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Abs t rac t 

A distinctive feature of connectionism as a re-
searc h paradig m i n psycholog y i s us e o f  a  for m o f 
scientifi c  explanatio n her e terme d dynamica l  ex -
planation .  I n dynamica l  explanation ,  th e behav -
io r  o f  a  syste m i s explaine d b y referenc e t o point s 
and trajectorie s i n a n abstrac t  stat e space .  Thi s 
pape r  contrast s dynamica l  explanatio n wit h som e 
othe r  majo r  form s o f  scientifi c  explanation ,  an d 
discusse s ho w dynamica l  explanatio n o f  th e be -
havio r  o f  artificia l  neura l  network s ca n constitut e 
genuin e psychologica l  explanation . 

What is distinctive about connectionism as a re-
searc h paradig m i n psychology ? Thi s questio n ha s 
been approache d fro m man y differen t  directions .  Man y 
have pointe d t o nove l  connectionis t  method s o f  rep -
resentation ;  others ,  meanwhile ,  hav e focuse d o n suc h 
issue s a s th e connectionis t  emphasi s o n learning ,  th e 
leve l  a t  whic h i t  operates ,  whethe r  o r  i n wha t  sens e i t 
employ s rules ,  an d s o forth .  Her e I  wil l  b e suggest -
in g that ,  whateve r  els e ma y b e distinctiv e abou t  it , 
connectionist s ar e developin g o r  a t  least ,  importin g 
int o psycholog y -  a  nove l  for m o f  scientifi c  explana -
tion .  Sinc e thi s kin d o f  explanatio n proceed s b y con -
structin g model s conceive d o f  a s dynamica l  systems , 
th e mos t  appropriat e ter m fo r  thi s approac h i s dynam -
ica l  explanation .  I n wha t  follow s I  wil l  giv e a n intuitiv e 
introductio n t o th e concep t  o f  dynamica l  explanation , 
contrastin g i t  wit h othe r  generi c style s o f  explanatio n 
widel y use d i n science ,  an d wil l  the n discus s ho w dy -
namica l  explanatio n i s deploye d i n connectionis t  mod -
elin g o f  psychologica l  phenomena . 

Ther e is ,  o f  course ,  nothin g ne w i n th e ide a tha t 
connectionis t  network s ca n b e though t  o f  a s dynamica l 
systems ,  o r  i n th e ide a tha t  doin g s o i s a  ke y elemen t 
i n connectionism' s distinctiv e perspectiv e o n cognition . 
(On bot h thes e points ,  see ,  e.g. ,  (Smolensky ,  1988). )  I 
am no t  arguin g fo r  thes e points ,  bu t  rathe r  attemptin g 
t o mak e explici t  on e for m o f  scientifi c  explanatio n on e 
wil l  b e usin g i f  on e describe s network s a s dynamica l 
system s an d use s suc h description s i n accountin g fo r 
psychologica l  data .  Makin g explici t  th e explanator y 

strategie s i n us e i s bu t  on e ste p i n a  genera l  projec t  o f 
clarifyin g th e conceptua l  foundation s o f  connectionism . 

Styles of Explanation. 

In a well-known article outlining "cognitivism" (now 
more widel y know n a s "classical "  cognitiv e science) , 
Joh n Haugelan d (Haugeland ,  1981 )  pointe d ou t  tha t 
scientist s commonl y utiliz e a t  leas t  thre e broa d kind s 
of  explanatio n -  th e deductive-nomological ,  th e mor -
phological ,  an d th e systematic .  Deductive-nomologica l 
explanatio n i s th e classic ;  i n thi s approach ,  scientist s 
develo p general ,  abstract ,  mathematicall y formulate d 
laws ,  an d the n explai n a  give n phenomeno n b y show -
in g tha t  i t  i s  merel y a n instanc e o f  th e operatio n o f 
suc h a  la w -  i.e. ,  b y subsumin g th e phenomeno n unde r 
th e law .  I n morphologica l  explanation ,  b y contrast ,  a n 
abilit y  o r  dispositio n "i s explaine d throug h appea l  t o 
a specifie d structur e an d t o specifie d abilitie s o f  what -
ever  i s s o structured "  (p.247) .  Fo r  example ,  th e un -
cann y abilit y  o f  a n eggshel l  t o resis t  breakin g whe n 
forc e i s applie d a t  th e end s ca n b e explaine d b y point -
in g t o th e shap e o f  th e shel l  an d th e wa y suc h a  shap e 
distribute s pressure .  Her e ther e is ,  a t  leas t  i n th e first 
instance ,  n o subsumin g unde r  laws ;  ther e ar e o f  cours e 
law s i n th e background ,  bu t  knowledg e o f  suc h law s i s 
certainl y no t  prerequisit e fo r  finding  th e explanatio n 
illuminating .  I n systemati c explanation ,  th e abilit y  o r 
dispositio n o f  som e whole ,  i n thi s cas e know n a s a  "sys -
tem, "  i s  als o explaine d b y pointin g t o a  particula r  kin d 
of  interna l  structure ,  bu t  thi s tim e on e mad e u p o f  dis -
tinc t  part s whic h participat e i n a  "complexl y organize d 
patter n o f  interdependen t  interactions" .  Fo r  a n exam -
pl e illustratin g th e systemati c approach ,  conside r  a n 
explanatio n o f  ho w a  ca r  engin e works .  Lon g befor e 
any law s becom e relevant ,  on e ha s t o describ e th e var -
iou s part s o f  th e engin e (carburetor ,  cylinders ,  radiato r 
etc.) ,  ho w the y individuall y function ,  an d ho w eac h o f 
thei r  function s i s integrate d t o produc e a  smoothl y an d 
powerfull y rotatin g driveshaft . 

