
Prolegomena to an Aesthetic 

( . ' n n ~ r ~ i ~ ~ ~ ~ i c : r l r ~ l  11). I < .  h l .  Collry 

' l - l~c.  S I I O J C ~ C L  of C I I I I C S ~ I I  is 1 . 1 1 ~  Iinsic i~~Io l .ma l io~~a l  "givens" or co~lstrnints iu 
c 1 I t 1 a 1  o c s s i ~ ~ .  ~ ' I I c :  Illcalls uf sL11dy is \I! p ~ r c c l ~ t t ~ a l  illusiot~s sucli as tlic 
figl~ral nflrrcllrct : I I I C ~  llic !.;il)srit~ :~rlnptntioll ] ~ h c ~ ~ o ~ ~ i e ~ ~ o n .  I~itcrpretations are 
f i i v c ~ ~  i l l  Irr111s 111 I I C I I ~ R ~  I~c~l~ijir;rl~l~!. 11si11g factl~nl dala as logical I~ou~ttls. 

111 Ll~e L~- : r~~scct~~lc~r ln l  acsll~clic wc sl~all. tl~crcfurc, lirst isolate se~~sibility. 
by la lc i~~g :t\v:ty [I.QIII i L  c \ ,cr\Lli i~~g 1vI1ic11 Llic ~ ~ r ~ r I c r s t a ~ i ~ l i ~ i g  t11i111is t l~ i -o~~gl i  
its colil:epts, so t l ~ n t  i 1 0 L l i i 1 1 ~  I I I ~ ! .  I I C  Ic[t sa\.c c~npiricnl itit~rition. Seco~idlj-, we 
sliall alsn scli:i.ralc olf lrotn cvcrytl i i~~g \vl~icl~ I1c,lo11gs to sensat io~~,  so tll;~t 
~ i o l l i i ~ ~ g  may I . ~ I I I : I ~ I I  s:i.\:$ 11111.c i ~ ~ t i i i l i ~ ~ ~ i  a ~ i d  l l ~ e  nicrc for111 of nppearallce, 
\vliicli is all L I r ; i L  s~~~rs i l~ i I i t ) -  C : I I ~  s ~ ~ p p l y  a ~ Y ~ I . I I - i .  

- Imnia l l~~el  ICant 
C'~.i/ig~re o/ Plrre Raaso~r 

(LSST), pages 66-G7 

'L'lierc is all ~ u ~ c l e l i ~ l c f l  a r c n  of 1 1 1 ~  s l . r~cl j~  of pc rcep t io~ l  t h a t  dcals w i th  

tlte l.)asic ir11~1.111;1tio11 I I S C ~  I?!. l l l f  I I C ~ I . O I I S  syste111 t o  in i t ia te  percept io l~s .  

I'l~is I>a!;ic i n  1u1-111atio11 c:ulllciL i-e;~ll!: IIC consiclcl.eil "sensatioil," as th is  

wor~lcl iii~l?l!; n c:crtail~ i ~ ~ t t : s p l - ~ ~ l a l i o ~ ~  01 Illat \rl~ir:ll is tlie niealis of intes- 

111 e t a l i o l ~ .  'l'llc \\.l-iLcc 1;ll.res ( I I C  \-ic\\; tll;ll s c u s a t i o l ~ s  a r e  0111~- in terpre table  

\ v i t l ~ i l ~  a p e ~ - c c p t ~ ~ a l  c o n l e x t  n ~ ~ d  11ot \.ice \.ersa. P c r c e p t i o ~ ~ s ,  tlierefose, 

s l ~ o l ~ l d  I)e i11tcr-111.ctccl \ \ : i t l l i ~ l  ; ~ ~ ~ o l l l e l -  colll-cst n ~ ~ c l  i t  is wit11 th is  ~~cg lec t ec l  



al-ca tl1;11 Ll~is arliclr colrccms ilscli. l i a ~ ~ l .  osecl tllc tcl-ul "aestlietic" 
to 111ca1r I l ~ c  cloc11-ilic ol sensil)iliLy --not to be col~luse~l  \\.it11 llle empirical 
S I I  l I \\'Ir;ltc\:cr t l ~ c  suit;~bilil!. ol t l ~ e  tcrln, t l ~ e  conccrll is n-it11 
t l ~ q  "l~ll~~sic:)lo~ical :L j~riori." Gibson [lf i ,  171 Ins  concerned Iti~nself \\:it11 

;isl>ccts ol illis sl~i(1y; Ll~is arlicle, I~on.ever, :1tle111pts to deal jvitli the 
11eurnl)llysiol(~~;ic:1l nsl)ccls of Ll~c ~ l~ -o l? l e~n ,  allel t11e tlieol-etical results 

~ v i l l .  1)rsIla1!s, clilfer considcrabl~-. 
TT'illli~~ Ll~is liclcl, it \\:oulcl :~lyicnl-, tl~cl-e n1.c n 11umbc1- of phenomena ', 

or ~?roLlclns n.01-11ij- of stuclj-. 'Illis al.ticle i-e\.ie\~s Lllc ligural afterefleet 

(171\1<) n~icl lllc s i ~ n ~ ~ l l : u i c o ~ ~ s  c o n l r ~ ~ s l  elfect. 111 esamining tltese t\vo ' 

~ ~ l ~ c l ~ o n l c n ; i ,  ~ ~ s ~ ~ l a ~ ~ a t i v ~ i s  ~11.c gi\.ur ill terii~s tli;~ t ad\-ocnte a jnclgmental 
1-ic\\ ul 1~rl.cl~l3L11nl ncti\.ily. l'llc descriplio~ls lollo\v the lilies of I'iaget ' 

. 

157 J. I\ l~ilc lllc c s ~ l n n a t i o l ~ s  lullu\c tljr Iiologrnl~l~ic tllcory ol I'ribrnnl 
[(il I .  I.):lla s~tl~l)vl-Li~lg Ll~e I~olc~~r ; r l~ l l ic  vim. ol [lie ce11t1-al ~ter\-ous s!.steln 

;Ire i-clcr~-ccl 1 0  [7 111. 
17i~r:lll~.. llle iilll)ortn~lcc> ol 1l1e Insic i l t l o r~~~a t ion  of p~-ol>rioceptio~l 

is c~nl>l~asizcd :111cl a gc11c1-al scllcme ol the coiltlectio~~ betxeen tlie 
~'l-nj'~.iuccl>ti~.c and 11~1-ccllli~.c funcl io~~s  ill the 01-ganisnl o~~ t l i l~e r l .  

.l'llc lig11r:tl i ~ l l c ~ ~ c l l ~ d .  consi.;is o[ color, dclrll~, a ~ ~ d  clisl~lacerlle~it 
rlfccls. iillcl- l i s ; l l i c~~~  ~ I I  :L r;l)ot ill a ~>c.rccl>lual clisplay (inspection 
lig111-cs 01- I - l ig~~sr,) ,  tile tlisi~l:~!- is cscll:u~gccl for at lot l~c~-,  difIet i~~g ill certaill 
resl'ects (lcsl lig11rc or 1'-lignre), ant1 1l1c ellects of l isal io~i a]-c noted. 

.1'Iic Gi l~so~i  silur~lta~icous col~Ll.ast ellcct col~sists ol co~~lparison 
sill~~.llln~ien~rsly ol a st:tnda~-cl arlcl test ligure alter PI-iol- irlspection o l  

tllr sL:ulcla~.tl lig111.17. 
S ~ I I C C  filc.En.c~i's rcvie\\: 1-52] of tile literature 011 tile figuixl aftereffect 

a11d tile Gil?soii ad;~l>t;~Lion l~ l i c~~c~rnc~ ion  114-1Ci], a ~iuniber ol sludies 
]lave nl.q)r;u-cd t11:lL l l~ro\ r  I I I ~ I - c  liglrt on this pi.oblem area (c[. Q~/ .a? . f~rd?~ 
j~,11~11(71 01 l Z . ~ f r i . i ~ ~ ~ c i ~ [ ( ~ /  l ' s~1~~110iog~~ 1 3 ,  l9fiJ). 

Tllc Gibson cllccl 11:~s an i~llcrocular trnllsfcr (the. effect is, I~o\v~vel.,  

I ~ ~ I I C C ~ ) ,  n~icl occurs n.itl~out c).e lisnlion. Pcculiar to tlie figural alter- 
effect is lllc "clis1:urce 1)n1-ndos," ~~nnle ly ,  that alll~ougli cleptli a11~1 color 
cllects :]I-c most ~ l~ni -kcd ill I-egio~is of inlellsc snti:~tioli, t l ~ e  size displace- 
1l1erlt cllect is grcalest not \\'llere tlle 'I-ljgure col~tours coi~~cicle ~ v i l l ~  those 
OI lllc I-Iigr~l-e Out a t  some clislal~ce Iron1 this. 



Icoehler [20-341 proclaimecl tlle cortex at; ;I \,oluinc co~~tlncLos i~i i t  
could not accormt for the fact that trlien the I-fig~11-c coi~~cidrs  wit11 Llie 
T-figure, the T-figure appears smaller. According lo the volumc ronduc- 
tion tlieory o[ the figural aftereffect, satiatioll sl~otrlcl 1 ~ e  gleater alltl 
proceed more rapidly inside the I-ligure tlinn in tlie c~ivirol~nienl.  Con- 
serluentlp, tlie coincident test-figure current s11c)ulcl bc tul-ned an:ay a ~ l d  
more current slioulrl flow in tlie e n ~ i r o ~ l r n e ~ l t  tllali ill tlle interior of t l ~ c  
figure. The T-figul-e sl~ould thus appeal- larger. This cliscrepn11c.y o[ fact 
and theory \\.as ine~itioiiecl I)\: I-Iebb ([I!)], pages 54--5S), \vl~o noted t l ~ a t  
\\it11 Iioehler's theory it is not possible to predict wl~cn llic 1.est figol-r 
~vill ~ I - O ~ V  and 1~11en it will slirinl<. 

In 1954 Sutliel-land ~ ~ u l ~ l i s l ~ e i l  tlic conlsoversinl ~ X I ~ C I -  174.1 tlial in- 

tended to slio\v (hat  it is apparent size ra l l~cs  t l~ali  tllc r e t i ~ ~ n l  size ol tltc 

I-ligure t l ~ a t  detern~ines thc effect. Tliis conclusiou n a s  assi\:ecl a t  aftcl- 
a confrontation of n retinal and apparent sizes on a specific '1'-ligiire. ; 

Not al\rays, lion.e\-er, 113s this 1.esu1t liclcl up upon rcplic.alio~l. 
Sagai-a and 0j.anla [ t i t i ]  report tllal Noza\\~a (541 stuclied tlie C;il,su~, 

effect using t l ~ e  apparatus sl~o\vn in Fig. 1. I t  was foulid tlint t l ~ e  e:<te~iclt,d 

. ,- - - -, 
VARIABL E 

FIG. 1. 111~1)cctioll ~ I I L I  test figures used by Nozalvn (Isom [ O F ] ) .  

"curved line" effect revealecl that the T-figure nln;ays clecreased i ts  
apparent curvature, even when it was curvecl Inore tlmn Lhe I curve. 
Accorcling to tlie ICoel~ler theory of volume conduction, tllr T-figure 
sliould have bee11 expected to increase its x1y)nrent cur\-atuse. 

