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NEURAL HARDWARE AND TH E PRESUMED 
AUTONOMY OF PSYCHOLOGY 

William Bechcel 
Barnar d Ecano w 

Unlveralt y o f  Illinoi s Medica l  Cente r 

Two type s o f  argument s ar e comnonl y give n I n 
suppor t  o f  th e clai m tha t  cognitiv e psycholog y ca n 
predic t  an d explai n cognitiv e processe s withou t 
troublin g Itsel f  wit h th e detail s o f  neurophysiol -
ogy .  Th e Justifie d conclusio n o f  thes e argument s 
i s ofte n though t  t o b e tha t  artificia l  intelli -
genc e research ,  whic h trie s t o mode l  huma n though t 
on electroni c hardware ,  "ca n b e regarde d a s psy -
cholog y i n a  particularl y pur e an d abstrac t  for m 
[since ]  th e sam e fundamenta l  parameter s ar e unde r 
direc t  experimenta l  contro l  (i n th e programming) , 
withou t  an y mess y physiolog y o r  ethic s t o ge t  i n 
th e way "  (Haugeland ,  1981 ,  p .  31) .  Thi s pape r  wil l 
challeng e th e validit y o f  bot h argument s fo r  thi s 
clai m an d propos e ho w feature s o f  neurologica l 
hardwar e may hav e consequence s fo r  th e performanc e 
of  huma n cognition . 
The first argument for the autonomy of psy-
cholog y originate d wit h Putna m (1975 )  an d ha s bee n 
develope d mos t  extensivel y b y Fodo r  (197 4 an d 
1979) .  Putna m note d tha t  i n th e cas e o f  computer s 
th e sam e programm e ca n b e ru n o n ver y differen t 
type s o f  hardware .  Fodo r  extende d thi s argumen t  b y 
aotln g tha t  th e sam e hardwar e ca n ru n alternativ e 
programmes .  Thus ,  reductio n o f  programm e state s t o 
hardwar e state s o r  o f  psychologica l  state s t o neu -
rophysiologica l  one s i s impossible .  Psycholog y 
must  thu s remai n a  "specia l  science "  seekin g it s 
own explanator y scheme . 
The second argtiment for the autonomy of psy-
cholog y i s als o designe d t o establis h th e addition -
al  clai m tha t  programmin g computer s i s a  particu -
larl y ap t  wa y t o lear n abou t  huma n cognitiv e per -
formance .  Thi s argumen t  start s wit h th e assump -
tio n tha t  al l  th e informatio n human s ca n emplo y i n 
thei r  cognitiv e operation s mus t  cros s thei r  sensor y 
threshold s an d b e encode d withi n them .  Sinc e I t  i s 
onl y thi s encode d informatio n tha t  th e mlnd-bral n 
can emplo y i n it s informatio n processing ,  Dennet t 
describe s th e mlnd-bral n a s a  "syntacti c engine " 
Dennett ,  1981 )  .  Thi s argumen t  the n construe s 
though t  processe s a s forma l  processe s i n whic h on e 
manipulate s th e symbol s i n whic h th e informatio n i s 
encoded .  Assumin g tha t  th e mlnd-bral n ha s a n ef -
fectiv e procedur e fo r  thes e forma l  processes . 
Church' s thesi s claim s tha t  ther e i s a  recursiv e 
proces s fo r  computin g it .  Eac h forma l  proces s ca n 
therefor e b e compute d b y a  Turin g machine .  In -
vokin g th e concep t  o f  a  universa l  Turin g machin e 
(i.e. ,  on e tha t  ca n imitat e ever y specifi c  Turin g 
machine) ,  th e argumen t  conclude s tha t  though t 
processe s ca n b e modelle d o n a  universa l  Turin g 
machine .  Psycholog y ca n direc t  Itsel f  t o pro -
ducin g compute r  o r  Turin g machin e model s tha t 
replicat e huma n though t  an d no t  concer n Itsel f 
wit h neurophysiology . 

As enticing as these arguments make the pros-
pect s o f  a n autonomou s psycholog y seem ,  the y ar e 
seriousl y flawed .  A s Richardso n (1979 )  ha s argued , 
eve n i f  th e mappin g betwee n neurophysiologlca l 
state s an d psychologica l  state s I s many-many ,  tha t 
does no t  eliminat e th e possibilit y  o f  a n informa -
tiv e reductio n o f  psycholog y t o neurophysiology . 
Al l  tha t  i s  require d ar e neurologica l  condition s 
tha t  ar e sufficien t  fo r  determinin g th e psycho -
logica l  states .  Moreover ,  i f  th e argumen t  Putna m 
and Fodo r  us e agains t  th e explanator y relevanc e o f 
neurophysiolog y works ,  i t  als o undercut s th e simpl e 