Thes e differen t  explanator y strategie s ca n b e re -
garde d a s alternativ e way s o f  conceptualizin g o r  "or -
ganizing "  th e worl d suc h tha t  w e ca n mak e sens e o f 
it .  Mor e tha n this ,  however :  the y ten d t o reflec t  rea l 
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difference s i n th e wa y th e worl d itsel f  i s  constitute d 
and event s unfold .  Th e differenc e betwee n morpholog -
ica l  an d systemati c explanation ,  fo r  example ,  reflect s 
th e structura l  fac t  tha t  systems ,  bu t  no t  th e kind s o f 
mechanism s w e describ e morphologically ,  ar e mad e u p 
of  distinc t  part s whic h interac t  wit h eac h othe r  i n com -

ple x ways.  I n general ,  whethe r  a  particula r  explana -
tor y strateg y i s th e mos t  appropriat e i n a  give n cas e 
depend s o n bot h th e specifi c  characte r  o f  th e situatio n 
unde r  consideratio n an d ou r  explanator y interest s an d 
resources . 

Fro m thi s perspective ,  a n obviou s questio n arises : 
ho w man y significantl y differen t  kind s o f  scientifi c 
explananda ,  an d correspondin g differen t  explanator y 
strategies ,  ai e there ? Or ,  les s ambitiously :  ca n w e 
thin k o f  furthe r  kind s o f  situations ,  t o whic h som e fur -
the r  expleinator y strateg y i s mos t  appropriate ? I n th e 
curren t  context ,  o f  course ,  th e ultimat e goa l  o f  thi s 
lin e o f  questionin g i s cognition .  Wha t  kin d o f  mecha -
nism s ar e cognitiv e mechanisms ? Whic h explanator y 
strategy ,  o r  strategies ,  ar e th e mos t  appropriat e i n de -
scribin g ho w cognitio n arises ? 

I n fact ,  I  thin k tha t  ther e i s a t  leas t  on e mor e major , 
generi c for m o f  explanation ,  on e tha t  i s suggeste d b y 
stud y o f  ho w explanation s ofte n procee d i n distribute d 
connectionis t  work ,  thoug h i t  i s  mos t  certainl y no t  lim -
ite d t o tha t  context .  Th e kin d o f  mechanis m t o whic h 
thi s specie s o f  explanatio n applie s i s th e dynamica l  sys -
tem.  A  dynamica l  syste m i s an y close d syste m whos e 
stat e a t  a  give n tim e ca n b e adequatel y capture d b y 
specifyin g th e vidue s o f  eac h o f  a  se t  o f  parameters . 
As th e dynamica l  syste m change s ove r  time ,  th e val -
ues o f  thes e parameter s evolv e i n interdependen t  ways . 
I n studyin g an d explainin g th e behavio r  o f  dynami -
cji l  system s on e aim s a t  formulatin g equation s whic h 
describ e th e evolutio n o f  th e system ,  an d whic h ca n 
consequentl y b e use d t o explai n wh y th e syste m i s i n 
th e stat e i t  i s  in ,  o r  t o predic t  wha t  state s i t  wil l  com e 
t o b e in .  A  classi c exampl e o f  a  dynamica l  syste m i s a 
pendulum .  Parameter s pic k ou t  th e displacemen t  an d 
velocit y o f  th e bob ,  an d relativel y simpl e genera l  equa -
tion s gover n ho w th e value s o f  thes e parameter s chang e 
over  time ,  capturin g th e periodi c swingin g motio n o f 
th e pendulum . 

