
non-perferre d strateg y thei r  performanc e i n term s o f 
programmin g tim e di d suffer .  A s t o b e shown ,  thi s 
performanc e deterioratio n ca n b e accounte d fo r  b y th e 
highe r  computationa l  cos t  associate d wit h th e non -
perfenre d iterativ e strategy . 

A W-problem : 

Copy a  fil e int o anothe r  fil e unti l  a  recor d 
wit h it s nam e fiel d a s 'END '  i s  reached , 
but  excludin g thi s record . 

Its modal solution: 
(onl y mai n portio n shown) : 

whil e Filel'̂ .Nam e o  'END '  d o 
begi n 

Read(Filel ,  TempRecord) ; 
Write(File2 ,  TempRecord ) 

end ; 

A R-problem : 

Copy a  fil e int o anothe r  fil e unti l  a  recor d 
wit h it s nam e field  a s 'END '  i s  reached , 
includin g thi s recor d a s well . 

Its modal solution: 
(onl y mai n portio n shown) : 

• •••••••• 
repea t 

Read(Filel ,  TempRecord) ; 
Write(File2 ,  TempRecord ) 

unti l  TempRecord.Nam e =  'END' ; 

Figur e 1 .  Example s o f  W-proble m an d R-proble m an d thei r  moda l  P A S C AL solutions . 

(a )  Strategie s i n program s (b )  Fre e choice s vs .  force d choice s 
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Figur e 2 .  Majo r  result s fro m experiment s o n Iterativ e strateg y selectio n an d change . 
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Among th e 8 0 % adaptiv e subjects ,  certainl y som e 
were highl y adaptiv e an d other s wer e onl y moderatel y 
adaptiv e (fo r  mor e details ,  se e W u &  Anderson , 
1991) .  A s discusse d before ,  w e ca n expec t  transfe r 
fro m solvin g earlie r  problem s t o solvin g lalc r 
problem s i f  th e subjec t  wa s onl y moderatel y adaptive ; 
furthermore ,  i f  th e effec t  wa s o f  a  negativ e type ,  thi s 
woul d amoun t  t o th e well-know n Einstellun g effec t 
i n proble m solvin g (Luchin s &  Luchins ,  1959) .  W e 
collecte d verba l  protocol s i n ou r  experiments ,  an d 
some programmin g episode s showe d tha t  thi s typ e o f 
negativ e latera l  transfe r  effec t  di d occu r  i n th e 
experiments .  Figur e 3  present s a n exampl e o f  suc h 
transfe r  effect .  Th e subjec t  involve d i n thi s exampl e 
solve d th e W-proble m show n i n Figur e 1  (a )  first; 
hi s solutio n t o th e problem ,  however ,  wa s no t  well -
structure d sinc e h e use d th e R-construc t  instea d an d 
an inside-loo p if...the n statemen t  whic h woul d b e 
unnecessar y otherwise .  Simpl y judgin g fro m thi s 
solution ,  w e coul d infe r  tha t  th e subjec t  wa s a  novic e 
programmer .  Th e proble m subsequen t  t o th e W -
proble m wa s th e R-proble m show n i n Figur e 1  (b) . 
When th e subjec t  cam e t o thi s R-problem ,  h e 
(mentally )  retrieve d hi s solutio n t o th e precedin g W -
proble m an d onl y mad e a  mino r  chang e o f  i t  t o fit  th e 
new problem .  Althoug h o n thi s R-proble m th e 
subjec t  di d us e th e R-construct ,  hi s solutio n wa s 
obviousl y no t  concis e compare d t o th e moda l 
solutio n show n i n Figur e 1  (b) .  Thi s exampl e clearl y 
showed tha t  th e subjec t  wa s negativel y transferrin g 
what  h e ha d don e befor e t o wha t  h e ha d t o d o 
subsequently ,  an d thi s negativ e transfe r  ca n easil y b e 
interprete d a s a  resul t  o f  th e subject' s attemp t  t o 
reduc e hi s computationa l  cost ,  o r  i n othe r  words ,  t o 
spar e hi s cognitiv e effor t  o f  devisin g a  ne w bu t  bette r 
solution . 