appea l  t o programmin g model s t o explai n cognitiv e 
functions .  Jus t  a s th e sam e programm e ca n b e ru n 
on differen t  hardware ,  differen t  programme s ca n 
accoun t  fo r  th e sam e behavior .  Therefore ,  eve n i f 
a programm e perfectl y mlnic s huma n behavior ,  on e 
has n o assuranc e tha t  i t  actuall y describe s ho w 
humans manipulat e symbol s (cf .  Bechtel ,  forthcom -
ing) . 
The second argument for the autonomy of 
psycholog y i s Jus t  a s flawed .  Thi s argumen t  move d 
fro m claimin g tha t  symbo l  manipulatio n ca n b e 
modele d o n a  universa l  Turin g machin e t o usin g 
actua l  compute r  programme s t o mode l  tha t  process . 
Haugelan d note s wha t  i s assume d I n makin g tha t 
move:  "wit h on e qualification ,  universa l  machine s 
can b e built ,  tha t  I s wha t  digita l  computer s are . 
Thi s on e qualificatio n i s tha t  a  tru e universa l 
machin e mus t  hav e unlimite d storage ,  wherea s an y 
actua l  machin e wil l  hav e onl y a  certai n fixe d 
amount "  (Haugeland ,  1981 ,  p .  13) .  Tha t  qualifica -
tion ,  however ,  ha s ver y fa r  reachin g consequences . 
Neithe r  ou r  brain s no r  digita l  computer s com e 
clos e t o havin g th e unlimite d resource s require d 
by a  universa l  Turin g machines .  Wit h limite d 
resources ,  however ,  neithe r  brain s no r  computer s 
can emplo y th e kind s o f  algorithm s tha t  Church' s 
thesi s assure s u s exis t  fo r  al l  decldabl e proc -
esses .  S o th e us e o f  Church' s thesi s an d th e 
concep t  o f  a  universa l  Turin g machin e t o Jtiatif y 
usin g compute r  simllatlo n a s a  wa y o f  studyin g 
human psycholog y i s unjustified . 
Neither of these responses to the arguments 
fo r  th e autonom y o f  psycholog y fro m neurophysio -
log y show s tha t  psycholog y migh t  no t  profitabl y 
be pursue d i n thi s autonomou s manner  o r  tha t 
compute r  modellin g migh t  no t  b e th e mos t  powerfu l 
means o f  doin g that .  Bu t  the y d o undermin e th e 
assumptio n tha t  artificia l  intelligenc e model s 
provid e a n adequat e basi s fo r  understandin g huma n 
cognition .  Whil e no t  denyin g tha t  suc h model s ca n 
sho w u s interestin g feature s abou t  cognition ,  w e 
shal l  no w argu e tha t  ther e i s reaso n t o believ e 
tha t  significan t  difference s exis t  betwee n huma n 
cognitio n an d compute r  model s o f  it . 
Limited resource capacity for problem solving 
dictate s tha t  on e canno t  alway s us e procedure s 
tha t  guarante e correc t  results .  Fo r  comple x prob -
lem s on e mus t  choos e method s tha t  yiel d correc t 
result s muc h o f  th e tim e bu t  ar e fallible .  Ther e 
ar e tw o fallibl e way s o f  usin g limite d resource s 
fo r  dealin g wit h problem s whos e optima l  solutio n 
require s greate r  resources .  On e tha t  ha s bee n 
studie d muc h i n recen t  year s ha s bee n th e us e 
of  heuristic s (Cf .  Simon ,  1969) .  Heuristic s ar e 
rule s tha t  ar e simple r  tha n optima l  algorithms , 
produc e th e sam e answer s a s th e optima l  algorith m 
much o f  th e time ,  bu t  tha t  ar e subjec t  t o system -
ati c error s becaus e o f  th e simplification s the y 
use (Wimsatt ,  1980) .  Tversk y an d Kahnema n (1974 ) 
hav e develope d a n empirica l  researc h programm e t o 
discove r  th e kind s o f  heuristic s human s us e i n 
handlin g certai n kind s o f  judgmen t  tasks .  A 
secon d wa y o f  solvin g th e proble m o f  limite d re -
source s i s t o manipulat e th e hardwar e o f  one' s 
syste m t o approximat e th e performanc e o f  a  riche r 
hardwar e system .  A s i n th e cas e o f  heuristics ,  a 
simplifie d hardwar e syste m tha t  i s develope d t o 
approximat e a  riche r  on e may allo w on e t o reac h 
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correc c answer s muc h o f  Ch e time ,  bu t  wil l  d o s o 
ac th e cos t  o f  makin g error s unde r  certai n condi -
tions . 

