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A."jST™CT z 

HWJa&n learniqz; 1trategiea are C."naidtred partly for their own 

aake but chietl3 wl.th a Yiew to i9eit.;tint; eo 4 teodling atre.tegie1 to 

build into an adapti'fe (CAI) t"laching syatan. 

In pur1uit ti the i mtatl.e ati">n, fflt introduced a new exp,,ritlmtal 

l!llt.hod (Ei·;R;I) for ext·:roo1Din8 the 1 iarni~· strategy :idopte:i "Y a tree 

leamil'f, aabject, ani we :tevelo9e.:l n new empirical meaaure of l:ncertointy, 

A new proceehre for response analf &ia is also .ieac.ribei. 

t1ypoth11es about t.he nc.ture of the learning proceas in e. rule 

•~>1.>lication taak. ere crystolliaed in a computer 1imulatecl leamint, mod8_1, 

which 1a thoro\J8'llY docUN1tti. The "convaraational." a:iapt1ve teaching 

system, \lled. in thf:l nain exp1ri::ent1,is iesitne d on the baaia of tpia 

modal. 

-:!.xperi1111nt1 have l>sen curiei out uairg human aubjecta in a ru1, 
' ; 

application task to coq,are free leami.ns with learning c-mtrolled by 

t:,is and. other teachirg aystema. •.}uite lllequivocall.y, leam~ ia more 

effective when it lo controlla:i by tho n.daptive 1yatem. hrther, a 

~stem which employ■ a "campri:ir.use" teachillf, strategy (anived at · by 

il■courae -:d. th the atu:ient) ia more effective than o rigii, sine.le 

atrategy, ayattm. In an attempt to e~}la.in tthy t ii 1a 10, o. 6roup at 
h:.' poth11ea were t11ttd and moup of thee have been emprically verified. 

to .P~vide a clear picture ~ how leamtnB taus 9lac• (and fail■ to 
t iJce place) in thia particular experimantcl ait1.ation. 
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1,1. lb,1ectiTH • 

Thia atudy of learning strategies and leerning set has 

two parta, namely ( 1 ) A part involving experimmts with real 

life subjects and {2) a part concerned with a computer simulated 

model c'I ... learning, which, whan interpretei, conatitutea a 

theary ot lea.ming • • 

In the aperimmtal part, we have emphaaisei two aapects 

rl the field (I) How a a1.1b.1ect directs hia attention and explores 

the 11roblem envirOD1111nt •:reated by the task ttJ be learned and 

{II) How the aubjec-la learning process can be facilitated by 

converaationa.l, er parti~ cooperative, teachine systems 

(in praotice, CAI &:1Yl't6rna). All of the experiments haTa. been 

carried out in auch a way that the subj eot interacts w1 th an 

automaton responsible for controlling the el'p .. imental environ­

ment. In 11ome el'perimantal comi tiona, the autcme.toa. 1a a 

prooedural deviceJ it impoaea baharloural constraint• that 

repreaant the rules of the taak, but it allows the subject 

a great deal of frHdC)m, eapeoially in his choice ot a 

strategy. In other oond.itt.ona, the autanaton is either a 

simple adapti Te teaching mchine or a c1Jmarsational ms.chine. 

In ord_. t.o teach (i.e. to control a learning procau), 

it ia mceaaary to be.Te e. modnl tor thia proceaa. The 

oanputer aimulatifm is a model ~ thia eort. It contains 

cne 1ubprogr0-rnme repraaant1ng the subject and another 1ub­

pro~S111De repreaentin~ the automaton ani these aubprogremmea 

interact. 

. -- f 
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The groan acti :m of the me t ::- oy11te:-: cru; be exi)lained within 

1:he theory of salt'-r.rpmiaing SIJstei::>, c,,neiiered in :.i ecti"n 3 

oni Ject ion 4, Hol'. ever, an a. iequate ace~ unt or the mech anis:Ja 

involved (er an adequate .feaic,n 9nradi e-r-1) calla for o. mre lete.ilai 

med al, ,1h:iD 1. ·ia I,r.l vi ied by the c omput-:r 1lroe rtua:.1e of Section 5 • 

In the C()Urae r£ the ex1Eri:nenta, it bacBUB svid.ent (1) 

tho.t .1:lffs-ent subjects \J!e ilfforent strr.te~es for leaminr. the 

so.r.ie skill and (2) that these .:Jtrate~,Jos r.:03• or mq nr,t be fit ta i to 

O.SJ>ecta f raental oreanis r.tion ?f vrhich tho subject is of'tan un-

pe: :.f'P.ctly a,·,are, It, thua, n:·e:,:~:i. lik.dy thl't a c:ompetent te'.l.Ching 

1.rster.1 ah,:uld (a) t,,,, bo.aej up?n o. cl.1: . ..; s r£ j>ossi~la teo.ching stro.t3giea 

rnther th!l'l a single strategy, ( 0) have ,:,:, facility f'>r oelocti~ nne 

atr::,.t,e,nr T o.noth .. •r o.s ~ res .J.t ,~ hi \-i:"' r 1 ~vel ( mta) ,:;1acoursa rdth 

the stuient, and, (c) contein o. m..,ni t,.,ri :1(• facility 1",:,r ensurinr, th ~t 

the chosen str ategy is epprop1•i'ltc t o the individual' a mental o?rc.on-

1., o.ti-1n. Such a tee.chin,: aya-ta;n is ::'..41 !!Japti ve metaaystem in the 

sena9 of ~ef,(1), 

The experioontal in.ta aippTta tie c ·1r,ency -:,f pl)inta (a), (b) 

mi (c); it ia als'J i> 'J8 aible t 1 e.asert, , \rl.th cr.mslitl'able c nl"i •enc,, 

that llll adaptive •taaystem is a bettor inatructil)na.l instrum~nt (for 

ttiis aldll) thrm either the sttE11t:i.on Jirooti~ pr,,ceaa in o. f ree 

loo.m~- subj r.:-ct or a nore restrictsi, sit•.ile strategy, t9n.chin(!: 

it.ratem • 

r - -
f 
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!!,:1.storical Review and Background Material 

In our previoua work on tea.ah~ and learning we have use4 

"rule appli.ca:tion" as the ald.11 to be instructed (mainly by adaptive­

ly control.lei methods). De .ails of the techniques employed em the 

reaults obtained appear in a 1eries of publications (the key paper• 

being reterencu ( 1 ) and ( 2)). The general form of the task is 

indicated in Fig.1 • For various sld.lla coming under the rubric 

"rule application", &dapti..-e training methods were shown to have 

a clear adT&ntage over plausible and intuitively effective non 

adaptive methods; thia, perhaps, was the primary result. In 

addition, howner, we accumulated o. good ieal of "know how" about 

the beh~vioural and cognitive processes that go on whilst the 

subject 1a learning. Thus, when it came to a study of learning and 

teaching strategies we were anxious to uae a similar task environ­

ment J ( 1) in order to obtain groa sly conparable data ( a relatively 

m.1ncr point) and (2) because ~ our quite deta.iled:~ight into the 

learni.D6 process i ' .. self. 

The rule applioa tion ta.ak has much to recommend. it as P. 

framework within which to experiment. In the simplest situation, 

there is a single rule which relates singly occurring atimulua l~s 

to single responae bys (Fig.1); the resulting task ia thus equiva­

lent to paired associate learning, since the lamp• and the keys 

could easily be le.belled wit.b nonsense syllables. Uains more than 

one rule {and alt1trnating the rules in a prescribed fashion) the 

task resembles multiple liat learniJl6. The ditt'erent rules can 

be chosen, at the experimeuter1 a discretion, to be entirely dia­

aimilar, to have deceptively aiml.lar parts (atudies ot interference) 

ar to have genuinely similar parts (studiee ot positive transfer). 

If the rule can be u.si~ described, it is posaible to inve11tigate 

ei tber concept lee.ming ( the rule id unstated and must be learned 

by experience) or concept utilit.ation (a deacripti-.n ot the rule 1a 

1 
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presented to the subject at the outset~ Insofar as there are 

describable relationships between the ilfferent rules employed 

in an experiment, it is also possible to study higher level con­

cept attainment ( or utilisation). Of course, the experimenter 

is not restricted to rules entailing a one to one correspondence 

between the lamps ani the response keys. Though rules of this 

type have be en used in all of t he main experiments, pilot inves'ti• 

gations with many t.o one mappings yialded quite interesting 

results. In all this, stimuli a.re quite easy to deliver and .. 

responses and their l&.toncins are readily detectable, 

The bo.61ic task may be elaborated,(and for most of the 

experiments has been elaborated) by presenting stimuli, which 

consist in o. group of simultaneously illuminated stimulus l.s.mps. 

In this case, the correct response involves~ group of key press­

ing operations; with a. one to ,,ne rule as many key depressions 

as tlrnre a.re lamps in the stimulus. Since each operation haa a 

separo.tely determinable latency, the experimente is in~ positioa 

to observe response patterns consistill8 of several roaponsn co.­

ponenta, which may either be produced together or in a sequence. 

Hence, quite a lot r£ the aubject's data processing is extarnalised 

in the form of the responaa. The possibility of obtainill€ this 

much inf'ormatic:.11 a.bout the "Black Box" is a crucial feature of the 

experiments t.o be described, or any like them. 

It is usual to employ 4 lamp problems (Rat. (2)) or, some­

times, in rule alternation, 3 lamp problems (Ref. (1)). If 4 lamp 

problems a.re regarded as the "real II problems (the subject is given 

the goal of solving a sequeooe of 4 la.mp problems) then 3 lamp, 2 

1~ end 1 lamp problems are subproblems and the goal of dealing 

with o. sequence of 3, 2 or 1 lamp proble1D8 is e. sube;oal of the 

original go ol. 

f 
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The ta.sk environment ske tched in ]'ig.1 has a deceptively 

simple e~pearance but is, in feet, quit e rich in possibilities. 

A great deal of 1his richness is ~ue t 0 the time constraint cited 

in Fig.1 (i.e, tha t the subject i s forcGd to respond vd thin a t i mo 

interval oft, t after the presentation of a sti mulus, if he is t o 

achieve a correct r esponse). ~'his constraint is not artificial. 

fd! problems !!:.! pos ed with referenc e to o. tim& allowad for thair 

solution. Often, of course, this is a. long t i ~e. But, in the 

present case, the interval t,t is chosen so a.a to prohibit the 

obvious expedient of rec l:l.lling the S-R-connections given by the 

rule an:l executing the responses operations one E:fter anothar. 

In order to succeed, the subject must conceive the skill in some 

r,o.y and bu.U.d up perceptual motor groupings o.ppropricite to this 

framework. 

Hence, although the te.sk looks superficial~ like a. 
0 stimulus,response, association task, it really has a. complex 

structure and there is ample eviience tho.t the ma.Jori ty of sub-

jects view it as a.n exercise in prnblac solving (even in the early 

experiments, where, if anything, the subjects were gi. ven a "cond.ition­

ing" or "S-R" o:1.entation by tha nr,tura of the instructions). In 

FOOTNO'IE: 0,,-,he tever this moans. The phrase is quite 
oten used but it seems to reflect little 
mare than a profassiontl disposition to lo~k 
a.t statistically regular end (from the presant 
viewpoint, rather uninteresting) fa.cats of mental 
activity. Consiier ordinnry pairod associ~te 
learning, far exa.mplo. Of course, the mean 
l ea.ming curve ate. can be predicted on the basis 
of a statistical model in which unitary stimuli 
become "a.ssocio.ted" vrith unitary responses. But 
anyone who has les.rnad. e. "pairad a.ssoci9.te" list 
is awcra of th a cognitive process~ which in­
variably goes on ond is, of course, obscured in 
a purely bohavi0uristic analysis at the process. 
In contrast, ~e are interested (1) in this cog­
nitive processing and. (2) in the information pro­
eassing models such e.s Atkinson and 8hif'fra.ms ,. 
model or Fiegenbaum' s EP.All, that bri~a the gap , 
between cognitive and S-R theory. 
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genercl, the stimuli are intarpretad as dasign~ting problems and 

raaponses are conceived as the result or problam solving opera.tions. 

This is partly a comment a.bout the subject's attitudas an,i pa.rtly a 

reflection of the f act that it \700ld be difficult to interpret the 

complax response l atency d:-.to. m.thout invoking a problem solving 

procass. Of course, the protilm solving may be unconscious. It 

is ~robably fair to say thnt tha subject faels he is in a. problem 

solving si tu.'l.tion but is imperfectly aw~e of the prooass wh~reby 

he solves individual problems. In general, also, the subject 

adopts cognitive r epresentations of tho problem and usee plans 

or stre.togiea as p3rl of his l ecrning set (once ago.in a boey of 

introspective •iata :ts supported by -=.n inspection of attention 

dir .-sctine l.>eha.viour, pa.U8as !:.n1 intermittencies). 

From the expariment er 1 s point ,f view it is qui ta possible 

to examine the strusture of the problem solving (rea.9onae producing) 

process on a convenient time scnle. 'fha various components of the 

(generally complex) response are produced in regular patterns; tor 

axlllDple, in one moie of o.ctivi ty pr.irs of response component.s e.re 

pI'lduced almost simulte.neously, i. a. the occurrence times for ea.ch 

member ot the pair l'.re no more tho.n 20m. sacs. apart. After 

studying the simultaniaty, ar othar,7i.se, of the components and 

the order iit which components or groups ot them occur, it is 

pos siblr: to make a. number of inferences c.bout the gar.arating 

process, Further, fairly complex properties of 't;his proc ess 

can be detected end used n.s control va.rfables fer n teaching 

strc.tegy • 

Devaopmont of the ExparimoJ2_te.l Environment 

As !\bove, the origin".l axperimants SU@'88Stei th~t o. graat 

daal ot cognitiva and strategic activity goe21 on as the rule 

ll)plication skill is lenrna,i• Howevar 1 apart fror:i introspection 

and. groaa behav:l.ourt:\i indiceli 1 th-iy ihcorpor!l.hd nt> easy methe>i 

tor externi:uieing th!s act1.v1 ty, Tha i>raaent experiments were 

performed in an iso~.orphic to.sic envitotimetit t)\ti di~; amongst 
. . ' 

other thi~s, prmH.e· manna fer externl\liaing 1he m11nt~l pr,,cesses. 

1 
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In order to ob~ain thes ; fo.cilitie.- , it was first noo::i sso.ry 

to impose a defini ta cognitive structure upon the task and to pro­

vide a language f<r describing it ond mo.king £rascriptive statements 

or plans; (far example, st ,.,,te111Jnta a.bQut which po.rt sf_, or sub­

problem !.11, the an vironment nould l::le a tten.iei to at a. given inst~t; 

plans for axplaration ot' the environment). These mo.tters are 

discussed in Section 1.4. ani Section 1.5. 

Next, given the stru::ture a.ni the language, it was neceHary 

to set up condi ti.on.a in which the subject would use the l f'lnguage 

and thus externalise hia mErltal pr,.,cesses in disco\J?'fj·e with the 

exparimentar (or a control ruache.nism). This question is con­

sijred in Section 1.~. 

Amongst other things,the subjact can externo.l.ise his mental 

sta.te by making o.ssertions (in tha given language) about who.t ha 

definitely intends to do ( by wey of subproblem cla.11 explor o.tion) 

and prnbabilistic sto.temants about his degree of belief in 

selectl'lns or 0"uraes ,,f action. The relevant probabilistic 

response techniques are c-:ma:Lierei in Section 1.7. and tha e~ 

traction of beha.Tioural irdices in Sactioo 1.8. 

Impoai95 a Cognitive Structure on the Task 

Consider the set of 4 lamp stimuli, which can be salacted 

from emongst 8 laq,s: !, l?,, ,2, ~. !, ,, .&, ,e. In the previ'Als 

e:1perimits, the stimulua sequence consisted in 8 items with the 

prope~ that each lamp occun-ed with oqual frequency oni that 

evErl frequency distributions ware maintained over aibseta ot 3, 

2 am 1 lamp stimuli pl)8~ simplified problema. The arrangement 

concerned 1a ahi'.Jfn in Fig.2. 

