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PROGRAMS,  THEORIES.  AND MODELS 
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Cognltiv* Scltnce Center, University 
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Univeriity of Michigan-Dearborn' 

April, 1982 

Thi s pape r  make s us e o f  th e philosophica l 
literatur e o n theorie s an d model s t o develo p a n 
accoun t  o f  th e rol e o f  A l  program s i n psychologica l 
theorizing .  I t  i s  ofte n sai d tha t  program s ar e 
theorie s (e.g .  Winsto n 1977 .  P -  258 )  .  I  argu e tha t 
program s d o no t  constitut e theorie s o r  model s i n 
any precis e sense ,  bu t  tha t  th e importan t 
contributio n o f  program s t o psychologica l  theor y 
can b e describe d b y adoptin g a  ne w conceptio n o f 
theorie s a s definition s o f  kind s o f  systems , 
developin g a  cognat e conceptio n o f  model ,  an d 
interpetin g A I  program s a s simulation s o f  model s 
whic h approximat e t o theories . 
A program - 3 set of instructions which a 
compute r  ca n follo w -  I s clearl y no t  a  theor y 
according  t o wha t  use d t o b e th e standar d 
philosophica l  vie w tha t  theorie s ar e set s o f 
sentence s axiomatlze d I n a  forma l  syste m (se e 
e.g .  Hempel  1965 .  PP .  182-183 )  .  However ,  a  mor e 
plausibl e Interpretatio n o f  theorie s I s available . 
The alternative conception of scientific 
theorie s wa s originall y propose d b y P .  Suppe s 
(1957 ,  1967 )  an d ha s bee n develope d b y variou s 
author s an d applie d t o field s a s divers e a s 
physics ,  biology ,  an d economic s (se e e.g .  Snee d 
1971 ,  F -  Supp e 1972 .  1977 :  va n Fraassei r  1970 .  1972 ; 
Stegmuelle r  1976 .  1979 ;  Beatt y I98O ;  Hausma n 198I) . 
I t  ha s bee n variousl y referre d t o a s th e "semantic " 
conceptio n an d th e "structuralist "  vie w o f 
theories .  Ther e ar e importan t  difference s amon g 
thes e variou s accounts ,  bu t  i n wha t  follow s I  shal l 
eclecticall y adap t  whateve r  feature s o f  th e 
differen t  formulation s see m bes t  t o appl y t o 
cognitiv e science .  I n orde r  t o avoi d confusion .  I 
shal l  simpl y refe r  t o th e "new "  conceptio n o r 
accoun t  o f  theories . 
Whereas the traditional view of theories took 
the m t o b e set s o f  sentence s I n a n axiomati c 
system ,  th e ne w accoun t  take s a  theor y t o b e a  k  I  n d 
of  definition .  I n Suppes '  origina l  account ,  a 
theor y wa s a  definitio n o f  a  set-theoreti c 
predicate ,  bu t  fo r  presen t  purpose s I  shal l  emplo y 
a simple r  versio n o f  th e ne w accoun t  du e t o Gier e 
(1979) -  Fo r  Giere ,  a  scientifi c  theor y i s a 
definitio n o f  a  kin d o f  natura l  syste m (p .  69) -  H e 
Illustrate s hi s accoun t  b y applyin g I t  t o th e 
theor y o f  Newtonia n mechanics .  On th e traditiona l 
view ,  thi s theor y migh t  b e take n a s consistin g 
essentiall y  o f  Newton '  thre e law s o f  motio n plu s 
th e la w o f  universa l  gravitation .  On Giere' s view . 
Newtonia n theor y I s a  definitio n o f  a  kin d o f 
particl e system :  " A natura l  syste m I s a  classica l 
Newtonia n particl e syste m I f  an d onl y I f  i t  I s  a 
syste m o f  object s satisfyin g Newton' s thre e law s o f 
motio n an d th e la w o f  universa l 
gravitation. "  (p .  69) •  A s a  definition ,  suc h a 
theor y I s neithe r  tru e no r  false :  I n Itself ,  I t 
makes n o empirica l  claim .  However ,  i t  ca n b e use d 
t o mak e empirica l  claims ,  fo r  exampl e tha t  th e 
sola r  syste m i s a  syste m o f  th e kin d define d b y th e 
theory .  Gier e call s suc h claim s "theoretica l 
hypotheses" ,  bu t  I  shal l  ter m the m simpl y 
"theoretica l  claims" .  A  theoretica l  clai m ha s th e 
form :  rea l  syste m R  I s a  syste m o f  th e kin d 
define d b y th e theor y T . 