The hardware system of a Turing machine or a 
compute r  i s  linea r  an d digital—informatio n I s 
processe d b y linearl y transmittin g an d modifyin g 
Informatio n unit s whic h ar e perfectl y distinc t  an d 
so engende r  n o ambiguity .  On e basi s fo r  th e anal -
ogy betwee n brain s an d computer s i s th e assumptio n 
tha t  th e brai n als o utilize s a  linea r  an d digita l 
processin g mechanism—th e neuro n (vo n Neumann , 
19S8)  .  Lik e th e component s o f  computers ,  neuron s 
transmi t  electrica l  impulse s linearl y dow n thei r 
dendrite s an d axon s wit h th e actio n potentia l  i n 
Che axo n bein g comparabl e t o a  digita l  binar y 
signa l  I n a  computer .  (Dendriti c  processe s allo w 
fo r  a  spectru m o f  responses ,  bu t  thes e function s 
hav e bee n viewe d a s weightin g an d gatin g functions , 
whic h ar e easil y replicate d i n compute r  hardware. ) 
In addition to these neuronal processes, 
whic h see m comparabl e t o thos e realize d i n a 
Turin g machin e o r  computer ,  though ,  ther e i s 
anothe r  transmissio n mechanis m I n Ch e bralo .  Thi s 
mechanis m Involve s a  for m o f  cransmissio n quit e 
differen t  tha n th e linea r  an d digita l  transmissio n 
of  neuron s an d may provid e a  mean s fo r  th e brai n 
t o approximat e th e performanc e tha t  woul d requir e 
a fa r  riche r  linea r  an d digita l  mechanism .  On e 
can bes t  appreciat e thi s mechanis m b y considerin g 
earlie r  stage s i n evolution . 
Long ago Hughling^ Jackson (188A) insisted that 
t o understan d th e functio n o f  th e brai n on e ha d t o 
atten d t o Ic s evolution .  Th e brai n i s organize d 
i n a n evolutionar y hierarch y i n whic h th e lowes t 
and firs t  evolve d part s o f  th e brai n regulat e al l 
bodil y activities .  Th e late r  evolve d hi^ie r 
center s functio n b y modifyin g an d regulatin g th e 
earlie r  evolve d lowe r  centers .  Befor e ther e wer e 
nerv e cells ,  however ,  ther e existe d a  mechanis m 
fo r  Cransmissio n betwee n cells .  Accordin g t o 
Oparin' s (1965 )  model ,  cell s originate d whe n wate r 
Interacte d wit h macromolecule s an d electrolyte s 
t o for m a  mor e fa t  lik e substance—protoplasm . 
The wate r  aroun d th e molecule s become s structure d 
i n mic h th e san e manne r  a s occur s i n Jell o an d th e 
whol e uni t  behav e lik e a n oi l  dro p wit h respec t  t o 
th e intercellula r  plasma .  Ecano w (1982 )  ha s 
propose d cha t  th e sam e proces s i s responsibl e fo r 
formin g multicellula r  aggregates .  I n thes e aggre -
gate s differen t  thermodynami c state s ar e foun d i n 
th e cytoplas m o f  ch e variou s cell s (includin g a 
differen t  stat e I n th e cellula r  interfac e o r  mem-
brane )  an d i n th e Interstitua l  fluids . 

Already within these early cellular aggre-
gate s a  mod e o f  signa l  transmissio n exisCed . 
The differen t  thermodynami c state s o f  th e cyto -
plasm ,  membrane ,  an d Interstitua l  fluid s ar e i n 
dynami c equilibriu m wic h on e another ,  wic h a 
constan t  exchang e o f  molecula r  substance s occur -
rin g betwee n ch e differen c scruccura l  unlcs . 
Thi s exchang e allow s fo r  a  kin d o f  transmissio n 
betwee n cells :  a  chang e i n th e thermodynami c 
condition s i n on e cel l  wil l  propagat e rapidl y t o 
surroundin g cells .  Thi s kin d o f  transmissio n 
stil l  occur s eve n afte r  nerv e cell s hav e evolve d 
wit h thei r  mor e digicallze d an d linearl y direcce d 
Cransmissio n capaciCies .  Thi s i s particularl y 
trxi e i n place s wher e nerv e cell s ar e tightl y boun d 
together .  Thi s tightl y organize d patter n cause s 
th e wate r  i n ch e plasm a surroundin g Ch e cell s C o 
become highl y structure d itself ,  affecting ,  i n 
particular ,  Ch e solublllc y o f  Ion s i n Ch e plasms . 
Boch Ch e cell s an d ch e surroundin g plasm a becom e 
highl y susceptibl e Co an y chermodynami c change s 