~ln l l r r rrrn l i rnf  I?ioscicircrs 3. 4.7 I - .IF1 ( I f I f jR)  



L1si11, cil.ctila.r 1ig111.c~ n ~ ~ c l  i~l\ .est ig:~ti~~g l l ~ c  [igural ;~fteref[ect, the 

:~i~Lllc.ll-s rcljo~-1 t11:~t 111asir11n1 gru\ r t l~  occurs \v11e11 tlie I-figure is one 

l~al l  Lllc: I-circlc i n  tli:l.n~eter nl~cl t l ~ c  mnsin~unl shrinl<age occurs wlien 
Ll~c I-(31-cle is t\vicc :is Iru-gc as tile ?'-circle. I t  means that the optilnum 
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L 7 r ( ; .  2. .\llc~.c:llccl i1.q n I ~ ~ t ~ u : t i o ~ i  I J ~  (Ii(-sizc 1.3tiu of llic ~ I I S ~ C C ~ ~ I J T I  circle Lo t l ~ e  t cs t  

cir~:lv ( ~ I - P I I I  [I;(;]). 

co~~c.lil ~ I I I I  101- c l isl>lacc~~~re~~I,  or Lllc Ii~liit uf Clle "distal~ce pnrnclos" pl~e~lorn- 
cllvn, is I I O ~  dc l c l .~~~ ined  I)!- l l ~ e  itbsolute distance betn.ee~~ tlle oi~tlines 
(>I tl~c; 1- :LI ILI  'I'-1circ:lt-s. I > I I (  I?!. Ll~c ~.el:iti~.c size of tile I-circle ancl T-circle 
(rf, F i g .  2). 

'l'l~c c,luse rt.l:~lio~~sllill I)cL\\.ecn tllc figur:~l a[tcrc[Iect alld t l ~ c  nssi~nila- 
liu11-co~llrasl i l l t~s i f !~~ \\:as e::l~eri~r~entnll\- nscertainecl I,!' Iliecla and 
O[I:~II;I~ 1.2-1-1; ~IIc!. eliscu\~creil C ~ : ~ I ~ ~ ~ I I ~ I O U S  tl.al1sitio11 of resiilts f1.0111 one 
lo 1 . 1 1 ~  oL11r1- o l  Lllrsc L\vo pllcr~o~nena as soon as t l ~ c  tempor,al co~rclitions 
ol t l ~ e  t\\.c, ci~.c:lc.s \vcrc varied I I - O I ~  si~nultit~~eit!: to sr~ccessio~~ bv means 

of ;I t;~r:l~istoscopr: (c.1'. Fig. 3,). 
i\ 1crnl)oral clcla!- is i~~clcccl ~lccdcd. Geor-ge [13] sllo\vcd a coutrnst - 

c.fIcl:l \ v l ~ c ~ ~  I I I C  f i ~ 1 1 1 . c ~  \vcrc sr~pcri~nl)oscci biit an assi~nilation effect 
~vllcn n ~ c . I I I ~ ~ ( . I I . : I ~  r lcl :~~. \\.as i~~troclucecl. . . 

i\ sig11i1'ic:all t sLl~c.l!. \\.as 1~11l~lisllcd 1)). Pvllncli [(N], \vl~o sho\ved that 
lllc pl.ol)urtiul~ nf Llre altcrclIccL 1-aries i l l  a c e r t n i ~ ~  fasllion with age. 
L;~SIII-I:  -I- sllo\vs Lllc: rr.lalio~~sllil~. \vllicl~ will I)e ~lientionerl again ill connec- 
Lio~r n.i!It I ' ingct. '~ [5rJ ~iotions on thc derivntion of certain illusions 
p~!uili:~r l o  cllilcll~oorl allel tlrt:)se l>eci~liar to acl~iltl~oocl. 
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FIG. 3 .  :\ltcrcllcct as  n functioll o l  l l ~ c  sizc 01 i l ~ s p c c t i ~ , ~ ~  circlc at ~ : a c l ~  slngc: uf 
as)-ncllrollisnl l~reserl(-at i ,>~~ o [  I - f igure  ;111cl 'C-fig~~~.c. Jispvsurc tinlc o[ bull1 figlllcs 

is 500 IIISCC, ntlcl tlic s ta r t  of exposure of Ll~e T-(i6111.c is clrln)-ctl 0--1000 lllscc fro111 
tha t  of I-figure (Jela!. intlicntctl by I) .  From [(Xi]. 
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\\.'ul~l\\.ill [!I(I( i O 1 ~ ~ ~ ~ l  ( I I ; I ~  ( I I ~  ell'cct of assi~~li la t ion decreases \vi l l~ 
asp,  \\l~cl-c.:~s c~c,~~li.;~sL ( . f l (~: ts ,  a(. 1c;tst oI lllc t cn~pora l  variety, increase. 

1'ia;;c.t'~ I I I ; I ( I I C I I ~ ~ ~ ~ ( . ; I I  ~I ICOI- ! :  or p e ~ . c e l ~ t i u ~ l  summarized in Lzs 
,llL:rartist~i~:s I1cr.ccl,li!s [ 5 7 ]  \ u s  de\.elul~ccl and  presented gradua l l~ .  o\ .e~-  
;t Ixritltl of l l ~ i ~ . t y  yc:~~.s i l l  .-lr.rlliz!es (Ic Ps~~cholo~i r : .  l~urp i l lo t  [S6] I I ; IS  
l ) ~ . o ~ ~ i t l ~ : t l  ;I  sl~ul-L l)uL c~rc:t:llc~~l cligcsl of Lllc tl~eor!.. 

.I 'IIL: I 11co1-\- l,rol)oscs :r ~,u~l;lt.lcliti\.c s).steln ol perceptual ecluilibriu~n, 

;111(1 is cIcri\ .~d \\.ill~iil t l ~ e  t :o~~tust  ol ille iclc;~ t l ~ a t  discrimination occurs 
1.11.iu1- (u (Ilc a l ~ l ~ l i c a l i o ~ i  o l  s c l ~ c n ~ a s  o l  slxtce, and so f o i t l ~ ,  t o  the illput. 
.-\s i t  is co~isillcl.cd t11;1t pe~.cc:l'liv~~ nc\,er a t t a ins  tile l l t~nos t  econom!. U S  

c ,c lui l i l~~-ir~~n,  l l ~ c  Ll~co~.!. is co~rc:c~.~~i.c.l \v i l l~  111~: coi~stii~rtiotl of the input 
1)riol. to l)roc'essi~lg. 

111 t11c l c r ~ t ~ i ~ ~ c ~ l o ; ; ~ ~  U S  Ll~e ~II( :OI- \ , ,  :L " t ra~isport"  is a n  i ~ ~ t e g r a t i o ~ ~  of  
s c n s ; ~ l i u ~ ~ s  :111d is c l ~ ~ - i \ . c ~ I  11-0111 t l ~ e  Iiclerogencitj. 01 the spatial-temporal 
fieltl. r\ f1111Ja1l1cnt;ll I~).l~olllcsis is Lllat not o111y is a fixated element 
o\~cl.csti~ll;~tccl ~-cla( i \ .c  Lo t11i1t \v l~ ic l~  is not ,  hut the  element fixated 
Ie~ngc*st is o\.crcsli1ll;itct1 i r ~  reliltion tu  Llle otllcr one. Ele~i lents  from one 
11;wt of ;I liClcl XI-c pr-c~gl-cssi\.c-l!. "c~ ico t~nte rcd ,"  the  moclel fullo\\ring a 
 log:^ i l  l1111ic: 1 ; 1 \ \ .  \\,l~c>i-~:l.ly lu t l ~ c  a r i l l ~ ~ n c l i c  pi.og~.ession 11, 211, 311, . . . , 
\vllic,ll I I I : ~ ~ .  cx111.1:~~ L I I ( :  1)rr )g~.cssi\-c ~ I I I . ; L ~ ~ O I ~  of j>~rcel)tioii, COI-sespo~ids 
1 l i t :  gctrr~lc~lr.ic I ) I - ~ ~ I . C S S ~ O I ~  ( I  - on),  (I -- nu)" ( ( I  - n)~)"~f tlle prob- 
; ~ l ~ i l i l  ics vl c.11cul11llcr. 

l ' l ~ c  111o~1cl is 11sccl in t l ~ c  conil~auiso~l ol liue lengths. :4s an examplc, 
co~~s i t l c r  l\vo l i ~ ~ c s  I,, ; I I I ~  I.,. 1 1 1  the C ; I S ~  O[ L.), t h e  probability of complete 
c:oul)li~~g \\:it11 (I1t:  11 1)oinis o l  L ,  is 1'". F o r  tlle I IL  points of I., the  probnbilit!. 
o i  co1111)l~:(c: c011~)1i1~gs 1vilI1 I I I C  91 poi111s of Ll will be P1"". 170s L, =.L2,  
I l ~c ]~rr)l .~;~llili t j ,  ( , I  co~nl) lctc  co1111lings beco~nes  [($")b"]"' = P"" "" ; for 
I = 1 i t  i l l  I / .  Specifically, to  lllc 1witl117zefic progression of 
t l ~ c  Icngl l~ of T,, cor~.c:sl)o~lcls a gco~trctl.ic progression, b y  a [actor of b" 
or 1I1 i .  111-~1,~1l)ility of con111lcle cou1)lings. 

. . . . . . . . . . -. . -. . -. . .. - ... . . - . - -- 
PI~: .  5. C;l-;~l~lts ol  sll-c~lglli u l  I)cll~oeuf's concentric circle i l l ~ ~ s i o ~ ~ .  .4's radius is 

!I, 12. 15, IS. ;111cl :l(i mtu ; clullecl l i~ lc  ~.cprcscnls 5-G year olcls; brolien line, 11-12 
scar  olils; solit1 lillc, nrl~~lts. i\bscissa: diflcrc~icc between .-I and A '  espl-essed as 
I I L : I Y ' c ' I ~ ~ ; ~ : ~  \\'it11 ~-i:sl~cct t u  Ill? ~.acli~~s c ~ f  .:I ( I IYJII~ [T,U]). 





l ' l~us 1l1e I ; L \ \ ~  of rcl;ili\.c ~ c i ~ t r ; ~ t i o ~ l s  rcprese~its a t\voluld probabilistic 
relationsl~io. 'l'llc [irsl csp~.csscs the probability of dilfcrence couplil~gs 
ill relati011 to t l ~ c  n.ggrcgatc of possible coupliugs. The secoltcl esprcssvs 
tllc ~xol~nbi l i ly  o[ co~~pl ings  over t l ~ e  line that  is being measured rc1:~tive 
to tl~osc ;111pl~'illg Llle largest c l i~ i~c~~sio i i  of the figure. 

N o t  so Inr rclllo\.ccl is Ll~e i~~for~~~ntion-gatliering moclel of 8ilider [q], 
\ \ . l~o also cousiclcrs erltl-ol~y di.fferc11tes as de ter~l l i l l i~~g n~isperceplio~l. 

L'iagcl: I:r)(i] 113s poil~tecl out that perception bears the l~allninrk of 
il-rc\:crsibililj. of i~~lrnclasscs i l l  I~ is  systc~li of logic. This il-reversibilit). 
is ; I ~ ~ ) X I - C I I ~  in t l ~ ; ~ t  j,erccl)tunlly n I-cise~nblance ( R )  is not tlic esact inverse 
of ;1 cliflcrel~ce (I)) ,  but s o ~ ~ ~ o l i ~ l ~ c s  tile one a~i'cl sometimes t l ~ e  other 
1'1-edo~~iiliatrs. 'L'l~c I;~l)el "clcfurnii~~g" is give11 to those cases in n.l~icll a 
smaller figurc is o~~crcsti~iintccl \villi respect to a bigger figure. Tile 
~-clatic,~lsl~ip is t l ~ u s  R >. - D \ v h c ~ ~  .-I > '4'; or, R = - I) -t P ( R D )  is 
Lllc I I I ICOI I I~ )CI IS : I~L" :~  ( . ~ ~ ; ~ ~ ~ s l o r n ~ n l i o ~ ~  rclnli\-e to the reciprocal i~~ \ . e r s io l~ .  
\\:II~II :L sli~nll ligurc is ~ .~~~clvrcs t in~alc<l  lritll respect to n big lig111-c, tile 

~lilfcrcl~ct. 1)cLwecli tlicln l )~~cr lo~ui~i :~ tes .  'J:hus, D > - R \vllen '4 < '4'; 
, . 