Far the present purpose we wished to impose a cognitive 

structure upon the skill. Ona wey of doing so ( an i the wo.y 

actuelly chosen) • a shown in F~.J. The stimulus l amps now 

designate the Te.luea 1t binary attributes A, B, C and D; thua, 

f 
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lanp a d.en'>tes the value "1" at A and lemp a ,ienotea the ve.lue rJt - -
"O" rJf A; ainco A IDU8t have one val.us or the other, a:ni since it 

cannot have bath values aimulte.ne'lualy, a oonstrnint is introiuced, 

i.e. that ! end ! mq not be simultonooualy illumine.tad, for 'ln8 

daqnates the O'llllplement 'Jf the other. Similar comments apply ·i;o 

the attribute B and lompo :E_ and !, t ,) attribute C and lB1Jps _£ e.nl 

s., e.nd to attribute D e.nd lamps l end .h• There are clearly 16 

different 4 lamp stimuli which satisfy this constraint, the stimuli 

appeor.t.ng in Fig.2 are 8 rJt them. Tha entire set fl 4 le.mp stimuli 

aimissible whEll the attribute value crmstre.int is applie-i, is ex­

hibited in :Pig.lt- in the f')l"m , f ,co-ios that genera.to the stimuli by 

turning on lamps !, la, .£, 1, 1, t., s., !l, (where "+" is "on" and '-" 

is "ott"). The co:ie sat is colle i tha stimulus generating set and 

is divisible intio 8 membered. subsata such ascx. and~ • Fig.4, also 

ah••• the valuea rl "1" OE' "O" assumed by the attributes A,B,C ;r,, 
whan ae.ch of th eaa 4, lflllp ati.muli is presEllted by selecting a 

atimul.us cod.a an i using it a.a an input to the 11.aplay mechanism. 

In orier to bring these constr~inta home t.o the aubject, 

t.be d.isplq e.nd rasponse board is modified. The new cont18uration 

is shown in :Pig.5. Eacil oomplemantary pair ot stimulus lampa ia 

clearly iemarcated e.ni aasociatei with one of the attribute• .A,B,C ,D, 

( the differently ool'lured. lempa in each pair rl Fig.5 rater to two 

d.itf'erent rules which mq be in use. However, unle11 there is a. 

statement to the contrary, ile shall assume that only ,me rule is in 

use am, thus, that 'lnly ,,ne colour ot lo.mp is employed). 

The conjoint valuaa of the a.ttributea A,B,C,D, determine 

points in a signal apace; tha aa points ara ieaigm tad by the 

1ti1111li genera.tei tMm the ganara.ting set ani the stimuli pose 

problems. Now it is poaaibla t-, :iatercine an hiernrchy at sub­

problems by regarding one ,:,r more of the attributaa aa null or 
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ilTelevent (say fl v,lue ~). 1'ormlly, tbe expaiii;lnt of assert~ 

tbat some of the a.ttributes may ba irrelevant ietarminas o. set at 
subapa.ces of tba signal apace. ,.iora cogently, it gives riso t.o 
the aubaet1 ot 1timuli axhibitei in tho p.rtially orierai structure 

ot F18.6 a.a x.ABJD' xA00 •••• , XAB .... , XA .... , in tha sonaa that 
aelectlng all stimulus ooies in the ganJ rnting aet will (a.ccoroing 

t.o the attributes d.eE111ei t'l be iIT'3levant) give rise to ati:nuli X 

fl F.ig. 7, with the p1'> per\y tba. t x E Ii posaa a subproblem r,f eype i 

(unless it happens that i • ABCD, when the subproblem ;oaed is a. tull 

pr,.,blem). Similarly, ifcx. or 13 is cnosen, rather then the 3?ltire 

atimulua generating set, then a subset ot .ier~ vei atii.Jluli 1a proiuoecl 

(all of tham genara.ting aubproblams of the appropriate \ype). Mr,r&­

over, in the ca.a~ otcx. sni 13 all ">f the subproblems are p'lai>d with equal 

relative frequanciea (this 1a not true at all aubiet1 of the 1timuiua 

gaiar-ating aet). ex. m-i ~ happen to be !Z!!•trica.l, Certain ~ 

symmetrical stimulus ganarating aubs;;its have also been employei 

but attention has been rostrictai t ,·, ganara.ting subsets such thn.t 

all relevant subpz,,blems are p'laed, parhcpa with different ralative 

frequencies, by the stimuli in e3.Ch l"Jf the stimulua aubaets. 

In the oourae ot an exparillsnt, stimulus codes are s~actel 

trom the generating aubavt (aey froma.) by a seque~e of coie ' 

numoor■, such as a, 1, 2, 5, 4, 7, 3. In general, tha stiwlua 

aequonco ii diviiei into blocks in oach at which e80h stimulus coi, 

ii aaleotei a.t lee.at onoa. Now the act rl selecting a stimulus 

oode gives riae to a derived. stimulus, i.e. to !l!, stimulus d.erlvei 

trom this 4 lamp stiaw.ua oode. However-, the number of al emmt1 

in this stimulus, itl)enia upon the attributes oonaiderei relevant 

er, IID'e auocinctq, upon which cl the aubaat1 x1 in Fig.6 ia 

selected.. The parttculnr ierivei stimulus can, r1f cnirae, be 

real ott i1rectly from :Pig.7. 

- - - . 1 
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To kaep the wh,,le "pr-1blem t, 1ubpr1blem11 rele.ti,.,n in the 
atulent's mini, the t ~11,.,w1ng expeiient is ei0pted; the ierivei 
1timulus is iiapleyed. against the bookgr~ni rtf tha 4 lamp 
1timulua fr0m which it is ierivei. Thus, in Fit.5 it' stimulus 
7 is aelectei at the nth triE\l, tmi if the aubaot XAB is seleote i 
aa ralavant, then (I) the subject sees the o.ttributa vo.luea A = O, 
! = 0, C = 0, D = 1 , ( ,,r the stimulus ]a j ! !) e.a e. iimly illum.natel 
tlaahing cont~urati'>n (II) he 1ee1 the relevBnt attribute values 
A • o, B = 0 ( 'lr th El ierivei stimulus ]a J) as a brightly illumint-.tei 
pair auperimp?aed up"n the flalhiJJg bo.ckgr'Juni. 

Stimuli may, thus, be 'lt lll8I\V Sllrts, bol~nging t'> iif'f' erent 
1ub1at1 Xi. But in ell co.sea they :ll"e prasE11tei in the context of 
tha atimuli t°r')lll which they are iErivei. Of 01'.)Une, if the aelectei 
1ubaet ia I~D' then no tle.ahing lompa will be Tili':>le. 

To o,,mplete thi3 at?ry, aelaoti-,n of o. stimulua subset ala".> 
.1atarminea which re1p~n1e1 e.re intarpretei as relevo.nt in any e.ase••­
ment of rectitule. It is clear that any ,ne 1l) '>n& rule imp,.,sea o. 
partitionine: Up'>n the reaL)onae keys (1"> that pairs ,,, keya refer t,:, 

the values "'lf a single attribute). Only tha reap,,nae c,mponents ip 
the appropriate n-tuple ~ keys nre reterrai t,, in any merkin@ -,r 
IOOring pl")caiUl"e. 'Pr,r aX81Dple, a iErivei stimulus in X~\B oe.Ua 
t'>r a response Vli th a pair rl C".l~onants, n1t 4 of them. Hence, 
it ii ree.liatio t,, o"nteni that the membar1 '>f 1timulu1 1ubset1 
trliher than XABCD 3o ien~e subproblems -,f tha min pr,:,blema. 

The physical reap'>naa e.rrang,mmta -:if Fig.5 are the same e.1 
thoae in 118. 1 • The key pain oo!Teaponiing t c the attribute valuoa 
might, quite ree.a'lll!.b~, have bean rei:,lo.ced. by "attribute reapr,nae 
buttons" <Jt tha 1,rt uaei in a much earlier aeries ,.,r experiments 
on conc99t acquiliti'lD (Ref. 3)J one butt, n fT each T&lue ':Jf the 
attribute; no buttl'ln iepresai~n ai8nifying irrelevsnca. Thi• 
p1>saibili\y l1e.s aebe.tei but it wa1 eventual~ iaciiai to leave the 
re1poD1e }Q)ya aa they atl)r,1 becauso with the preaEllt S1Tqement 

. - - . t -
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the mov11111nt time ia short ml subs tentielly the same for each 

con;,onant crt the responae. Hmco, in the latency Nial.ysia 

{11hich is chiefly intenie.i to clt\.aaity the ordJrir.g ani gr1Jup­

ing '>f the responae components) it ia legitimate to neglact the 

influence of movemE11t time at tha first '1rder of approximntion. 

Language Systems ani E5>ericentol Dbc•]une 

In the cmrae at an 8JG:) arimant the oxperimenter presents 

a eequem:e ot stimuli which are interpretei by the s;.bject aa 

problems. Similarq, the subject produces a sequence ,,r reaponaea 

11hich the experiimnter interpt"ata as problem a,1lving opere.ti".>M. 

The coniuct r£ thia intar8.Ction ia clearly a liac,,uree Md it 

takaa place in a language. This lt1.ngua.ge will be oallei J. O, the 

lowest l ~vel in a atratitied objoct lang~a l.:si.O 1 11 , •••• (in 

o,ntraat tic> the mete.language, 1•, midi the experimenter uses to 

ieacriba the exparimmtal aetup, to give instructions, w 10 on). 

ll'raquently, the object language ia gloaeei as a stimulus 

response modality end this usage is hermleaa e!X'Ughproviiei that 

1.1° and the subject is neither emouragei to comment up?ll nor 

to moUty the endr.,nmEllt in the c0uraa tJt the experiment. 

In the preaent case, however, the elrperimanter ia snlCioua 

t-, axe.mine how the aubJect wmts t'> explore hia envir,,nmant ( the 

set of aubproblem claaaea or stimulus subsets at 1ig.6) end in 

certain oircumatencea he mrxy allow the aubJect to mgage in active 

eJploration. Becauae of thia a. primitive higher level, 11 ot 1 
0 m\lSt be adJoinei tn tho lowaat level object language 1 . 

Th•l O levai (I 1 rimaina quite triT~al but lll'Juli be 

ate.tei. The subject 1a requirei (by the rule a rl 1 °) to ocm­

aid.er stimuli as teaigmting probloma. Hia lagal axpreaaiona 

inl.O o:>na1at in by prealing raa9011sea 00nt0-1n1~ aa IIIU\Y o:>m­

ponenta e,a there ara lampe in the atimulua (clesrly a o,rrect 

reaponae ia a legal reaponae that also 1e.t11ti11 the preTaillng 

rule). 

1 
• I 
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The .L1 leTel fl ..l 1a not quite 10 -, bvil')u,. To proviie a 

tnmnork t'lr t.he .L 1 interaction, the stimulus or trial sequence 1a 

iin.led into distinct blocka of trials within any one ot which tm 

aubjeot recai vea a repr4iaentc.tive soquence ~ problem posing stimuli 

(eech of the 4 lNDp 1timul.1J1 oo .:l.es is aelectei c.t lea.at once and a 

• poaaibly aimplitied stimulus iarivei fr'Jm it ia iiaple.yed). Further, 

at the ani rJt e. trial bl ock, 1h0 subj act is required t ,J maim 611 1.1 

• atatement r:£ which <lD8 fl tha subaeta (in Fig,6) will 'lCeupy hia 

attention thr0\lfllout the aubaaquent block; that is, a statement o~ 

ltlich aubgool he will t\im for. In tha simplest ca.ae, this subg-,al 

statement mat ba unequiTocal ani uniqua, i.e. he must ate.ta "I wish 

ti.> work on bl'>ck i" (where i iniaxoa one -,f the aubjeta in F18,6). 

• 

.,,. 

To make i.hia .L1 "statement" he preuaa any n tuple at the 4 attribute 

buttons A,B,C ,D, ah""n in 1ig,5. {In ai.iition, when more than one 

Nle is employe i, he ia r equirei t o "aq" that he will atteni t.o one 

rule or the othr or both at them, Thia ha d.oea by manipulating 

i.he rule buttom in Fig,5), Henco, in the simplest case, the 

aubject' a utterames oonaiat in C".>nf'igurc.ti,ma r,f the "attribute 

butt ma" end the "rule button•". 

M~ it ..,ften happens thnt the subject entartaina oonaiier­

able d'>ubt about what he shouli j') next. He 1a litortllly in the 

P"•ition of aaying "I ooo.11 bet B'J much on ee.dl of aever&L 

po11ibilitiea but I 0011.d nfJt aelact one of them with certainty". 

To coqrehend. this aituai>ion, 1.1 is axtmiei t-, pen it pr()babiliatio 

statement, whim, iepenM.ng upon the experimental 0·,mit1on1 eq,l~:i, 

may ai the r be meohaniaei '%' not, The principle 11 the aame in both 

co.aea. 

In the ummohaniaed. case, tho a21>erimen tar c.aka the aibject to 

.. •··. atate the p'>Hibilitiea ho baa in cdni, It there 1a -mly om, than 

hie ste.temmt ii \llequiTooal, aa bet,,re, Genar&Uy, llhen there a.re 

1avare.l {aay m) poaaibilitiaa, tba expriuanter uaea a aimple betting 

r · - . 
1 
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situation to make 1he aubjeet sta.te pr1babilit, est~ting numbers f 1 
such that t 1 r 1 = 1 , 1 =• 11 ••• :~. Tru:l vect:>r"i-1 1a now regariei a.a a 

lege.l 1.1 statement. . 

In the machani.aei case, the subject ia preaentei with the f 
re~rmae boe.ri d Fig.8 (in plooa of the attribute buttons ot ~.5). 

\ 

If' he opts f'or a certcl.nty, than he presses -,ne of' the 15 buttons on 
I ' 

ithe boari shown in Fig.8, together with the cortainty butt1Jn. If' 

he is in i'lUbt, he aelecta a aibset rtf buttons to · iaaigmta tha set 

·of' subproblem olaaaea un.ier C'Jllaiierati ·m. :F'Jr ea.ch button pressed, 

an indicator lamp ia illamino.ted. li'or each inJice.tar lamp illuminotei1 

the subjaot muat aijuat the betting potantiametera (ve.luea of' r 1) 10 

that the meter ~ ~.a ahows o. sero ranling {in which case l..
1 

r
1

=1 )0
, 

At this p?int, the subject submits hi.a J..1 atstement of' r 1 hy proaaing 

the submit buttnn ah'>Wll in Fig.8. The statement ia interprete,i by . 
th& 9'erimantal c •>ntr'>l mechanism a.ni ttle indica'tnr lempa nre turned 

of'f'. 

These atatementa of' ioterminiati.c or probabilistic intElltion 

t,, attani are the ,m~ 1.1 ate.temnta that tha aibject is allowei to 

make in the crJUrse ()f mi experiment. Other 11 atateqienta are nade at 

thb beginning of' s,me experiments eni when the experiment ia oompl,tei 

but the ae will be «>naid.area as "Jnto1Togati'>n PrrJce-iuraa" in the 

d.eta.ile-i acoouit of the exparimm~a. 

... 

0
:" similar techniquo hr.a been emplo,a i by Bnle r(4.) 
t ; deta-mon9 aubjoctive jegreaa 'Jf' beliet ldth re1-
pect ix:> 1 response o.ltarnntivea. Bakar uaoa a histo­
gram -liaim,ye-i on the cntho1e ro;y tube iiapley of a 
Cl)llll)uter, the line a rept" ea en ting ve.luea ~ r 1• The 
subject la~thena or shortens the lines using a light 
pen facility. ',s he i->a s ao the progremma n.utomatically 
no:n~iaas the hist.ogran. • 

I I .. 
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The experimanter ~an alao make ~1 statement,. Lil<:e the aubJ~ 1 

hia utterance, occur at the eni of a trial block. 

( 1) Hfl can s,q that he is going to preaait a certain claaa 

ot aubproblema or aubprobl ema throughout the subsequent 

block ani that he will interpre;t, all responses to 

stimuli aa attemptei solutions to these problema. 

Accordin8 to the conventions at the system, it he 

~ aays ao, then ha muat io so, i.e. he must seleat 

• 

a stimulua subset x1 throughout the subsequent tri8l 

block. It will be recallei that the selection at 

x1 alao ietermines h0'1 the subject's reaponsea a.re 

interpreted. 

(2) The experimenter can d.el:1.ver J..1 evaluative atate--

ments about the subject's part'ormaooe. The tirat at 

theae ia a block acore, iiaplayed via the "aoore meter" 

ot ~ • .5. Several acoring functions . have been used, 

the simple■t being the numbar at co1Tect responaea in 

o. block. 

(3) Inaotar as the aubjact haa generally attend.ad to a 

whole aequeme at subsets, x1, the experimenter is 

able to make an J..1 summary statement giving him 

:ir.tormation about the last value at soore aohieved 

with respect to each subset visitei in ti's paat. 

