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Abstrac t 

Many researchers have argued for a description of nature 
usin g multipl e levels ,  o r  mode s o f  description ,  a s w e cal l 
them.  Thi s pape r  focuse s o n a  confusio n tha t  follow s fro m 
th e multiple-mod e approach ,  a  confusio n du e t o th e notio n 
of  causatio n betwee n modes .  Causatio n betwee n mode s i s 
reinterprete d a s ordinar y causatio n bu t  wit h caus e an d effec t 
describe d i n differen t  modes .  I n th e firs t  par t  o f  th e pape r 
th e framewor k o f  mode s o f  descriptio n i s presented .  I n th e 
secon d par t  i t  i s  applie d t o example s fro m cognitiv e science , 
whic h ar e take n fro m debate s o n th e mind-brai n issu e an d 
th e dynamica l  system s approac h t o cognition . 

In t roduct io n 

Many researcher s hav e argue d fo r  scientifi c  analysi s a t 
differen t  level s whe n studyin g comple x phenomen a (e.g . 
Pylyshyn ,  1984 ;  Marr ,  1982 ;  Newell ,  1990 ;  Arbib ,  1989 ; 
Hofstadter ,  1979 ;  Kelso ,  1995 ;  Dennett ,  1987 ;  Salthe , 
1985 ;  Bechte l  an d Richardson ,  1993) .  Multipl e levels — 
or  mode s o f  description ,  a s w e cal l  t h e m — m ay b e usefu l  t o 
provid e a  riche r  pictur e o f  a  comple x phenomenon ,  an d th e 
framewor k o f  level s ma y hel p thinkin g abou t  ho w differen t 
description s o f  th e sam e phenomeno n relat e t o eac h other . 

However ,  th e mai n focu s i n thi s pape r  i s o n confusion s 
tha t  sometime s aris e withi n thi s framework ,  confusion s du e 
t o th e inappropriatel y mixin g u p o f  differen t  mode s o r  lev -
el s o f  description .  I n particular ,  w e focu s o n confusion s in -
volvin g causa l  relationship s withi n a  multi-leve l  approach . 

The nex t  sectio n introduce s th e framewor k o f  mode s o f 
description .  I t  i s  base d o n a  fe w simpl e principles ,  suc h 
as th e explici t  distinctio n betwee n realit y an d knowledg e 
and a  vie w o f  knowledg e a s man y description s o f  a  singl e 
reality .  Ou r  purpos e i s no t  t o introduc e a  new ,  complet e 
philosophica l  theor y o f  knowledg e o r  t o provid e a  com -
prehensiv e overvie w an d rebutta l  o f  al l  alternativ e views , 
but  rathe r  t o shap e an d restructur e existin g (althoug h some -
time s disputed )  idea s int o a  simpl e an d coheren t  framewor k 
tha t  i s applicabl e t o issue s i n moder n empirica l  science .  It s 
usefulnes s whe n applie d t o thos e issue s shoul d b e th e tes t 
of  it s  value . 

For  thi s reason ,  w e appl y th e framewor k t o example s o f 
ongoin g scientifi c  debate s i n sectio n 3 .  Th e example s con -
cer n th e mind-brai n issu e an d th e dynamica l  system s ap -
proac h t o cognition . 

T h e o r y 

One Reality, Multiple Descriptions 

Centra l  t o th e argument s presente d i n thi s pape r  i s  th e 
straightforwar d notio n tha t  realit y an d knowledg e ar e dif -
feren t  things .  Scientifi c  knowledg e ca n b e though t  o f  a s 
description s o f  reality ,  bu t  i t  i s  no t  realit y itself .  Pragma -
tist s (e.g .  James ,  1907 )  hav e argue d tha t  referenc e t o realit y 
i s unfruitfu l  an d unnecessary ,  bu t  w e fee l  tha t  i t  i s actuall y 
mor e pragmatic ,  a t  leas t  fo r  th e purpose s o f  thi s paper ,  t o 
explicitl y  assum e th e existenc e o f  a  singl e reality .  W e hop e 
th e usefulnes s o f  thi s assumptio n wil l  becom e clea r  i n th e 
remainde r  o f  thi s paper .  Thus ,  w e assum e tha t  ther e i s onl y 
one reality ;  bu t  man y differen t  description s o f  thi s singl e 
realit y ar e possible . 

The importanc e o f  usin g multipl e description s i s com -
monl y accepte d i n cognitiv e scienc e (se e Pylyshyn ,  1984 ; 
Marr ,  1982 ;  Newell ,  1990 ;  Arbib ,  1989 ;  Hofstadter ,  1979 ; 
Kelso ,  1995 ;  Dennett ,  1987) .  Marr' s (1982 )  implemen -
tational ,  algorithmic ,  an d computationa l  level s o f  analy -
sis ,  an d Dennett' s  (1987 )  physical ,  design ,  an d intentiona l 
stanc e ar e particularl y well-know n examples .  I n practice ,  a 
distinctio n i s ofte n mad e betwee n th e functiona l  leve l  an d 
th e implementationa l  level .  "Classical" ,  functionalist ,  sym -
boli c model s ar e viewe d b y man y a s description s a t  th e 
abstract ,  functiona l  level ,  whil e connectionis t  model s ar e 
viewe d a s description s a t  a  mor e hardware-oriente d imple -
mentationa l  level .  Neurophysiologist s zoo m i n t o low-leve l 
physica l  processe s eve n mor e whe n the y stud y chemica l 
processe s withi n a  singl e neuron . 