or, D = - I? -1- l'(1)R). 1 l1cl.c is a relationsl~ip, tl~erefore, bet\vecln 
l l ~ c  Ic~igt l~s  of I;, 311d L,  alitl P. Eelen-i~rg to liig. 6, (1) clepicts the mag- 
~ ~ i t u d c  of I' 11,cl\reeli no ill11sio11 nlld tllc niasi~iiuni positive illusion; (?) 
I x t \ ~ c c ~ ~  t l ~ e  ~ n n s i n ~ u ~ n  posili~.e illusio~l and tile point of origin (where 
T-, -= fa, nlltl L, = 0) ; (3) bet\\.ecn the n~eclian ~irllle illi~sio~i and tile 
I I I : I S ~ I I I ~ I I I ~  1 1 ~ p ; l l . i ~ ~  i l l ~ ~ s i o ~ l  ; nllcl (4) between this 11lasin1111n ancl t l ~ e  
r~r~l lc  t e ~ - ~ l ~ i ~ ~ n l  illr~sio~l (lor L ,  so 1.71-ge that  thel-e is 110 effect on L,). Tliell, 

r .  > - rl or r = - d -1- P(RD)  for ( L ) ,  



d > - r  or (I=-vfI'(1ZI)) lor (3), 

t i  < - I .  or 16 = - - lJ(RO) lor (4) 

Piaget, Vinh-Bang, ancl k l a t a l o ~ ~  [tin] define t l ~ e  law of relative ccntrn- 
0 

lion as P = (L, - L,)L,. 11 L/S  . L,,,,, wl~ere .L, is the longer o[ the t\vo 
coti~parecl Lines (straight) and L,  is the shorlcr; L is the straight liue 
ul1011 \\~11ich the measurenle~~t  is per[orn~ecl; ir is t l ~ c  n u ~ n l ~ e r  of times 
that (L, - L,)L*, inter\-cnes in the figure generally; L,,,,, is tlle masimum 
I t ~ ~ g t l ~  of the figure; n ~ l d  S is tlte surlacc. If eacli point of the e ~ ~ c o u n l e r  
cou~lts  but a single ~ ~ I I I C ,  l l l t~ l  the i~~creasc  i l l  t l ~ e  uuinl~er of c~icounters 
ancl tllerefore the incl-case in the nppnrcnt lengt l~  of t l ~ e  l i ~ ~ e  will not 
I,c linear. I t  \\-ill prescnt itself in the for~n of a l oga r i t l~~ l~ ic  f ~ ~ n c t i o ~ i  
or of an e spo~~en t i a l  t l ~ a t  can I)e written: 

\vllerc P, is the p~ol~nbiiit!. t11:lt 11 ellcouutc~s occur n11d 11. thc 11rr111ber 
of encounters in t units of time. If the yrobabi l i t~  of  c ~ ~ c o ~ ~ n l c r s  on the 

second of t\vo lines is clesignatecl I I ~  P, a11c1 t l ~ c  probal~ility of ~ i~cou l i t e r s  
on the first as P,, t l~en the pl-01)nbility P of inco~uplelc coupling is 

r = (1 - P,)"' - ( 1  - P,)"' 

I t  is then possil)lc to explain tllc presence oI a te1npora.1 ~ n n s i n ~ u ~ i ~  ol 
i l lusio~~ by tlle aid of tile t l~ree  prccccli~ig notiol~s (cl. Fig. 7 ) .  

Bj. his topic-neutral 121-obabilistic tlleory, ['iaget [57] is nl~lc to esplaiu 
t l ~ e  Gestalt plienonlenon n-ithoilt recourse to ~nytllicnl ~ieurophj~siology. 
.-1 "good form" for Piaget is one ill whir11 the d1:lol-n~ations B(,.l) : B 
and U ( A j  : B conipe~~sate  eac l~  other exactly. 



'J'l~i~s, gi\.cll sa(.i;.~Lion sor~~c\\.lic~.c in t l ~ c  ccntral 11eri-ous sj'slem, Llle 
liglrr-a1 ;~flcl-cllccl allpcnl-s as an i1111sio11 because, I an1 suggesting, t l ~ e  
j l~ l .e~j '~ .c ln t io~~ u l  tllc s;~tjalrcl inl~111 in comparison n.itll the test figure 
l!ro~.~cccIs accol-dill(: to tllc dcscl-iption o I  Pinget's la\\: of relative centra- 
t i o ~ ~ s .  l ' l ~ c  rcl:~tioi~sl~il! I )cL\~~cn Ll~c 1c11p;Llls 01 I-, n.nd L, depicting tlle 
111nsilnr1111 1~nssil?lc illusioll cslllnius t l ~ c  distance paradox. The la\\: of 
tc11ip01-:11 I I I ~ S ~ I I ~ L I I ~ ~  C S ~ I ; I ~ I I S  cllually t l ~ e  l)~-i>pl.ession of the illusion from 
nssi~~iil:lLio~~ to colltrasl ns L11c delay 1jctn:ccn ~ ~ r e s c ~ ~ t a t i o n s  is reduced 
[I". 

I t  rc~llnil~s,  tl~e~-cfor-c, to sllon- that tlrere esisLs Iiigl~cr-order processillg 
of  n ~.isrinl i i~ lwl  sr~scel?til~lc to s ;~ t i ; l l i o~~ .  Tile da ta  oI BZacliay and 
Sulllc~-ln~~cl j~~clicatc Illis. 

J;clarc i ~ s i l i ~  tile l7i;1gcli:rrt ~~ol ior is  to csplni~t tile clata, fu~-t l~el .  studies 
\ \ . i l l  I J C  rrlc~ilio~~c:tl. ,411 ~ I I I ~ ) ~ . ~ I - ~ ; I I I ~  jinl~er is t11;lt I?!. Sut11crl;uld [YS], ~ 1 1 0 ,  

Iil-sl, r)l)Is 101. nil r:;1)1:~11:ltio11 O I I  t l ~ e  lines tlial son)? nl~al\.sis of the stirnulus 



is being pcrfol-mecl 11efo1.e t l ~ e  stage of the nervous sys t c~n  at  \ ~ l ~ i c l l  L I I C  
process unclerlying the FAE occurs. Two i ~ i t e r c s t i ~ ~ g  esan~ples  are given, 
throwing sonle light upon the distance paraclos. I n  the first Iigure i f  
the I-line is fixated, the T-line slioulcl appear as (P); clisplaccment 
sl~ould be small mlicre 1 aiicl T lie near toget l~c~. ,  graclnally increasing to 
a niasi~uum ancl then clccreasil~g. I n  fact, T is seen occupyi~lg tllC positio~i 
ol Line A.  IVl~en a c u n ~ c d  line is sl~on:n ( F i g  S), mirl a s11-aigl~l l i l~e  is 
usccl as I-figure, the straiglit line shoulcl a1,pear Iilcc l i ~ ~ e  1' 1)~it ill fact 
appears like 1i11e r\. Thus, Sutl~erlancl's da ta  support tlle notion that t l ~ r  
figural aftereffect occurs aItcr n~~a lys i s  ol tlie stilnulus is L I I I ~ ~ I - t a l r e n .  

Story [i3], using I I ~ I I O C L I ~ ~ ~  vision, obtained r e s ~ ~ l t s  siniilar lo Sulller- 
IallJ in the apparent size versus rctinnl size controversy. \\'it11 one e5.c 
fisating the I-iigure nnrl the other eye the T-figure, rcsults arc negative, 
\vliicli ~vould seem to implicate accon~ocla tor~~ processcs in t l ~ e  illusion. 
Ntgative e:-idcnce lor apparent sizc as a i1elermin:~nt is PI-o\:idcd I,!: 
'Terwillir~gcr [ i s ] ;  it rnust be bor-11e in ~n ind ,  Ilo\ver:cs, tl1a1 S r ~ t l ~ e ~ - l a ~ ~ d ' s  
figures were in the ratio 1 lo 2.5. 

Interestingly, for Lhe later conclt~sioll, llulican [I I ]  has \:crified t l ~ a t  
clilferii~g insl>ectio~i times afIect only tlic ratc ol tlccay nncl 1101 tllc injlinl 
amount of tlie figul-al aftereifect. 

If the figural aftercffcct occurs after stiniulus ana.lysis, t l~cn  t l ~ c  \\,orl< 
of MacIiay [6V] is important in sllon:irlg lhat  t l~e rc  is scl~ernalike :~cti\;ity 
upon lower ccnters. \4'11en, a.ftcr watclling a rota.ting neutral ~iattel-11, 
a target figure is observed, a rndia.1 coml,lemcnta~-y a. l tcri~l~agc (rill) 
llas t l ~ e  appearance of rolati~ig. "l'l~is suggests Illat, ~\:ll:~.lcve~. Inn!' IIP 
thc tl-ansformation sesl~onsible lor the after-impression of r o t a l i o ~ ~ ,  it 
occurs after the sta.ge a t  n:liicli the CAI is generated, sbice it ol~cralcs 
on tllc CAI and could  ha\^ no eflect on tllc circ.ula~- sgn~rnctrical s t i r ~ i u l ~ ~ s "  
([50], page 3-1.7). 

Using a stabilizecl i~nagc,  it was founcl tliat boll1 :I. stl-canling cllcct 
reported a ~ ~ d  tlle CXI are unaffected by the stabilization. T l ~ e  stabilizetl 
image faclcs irscgularly and spasmoclically ancl on each Incle-out is replaccc.l 
I,!: a ~i io~. ing c~omylcmc~~tal-~7 aftcsimage (CI). The CAI tr:uisfers frcrn~ 
rye to e!-c and, \vhile vien-ing a regular pattcsn will1 one rye, oue can 
use traces of its C 1  ill a ranclo~ii noise source v i e ~ ~ e c l  in  the olller c ! ~ .  

A retinal locus for t l ~ c  pl~cno~nenon has bee11 ruled out on t l ~ c  gro1111c1s 
that blurring of the edges of large-sc;~le patterns may  be tulcratcd aver 
an area tlint \voulcl bc covered bj' 100 lines of t l ~ e  snlallest patterns. 
Furtlicr~uore, altliotigh t l ~ e  p l ~ e ~ ~ o ~ n e n a  reportccl occlir with eitlicr mono- 



cular or l ~ i ~ ~ o c : ~ ~ l n r  \:ic\vi~lg, t l ~ e  l~i110ci11a1. CAI is t\vice as lasting, n ~ l ~ i c h  
\ \ ~ o ~ ~ l c l  I~nrdly 1 ~ c  expected il Lllc osci1lnLo1-y afLcrcffect \ifere in the retina, 
u ~ ~ l c s s  complcs mullla1 rcinforccment is postulated by centrifugal fibers. 
'l'lle cflect, tl~crcfurc, i~ppcars to lic OCCLI~I-ir~g after tlie stage of binocular 
f11sio11; ; L I I ~ ~  11as I I C ~ I I  i~~tcrl~rctccl  as a s t a ~ ~ d i r ~ g  \lra\:e ~ ~ l r e ~ ~ o r n e n o n  in 
t l ~ c  11curi11 I I C ~ \ \ Y I I - ~ < .  l..ct 11s ~lo te ,  I~o\vc\.e~-, LhaL 11e1.e is e\,idence that  
tile in]>r~t is Ixi~lg nctecl 1lpon nncl not "categorized" in anj. passive 
mnnncr; Ll~is ~ ~ l c c l ~ a n i s ~ n ,  \vl~aLe\:cr i t  is, \vill he evolied il l  the final 

s111>1>1~~ c\:i,lencc 011 Ll~c o1-11cr of priorities in perccptu~~l  orgnnizatio~l. 
C~II~I-a t l icLir~g Llrc cli~piricists' 1)elief in n stal)le "external \sorlcl," hlacIiag 
\ \ , ~ . i  tcs L I I : I L  

O I I C  nl i~11I I ~ a v c  s ~ ~ l ~ l ) o s r ~ l  1311 g r o t ~ ~ ~ l l s  01 "pitrs11111111y" tli:~l L11c ft)r111 01 tile per-ccivecl 

figllrc s l ~ u r ~ l d  1.1c ~)rcsc~-\ ,ct l  i11\.a1.i:1111 I I ~ I ~ C : ~  i l lvol~ll~lnry as 111tlch as  untler \,t~lul~tar!. 
~~io \ .cn lcn ts  of its I . ( ' L ~ I I : L I  i~l i :~gc.  111 I;IcL, Iln\vr\.cr, 1111: pnrsi~non). is escrcisecl at  
:i 111\ver Ic\rel. 1l~1cl1 Iucal arCn crl t l ~ c  ~ ~ c r c c p t i ~ n l  iicld appears to 11al.e metrical 
n ~ ~ l o ~ ~ ~ > n i y ,  cl~nsLr:~i~)ctl n111y 1)). t l ~ c  tol>ological ncccssitics of l i l~ l~ ing  up \\.it11 its 
I I ~ ~ I I I I I I - .  IXacl~ n ~ c n  rcs l~r~~i t l s  lo ;i cliangc 11)' 111al;ing the ~nillililal alteration 
j~~stiliccl 11y l l ~ c  cvitlcl~cc-irl-esl>ecli\.c of the conccl>tunl in~probability of the 
l ~ c r c ~ ~ p ~ 1 1 : 1 1  ~ C S I I I L  ( [50], p:~gcs 352 - 353). 