Thia material is either .li.aple.yei on car-is handai 

to the subject (Fig.9) or through the "past score" 

displ~ of Fig.10 • 

I 

I 

ii 
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(J+.) At each trial;, the experiraantar provUea lmow­

lad.ge of rasults intorme.tion. This (depeniing 

upon the exparimental Ct:'niitions employed) may 

(5) 

be partial (the entire r ~sponse ia correct or notJ 

displayei via thJ ".ill Correct" lamp of F18 .. 1 and 

11g.5) or complete ( a particuler response component 

is correct or mistaken; iisplayei thr0\J8h the "correct 

component" lamps of Fig.1 or Fig.t,). 

.. ~t ee.ch block the experimenter can ma.lee a limitei number 

of instructional L1 sto.te:nents, fthich either requast 

the subject to adopt a. particular mental sat or tell 

hi~• that he is going to ba testei vdth respact to some 

property ot his behaviour. These instructional sta.t&­

ments will ba iiscussa1 in tha conten of the teaching 

systems, where they a.re actuelly wiei. 

FOOTNOTE: 'I must apologise for ~ slightly barbaric, though 
consistent, usage of "lovals of discourse". ~·-Pen 
from the laxmlelge of results statemants, all L 
statements are maie o.t the ani of' a block, whcrea• 
these occur at the ani of' each trial. Further, 
although score an,i t c.st score ara clearly "aval­
uationa" aiiT'thus L sta~ts, "lmowle.ige of 
results" is wiua.lly conceivai of' t1.s p.,.rt of' the • 
stimulus rosponss moia.lity (thua an~ statement). 
However, it clenrly !! evaluative ona, from the 
point of' vi.aw of' a control moiel, it is altogether 
morc1 convenient ani consiateit to regari o. lmowlejge 
of' results stateraunt aa an L sto.tam9nt since it is 
a signal e.t a. higher l evel ot .;-,ntrol in o. control 
hior.archy • 
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• • 1. 6. 'lxternaliaifg Mentiltion 

The subject may uae th o obj oct laaguasel. ' =1.0, 1.1 , to intmr­

a.ct uith whoever or whl'.tavor contr"ls the experimmto.l environment, 

but it does not toll.0\-1 tilc,. t he !7...Y:!. io sii; the {lfovision of an 

object lr.nguege is no mere tha.n o. prerequisite for estllbliahing 

fucourse. In 01•ier to be suro of D.. flCIIIII of disco1.Jr88 1 it is 

necessary to establish an exp 6rir.1ental contra.ct with the subject 

oni for tho experi.a~ter to keop his pert of the br:i.rgoin. 

By ita no.ture, any contr!.'.ct whntever entails the provision 

rl certo.in coopEro.tive, or pa.rtioll_y cooperative, facilities from 

which the aub j act cm benefit proviie i he is aiming for en '.lgree d 

gool. Hence, tila methois amployo i in maintaining an experi1:1ant&l. 

• contro.ct with :.i. view to extarn!llisi~ DEnta.tion, o.re reuonably 
' . 

callei "lrlernal.iso.tion by Po.rtinlly Coopar ative Intero.ction" or 

"BBPCI" me tho is • 
• • 

The exBCt form of EBPCI iap0nis upon the experimanter' s 

objactive. So f o.r a.a the present study is concernei, two 

objectives muat be consiia:ei (I) obtaining inform:!.tion nbout 

the subject's learning strategi es ond (II) teaching hi~a to 

perform tile problec Aolving skill. In fa.ct, the :Utterances 

between IBFCI techniques usei for (I) Nii (II) a.re not very 

great but this section iaals specifict!ll_y with objective (I) 
{objective (II) is iiacuasei in tho context of teaching systems). 

To instrWlent tile EBPCI method, the exparimant is controllei 

by ttla o.utoma.ton shown in Fig.11 P.n i fl~, chr1rtei •1n Pi.6.12. The 

functions of this automaton can, in certo.in instnncas, be carried. 

out by the expariI:B ntor. But if they are, then the expariment er 

mat obey .ietinita rules aquivo.lant to those programe1 into the 

·automaton. Conaequently, it is c unvenient to lescribe the EBR::I 

metiloi I\& though tho upariraontar h~1 delegs.tei his role entire~, 

to ttie automaton ~i to ir.lal quel.i.tying com:Jents whenever certain • 

opentiona have, in fDCt, been partcrmei !lt:lll~ • 

f 
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The ayatan in Fig.11 a.nl F~.12 incorporates the cognitive 

fral!l8190rk of Sacti.on 1.4. an.i the object languo.gel • .l O, L_ 1, of 

1.5. These are e□boliei in several processing e1achan:i.s ms. 

There is a facility far selecting stir:-1ulus coiea from a 1 ~ , or any 

otmr generating set; a facility for salecti11t1 a:ey iniex i = A, 

AB,.••• at e. stimulus subsetJ a L.1echrurl.sm for usi11t1 the salectei 

stimulus t~oie to projiice a stimulus>:: (ti) E Xi(M) at ~P n
th 

tri~ 

in 1he 14 block if i(M) is selectei o.t the beginning of 'the M 

block. 

As pointei ,,ut in Section 1.4., any stimulus may be repra­

aente,i in t er.na ot its genorat:Lne cole. Thua x(n) is represantei 

by tha vecton 

in whlch, for J = 11 ••••••••O, x (n) can assuma the values +, .... , 

and ., or "null" (for x(n)e: XABCD no value of' , appears in the vector 

but tor all stimuli .iaaigna ting s ubp~ bl.ems o.t lee.at a pair of 

variables a.asume the null value). Similarly, a response y(n) can 

be representei in ten:m of vario.blas :lanoting its conponents, n('.mely 

e.s: 

y(n) a y1(n)••••••••••••••••••Ys(n) 

uhere yJ(n) o.ssum~s the possible values"+" (pressei key) or"~" 

(not pressai key). If the role (in the rule ~pplication skill) is 

,i I e. ID:OPPing from x1 ••• ... ••Xe onto y1• ••• .... y8, then the auto­

mton proiucea an intarnol roprasentation Q x(n) ">f the correct 

response corresp,,nling to o. solution an1 it comp9.res .this ~ith y(n) 

to obtain a knowlaiga of results vector o (n) iefinei aa: 

o (n) = o0(n); o 1(n) •• ••••• .a8(~) 
vhere cr O ( n) = 1 if • f 0 i ( n) ::a 1 { 

C ti' not j 
and ,,here oj(n) = 1 if (x/n) = y/n))Vx/n) -: ; 

~' if not 

JI -
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These opero.tiona end the El'l tire oond.uot at the expeJ:I.. 

ment are sequencei by the au1xrn1a.ton, as lhown in the operating 

cycle chart of l!'ig.13. Since "Blocks" of trials ma.v be 

definei in at leost two iif'farent \1ay& (see below) the number 

ot trial.a in a block is ieliberately unstatei in l!'ig. 13. 

At the eni c£ aach block, a score p (n) ia compute-i and. thfl 

values at the le.st score function ere U:>d.ated for presentation 

,,n caris or via the l~t scire liaplay0
• At the mid. of the 

interval ot (the inter7al al.lo-wed for a.ibmitting a response), 

the autamaton deliver a a knowle :.ge of results signal. In 

the partial loi..owledge of results c0nd.ition, this 1a the 7alue 

ot b o<n) (orange le.mp if oo(n) = 1, blue lsnp ifO oCn) = o, as 

in Fig.5). In the complete kncmleige of results conii tion, 

the automaton d.isplays -:he values atC[x(nil together with the 
• th 

values 'lf y(n) via the lmnps (£ Fig.5. Sinoe the j signal 

lamp is illumimte.1 only if x/n) =+(not it' x/n) • p or•), 

the subject is able to (J)mpara wh o.t he should have ione about 

the relevant problan rir subproblem with what he acwally did d.o. 

Reiuniantly, he is al.so p11>vned with an iniication at 6/n) ••• 
60(n). 

The remaining t'unotions of the automton are more C'J&­

veniently i:iacussei in the c,mtext of particular aspects of the 

IBFCI methoi. 

FOCY.l'NOTR: 0
:-. notatbn for the last score function is 
necessarily oomplico.tod and a:iia nothing to 
o. aimpla :lescription. Le.at score is computed 
by setting 15 triples of lock rel a,s, which 
Ell&rgise signal lampl'. The i-th triple is 
wet ar reset at tha em ,,t a block in which 
I has be an selectei. 
Ttie value sat ( the mnber of the tri.pla anei­
giaed) iepenia upon tm value ot p (n) at this 
instant. 

f 



- 19 -r 

1.6.2. Prel.imim.y Experieroe 

Let ua aaaume 'that the subject is f'amilio.r with the 

gmerel type of' pr,)blem, c,mcaiva.bly by previ?us a~erience, 

in S'Jlving rule opplior~ti')n problems un i m- a. iifferent J.ni 

leas illficult rule. The first step in establishing an 

axpcrimenta.l c'>ntract is t'J obtain the subject's agreement 

( 1) that (givai a fresh rule) he will nim for the goa.l of 

lee.mi~ to oolva a.ll 4 lamp problem when these a.re p,,sed. 

in random t>rder (it will be reailel the.t an essE11tial part of' 

the problem speoiticatl.on is th~.t a oorrect response must be 

producei each 6t sacs.). (2) that he vrill io so in the frame­

work af'toriei by 1.. =1 O, 1 1 , on.i its interprci.tion. 

1.6.3. Knowleige or Results 

On cr,nsilaril1g his pravi ,us experiEl'lce, the subject 

appreciates 1ho.t he cannot learnt ~, solve the pr~blams e.t o.11 

unless he is provid.ei with kno-1,laiga of results statements. 

The ti.rat part t:I the cr,ntra.ct is ostebllahe i by seying "if 

you will obey the rules ot 1. om mil bother to respani, a.ni 

thus 188~nate your s ()lution to ea.ch problem, the au tome.ton 

will give y01 kMwlejge ~ results. Unless you jo responi, 

this inf'orr.1ati11n cermot be .ieliverei". (C'>nve:i.Jely, it vruld 

be a 'flaste of eN',,rt tn responi unless the information '10.11 maia 

available). It sh ul1 be recalle.:i 1hat knoraeige of reaults 

my eithar be pc.rttel or C1Jcplete in thu preaont o~oriDont. 

The f orm of lmowleige at results ha.a an important bearing upan 

the next part of the controctue.l agreeDBlt. 

1.6.J+.. !.ttantion Directlng 
- 1.1 The subject is 1ntr•J1uaei t o the part t:I in 'ttlic.li it 

is poaaible t,., talk about subgoals by selecting stimulus subsets 

x1, \'1hich ioaigmte subcle.ases ot pr1Jblem1. Further, he is to~i 

that tha a~ma.t,:n will interpret his .l~ state1B1t "I want to ieal 
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with the i th subclass at pl'l')blema" o.s an instructi'>n t,, select Xi 
th ani to present sr,me x(n) t: Xi(M) thrrnigh,,ut the M block rJf trials. 

!Pina.lly, the aubject is il..'lpelled t'J make 1Jne (oni ")Illy one) 1. 1 

st t1.tement evalunting i(M) at the beginning ,f each block ( the auto­

maton wei ts f-,r him to so so; 11' he fails t ··., i ') S'J after 20 secs. 

it so\Dlis a buuer; in fact, our subjects iii mt is.wile). 

Broadly, the subject is enc•J\.Jragei t,, output e. statement 

,:,f which subproblflll ola11 be o.otuall,y _!! ~tteniing to because 

ioing so nllows him to get out of ~n r,theruise ,verloaiing situetion 

and to control his uncertainty about how t0 solve problems. ?fore 

specifically, the tollowing contra.ct is established.. !! the subject 

.a! state the prnblem class (by evaluating i(M), then the aut•)ma.ton 

coopera.tes in the fl)llowiJ18 Wf\Ys: 

(1) by ~resenting stimuli ienoting subpMblems ir. the 

C'>ntaxt r'Jt the 4, lemp problema from which they are 

ierivai. 

(2) by intarpreti~ the su"lJect' s raap'lnse to aach 

larived stimulUJ e.s ~ reap-,nse to a subproblem 

em by mrking it as such {in the prllvision of 

(3) 
knowleige if results). 

by OIJllll)uting e. soore p {n) over e. ~lock of trials 

e.dlresaei to sub_pMblema in tha i th class • 

(4) by retaining this as e. le.st score t:ussociatad 

with the rebe arsal ~ x e; Xi. 

1 - ------- --- ------ -

- --- - ---------
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It ah"uld be e nphaaiaed. that the autonat~ ia unable to 

cooperate unlaas the aubJect does cake an 1. 1 statement evaluating 

i(M). C,mvarsel,y, all of (1), (2), (3) ana (4) aban are ot 

g911uine aasiatance t., the aubJect. His brain, like any other 

brain, is an imperteot intormation atorage ievice. The aubject 

need.a t 'J keep track at performance informti011 in orier to acbien 

• the agroed. goal• The automat,m cooparatea by 8U8Jllenting hia 

information ator~e facilities. 

• 

. 
I 

1.6.5. Probabiliatio Statements 

Having agreed. t,, the le.at clause of the contract, the aub­

~ect ia placed. in the position ot ietermining and. accepting a 

aequence l')f atbg-)al.a and rehearsing the solution ot aubalasaea ot 

the mdn problema. Further, 'lDe aubgnal or aubalaaa muat be 

aelectei tor eocb block ,,r trials. In real.1 ty, however, the sub­

ject ot'ten baa uncertainty abi:,ut what to d.oJ i.e. he entertain■ 

Tarying 4egrees 'Jf belief' in the cogen~y of j!,fterent subgoal.a 

rather than an '>utright o-mviction that ,me subgoal ii appropriate. 

~7e ahould like to externallae these deueea at belief in 

1.1 -, 
terms '>fan probabiliicY eatimBting vector, r 1. But~ ahouli 

the aubject be bothered to 01)111\ruct thia vector aa an 1.1 statement. 

Since one and onl,y ,:,ne sul>goal must be aelectei for each bl'>Ck '1 

trial■, it wouldbe tar easier juat t'l atnte the moat pr,bable choice 

aa a cartointy and have ione w1 th it~ 

-------
lPOO?NOTI: '°Ir that heppanei, the expermnter would. 

know onl,y the moat pr'> bablo meuber ot the 
oontanplatei aet ')f subgoals. He IIOUli li:,ae 
a la.rge amount '>f potmitial.]3 available 
izr•• ormation. 

f 
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The t-,llodng o-,ntract ia lf'>rka.ble. The aubJect generel].y 

~ee• 'the. t when he ate.tea certain iegreea ot beliet at trial n 

(regarling the oogency ot aiming tr,r certo.in subgoals), he ii really 

evaluating a pr.,bability veot.or, i(n), in l7hiab p1(n) ill hia ballet 

in the ~propriateneas ~ rehearsing the s ubp:i,, blema le noted. by x £ x1 • 

Iieal:q, he w0uli like to throw o. lice with its faces bie.aaed. by 'the 

p1 (n) and to select an al tarnative, i(M), accoriing to the outcome 

ot the throw. 

N,,w, brains are paculiarly bed at this a-,rt or d.ice t.hroring 

operation. But the automat'>n 1a provUa.i t1ith a bias:sei nnd.'>&1 

event select.or': its bias being tha pl"f)bt\bility estimating vector 1{n), 

ani its output being a p&rticular velue ,.,r i(M). 
Heoce, the aut-,matt>n can co~pere.te viith the aubJect insofar 

as he outputs an .l 1 statement, ~(n) (by aijuatl.ng the potentiometera 

at lig.8) ani oomme.n.ia the aelect'>r by aubmitt1.P151{n) to t.b8 iavi.ce. 

JOO'l'l«)TI: 9 
This -' a "Tariabla vind.'lt1 uiith" selection ievioe, . 
the itti "wimoar wi.ith" bai?lg ietermine.i by r (n) at 
the n • trial. Ginn a •~citiei Ht ot elt~nativaa 
(set up ,n relaya by the 1. 1probability statement ot 
Section 1.5) and given an .l prf"Jbability estimating 
vector r (n), the ievioe accepts an interrogation 
signal ani output, '>DI member, i, troo the aet at 
P'>Hibilitiaa. 1 ia aaleotei vi.th probability r1{n) 
an1 ii uaed, like a ieterminiatio atatemmt, to 
determine the subpl'f:>blem ol.e.as tor the nm trial 
block • 

1 
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Clear~, the oooperati"n ia ettectiTa onq it l(n) • 1(n). But 

it 1ee1111 that little practice i1 neeied t o scquire the lkill ot 

setting 1-(n) m p{n) (it will be recallel that the ayatem o.uto­

mat1cally impo111 the conatraint that l, iri {n) = 1), ani that 

1ubjeot1 con io ,., o,mt,,rtably dter aome preliminary experience 

f'Jt wTk:ing in th111 coniit1ona. Since ieterminiatic eni pl't)bab­

iliatic aalecti,,n ru-e not really liatinct { the aubdect makaa a 

latarminiatic aaleotion, 1(1) as the liaiting cue ot a probabilietic 

Hlection), the •eTent aeleotor" taoility 1uppori1 the "attention 

clireoting" contract eatabll,bed in 1.6.i... 