For  ou r  curren t  exampl e o f  iterativ e strateg y 
selectio n an d change ,  sinc e bot h th e W -  an d th e R -
strategie s woul d lea d t o workin g programs ,  w e coul d 
suppos e tha t  th e succes s probabilitie s fo r  bot h 
strategie s ar e th e same ,  i.e. ,  bot h equa l  t o one .  O n 
th e othe r  hand ,  a s th e tw o strategie s produc e solution s 
of  differen t  style s an d o f  differen t  executio n 
efficiencies ,  w e woul d assum e tha t  the y ha d differen t 
utilities .  Specifically ,  w e woul d assum e tha t  th e 
strateg y leadin g t o mor e concise ,  mor e well -

structured ,  an d mor e efficien t  program s ha s a  highe r 
utilit y  tha n th e othe r  strateg y o n a  particula r  typ e o f 
problems .  D o subject s indee d evaluat e th e utilit y  o f 
thei r  selecte d strategy ? an d ho w woul d the y d o this ? 
For  thos e highly-adaptiv e subjects ,  the y seeme d t o 
adopt  th e preferre d strateg y a t  th e ver y beginnin g o f 
thei r  programmin g i n mos t  cases ,  an d thei r  evaluatio n 
of  utilit y  seeme d t o b e realize d subconsciousl y 
withou t  an y manifestatio n i n thei r  verba l  protocols . 
On th e othe r  hand ,  fo r  thos e moderately-adaptiv e 
subjects ,  the y usuall y performe d thi s evaluatio n ver y 
explicitly ,  an d thei r  verba l  protocol s woul d hav e 
correspondin g episode s fo r  th e evaluatio n process . 
Moreover ,  i n som e case s ther e wer e strateg y change s 
occurrin g i n suc h subjects '  course s o f  programming . 
Figur e 4  show s a n exampl e o f  strateg y chang e whic h 
reveal s th e utilit y  evaluatio n process .  Th e proble m 
was agai n th e W-proble m show n i n Figur e 1  (a) . 
The subjec t  firs t  trie d t o us e th e R-construct ; 
however ,  havin g almos t  complete d he r  firs t  solution , 
she pause d fo r  a  whil e an d foun d tha t  th e if...tbe n 
statemen t  woul d b e redundan t  i f  usin g th e W -
construc t  instead .  Upo n th e reflection ,  th e subjec t 
modifie d he r  solutio n t o b e a  W-constructe d one ,  an d 
her  verba l  protocol s i n fac t  reveale d tha t  sh e wa s 
evaluatin g th e utilit y  o f  he r  first  choic e durin g th e 
paus e an d befor e makin g th e change . 

Modeling Strategy Selection 

an d C h a n g e 

As pointed out in Anderson (1990), the RA 
approac h shoul d no t  b e pursue d independentl y fro m 
othe r  existin g practice s i n cognitiv e science ;  rather , 
ther e shoul d b e a n intimat e interpla y amon g buildin g 
RA theories ,  compute r  modeling ,  an d 
experimentation .  Th e recen t  researc h b y Anderso n 
and hi s grou p ha s vigorousl y employe d multipl e 
practice s an d involve d stron g interaction s amon g 
the m (se e Anderson ,  i n preparation) .  W e hav e s o fa r 
propose d a  rationa l  theor y o f  strateg y selectio n an d 
chang e an d interprete d som e o f  th e result s fro m ou r 
experiment s o n iterativ e strateg y selectio n an d chang e 
i n PASCAL programmin g i n term s o f  thi s rationa l 

The subject' s solutio n t o th e W-problem :  Th e subject' s solutio n t o th e R-problem : 

repea t 

Read(Filel,T) ; 
i f  T.Nameo'END'the n 

Write(File2 ,  T) ; 
unti l  T.Nam e =  END' ; 

repea t 

Read(Filel,T) ; 
i f  T.Nam e < > END'  the n 

Write(File2 ,  T) ; 
unti l  T.Nam e =  END' ; 
Write(File2 ,  T) ; 

Figur e 3 .  A n exampl e o f  latera l  transfe r  effec t  i n strateg y selection . 
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The subject' s 1s t  solutio n t o th e W-problem :  Th e subject' s 2n d solutio n t o it : 

Read(Filel,Predata) ; 
i f  Predata.Nam e < > END'  the n 

repea t 
Write(File2 ,  T) ; 
Read(Filel,T ) 

unti l  Predata.Nam e =  END' ; 

Read(Filel,Predata) ; 
whil e I*redata.Nam e < > 'END '  d o 

begi n 
Wrile(File2 .  T) ; 
Read(Filel,T ) 

end; 

Figur e 4 .  A n exampl e o f  strateg y chang e involvin g utilit y  evaluation . 

theory .  I n wha t  follow s w e wil l  presen t  a  compute r 
simulatio n w e develope d fo r  ou r  exampl e o f  iterativ e 
strateg y selectio n an d change ;  w e hop e tha t  th e 
simulatio n wil l  exemplif y som e o f  ou r  theoretica l 
claim s i n a  mor e concret e way . 