The stat e spac e o f  a  dynamica l  syste m i s al l  th e pos -
sibl e state s whic h th e syste m ca n b e in .  A  stat e spac e 
can b e represente d usin g a  vecto r  spajc e containin g a 
poin t  fo r  ever y possibl e combinatio n o f  value s o f  al l 
th e relevan t  parameters ;  thus ,  th e stat e spax; e ha s a s 
many dimension s a s ther e ar e parameters .  I f  w e kno w 
th e curren t  stat e o f  th e syste m i.e. ,  th e poin t  i n stat e 
spac e i t  currentl y occupie s -  the n w e ca n us e th e equa -
tion s governin g th e behavio r  o f  th e syste m t o deter -
min e wha t  poin t  i t  wil l  occup y next .  A  successio n o f 
suc h point s i s a  trajector y i n stat e space ,  an d amount s 
t o a  pictur e o f  ho w th e dynamica l  syste m change s a s 
tim e goe s on .  Ever y poin t  tha t  th e syste m migh t  oc -
cup y lie s o n som e trajector y o r  other ,  an d shape s o f 

th e al l  th e trajectorie s ar e fixed  b y th e equations .  Cru -
cially ,  t o understan d ho w th e syste m work s i s t o hav e a 
sens e fo r  ho w th e syste m change s ove r  time ,  or ,  equiva -
lently ,  t o understan d th e genera l  dynamica l  "topogra -
phy "  o f  th e system .  Wha t  d o th e trajectorie s loo k like ? 
I f  th e syste m i s i n a  give n state ,  ho w wil l  i t  evolve ? 

I n th e cas e o f  th e pendulum ,  th e equation s whic h tel l 
us ho w th e stat e o f  th e syste m change s ove r  tim e ar e 
give n b y genera l  law s o f  classica l  mechanics .  Fo r  thi s 
reaso n i t  migh t  see m tha t  dynamica l  explanation s ar e 
jus t  specia l  instance s o f  deductive-nomologica l  expla -
nation .  I n general ,  however ,  thi s i s no t  true .  Fo r  on e 
thing ,  w e ca n us e dynamica l  explanation s i n situation s 
wher e th e equation s governin g th e evolutio n o f  th e sys -
te m ar e no t  themselve s genera l  physica l  laws .  I n prin -
ciple ,  o f  course ,  on e suppose s tha t  th e equation s ar e 
ultimatel y derivabl e fro m genera l  physica l  laws ,  an d 
i t  ma y eve n b e possibl e t o provid e suc h a  derivation . 
However ,  th e crucia l  poin t  i s  tha t  a s lon g a s on e ha s 
th e equation s fo r  th e system ,  suc h a  derivatio n i s no t 
i n practic e par t  o f  th e actua l  explanatio n o f  th e behav -
io r  o f  th e system ,  an d non e o f  th e explanator y forc e i s 
los t  i f  n o suc h derivatio n i s forthcoming . 

Second ,  dynamica l  explanation s ma y procee d with -
out  makin g explici t  us e o f  th e equation s governin g th e 
system .  I f  th e syste m i s comple x enough ,  on e ma y no t 
actuall y hav e th e ful l  equation s i n hand ;  alternatively , 
one migh t  hav e them ,  bu t  nevertheles s find  mor e per -
spicuou s way s o f  explainin g ho w th e syste m work s tha t 
procee d independentl y o f  th e equations .  Thi s seem s t o 
be th e situatio n o n occasion s whe n connectionist s ex -
plai n th e performanc e o f  thei r  network s b y sketchin g 
a pictur e o f  th e trajectorie s throug h whic h th e overal l 
pattern s o f  activit y evolve .  B y presentin g a  serie s o f 
carefull y selecte d two-dimensiona l  snapshot s o f  trajec -
tories ,  the y provid e a  sens e o f  th e dynamica l  structur e 
of  th e syste m -  i.e. ,  a n understandin g o f  ho w th e sys -
te m behaves .  Subsequen t  explanation s o f  particula r 
feature s o f  th e behavio r  o f  th e networ k ca n procee d b y 
referrin g t o tha t  topograph y withou t  needin g t o ad -
ver t  t o th e ful l  equation s which ,  formally ,  gover n th e 
behavior . 