I n som e case s theorie s a t  differen t  level s ca n b e com -
pare d a s competin g theories .  Fo r  instance ,  a  symboli c 
model  an d a  connectionis t  mode l  ca n compet e fo r  th e bes t 
prediction s o n th e sam e psychologica l  experiment .  The y 
ar e i n competitio n becaus e th e assumptio n o f  on e realit y 
implie s tha t  i f  tw o theorie s mak e contradictor y prediction s 
of  data ,  the y canno t  bot h b e right .  Furthermore ,  descrip -
tion s tha t  explai n an d predic t  mor e dat a tha n othe r  descrip -
tion s ar e bette r  description s o f  reality ,  eve n i f  neithe r  o f 
the m predict s perfectly . 

For  suc h comparison s betwee n differen t  description s t o 
make sense ,  th e description s mus t  b e competin g fo r  th e 
same turf ,  i n th e sens e tha t  the y ai m t o predic t  th e sam e 
data .  I n contrast ,  ver y ofte n differen t  level s ar e intende d t o 
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predic t  differen t  data .  Functionalis t  model s answe r  ques -
tion s abou t  over t  behavior ,  bu t  non e abou t  th e neura l  sub -
strate .  Neurophysiologica l  model s answe r  question s abou t 
th e effec t  o f  neurotransmitters ,  bu t  the y usuall y d o no t  pre -
dic t  over t  behavior . 

Finally ,  sometime s multipl e description s nee d t o b e con -
sidere d a t  th e sam e tim e i n orde r  t o mak e goo d prediction s 
of  data .  I n tha t  case ,  the y ca n b e sai d t o complemen t  eac h 
othe r  (thi s i s a n importan t  topi c i n th e paragrap h abou t  dy -
namica l  systems) . 

Modes of Description 

Some authors identify a level of description more or less di-
rectl y wit h physica l  siz e o r  scal e (e.g .  Salthe ,  1985 ;  Yates , 
1993) .  However ,  sometime s description s canno t  b e neatl y 
arrange d withi n suc h a  hierarchy ,  an d on e descriptio n can -
not  easil y b e though t  o f  a s bein g a t  a  highe r  leve l  o r  a  lowe r 
leve l  tha n th e other .  A  neuro n ca n b e describe d focusin g 
on electrica l  properties ,  o r  i t  ca n b e describe d focusin g o n 
chemica l  processes .  Wh ic h on e i s th e highe r  leve l  descrip -
tion ? Th e notio n o f  siz e i s eve n les s o f  a  hel p whe n w e 
giv e a  descriptio n o f  th e functio n o f  a  neuron .  Th e "electri -
cal" ,  "chemical "  an d "function "  description s ar e jus t  dijfer -
ent  approache s t o understanding  reality ,  differen t  way s o f 
lookin g a t  th e neuron ,  al l  aime d a t  roughl y th e sam e scale . 
Th e reaso n fo r  maintainin g the m al l  i s  tha t  eac h ha s it s o w n 
valu e fo r  answerin g differen t  questions . 

Conversely ,  a  singl e approac h t o understandin g realit y 
m ay b e use d t o describ e thing s a t  ver y differen t  scales . 
Molecules ,  billiar d balls ,  an d planet s ca n ofte n b e viewe d 
simpl y a s poin t  masse s an d b e describe d accordingly ,  usin g 
Newtonia n mechanics .  Th e scale s ar e ver y different ,  bu t 
th e descriptio n i s ver y m u c h th e sam e an d th e prediction s 
tha t  follo w from  thi s singl e descriptio n ar e ver y accurate . 

Th e notio n o f  "levels "  suggest s a  clear-cu t  hierarch y i n 
whic h description s hav e a n unambiguousl y define d posi -
tio n tha t  i s  highe r  o r  lowe r  relativ e t o othe r  descriptions .  I n 
practice ,  suc h a  nea t  orderin g seem s difficul t  i f  no t  impossi -
bl e t o attain ,  an d w e se e n o reaso n t o searc h fo r  it .  Th e im -
portan t  poin t  i s  tha t  ther e m a y b e differen t  description s o f 
th e sam e phenomenon ,  sometime s differin g i n scale ,  some -
time s differin g i n abstractness ,  sometime s differin g i n wha t 
aspect s o f  th e phenomeno n th e focu s i s on .  Thi s i s a  mor e 
generi c outloo k o n differen t  description s tha n th e notio n o f 
leve l  ca n convey ,  an d fo r  tha t  reaso n w e prefe r  t o spea k o f 
differen t  mode s o f  description . 