Our  simulatio n wa s accomplishe d i n th e A C T - R 
(Adaptiv e Characte r  o f  Thought—Rationality ) 
cognitiv e model .  Th e A C T - R mode l  maintain s th e 
same basi c architectur e a s it s predecessor—th e A C T * 
model  (Anderson ,  1983) ,  havin g a  declarativ e L T M 
wit h dat a chunk s a s it s knowledg e elements ,  a 
procedura l  L T M wit h production s a s it s knowledg e 
elements ,  an d a  dynami c W M.  Compare d t o A C T * , 
however ,  th e A C T - R mode l  ha s som e ne w feature s 
derive d fro m R A .  O n e suc h featur e whic h i s 
particularl y relevan t  t o th e presen t  rationa l  theor y o f 
strateg y selectio n an d chang e i s tha t  eac h productio n 
i n A C T - R ha s a n associate d probabilit y  o f  succeedin g 
it s goa l  action s an d a  cos t  of  retrievin g an d applyin g 
it .  Anothe r  particularl y relevan t  featur e i s relate d t o 
th e conflic t  resolutio n mechanis m embedde d i n A C T -
R.  Basically ,  eac h tim e whe n a  productio n i s 
matche d o r  instantiated ,  th e conflic t  resolutio n 
mechanis m estimate s th e utilit y  o f  it s  goa l  an d th e 
computationa l  cos t  fo r  executin g th e production , 
evaluate s th e formul a expresse d i n (1) ,  an d choose s 
th e optima l  on e amon g al l  th e production s 
instantiate d a t  tha t  poin t  of  time .  Base d o n thes e ne w 
feature s o f  ACT-R ,  Anderso n &  Kushmeric k hav e 
successfull y simulate d subjects '  route-choosin g 
behavio r  o n a  computer-base d navigatio n tas k 
(Anderson ,  i n preparation) . 

For  simulatin g iterativ e strateg y selectio n an d 
change ,  w e considere d th e tw o loopin g construct s a s 
tw o high-leve l  productions ;  thes e production s ca n 
als o b e conceive d a s plan s wit h detail s t o b e filled  i n 
(fo r  th e notio n of  pla n i n programming ,  se e Solowa y 
et  al. ,  1988) .  Unde r  thi s consideration ,  fo r  thos e 
idiosyncrati c subject s wh o use d onl y on e strateg y o n 
al l  problems ,  i t  wa s reasonabl e t o suppos e tha t  the y 
had onl y develope d on e suc h production—i.e. ,  eithe r 
PI  o r  P 2 show n i n Figur e 5—or  tha t  the y ha d 
develope d bot h productions ,  bu t  on e wa s highl y 
practice d whil e th e othe r  seldo m practiced .  I n th e 
latte r  case ,  i t  wa s conceivabl e tha t  th e retrieva l  cos t 
associate d wit h th e frequently-use d productio n wa s 
overwhelmingl y lowe r  tha n th e cos t  fo r  th e othe r 

production ;  a s a  consequence ,  thes e subject s als o 
displaye d th e typ e o f  idiosyncrati c behavio r  observe d 
i n ou r  experiments . 