111 t l ~ c  T;~cc i1I Lllc c\,iclc~~cc ; ~ l . ~ o ~ . c  Ll~al lllc: " r i~ l ) l~c r  sheet phenomenon" 
gcncr;llctl by gent l j~  ~-oL:iti~lg tile e1.c to a~l t l  Iro is e l i ~ ~ ~ i n a t e d  in t11e 
~ ~ c i g l ~ l ~ o r i ~ o o ~ l  of a tIrl.eacl 1ktcc1.l ncl-oss t l ~ c  11at1cr.n on o11e side of tlte 
cc111c1- perl>cnclicular to tllc dircctiun of l l ~ e  ~ ~ ~ o t i o n ,  alLl~ougIi 011 thc 
ol~posile side iL c o ~ ~ t i n r ~ c s  ~111;11tcrccl, :LII S-S nssuciatiun Ll~eory of pel-cep- 
ti011 fi~rcls little sol~llort. Rc~ncnil~cr 111:~L Pinget's Illeor). requires a stable 
L ,  : ~ g a i ~ ~ s t  nrl~icl~ cornl~arisol~s al-e nl:~tle. 1Sclicf i n  a "gi\.enH input just 
\\!ill not do. 

R,fncl<ny bclicvcs t l ~ a t  pn~-si~irnnj, is cser-cisccl a t  a lo\\fer level. Each 
luc;~l are;) o I  t l ~ c  pcrceptl~al liclcl :q)pc:u.s to I~o\.e metric:~l autonomy 

. . .consl.~ai~~c.cl tlllly 11)) L I I C  t o l~ol t~gi~ i i i  ~ l~cess i l i cs  oi  li~il;i~lg 1111 \\.it11 i ts  ~leigl~bors.  
Eacll ;Ircn r c s l ~ o ~ ~ t l s  to n c11a11~c IIJ;  rncrliin~ Lllc ~oi~ i in in l  ;~ l le~-a t ion  juslificcl by tllr 
c\ : i t lc~~cc--irrcs~~ccIivc of thc c o ~ ~ c c p t ~ ~ a l  i~nprollahilit'). of Ll~e perceptual result. 

Tllc ( p l l c ~ ~ o l n c ~ i a )  ;ire, i n  fact \vllnt IJlle \vot~lcl cspcct ,  i f ,  rts I Iinve argoell 
clscivl~cl-c [.If)], the ~ > e ~ - c c l ~ t ~ ~ a l  ~nccl~:inism fr~lictions 011 tlie principle of Fisher's 
111111 I ~ ~ ~ ~ ~ o l I ~ e s i s - L i ~ l ~ i ~ ~ g  st;~l~ili(.!. :IS IIIC 1io1.111. delliandillg adequate evideucr 
bcfu1.e m u l ; i ~ ~ g  ally c l ~ n r ~ g c  i l l  lllc \\.orl~I-;IS-perceived, and in every case nialiilig 
i l l  111i11i11lal ~ I I ; L I I ~ C  (I~otvcvcr s~lrpl-ising) t l ~ ; ~ l :  ivill m a t c l ~  sucll new eviJr~ice as 
nlay nrisc (I501, ~ : I S C  353). 



Pricllarcl [G3] 113s also in\lestig:~tecl vis l~al  illusions as stal~ilized retinal 
images. They are u~inffectecl I g r  ejre mo\:ements and, tliereIore, are not 
peripheral. 

Story [72] in\restigntccl the figural nftcselfect \\lit11 an alnbiguous 
I-figure that coulcl be lalcen lor eill~cr a B or a 13. (;water effects were 
obtained \vIien I3 nrns suggeslccl to t l ~ e  subject, inilicating the central 
origi11 of tile effect. Set a l o ~ ~ e ,  honievcr, is insuflicient, as there are no 
differences bet\\,een grolilx \\:l~o perceived no I-figwe. 

Let us consider further this "minimum principle" of perception. I n  
a significant stucly, I10cli ancl Ebenl~oltz [64] ha\:e s11o:vn tllal stroboscopic 
n~o\~enment is 11asecl upon a change of p l ~ e ~ ~ o r n e ~ ~ n l  rather Illan retinal 
location. \\:allach, bIoore, and Ilaviclson [s!)], Ml:~llacl~ and ICal-sh [MI, 
\l'allacl~ nncl % ~ ~ c l < e r ~ n n n  [SS], ant1 V1:~llacl~ ancl I\.lcl<enna [S7], in a 

series of studies using a stereoscopic: apparatus, 11ave sl~own conclusi\;ely 
that depth perception is very 11111~11 a f~~nct io l i  of acconlmodatioli and 
convel-gence and clefinitcly not a function of i~nage size. W'e may concl~.tde, 
therefore, that the response sj~steni is prin.~a~-j. in clictating \1111at \\;ill be 
interpreted and discri~ninatecl niid t l ~ a t  afferent co~~t:rol  is monilored 115' 
the dictates ol Llre effese~it s j rs te~~l .  

Other esar~lples of thc minimum l>~-inciple can be louud in Hocl~berg's 
arlicle [?.I], \v l~ic l~  coined tlie tcrnm, and in the percel~tllal el:tboratio~is 
ol stl-oboscopic presetitations 1-I!: Tocli [7!)3. 

In  apposition lo this hlacl<aj~ [J5-zLS], 11sillg a strol~os~opicnlly 
lit room, has il~clicnl~cl t l ~ n t  change rntllcr tlm;ili s t~~l) i l i l . j~  is i l l  ql~estioll 
\\,lien perception is er:umi~~ecl: 

Uricfly. Lhr arglrli~clrl is that il pcrccpl-io~~ is LIrc nrlallti\.c "l<ecl)iog I I ~  to  date" 
of a n  organism's stale IJI ol.g:iniznLior~ for- acti\.ily in i ts  \vo~-lcl, tlrcn mllal I-ecjrrircs 
justification 1s noL tlic ~nirinlcnancc of stabilily liul Ll~c perceptiori of clralige. 
The ir~ternal s tate ol or.g:~~iizalion, \vlliclr irnl~licill). rcprcserits tllc perceived \vol.ltl, 
s l~ould remain unal1r1-ell unless slifficierrt inlvr~rlatiorr (ill tllc tecl~nical se~~sc!) 
arrives to j~rslif). a cl~nrigc, 1,)~ i~rclic;~tirrg tlral llre c u r r c r ~ l  stnLc of organixnl.ion 
is significantly rnis~nalclleil to l l ~ c  state i l f  allair-s sr\mplctl I)y t l ~ c  rcceplor systcr~r. 
. . . the  change percei\.ctl, Ilo\\*evcr s l ~ r l i r i s i n ~  111 tlic ol~sa-vcr, is always tlre most 
parsimonivus wl~icli \\.ill m;~tclr tlle rliscl-cjrn~it irr[o~.rnali~.)n, pcl.ccption w l ~ l t l  
appear to  be organizecl 011 t l ~ c  co~~scr\ .at i \ .e  ~)ril,ciplz of Llrr ~ r a l l  Irypotlrcsis ([dS], 
pages 5 O i  - 50s). 

T l ~ e  stroboscopic yl~c~iomenon Ins  also I.)een in\.estig:~ted by lJiaget, 
\ipl~ose idea it is that i f  tile flnsl~ing inpn t is at n rate exactly corresponcli~~g 
to tlie brain's "conpling" activity of col.n]>a~-ing one image uritlm tlie other, 



rml!. DI IC  i ~ l r ; ~ g ~ *  111o\.i11g [I-0111 one 1)l;lce to t l ~ c  olller \\.ill Ije seen. .l'liis, 

l~crhaps, is n. litllc a t  \:a.~.i;t~icc wit11 tlie MncKny notion o( parsi~uo~l!- at  
;tII costs ancl \voultl b(: I I ~ ~ I - c  al;i~l to c l o i ~ ~ ~  one's best wit11 the input ill the 
l igl~t  of i~~nclcqr~alc  ~~ l ; cc l~ i r~c ry  for I~;u~clling unusual input. Given one 
rstr-a-cspcri~111ial ~.clcrrncc ~ ~ o i ~ ~ l r ,  sue11 as ~ ~ r e s s i i ~ g  t l ~ e  e!.eball, tlie 
i l lusio~~ (as RIa.t:l<ny sl~on.s) falls Lo Iierl. 'Illis is tlic eclui\-alelit of gi\:i~rg 
; I I I  l., to Ll~c or-g:u,is~l~ 01-. i n  :~IIOLIICI- S C I I S ~ ,  giving it p~~opr iu~cp t io~ t .  
\vl~icll nci.c.1. decei\:es. lin(l1cr L I I ; I I I  tilt: sluggi.;l~ o~-gn~r is~n depictecl I)! 
t l ~ e  MncI<;ty ~ L I I I  Ilj.pothcsis iclcn, I \\:oul~.l prcfrl- tile I'iagetian 11otio11 
(1I a n  o r g n ~ ~ i s ~ ~ ~  \ v i l l i  li111ilccl i r ~ ~ o r ~ n a t i v ~ ~  cal,ncil-!. cloinfi its best \lfitll 
t I l c  i l l  put I~:i.r~tllcc.l I.,? ils o\\:ll nlacl~i~iel.!.. As h[a.cK ny 's e~icierice is bnsccl 
1111 I.lle 511-obosco,)ic ~ ) l i cnor~~enc~r~ ,  {vl~icl~ is itself explained a ~ ~ d s u b s ~ u i l e c ~  
uncler Fingct's 1rlor.e coriil>rel~c~~si\-c tl~ror]., tIie1.c s c c ~ ~ l s  little reason to 
1v;lieve hI:~l<;~y- 's  i ~ ~ l . ( : ~ - \ > ~ - c l : ~ l i o ~ ~ s  i r t  t l~is  111attt:r. 

I\ , j \ ~ d ~ l i r l * ~ ~ t : ~ (  ~IIcoI.!. 0 1  I ! C L . ( : C ~ I ~ ~ O I I  \ \ . i l l  I I O ~  ~vu1.1; 1111lrss t \ v ~  illll~lts 
L C  ~ i i .  I ; ~ > I -  ; I  si~rglc i11lj11L \\auld Ii:~\:e to "liuon-" beforel~;t~~cl its 

u\vrl inc~ric:tr!. at.lcl~.css (i.c., ~vo\.iclc. it.< own ~.cceptio~l). A co~itc~lt-ndclr~ss- 
:rble i~~cnlol-j: tli3cs "l.rno\vU tllc contlitions lor its o \ ~ ~ ~ ~ , ~ . e c e l ~ t i o ~ l .  I t  is, 

I~c.,n.e\.c~., 01 l i ~ r ~ i l ( : c l  slwci[icily [ol- c.ntcgor-izntion j~irl)oses. 
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tion is 1noc1ilial)lc over time and provides tltc TI  itclioll Ior nmp\ilicntiou 
of 11's represe~rtntiorl. This ~noclification is co~tsidereci to be adaptation. 

Habituation is considcrecl to be zero-le~.el amplification. TIte tra~~smission 
rate of the B system is collsidered faster tlrar~ t l ~ a l  ol tllc A system. 

