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1M CJ~Mlks 01 H"""", ~n~ tmd p"IiJ("'~ 

.>Co - I all oflhe enllin in 9, and all ofllle enuies in 9". including 6u and 
9,.., an red.1KCd in lhe din<1ion of =0 in p<oponion 10 tOO. sevem YlIlues 
and lbe leollh of \be antieip<Otion lalency. Because or this. aDd beaux of 
1M active characteristies of u.. stimulus aDd rcsponw II niu. Ibe maiD le,..nce 
of a pattern of Oy values _nlails some sort of dynamic organiS3tion. 

1.3 1M S,'Rem ttl yS 1a1~ about Ihe sySlem anlhropomorphically. 
On r=ipl ofa Jlimllhu ... ",h inslruction, Ihe stimulus unit 'expecu' 10 
receive a 'problem· (tome non·uro value of K). The probkm il does rttri\-e 
will be bi.o.s.sed by ·cvi<Lence' U, from iu "''''onmeol bUI, e.-en if ~ il no 
cvide""",, some problem .ill ultimately be pott<l (n a Ift\Ilt of the stimulus 
woil deci<ioo proow). "flm state of'upe<'I.IIICy' Ji'"a rue (.'h ... the prob­
lem ill pott<l) 10. aLlte of'an lici pation· r~rdi n,B solution to Ibis probkm. 
A solution is tintoltd 11, SOme oon·=" ... Iue "r Y. and il is achieved by lbe 
response unil dcci,;on prO<f:l.l. instituted through tht; response seArch 
in.lruction by some x, _ I. The solution depend l. e"en in !he absence of 
Ibe ew:rnal inpUI Z. upon Ih. 0" ... Iues in lhose row. ofth. 8 x 8 array 
lIul1 are .. !«ted by Ih. ponicu)or problem. TIle $Ill. of 'anticipation' 
terminal" aflu a solulion il Jnig,,,mJ and its lermination Jive< rise 10 a 
funher llite of problem '.~pectancy'. 

10 all th~ lhe 6y valllCl playa CftIcial par! by d01mnining whalsolutiOM 
will be gi'"n 10 various problems. An ..... mption IILaI 'litton of R represenl 
values of some Rward or delirabk commodilY, lAd WI \be macIli ... 
would li~.losoh" problems i~ sucb a way .. 10 mlUimise lhe ",,-..age ',\lue 
of R, is ~ffec\iv~ly built inlO Ibe da.ign. F"r, as a ~It oflhe proccssjusl 
lIescribed, the machi ... 'learn,' 10 501._ problerm in a mJnntT tbat is COm · 
palible wilh "",~im;lins Ihe a,·crag< .aluc of R (Ihe O~ ... urn< 3 pancrn 
Ihallead~ 10 this r .. ull, pro";ding Ibat specific and consill.nl valu", of R 
Ire associated wilh IpecifiC problem soluI;on pain). 

1.4 MoolllIe:otlooo of lIab1tuotlooo M"'onk", The habituation oflile 
I\lachilte rC<juim rurtlKr OOllllmnt $~ it is, in SOlI!< rqptcts, umeaJil-cic. 
Jr a stimulus II rePOOled, lhe slIength of stimulus ""'Iuited 10 e1icil tho 
problem statex, _ I ;nrreasn. "This il more or Je$I" il.i>oWd bt, providrd 
lhal XI - I docs not 1ea<llo a reinforced response (a significanl event). If 
Ihe re,ull of. slimulu, il significanl (if ( x,,,,) _ (1,1) i. reinforced) then 
Ihe present "",.hine perfonn, as i! would do if the Itimulul _ro no! 
aignificanl (at IUlt, il docs 10 witb respect 10 Ih. C"p<Ctancy proce .. ; Ibe 
anlicipation 111_ney, the inlerval occupied by the response unil dccisi"n 
prn<:es<, II tedueed). This is oot altogether $Atisfa01Ory frorn a j,jolopcal 
poinl of view br:<'aU5e in a real orpni$tll ILabil\llllion with reference 10 
significanl stimuli is suppressed or oullified.lhe model worts the riA!tl ..... y 

". 