Dynamica l  explanation s ar e no t  morphologica l  o r 
systemati c either .  I n it s pur e form ,  dynamica l  ex -
planatio n make s n o referenc e t o th e actua l  structur e 
of  th e mechanis m whos e behavio r  i t  i s  explaining .  I t 
tell s  u s ho w th e value s o f  th e parameter s o f  th e syste m 
evolv e ove r  time ,  no t  wha t  i t  i s  abou t  th e wa y th e sys -
te m itsel f  i s  constitute d tha t  cause s thos e parameter s 
t o evolv e i n th e specifie d fashion .  I t  i s  concerne d t o 
explor e th e topographica l  structur e o f  th e dynamic s o f 
th e system ,  bu t  thi s i s a  wholl y differen t  structur e tha n 
tha t  o f  th e syste m itself .  Thi s poin t  i s  crucia l  t o under -
standin g dynamica l  explanation s an d ho w the y diffe r 
fro m systemati c explanation s i n particular .  Dynamica l 
explanation s tur n o n th e wa y th e value s o f  th e param -
eter s o f  th e syste m interdependentl y evolv e ove r  time , 
wherea s systemati c explanation s tur n o n th e comple x 
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interaction s amon g th e part s o f  th e syste m itself .  Con -
side r  th e ca r  engin e ag2un .  Supposin g a  dynamita l 
systems-styl e explanatio n wer e possible ,  i t  woul d begi n 
by pickin g ou t  th e crucia l  parameters :  engin e temper -
ature ,  r.p.m. ,  ga s level ,  timin g advance ,  cylinde r  pres -
sur e -  indeed ,  man y o f  th e quantitie s measure d o n b y 
instrument s o n th e dash ,  an d n o doub t  a  hos t  o f  oth -
er s beside s -  an d the n procee d t o sho w ho w variation s 
i n on e paramete r  affect s th e others ,  o r  ho w th e engin e 
typicall y proceed s throug h variou s state s correspond -
in g t o region s o f  th e stat e spac e (e.g. ,  fro m col d t o 
war m t o ou t  o f  gas) ,  possibl y accordin g t o roug h equa -
tion s describin g th e behavio r  o f  th e particula r  engine . 
Explanation s forme d alon g thes e line s ar e quit e differ -
ent  fro m systemati c explanation s whic h adver t  t o th e 
variou s part s o f  th e engin e an d ho w the y interact .  I n 
particular ,  th e parameter s utilize d i n dynamica l  expla -
nation s d o no t  i n genera l  pic k ou t  part s o f  th e syste m 
unde r  study .  Temperatur e an d r.p.m .  ar e no t  part s o f 
th e engin e whic h interac t  wit h othe r  parts .  Yo u ca n 
remov e th e carbureto r  leavin g th e res t  o f  th e engin e 
behind ,  bu t  yo u canno t  remov e th e r.p.m. . 

The genera l  poin t  her e i s tha t  dynamica l  explana -
tion ,  whic h proceed s i n term s o f  parameters ,  equation s 
and stat e spaces ,  take s plac e a t  on e leve l  o f  remov e 
fro m th e actua l  mechanism s whic h produc e th e behav -
io r  quantifie d an d explaine d i n th e dynamica l  account . 
To b e sure ,  i f  on e wante d a n explanatio n o f  wh y on e 
equatio n rathe r  tha n som e othe r  govern s a  system ,  o f 
why th e stat e o f  th e syste m travel s throug h som e tra -
jectorie s an d no t  others ,  on e m a y b e abl e t o g o o n 
t o offe r  a  further ,  presumabl y systematic ,  explanation ; 
thi s doe s no t  howeve r  mak e th e initia l  dynamica l  expla -
nation s themselve s eithe r  morphologicji l  o r  systematic , 
and th e usefulnes s o r  validit y o f  th e dynamica l  expla -
natio n doe s no t  depen d o n one' s bein g abl e t o provid e 
suc h furthe r  explanation . 

I  clfiim ,  then ,  tha t  dynamica l  explanatio n consti -
tute s a  genuin e alternativ e t o othe r  c o m m o n form s o f 
scientifi c  explanation .  Th e dynamica l  approac h t o ex -
planatio n seem s t o hav e bee n neglecte d i n th e philoso -
phy o f  science ,  bu t  no t  i n scientifi c  practic e itself ,  fo r  a 
moment' s reflectio n suggest s tha t  explanation s fitting 
thi s genera l  mol d ar e widel y used .  W h a t  remain s t o 
be show n her e i s ho w dynamica l  explanatio n figures  i n 
connectionis t  work .  Thi s involve s tw o steps :  first,  illus -
tratin g ho w th e behavio r  o f  connectionis t  network s ca n 
be explaine d i n dynamica l  terms ;  an d second ,  showin g 
ho w dynamica l  explanatio n o f  connectionis t  network s 
combine s wit h th e techniqu e o f  modelin g t o construc t 
genuinel y psychologica l  explanations . 