Concepts 

If a theoretical concept plays a pivotal role in a success-
fu l  description—successfu l  i n th e sens e tha t  i t  explain s an d 
predict s a  lo t  o f  data—an d withou t  thi s concep t  th e descrip -
tio n fall s  apar t  completely ,  w e ca n assum e som e sor t  o f 
concurren t  regularit y i n reality— a "rea l  pattern" ,  Dennet t 
migh t  sa y (Dennett ,  1991b) .  Al l  thi s mean s i s tha t  appar -
entl y realit y i s  suc h tha t  i t  ca n b e aptl y describe d usin g tha t 
concept .  Pu t  th e othe r  w a y around ,  i f  ther e wer e n o suc h 

concurren t  rea l  regularity ,  th e descriptio n coul d no t  possi -
bl y b e a s successfu l  a s i t  is .  Fo r  instance ,  th e concep t  o f 
ato m mus t  hav e som e concurren t  regularit y i n reality ,  sim -
pl y becaus e prediction s mad e wit h theorie s i n whic h atom s 
ar e indispensabl e ar e usuall y extremel y accurate .  However , 
arguin g tha t  ther e mus t  b e a  concurren t  regularit y i n realit y 
i s no t  th e sam e a s arguin g tha t  ther e i s a n absolut e thin g 
i n realit y correspondin g t o th e concep t  i n a  straightforwar d 
way.  Th e exac t  natur e o f  th e regularit y canno t  b e furthe r 
specified .  Afte r  all ,  w e onl y hav e descriptions ,  featurin g 
thos e ver y concepts ,  t o tel l  u s wha t  realit y i s  like . 

Becaus e ther e ar e bette r  an d wors e descriptions ,  ther e 
ar e bette r  an d wors e concepts .  Th e concep t  o f  ato m i s bet -
te r  tha n th e concep t  o f  phlogiston ,  becaus e th e theor y in -
volvin g atom s i s bette r  tha n th e theor y involvin g phlogis -
ton .  Apparentl y th e concep t  o f  ato m bette r  correspond s t o 
regularitie s i n realit y tha n th e concep t  o f  phlogisto n does . 
At  th e othe r  end ,  o f  course ,  w e shoul d als o simpl y discar d 
a concep t  whe n i t  turn s ou t  tha t  it s  correspondin g theor y i s 
not  successfu l  a t  all ,  rathe r  tha n tryin g t o loo k fo r  th e "tru e 
meaning "  o f  th e concept .  Afte r  i t  wa s discovere d tha t  man y 
substance s gai n weigh t  afte r  combustio n rathe r  tha n los e 
weight ,  i t  wa s briefl y suggeste d tha t  phlogisto n ha s nega -
tiv e weigh t  (Chalmers ,  1982) ,  i n a n a d ho c attemp t  t o sav e 
a concep t  tha t  ha d completel y los t  it s  value . 

Translation of Modes 

Eve n thoug h differen t  mode s o f  description s ar e separat e 
ways o f  lookin g a t  reality ,  the y ar e no t  free-floating  way s 
of  lookin g a t  reality .  Becaus e the y ar e al l  abou t  on e real -
ity ,  a t  th e ver y leas t  the y canno t  contradic t  eac h other ,  i n 
term s o f  predictio n o f  data .  I n tha t  sense ,  differen t  mode s 
must  b e compatible .  W h a t  i s  more ,  i t  i s  ofte n possibl e t o 
" m a p "  concept s i n on e m o d e directl y ont o concept s i n an -
othe r  mode .  Fo r  instance ,  th e concep t  o f  gas—a s use d i n 
th e so-calle d thermodynami c m o d e o f  description—ca n b e 
translate d relativel y straightforwardl y int o concept s use d i n 
a molecula r  mode ,  whe n w e describ e ga s a s a  larg e numbe r 
of  molecule s interactin g i n a  particula r  way .  A  molecul e 
(molecula r  mode ) ,  i n turn ,  ca n ofte n b e viewe d a s a  particu -
la r  threedimensiona l  configuratio n o f  atom s (atomi c mode) . 

Sometimes ,  however ,  concept s i n on e m o d e canno t  b e 
translate d a s easil y t o concept s i n othe r  modes .  Conside r 
th e concep t  o f  life .  W e canno t  m a p lif e straightforwardl y 
ont o concept s i n a n atomi c o r  molecula r  m o d e o f  descrip -
tion .  I f  w e us e th e atomi c m o d e o f  description ,  w e se e tha t 
atom s an d structure s o f  atom s makin g u p livin g thing s ar e 
basicall y th e sam e a s thos e makin g u p non-livin g things . 
Thi s doe s no t  logicall y impl y w e hav e overlooke d a n impor -
tan t  thin g o r  propert y i n th e atomi c m o d e tha t  i s someho w 
responsibl e fo r  life .  No r  doe s i t  impl y tha t  i n a  life-mod e 
of  descriptio n somethin g i s adde d t o realit y tha t  i s  absen t  i n 
th e atomi c m o d e — we assum e ther e i s onl y on e reality .  A 
ne w m o d e doe s no t  suddenl y ad d thing s t o realit y i n a  mys -
tica l  way ;  i t  onl y describe s thi s singl e realit y differently . 
Th e concep t  o f  lif e i n th e life-mod e correspond s t o collec -
tiv e propertie s an d mechanism s o f  larg e group s o f  atom s 
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tha t  ar e jus t  no t  easil y describe d i n th e atomi c mode .  Eve n 
thoug h propertie s describe d i n th e life-mod e mus t  some -
ho w b e realize d b y mechanism s tha t  ca n b e describe d i n th e 
atom-mode ,  ther e i s n o simpl e one-to-on e mappin g fro m 
th e concep t  o f  lif e t o singl e concept s i n th e aloin-inode . 
I n tha t  sense ,  no t  ever y concep t  ca n b e "reduced "  straight -
forwardl y t o concept s i n th e atomi c mode .  An d fo r  thi s 
reason ,  no t  everythin g ca n o r  shoul d b e predicte d fro m th e 
atom-mode . 