1.6.6. Cian:ltment1 to G'>al Diractei Partorcumoe 

The aubject mi8ht aelect 1ubg'Jal1 in a marcurial taahi".>n 

unrelatili to g"al 11.reotei e.otirlty. In the l,.,ng run, thia ia 

unlikely t".> ho.ppen i:,noe tba t he hna agreei t0 aim t'll' the ID6in 

g,Ja.1.. But, it mq happen at momenta when the subject ia 

tatiguei rr truatratei. To gµo.ri asainat the oho.nee ~ purely 

oaprici-'lu1 bahavi,,ur, the subject ia thus rsqu1rei to enter into 

a commitment whenever he 1alect1 a 1ubg1Jol tor the 1ub1eqU1J1t 

trial block. 

Two aorta r'Jt commitment (I) am (II) he.ve bean empl'JYai, 

{I) in the pilot experiJunt ani {II) in the main experiment,. 

(I) 4- lnq> atimulua ooiea are input to the automat'ln in 

blocka ot 16. Within any 'lD8 bl')ck, each atimulua 

ooie occurs at least OJK:e, hence tbe block ia 

"repreaantatiTe". \Than the aubjact 1eleot1 o. sub­

goal, he ii requirei tt> ieal with prw,blem pflling 

stimuli ieriTei (by the eutooie.ton) fr'>m this sequence 

ot 1timulua oo iea. In i•Jing 10, he ia requirei to 

achien a minimum leTal ~ pert')rmonce, iniioated by 

a ICl)re ar1 terion fl p • 1 ~ ( where p 11 ietinei aa number 

ot correct reap1Jna11 per bll)Q)c). It he tail• tll ream 

thia criterion, the next aalection ~e ietermine-1 by 

1he eut'>maton. Se'fere.l "e.utomat'ln pMOeiuraa• ware 

1 -------------- - - -

-------
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ieviaed tor a electing 1(11), all 'lt them entailing tlle 

concept ~ a difficulty oriaring (!.BCD ia lll')re iltticult 

than any of 1~, .i\BD, .... ia mora litficult than titJY ot 

AB, /£, ••• , .11 mon litfioul t than aey 'lt A, B. • •. •). Tbeae 

proceiurea will not be llaouasei because, although the 

general eiict "keep up at least e. minimum sc1Jre" waa 

heeiei, ani e.lthough this type of "commitment" servei 

quite well in the pilot experiments, it was rarely 

necesaar,y to talm c~ntrol out l)f the subject's hanie. 

.-lamp stimulus codes are input to the automaton in 

aegmanta ot 8 alemen ta punche i on a. tape. Each tape 

aegmant containe one occurrence 'Jf each stimulus coie. 

The nth coil ia re,.l.i by tha automaton ani the appl"Qpriate 

atimulua 11 iarivei trom it ani il.splqei. It the 

aubja ct I a re1pon1e t'l the nth atimulua ia c 'lllpletely 

carrect ( o 
0
(n) • 1), the to.pa is aivanced by one 

1t411> ani t.he next atimulua lisplt\f ei in the block 

c•inalste in the atimulua iarivei frl)m the n + 1th code. 

It not, ( a (n) = o), the nth ooie ia again rea.i and 
t.h 0 

tbe n ierivei atinulua is iiaple.yei. Thia pro-

ceiure ia tl.e11r cbe.rtei in Ff8.12. Hence, altbougt1 

a block oonaista in 8 tirat preaente.tiona "1t each 

atimul. ua, it ~ C)l')DI 1a t in 81\Y number ot actual 

stimuli, :lap~ upon llbether ani bow t.he subject 

correaponia correctly. Using this scheme, the sub­

ject ia committei, on entering tbe block, t,, getting 

each re■pllnaa oorract at least once. The appropriate -
acore, p , bec,maa tbl numl>ar <Jf .£!!:!i correct reapl')n■ea, 

i.e. the mmber ot t,ocui,ma -m which the aubject 1a 

correct when e. atinw.ua ia tirat ..rreaante·i in a bll)Qk 

I: [C o(n) • 1) A (x(n) 11 PIRST ) Jr & Block L 
.-

r - - . 

I 

1: 
i 
~ 

- -- - ·-- - . - - . -- ---1 
.:. 
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Uaing this methoi at ?bte.ining O'llllllitment, it ia alao 

pouible ti") calculate a vary valuable illiax, namely tba 

nucber <I gueaaing trials requiroi, e.a an e.verage, be­

t,re the subject me.tea a correct reap?me! 

JOOTtm'I: p 
·The mathoi ia open t 'J tw,., crl ticiama, namely, ( 1 ) 
the.t it t'aila t,, guari against certain triclc ree­
ponaea ani (2) the.t it ,tlartiti.l)na the set at Jrob-
lems by requiring the subject t'> c ·1noentrate ~on 
l)nt JrobloJJ until he .,,1vea it. So tar u (1) 11 
oonoemei, the dliet trick 1• obvioua J working in 
the oomplete knowle J8e at re aul ta c?nii t .i,n, e. 
subject Ibo tills at the first trio.1 ainply inapect1 
the lcnowlei69 "It re1Ult1 1te.temant an.1 aet1 his 
tinger1, BB an extern'.'.l memory a:H., over the 8')prr>­
prie.te keys. On the next1rial, be makes a "1purioµa" 
or "copying" correct reap'lnae. Clearly, this ommot 
h8:t:)pen in the partial knowleige (:I re1ult1 Ol)niition. 
But, IVtlll in the complete lmmrleig• ot re1ult1 cour 
iltion, obaarTati.'Jn of the subject' 1 behavi~ur 
1ugse1t1 that 1uch a blatant sort of cheating rarely, 
it ever, ooc\r • • The oba ervati ?n ia aupp,,rted. by • 
inspection of the rea~,,nse reooria t'~r the trenaiantq 
correct r&1p'>n1ea, which the trick wouli pl"t)iuce; 
they io D'lt appesr. T-, o-mfirm thi1, 1,ne aubjectp 
were r\m in con:11 ti'lna where they h&i to return th,ir 
fi~er1 t-, reat p'lliti'lna av,ay fr'>m the reaponae keys 

betJreen trial.a ( a brief interval being allmre3. tor 
the tran1iti1JD t, ani tr,m the reap,.,nae kaya ). Tbtt 
ttrm ani 1lope ot tm leo.rning curre iii not litter 
appredabq between the coalition with the ti.user i-e­
turn Bili the c'lniiti'>ll ld.thout it "(liie C?mpariatJD waa 
baaei upon the ume aubject leaming iitterent rule1). 

5,, t'er e.1 critici111 (2) ia c?ncarnei, the methoi ioes 
im9el the 1ubj ect to c-,ncantrate on e. 1ingle problem 
anl thia ia quite ielibere.te. We he.ve ala~ uaei a 
mudl more o:u11>lioatei methoi, inT'>lving a bia11ei 
ran.iom 1timulua aeleot".>r, 11.milcr t,, the ievice 
intromcei in 1.6.5. Thia method i".>H not require 
the 1ubjact t'l c'1DCentrata on one pr,:,blem e.t once 
and it ia ii1cu11ei in ·.ppanli.x 1. 

r-· ' 
f 
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1. 7. The Maaaurement "I SubJaoti ve Uncertainty 

In a1 ther the ax_perimental '>r tutorial uae C'Jt 1h a IBR::I 

mettioo., it 1a ieairable t '> -,btain an iniex '>f the subj act' a un­

certain'tt~ with respect t, whe.t he sh1>uli i ') next (I) e.t each 

trial ani (II) at each trial block eni. Of these, (I) is an 

uncertainty over respt'll118 Bl t.-nativea statai in 1. 0 ani is c,,ni, 

siderei in 1.7.1. (II) 1a the 1. 1 uncertainty axaminei in 1.6.5. 

Further estimation mettl'>is are iiscussai in 1.7.2. 

1. 7 .1. J, 0 Resgonae Uncertainty 

The obvi,,ua e~ed.ient W')uli be t-, ietermine this un­

certainty aa e. tunoticm '>f tile mean (c'>rrect) reap'lnse latencies. 

Unfortunately, thia poaaibility 1a precluiei {e.) because the 

re1pcm1e intanal 1a reatr1Dte'1 to 6 t ( a ralatively minor object­

ion) mi {b) because the several c0mponE11ta "'Jf the raaponse are pot 

iniepenimt {eni the initiBl. ooniitil)na llre I'> cr,ntrivea that they 

oannot be iniependent by the setting e.aaigne4 to 6 t • .. 

However, uairg the atinw.ua re,l)eti ti'>n methoi r1 1 .6( 6) 

(II), the sub,1ect1 a uncertainty about res,i)oniiJ18 t •) a given 

1timulua (s•Jlving a given pr.,blem) is r ea.s,:,nably eatim~tei by 

the number of gue11ing triala he meis tr.> J.)rl)duce e. correct 

resp!Xlae. :.vare.gei tJVer a block, this iniex givea o. groas 

meo.aure r£ uncertainty with respect t •-i 1ha relevant prl)blem sub­

cle.11. 

?r,m tile bll)ak ganare.ti,.,n r'lutina, the total nmbar ot 

guesses is cl.early BLOCKLJ!MG-1!1 - 8. But, the gueuing numbers 

muat be co~ute.i with reapect to the ierivei stimuli rattier th1111 

the Jt,-lsnp stimulus coies 'I the input tape. Thus, uaing either 

subset ex. or 13 ot 11.g.'4-, tile 8 long bl0ck coie gives 2· .iistil¥Jt 

iariTei 1timuli tor the subclaaaea 11~,~,1c,1n, '4- iiatinct ie­

rived stimuli tr:>r 1AB,1u:i,1AD,~,1arJ,1r£J 8 .liatiDCt iarivei 

stimuli f-,r 1 .. ~, 1r..BD, Xi\00 am. 1BDC an.i 8 for 11.~D. In vi.aw 

,. 

,. , ' 

1 
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th 
~ thia tact, tile \mCertainty at ttle n block is e■tiaa tei as 

toll~s. Let i be the iniex (Jller the 1)Mblem classes ani let 

ci be themmber of .listinct iarivei stinlll.i iesigmt~ their 

man bers. Let •.1(14) be the numbar ot guesses requirei to '>b­

tain a correct res1)onae ,m 1he first preaentnti'>n ot stimulus, 

x.1, .1 = 1, •••. c1, in trial block )(, The required uncertainty 

at the 11th bl'JCk is: 

1 L 
u1(M) = :

1 
.1 •.1(M) 

Notice that the measure 1a alreaiy in logarithmic f-:,rm 

a:1.nce the number -'L guesses constitutes the number '>f branches in 

a choice tree (not the number '>f terminal nr>ies). But there is 

a te.cit assumption that, 'lD average, the same ruoount tJf \UlCertainty 

is resolvei ( the same nur.iber ?f equivalent choices are male) at 

eadl gueaa,. See also Appendix 8. 

This measure is alao aJmiasible \lhen the stimuli are 

iarivei f'r-n subaeta in which each p"ssible ierinl stimulus 

occurs in each block even th'lugh ttla occurrence frequencies 

ot ttle iarivei stimuli ore W1equa.l • 

1 1. Seleotir.m Uncertainty 

When the aa e~eriments ,,ere started., \19 pr,,posei to 

anpl,,y ttle aibjective fl">bcbility estimation prllceiure ot Shutori, 

Masaenglll eni ,·~lbert 5 ){ 6), who have usei their metho.f to eati"."" 

mate the subject's iegrce rl beliat in several J. 0 response alter­

natl -ves! 

lPOOTNJ'l'ls fl 
Obviously, the ~thoi cannot ·be o.ppl iei t,., the 
estimation ot 1. uncertaintly in ttle present case 
a:1.noe, it the subject c,,, ul:l .i:)')niar at his leisure 
(long maigh to me.b a pr,,babilley st&tement), there 
wouli be no i ~bt t'> be resolvei. The correct rea­
pl)n&e c~ll be iiscovorai 1n a manner that 1a in­
hibitei by ttle choice ot I::. t, Once again, we insist 
that problau exist only insofar aa t t is restricte-i. - -

r -
1 
• I 
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Brletly, Shufori consiiers a. sim,t>le 1..0 situati-,n in which 

the subject is ,t> resentei with a. number of res~onsa iuternatives 

(sq m of thec), '>ne being lesigna.tei a.s the c,1rre1St response. 

He assUL1as that at any tr18l the subject hns ~ real subjective 

probability iistributioo, ~ (n)i = 1,, ••. m, in 'iihich the p1 (n) 
th 

are pr')babilities that the 1 rasJonsa is the c0rrect resp0nse, 

It is also asauoed. that any statement ?f these pr".>babilities 
-i 
ri is scrrei. N<m the ma.j()rity '"> f scoring schemes io _!!2! have 

the property that the subject's mathelllt'.tical expectati'>n of score 

is max1rn1 sei by a. veriiici8l sta.tament, i,a. by asserting 7
1

(n) 
' ➔ 

such thc.t ri(n) =·1i(n) (in general, the subject is encouraged. 

by the sc'lrlnb acheLl8 to select the most i>r~bable alternative, 

the largest p1 equal to pmax' a.ni to set ri = 1), Shuf'>ri has 

ievisei a class 'lf game-like sc-,ring syste1:1 which Ei have this 

pr,perty, i.e. the mathe1:1atic8l ex-~ectation of SC'>re is marlmisei 
➔ ➔ -

if' pi(n) = ri(n). 

Initially, it was inteniei t 0 use a syste1:1 of this type 

in c?nnaction with subjective probability estimation ')Var the 1..1 

elt~rne.tives, Certain moiifications waro n3cessa.ry because, in 

this ce.ae, there is no unique correct rasp,nse but a. listribution 

of ractitule. Conse~uently, s".>me mathematical work was unierta.ken 

end. this is rep,:,rte1 in :~ppenlix 2, 

H?'iiever, one of the roe.in features of Shuf ·11'i I s syste1:i i~ 

that subjects s,:,on learn t1J use the scoring functi,,n ani to pr-,iuce 

variiici8l estimates ()f their certainty, i.e. they learn to set 

--- -, ri(n) = p1(n), Precisely the same result is attained. if' the 

subject is proviic i (as in the technique i escribei in 1.6.5.) with 

e. fair re.nl"lm s .:ilector ( an alectri nic lice thrl)wer biassed. byf 1 (n) 

th ) o 
at then trial, which selects the 1no ~ltarne.tive try be aiopted. 

POOTNOTE: •• • 

Tha e2;parimentar c-,opore.tel" -...,y provili~ the electr·mic 
ievice to replace the (vary ineffective) lice thro";lar 

in the subject• a brain. In turn, tha subject cooperates 
by ~roviling an input r(n) t,, this levice such that 
r(nJ = p(n). 

f 
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This, ~e.i.Jl, "is a game-like situati'l?l ani that k why it w0rks. 

Because this is so, any mathamr.tically sJphisticatai scoring 

functi )n ~Mved unnecessary. ,, 

1.8. ~,urea Reccriai 

The whole of the 1 1 iisc ,.,ursa ls recor ie i eitheir roo.nuo.l~ 

or ,:,n a punche i tape ( one ')r the ')ther i eJ?eniing upon the mechanisei 

response moies empl,:,yei in tha experiment). The 1 O lisc,:,urse ia 

rec0r la i on a punc:hei pa.par tape. The iate. c-~nsists in -

(1) Stimulus number for aach triel. 

(2) :~ttributes (subpMblera classes) salactei fr,r 

attenti?n (rac ·,riei re.iunia.ntly at eech trial, 

since the selectbn is changei after ea.oh trial 

block, at the most.) 

(3) c-,ntr,.,l inftrmatbn fr ·"'m the a.utomr.t·m (n,,t usal 

in the final analysis 'Jf the late.). 

(4) The rule empl1'yei. 

(5) 1.:hathar or not the entire res.f)~nse is a correct 

resp'lnse. 

( 6) ~bather ,r n,:,t tha iniivi:.ual resJ? 0nse oomp,nents 

are correct res~onses. 

(7) The trial block score. 

(8) The latency '1f ea.ch resp,.,nsa component oocurring 

f•t a given trial. 