Standard Variable 

circles 
(Delboeuf) 

Supposc that both illputs are prese~iterl si~nt~lL;r~leonsly and colnpared. 
T11e11 uildes certain coi~ditions tllc ncti\.iL!- ol B preceding according 
to the law of the ternpol-a1 ~uas i l l iu~n \\fill cffcct : u ~  nssi~nilntio~i illusion. 

Suppose that tlicl-e exist: ( I )  a clecrense i l l  a ~ ~ i ~ l i l i c a t i o n  by 13 after 

use; (2) a cotnparison 113: 13 of parts of t l w  i l~pu t  I?!: tile law of re1ati1.e 
centrations; (3) a coupling over time of pal-ls of Ll~e i1il111t by tllc Ianr of 
temporal masin~um.  All 1-figure presented before n T-figure woulcl 
result in (1) and (2) nncl heltcc conlrast. i l l 1  I-lig~u-e presented ~ v i t h  a 
T-figure would result in  (2) ;111tl (::) and I~cnce assimilatior~. I i  ( I )  a l~ t l  
(2) occur, the11 we will Ilnve a distm~cc paradox I,\: t l ~ c  relative sizes o[ 

the I-figure nlicl T-ligul-e It!. llrc law of re1;ltivc: c e ~ r t r a t i o ~ ~  (cf. [ G G ] ) .  



Piagct 113s classificcl i l l ~ . ~ s i o ~ ~ s  illto t\vo classes: (i) prir~lal.!., \vl~icl~ 

;\re esj~c~.ic~lcccl 1)y cllilclrc~~ and Ilenc:~: are i l lusio~~s of a s s i~~~i l a t ion ;  a11c1 
( i i )  scco~~tln~-j , ,  \ s l~ ic l~  are csperic~~cecl by nilults clue to an ovcrcolnYensa- 
Lioli of t l~eir  s c l ~ ~ ~ ~ i ; i l i c  activ-il.!. n ~ ~ c l  11e11cc are c o ~ ~ l r a s t  illusio~~s. 

Cor~sicSc~. lllc fullu\\.i~~g. .l'llc I l e l l ~ o e ~ ~ I  i l lus io~~ sllo~vs a nlasill~i~rn 

~~osi t ivc  n ~ ~ c l  I~vo I I I ~ X ~ I ~ I I I I I I  ~icgalivcs \\:l~cl-e 2:\' = (?.25, 0.5, U.75 agni~~s!-  

l l ~ c  I.olal l i ,q~~re (I:{. lyig. 10). C e r t ; ~ i ~ ~  illusions 11a.v~ t\vo temporal 

~ ~ ~ n s i n ~ u r ~ l s  ol i l l ~ ~ s i c ~ ~ ~ s ,  a ~ ~ c l  I'ollacli's rcsulls n1.e again ~!roclt~cecl in 
co l l~pn~ . i so~~  ([.;is. I I ) .  1\11 t l~is Illcans is tl1;11 i f  l l ~ e  l~.c~r.r~.cd acquisition 

of ~ ! c ~ - c c p l ~ ~ : ~ l  scrl~c~tl:~s follcr\vs i l l  ac:corcl;~~~cc \vitl~ tire 111-ul~abi1istic allalysis 
nf ~ x ~ c c l ' l i o ~ i  o\.el t i i i ~ c ,  l11c11 cl~ilcll-ell sl~oulil lirst I)c subject to tile 
l;i\SZ, t11c11 sl~o\v ;I d cc l i~~c ,  111e11 : I F ( ~ ~ I I  I)e sul)ject to its ~IIec t .  T l~ i s  

I1oll;tcl< l ~ a s  sllo\\.n. 

From Folluck (IS'60) 

'l'l~c G i l ~ s o ~ ~  ~~urlnalizing eflcl:l Inn!- be consiclerecl a nioclificatioii of 
I3 V I I  rcpc;~trri stirl~ulatio~l n11(.1 clispr~ate Irom the F.\.E, n.llic11 appears 
to lollon tllc cl~ilcl's g ro \ \ . i~~g  nbilit! to perceptunll!- accomplish couplings 
; I I I ~  C I I C O U I ~ ~ C ' I . : .  I I  is cssc~itiall!. all ncl:i.ptatio~~ pl~enonieno~~. 

Collsiclc~- 1 I 1 e s  L11co1.j- of  ~wrc.cl~l.u:~l co~~stanc!. I)? 'l'a!-lur and l- 'ap~rt  
['ili]. I I  is s~~gfi~!slc:tl I,!. I-l~cse nul.l~ors that co~lstanc!. can be established 
I)!- co~lt l i l- io~~ii~g r:tr:l~ c , l c ~ n c ~ ~ I  of nn "cclui~.alence class" of states of 



stiinulation to the same group of responses. Tlie pl.opel-ty ol giving rise to 
the same yerceptioil clefines an eqni\:alence among stiinulus states that 
is refelred to as a perceptual equivalence relation. 'Tl~is relation struclures 
t l ~ e  set of st in~ulus states into eclui\ialence classes (cf. Fig. 12). 

FIG. 1.7. Tlre retinal ficltl :villi invcrli~ig sl>cctnclcs \vl1c11 t l ~ e  lieail is (a) crccl ;  (I)) 
rotatetl througll a n  nliple rh. Tllc brolten linr OI.' sl~o\\ .s  wl1el.e t l ~ r  i111a~c of L(O) 
\voulrl lie \vitliout sl!ectncles (Iron1 [;GI). 

Tlre authors tirri~ to nclaptation to in\.erlecl 111-isms. Tile cliagranis 
sliow the retinal field ~vitli in\.erted spectacles \vhen tlie L' Iieacl is ( a )  
erect (b) rotated tl~rougli the angle 4,. Tlie I~rolte~i 1i11e OL' slionrs wllere 
tlie iinage of L ( 9 )  \vould lie without spcclaclcs. \Vllcn tl~cr 11ea.d is tilted 
through t l ~ e  angle $, tlie in~agc of L ( 0 )  ~liakcs an angle 4 - Il wit11 OX, 
thus gi~.ing rise to the stimuliis state (4 - 0 ,  4) tl1:~t belongs to tlre equi\:- 
alei~ce class .El($ - 0 -1- $) = El ( -  0 4- 24). 'T l~~is  n rotati011 ol tlic 
lreacl t l~ roug l~  C$ causes a n  apparelit rotati011 of tlle cs ter~ia l  \vorlci tllrougli 

24.  The description of the direction i l l  \vhich tliis appai.ent nlovement 
taltes place lieecls care, stale tile autliors, as t l ~ e  lollo\vi~lg statements 
are not always eclui\.alc~~t. 

( P )  ?'he \vorltl appears lo rotntc ill llie same clirectio~~ as tlrc lieacl 
but tlrrougll twice the angle. 

((2) \\'llel~ the lieacl inoves tllrougl~ an angle 4,  t l ~ c  sul>jcct sees tlic 
snnie movement as lie \vould were llis I~eacl kept statioliary and tlic l i ~ ~ c  
L(O) rotated tllrougli all aitglc - 2 4  to tlie ~~ositiurl L(O - 2dt). 

'The stnteir~e~lt  (P) or (Q)  ma!- be appliccl to tile s i~ l~ jcc t ' s  pl~clloin- 
enology ivlien tlie subject rel-rloves his speclacles. \l;e are not concerned I~ei-e 
wit11 the niceties of ncl;~ptntio~~ to prisms but only ~vitli one important fact. 
The Taylor-Papert explanation rests upon a pui.ely descriptive realigr~ment 



of c c l ~ ~ i \ - n l c t ~ ~ e  ciasscs. 111 Llleil- tel .~~ls,  E,  ccjuivalcltce classes :lrc replaced 
I?!; B, rcl~~ii-;~lellcc cl;uses. I t  appears to me, I ~ o ~ ~ e v e r ,  tllat the \rliole 
clcscl-iptior~ s\rir~gs Ilpon ollC assun-rptio~~ that is never lilade apparent. 
'I'l~e arlgle (/, 1111lst I - C I J I ~ ~ I ~  of co l~s t a l~ t  sign IOI- tile proposal to work; 
I l r ~ ~ c c  solnc GI-uund rcl~-retlcc is ~ieeded [or [lie realignment ol equivalence 
clnsscs Lu 1al:c pl:lce and Ll~is ~ n r ~ s t  be provided by pro1?riocepLivc align- 
rrlcr~l LC) lllc gl-oul~d asis. 