Causation 

Can we say, at least, that life is caused by the (inter-
actio n of )  atoms ? N o ,  w e ar e talkin g abou t  multipl e 
descriptions—i n whic h th e concept s o f  lif e an d atom s hav e 
roles—o f  on e singl e reality .  Differen t  description s o f  th e 
same thin g a t  th e sam e tim e canno t  b e sai d t o "cause "  eac h 
other .  A tom s d o no t  caus e life ,  no r  d o the y caus e molecule s 
or  planets ;  an d lif e doe s no t  caus e atoms . 

Causatio n i n thi s sens e o f  level s causin g eac h othe r  tend s 
t o ge t  confuse d wit h causatio n i n th e regula r  sense ,  a s w e 
shal l  se e i n th e Application s section .  Causatio n i n th e reg -
ula r  sens e refer s t o processe s ove r  time ,  wit h cause s an d 
effect s tha t  ar e no t  jus t  differen t  description s o f  th e sam e 
thing .  Suppos e w e ar e lookin g a t  on e neuro n i n a  brain ,  an d 
th e neuro n fires .  W h a t  i s th e caus e o f  th e effec t  "th e neuro n 
fires"?'  On e vali d answe r  i s tha t  th e presynapti c neuron s 
fired,  thu s causin g ou r  neuro n t o fire  a s well .  Anothe r  vali d 
answer  t o th e sam e questio n i s tha t  th e neuron' s membran e 
potentia l  increase d beyon d a  threshol d value ,  causin g th e 
voltage-gate d sodiu m channel s t o open ,  causin g a  massiv e 
influ x o f  sodium ,  leadin g t o a  fas t  an d larg e increas e i n po -
tential :  a  spike .  Stil l  anothe r  vali d answe r  i s tha t  a n objec t 
i s presen t  i n th e visua l  field  tha t  thi s neuro n i s sensitiv e to , 
so th e neuro n become s active . 

The first  causa l  stor y identifie s "presynapti c neuron s fir-
ing "  a s th e cause ,  an d thu s stay s i n th e sam e neura l  networ k 
mode o f  descriptio n a s th e effec t  ("th e neuro n fires").  Th e 
othe r  tw o causa l  storie s identif y cause s describe d i n ver y 
differen t  mode s fro m th e neura l  networ k m o d e i n whic h th e 
effec t  i s described :  "th e membran e potentia l  threshol d wa s 
crossed "  an d "th e objec t  wa s present" ,  respectively .  Thus , 
causa l  explanation s ma y involv e mod e switches :  caus e an d 
effec t  nee d no t  b e describe d i n th e sam e mode .  Bu t  wha t 
makes thes e example s regula r  causa l  explanation s i s tha t 
the y al l  refe r  t o a  proces s ove r  time ,  an d th e caus e an d th e 
effec t  ar e no t  differen t  description s o f  th e sam e thing .  I n 
thes e examples ,  causatio n i n th e other ,  inappropriat e sens e 
woul d be :  "th e fas t  an d larg e increas e i n potentia l  cause s 
th e spike" ,  or :  "th e featur e detectio n b y th e neuro n cause s 
i t  t o fire"  Th e spik e an d th e fast ,  larg e increas e i n potentia l 
ar e th e sam e thin g a t  th e sam e time ,  bu t  describe d i n dif -
feren t  modes .  Likewise ,  th e neuro n firing  an d th e detectio n 
of  th e featur e ar e th e sam e thing ,  bu t  describe d i n differen t 
modes. 

A p p l i c a t i o n s 

M i n d a n d Bra i n 

'Thi s exampl e i s base d o n Hofstadte r  (1981 ,  p .  193-196) . 

The relationshi p betwee n min d an d brai n i s on e o f  th e clas -
sica l  issue s o f  cognitiv e science .  Descarte s (1662 )  argue d 
tha t  min d an d brai n ar e tw o fundamentall y differen t  sub -
stances ,  an d althoug h thi s dualis m ha s los t  a  lo t  o f  ground , 
ther e ar e stil l  man y w h o adher e t o i t  (e.g .  Poppe r  &  Eccles , 
1977 ;  Koestler ,  1967) .  A t  th e opposit e en d o f  th e spec -
trum ,  eliminativ e materialist s argu e tha t  th e min d i s reall y 
th e brai n (Hobbes ,  1651 ,  i s a n earl y example) ,  an d tha t  th e 
min d i s a t  bes t  a  fai r  bu t  limite d abstractio n o f  th e working s 
of  th e brai n (e.g .  Churchland ,  1986) .  A s Armstron g (1968 ) 
put s it ,  "Th e min d i s nothin g bu t  th e brain... .  W e ca n giv e a 
complet e accoun t  o f  m a n i n purel y physio-chemica l  terms" . 

Withi n th e mode s o f  descriptio n perspective ,  th e crucia l 
ste p i s t o conside r  tal k o f  th e min d an d tal k o f  th e brai n 
as tw o differen t  mode s o f  description .  O n th e on e hand , 
our  earlie r  assumptio n o f  on e realit y preclude s a  prior i  a 
Cartesia n dualit y o f  min d an d brai n i n reality .  O n th e othe r 
hand ,  thi s doe s no t  mea n tha t  w e ca n o r  nee d t o giv e " a 
complet e accoun t  o f  m a n i n purel y physio-chemica l  terms" . 
Firs t  o f  all ,  al l  mode s o f  descriptio n ar e "a t  bes t  fai r  bu t 
limite d abstractions "  o f  reality :  th e brai n m o d e i s stil l  jus t 
a description ,  an d no t  intrinsicall y  "real "  (a s oppose d t o th e 
min d mode )  becaus e i t  i s "lower "  (se e Russell ,  1962) . 