~niJtg MotklJ 

round for tho anticipation t..teney; bul il is pel .... '" in respect oflhe Hpec1 • 
ancy lIo1l'iIC)' for signrnc:.nt """10. 

The riBbI chliJlK"lcristic can be ICtlired in 5c>'erll ways. It was in facl, 
oblai ned by modif yins lhe local storage feedback I<)lhe . Iimulus unilSO .1La1, 
instead of a simple inhibilory slgnol. Ihis feedback became, al Ihe nth lrial 
and for lhee,,,nt (1<,,,,> _ ( 1,1 > a quanilly 1 _ O,,(n) I'o'!tort O,l.n) il lhe 
quan.i.y delivered as lhe internal inpUllO Ihejlh c"mponent of the response 
unil. Ifthe problem evem induced by l ' limulul is nol significanl, I - 6,1.") 
is biBb (and habil\llltion take. place no btfore). If lbe problem "'Col il 
sipoifK:anl, tben 1 - 6,j,") is low ,·alutd and b&bit\llltion is IUppressed. 
This lmIngemenl gi\"CS lhe madoine lite: requited cllatacterutics, bul It 
docs SO ·unf';rly', Addition<oflhis IMI, COfI$IJ!plun alltmp' 10 ~"I, 

in a pri .... rily ,;nSk k>~1 model, lbe orpnisalion of. many 1e'"I. end 
hlc:ra",hical,lructure. 

1.5 Experimental f •• llltios For experiment>! pur~ lhe "tJc'" us 
'Icarner' is conne<:led to a CQn",1e from whleh the e~perimenlcr can I~I 
upon Iud obleNe u.. main .ariabtes .. ,..ell a. receIving an 'ilUdl' (ftom 
0'" <tance) ~iew of the in\<l'i"r ,'1.0 A 8~ dilplay. As shown in Fig. 39 lhe 
lcarner may ~ilher be manipulated direaly Or ooupkd 10 a ltJC .... T~' 
I(3Cher (I>Ot yet <.Ieseribed, bUI cs .... I1.oUy !be ....... 101 1100 Stamer .pan 
from a ful l represenlalion of the task •• t..tion 10 be ~rned and circuils for 
cnmp.ning <:rilcria of perfonnanoo., i.e. of lbe f.~I"'1 10 whiC/O btluoviours 
salisfy u.. wk relalion). 

In addition, lhe Itaclter can bt coupled 10 a real.life stildrot SO Ihal 
comparali"_ obsen'ation i. possible (l(ildrnt/ilicRA TEl teaching mochine 
in c"nlralllO 611C~"' TES karncrl"uca"'T~II.achjng machine). Though 
imporlant for the main .pplication (design of I maller, d.~n ... ale. toaching 
machinel) Ibil fociJily i. nol dioctIs<ed. 

2 Ways of LooIUsog I ' the SySfeftl 

The ElIC .... TU Ic.>mcr am be ,iewt<I in several nys. DllI'ing!be t..lt 
19j()f; it ,,-as foullionablelo Ili~~ a >!longly belLa~iouri,tic point of";'w and 
il wiU be ili$lrijl'li,'e 10 sian wilh lhis imar in mind and 10 modify it a, 
needs be, 

2,1 The MadIIDC RCj:atdcd as a '8Iad' !;lox' Con,ide' Ibe maeh inc as 
a 'blac~ box', in A'hby's .. nse , It ha, In input U, which moy be interp.e1ed 
.. a stimulul, perhaps oomplex in form, which P"" rue, Internally (Ind 
beyooo lhe beluoviOlll'isI imap!) to • probkm \'CCIor X. 11 wan outpul, y, 
which ""'y be interpreled .. a rn~ ...aor tksigna.ing an hypolhelical 
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F"v:",-e46 Typ;caI_ """f'O">" probability """ ... (.). and tb<it mruformtd 
~ ... tiod .. ind .... of ,,'eeI;'" """"ruimy[onfonnatio<> ...nh ,..,peo:t Ig an 
"",.mal oboetYer (b)."J"hrec <U<I arc from Von FD<T1' ... •• oimulalion and...., 
ucfromWCMTU. 