As t o th e adaptiv e subjects ,  sinc e ther e wa s a 
differenc e manifeste d i n thei r  protocol s betwee n thos e 
w ho wer e highly-adaptiv e an d thos e wh o wer e onl y 
moderately-adaptive ,  w e simulate d thei r  strateg y 
selectio n behavio r  differentl y wit h differen t 
productions .  I n ACT-R ,  i t  i s  a  premis e tha t  onl y 
declarativ e knowledg e comin g int o W M ca n b e 
verbalized ;  th e mer e executio n of  a  productio n i s 
procedura l  an d no t  verbalizabl e withou t  muc h 
reflection .  Thus ,  t o simulat e th e strateg y selectio n 
behavio r  o f  thos e highl y adaptiv e subject s w e use d 
tw o adaptiv e productions ,  i.e. ,  PI '  an d P2 '  show n i n 
Figur e 5 ,  fo r  whic h th e evaluatio n of  thei r  utilitie s i s 
an integrate d par t  of  themselve s an d i s automaticall y 
performe d b y th e conflic t  resolutio n mechanism .  O n 
th e othe r  hand ,  fo r  th e moderately-adaptiv e subjects , 
sinc e thei r  verba l  protocol s reveale d a n explici t 
proces s o f  utilit y  evaluatio n an d of  conflic t 
resolution ,  i t  seeme d mos t  suitabl e t o us e th e non -
adaptiv e production s P I  an d P 2 togethe r  wit h th e 
assistanc e of  th e W M mechanis m t o mode l  thei r 
performance .  Specifically ,  w e assume d tha t  thes e 
subject s ha d develope d bot h P i  an d P 2 associate d 
wit h comparabl e cost s o f  retrieval .  Consequently , 
sinc e eithe r  productio n coul d fire,  th e simulatio n 
woul d indiscriminatel y choos e an y on e loopin g 
construc t  an d the n proceede d alon g wit h it .  Durin g 
th e nex t  severa l  step s of  simulatio n whil e th e 
element s i n W M ar e accumulating ,  som e furthe r 
production s woul d evaluat e whethe r  ther e wa s an y 
redundan t  statemen t  (i.e. ,  th e sam e statemen t  i n mor e 
tha n on e place )  i n di e constructe d progra m an d then , 
dependin g o n th e evaluation ,  eithe r  procee d t o finish 
th e selecte d cours e o r  t o mak e a  change .  Thi s wa s 
basicall y th e typ e o f  behavio r  w e observe d i n th e 
exampl e presente d i n Figur e 4 . 

C o n c l u s i o n 

In this paper we have presented a rational 
perspectiv e fo r  understandin g huma n cognitiv e 
behavio r  of  strateg y selectio n an d change ;  w e hav e 
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Non-adaptiv e looping-construc t  selectio n production s 

P R O D U C T I ON PI :  P R O D U C T I ON P2 : 

I F th e progra m involve s a n indefinit e loop ;  I F th e progra m involve s a n indefinit e loop ; 
T H EN choos e th e while...d o construct .  T H E N choos e th e repeat...unti l  construct . 

Adaptive looping-construct selection productions 

P R O D U C T I ON PI' : 

I F th e progra m involve s a n indefinit e loop ; 
A ND th e loo p ma y b e execute d zer o times ; 

T H EN choos e th e while...d o construct . 

P R O D U C T I ON P2' : 

I F th e progra m involve s a n indefinit e loop ; 
A ND th e loo p wil l  a t  leas t  b e execute d once ; 

T H EN choos e th e repeat...unti l  construct . 

Figure 5. High-level productions for simulating looping-construct selection. 

als o illustrate d thi s theoretica l  perspectiv e 
wit h a  concret e exampl e o f  strateg y selectio n an d 
chang e i n compute r  programmin g an d substantiate d 
our  theoretica l  claim s i n term s o f  a  compute r 
simulatio n fo r  thi s example .  T o summarize ,  w e 
woul d conclud e fro m thi s wor k th e followin g points : 

1.  Severa l  relate d studie s conducte d withi n differen t 
cognitiv e domains ,  includin g ou r  o w n on e o n 
iterativ e programming ,  hav e provide d convergen t 
evidenc e indicatin g tha t  subject s ar e highl y adaptiv e 
i n thei r  strateg y selection ;  tha t  is ,  the y choos e thei r 
strategie s appropriatel y i n respons e t o environmenta l 
information . 

2.  Subjects '  behavio r  o f  strateg y selectio n an d 
chang e ca n b e bette r  understoo d withi n a  rationa l 
framework  whic h propose s tha t  i n makin g strategica l 
choice s subject s usuall y attemp t  t o optimiz e th e 
differenc e betwee n th e utilit y  (e.g. ,  informatio n gain , 
executio n efficiency ,  o r  desig n elegance )  o f  th e 
expecte d goa l  an d th e cognitiv e o r  computationa l  cos t 
associate d wit h attainin g th e goal ;  thi s framework  i s 
integrativ e i n tha t  i t  incorporate s withi n i t  suc h 
earlie r  model s a s propose d b y Brune r  e t  al .  an d b y 
Hoenkamp. 

3.  I n th e cours e o f  choosin g a  strategy ,  subjects ' 
evaluatio n o f  th e expecte d utilit y  o f  th e chose n 
strateg y m a y b e per fo rme d implicitl y 
(subconsciously )  withou t  an y manifestatio n i n thei r 
verba l  protocol s o r  explicitl y  (consciously )  wit h 
correspondin g episode s i n thei r  verba l  protocols . 