This la.t:a is either printed 1Jut in the f1Jrmn.t 'Jf Fig.14 or 

tha f'lrme.t ot Fig.15. The immeil. t\te analysis yiel.:is iata on the 

existence -,f response patterns, iniicating tw') rasp ·mse teniencias, 

naoaly "stringing" ani "gr"luping" ( typic ~.l exemplars -:Jf these group­

ings are shown in Fig.16 an i P'ig. 17.) In aili ti'>n, we cocpute the 

scoring function ,P pni the uncertainty raae.sura, u
1 

( n), iiscusse i 

earlier. 
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Rule DesignRting Lamps 
I. . . 

(OC C CCCC 
. .. ... ........ ~timulus Lamps 

r- -·: 
' ·' 

Knowledge of Results Signal 

L ___ --· 

i 
Response Allowed (within 4t) 

. . , 
0 0 0 0 

_.,: ........ '. ........ S.olution Lamps 
' ·' v4..,c..;.. , • 

X .X X ,-.. >-. ~\ )( 'X -~ .. , ReRponse Keys 

FIG l. Rule Application Task Display and Response 

Board. The Subj~ct must respond within an 

interval of l!.t after the stimulus is presented. 

1 
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!'IGUBB 2, 

Stimulus 
Numbers 1 2 3 4 5 6 7 8 

4-lamp abch abde bdce cedf egdf fheg ge.f'h gahb 

3-:-lamp abc bdc dee def efg fgh hga abh 

2-lamp ac bd ce df eg fh ga hb 

1-lamp a b C d e f g h 

11~ 2. Tse Qr~g~~ Hie~~Q~ Qf ~t~~i. 

---------------------··---·-- ·•------- --------------~t-

Value= 1 

Value= 0 

FIGUBE 3,. 

A B C D 

a I b j c d J 

1 f I g h : .. e i l . . 
......... .. ........ .. L. ............. .. ...... ... .l ... .... .... ....... ..... L ................... : 

Figure 3. Attribute Yalues. 

__________ ... _________ ------------------------·-------------------
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Stimulus 
Numbers. 

. 
i 1 •••••••• 
1 2 ,. . • ••••••• 

3 •••••••• 

1 4 •••••••• 
"" ' \ 5 \ •••••••• 

6 •••••••• 

7 •••••••• 

8 •••••••• 

/ 9 •••••••• 

110 •••••••• 

11 •••••••• 

)12 •••••••• 
r.. 

' • 13 •••••••• 

14 • • • • • • • • 

:15 •••••••• 
I 

'16 l. • • • • • • • • 

Figure 4. 

---- -----------------

- ,2 .. 
FIGURE 4 . . 

Stimulus X Att:ribute Vlllu.ea. 

a b C d e f g h .l B C D 

+ + + + • ••••• 1 0 0 0 

+ + + + •••••• 0 1 1 1 

+ + + + • ••••• 0 1 0 0 

+ + + + • ••••• 1 0 1 1 

+ + + + • ••••• 0 0 1 0 

+ + + + • ••••• 1 1 0 1 

+ + + + • ••••• 0 0 0 1 

+ + + + I I I I I I 1 1 1 0 

+ + + + • • • ••• 1 1 0 0 

- + + + + - • ••••• 0 0 1 1 

+ + + + • ••••• 1 0 1 0 

+ + + - + • ••••• 0 1 0 1 

+ + + + • ••••• 1 0 0 1 

+ + + + •••••• 0 1 1 0 

+ + + + I I I I I I 0 0 0 0 

+ + + + •••••• 1 1 1 1 

The Stimuli Stimulus N~'..!llbers a..~d Corresponding 
Attribute tumbers. 
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P1gure 11 (contd.) 

D.R.B.s.s. = Display and Besponse board for i 1 selectiona of aubprobleu ' 

D.R.s.s. • Demand subproblem class selection mechan:Jsm. 

Prob·• • Probabilistic Selector. Mem i(m) • Begiater for i(m) value. 

L.U.S.M. • LaJt values score register. Di(~)• Display for i(m). 

L.U. • Last value of score display. D.X.R.D. • Partial Xnovledge 
of results. D • l O S timw.w, Display. R • i 0 Besponse board 

A.• Detailed knowledge of results comparator. B • Partial know­
ledge of results comparator. P.D. = Problem Derivation given i(m). 

P.S. • Problem sequence of 4-lamp stimuli ~ given stimulus oode 

selection. s.o.s.G. • S timul.us code sequence generator. 

D.L.M.B. Det~ction of last stimw.us name in block. 
B.S. Background 4-lamp stimulus generator. At • .4 t time. 

cS t • ~t timer. 
In the subject we hypothesise the existence of lover 

level LO· problem solving programmes and hisher level, L1, problem 

solving programme,. 
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Block 
No. 

I~ 
•. . 

' 

* 21 

* 
* 
* 
* 
* 

* 
* 

161 
162 
163 
164 
165 
166 
167 
168 
.i 

Trial 
No. 

Attributes 
Selected 

't 
J\ (:L t' 

R 0011 2 

R 0011 6 

R 0011 4 
R 0011 3 
R 0011 2 

R 0011 5 
R 0011 7 
R 0011 8 

i 

I 

' Figure 14. 

Stimulus Number gi'\ JS time at 
pruaented which that but-con presses. 

1 
7' 

12345678 

f\ CD 5 7 ss 
0) GH -665 DS 

GD 4 4 D 1 \ 
1 = all cc.,rrect 
0 = wrong . 

CD 6 5 ss 1 ·,, 

CD 6 3 ss : ! GR 53 ss 
GR 43 ~fj 

,.CH • 63 ss Q./ 

I 4-
Problem ::Jut ton Response 

No. Nos. Group. 

S = Single press 
D == Double press 

Minus sign indicatos wro~g r cspon3c 

Asterisk shows which response should have been made . 

Figur~ 14. Computer Fqn:;at. 
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. Attribute 
Latencies tor 8 

r 
Value Blook Any Component• ot Reaponat 

SeleoW ln4 Re1pona1 Rule 

,. 
1111 0 0 000 1 1 0 0 1 0 ,., 0 ,., 0 1 

1111 0 0 011 1 1 0 5 0 0 7 0 7 5 0 

1111 0 0 010 1 1 0 ·o 2 ,., 0 ,., 0 0 2 

1111 0 0 11,1 1 0 0 ,., 0 ,., ,., 0 0 0 0 

1111 0 .o 111 1 1 0 7 3 0 0 7 7 0 0 

1111 0 0 100 1 1 0 0 0 0 0 3 3 } 3 

1111 0 0 101 1 1 0 5 1 5 5 0 0 0 0 

~:.: 

111 1 0 0 110 1 1 0 0 0 ,., ,., 0 0 ,., ,., 

1111 0 1 001 1 1 0 1 0 3 0 3 0 7 0 

Span Stimulua Correct 
Nuablr R11pon11 

,, 

l'ig. 15. Dtoocler 1ol'll&t. 
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.-

• r: r r 
x(n+1) 

l 
FIG 16, Typical Stringing Responses For Stimulus x E. XABCD 

x(n) x(n+1) 

l 1 

FIG 17. Typical G~uping Responses For Stimulv.s XEXABCD 
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Experiments Perf'')rmei ani Hyp,theaea Testa! 

The experiments invl)lvei 42 subjects, each usai f,r between 

halt ani ona W".'lrking iey. Thera ware tu'l groups ')f experiments; 

ne.mely, the pilot ex_perimenta, \mi.ch inv'llvei 22 subj acts ,ani the 

principal experiments, which inv0lvei the ramaining 20. !.11 of 

the experilll8nts ware c -•niuctei within tha f ramew,rk outlinei in 

Secti'ln 1, i.e. thay entai.lei interactitJn in 1. = 1. O, 1. 1, with o 

oontr'llling autome.too ani tha ecquiaiti:>n 1f a rule applicati,n sld.11. 

Pilot E,xPerimants 

12 subj ecta ware uaei in the bojy ')f thi! experiment, 6 being 

aHignei t, a strong inatructi?n gr·,up onl 6 t~ a weak inatructi'>n 

gr ')up. The •atr?ng" group were given tho goal of iealing apacifica.lly 

with 4, lamp pr'lblama ani the "weak" group with these ani s.ey aub-

pr., blama. _'..f'ter a brief practice run ( uaing M irrelevant rule), 

the subjects laamei t'l perform the rule e.pplicatil)n taak with 4- le.mp 

pMblema either with no "comitment" constraint (6 subjects) 'lr 1Ji,th - , 

the "o,cmitment" C')natraint of ·1.6.6. (I) (6 subjects). :.tter 
1 

reo.ching a criterial level flf perf' l)rmance ( /.I= o. 75 at the 4- le.mp 

level), all f'Jf the subjects were given a teat with,ut lmowleige ot 
results ani o generalisation teat. 

6 further subjects wera usei in o. i ::iuble (or rule alternat~on 

task). Their iata has not yet been fully enalyaei ani, apart from 

pointing out th9.t the techniquaa at Section·.1!!:!, inieei practical 

in connacti ,;n ldth a C'llil,l)lex to.ak, we ah~ll n'Jt refer t, these 

subjects in the rest Jf' the report • 

Finally, 4, subjects ware run in f,rcei learning c ·:niiti,,na. 

The !'.ut,:,me.i,,n we.a .-,rogrammei t1 functi,n e.a ~ o.iaptive taaching 

ma.chine accoriing to ,,ne "lf the strategies (Plen C), which is ieacribei 

in sectian 2.2. There ore g-,oi ree.aons f')r believing that Plan C is 

a g,,oi atro.tegy ff')r learning this ald.ll. Fig.18 is the tl?w chart 

I -
f 
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trrr the teaching pr?Ced.ure. It will be obaervei that the teaching 

machine aooepta the Plan C 0.1 an initial input e.ni that it recaive1 

the aoore / ,;• eni the last aoore t\Dloti-m o.s an ')_.->eroting input. It• 

output oonaiata in a 1ubpr1Jblem cla11 aelaction. Hence, 1 t acta aa 

a surrogate tor the subject' a internal a.ttention lirecting proceaa. 

Througbl)ut oll of these experil:lenta, 6. t anl b t were aet at 

the c-..iatant valuea. 6. t = 55 seca., o t = J.5 aeca., chosen, on the 

baais ot previ'>ua experimental W'll'k, • ., that the aubject only baa a 

chance t" emit one known reap '>nae 0 .. >&1ponent ani t":I tini -,ne reapmae -
C'llllponant within the limits ot a trial. (There are ai:>me in.lioo.tiona 

that 6. t ani b t me.y have been to~ stringently chosen tor some ot th.a 

subjects). !.lthoU6b, 1. 1 interaot~.on to1k place ani the subjects me.ie 

a subpr'>blem class aelecti?n at the enl of each trial block, no 

pr-:>be.biliatio statements were permittei (there ia no ieap motive 
I • 

behini thi1 restriction, we hai not yet inatrumentei the pr'lbabiliatic 

methoi}. 

Numarioal Reaulta 

The raw iata {trials tJ criterion, T) is shown in Table 1, 

(Sbce the ati.111111 ware generatei through the prooelure ?t 1.6.6,(n), 
the number ot blocka aelectei in the course rJf the e~eriment is T/8, 

by iefinition). There ia n, significant lif'ferenoe between the 

atr.>ng ani the wea.k instruction group either in terma ot trials to 

criterion (T valuea) teat aoore or genaliiaation teat score. Further, 

it we.a quite apparent that the subjects 1'11Jn torgot about, or tailei 

t,, obey, the initial inatruoti-:>na ani 11a o'lnjecture that inatruotiona 

muat be ioore intt.ma.tely built into the ayatem, it they are t,, pr,,ve 

etteotive. There ii e. juat significant iitf'erence {at the 5% level) 

betveen the UDC')natraine.i group oni the grJup who ware r\Dl un:ler • 

the commitment prooeiure rJt Section 1.6. 6.(I). The unconatrBinei 

aubjecta learnai the •kill in tew~r trials then the "thera btscauae 

l 

t 
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ttr,,m acrutiJV' '1f the iata) th• ma.nagei t ") au.ate.in the lob'>rbua 

.iroceaa r:,f acquiring l?II& inappr,,priata subskill (f"lr exemple, the 

skill •"'f solving pr~blema !.BC or !.BCD) by intarp'.'>lating _peri-,ia ot 

easy but irrelevant activity (rat.bar than rahee.rsine the l".>lUti'>n 

of relevant subpr'Jblema). ~a uae this result leter (3ecti-,n 2.5.11) 

in aup~Tt r:I a cllgnitive fixiV eyp0thaai1 • 

Fintl.ly, there is a just significant difference (at the 5% level) 

between the trials t1 critarbn (T values) f 0r the free le~ aubjecta 

aa a 11h0le mi those C'lnatre.i.ne-i by the e.ieptive machine; the latter 

gri,up take f euer tri~s t.., learn the skill. 

2.1 .1 • Othar Data 

The most valuable pr"' iuct 'Jf tha pilot experiment we.a tha .iis­

covery fJf 3 well ietinei la~ atre.tegiaa, \'lhich, el.a,,, &i)pearei to 

repraacmt quite ietinite c,gnit;j,va plans. T'> some extent, the strat­

egic pattern is ·)bacuroi by n f'sir~ c,omn-,n toniJncy t,:, aalact ani 

ata.y td th If.JOO i&ip'JUibly iiffi"ul t _vMblilil cl.881, UI \.l\lly !..OOD. On 

thoaa grnmia, it w,uli bo pr,11ibl.J t'J pMp'lsc a f'lrther "atratogy" ">f 

tho f-,rm "Try AJl;D" or "tr:, L , B, C, D, ani go on t'l 1~»•. But 

learning by eithc:;r of thaaa ~oiianta is imp1J11ible (iue to t.ha autting 

of bt Mi t::. t) ~ the aubjoota S2E it is; further, n,ne r:st them 

announcoi .,r c-mcoivai a. strategy -:L th11 f'om ( tho\l@h abortive atr.etohos 

of bebavirylr auggeat such e. thin£). 

Wo, thus, prefer t ".l regari thaaa w')iaa --f behavi'>ur a.a tenion.,iea 

which 1,erturb at,ratogiaa rather than learning "stra.tegiaa" in theu, ,:,w 

right. Tha tenienciaa in qua atil")n can be ox1,,lo.inei by involting a 

cognitive fixiV (Iilo,tei ab"'1e ani cr.,nailerai in 2.5.11 ). With this 

oo.vea.t, we iistinguiah atrate@'ie8 Type .\., Typa B ani Type c . 

Lee.minfs Stre.tegiaa 

TYPI A ••• A type 1,. atrntegy ia a "chaining" r,r "1equencing" 

strategy. It O"'IDl!liata in builiing aj the skill 0f 

solving 4 ls:i,a) pr ·-bloras thMuBh O'Jmpata11ce e.t 1nlving 

o. ne stel aequanoe "Jf relavMt nni non reiunient sub-

r -

j 

1! 
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I 
~ 
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pro blam. The pe.r&iigm l\t tentLon :ln-ecting 

sequence ia: 

A - B - AB - C • ABC - D - AlCD, where the 

1tep1 ot rehearaing B, C ,r D m~ be 'llllit tea~ 

It the subject nm1 int-:> iifticulV (tor 

example, it he is uneble t ') oohieTe 

.o 
The pa.ral1.gma nra written aa ahartbani e:.­
,.->reaaiona. S~iotly, if i, j, k, 1 repreaent 
e.ey ,Jt A, B, C, D, than tho chaining paraligm 
ia 1 .. .1 - 1,1 - k - kjk - 1 - i,1kl = :LBOD. 
Thus, my l'ln& r:it A, B, C or D mey be the tirat 
member, ate • 

1 
. •· ,... .,,. - -
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aut'ficient oollla'etenoe at AR::), thEll he return.a . 

t'> rehearse the s~luti1n 0f 1ne "r more c0n1tituent 

1ubpr0blem1 ( auch a.a the l'J3 '>r C aubprobleca) be­

f'Jre C'llltinuing t 'J tha next stage. This re-entry 

g611lbit can be ra.i;>eatel a.a ..,ften e.a requirei witq­

out contravening tha strategy. Thus -

A °' B ➔ AB ➔ A ➔ :..B ➔ B ➔ 1..B ~ C ➔ /.:00 ➔ C -, :J3C ➔ ~ 

is the 1. 1 selection soquance of a Type l . stratEtgy 

ani C()IJtorma t,, the paro.Ugm. 

••• A Type B strategy c·)naista in exploro.ti:,n 

'Jf the symbolic environmant f'Jf sub_pr-,blem olaases. 