Dynamical Explanation of Network 

Behavior . 

I t  i s probabl y obviou s enoug h ho w connectionis t  net -
work s ar e conceive d a s dynamica l  systems .  I n th e sim -
ples t  an d mos t  familia r  case ,  th e parameter s specif y ac -
tivit y level s fo r  eac h o f  th e units ,  an d equation s base d 

on th e processin g characteristic s o f  th e unit s an d th e 
way the y ar e interconnecte d describ e h o w activit y lev -
el s wil l  evolv e ove r  time .  Pattern s o f  activatio n ove r 
th e networ k a s a  whol e ca n b e regarde d a s point s i n a n 
activatio n stat e space ,  an d processin g ca n b e though t 
of  a s travelin g alon g a  trajector y i n activatio n sp2ice . 
Fro m thi s perspective ,  t o explai n th e behavio r  o f  a  net -
wor k i s t o provid e a  sens e fo r  th e dynamica l  structur e 
of  th e networ k a s a  whole ,  suc h tha t  an y particula r 
stat e i t  migh t  b e i n ca n b e relate d t o othe r  state s tha t 
i t  wa s o r  wil l  b e in ;  o r  suc h tha t  on e trajector y ca n b e 
contraste d wit h others .  Thi s "sense "  ca n b e obtaine d 
eithe r  formally ,  b y providin g equation s capturin g th e 
dynamica l  structure ,  o r  intuitively ,  b y (fo r  example ) 
sketchin g trajectorie s i n a  selecte d fe w o f  th e dimen -
sions .  (Not e tha t  explanatio n o f  th e behavio r  o f  th e 
networ k i n term s o f  it s  dynamica l  structur e mus t  b e 
carefull y distinguishe d fro m anothe r  c o m m o n explana -
tor y tas k i n connectionism ,  namely ,  explainin g ho w a 
networ k come s t o hav e th e dynamica l  structur e tha t  i t 
does. ) 

Hopfiel d net s (Hopfield ,  1982 )  an d Boltzman n ma -
chine s (Hinto n an d Sejnowski ,  1986 )  ar e excellen t  ex -
ample s o f  connectionis t  network s whos e behavio r  i s 
naturall y understoo d i n dynamica l  terms .  I n genera l 
i t  i s  helpfu l  t o se e processing ,  ove r  m a n y tim e steps , 
as tracin g ou t  a  somewha t  errati c trajector y i n th e ac -
tivatio n stat e spac e o f  th e network .  Indeed ,  i f  w e ad d 
t o th e spac e a  dimensio n fo r  anothe r  paramete r  suc h 
as globa l  energy ,  th e settlin g proces s characteristi c o f 
suc h network s ca n b e visualize d a s a  downwar d slid e 
t o a  restin g place .  Explanation s o f  particula r  aspect s 
of  th e network s behavio r  typicall y refe r  t o th e genera l 
structur e o f  thes e dynamics .  W h y di d th e networ k set -
tl e a t  a  particula r  point ? Becaus e i t  bega n it s settlin g 
proces s a t  anothe r  poin t  whic h happene d t o b e i n th e 
basi n o f  attractio n fo r  th e settlin g point . 

M a ny othe r  connectionis t  explanation s procee d i n 
basicall y dynamica l  terms ,  thoug h th e dynamica l  char -
acte r  i s  ofte n conceale d b y th e fac t  tha t  the y ar e ofte n 
highl y simplifie d varietie s o f  th e strategy .  Explana -
tion s i n thi s latte r  categor y ten d t o conside r  onl y a  fe w 
tim e step s (i.e. ,  highl y truncate d "trajectories" )  and , 
fro m ste p t o step ,  shif t  attentio n fro m on e sub-spac e 
of  th e overal l  activatio n spac e t o another .  Conside r  fo r 
exampl e th e explanatio n o f  generalizatio n phenomen a 
i n th e well-know n pas t  tens e learnin g mode l  o f  Rumel -
har t  & :  McClellan d (Rumelhar t  an d McClelland ,  1986) . 
Th e abilit y  o f  th e networ k t o produc e th e correc t  pas t 
tens e for m o f  a n unseen ,  irregula r  ver b suc h a s bi d i s 
explaine d i n term s o f  th e fac t  tha t  th e traine d net -
wor k i s "sensitiv e t o th e subregularitie s a s well" .  Tha t 
is ,  ther e ar e regularitie s eve n a m o n g irregula r  verbs ; 
irregula r  verb s wit h simila r  presen t  tens e form s ofte n 
als o hav e simila r  pas t  tenses .  T o sa y tha t  th e networ k 
i s "sensitiv e t o th e subregularities "  i s t o sa y tha t  i t 
treat s member s o f  thes e subgroup s i n a  simila r  fashion . 
Thus ,  expladnin g th e network' s correc t  performanc e o n 
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th e ver b bi d i s a  matte r  o f  (a )  pointin g ou t  tha t  it s  in -
put  representatio n i s simila r  (i.e. ,  clos e i n th e spac e 
of  inpu t  patterns )  t o othe r  irregula r  verbs ,  an d (b ) 
advertin g (i n thi s case ,  i n a  highl y informa l  way )  t o 
th e overal l  dynamica l  structur e o f  th e network .  Thi s 
explanatio n consider s a  "trajectory "  o f  onl y on e tim e 
ste p an d it s descriptio n o f  th e topologica l  structur e o f 
th e dynamic s o f  th e networ k i s frame d onl y i n term s o f 
ho w point s i n th e input-uni t  activatio n sub-spac e ar e 
mapped t o th e output-uni t  subspace . 