Chac ar e induced .  On e o f  ch e prim e cause s o f 
Chermodynami c change s i s eleccrica l  activit y 
propagate d alon g neurons .  Electrica l  energ y 
alter s th e physical-chemica l  structur e aroun d th e 
nerv e cell .  Onc e th e chang e ha s occurred ,  th e 
physical-chemica l  organizatio n elsewher e wil l 
modif y unti l  equilibriu m i s onc e agai n achieved . 
Not  onl y ar e thes e physical-chemica l  change s ini -
tiate d b y neura l  activity ,  the y als o reciprocall y 
affec t  tha t  activity .  Neura l  activit y depend s o n 
io n transfer ,  an d thi s io n transfe r  i s governe d b y 
th e degre e o f  structurin g foun d a t  th e cell-plasm a 
interface .  On e cell' s  firin g change s thi s struc -
turin g aroun d othe r  cell s an d henc e thei r  poCentla l 
t o fire . 
There Is, at this point, reason to believe 
thi s physical-chemica l  transmissio n mechanis m i s 
efficaciou s i n humans .  Sinc e mos t  anestheti c 
agent s ar e biochemicall y inert ,  i t  i s  generall y 
recognize d tha t  a  physical-chemica l  mechanis m mus t 
be involved .  Followin g a  suggestio n fro m Bernar d 
(1875) ,  Ecano w et .  al .  (197 9 an d Ecanow ,  1981 )  pro -
pos e tha t  anesthesi a involve s th e formatio n o f  a 
highl y structure d matri x a t  th e cel l  surfac e whic h 
becomes non-pola r  an d fat-like .  Io n exchang e i s 
a pola r  proces s an d s o i s blocke d i n s»ic h a  mat -
rix .  Thi s mode l  predict s tha t  substance s whic h 
decreas e th e structurin g o f  water ,  generall y pola r 
molecules ,  chaotropi c ion s lik e ure a an d vitami n C , 
or  increase d temperatures ,  wil l  produc e a n increas e 
I n menta l  activity .  Thes e effect s hav e bee n ob -
serve d i n vivo .  Th e insigh t  o f  thi s mode l  ha s 
been extende d t o accoun t  fo r  th e fluctuatio n 
betwee n Increase d an d reduce d menta l  activit y 
foun d i n manic-depressiv e patient s (Ecano w an d 
Klawans ,  1974) . 
This physical-chemical mode of transmission 
propose d b y Ecano w (1982 )  differ s fro m neura l 
transmissio n i n propagatin g thre e dimenslonall y 
fro m Ch e Inlcla l  sic e an d i n invokin g a  degre e o f 
respons e Cha C ca n var y ove r  a  continuou s spectrtim . 
I t  i s  als o ver y rapid .  We cannot ,  a t  thi s point , 
make definitiv e claim s a s t o it s direc t  rol e i n 
cognition ,  bu t  w e conclud e wit h a  speculativ e sug -
gestion .  Kande l  (1978 )  ha s foun d tha t  lon g ter m 
and shor t  ter m habituatio n an d sensitizatio n i n 
Aplysi a (processe s h e take s t o b e form s o f  memor y 
and learning )  resul t  fro m changin g Ch e amount s o f 
calcul m ion s (neede d fo r  transmitte r  release ) 
availabl e a t  th e pre-synapti c cleft .  Kande l  doe s 
not  accoun t  fo r  Ch e chang e I n calciu m avallablllC y 
cha c hablCuado n an d sensldzacio n produce ,  bu t 
one possibl e mechanis m woul d b e throug h alterna -
tio n o f  th e physical-chemica l  structure s nea r  Ch e 
pre-synapcl c clefc .  Suc h scruccurln g ca n occu r  i n 
degree s an d s o accoun c fo r  ch e gradua l  "learning " 
of  Ches e responses .  Moreover ,  suc h sCrucCure s 
woul d b e appropriatel y subjec t  t o chang e whe n ne w 
experience s produc e neura l  activit y i n th e are a 
aroun d th e pre-synapti c cleft . 
The physical-chemical transmission mechanism 
provide s th e mind-brai n wit h capacitie s fo r  infor -
matio n processin g quit e differen t  fro m th e linea r 
and digita l  capacitie s o f  neurons .  Give n ch e hard " 
war e llmlcation s o f  th e brain ,  i t  may wel l  b e tha t 
thi s thre e dimensiona l  analogu e mechanis m o f 
physical-chemica l  transmissio n provide s th e mind -
brai n a  powerfu l  coo l  fo r  overcomin g resourc e 
conscraints .  Th e powe r  o f  thi s mechanism ,  however , 
canno C b e sCudle d b y modellin g wit h digica l  com -
pucer s tha t  lac k suc h cransmissio n capacities . 
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