The brai n m o d e o f  descriptio n talk s abou t  region s i n th e 
brain ,  spikin g pattern s i n network s o f  neurons ,  an d m o -
to r  neuron s activatin g muscles .  I t  i s  use d when ,  fo r  in -
stance ,  th e questio n is :  " H o w doe s a  perso n coordinat e a 
hittin g movement?" .  Th e min d m o d e o f  descriptio n i s a 
descriptio n o f  realit y fro m "th e intentiona l  stance "  (Den -
nett ,  1987) ,  an d i t  involve s concept s suc h a s intentions ,  be -
liefs ,  desires ,  th e self ,  an d fre e will .  I t  i s  used—fo r  now , 
fo r  a  lon g tim e t o come ,  an d possibl y fo r  ever—fo r  answer -
in g question s o f  th e kind :  " W h y doe s thi s perso n hi t  tha t 
othe r  person?" .  W e canno t  an d nee d no t  answe r  al l  ques -
tion s abou t  huma n behavio r  usin g jus t  th e brain-mod e (o r 
jus t  th e mind-mode) .  Bot h mode s ar e usefu l  fo r  answerin g 
differen t  set s o f  questions ,  s o the y ca n coexist . 

Give n tha t  bot h th e brai n an d th e min d ar e valuabl e 
modes,  wha t  i s thei r  relationshi p t o eac h other ? A  fre -
quentl y encountere d intuitio n i s tha t  th e brai n s o m e h o w 
cause s th e mind .  Th e min d m a y the n b e conceive d a s som e 
sor t  o f  "epiphenomenon "  o f  th e brai n (e.g .  Jackson ,  1982) , 
an effec t  o f  th e working s o f  th e brain ,  bu t  withou t  an y 
rea l  causa l  rol e t o pla y i n th e person' s behavior :  th e min d 
doe s no t  caus e muscl e fibers  t o contract ,  th e brai n does . 
That  vie w implie s one-wa y causatio n fro m brai n t o mind . 
Others—so-calle d emergent-interactionists—sugges t  two -
way causation :  th e brai n an d th e min d interact ,  s o tha t 
whil e brai n activitie s giv e ris e t o th e mind ,  th e min d ha s 
"emergen t  top-dow n control "  ove r  th e brai n (Sperry ,  1991 , 
p.  221) .  However ,  jus t  a s i n th e earlie r  exampl e o f  atom s 
and life ,  th e brai n m o d e an d th e min d m o d e ar e tw o way s 
of  describin g on e reality ,  s o the y d o no t  caus e eac h other , 
neithe r  one-wa y no r  two-way .  Neuron s firing  d o no t  caus e 

45 



th e belief ,  neuron s firing  an d th e belie f  ar e th e sam e thing , 
but  describe d i n a  differen t  mode . 

I f  relationship s betwee n mode s ar e no t  clearl y distin -
guishe d fro m causa l  relationships ,  confusion s arise .  Libe t 
(1985 )  performe d a  well-know n serie s o f  experiment s i n 
whic h h e investigate d th e questio n whethe r  neura l  activit y 
cause d menta l  activit y o r  th e othe r  wa y around .  Althoug h 
hi s researc h receive d m u c h criticism ,  mos t  o f  i t  focuse d o n 
methodologica l  issues .  F ro m th e mode s o f  descriptio n per -
spective ,  th e questio n shoul d no t  eve n hav e bee n aske d (se e 
als o M a c K a y ,  1985) . 

Anothe r  typ e o f  confusio n ca n b e foun d i n Hause r 
(1997) .  H e conclude s fro m hi s experiment s o n anima l  com -
municatio n (ibid. ,  p .  586) : 

These experiments suggest that physiological changes may 
largel y dictat e th e condition s fo r  cal l  productio n an d sup -
pression ,  an d tha t  a n intentiona l  decisio n nee d no t  ente r  int o 
th e equation . 

This suggests that the causes for call production and sup-
pressio n mus t  b e menta l  o r  physica l  o r  possibl y a  com -
binatio n o f  both ,  an d tha t  thes e option s refe r  t o differen t 
processe s i n reality .  Bu t  becaus e th e menta l  an d th e physi -
cal  ar e jus t  differen t  description s o f  th e sam e phenomenon , 
talkin g abou t  decidin g betwee n thes e option s make s n o 
sense ;  a n intentiona l  decisio n i n th e min d m o d e mus t  cor -
respon d t o som e physiologica l  change s i n th e brai n m o d e 
(eve n i f  w e don' t  k n o w wha t  the y are) . 

As a  final  exampl e o f  confusion ,  Sperr y (1991 ,  p .  226 ) 
vehementl y denie s Cartesia n dualism ,  bu t  hi s tal k o f  "emer -
gen t  interaction "  an d "downwar d causation "  i n min d an d 
brai n ha s le d man y t o rejec t  hi m a s a  dualis t  (e.g .  Dennett , 
1991a ;  Vandervert ,  1991 )  o r  t o conclud e tha t  eve n estab -
lishe d neuroscienc e suggest s tha t  dualis m i s tru e (e.g .  Pop -
per  &  Eccles ,  1977 ,  p .  209 ;  Zimbardo ,  McDermott ,  Jansz , 
& Metaal ,  1995 ,  p .  90) . 