l ' i~e  suggestioll is t11aL lur ; ~ ~ l ; ~ l ~ t a t i o n  to occur there must Lje sollle 
basic ir l[ot- t~~a.t iu~~ 1I1al is inlloulable. .By t l~ i s  is ii~eallt tllnt experi~.~iental 
~~~a l l i l ) t~ l ;~ t io t l  U[ 111~' I I ICC~I : I I I~S I I I  yrovidillg tlle basic information results 
ill cut1sLa111 ~~~n ladap l i \ : e  bcl~avior. Sucli bel~avior does occur [I;9]. l I  
tllis is Lllc cnsc, illen Ll~t: ~ l l i c l lon~c~~on  ol ndnj>tnlion cm~not  be considered 
the ouLco111e of all!. pal-liculnr scl1sol.j. system nctil~g alone I I L I ~  I I ~ U S ~  be 
tlle r c s ~ ~ l t  u l  n~ulList:nso~.y ( a ~ l d  11)- this 1 inclr~dc rnotor systems) activity. 
'l 'l~c r.cnsoll \\.Ir!. tllcl-e sl~ol~lcl bc :( ~-ealig~ll~iclit Lo tllc dictates oI t l~ i s  
l>t-i~~iarj. ~ J I ~ O I - I I I ; I ~ ~ L I I I  i.q ~~rovic lc~l  111 tlie fo l lo~vi~~g sectio11. 

.I'llis gcneral scl lcr~~e ol Lllc c o ~ r ~ ~ c c l i n l ~  beL\vccn the l?~-ol>rioccpti~e 
; I I I ~  ~)c~-ccl)tii:c l i~nclivl~s in t l ~ e  orgal~isrn I~renlts clo\~n to three playcl-s 
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in a game in whicl~ ~ T Y O  mnti-ices ol transitional j>~ol>ubilities arc: ~>~.o\:iclcd 
(Fig. 13). 711e gamc is a l~le  to take pl2.ce ancl is not rcclucccl to cllaos 
o ~ ~ l y  n711ile the ou tp i~ t  to C arid :J ren~ains constant. l ' l~is propiiocepti\.e 
rule oI play cannot be tnmperecl \\lit11 but tile transitiol~al probal>ilities 
call be, on u~llaniiliar i1111ut 11-om 11. l'llis I: accoml~lisl~es 1,y t l ~ e  rule 
that maximum ~-ec l r~nda l~c~ .  b e t w c e ~ ~  tlre lrvo n~ntrices 1111ist bc ailncd for 
at  all times (adaptation). The t l~ree  players elitail a n~o\- inp active orgall- 
isiii. If the organism is passive, 0111jr tn;o players 31-e ill session allcl. 
aclaptatio~l llns 110 reason to occur. l ' l~e  Iiantian scl~ema talres on c!hcrnet- 
ic form. 

I t  sllould be 11otec1 tllnt there are tzejn lec~clbacli loops ill\~>l\.ed on t l ~ e  , ,  

efferent side. There exists one that nc\:er leaves Lllc organisnl. :I'l~is 

\\-as the conccsI1 of Iiolst and Rlittclstaccll in t l~ci r  e1,ocl1-mal:ing paper 
[22]. Anot1ie1- loop leaves thc orgnnis~n tu~d  ~>ro\.itlcs ful'tllcr i ~ ~ l o r ~ n a t i o ~ ~  

-. 
of a different kincl. lllc first loop is concernetl wit11 ~ n a t r i s  13 slid tile 

secorid \vil-h matrix A. T l ~ c  lil-st is alsu concernccl \\:it11 cluantitative 
infor~nation ancl the seco~lcl \\-it11 clualitrttive i~lfol-n~ation. I t  is in~por tn l~t  
to I-eaiize t l~ is  cl ist i~~ctioi~,  as recent tlleol-etical nlritings Ilnve c.onfoulltlct1 
these t\vo features (cf. [2U, 771). 

F ron~  t l ~ c  tvorl; of Sol;olo\ [(j8] it llas bcco~ilc apl>al.ent tlmt sonlc\~.llc~-c 
the scnsory input is matcllcd against n col~il)arnto~. Ijeforc I ~ c i ~ l g  ~.eln!;etl 
f~lrtlier in the central nerr-ous system. 'J'l~is does not nlean illat the 
central nervous system needs to store :In inlinite ~lr~li ibcr of sensor): 
"~nodels" for recognition to take place. \'allec.allc and Svacticl~in [52.]. 
using tlie retina as a niodcl Ior tlle f u ~ l c t i o ~ ~ a l  orgaiiizatioi~ of tlle ~ ~ c r v o u s  
system, have postulatccl n glial set t i i~g ol llle escilal~iliL~. Jc~lcls oI ricuro~ial 
eveuts. Tliey propose : 

1. a feedfora.ard illput, \vl~icli s~ij>l)lies in pal-t a truige~ltial glial 
controller, 1~11icl1 lnakes available an aclclecl duplicated sigl~al;  

2. a negative ieedbaclr, n.11icl1 is assured tllrougll t l ~ c  radial btueller. - 

fiber glial, I\-hicli is in parallcl wit11 t l ~ c  coliductors; 
3. a time-integral process, n ~ i ~ i c h  iniplies the esislc~icc o[ a structur~: 

for storir~g the informatio~~ ancl n:l~icll adds t l ~ e  acct~tliulated i ~ ~ l o r l l ~ n . t i o ~ ~  
to the instantaneous one. Thus tllcre is a progressive aclivation resalting, 
once the balance of tlie system lins bceii reacl~ed, in n feeding into t l ~ e  
input of a signal of opposite sign. 



.li i(r T. l>v. L+.\ I C I C I :  r.r . 
\\:11;1t is t1r1.1~ rclll.~ircd is :L clilferc~~lial au~plilication ol t l ~ e  illput so 

1lla.t t l~csc is n gr.nclalion Isom large an~ylification to zero amplilication 
iri the case of tllc I~nbituatcd respollse. Haljituation, then, could be clefineel 
as Ll~c clcgrce of sil~rilal.ity of the clillerent inputs and a r o ~ s a l  as a corrclate 
uf 1 . 1 1 ~  tIilfc~.e~ice oI the clillcrc~it i11p11ts of the same sti~nulus. Thus 
Soltoiov's clata do not rccluirc t l ~ e  storage of a model of the environment. 
;\I1 Lllai is I-erluirecl [or arousal lo occur is :L cilange ill tlle rnlio ol tile two 
irlp1.1ts. I<;~tios. 11ot inl)itts, arc recorclccl. T l ~ e  11eurona1 irlodel becomes 
a. [ I I I I C ~ ~ O I I  01 11;l.rnUel as ~vcll as serial processil~g of input as two illputs 
lrn111 t l ~ c :  snlilc s l i~n l~ lus  :u-c c~~\~isagecl  as necessary. Furtlrer~nore, clifferen- 
Li;11 : u ~ ~ l ~ i i l i c n l i o ~ ~  woulcl appear to be a process utilizecl tllrougllout the 
r~rrvous svsiclrr. .l'I~c follo\~lir~g sti~cly illuslrntes this. 

I ~ o \ ~ l i n g  IOJ l ~ n s  prol)osed Lllat the site of thy nlecllnnism that decreases 
sellsiliviLy or g a . i ~ ~  ill 111~ \:isu;ll sys len~ is ill t l ~ e  receptor cells. I t  n-as 
cst:~l)lisllciJ that loss or scnsiti\rity dul-i~rg aclnptation to ligl~t is unrelatecl 
t o  LIle ~ I I I O ~ I I I ~  01 I > \ ~ a c l ~ i l ~ g  01 visual l~ ig luel~t .  Level of adaptation depcncls 
or1 llle illterlsily of t l ~ e  bacl.rgrou11~1 light and not OI I  the a~noulit of visual 
I ? ~ C ; I ~ I ~ I I ~  1)lenclltrcl. 'Tllis ncur:~L atlaptntioli is composccl of tn.o parts. 
'I'l~c 1) \vnvc ol tllc electrorcLi~~ogrn~n r~isi l ig fro111 tlre bilwlar cells folio\\: 
n dillercr~t ndal~ta t io l~  coiirsc tl1n11 Illat ol the a \\rave, ~vl~icll  probably 
I I c o e  1 c i u r 1 1 1  a .  The clecrea.se ill tile logarithm 
u l  Ll~e sc~isili\:ily ol tile b n:avc is lineal.ly rclatecl to increasc iu the 
lol;:~ritl~lr~ ol llle I)acfgrouncl 11.111linnuces. l'lle a \\-a\.e, sl~o\ving little 
nilalita(iuu Lo dill1 I ) ~ c l i g l - o ~ ~ l ~ d  l u ~ ~ i i ~ ~ a ~ ~ c e s ,  sl~arpl!. saturates ivitl~ brighter 
I)acl;gl.ouncl 111111ir1al1ces. Dowlillg slio\vs tllnt tllc a wave bel~aves very 
111ucl1 like eel-lair1 illlr-ncellular. responses rccorclecl from cells ill t l ~ e  outer 
11lcsiIor111 lag-~:r i l l  retillas of certaill vcrtebrntrs [Sl ] .  T l ~ e  b n-a\-e lolloil:s 
~)sycl~c>~~ll!.si~:;il ntlaptaliorl. 

Jol111 (125], 1';1ge 2Uti) 112s also seen tlle lleecl ful- tn:o raprese11tationaI 
s ~ - s l e ~ r ~ s ,  n cpccilic ant1 a gcrlcral. - '  I-Iis r e a s n ~ ~ s  for the In-o systems arc. 
I~owevel., clillerel~t [I-0111 lllose p rese~~ tcd  here nncl arise from elertro- 
pl~!.siolugical clat;~. Jul~rl  nntl Iilillani [2(.i] proposecl a11 csogenous temporal 
rl~).thrn lwxl~rcccl n11c.1 co~~dcrclcd ccirtrally via the specific sensory path- 
\va!-s. ,111~ ~~ol~spcci f ic  rcgiol~s 01 tlre braill produced all endngcnous 
1110clc ul ;~cti\.it!- r.clcnscd 111. tlle nctioll of tllc s t i~nu l t~s .  

['rilil-a~n [(ill I~ns  pro~iosccl tl-rat rccognitiol~ nlay proceecl by arrival 
11;tttcrrls i r ~  Llre braill constituling \va\.e frorits. Interlere~~ce effects are 
scerl as i~~st:r~~tnrreous n.r~nlog cross-correlators. Tllils rncrnory is vielvecl 
:as nn  csnrnl)lc of Ilologr-alrlg- 01. nn e~icoclrcl record ol the wave patterns 



emitted by or reflected from an object. l i l i ~ ~ c  ancl Iiay [28] rcport the 
mathematics and physics to reduce geo~lletrical optics to electromagnetic 
theory in isotropic a~icl allisotropic media. Spinelli ancl Barrett [71] 
sho\o that the tliree-climensio~ial oscilloscope clispla.): oi computerizecl 
collection ot spilte cliscl~arges fro~li  single cells in tlie visual cortex. of cat 
mapping ~ v i t l ~  single spots consists of areas of ~ n a s i ~ n u n i  sensitivity. 11s 

1. 

A; 

the tlasedilizecl subject's head reinains slationary, t l ~ c  oscilloscope displnj~ x. - 
niay be vie\ved as the digital readout from that  cell aftcr t l ~ e  analog 
tra~isforniations of tlie cle~idritic arborizations I~ave  1nltc11 place. Tlie 1 

clenclritic i~ifluences may be liliened to the cliffractions of a Icns, tllinliing 
iu geometric optical tenns, or of wave ~ n o d u l n t i o ~ ~ ,  t l ~ i ~ ~ l i i n g  in electro- 
magnetic t e r ~ l ~ s ,  Eithes nxy,  t l ~ e  cellular clisc11n1-ge 1-epl.esc111s t l ~ c  result 
of these processes :u~d may be described in the more general terms of 
holography. I t  is usual to represent the result o[ wave diffractio~~s as 
citlier a Fourier or a Fres~lel lrans[ornl. Lens cliffraction is rcpresen1:cd 
b ~ l  t l ~ e  fonner. (3001ey and 'Tulcej. [9] Inve  i~~trorluced an efficient metllocl 
for t l ~ c  niacll i~~e calculat io~~ of co~nples  170uricr scries utilized in tlie recluc- 
ti011 of two-cli~nensiond data  collcctio~l clisplnys to  ec111;ttion lorm. l:l~e 
difference betn:een the displays a t  the cortical level and t l~ose a t ,  lor 
esa~nple,  the lateral geniculate level (c[. [YO]) is parallelecl I>y an incrcas- 
ingly complex Fourier transform, or increased wave moclulatio~~. If, 
as has been suggested [02], aclaptation procecds according to n process 
of collateral inl~il~it ion,  tlris will naturally affect the clcnclritic dilfract.ion 
process. Thus, l l ~ e  so-called "satiation" I ro~n  the inspection of Lllc I- 
figure iu the figural aftereifect e s p e r i ~ n e ~ ~ t  rccluces lo more gencral 
adaptatiorl processes. These may, or Illny not, occur a t  the cor-tical lei.el. 