4.  I n th e A C T - R cognitiv e model ,  cognitiv e 
strategie s ca n b e modele d a s high-leve l  productions . 
Specifically ,  strateg y selectio n wit h implici t 
evaluatio n o f  expecte d utilit y  ca n b e modele d a s 
instantiatio n o f  specialize d productions ,  wherea s 
strateg y selectio n wit h explici t  evaluatio n relie s o n 
some evaluatio n o f  workin g memor y elements . 

R e f e r e n c e s 

Anderson, J. R. 1983. The Architecture of Cognition. 
Cambridge ,  M A :  Harvar d Universit y Press . 

Anderson ,  J .  R .  1990 .  Th e Adaptiv e Characte r  o f 
Thought .  Hillsdale ,  NJ :  Erlbaum . 

Anderson ,  J .  R .  I n Preparation .  Rule s o f  th e Mind . 
HUlsdale ,  NJ :  Erlbaum . 

Bruner ,  J .  S. ;  Goodnow ,  J .  J. ;  &  Austin ,  G .  A .  1962 .  A 
Stud y o f  Thinking .  N e w York :  Scienc e Editions ,  Inc . 

Hoenkamp,  E .  1989 .  "Confirmatio n bias "  i n rul e 
discover y an d th e principl e o f  maximu m entropy .  Th e 
Proceeding s o f  th e Elevent h Annua l  Conferenc e o f 
th e Cognitiv e Scienc e Society .  651-658 .  Hillsdale , 
NJ:  Erlbaum . 

Payne ,  J .  W. ;  Bettman ,  J .  R. ;  an d Johnson ,  E .  J.1988 . 
Adaptiv e strateg y selectio n i n decisio n making . 
Journa l  o f  Experimenta l  Psychology :  Learning , 
Memory,  an d Cognition ,  14 :  534-552 . 

Popper ,  K .  R .  1959 .  Th e Logi c o f  Scientifi c  Discover y 
(2n d ed.) .  N e w York :  Basi c Books . 

Reder ,  L .  R .  1987 .  Strateg y selectio n i n questio n 
answering .  Cognitiv e Psychology ,  19 :  90-138 . 

Reder ,  L .  R. ;  an d Ritter ,  F .  1992 .  Th e effec t  o f  featur e 
frequenc y o n feelin g o f  knowin g an d strateg y 
selectio n fo r  arithmeti c problems .  Memor y an d 
Cognition ,  Forthcoming . 

Russo ,  J .  E. ;  an d Dosher ,  B .  A .  1983 .  Strategie s fo r 
multi-attribut e binar y choice .  Journa l  o f 
ExperimerUa l  Psychology :  Learning ,  Memory ,  an d 
Cognition ,  9 :  676-696 . 

Siegler ,  R .  S. ;  an d Jenkins ,  E .  A .  1989 .  H o w Childre n 
Discove r  N e w Strategies ? Hillsdale ,  NJ :  Erlbaum . 

Simon ,  H .  A .  1983 .  Reason s i n H u m a n Affairs . 
Stanford ,  CA :  Standfor d Universit y Press . 

Soloway ,  E. ;  Adelson ,  B. ;  an d Ehrlich ,  K .  1988 . 
Knowledg e an d processe s i n th e comprehensio n o f 
compute r  programs .  I n M .  T .  H .  Chi ;  R .  Glaser ;  an d 
M.  J .  Far r  (Eds.) ,  Th e Natur e o f  Expertise .  Hillsdale , 
NJ:  Erlbaum . 

Tukey ,  D .  D .  1986 .  A  philosophica l  an d empirica l 
analysi s o f  subjects '  mode s o f  inquir y i n Wason' s 2 -
4- 6 task .  Th e Quarterl y Journa l  o f  Experimenta l 
Psychology ,  38A :  5-33 . 

Varian ,  H .  R .  1987 .  Intermediat e Microeconomics :  A 
Moder n Approach .  N e w York :  Norton . 

Wason,  P .  C .  1960 .  O n th e failur e t o eliminat e 
hypothese s i n a  conceptua l  task .  Th e Quarterl y 
Journa l  o f  Experimenta l  Psychology ,  12 :  129-140 . 

W u,  Q. ;  an d Anderson ,  J .  R .  1991 .  Strateg y selection s 
and change s i n P A S C A L programming .  I n J . 
Koenemann-Belliveau ,  T .  G .  Moher ;  an d S .  P . 
Robertso n (Eds.) ,  Empirica l  Studie s o f  Programmers : 
Fourt h Workshop ,  pp .  227-238 .  Norword ,  NJ :  Ablex . 

473 


	cogsci_1992_468-473