I f  th e brai n doe s no t  caus e th e min d an d th e min d doe s 
not  caus e th e brain ,  doe s thi s mea n tha t  th e menta l  even t  o f 
believin g t o se e a  familia r  fac e i s no t  cause d b y appropri -
at e physica l  stimulatio n o f  th e retina ? Doe s i t  mea n tha t  a 
perso n canno t  b e sai d t o contrac t  he r  physica l  muscle s be -
caus e o f  he r  o w n menta l  voluntar y decision ? N o ,  i t  doesn't : 
a causa l  explanatio n m a y contai n m o d e switches ,  a s lon g a s 
caus e an d effec t  d o no t  refe r  t o th e sam e thin g a t  th e sam e 
time .  I n thi s case ,  descriptio n o f  th e differen t  event s i n th e 
causa l  chai n m a y b e don e bes t  i n differen t  modes .  Stimu -
latio n o f  th e retin a i s a n even t  describe d i n th e brai n m o d e 
whic h causes ,  late r  i n time ,  a n even t  describe d i n th e min d 
mode:  believin g t o se e a  familia r  face .  A  voluntar y deci -
sio n i s a n even t  describe d i n th e min d mode ,  an d i t  cause s 
an even t  late r  i n tim e describe d i n th e brai n mode :  moto r 
neuron s makin g muscl e fibers  contract . 

Thus ,  causa l  explanation s involvin g voluntar y decision s 
ar e allowe d withi n th e mode s o f  descriptio n perspective . 
Keepin g i n min d ou r  emphasi s o n compatibilit y  betwee n 
modes,  tha t  notio n m a y see m incompatibl e wit h th e basi c 

insigh t  o f  determinism ^  i n th e physica l  sciences ,  bu t  i t  i s 
not .  Concept s fro m differen t  mode s m a y b e ver y differ -
ent ,  an d th e meanin g o f  a  concep t  i n on e m o d e doe s no t 
directl y "transfer "  t o anothe r  mode .  Th e notio n o f  volun -
tar y decision s work s wel l  i n th e min d m o d e o f  description : 
peopl e choos e freel y whethe r  o r  no t  t o m o v e a  limb .  I n th e 
brai n m o d e o r  th e ato m m o d e ther e i s n o suc h thin g a s per -
sona l  choice .  Bu t  tha t  i s  a  norma l  stat e o f  affairs ;  i n th e 
ato m m o d e ther e i s n o suc h thin g a s lif e either .  Th e vol -
untar y decision ,  describe d i n th e min d mode ,  correspond s 
t o deterministi c processe s i n th e brai n mode ,  jus t  a s lifelik e 
propertie s i n th e lif e m o d e correspon d t o lifeles s propertie s 
i n th e ato m mode .  I n othe r  words ,  demandin g compatibilit y 
betwee n mode s doe s no t  mea n tha t  concept s fro m differen t 
modes ar c necessaril y  mappe d ont o eac h othe r  straightfor -
wardly .  W e d o no t  hav e t o b e abl e t o identif y belief s wit h 
clear-cu t  brai n state s i n som e obviou s wa y i n orde r  fo r  u s t o 
accep t  belief s a s goo d description s o f  cognitiv e functionin g 
(se e Fodor ,  1975 ;  Dennett ,  1991b) .  Similarly ,  w e d o no t 
hav e t o find  voluntar y decision s somewher e i n th e concept s 
of  th e brai n m o d e i n orde r  fo r  u s t o accep t  voluntar y deci -
sion s a s goo d description s o f  cognitiv e functioning .  Jus t  a s 
i n th e cas e o f  lif e an d atoms ,  concept s i n th e min d mod e 
m ay correspon d t o collectiv e propertie s an d mechanism s o f 
larg e group s o f  neurons—o r  eve n th e whol e person ,  i f  w e 
tal k abou t  broa d concept s suc h a s th e sel f  an d voluntar y 
decision s (Dennett ,  1991a)—tha t  ar e no t  easil y describe d 
fro m withi n th e brai n mode . 

The Dynamical Systems Approach to Cognition 

One of the most promising and exciting new perspectives in 
cognitiv e scienc e i s th e dynamica l  system s (DS )  approach . 
I t  challenge s th e stil l  dominan t  ide a tha t  th e bes t  abstrac -
tio n o f  cognitiv e system s i s i n term s o f  "classical" ,  dis -
cret e computatio n an d distinc t  functiona l  modules .  Instea d 
of  stati c modules ,  symbols ,  propositiona l  logic ,  an d rule -
base d reasoning ,  i t  put s forwar d th e languag e o f  dynamica l 
systems ,  featurin g concept s lik e continuou s stat e spaces ,  at -
tractors ,  an d bifurcation s (e.g .  Por t  &  Va n Gelder ,  1995 ; 
Kelso ,  1995 ;  Haken ,  1983 ,  1995 ;  Thele n &  Smith ,  1994 ; 
Beer ,  1995) . 

However ,  ther e ar e som e confusion s i n th e interpreta -
tion s o f  D S model s tha t  distrac t  fro m th e importan t  con -
tribution s an d cor e issue s i n th e debate .  I n th e D S ap -
proach ,  grea t  emphasi s i s pu t  o n how ,  i n a  proces s calle d 
"self-organization" ,  a  comple x patter n tha t  ca n b e describe d 
usin g th e "orde r  parameter "  ca n "emerge "  spontaneousl y 
when simpl e unit s interact .  Thi s i s a  vali d an d fascinat -
in g point ,  showin g tha t  a  grea t  dea l  o f  regularit y an d func -
tionalit y ca n aris e i n another ,  "cheaper" ,  an d possibl y mor e 
robus t  wa y tha n throug h explicit ,  detaile d instruction s tha t 
cod e fo r  th e patter n (se e Kauffman ,  1995) . 

