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T h e Refle x A r c C o n c e p t  i n Cogni t iv e Scienc e 

Lawrenc e R .  Carleto n 
GDE Syslenis ,  Inc . 

Sai l  Diego .  C A 92127-180 6 
IrcarletonQaol.co m 

Hutchins '  Cognitio n i n th e Wil d [1995 ]  call s t o connectionis m 
t o se e "huma n cognitiv e activit y a s a n integra l  par t  o f  .. .  a 
large r  syste m ... "  wher e modelin g cognitio n fro m thi s 
perspectiv e offer s " a sens e o f  th e natur e o f  individua l 
cognition "  Thi s cal l  o f  "th e Wild" ,  beckon s i n th e righ t 
direction ,  bu t  a n accompanyin g mode l  o f  cognitiv e activit y i n 
contex t  embodie s wha t  Dewe y [1896 ]  terme d th e "refle x arc " 
concep t  i n psychology ,  eschewin g th e benefit s o f  Dewey' s 
more complet e "organi c circuit "  model .  M y Deweya n criticis m 
of  Hutchins '  mode l  o f  learnin g a  sequentia l  procedur e show s 
benefit s t o understandin g huma n cognitio n a s a  cycli c activit y 
of  buildin g an d reconstitutin g a  coordination ,  eve n wher e th e 
conten t  seem s t o b e a  fixe d monotoni c linea r  sequenc e o f  steps . 

James' [1890] reflex arc concept as basis of cognitive action 
i n a n environmen t  endure s eve n i n Hutchins[1995] ,  w h o 
emphasize s th e interactio n o f  agent s i n a  distribute d 
cognitiv e system ,  bu t  characterize s a  cognitiv e agent' s 
learnin g o f  a  sequentia l  procedur e (Nav y Standar d Steamin g 
Watch )  a s developmen t  o f  a  lattic e o f  mutuall y constrainin g 
mediate d stat e transitions .  Hutchins '  explici t  comparison s 
wit h an d wel l  mad e criticism s o f  th e P D F paradig m shoul d 
influenc e futur e neura l  ne t  cognitio n modelin g pivotally ,  an d 
therefor e deserve s seriou s critica l  attention .  A n analysi s lik e 
Dewey's[1896 ]  criticis m o f  Jame s ca n prov e a s salutar y n o w 
fo r  Hutchins ,  an d henc e cognitiv e science ,  a s di d th e origina l 
fo r  psychology . 

Hutchin s characterize s learnin g th e Standar d Steamin g 
Watc h (SSW) ,  a  12-ste p sequenc e o f  steps ,  a s internalizatio n 
of  mediate d stat e transition s ( M S T )  a s buildin g blocks ,  eac h 
consistin g o f  initia l  an d fina l  state s an d a  m e d i u m / 
controllin g structur e fo r  transitio n fro m initia l  t o final  state . 
One construct s linea r  sequence s b y fina l  stat e o f  on e bloc k 
servin g a s initia l  stat e fo r  th e next .  Differen t  kind s o f  M S T 
for m sequence s orthogonall y t o eac h other.  Thes e 
interlockin g linea r  sequence s for m a  lattic e o f  mutuall y 
constrainin g stat e transition s (Figur e 1 )  - -  ver y m u c h a 
syste m o f  interlockin g refle x arcs . 

Figur e 1 :  A  lattic e o f  mediate d stat e transitions :  sequence s 
of  mediate d stat e U-ansition s reinforc e eac h other . 

But  S S W,  lik e learne d sequence s i n general ,  is ,  w h e n 
learned ,  cycli c an d no t  reall y monotonic .  I n S S W,  Ste p 1 2 

i s "g o t o Ste p 2  an d repeat" ,  an d Ste p 6  "plo t  observe d 
bearing s o n chart "  ca n b e followe d b y retur n t o Ste p 4 
"observ e landmar k bearings "  i f  th e plo t  i s  unacceptable , 
instea d o f  th e usua l  Ste p 7  "compar e fix  t o projecte d fix 
position" .  Hutchins '  lattic e o f  meditate d stat e transition s i s 
strictl y  unidirectional ,  an d s o canno t  accoun t  fo r  this . 

I n learnin g a  sequentia l  procedur e on e reall y develop s 
coordination s fo r  resolvin g an d maintainin g a n assortmen t  o f 
elements .  I n Ste p 6  ther e ar e unresolve d bearin g 
observations ,  an d on e recoordinate s b y plottin g thei r 
intersectio n a s shi p location .  W h e n thi s ca n b e don e 
satisfactorily ,  w e hav e unresolve d element s fo r  Ste p 7 :  a 
positio n an d a  projecte d position ,  s o Coordinatio n o f  Ste p 7 
take s over .  Bu t  w h e n thi s canno t  b e done ,  th e bearin g 
observation s ar e calle d int o question ,  an d s o th e coordinatio n 
fo r  Ste p 4  become s unresolved . 

Coordinatio n 1 Coordinatio n 2 

Stat e 1 Stat e 2 

Stat e 3 

Coord i 

Figur e 2 :  A  "state "  (elUpse )  i s a  configuratio n o f  element s 
(rectangles )  which ,  i n th e contex t  o f  a  coordination ,  nee d t o 
be recoordinate d (ar c wit h arrowhead) .  S o m e element s c o m e 
unde r  severa l  coordinations ,  s o reconstitutin g on e 
coordinatio n ca n caus e a  stat e (i n th e contex t  o f  anothe r 
coordination )  t o nee d recoordination . 

I f  w e mode l  th e environmen t  wit h th e agen t  i n it ,  no t  jus t 
th e agen t  a s passiv e inpu t  recipient ,  w e mode l  tha t  whic h i s 
learne d an d k n o w n a s organi c circuits ,  capturin g th e cyclic , 
active ,  interactiv e natur e o f  knowledge ,  eve n o f  apparen t 
monotonic ,  linea r  sequences . 
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