The explora.ti"n ia usuo.lly c,:,mplete. Eithar the . 

aubjeot has en initial ieterrninatbn 'ti) explore . 

or, whEll ha m~ets v.i.th ilff'ioultiea, he aelects 

a aubpr;blem clo.ss ha h~s n"t yet ch0sen. Thus, 
I 1 

a typio'll 1. • aeleoti '>n saquanoe 1a - . , 

A ➔ B -, C ➔ D -J l..B ~ :00 ~ ."IJ ~ BD ➔- 1Jm ➔ DC ➔ AD ~ :.a, ~i.OOD 

••• ;,. Type C strategy amounts to the groupai 

rehearsal of c~mplementary pairs, which the aub-r 

jeot aeea a.a 11bolea (ro.thar then che.ina rr aequ~nces). 

The C'>mplementt.iry pairs ara e.aaEblei into a j?!nt 

chain-like entity t'> iaal vd th the 4, lamp problc 

mi this, in turn, ia la.tar aeen a.ni reapondei to 

wholiatically. The attention iirecting pe.raiigm~ 

ia tbua -

A ➔ B ➔ AB ➔ C ➔ D 1 CD --:..B - :.BCD 
~ 

' 

_.Recal.11 that the parallgm is a. ahTthani notation. 
The subject might ate.rt uith B ani D ani go 0n to 
alternate :.c;:.5JD. ;_,a it bappena, the e.lphabetiQ 
~ iaring of the attributes impellei the subjects 
to stick t'> the liteml .i;,artdigm for the most part. 

t 
• I 
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where the revarae arrows represent alternate 

rehe e.ra al ')f the c :>lilt) lament e.ry pair. Certain 

"I the single a.ttributa sta.gea {n'>tably B ani D) 

ml\V ba ,,cittei. 

There is one vmo.nt 1n this strategy, o.i"pte-i by 

two mbjecta, in vbich tha alternate rehearsal '>f 

the specific acquisiti,n ')f D is nctl. ttei ani tha , 

C"lmplermntary pairs r,re replaced by quasi comple­

mentary triples --~ ~ 
AB OC -·---:;- ;.oo OOD 
,c.- -----;- <-

Thi a will be cal.lei the :""iif'iei C Strategy. 

Type !~ ani Type C strategies mey be expectei t'> occur ')ll the 

basis ~ tha learning ioolel aa they a.re genaratei ~y the i'>minance 

'>f ·1~ 0r the 'lther of the ll8in 1. 1 c ·)nstruotir.m pr')Cesaea. From 

thia, it ia possible t'> inter that the c ~rract resp'>nae l~tancy 

pe.ttarna (Fig.16 ani ~.17), aaa :-,c:tatal with the Type !'.. atra.tegy, 

lh')uli O'Jnaiat prei')minant~ in at1·in8 patterns, whereas the c·>rraot 

rtta~'lnaa latenoy patterns fr,r tha Type C strategy ah ~u be pre,,. 

ilminmt~ gx,:>lJ9 patterns. These preiioti')na are amply 0~1lf'irmei 

by the 2ta {iiaouaaei in 2.].4.) ani a.ii substance t,, the atratecr 

claaaificati'ln {in particule.r,since the C">rract rea_p'Jnse l t'.tency 

po.tterns fT the m')iifie i C atra. tegy are pra i~trinantly groups, there 

ia aiaquate juatificatl'>n fr,r regarll.ng this strategy a.1 a C vs.t!e.nt). 

Principal :!bpe rioEll ta 

20 aubjecta were usai in tha .1:1rincipal axperime:1ta; 4 in c. 

p:rali.I:dnery gr,,up, run t'> reveal eny major behe.vi,,ural iif'feroncea 

pr:, mcei by litferencea in prooa·hre b-et,1aan the pilot eni the 

principal axperitlalt1; 10 in a fraa leamillf gr'lup ani 6 in 

C')nneOti'Jn \1l th an ai~tive netaayataL1, explicitly ieaifne i to 

taa<21 ttie a kill. Of the frea learning gMup, 5 subj acts were 

e.asignai to e. aubgr"'4) raceivi~ complete lmcmleige 'Jf reaulta 

f 
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(in tha sanse rl 1.5.4. a.ni 1.6.6.), whareas 5 were assignei t? a 

subgr-up recai.ving partial kn~,1leige -,f rasults (in tha sense ')f 

1. 5. 4. ani 1 . 6 • 6. ) 
l.ll ,t tha subjects in this experir.iant ware run unier the 

C1'cmitmant procaiure 'lf 1.6.6. (II) s ·:, tilet the measure u(n) c,uli 

be C'lllputei as an iniax r£ LO uncertainty. Further, all ,.,f the 

aubjects were enc'>ure.gei t ') maka iJr :,!Jabilistic L 1 statements, f(n), 

as wll as ietarcinistic statements. 

2.3.1. Dasim rrf the "rxperiraente.l. 3essi0n 

The exlJ&riment is la.ii ,ut in the manner '>f 11€, 18. 

(1) Thare is a brief parioi in which tile vc.lua of 6 t is aio.pt­

ivaly ve.riei whilst tha subjuct mrks on 2 lamp ~robleras 

with an '>varleamai one-to-me rula. The cri terioo s JUi,ht 

by tile !daptive variation is a value 'Jf 6 t, suc'i that tpe 

subj act is just able t, pl"> iuce 2 Cl')rract res~onse c1m.1.n,.ents 

for 5o,i, '>f tha pl'f)ble:ns. .~t least -~ne of the res1)1')nse Cl')m­

ponents is W'lrb i out 'ey rafarance to the rule ani the 

intention is t, secure b t C'>nlitbns in which the su!Jj~ct 

haa 50% ma.nee '>f i".li~ 2 things {i.e. pr,,iucing a pair 1f 

()')rract r3SJf')nse c~mponents) when his .mowleige {the 'lVer­

learnai rule) refers t , each c0I!lj?-:>nent aepara.tely. or 
c'>urse, if tho parioi we.a prolongei, the subject W')Uli 

begin t1 see the 2 la.mp pr0blems as a whole. It ii un-

likely tha~ this s-:,rt -,f learnin~ fil actually take place 

since the reS1'f')DSe patterns in t.h :; c. it!t)tive phase were 

,bs m-ve i to c~ntain no gr 1\Ji)S. 

The value rlf 6t, thua 'lbtainai f ;r .!!!,. iniiviiual subject, 

t1e.s uae:l f ·)r ~ subject thr0ugh'.>ut tha experiment. Further, 

6 t = 6 t + secs, the n.lue s ,,f which are sh'>wn in Tab la 2. 

Thera is a. negative o,rreh ·d1n !J at\iaan tricl.s t ,, criterion 

mi the value I"£ 6 t, i.e. subj 1:11Jts as signe i o. short 6 t iii, 

on tha lltl'.>le, batter than those given a 1,.,ng 6 t. Hence, the 

ayatem is, if anything, wiier c 'J::iJ_Jansetei. 

" - f 



I r 

I 

- 52 -

This procejura ev::,iis a ~:issibla criticism rJf the pil()t 

e:xperiments, i.e. that 6.t mo.y be chosen t'> r:iake life 

impossible f"'Jr Sl')lill ,£ the subj acts. Hera, 6. t is 

d1osm in±iviiually 8') that the stir:iuli will pose 

problems ·,f the requisite sJrt • 

. • (2) There is n prelicinary e%t)er-i"'l8Ilt in ~hich all subjects 

• 

engage in!!:!!_ learning 0f n fairly sillple rula !\pi-)lication 

skill, the rule beir~ Q1ot Fig.20 • 

(3) .'.tter the prelimiMry ex~rimont is O"mpletei, any .!l2n 

mete.systec subject is interMgatai, using e _iY1tantiolly 

mechanisable (but ntJt a.ctutJ.lly ricchruiisei) .Pr,:,ceiure, 

which is fascribei fully ill Appeniix 7 o ~ i.l::.oif.t"' 

the hterraso.tion is o. wey of quasti,,ning the subjec-t, within 

the oognitive tramew'Jl"k 0f Secti".>n 1.5., about (I) tha 11 

stateamta he mi@ht ca.kg (a sequence 'Jf subpr"bleo e>lass 

selections) ani (II) th3 use he 1:rl.git no.ks 11f 11 aub:rno.t"'n 

ste.teI:Bnta (eapaoia.lly the use ,,f the sonre tllli le.st sc'11'a 

values). Thia pre-eX!)erimmtal interr')fati'>n is co.rri:i :l, 

out by the experimenter in en ettampt t 0 iisoern any plc.ns 

which the subject mey hcve f'>r l oo.ming in the mein part 

of the principal exP3riment. Ha is t"B that his annou."'"lca­

ment -,f a plan ,hes Mt commit him t0 o.i'>pting the OQrrelh)Oni­

ii,g at1·c.tegy if ha ioes not wish b i0 so f.ni ha is also 

toli tho.t he can cllange his stro.tegy whenever ha wishes. 

All '>f the subjects iii amotmce e. plan of s,:ne scrt at 

this stage. The meta.system subj acts nro n?t intarroga.tei 

in this fa.mion. 

(4) In ttia m:1.in experiment tha aibj eict1 ho.ms a mora iif'f'icult 

rule o.pJlic ati.'J!l skill, whicll inv ·,lves the :rule Q 2 rJf Fig. 21 

It ia oonluotei in '>na '>r Jther "if tha f oil 1wi~ ran ias; free 

learning nni c '"Clf)lete kn'>wla.i~·a ,..,f r1sul ts; free lefll'ning 

ani partial kn'1Wle ige 'Jf results ')r eiaptive I:l8to.syatec. 
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(5) Ley non lil8te.systera subjact is given a. post ex_periL10ntal 
interrogation u, ing the technique of Appendix 7. However, 

the experir:enter no~1 refers bo.ck t0 actual instancas 

~hen it is necessary t1 clm-if'y a. point., Meta.system 

subjects are n~t interr'J~atei. 

Fimlly, all sut- 1ects wera aske i t,J make uns'Jlicite.i comments 

a.b1Jut then- cognition ani generel strn.tefy. If they lil not ':>ring 
the matter up thEOselves, they W'3re e.skei whether thay ha..i "visualisei" 

the problems (i.e. "seen" -them, or gr1Jllf'S Jf then, in a spatial 

T ganisati'Jn), 'lr whether they hai "ver1nllised" the problems (i.a. 
' ' 

usei a mner.ionics or "sequential numberinfs"). 

In the c,,urse of these ex_[)8rimants (both the matching ')lock 

of subjects ani the ·10 su!Jjects run in free: learning c~nii t~ r:c.s ), no 
ne\1 types r:,f strategy em.ergeJ ani all rif the subjects onll i -:..~·1s ':lo 

classifiei as '.type 1-., B, C. Sir:lilarly, oJ.]. '1f the behe.viriur -~~~£-
_s_is tent interrogo.tion iata. was C'.)mpa.tible 1d th one ,:,r aoother of 

these alternatives (with one excepti".ln, the 4 '.type C subjects 

a.nnouncai plans th=.t were imonsistent' m.th the selecti".>ns they 

maia. This one so.ii that ha w-,ull try everything, just to be 

certain 1:1.bout the skill). 

2.3.2. ;. iaptive Mete.systera . 

The eda.p tive ruetabystern is a teo.ching system iesifnei to 
sustain f o.s well a.a 1. O int'er~~ti,m; t-, elirainate s )me rlf the 

i,)8.thtJlogies of learning (es.1,1acio.lly ,the esJousnl a.ni retention of 
i 1~1Jpr'Jpriate strategies) J to en.sure that a strategy is salectei only 
if it ioas suit the subject; tn ensure that -:ince the str!ltegy is 

selecta:l, its pr.,gressive applicati'lll is c 0nti.nually contr1llel, oni 

t-:> f'>ster ttie status ?f the su~je.::t as e. self-arge.nising systec when 

he is c ,:uple i to, rir a. tteniing ti~, relava.n t m?.tarlal. 

:.t thb {J•)int, the r:iete.~sten will l:>e sixicifiai. Lo.tar, 

ofter a liscussi1,n r:,f the results in Section 2.4., its iesign will 

be jl.8tifiei by iem1,nstrati.ng tha likely truth of a. series i:£ 18 

'J 
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hypothasis in Secti,:m 2 .5. Suparfici~lly, this is a perverse 

a r.ieta.systam is ani t-, sh-m th1.t it iefinitel.y foes ·,·,,rk befTe 

g Jing on t -_, the ietai ls r£ h'}W ani why it Yt':>:rics. 

The fl ') \7 ma.rt f0r the 'li8t)tl..ve metasystora is shown in 

Fig.22. Like tm si.I:tple aia.ptl..ve tea.chinG system ')f Fig.19, it 

eceives an initial input !lni an )peratbnrl input. The initial 

input ~ a. ill r£ strategies (Ty.c1es ·-, B ani C) in c,,ntrast t0 

the single strategy (Type C) rf Ffe. 19. Its ,1pera.tbnal input 

Ct')nsists in 11 statements by too l!llbject (110'.; usei in Fig.19) 

ani .!!2, iistl..nct raoal!llras ~ C)upet~nce, na....1ely p ani last f.. . ,re 

(as befrire) ani a measure l)f th~ frequency with uhi;.;~1 :iiffe ... :it 

C">rrect resJ?onse latency patterns o.ro pr1 iuce1. This frequ .. 1y 

cea.suro is lesie·ne.tal A a.ni c1unts tho r£1.ti0 of gr')uping ree ~, .-1sa 

patterns tn othar resp-,nsa patterns, f ,)r all corupletely c1rr .,-:;t 

resv onses. I ieally, the rati'J of gr"uf>ing respl)nses to stringinc 

resy-ms es sh1rnli be computei but th o e qui.1,1mcmt requirei f Jr i')ing 

ibis was n0t available when the expariraents nara ca.rriai 0ut. 

Tha 1Jutput 'lf the ~ia.ptive □eta.system automat'Jn c1nsists 

in a sequrnce 1Jf rec0,,men ~.atl..0ns rr ch1ice -:,pti-,ns that pr0gres~.i.,ely 

re:'ilce the subject's iagree r:>f :f'reebm t>Jli may, ultimately, C'Jnstrain 

him anti.rely. S0me of the options reler t-, stro.tegias (i.e. Type 

_·., B 0r C my l:Je ai 1pte1) but, in this case, tl".ay are crmtingent 

(:if y0u ch-:>')se a Tyf>e .:. plan, then y')u must ~ -ss Tasts La, i\•• .; 

if y0u ch00se a Type B plan, than y,,u @ust pass tasts B
6

, Bb••••i 

if you cho -:-ise a TyJe C plan, then you raust 1)ass C , Cb.•• ani so 
. a 

,:,n). _;_t '>ther ,t1')ints in the training r Jutina, tha "'Pti-,ns ref er 

iirZictly t'l 1he seloct1..,m rtf iiffcrent subpr·:1:Jlera classes ani, once 

again, the,y are caie c ---in tin£: ant up Jn tests of .1:1 erf,.,r raanc& • 

I 'I 

I · 
I 
J 
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The it:si.gn philosaphy rf the aut0rn.n.t~n is that a:ny -'Jf the 

Plans l. , B ,r C mie}lt be 11 "go,,111 'lna f'Jr v, particular subjaot. 

Further, its "g';J inass" iepeni s up".'n tha subject's icunaiia.te cJn­

iitfon a.ni cannot l:la reliably .fJl' d ict ,3 11 exCt.1J?t by asking him. 

H'1never, it is al so trua ( 1) that arry _plan ha cho-,ses must ba ooia 

expliai.t (s'J tlw.t tha subject can t>.nticii;, !'.l.ta the C 1)nsequancas -,f 

rii'J1Jting it) a.n.i (2) that its g·, iiness f ·)r this subject i i:lpan.is 

u;_nn his fl'>Sessing the rrenta.1 aquipr:a nt t "' execute the Cl)rrasp/)niine 

stra.toeY • T,, s ,IJJ3 extant, his possossi'm ')f this machinery is 

sufficientl y i.niiCJa.tei (gi.van a !l11it~bla test) by "Score", p : n.ni 

"Last Sci re". But thare ar a othbr fc-.ct')rs, n··. t'.J.bly the a.bili+,y to group 

and/ or to make stringing responses, ,Jf .,/hich the • s nl1 ,,i ;J :: t is nor · ,JJ.y 

unc':'nsc:i-ius. The aut,Jmti.t'">n is iesignoi t ". 1:lrL-:1: '. • ·,:; fact ,, · .• 

int') c·rnsci-:-usness by s11acifically instructint tho ,: ->>-- .:. t (1,' : hr, s 

ch1 sen a. given atratae:y) t-::i perf1rm tusts in sn c.t·~,in1) t t,~ g1· ., .. :) 

("sae thill€S as a wl1 ·1la") or string ("chm.n itens t1e;.; ther") u · .11 

after 'the test is completei, by presenting him with the relev,c t 

ia.ta, The 'Jbject ~ all this is t-:i ensure thnt the subject J.2.~ 

D.i0pt S')me strategy but foes E2l e:et int··, a coniiti 1n 'Jf cognitive 

fixit/ by ai,,pti~ an imppropriate strategy. 