Whereas a  progra m I s clearl y no t  a  se t  o f 
sentence s comprisin g a  theor y o n th e traditiona l 
view .  I t  I s ver y temptin g t o thin k o f  a  progra m a s 
specifyin g a  kin d o f  cognitiv e syste m an d henc e a s 
qualifyin g a s a  theor y o n th e ne w conception .  Fo r 
example ,  Kosslyn' s imager y program s migh t  b e 
understoo d a s specifyin g a  kin d o f  syste m fo r 
processin g informatio n usin g menta l  images .  Joh n 
Anderson' s program s defin e a  differen t  sor t  o f 
processin g system ,  oriente d aroun d propositions . 
I n eithe r  case ,  w e migh t  mak e th e clai m tha t  th e 
rea l  huma n informatio n processin g syste m i s a  kin d 
of  syste m specifie d b y th e program .  Suc h a  clai m 
can b e empiricall y evaluated . 
A program Implicitly characterizes a processing 
syste m b y specifyin g wha t  knowledg e structure s ar e 
t o b e use d an d wha t  procedure s ar e t o operat e o n 
them .  Althoug h thi s make s I t  appealin g t o sa y 
tha t  a  progra m ca n b e a  theor y accordin g t o th e ne w 
conception ,  ther e ar e tw o importan t  reason s fo r 
resistin g th e appeal .  First ,  althoug h a  progra m 
can loosel y b e sai d t o "characterize "  a  processin g 
system .  I t  ca n no t  b e sai d t o defin e a  syste m i n 
th e wa y require d b y th e ne w conceptio n o f  theories . 
Second ,  w e woul d neve r  wan t  t o mak e th e theoretica l 
clai m tha t  an y rea l  syste m i s jus t  lik e th e syste m 
produce d b y th e program ,  sinc e an y progra m contain s 
a hos t  o f  implementation-dependen t  characteristic s 
whic h w e kno w t o b e extraneou s t o rea l  huma n 
cogn i  tion . 
To handle the latter difficulty, I want to 
develo p th e concep t  o f  a  model -  Thi s i s a 
dangerou s choic e o f  term ,  sinc e "model "  ha s bee n 
use d wit h eve n mor e ambiguit y an d vaguenes s tha n 
has "theory" .  However ,  th e ter m "model "  I s ofte n 
use d i n cognitiv e scienc e i n muc h th e wa y I  wan t  t o 
defin e It ,  an d I  hop e t o giv e a  definitio n 
sufficientl y precis e t o distinguis h model s fro m 
theories . 
As Giere and others have pointed out, "model" 
and "theory "  ar e sometime s use d synonymously ,  bu t  1 
thin k w e ca n outlin e tw o feature s whic h generall y 
distinguis h model s fro m theories .  (Cf .  Kossly n 
1980 ,  Pylyshy n 1978. )  First ,  model s ar e intende d 
onl y t o hav e analogie s wit h rea l  systems ;  the y ar e 
not  expecte d t o characteriz e the m wit h complet e 
accurac y (cf .  Hesse ,  1963) -  Second ,  model s ar e 
ofte n Intende d t o hav e a  relativel y narro w rang e o f 
application :  w e ca n hav e model s fo r  specifi c 
phenomena ,  wherea s theorie s ar e usuall y intende d t o 
hav e wid e generality .  I  shal l  no w sho w ho w thes e 
feature s o f  model s ca n b e characterize d withi n th e 
genera l  framewor k o f  th e ne w conceptio n o f 
theories .  We wil l  stil l  no t  b e abl e t o sa y tha t  a 
progra m i s a  model ,  bu t  th e accoun t  o f  model s wil l 
brin g u s close r  t o describin g th e rol e o f  program s 
i n mode l  buildin g an d theor y construction . 
On my interpretation models are like theories 
i n bein g definition s o f  a  kin d o f  system ,  an d s o 
ar e I n themselve s neithe r  tru e no r  false .  However . 
as indicate d above ,  w e expec t  model s t o Includ e i n 
th e definitio n o f  a  kin d o f  syste m feature s whic h 
we woul d no t  attribut e t o rea l  systems .  Model s 
defin e system s whic h w e kno w no t  t o b e exactl y lik e 
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rea l  worl d systems .  Accordingly ,  th e claim s whic h 
model s ar e use d t o mak e mus t  b e differen t  fro m th e 
claim s whic h theorie s ar e use d t o make .  Recal l 
tha t  theorie s ar e use d t o mak e theoretica l  claim s 
tha t  a  rea l  syste m i s a  syste m o f  th e kin d define d 
by th e theory .  Sinc e a  mode l  contain s 
specification s whic h ar e know n t o b e fals e o f  th e 
targe t  rea l  systems ,  i t  ca n no t  successfull y b e 
use d t o generat e suc h theoretica l  claims .  Fo r 
example ,  a  processin g mode l  base d o n th e compute r 
metapho r  may defin e a  kin d o f  syste m i n whic h 
processin g I s serial ,  eve n thoug h th e theorlze r 
believe s tha t  processin g i n th e brai n i s parallel . 
That  discrepanc y woul d b e enoug h t o defea t  an y 
theoretica l  clai m whic h sai d tha t  th e brai n i s a 
processin g syste m o f  th e kin d describe d i n th e 
model .  We nee d t o b e abl e t o us e th e mode l  t o mak e 
a weake r  claim . 
As Hesse (I963) and Kosslyn (196O) have 
pointe d out .  th e relatio n betwee n a  mode l  an d wha t 
i t  model s i s on e o f  analogy -  We d o no t  assum e tha t 
a mode l  exactl y describe s th e targe t  phenomena . 
onl y tha t  th e phenomen a ar e i n importan t  respect s 
lik e wha t  i s describe d i n th e model .  Unde r  th e ne w 
conception ,  w e ca n sa y tha t  a  mode l  define s a  kin d 
of  system ,  bu t  tha t  w e onl y expec t  th e system s s o 
define d t o b e analogou s t o rea l  systems .  Henc e 
instea d o f  a  theoretica l  clai m w e us e a  mode l  t o 
make wha t  1  shal l  cal l  a  "modellin g claim" ,  whic h 
has th e form :  a  give n rea l  syste m R  i s ver y muc h 
lik e th e kin d o f  system s define d b y mode l  H .  Thi s 
i s clearl y les s precis e tha n th e identit y clai m 
made i n a  theoretica l  claim . 