T l ~ e y  do, hon.ecer, occur 1,clore the Ii~lal stages of visiral processing. 

The IVOI-1; of Cl~nng [8] slro~vccl that  t l ~ e  cortcs receives a tl~nlamic 
pacenia1;er input. Tliere are t\vo iirpirts to the corlcs, tl~creIorc, onc 
coherent from tlie tl~alaruus ancl thc otlrer incol~erent ' lrom sellsory 
receptors. Interferonietrjr (Ilolograpli~r) is tlierefol-e possible in tlie dog's 
auditor; cortex, a t  least, [I-om the \ P O ~ I ~  of T L I I I ~ I I ~ ~  [Ql]. ' S L I I ~ ~ L I ~ ~  ~ ~ o t i c e d  
that the standard cley-iatior~ of spontaneous electrical activity incrcascd 
during all evoltecl potcl~tial. I-Ie then sl~o\veil that nltlrouglr cocai~lc 
appliecl locall!; caused a rccluctio~i in the menn e ~ o l i c ~ l  potential ant1 
sta~idarcl clevjation of both spontaneous activity and evoliecl potc~itial, 
tlie onset and peak of the first positive component i~~clicatecl no c l l a ~ ~ g e  
in their latencies; on the o t l~c r  Iiand, application of cocai~le to all t l ~ c  
cortcs escept for a 2- to 3-mm clorsoveritral stl-ip r e s ~ ~ l t e d  ill very little 



cliaiigic i l l  tlit* II IC; .LI I  c.\clli~d 11vI~1iti:~l cu1.1.~' b11t Llle s ta~~darc l  cle~riativll 
of s l lo~i l :~uc~ou :ic.tivit!. \vns rc.tluccd coilsiclera.ljl~-. Tliis I i i i b ~ ~ g  suggest.; 
Ihe csistc~lcc: of  (:ells cc.)li\-c~.gilig un cortical p!-~-n~nidal cells l~.om alar, 
carisilig lal:iliLnCion, iilliil~iLion, or otlicr eIIecLs. 

I f  i~~lc i . lc~-o~l~t~t~ . ! .  is ~~ossil)le ill the cortex, tlieil the Eragg l-elat io~~ 
l~ulcls I ~ I -  L11t. coi-LC:; T!I-ovidccl Lliat cortical corlne.cti\:ity is not ra~lcloni. 
I I l l~is  is t~.uc, l l ~ r ~ l  llic c.riIical Jll i i isc: di~nension call Ge storecl 11-i thin 
:I col-l.ic;~l stl-uclt~rc, ni~tl Lllc coi-Le:: may be considered a l~ologram in 1111. 

.sr~,sc. 1'1 cscril)c*tl I?!. C;nl,crl. ( I  I TI, pagr 456) : 

\.:ill 1lcc.l-clr11 (!:-I J 11ns clcscl-il~e~l tllc aclvn~~tages of storage 13). iiiter- 
Ic.i.c~icc 1,atlc1.1is, \\rl~icll ;tllu\vs sinlultalleous sctucl~ lor a specific piece 
I i ~ ~ ~ ~ i n i o i i  I ~ I O I I I  I l i t  ~ i o r  1- I IC  i~iterfei-ence p~ l t t e r l~s  
c.o~~.;iclo-ctl rn11st s;.~tisCj- t l ~ c  coi~tliLion I11;1t ;~nlj?lit~~cles of \raves difll-nctetl 
11-on1 clifIcl.c:~il ~)n~.allc.l ~ilanes :\Jd rip i l l  j ~ l ~ a s e  (Eragg relatiol~). l'hus, 
I-cI1cclc.d \\,;\vcs I I .~ .~ I I I  C\~((VI.CIII  ))lanes \\ ' i l l  no1 :ulcl up in phase, periiiitting 
Ille sl~rl.agc \ \ . i l l ~ c i ~ i L  c o ~ ~ l i i s i o ~ ~  of Inail! ~>ictui-cs of different frequencies. 
\';III I-lc~crclc~i discusses tile pc~ssillilily of s to~. i l~g  lime-depe~lde~lt signals 
i l l  a Llii~cc.-cli~~~ciisio~~:~l ~iiccliu~ii. Tliis, Iic specul;~ tcs, can be acco~nplisl~ecl 
I)!; Ioc~isi~is \va\.c:s ol di l lcl .c~~l f~.crli~encics :~l: the local point of an iniaging 
Icl~s. I L  is co~isidcretl tllat tl~rcc-dii~icnsioi~al storage of inIorlnntion 
Iioirls fol. an!. \ra\.c ] , l ~ e ~ ~ o ~ i i c ~ ~ o ~ i  flint ol~eys I-luyge~~s' pril~ciplr., r ~ a ~ ~ l e l y ,  
(Ilnt cvcr.y ~ i u i ~ ~ l ;  uf u \ra\:c I r o ~ ~ t  111i1y bc cullsidered as a center of n 
scco~lcla~.y clisIu~.l)niicc t l ~ a l  gives rise to splieric.al n~avelets, and tlic 
\v;iv(, Il-or~t a t  ;111y 1:llcr illslal~t Inaj- be regarcled as the en\-elope o[ tl~ese 
\va\.clrts, l)lus tlic conclilio~~ tliaL a pcrnlailcnt clialige in t l ~ e  propagation 
i s  I?~.cbr~glil al~oul 11). Lllc elicrg!. ol llle \vn\:es. 

.l'~.al)k;~ nllrl 17\oetli11g 180:) 1lnr.c s l~o\v~i  lio\v olljects of Iiiio\v11 sllape 
Inn!. IIC tlrlcc1c.d a slu\vl!- \.;ll-ying Ij:lcl;ground by tl~resholcli~~g the 
c.~ .oss-co~-~-c l ;~ l i~ :~ t~  of LIle object see11 \vit11 nn aperture 111asli collsisti~ig of . 
L\vo nnrro\v I~:illtls, olie or posilive tra~lsnlil:tancc and the o t l~er  of negati1.e 
I.1-a~lsniittnnrc, close to and oil opposite sicles of the object outline. 



Posdbly relevant to illis finding is the \\:orlr 01 RUI-11s [>I, \vllo sl~o\\led 
tlnnt in t l ~ e  isolntecl cerebl-a1 cortes in the unanestl~etizecl cat there esist 
both positive and negative reactions. Suction tubes l~ollo\vecl out the 
leIt hemisphere in such a mlay tliat a shell oI cortex 7-10 mm thick \vas 
left on tlle left side. Cats were anesthetized \\lit11 ethyl ether. 'The 11-ealiest 
stimulus that would elicit a detectable resl~c~nsc proclucecl a sliort-lasti~lg 
local nrgativity helieat11 the electrocles. I t  spreacl outward fro11 tile point 
of stimulation ill all directio~is, a t  a velocity oI 2 mlsec, a t t e ~ ~ u a t i n g  
rapiclly as it traveled, so that no response was recorcled a t  distances 
greater tllan I c ~ n  frorn tlie center. The negative response was lollo\~~ecl 
by a wave of s~u-face positi\:ity a n d  spl-eacl ~oitliout nttcnualion to  the 
edges of the isolalecl area. The magnituclc of thc positive wave sl~o\vccl 
mi all-01--nothing relati012 to slimulos s t rcngt l~ ,  n:11ile its velocity of spread 
\\:as 10-20 cm/sec. l'lie surface-positi\:e response, wliicli renclcrs t l ~ e  
cortical surface clcctricallj~ positive to  sussounding and illactive tissue, 
presumably implies activity ill a relatively clecp-lying cell layer. l l ~ l l e ~ i  
a single s11a1-13 electrode (il~sulatecl to the tip) is used to record tlie positive 
respolise a t  a 1-al-kt!- of dcpths beneath the surface, the recorcled pol-enlinl 
c l~a~lges  polnrity a t  a cleptll of about mm. E~:urns showecl tha t  a certain 
r n i ~ ~ i m u n ~  area of tlie cell netn.orl; that  causes tlie positive response must 
senlain outside the range of excitation by tlle surface-negative response 
before a prolonged after-discl~arge can arise. The average frequencj? 
of repti l ive clisclinrgc of the cells tllnt produce the surface-positive response 
appears Lo be about 65/sec, so that  1/66 sec probably represents t l ~ e  
a\-eragc time for e sc i t a t io~~  to travcl oncc around t l ~ c  funcla~nental neuron 
circuit. :\ssturning that tile velocity of t l ~ e  transmission a r o u ~ ~ c l  this ring 
of neurons is of the sanne order as tlle \:eloc.ity n>ith n.11icl1 the surface- 
positive \\.ave front sprcads across tlie cortes, say, 15 crnlsec, tllen the 
circumference of the circuit must be of the order of 15/65 cm or about 
2 mln. In  this way escitation is passed from cell to cell r u ~ d  a wave front 
of alnlost sj-ncl~ronous cellular activity sixends iodelinitely from the 
peripllery of tlie yl-i~narily escitecl arca a t  about 15 cmlsec. Bel~illcl this 

front the cells of the clecp nei.\vosk continue to  discl~arge a t  some 
65/sec as e s c i t a t i o ~ ~  continues to circuit t l ~ e  neuron rings. F~u~cla~nenL:~lly, 
anestlietics sceln to recluce the escitability and probably increase the 
refractory period of cells in tlle cleep networlr responsible for tlle surface- 
positive response. The surface-negative response is completely ~unaffectccl 
by the anesthetic. The suggestion is tha t  the mechanism of all anesthetics 
in the cortex is interference with oxidative metabolism. 



I ;u r~~s  1-1.1 11sctl a I;l\.cr ol cortic;~l grey 111at1cr \\.it11 SOIIIE. of lllc L I I I C ~ ~ ~ -  
I\.i~lg cor-1icoco1-Licrtl fibcr's bloocl supply as the onlj: con~lection wit11 
llle I-cst of tllc :111ili1:1l. Uildcr cl~loralose ailestl~esia, neurological isolatio~i 
of I l~c  p:~l'icta.l co~.tcs rcsults i l l  coinplete electrical si1e11c.e of t l ~ c  nerve 

crlls, : t~~cl  I I O  s p o ~ ~ t : ~ ~ ~ c o u s  aclii-ity of the secells, sj-nclironous or nsj.u- 
~ I ~ I - O I I ~ . I L I S ,  coulcl bc clc~nvnstl-atccl. A si~lgle stimulus nppliccl tl11-ough 
s ~ . ~ ~ - l a c c  clcctroclcs ~!~-vil~rcc.~.\ ;I luc:~l response ill w l~ ic l~  Ll~e tissue hcneatl~ 
IIICSC ~I~(:t~-uclcs bccall~t: ~~egn t i i - e  to the ~ c s t  ol t l ~ e  brain (superficial 
Ivcal 1.c.sl)onss ol ~\tll.ial~ 111). Rcpeatecl stimulation caused discharges. 
collsisli~~g, i l l  Lllcir sin~plcst lurm, ol a sei-ics 01 potential ~vni-es spreading 
O I I ~  fro~n 1 . 1 1 ~  ~>oi l~t .  t l ~ a l  11ad I~ecn stimulated. The local response is sllort- 
lii:ccl ;11icl  113s tlcc;~j.ccl to l~a l l  of its pcak \.slue in about 3V nlsec, as the 
S ~ I - ~ I I ~ L I I  of tile s l i ~ ~ ~ u l u s  \v:~s i ~ ~ c r ~ a s c t l  so tllal tlic peal; value of the 
s~~r r ; .~cc -nc~ ;~ t i \ : c  rcspu~~sc  il~crcasecl. I!ltii~~ately, increase of stimulus 
I~r.j.o~lcI S O I I I ~  fi\.c tilnes 1111-esl~oltl s t ~ - c l ~ g t l ~  producecl no flu-tl~er increase 

in Lllc rcsl~oi~sc. \\"II(:II s i~~g les t i r i~u l i  ol gl-acluall!: incrensing streilgtl~ 
\\.el.(. usccl, it \.<:Is fui111cl lI13t as soon as the 11egatil.e response esceecled 
l;(l'j,,-'iOr':, of its ~ ~ ~ n s i n i a l  i.:~luc, a second type of rc,spolise appeared in 
\v l~ic l~  lllc s~~r l ; tcc  of t l ~ e  braill in tlie I-egion of tlie stimulatii~g electrode 
I~cc:~nic subsccl~~c~~tl!- pos i t i~c  to sui-rou~~cli~ig tissue. Two types of \vave 
c:111 IIC I-ccog~lizeil i v l l c~~  t l ~ c  sl)ontancous rl~!-Lli~n of undaiuaged braill 
is allo~ved to cscilc t l ~ c  "isolatccl" cells t l~ roug l~  a gate~va!; of iiormal 
col.lcs. :I'llc fil-s! is c o ~ ~ i l ~ l c s  i l l  lor-~n a11d a t t e ~ ~ ~ l a t e s  rapidly nitli increasi~~g 

t l i s l i ~ l ~ ~ ~  II -OII I  t l ~ c  gntcl\vnj,. T I I ~  second t!pe consists ol large waves 
of susl:~ce ~wsili\.it!. Lllnt 1 i.a\:cl ;tcl.oss t l ~ e  isolated area n:itl1011t a t l enua t io~~  
;I I .  n velocily ol  o bout 15 c~n/sec.  