A particularl y provocativ e exampl e o f  dynamica l  ex -
planatio n a t  wor k i s foun d i n Jef f  Elman' s descrip -
tion s o f  hi s S R N model s o f  sentenc e processin g (se e 

e.g. ,  (Elman ,  1989)) .  Elma n mad e effectiv e us e o f 
an increasingl y commo n techniqu e exploitin g princi -
pal  component s analysi s t o selec t  a n appropriat e two -
dimensiona l  "window "  ont o th e activatio n stat e spac e 
-  o r  rather ,  i n thi s case ,  th e sub-spac e correspondin g 
t o hidde n uni t  activity .  I n thi s windo w on e plot s a 
serie s o f  points ,  correspondin g t o state s tha t  th e hid -
den unit s g o throug h upo n presentatio n o f  a  serie s o f 
inputs ;  thi s serie s o f  point s amount s t o a  pictur e o f 
th e activatio n trajector y fo r  thos e inputs .  Collectively , 
a serie s o f  suc h trajector y picture s yield s a t  leas t  a 
ghmmer  o f  understJindin g o f  th e comple x dynamica l 
structur e o f  th e network .  Explanation s o f  th e success -
fu l  performanc e o f  th e networ k a t  it s  wor d predictio n 
tas k mak e crucij J referenc e t o thes e trajectories ;  thus , 
th e networ k i s hel d t o b e abl e t o correctl y predic t  th e 
nex t  wor d i n a  comple x sequenc e precisel y becaus e th e 
structur e o f  th e sequenc e u p t o tha t  poin t  ha d bee n en -
code d i n th e activatio n trajector y (se e (Por t  an d va n 
Gelder ,  1991 ) 

W hy ar e connectionist s increasingl y usin g dynami -
cal  explanatio n i n preferenc e to ,  fo r  example ,  an y o f 
th e othe r  form s o f  explanatio n describe d b y Hauge -
land ? Th e quic k an d eas y answe r  i s tha t  neura l 
network s ar e themselve s th e kind s o f  system s fo r 
whic h th e mos t  natura l  explanation s ar e dynami -
cal .  Deductive-nomologica l  explanatio n require s gen -
era l  coverin g laws ,  ye t  th e system s o f  differentia l  equa -
tion s governin g th e behavio r  o f  comple x network s ar e 
not  genera l  laws ,  an d i f  the y ca n b e formulate d a t  al l 
fo r  suc h networks ,  ar e typicall y unwield y an d unillu -
minating .  Morphologica l  explanatio n i s inappropriat e 
sinc e i t  doe s no t  mak e roo m fo r  th e chang e an d inter -
dependenc e o f  th e parameters ;  an d systemati c expla -
natio n i s o f  littl e hel p sinc e th e "parts "  o f  th e structur e 
ar e s o man y an d s o similar ,  an d ke y parameter s (e.g. , 
"energy" )  d o no t  refe r  t o part s o f  th e syste m a t  all .  I n 
dynamica l  explanatio n on e abstract s awa y fro m an y 
consideratio n o f  ho w th e syste m unde r  stud y i s actu -
all y pu t  together ,  an d focuse s onl y o n ho w variou s pa -
rameter s chang e i n interdependen t  ways .  I t  seem s tha t 
thi s distancin g fro m th e implementatio n i s a n essentia l 
simplifyin g ste p i n attainin g a  dee p understandin g o f 
ho w thes e particula r  kind s o f  highl y comple x system s 
work . 