For  argument' s sake ,  w e ignor e quantu m mechanic s an d de -
terministi c  chaos .  Deterministi c shoul d b e rea d her e a s "subjec t  t o 
th e impersona l  law s o f  nature" ,  bein g th e opposit e o f  "controlle d 
by one' s fre e will" . 
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Th e relationshi p betwee n th e emerge d patter n an d th e 
simpl e unit s  i s ofte n referre d t o a s "circula r  causality "  (e.g . 
Haken ,  1995 ;  Kelso ,  1995 ;  Keijzer ,  1997) .  Kels o (1995 ) 
put s i t  lik e thi s  (p .  8-9) : 

...the order parameter is created by the cooperation of the 
individua l  part s o f  th e system.. .  Conversely ,  i l  govern s o r 
constrain s th e behavio r  o f  th e individua l  parts .  Thi s i s a 
strang e kin d o f  circula r  causalit y (whic h i s th e chicke n an d 
whic h i s th e egg?) ,  bu t  w e wil l  se e tha t  i t  i s  typica l  o f  al l 
self-organizin g systems . 

From the modes of description perspective, emergence 
means tha t  a  ne w m o d e o f  descriptio n become s applica -
bl e (applicabl e i n th e sens e tha t  i t  ha s predictiv e an d ex -
planator y power )  t o realit y wher e befor e i t  wa s no t  appli -
cable ,  an d th e orde r  paramete r  i s a  concep t  withi n thi s n e w 
m o de o f  description .  I t  i s  basicall y th e sam e situatio n a s 
th e molecula r  m o d e becomin g applicabl e i n certai n cases , 
wher e befor e onl y th e ato m m o d e wa s applicable .  T h e or -
der  paramete r  descriptio n ca n b e sai d t o summariz e th e be -
havio r  o f  th e individua l  part s (Haken ,  1995 ,  p .  26) : 

While a huge anount of information is required if we have 
t o describ e th e behavio r  o f  th e syste m b y mean s o f  th e vari -
able s q j  o f  th e components ,  a n enormou s informatio n com -
pressio n i s achieve d b y mean s o f  th e orde r  parameter . 

This is one of many cases where a single system ("the sys-
tem" )  i s describe d usin g differen t  modes :  on e m o d e focus -
in g i n detai l  o n th e component s qj ,  an d th e othe r  m o d e pro -
vidin g a  compresse d description .  Therefore ,  a t  an y on e 
poin t  i n time ,  th e emerge d patter n canno t  b e sai d t o b e 
cause d b y th e individua l  part s o r  vic e versa . 

However ,  causa l  explanation s o f  th e behavio r  o f  th e in -
dividua l  part s o r  th e orde r  paramete r  ove r  tim e m a y con -
tai n tw o m o d e switches :  chang e i n th e orde r  paramete r  i s 
cause d b y chang e i n th e individua l  parts ,  an d chang e i n th e 
individua l  part s i n tur n i s cause d b y chang e i n th e orde r  pa -
rameter .  I n tha t  sense ,  th e tota l  causa l  stor y coul d b e calle d 
"circular" .  Bu t  i t  shoul d b e clea r  tha t  this ,  howeve r  inter -
esting ,  i s  no t  a  trul y n e w typ e o f  causality . 

I f  circula r  causalit y i s perceive d a s a  trul y n e w typ e o f 
causalit y  i t  m a y giv e ris e t o question s suc h a s "ho w ar e th e 
causa l  power s divide d betwee n th e levels?" .  I t  i s  thi s typ e 
of  questio n tha t  lead s t o problems ,  a s w e sa w i n th e dis -
cussio n o f  min d an d brain .  Kels o see s a  stron g contras t 
betwee n circula r  causalit y an d traditiona l  causalit y (ibid. , 
p.  9) : 

What we have here is one of the main conceptual differences 
betwee n th e circularl y causa l  underpinning s o f  patte m for -
matio n i n nonequilibriu m system s an d th e linea r  causalit y 
tha t  underlie s mos t  o f  m o d e m physiolog y an d psychology , 
wit h it s input s an d outputs ,  stimul i  an d responses .  Som e 
migh t  argu e tha t  th e concep t  o f  feedbac k close s th e loop ,  a s 
i t  were ,  betwee n inpu t  an d output .  Thi s work s fine  i n sim -
pl e system s tha t  hav e onl y tw o part s t o b e joined ,  eac h o f 
whic h affect s th e other .  Bu t  ad d a  fe w mor e part s interface d 
togethe r  an d ver y quickl y i t  become s impossibl e t o trea t  th e 
syste m i n term s o f  feedbac k circuits . 

Thi s passag e m a y b e rea d i n tw o ways .  I f  th e differ -
enc e betwee n circula r  causalit y an d "th e linea r  causalit y 
tha t  underlie s mos t  o f  moder n physiolog y an d psychol -
ogy "  boil s d o w n t o th e differenc e betwee n "relationship s 
betwee n m o d e s "  o n th e on e han d an d "regula r  causation " 
on th e other ,  the n a  meaningles s compariso n i s m a d e be -
twee n thes e tw o entirel y differen t  type s o f  relationships . 
If ,  alternatively ,  circula r  causalit y i s differen t  onl y becaus e 
th e circularl y causa l  stor y happen s t o involv e tw o m o d e 
switches ,  the n ther e i s n o rea l  "conceptua l  difference" :  cir -
cula r  causalit y an d "linear "  causalit y ar e bot h jus t  regula r 
causality . 