discusse d here ,  bu t  hi s basi c distinction s ca n b e 
translate d int o th e term s o f  th e curren t 
dlscussion . 

When a program is run on a computer, the 
compute r  i s a  simulatio n o f  a  system .  I n 
particular ,  th e syste m simulate d i s intende d t o b e 
a syste m o f  th e kin d define d b y th e model .  A  mode l 
define s a  kin d o f  system ,  an d th e program ,  whe n 
executed ,  perform s lik e a  syste m o f  th e sor t 
defined .  Th e progra m thu s embodie s man y importan t 
feature s o f  th e model .  Henc e a  progra m ca n b e use d 
indirectl y t o mak e claim s abou t  th e rea l  syste m 
abou t  whic h a  modellin g clai m i s made .  Sinc e th e 
progra m simulate s a  syste m o f  th e kin d define d b y 
th e model ,  an d sinc e th e mode l  ca n b e use d t o mak e 
th e clai m tha t  th e rea l  syste m i s a  syste m o f  th e 
kin d define d b y th e model ,  w e ca n us e th e progra m 
t o mak e a  siaulatio n claim :  th e rea l  syste m R  i s 
analogou s t o th e syste m S  simulate d b y executio n o f 
progra m P .  I n short ,  a  simulatio n clai m ca n hav e 
th e for m "progra m P  simulate s R" .  However ,  i t  mus t 
be kep t  i n min d tha t  th e clai m i n bot h thes e form s 
i s shorthan d fo r  a  descriptio n o f  a  muc h mor e 
comple x relatio n involvin g model s a s definition s o f 
systems .  I n sum ,  a  progra m ca n no t  b e sai d t o b e a 
theor y o r  a  model ,  bu t  provides ,  whe n executed ,  a 
simulatio n o f  a  syste m o f  a  kin d define d b y a  mode l 
whic h approximate s t o a  theory . 

REFEREHCES 

Model s ar e thu s les s ambitiou s tha n theories . 
Not  onl y d o the y includ e i n thei r  definition s 
characteristic s whic h rea l  system s ar e no t  expecte d 
t o have ,  the y ar e likel y t o defin e a  narrowe r  se t 
of  characteristic s tha n woul d a  theory ,  whic h woul d 
be expecte d t o giv e a  mor e complet e accoun t  o f  th e 
behavio r  o f  a  system .  Theorie s ar e als o expecte d 
t o appl y generall y t o a  numbe r  o f  differen t  kind s 
of  systems ,  wherea s model s ca n b e eithe r  genera l  o r 
specifi c  (Kossly n 198O) .  A  genera l  mode l  o f 
cognitiv e processin g i s on e whic h woul d b e lik e a 
theor y i n having  numerou s applications ,  generatin g 
numerou s modellin g claims .  Bu t  models ,  unlik e 
theories ,  ca n b e specifi c i n tha t  the y ar e intende d 
t o appl y onl y t o a  particula r  sor t  o f  system ,  an d a 
modellin g clai m i s mad e onl y abou t  tha t  kin d o f 
system .  Construin g model s a s definition s o f  kind s 
of  system s i s clearl y compatibl e wit h bot h thei r 
genera l  an d specifi c  uses . 
All this has been preparatory to asking the 
centra l  question :  ar e compute r  program s 
psychologica l  aodelS ^  Sinc e model s diffe r  fro m 
theorie s i n admittin g unrealisti c characteristic s 
as par t  o f  thei r  syste m definitions ,  i t  i s  temptin g 
t o constru e program s a t  leas t  a s model s o f  huma n 
informatio n processing .  Bu t  th e secon d impedimen t 
remains :  a  compute r  progra m may exemplif y a  system . 
but  i t  doe s no t  defin e a  kin d o f  system ,  an d 
therefor e ca n no t  qualif y a s a  mode l  i n th e precis e 
sens e develope d above .  Still ,  w e continu e t o ge t 
close r  t o bein g abl e t o specif y th e rol e o f 
program s i n th e constructio n o f  psychologica l 
theorie s an d models . 

Zeigle r 
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