,. 

l~ar"i"l Modtl. 

II Attention Dl~inJ: . 1Id COlI'Itrmth e l\Itt/1onjsrM 

It i. poooibJc 10 obtain. (ralher o;ac~) model for noo-tri'Iial ~Q' 
by reIiDq .... hiOI the conwaj nlS imposed upon the syuem of Fis. "'" in ordet 
10 """'" lwo machines fealurins .. 'teachn' and 'Ieamer'. The ~nml 
condition is that the WI>ef'. OIIlpul tan fonn. oon.olUllericiocd rutty 
inl""l0 the 1eaCh..- and, vic:fc versa, tn.t IIIe teacher', oulpul eao fonn a 
oon.ntuJ>ericiocd fllUY inplll II, IIIe learner. 

II wiU be cvidenl IlIal 1M ",.ul~", .)'Stem i$ distribulod; IIIero;1 no 
runCiion.! diSlinction betwtcn the Iea.her and the ~arner. Or, 10 lOlIi:e I 
point also voiced by Von F",,"'or (and which i. gtnorally valid) ItDmlng 
entails. J~",h" who I~Q''''' Just a. te'ChiDg entails a learner who lo .. nl. 
,,:ny theory or learning in the prcferred Ie"'" is a theory of teaching. and 
\'lCC ... ru.. 

Although the 10"flCr/ teaclltt d"til>C~on is sati.ractorily ~limil\ltN 
\her<: ",mains an engi r.e rnponsibJc ror tvalu.a~ng responses with '"peel 
10 the relation lfaDil dclerminiogwhelher or nOl the """,hille i. reillfor«d . 
Cn.tdcly, bill seriously CMUgh, lhis CliP"" is all arbiter of ..mdicia!l.nIth; 
if a I'e5pOtUC is tak<n 10 indc:t. problem-contingenl solulion then only lrue 
..,luilotHtalC .... nlS ... rn"lJ"ded. 5i""" ilKrc is but one .eLation, tlIC a<:tion 
or !hi. put of the cqllipll\C1ll trl>ialiIco the joint machine:s' opcntion by 
thwartinS the aUmlpt (wlUc:h !he joint ma.cbioe ill bound. by corul.lVClion, 
'0 make) 10 direct ilS alt(ntiOfl e~where and to t"CpIote il$ (nvironment 
for further rdlliolU thai mly be learned. 

The mCibod of lurmouOIing this obstacle, reroounc:nded in Puk (1960) 
i. to augment the !tulh crilerion by a criterion of agreement betwC(n ,ub­
'yS\¢mS of activily (Initially, Ihe , ubsyitoms localised in lhe 1.lcher and 
learner parts of tneapparalus) and to cnJorge lhe apparalus so that phy.ical 
Jimiltl~ons, ,..eh as the number of . Ioragt locations, no lnngcr playa 
dotrti.nant ro~. Under Ihtso! clreum.uanccs, replicas of the tcacller and 
Ie",""", ",sanisDliDfu can ~isl and cooperate in the enlarscd IIf/lwOI'k a. 
d)'llllllic but liable en~lies (tbt sl.lbk: ooofisUCl1lions in netWOfu dc$Cribcd 
by Alebander ( L973) arc cltampLcs of sur-h .n~Iies). It is.un true tha, arty 
aweptc of ",'0 or IDOI1: coopera~n, subsystems mUSlstlfls/y!it.nd thai 
\hoy must also ""~ (in the .. "'" thai the joinl .)'SICm is WIble in tho! 
domain or!l). But the Kwral doollCl pain (00- aFpt .. ) of subsymms 
coeUsting in the neiwork CCMTapODil to different descriptions of !it; ;n 
particular, tlcb Olle realiws a di.til>Ol method of compu~ng~, i .•. they ... 
dis~nct 1n'(JrJiQ ... or \be samu~ ICnlionally specified reIa~OIll or, i n ps yeho­
logical parl~, !hey _pond to different methods or sol.ing llIe OIIme 
probl~m gr performing !he same skill. 

Thi. proposal ",mli" • •• lid and it Ito. been embodted in a phYJiCII 
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