I n eithe r  case ,  ther e seem s t o b e n o reaso n t o choos e 
betwee n circula r  causalit y o n th e on e han d an d concept s 
suc h a s "inputs "  an d "outputs "  o n th e other .  Al l  system s 
hav e inpu t  an d output .  Moreover ,  ther e seem s t o b e n o rea -
so n t o discus s th e problem s o f  "feedback" ,  becaus e thos e 
problems ,  i f  any ,  appl y t o al l  systems ,  includin g th e self -
organizin g ones . 

Th e unwarrante d ide a o f  causatio n betwee n m o d e s i s 
similarl y suggeste d b y phrase s lik e "interactio n betwee n 
levels "  (Kelso ,  1995 ;  Keijzer ,  1997 ;  Salthe ,  1985) ,  "leak y 
levels "  (Saunders ,  Kolen ,  &  Pollack ,  1994) ,  "organizatio n 
acros s levels "  (Keijzer ,  1997) ,  "interferenc e betwee n lev -
els "  (Salthe ,  1985 ;  Keijzer ,  1997) ,  an d "transaction s be -
twee n levels "  (Salthe ,  1985) .  I t  ha s le d s o m e author s t o 
describ e a  contras t  betwee n system s followin g a  "Newto -
nia n trajectory "  an d system s followin g a  "regular ,  biolog-
ica l  trajectory "  (Yates ,  1993 ;  Keijzer ,  1997) ,  th e latte r  o f 
whic h allegedl y move s u p an d d o w n th e leve l  hierarchy . 

Explainin g hi s ide a o f  levels ,  Salth e (1985 ,  p.47 )  says : 

We have seen that current interpretations of complexity tend 
t o lea d int o matter s o f  scale.. .  w e migh t  ge t  int o th e ide a o f 
scal e b y considerin g maps .  Map s ca n b e draw n t o differen t 
scales ,  arbitraril y  chosen .  A  large-scal e ma p migh t  sho w al l 
of  Nort h America.. .  w e no w decreas e th e scal e o f  th e map , 
so tha t  w e hav e onl y th e N e w Englan d coastlin e showin g o n 
a ma p o f  th e sam e size.. . 

A map is as clear an example of a description as one can 
thin k of :  eac h leve l  i s construe d a s a  separat e descriptio n a t 
a differen t  scale .  Bu t  late r  h e talk s abou t  h o w lowe r  level s 
an d highe r  level s "constrain "  a  certai n leve l  o f  interest ,  th e 
"focal "  leve l  (ibid. ,  p .  82-85) : 

Like lower-level constraints, they [higher-level constraints] 
infor m an d influenc e focal-leve l  processe s withou t  partici -
patin g i n the m dynamically .  Wher e d o the y com e from ? I n 
general ,  fro m th e environmen t  o f  a  process.. .  Fo r  som e di -
vers e concret e examples :  i n vitr o synthesi s o f  sugar s an d 
amin o acid s result s i n a  mixtur e o f  racemate s whil e i n viv o 
synthesi s result s onl y i n dextr o sugar s an d lev o amin o acids ; 
sex determinatio n i n turtle s depend s o n environmenta l  tem -
perature ;  th e particula r  stage s a  fluid  syste m goe s throug h 
on it s wa y t o turbulenc e depend s upo n th e width ,  etc. ,  o f  th e 
observatio n chambe r 

Here Salthe is talking about how differences in a system's 
environmen t  caus e difference s i n th e system' s behavior : 
causa l  relationships .  Causa l  relationship s an d relationship s 
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betwee n mode s (levels )  ar e explicitl y  confused .  Thi s con -
fusio n lead s t o man y peculia r  conclusions ,  suc h a s th e con -
clusio n tha t  th e interactio n betwee n level s mus t  b e "lim -
ited" ,  becaus e "interactiona l  complexity ,  o f  course ,  woul d 
destro y neatl y organize d leve l  structures "  (ibid. ,  p .  53 ;  se e 
als o ibid. ,  p.74 ;  Keijzer ,  1997 ,  p .  22 ,  210) . 

Conclusion 

I n thi s pape r  w e hav e argue d agains t  th e notio n o f  cau -
satio n betwee n level s o r  modes .  Tha t  notio n prompt s th e 
questio n whethe r  a  mod e i s cause ,  effect ,  o r  i s  interactin g 
wit h othe r  modes .  Actua l  example s fro m cognitiv e scienc e 
wer e give n t o illustrat e ho w thi s result s i n confusion s an d 
mistake n conclusions .  I n th e framewor k o f  mode s o f  de -
scriptions ,  bot h caus e an d effec t  ca n b e describe d i n man y 
differen t  modes ;  th e issu e whethe r  a  causa l  relationshi p i s 
from  on e mod e t o another ,  th e othe r  wa y around ,  o r  in -
teractive ,  doe s no t  eve n arise .  Th e remainin g questio n is : 
"I n which—possibl y different—mode s ca n caus e an d ef -
fec t  bes t  b e described?" . 
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