l3r11.11~ allcl (;raJslci~~ [ti] rcu~arlc t l ~ a t  perhaps the ~liost surprising 
~ ~ ' o l ~ c r t \ '  of  ~jicccs ol isolated ccrebi.al corles is that a preparation whose 
111il111tc S ~ I - I I C ~ L I ~ C  is SO con~ples sl~oulcl gii-e rise only to tn70 types of 
rc~s]?o~~scs to a s i ~ ~ g l e  s l i~ i i~~lr rs .  l'eali negativity was al\vagls reached at  
a. dqll11 I!.ilig I~ctween 0.S aud .1..3 mm, ~vliile t l ~ e  absolute \-nlue of the 
I I I ; L S ~ I I I ~ ~  ~~c .~ : l t i \ . i l y  n.as ;l!.)out 2 nlT7. These experilnents have led to 
l l ~ c  ~~rovisiuii;~l l?icturc of two neuron types. Cells of one of tlie two types 
: I I T  sr~lyoscCJ Lo gi1.e tile sitl.lnce-neg~live response, ~vllile neurons of type 
J: i.c~l~rvscc"l Lllose giving t l ~ e  surlace-posilive response. The clistribution 
ol  escital~ilily, tested n.iLh a ilcep electrode, al~vays sl~on.ed t\vo pealts 
ul cscilahility, at  0.4 a11c1 2.U Inn1 clcptll. 11s a result of ratller si~nilar 
csl'cri~nciils, C11311g [73 suggested that the surface-negative respolise was 
(Iris lo cscil:~liol~ of the sul~crficial clendrites of pj~ra~rliclal cells; nioreover, 

~Ilnlhrir~rrlirrrl l ? i ~ . ~ s c i c i ~ r c s  :I, -13 1 - 4(il ( I  DGP) 



in colltrast to the results of Burns ancl Grafstcil~, 11c lor111d 1i1n.t tile sl~rencl 
of tile i-eq~o~lse could not be entirelj. prevented by s~~perficial  cuts. l ' l~nt  
:t stimulating electrode placed \\lit11 its tip 2 mm below t . 1 1 ~  surlace can 
cause a surface-negati1.e response lo appear a t  sl~pci-ficinl elcclrotles 
placed 2 ancl 4 111111 distant must imply, as pointed out. l y  Eunis nllcl 
GraIstein, tllnt cscitation I ~ a s  trarelccl u p  t o  tllC surlace radially alltl 
then run along superficial brancl~es oI tllc escitecl 11cu1-011s to~vard tlle 
I-ccol-ding clectrodes. 

Tile matched filter (T;ander Lugt [S3]) has bee11 usccl lor c11a1-actel- .. 

rccognition. This is none otlicl- Illan a spa.tia1 filter. EI-O\IW and Loll~ualln . , 

1:3] h a w  in\~estigntccl t l ~ e  type oI diffraction ol~jcct  that rvill yiclcl a 
lTraullliofer cliffraction ~ ~ a t t c r n .  l'hc effect of Frnu~~llofcr  tliffrnctio~l 011 

tile comples light amplitudes is describable bj- a liouric~- transfurnl:~liol~, 
the liltel- F from tllc tliffrnction p a t t c r ~ ~  11 ].wing 

\vhel.c F(71,, il , . )  is the cliffraction o l ~ j e ~ l  a11d . i t ( n . ,  J*) is the I 'S~~UIIIIOICI. 
diffraction pattern. The aut l~ors  explain tllnt tllc comldc:: amplitutlr 
F(i!, , ,  il , ,)  = :I (71,. TI,.) cxl~[iu.(71,. 7-,,)] C ~ I I  I)e realized I I ~  a pl~otograpl~ic pln tc 
of proper transmittance i11 order to gniil t l ~ e  a.~nl,litudc factor .4 (I!,,. I!!.). 

For the ]-~l~nse cr.(i;,.i!,.) thcrc al-e three rnctl~ods: ( 1 )  retardation \\:l~ilt: 
tra\:eling through a diclcctric; (2) ~ l i a s e  jllrn], a t  I-cflcction; (3) cletou~. 
pllasc. 111 tlieir esalnplc, tlic nutl~ors illustrate tllc tllil.cl. I all1 suggesting 
t l ~ a t  tllc lirst is more approl?rintt. 1v11el1 lool<il~g a t  t l ~ e  1~1.aili. 

Rlcrtz and I-oung [63 ,  ! ) I ]  made use of Rogcrs' 1651 way to c s j ~ l n i ~ ~  
1iolog1-npl~!-. Tlley realized that  coherence is not essc~ltinl. I t  is o ~ ~ l y  
essential tl1a.t each objcct point sonlehon~ generate its own 1.~res11cl ZOIIP- 
plate (FZP) pn.ttern on t l ~ e  Ilologranl. loll man^^ [44] 113,s de\:elol>crl ;I 

mctllocl of s p l i t t i ~ ~ g  tile sl)llcrical wave coming fl-on1 cacl~  object into t\vo 
13ortiolls. Latcl-, tllesc. tnro portions are recombinecl to gelicralc i~~tcrferencc 
fringes. I'he two portions arc ~ n u t u n l l j ~  collercnt I~eca~lsc  tllcy arc origin3 tecl 
11y t l ~ e  same object point. 11 botll portions nl-e still spl~el-ical n;aves but 
\\.it11 clifferent cul-vatures, the i~~ter lerencc  pnttel-11 Ilas an lTZ17 sl~al~c!. 
Tile center point ol the FZP l,ntlcrn is collinear ivitll the ccntcrs of tilt! 
two sl~lierical waves. I t  \\:auld be interesting to Icnon: \ v l l e t l~e~  tllis is 
~?ossible ill the brain. 

Tlle n~orlt of Lill!; 135, 391 nncl ],illy ant1 Cherry I?CO, 4J.l II:IS s l lo~v~l  
hen. recordings frorn 25 elcctrocles have picl;ecl up \ \ : a~ t .  Iront propagntio11 



L J I ; L ~  is r~ci l l~cr  a Incre lucnl prin~nl-J- response uor tlie single traveling 
irave c1esc:l-il~ccl 1)y 1\dri;111 [I]. Xl'l~is \\:oLIIcI see111 to indicate that the cortes 
clocs liavr prol~erties o[ f u ~ i c t i o ~ i i ~ ~ g  t l ~ a t  ~ ~ o u l c l  permit diffraction processes. 

liallicr 1l1n11 tllc conncclii-ity or the cerebral cortcs forcil~g a. tIie.ory 
o[ 11e~1rnl liolugrapl~y, it would appear tltat l~olograplric storage is n~armuted 
1)): L ~ I C  tlnta 01 Lnsl~lcy alld supl?orlccl by t l ~ e  probabilistic rather 
t l~ail  clctcr~ui~~isl ic apl>roncl~ lo t l ~ c  Ll~eory o[ neural nets ( S l ~ i ~ ~ t b e l  and 
Rnpcll)orl [ F i  1). 

Lilly n.11~1 Clicrr,j,'s C.131 cleclrical Iigl~rcs \\:ere dcfi~led ns a pattern 
of i-aria.tio11 o I  elecl.1-icnl ~wtc l~ t i a l  tllat at. n give11 insl.nnt has a closed 
sct oI cqr~ipote~lti:~.l sl.r~-[accs i l l  Lllrcc, cli~ncnsicms i l l  t l ~ e  brain and its 
ii11111cc1ia.l~ s i r r r o ~ ~ ~ ~ d i r ~ g s ,  a1111 Ll~al. I I lng7  c11;111ge ivitl~ t i ~ i ~ e  in size or locn- 
t iu l~ ,  or I>oLll. T l ~ e  n t~ l l~or s  spccr~late Illat, assurni~lg the cortes contains 
40,UOU cells pcr cubic ~ ~ ~ i l l i ~ ~ ~ e t e r ,  a t  n gii-ell i ~ ~ s t a ~ ~ l ,  n give11 electrical 
figure of llle type al~alyzccl (tvl~use r n n s i ~ n u ~ ~ i  area n1n.J; be between about 
800,000 to aboul: 1,2SO,OOI! cclls) lias a peal; 1,otclitial difference across 
t l ~ e  ligtirc a.ut1 ils surro1111c.1ings ol about 500 rnV in the surface-positive 
clircctio~~. P r e s u ~ ~ ~ n l ~ l ~ ~ ,  all u[ Lllcsc cclls arc 11ot uecessai-ily syncliroiiousl!~ 
aclive a t  t l~ is  i r~s tn~~ l r ;  il tlicj, 3.vcre so active, tlie penli potei~tial difference 
~voulcl be J.00 ti~ilcs Ll~e 5UV-1111' peak luulld, as is found tor tlie spilre 
clicitcd b j ~  placing .sl.l.!-cl~~~i~~e on the cortes. T l ~ e  sloiv speecls of groivtli, 
travel, n ~ ~ d  (Iic-;riil:~y; 1 . 1 1 ~  lor~g rlurations of acti\.ity nt cach point; the 
Ia.rge size ol tile activc asc:l nl- each i~isL;lr~t; 311~1 the .cvasi\;e directions 
01 ucn. groi\:ll~ are a11 cousislci~t ii:ill~ the vic~v t l ~ a t  tile elccll-ical figures 
are ge~~erntccl by a system lltnt Ins  short, u~ultis~.naptic, and numerous 
i ~ ~ t c r c o ~ ~ ~ ~ e c t i o ~ ~ s  ill cacl~ su~al l  nrca. Tlie vclocitics Iou~~cl by Aclrian 
j l  J i l l  i ~ ~ l ; t c t  corlcs clcclrically sLi~nrtlatccl ((1.1.-0.4 msec) and by B u n ~ s  
[tl-] in isolalcd cortcs siu~ilnrly slin~r~latecl arc of t l ~ ~  same order as LiIlji 
a ~ ~ d  Ll~ersy's c s t r c l ~ ~ e  range ((!.06-0.313 nlscl:) lor I~otli leading a~icl trailing 
edgcs of tlreir f igu i~s .  J,illj. :r11d Cl~crry suggest t\vo possibilities for tlie 
sul~cortical c)rigi11;1 ti011 of 1 1 1 ~ s ~  ligurcs. 1'11ey propose that possibly the 
n ~ ~ l e r i o r  o r i g i ~ ~  is a locus of i~npol.lnnl conl~ections \vitll tlie reticular 
aclivati~lg s y s l c ~ r ~ ,  : L I I ~  ~ I I C  postt-~ior one 113s i r ~ ~ l ? o r t a ~ ~ t  conllections with 
Lllr recruiliitg rcslio~lsc syst:ern. S-illj. a~ i t l  CIren-y [%2] note that, except 
in n rrgiull s l lowi~~g rcl:~ti\.cl!. st~rlace-11egrltii.r: actii.itj-, the trailing edge 
t c~~c l s  to luovc ovcr tlrc cc11 tt:.; in clircclio~~s t.l~at npproacl~ angles close 
to 9U clcg to tlil! ~ d i r c c l i ~ ~ ~ s  I;II;CII ~>rct . iu~~sIy by tlie l ead i~~g  edge. I11 tlie 
light of Ll~e k11ow11 c o ~ ~ ~ ~ e c t i o ~ ~ s  Ior ncoustic areas I and I I ,  the I~igli-velocity 
lencliug cclgc, tlley pc~slul;rtc, is l~rol~nl,lj. dnc to n prelonnecl affereul 



figure mo\-ing u p  to the cortex froin belorr!, l i r i ~ ~ g  t l ~ e  cortical cclls first 
anteriorl!. and later postel-iorly. Thus the leading edgc rcflccts seque~rtini 
firing of the cortex by impulses coming into tlle cortcs a t  di[fere~lt times 
a t  different places: tlle "velocily" of the leacling edge rcllects t l r ~ ~ c  
dif ferences. 

. . llle \ ~ o r l i  of Lilly sllo\vs, tliere[ol-c, that  tlierc exist enot~gli electrical 
acti\-it]- and di\-el-gcnce ot electrical activity in t l ~ r  cerel?ral tortes lor. 

diffraction to takc plat?. 

111 tliis article I I~ave  attemptccl to s l~ow t1i;l.t: (a) there 31-c basic 
infor~national "give~ls" to the \ - ~ S U R I  system tllnt constitt~tc the col~fi~lcs 
L'I sensation and cannnt lje derir-ecl tl~erefroln ; (11) I.llc~-e is a 1,nsic i n -  
forn~ational given to t l~c scnsory s!-stems in terms of \vIlicll t l~cy  arc 
interpretecl. Tliis i n f o r n ~ a t i o ~ ~  is never cllrungcd by a~. lopln t io~~al  processes; 
indeed, tlie stability of tllc inlorn~ation ~?ro\;iiles I l ~ e  means fur Llle ndapta- 
tion 1"-ocess. This i ~ ~ f o r r n n t i o ~ ~  is n p ropr io~cp t i \ -~  " l i ~ ~ k "  to n ground 
or bod!. reference. Finallj., certain pel-ceptual plienomcna t l ~ a t  are 
constitutccl a t  the presensory level are esplainecl wit11 rc[e~.cnce to rr~ntlt- 
ematical clescriptiun (Pinget) ancl arc given n ncuropl~ysiological contest 
(neural holog~.al)l~j-). 

The fig11ra1 aftereffect appears as a plle~lo~lleno~l of dilfcrent am~~l i l icx-  
tion eufects in  the visual fielcl. The Gil-rso~r eIlcct nplicru-s as a i~orrnnl 
:tclaptation proceclure. T l ~ e  neural r n e c i ~ a ~ ~ i s ~ n s  u~~clerl!.i~lg tliesc Lrvri 
pl~enomena are preseusor!-. 
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