The 1asign philos0phy alsr) incor,l:)ora.tes the itea that o. 

subject shoull l)e ill0wei as ~ freefor:1 1f C'h0ice as is c00-

patible with the prl)secuti')n ')f tha ch'>sen stmtegy. Thus, n'J 

stro.teror is restrictive in respect t1 the rehearsal of 1., B, c, D 

"n their own oni here c0mplata freJi"'Iil is permittei (at this staga 

the aibjact neei mt even coornit himself t ,:;; o. Plan). S0'Jn, how-

ever, restrictbns ££2. imp"sei IJy a. Ty-J_Ja .. 0r a Type C strategy. 

Tm Type B strategy permits 8nY selection 'Jf o. subpMl)ler:i class. 

But, in view 'Jf the fact that eX"t)l'Jrati'Jn fills intermeiiate mem0ry 

wi. th reiunim t 'lJ?eratrrf~ the .i?ar"f'.>rmance criterir:in, which must be 

satisfiei by anz selection, ia ?ery high inieei (the su!:>ject is n')t 

e.llowei t0 fill his interme.lia.ta mel!l')Iy with oistoken -:-,t>aro.ti:,rs), 

FOOTNOTJ;S: .. ·.s in 2.5.10. 
:.sin 2.5.5. ani 2.5.6. 
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Given tmse preliminary ramarks, the ietailei -:>pere.ti'ln r:if 

the aial)tive mate.system is mie explicit in Fig.22. It sh"-111 h')W­

ever, be El!lphasisei that a ootasystam, which :naintains interacti,m in 
1 n 1 a.e. well as 1 , is a genuinely c 1nvgrsaticnal system, 

2.4. Grr:,ss Res~ 

The gross iata ( in terms of T, trials tn reach an 80% 
critorial 'Jf pr-:,ficiencyl 0ver 2 blocks 0f 4 lECp pr0blerns) appears 

in Table 3, The valua 'Jf T
1 

, is the trials t ri criterion score f1r 

the prelimina.9. experiment (itara (2) 'Jf Socti-::n 2,3,1,) eni T2 the 

sc~re f')r the ~ experiraent (itElll (4) ~f Section 2,3.1.) The 

number r:,f blocks to reach criterion, E, (i.e. the number 'Jf iistinct 

1 1 selecti".>ns) is givan, f0r 0'1mpleteness, in Table 4 (thtJugh t his 

ia'W. :ls not use i i.mrJe ii.a. tely). Table 5 sh".>\78 values -,f the ratio -

= T1 -T2 
The preliminary experiment is easier ~ perf,:,rm than tha main 

experiimnt so that, generally, this ratio is less than 100fo ani it 

~. ill ~ lo\"/ valuai ins,far !l.S thJ Min tnr,k was hari t'J learn relative 

to 'the stardari 1Jreliminary t eak. If FJI1Y fa.obr, sut,;h as the efiIPloy­

mant "if a i:etasystem, i!Ili,)r'lves lel\:l'lli118 afficienoJ in the main erJeri­

ment, then ~ will increase, Thus, ~ is a r ;;lativa efficiency !:.e!.".sura 

e.ni, since the prelirain!ll"y task is usei a.s a c,.,ntr'Jl task, its \rl.thin 

gr':lup valu.:ls are unaffeotei by the initial setting at 6t (which uill 

influence b,:,th the T
1 

anl T2 val\lcls irt the same sense) .'A6 

FOOTNOTES: .PFr,:,m 1. 6,6. (II) tha value of P is c-,mputei a.s the 
number .-,f first coITect rGip onses in a block, which 

• is generatei by 8 listinct stiruuli but is of iniefinita 
lengt.:1. 

'-rn fa.Gt, a.s in Tabla 2, the 6t values are freely 
soatterei. No significait iifference between 6t 
(free lae.mi~) Ml ~ t (aiaptiva oetasystem), e.ni 
we clo.im, 1n any case, that aijuatI!l8nt of 6 t sarves 
to stanlariisa the te.sk. But, whatever view mey ba 
taken 1n this matter, betwa::m €roup O':>mpa.ris1ns of ~ 
factor ,:,ut tha effect of 6 t variation. 

I t I , ,,-
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The priCBJ.'Y hypothesis is tha.t loarni~ in an aiaptive n:eter 

system is more effect1.ve than free laarning in the sane oonliti,,ns. 

To 3h,.,w this, tha mean T2 vali1es frir tha free le::1.r .. ing gr-,up are 

comperei with the mean T2 values f1r the aJ.!lt)tive :::etasystem gr1Jup. 

The iifferance is aiE,nificant (T2(free lea.ming) > t 2
(aie.ptive meta,­

aystem)) at the 0.1% level, 0.001 > p, uhich str,,ngly supports the 

hypothesis. To make the pr-,int in a uannar that is iniepenient 'Jf 

6 t ( ani which factors ,-,ut some 1f the vdle iniiviiuel iiffarencas), 

the m~an ~ values f,.,r the a.ia1)tive meta.system gr,..,up a.re comparei 

with the mean T4I values for the free learning group. This iif'ference 

is als" significant (ri- (Liaptt ve Mato.system) ·> T*(Frea Leaming)) at 

the 0.1fo level, O.I001 ~>p. 

It will be observa:l that s 1::ie 'Jf the frea learning subjects 

have low T values ani, thus, learnel efficiently. The hypothesis 

is that these subjects have a mini which incorporates an effective 

"taac hing le vice" ( 1. e • that their att an ti ':In iirecting mechanism 

acts like an aiaptive metasystem). Tha a.iaptiva mtasystem is, 

thus, axpectei to bring !!! T values iry,m to the level ac~ievel 

by these giftei people ( to IJring all efficiences ~ t ·; this levQl ). 

Ins9ection of the rar1 la.ta suppTts this _v')int ,.,f. view. 

Cocpo.ri son '>f the mean T2 (i·.:1aptive }£ta.system) . with the 

mee.n T (sill\'.>le a1aptive systera) reveals a iifference, which is 

significant at the 0.5% level (the Mete.systar.i beiDt more efficient 

than the simple ai~ptive ievice using Plan c). S1me r)f this 

iifferewe is spurious since it reflects ( 1) tha influence r'Jf tha 

"c-,mmi tment" _pl")ceiure f'Jf 1. 6. 6. (II) as against the oommitrrent 

p1~ca:lure ~t 1.6.6. (I) ('lr no c~ci:d.toont _proceiure at all) oni 

(2) the effect "1f .L)robabilistic 1 1 intaraction. Thus, Mean T 

(Pilot Experiment) is ex-ea.tar than maan T (Principal Experiment, 

Free Lee.ming Subjects) ani this iif'farance is just significant 

(at tha 5% level). 

f 
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It is almost certai nly p1JSsible t ·:, iem,)nstrate a. highly 

si@'lificmt supariority f,r the aiaptive I!letasystem as comparei 

with 1he sinple e.io.ptive system (uaing Plan c), when the unier­

lying stimulus generation ,PM ce iure is given by 1. 6. 6. (II) in 

both cases. But S()me caution iB neeioi fo this Mttar. It 

is likaly that almost !st subject can be taught quita affectivel.3 
~ 

using Plm c. The aiaptive meta.system hns the effect <>f selact~ng 

Plan ;., B or C t 1 &it the iniiviiual (ani f-:,r 3 0ut rJf 6 subjec1;s, 

Plan C was f,ll')Ws). Some '>f the superir,rity of the aia.:,tive mata­

systeo. will show up as a iifference batr,e .:,n "Optimal Plan Teach~~ 

,,ther than Plan C ". On the ,,ther hani, S'Jma of it will sh0w up o.s 

a l1ff erence attri~utaf:lle t') the mr:,tivating effect nf engaging the 

subj.act (wit~ the aiaptive mate.system) in c,.,nversational intaracii?n. 

Th;; se tw0 facets of the situe.tirm ore, if crurse, rela.tei since e. 

00nveroation C'JUli ha.rily ba set UJ.J 1n the absE.r,ce of strategic ol tern­

a.tives to iiso.iss. 

2.5. ~nt Hyp1thesos a.ni Suve·1rting Data 

'Jithin the gEl'l.eral framewark c.:f'f'Jriei by tha learning ani 

teachi~ m0iel iescribai 1n Secti'Jn 5, it is possible to ma.lee vari0us 

preiictii:,ns ooout the f'>rm eJ1i c0niuct 0f lee.ming in the system~ 

iescrirei in Section 1 a.nl, up to this 1)')int, in Sectirm 2. M0st '>f 

the frilll1Ring hypi::,theses refer .f)rima.rily to the functirining of sn 

e.3.f\)tiva mete.system. Iniaei, their plausibility is the tmier­

pinning requirei for a ci:,gent th&>ry 1f ,h2.!! tha system W'Jrics. SoCl8 

,,f them have a more general significance in the fieli ,:£ (Cybernetically 

oriaite :l) psych'>logy. The few subsacti-Jns markei,. have no iirect 

':>earing up?n the question -£ a.il3j_Jtive matasystems an.i ieal with 

intarestl.ng hypothesis that happen t0 ba S.1f>p0rtei by the J?resent 

bot," of la.ta. 

The aub~ections (apart frnm those mrkei byl;(.) are arranged. in 

, logioal ".ll"ier insofar as they present the hypothsHs that must ~a 

e..iopte:i in iaveloping a the,iy • S'Jrne 0f thera a.re sup.:,0rte.i by statist-

ically significant iata. Some can be more appri:,priately SUP.t?'lrte:i 'Jy 
I 

eviieooe cJdn t'l a cJ.inioian'5, F'Jr sooe, n0 ioore then a iisoJrsiva 

justification can be pl"'viiei. 

1 
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2.5.1. The Integrity '">f Resg,:,nse Po.tterl:,! 

;_ regularity in the eopirical 00rrect respl)nse latency 

pa.ttarns has alrea.iy l:>een n0tei. Its f ! rm c,:,rrasp,:,n is, quite 

accuro.tely, t 0 the output ''J'f the learning m'Jial (which is usei 

in r .3present 1h a stuient in the Jratica.l stulie s). 1:'ithin this 

m1iel, re&JOM es a.re pr'liucei by the a.pplico.ti0n of 11pr',1:>lem 

5,, 1v1:ng pMgrammes". These a.re -'Jf several li.fferent types, 

ML18ly (a) simple opera.t0rs ~hich, on o.pplico.ti,,n, ! ?lect just 

l")ne response c0Illj_nnen t (b) Strings of ,,pero.tora (f0rr.1ei by an 11 

c,mstruction pl't)cess cal.lei "conca.tenati,:,n"). t 'hen 8t.)pliei, an 

opDra:tnr string proiooes a regularly orl erai sequence { or strin~) 

of res..,nnse oomponmts, in the sense r£ Fig.16 en1 Fig.17 (o) Cora­

plex operators, which a.re a.ppliei to a c ·m1plex bmain ani pr·1iu~e 

several resJonsa ()"'lmponmts in ;iarallal, i,e. a. "gr'>up" in the 

sonse 'Jf Fie.16 eni Fig.17. 

It is maintainei that the 11:pMblem s0lving pr"gra.mmes" that 

lee.1 to oorrect res_ponses are stable entitiae. Hence, in circura­

stances ·~1here the su',j ect cia.y ':le 8JIP ecte i t1 have 'Jnly one methoi -
·,t :lea.ling m.th a pr)blern at his iisp'.18al, the ".>bserva).)le (real 

life) resp'>nse patterns shouli, ala), be stable, The "circum­

stances" requirei for uniqueness are that 'the subject a.i1Jpts a 

aubate.ntially non reiuniant learning strati;)~, ".>r ha.is this imp1J,ei 

upon lrl.n. The Type •. strategy ani the Type C strategy are non 

reiun:la.nt (the r.1oiifiei Type C is pr-:il:iably non reiunfont ala-,). 

On the 0thor heni, the Ty1)8 B strlltegy is, in general, highly 

raiuniont anl tha intemeiiate r.er.>".'lty ,f e. subject whi:, aillpta 

it t1~.y be expectei t-, contain va.ri"'lua iiffarent pr0gram.mea for 

ts r lving the saoa p:r-iblem. Hence, in the case l')f a Typa l'. r,r a 

Type C strategist, the c, rrect res~'>nae latency patterns shoul.1 

have m integrity Jt the fnll'Ming &)rt. 
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C'Jnsiier a stimulus,~, lesignatins a pr".>blera in a 2 

a.ttril:)uto class ( tha least pr1bler:1 that rdll give rise t 0 a non 

trivial pattern in the rasJi nse). Tha l_J')SSible c ,rrect resp0nsa 

patterns f T th a resprmse y O to xO 
are -

( \ 
( La.teooy (y1) = Latency (yj) ; (a gr0up) 

f Latency (yi) 7 Latency (yj) ~ (tvlr:i 1:1.ftarent strings) 

lLa.tency (yj) ·;> Lo.temy (y1)) 

Let us call any ·:me -Jf these Patterns "P". Siraila.r C')cments 

q>ply t,., n tuple res_l) rms as f0r n 7 2 but, as in Fig.16 oni Fig.17, 

the numl:)er ,;f' pos sibla po.tterns, P, is much gr oater. 

N"..'IW , integrity involves the f ')11 mine c ,niiti-m. If o. 

pattarn,P
01 

nharo.cterisas tha c1rrect raa1J .-,nse,y
0

(n), to a. stimulu.s 

xO
(n), :iisi,~layei at trial n, then, if ~ recurs at s1oe later trinl, 

n + m, either ( 1) y::(n) = yO(n) sh')ull l:>a correct~ sh".luli }nve 

pattern PO £!: (2) 1Z(n) sh')uli '.>e rniste.l::a n (in which case n-~J iaf'inite 

vreiicti-:n can be ma.ia). Cluarzy, if PO 
'!laintains its integritjy in 

tho o·· ntaxt ,£ xO 
ani yO 

,:,var saverc.l repetitir:-ns, the eviience in 

f'a.v0ur "if its integri 1:jy is enha.ncei mi the integrity sciJres ( "Jbtdnei 
c:..,c,,) .... ~1Nlr 

by • tt: •• ~ events 1f the type ci tei nh'Jve) might 'Je weightei 

~r0pTtionataly, though this ex1Jaiient he.s n0t been abptai. 

To test the integrity hyp0thasis, c0unts rJf PO 
preserving 

racurre:ooes have be en 0l:ltaine i 'JVer the Ty-pe J, rail C str.ategist11 

l'J!lf')ngst the subjects using tha o.iapti.ve neto.syster.i. J .. r -1ugh C')unt 

"Ner the free learning subjects yiells a. similar picture. Thf, iata 

is presa1tai in Table 6 o.ni supi_)0rts tht.l viaw that correct resinnse 

pa.-tterns are particulate !lni stable ( thus, in:lirectly, justifying 

their iientifica.ti'>n with t.l-ie is1Ji:6rphic 0utput rJf the learning 00ial)~ 

FOOTNCYrE: • The sMie sort 'lf enalysis can be ce.n-iei 1>ut in 
res1)ect t -, the 1)r 1iucti1n ~r c-,□plex patterns. 
This q\13 stbn is to.lam ui:, in Appendix 6. 

f 
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Clearly, :1.ata fr'Jm 'l'yJ?8 B subjects cannot ba examine i in t,he same 

~ht, sinca e. priori thesa subjects may be axpecte:1 t:, have several 

equiva.lent pr-)blw S')lving .irogrer::1me s f ')r at least s•J□a t the 

pMblems; hence, oorrect res,1•)nsas th at lo ,!!2! pre, arve P
O 

woul. l 

not iniica.te the instability -:if these v r~rammes (it woul.i simply 

imply their :li versi fvr) • 

2 .5. 2. The Hypl)thesis ,,f Definite Stratas_ies 

Subjects shoul.i e.ioiit :lefinite loarninf strategies. It 

has olr ea.tr been a.rguei that.; they i'> so. The frequency 1f ')CC'l.ll'rence 

of aach type 'Jf strategy :~, B, C ani i':'J lifiei c, is 3, 3, 2, 1 in the 

principal .... free learning experiments. 