D y n a m i c a l  E x p l a n a t i o n i n Psycho logy . 

Thes e example s o f  dynamica l  explanatio n i n connec -
tionis m onl y involv e explanatio n o f  th e behavio r  o f 
network s themselves ;  psychologica l  dat a ha s no t  ye t 
entere d th e story .  Ho w the n ca n dynamica l  explana -
tio n constitut e psychologica l  explanation ? 

To answe r  thi s question ,  th e concep t  o f  dynamica l 
explanatio n o f  neura l  network s ha s t o b e combine d 
wit h a n understandin g o f  ho w thos e network s ar e sup -
pose d t o functio n a s model s o f  psychologica l  phenom -
ena.  I n modelin g w e explor e on e relativel y familiar ,  of -
te n artificia l  structur e o r  mechanis m a s a  mean s o f  ex -
plorin g anothe r  les s familia r  one .  Thus ,  i n psychology , 
and speakin g i n th e broades t  possibl e terms ,  on e thin g 
we wis h t o d o i s understan d tha t  mechanis m whic h pro -
duce s ou r  behavio r  -  a t  least ,  ou r  behavio r  a s codifie d 
i n th e dat a o f  experimenta l  psychology .  Tha t  mecha -
nism ,  o f  course ,  i s  th e brain .  (Som e prefe r  t o distanc e 
themselve s mor e fro m th e mess y neurobiologica l  de -
tails ,  an d s o cal l  th e mechanis m th e mind. )  Ye t  tha t 
mechanis m i s s o awesomel y complex ,  an d th e ga p be -
twee n neuroscienc e an d psycholog y stil l  s o large ,  tha t 
we canno t  ye t  explai n ho w th e brai n (o r  mind )  pro -
duce s ou r  behavio r  directly .  A s a n intermediat e step , 
we construc t  a  mode l  -  a  substitut e mechanis m whic h 
i s suppose d t o b e relevantl y simila r  t o th e original ,  a t 
leas t  s o fa r  a s th e latte r  i s  describe d a t  som e suitabl y 
abstrac t  level .  B y explorin g an d understandin g th e 
propertie s o f  th e model ,  w e hop e t o reac h som e under -
standin g o f  th e origina l  mechanism . 

An obviou s tes t  o f  th e adequac y o f  a  mode l  i s tha t 
i t  accoun t  fo r  th e dat a -  tha t  is ,  i t  shoul d produc e 
th e sam e overal l  behavio r  a s th e mechanis m tha t  i s 
th e ultimat e explanator y target .  Mos t  psychologist s 
producin g model s o f  huma n performanc e direc t  virtu -
all y al l  thei r  attentio n a t  th e constraint s provide d b y 
thi s requirement .  I n principle ,  however ,  w e ca n judg e 
th e adequac y o f  th e mode l  b y referenc e t o an y knowl -
edge w e happe n t o hav e o f  th e origina l  mechanism . 
For  example ,  a  mode l  o f  interna l  processe s i n th e su n 
can b e judge d no t  onl y accordin g t o whethe r  i t  gen -
erate s th e righ t  behavio r  (correspondin g t o ligh t  an d 
heat  output ,  flares,  sunspot s etc. )  bu t  als o accordin g 
t o whethe r  i t  relie s o n processe s tha t  accor d wit h othe r 
quit e genera l  knowledg e fro m chemistr y an d physics . 
I n th e psychologica l  cas e th e "top-down "  constraint s 
of  matchin g performanc e can ,  a t  leas t  i n principle ,  b e 
supplemente d wit h "bottom-up "  constraint s provide d 
by ou r  increasin g knowledg e o f  th e brain ,  it s  structur e 
and mode s o f  functioning . 

No mode l  wil l  b e identical ,  i n al l  it s  features ,  t o th e 
mechanis m tha t  i s t o b e explained ;  onl y som e aspect s 
of  th e mode l  ar e relevan t  t o whethe r  i t  meet s th e con -
straint s provide d b y th e performanc e data ,  an d onl y 
some aspect s ar e relevan t  t o whethe r  i t  accord s wit h 
neuroscientifi c  evidenc e o f  th e basi c constitutio n o f  th e 
neura l  mechanism .  Thus ,  wheneve r  a  mode l  i s  pro -
posed ,  i t  ough t  t o b e accompanie d b y wha t  Wilfre d 
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Sellar s calle d a  commentary ,  specifyin g whic h feature s 
of  th e mode l  ar e t o b e take n a s relevan t  t o whethe r  i t 
satisfie s th e variou s constraints .  Fo r  exami)le ,  implici t 
i n th e discussio n o f  th e pas t  tens e learnin g mode l  wa s 
th e clai m tha t  whic h se t  o f  Wickelfeature s i s outpu t 
fo r  a  give n inpu t  i s take n t o b e relevan t  t o whethe r  th e 
model  account s fo r  th e psychologica l  data ,  whil e ho w 
fas t  i t  produce s tha t  se t  i s  no t  relevant .  Othe r  thing s 
bein g equal ,  a  bette r  mode l  i s on e i n whic h mor e o f 
it s  feature s ar e judge d relevan t  t o it s acceptabilit y  a s 
a model . 

Now,  connectionis t  explanation s o f  th e behavio r  o f 
thei r  network s i n dynamica l  term s constitute s dynam -
ica l  explanatio n i n psycholog y i f  (a )  th e networ k i s be -
in g use d a s a  mode l  fo r  th e mechanis m producin g th e 
psychologica l  data ,  an d (b )  i t  i s  explicitl y  claime d o r 
at  leas t  implicitl y  assume d tha t  th e abstrac t  dynam -
ica l  structur e o f  th e networ k correspond s t o th e ab -
strac t  dynamica l  structur e o f  th e origina l  mechanism . 
I f  thes e condition s ar e satisfied ,  the n a  connectionist' s 
explanatio n o f  th e performanc e o f  he r  networ k i n term s 
of  location s an d trajectorie s i n uni t  activatio n spac e is , 
at  th e sam e time ,  explanatio n i n dynamica l  term s o f 
how human s exhibi t  th e performanc e the y do .  Not e 
tha t  fo r  connectionis t  explanation s t o coun t  a s gen -
uin e dynamica l  explanation s o f  psychologica l  data ,  i t  i s 
not  require d tha t  th e processin g unit s o f  th e mode l  b e 
interprete d a s correspondin g t o rea l  neurons ,  th e con -
nection s a s rea l  synapses ,  etc. ;  th e commentar y ma y 
simpl y leav e th e interpretatio n o f  th e unit s themselve s 
undetermined .  Wha t  matter s i s th e overal l  structur e 
of  change ,  no t  wha t  i t  i s  tha t  i s changing . 

I n short ,  connectionist s are ,  increasingly ,  producin g 
dynamica l  explanation s o f  psychologica l  dat a b y com -
binin g dynamica l  explanatio n o f  th e behavio r  o f  thei r 
network s wit h a  certai n wa y o f  interpretin g thos e net -
work s a s model s o f  th e actua l  mechanism s underlyin g 
human performance .  I t  ma y eventuall y b e possibl e t o 
produc e dynamica l  explanation s i n psycholog y withou t 
first  producin g an d explcdnin g artificia l  neura l  networ k 
models ;  unti l  th e actua l  mechanism s ar e muc h bette r 
understood ,  however ,  modellin g o f  som e kin d i s a n es -
sentia l  intermediat e stage . 

Conclusion. 

Accordin g t o Haugeland ,  understandin g ho w main -
strea m symboli c cognitiv e scienc e use s systemati c ex -
planatio n i s essentia l  t o understandin g it s distinctiv e 
approac h t o cognitio n an d ho w i t  ca n constitut e re -
spectabl e scientifi c  investigatio n i n psychology .  I t 
woul d probabl y b e prematur e t o assert ,  a t  thi s stage , 
tha t  th e concep t  o f  dynamica l  explanatio n wil l  pla y a 
simila r  rol e fo r  connectionism .  I t  i s  saf e t o sa y tha t 
dynamicEi l  explanatio n i s increasingl y commo n i n con -
nectionis t  practice ,  arisin g i n respons e t o a t  leas t  tw o 
pressure s th e increasin g complexit y o f  connectionis t 
models ,  an d th e developin g interes t  i n th e tempora l 
structur e o f  cognitiv e processes .  I  a m no t  claimin g 

tha t  th e us e o f  dynamica l  explanatio n i s an y kin d o f 
criterio n tha t  ca n b e use d t o distinguis h connectionis t 
approache s fro m others ;  i n general ,  i t  i s  a  method -
ologica l  blunde r  t o suppos e tha t  ther e i s an y fail-saf e 
distinguishin g marker .  Further ,  I  a m no t  claimin g tha t 
dynamica l  explanatio n i s th e onl y kin d o f  explanatio n 
connectionist s use .  I t  is ,  nevertheless ,  a  distinctiv e an d 
nove l  featur e o f  th e connectionis t  perspectiv e o n cog -
nition . 
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