1.ppaniix 3 shows the raw :lata glee.no i fr'>□ the 10 subjects 

use:l in tha free l,mrning c,nii.ti'>n '>f the principal experiment (both 

the preliminary run anl the main run). ..~p1)enlix 4 c-:,ntains sirail!'.r 

:la.ta. from the 6 prinal..pal axJerimEll t subjects ampl,,yei in the a lapt­

ive meta.system. ,·,ith ,::,ne exce_ptir,n (no.L1ozy subject 11), all 1f the 

subjects oouli b~, a.ssigne 1 to one of tha E1tre.tagic fvrpes. The 

aobigui-cy with respect t0 subject 11 is r6s1lveJ by the knowlelge 

(his ate.tenant) that he changei his strategy in tha course of the 

experiment. On],y ".lne subject (namely 9) is a.ssi~si tri the 

M1iif'iei C catag0ry (mich oay be vieHai as sli~tly arbitrary), 

Tha 13f)tness of the strategic cl.e.ssificntii:m is chiafly 

suppirtel by the p0s sibility of assigning subjects to strategic 

types anl by the ci:,herence of the sequential natahiD! procedure 

cited in 2.5.4., below. However, certain gross indices also indicate 

a difference between Type A, B and c. Figs. 23 and 24 show histo­

grams <:£ the lllbproblem classes selected by the free learning sub­

jects (Fig.23 with the "ambiguous" subjects, 9 and 11, Fig.24 e:r­

cluiing them). There is a significant difference between the 

numbers of different subproblem classes selected, as shown in Table 7. 

l 

l 
l 

f 
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2.5.3. ~tegy Type Predictabilizy ~{yJ)othesis 

If the strategy -cypes are realistic, it shou1i be possible to 

_predict them from the learning model ( vice versa, if they can be p:".'e­

dicted, this terns to ver:ify the mod.el). 

Such a prediction is certainly possible in the case of TypJ A 

and Type c. The Type A str1:1.tegy is the best attention directi ng 

strategy in a model so biass,3d. that the 1.. 1 concatenation proceijs is 

predominant (so tmt, as in Section 5, the .noiel is prone to build 

up problem solving programmea that are oper e.tor strings). Conve1·sely, 

the Type C strategy is the best attention ilrecting strategy for ,, 

model so biassed that • {1 s1bstitution (Section 5) is the predom:.n-

ant process (as a result of which any rJpe r at•Jr 3tring is substitu·. 3d, 

as rapidly as possible, by a complex operator). Ths modifie i Type C 

strategy is a variant the. t can be pro1ucod within the model by an 

appropriate adjustment of its parameters, but it !nakes less effec--;ive 

u ::;e 'lf' the intermediate memory. 

The Type B strategy is more d.iff'icult tn predict. The mrdel 

i~ provided. with a certain "need to learn"and, in excess, this would 

generate !ll exploratory behaviour. 3ut the exploratory behaviou..• 

makes very inefficient (highly reiun.iant) use af' the intermediah 

memory and might be positively harr:'.f'ul i :C tha stored problem s-,lving 

procedures are mistaken as well as redundant. As a practical re­

commeniation, it is, thus, proposed that exploration is permissib.1.a 

if, and only if, it is highly successful ., 

2.5.4. Consistency Hypothesis 

If a subject adopts a particular strategy, then hil!I be­

ha·nour should be consistent with this stratagy in tha sense that 

the frequency of correct response latency patterns should follor, a. 

predictable trend, name~ -

% Groups (Type c) > % Groups (Type B) > % Groups (Type A) 

The data shown in Table 8 am~~ ~upports this hypothesis . 

.. - ' 
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2. 5. 5. ~ription of Strategie ~ £1..8!!. 
l . , . • 

Generally speakil'lf!;, a subj act should be able to describe 

his plans in a sdtable intern>g ation la.nguage as well a.a using 

them _fn"escripti.vely in his 1. 1 subclass selecti ons. Hence, a 

con·ela.ti.on ~ be mticipated betwaen tha plan descriptions given 

before tm me.in part of the principal experiment (using the interro­

gation language for talking oo out 1. 1 statements), the plans them­

selves mtl. the p o.st-experimmta.l descriptions. 

Tlm coITela.tion exists for all subjects in the pl•incipal 

experiment, vho adopted a plan of Type A or Type C but, apart from 

one subject who stated his intention to explore the environment 

exhaustively, it does not hold for Typ.::i B (explorat1.on). 

The suppnrting data is provided by a sequence similarity 

measure (Appendix 5), values of ,1hich ere sh'J\7n in T1tbles 9, 10 and 11. 

There is_likely to be a correlation betmien the actual stra.tagy and 

the post-e:xperimen tal description~ j'USt because of recolleetion. Hence, 

it is not surprising that the B stra.tegi.sts in Table 9 ~ (to som 

extent) recall what they ri"ere up to. The important diffe:t"ence between 

the "B's" and the "A's" or "C I s" shc,1s up in Table 10 and. Table 11. 

2.5.6. Evolutionary C~aracter of~ B Strategy 

Frein the lack af pre-experimental, actual, correlation in the 

cese af !2!! Type B strategists, ue inter that a Type B s·trategy uaually 

evolves in 1h e course of laarnin6, rather than being pre-determined. 

There is so~ cir01.1mstantia.l evidence to support this point r£ 'view, but 

the late. is insufficient to justify any firm stateuent. 

2.5,.7. Eguivalence d Strategie~ 

So far as the learning model is ooncerned, it is an open question 

whether one sort of strategy shruld be more successful than another (i.e, 

should lead to more ert':icient laarning). True, a Type B stratagy looka 

pretty inept. But the fact is, this strategy (wh:ich is id•3al for proiucing 

an intErme.iiate nemory full of redundant problem solving programmes) would 

be well suited to a model with e. d.efective l. 
1 

application proced.ure 

(Section 5), For Type A and Type C, it has alreac\Y been argued (Sectian 

2,5, 3.) that A is good for one plausibly biassed processing mechanism arid 

C for another • 
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The question is, "do real subjects have a diversity of mental 

organisations equivalent to differen~bio.ssed processing mechanisms" 

( \7hen Type A, B and C should be effectiva for differ mt indiviiu;als), 

or "do trey have just one mental organisation" (mien there is l.i.kely 

to be one "most aiccessful" strategr) .' 

To investigate the matter, the T-values are compared foo aach 
i 

type of strategist in the free learning groups of the principal .and 

pilot experi100nts.. If all of tha strategies 2!!!!. be effective, no 

significant dif fereme w:>uld be a:xpe cted; if not, one strategy should 

be markedly supericr to the others. In fact, the differeix:es are not 

significant (~ > 0.07) and it is possible to find subjects who leam 

successfully unier ea.ch strategy ( as in tha footnote, it is thi, fa.ct, 

which, from a puraly pragmatic point of view, leads to the recoqmiend­

a.ti.on of an adaptive meta.system rather than a simple adaptive system 

as the appropriate teaching instrumait f1r this skill). 

FOOTNOTE: -"If one plan is better than the others and if this plan 
i.s independent of parformance, (i.e. it entails no 
specific rehearsal routines) thun effective teaching 
is clearly a. pura faeiforna.rd process. Either ~he 
subject shouli be instructed to adopt this plan · or he 
should be placed in a. rigid training r ,Jutine, which 
prescribes the plan on his behalf. This does not ex­
clude knowledge of results, for a lmowledga of :results 
signal is no more the.n feedback iz tha subject, pro­
vided by an aYternal comparator. It is not a feedback 
control of tha subject, in nhich his performanc13 (or 
some other aspect of his behaviour) determines the 
next move in the teaching process. Thus, a lin~ar 
teaching madlri.ne pl")gramrne is a feedf'oi-ward routine. 

If one plan is better than the 'lther s, but it is de­
pendent up 1m performance, affective teaching is struct­
urally a feedf'orward process in v1hich recapitulation and, 
or, pi.cing a.re c ,:ntrolled by local feedback. Par heps a. 
minimal example r£ such a routine is a remedially 
branching pl")gramme ( though the simplest of our omi 

adaptive teaching systems fall into the same category). 

If all of the plans a.re affective for some subjects (-)r 
for the same subj act in a different mo'Jd with different 
motivation, 'lr \ii. th a jj_ffer.mt atti tudeL then the taach­
ing system must be more complex. In general, it must en­
quire mat pla.n the subj .;\.lt l'lishes t'l use and it must 
allow him t0 use it insofar as he passes certain tests ,:,f 
ability and suitability. Tea.Thing systems 6f this type are 
ade.ptiv a metasystems since .l as nell a.s 1 discourse talces 
pla.ce between the controller and the subject. f 
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2.,5.8. Probabilistic 1. 1 Sta.temants 

mien a. subject makes a pr"ba.bilistic 1. 
1 

statement dBsignating 
' 

soma set of subproblem classes f1Jr o.ttantion, it is predicted that he 

m.11 keep th~se rmmbers of the set~ actually salectod, in mim. 

Thus, if he e.sserts belief in the cogency of examining X = (x
1
x2 ... ) 

at the n 1h trial, and the automaton sel octs X EX at this trial, then 

'the subject rrey be expected t') select sone me~bers at X ... (X ) in al 
0 . 

statammt at trial n + m. On inspection 'Jf the reoords in App~ndix 

3, 7&)~ of the 1 1 probabilistic statements have this property an4 many 

of the remaining 22% can be a.scribed t,) the -specific strategy c~ange 

of aibjeot 11!' 

2.5.9. ~tol Ta.utomerism 

mien a subject is alternately rehearsing a pair of sub-8kills 

(for example, in A Type C stre,tegy, when ho directs his attention to 

subproblems AB at 1:na block ·and DC a.t thtJ next), there should. b!3 

evidence of a. "mental taut'lmerism". Specifically, the subject m~ . 
1 ' 

be expectad to ma.ke 1. probabilistic statements, which indica.te that 

ha is C')ntemplati.ng the set XM3\J~. This hypothesis is ~ ~upp orted 

by the behaviour of most Type C stra:tagi.sts, but the single subject 

(Appendix 4, Subject 11 ), mo uses tha modified Type C strategy, 92il 
exhibit tautomarism very markedl.3, in:leed. 

2.5.10. I,he Hypothesis rJf Cognitive ,·txity fQr Strategies 

If the aibj act has invested. a. lot n.f effort in building up 

and storing 1ha pl'")blem solving programmes required to execute a ple.n, 

then, by hypothesis, he m.11 be loath t ,J relinquish this plan, even 

tho\l€)'l it is demonstrably ineffective in his own ca.Bf). If it exists, 

this disposition w:1.11 be menif'ast as a cognitive fixi-cy- not unlike 

C1Jgnitive dissonance. 

FOOTNOTE: 
~f, ;-,_5 pr p·: !'33i, th:J 9.:-. )·~ ,ilistic st .... tements !'.?, 

reflect the Sl'.bject' s .:~ t :i.ci :: 0 ti n, than a. pMet:ic.al 
r . .ir. _· ti·re ~,,!'.'.Chim crin t '.S3 t lic.~ .. in keeping·tro.ck ·£ 
his detailed pl['Zlning. 
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Ooan1'1•• t.lxifir ii auggeated by the invariance or the 

initial.]3 , strategr, whetlwr it is successful or not. 

All but t9:> subjects (mmely 6 and 11 in Appendix 4)11' shoi7e<3, 

a tendency to carcy the plan adoptei sp0nta.n ooualy in the 

preliminary experiment over into the main experiment. The 

similari'io' indices ( Appendix 5) of the preliminary and the 

main plans are t.1how in Table 12. There is no significant 

correlation between these figures an:i the trials to criterion 

in the prelimine.cy e::xperi.nent, thus indicating that the pre­

servation of a. plan is indepenient of' its success. It sho~ld 

be emphasised that all of the subj acts were allowed and eve~ 

ancoure.ged t:, modif'y their plms both bef'.)I'e and attar the 

pre-experimntal interrogation. As a. further point., only 

one subject really chmced his plan in the 01JUrse at the oxperi­

ment. 

2.5.11. Cognitive Fixity for Parts 'lf a Strategy ar Specifiy 
Sele-,tions • -
A further hypothesis is that cognitive fi:x:icy should be 

manifest in relation to particular subprr,blem class selections, 

a prediction which stems from the learning modal. In ord.ei- to 

make the model learn about problems of moderate difficulty, it 

must be ecpipped with a. mechanism that puts a prernium ,:,n th~ 

sat of programces constructed (in intermediate mamry) within ' w 
th~ mnte:x:t 'lf a parlic-.ilar subsld.111,i. It must eva.J.uete its 

previows efforts e.t programme building and tend to remain i:,n the 

FOCYl'?mES: .PThey "showed no tendency" simply because they 
"gave almost no inf'orcation", i.e. they rehearsed 
ABCD alone in the prelimi?l3.l"Y experiment. 

~ia IDt\Y e.lso be interpreted as a mechanism that 
makes the learning model strive after partie.1.ly 
a.cilieved, but so far, ino1Jmpletely achieved, 
subgoals. 

I 
1 

1 
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job. Such a mechanism is not 1ri'iu&ly liabla t'J "tJversh,:1ct", 81') 

that the learning moiel is ea.aily trapp ei in a. state '"Jf fruitl ou 

enieav0ur, i,e. in "Cl)gnitive fixity". 

Effects of this type were n,ticeable in the pil'Jt experi­

ment o.ni were ml'\ '.)tei in Section 2.1.1. as -cypicel 'lf subjects c,,n­

strained. by the oommitmant pMCeiure r£ Section 1.6.6,(I). Similar 

effects occur in the principal e:xperiments (roferring to .\p_paniix 3), 

the behaviour of Subject 5, trials 19-252 ani 292-430; Subject 6, 
trials 24.5-315 and 402-437; Subject 8, trials 42-124 an.i most r:£ 

the A:00D perf11rmame; Subject 12, the A.BCD marathon sta:rtiDB at 

trial 409; Subject 13, part of the 00 perf'Jrlll8Zlce fr'lm trial 100, 

part 'lf the ABC perf'l')rmance from trial 249 ani most of the AJJJD 

perf0rmance starting at trial 1+50). 
The o.ia.pti.ve meta.system rec">ris in Ap.f)~nd.ix 4 -:i bvioualy 

reveal ni:> symptoms ,:if this type sinca th o aio..f)tive mete.system is 

iesignei t'l e.V"')id. cognitive fixity with r ospact to inappropriate 

plans T ino.pprl')prie.te subpr,.,blem class selections. It is oon­

jecturei that much 'lf the irnpr'lveraent in ler.rning is iue to this 

restriction. 

2,5.12. C,:,mplete Knowledge .,f Results oni Re.ta of Lea.ming 

The vroblem solving progro.:nms in the lee.ming mrdel are s 1 

1Jrge.nised. that a great deal ,,f C".>mputati ..,nol ett,\rt must be erpGJliei 

1n orlar to make use <Jf O'Dplete (eia against partial) lm,,wlelge ,:if 

results iuring its nomal operation. This, inciientolly, 18 a 

cinsequence r,f the logic ~t the system eni is not a me.ttar 0f 

programning as such. Thus, in nomal 'lpero.ti,m, it 1 s more 

1'prof'itable" (and., hence, more "uaua.1") f,:,r the learning moiel t-, 

delete a pMblan s..,lving pr,:,gr1111rne ?n thu basia -Jf falsi.fyillg partial 

lmowl ::dge of results inform.,.tion than it is fT the m1Jiel t 0 remejy 

a iafective f4"0blam s,lving progromme by the pr-,per employtoont of' 

C'Jmplote lmowle~a l)f results. This sta.temant, whilst true for n1Jrmal 

opJrati1Jn, is n'lt true 1Jn those ?ccasi?ns when the l aa.rni~ moiel 

1 
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ma.leas axtenai ve use ?f its guessi~ routine. In general , it will 

guess when it is in difficulties, i.e. uhen it ha.s no applice.bla 

;?roblem S0lving programmes available and nhen it is Wlable to c0n­

struct them in 81J.Y other way. 

It is, thus, predicted that the prrwision r,f complete lmow­

ladge rJf re.!l.llts Vlill ha.va a minimal influence upr,n the gr'>S8 ind.ex 

'lf trials to criteri.-,n, T. This prediction is c'>nfirmed by a c".>m­

paris n {Table 3) of Mean T ( C implete) m.th Mean T (Partial), there 

being no significant difference between thasa valuea. 

2.5.13 Cl')lllelate Knowledge r£ Results and Block LeDfith 

Using tha commitment pMcedure 'lf Section 1 ."6.6.(II), the 

larl8th '>f a. bll)ck is e. gross index of 1 ° uncertainty. By hypo­

thesis, c~mplete knl)Wladge ?f results~ be used (if it\ is pr~vided) 

in "urx:erta.in II c0ndi tions (because, in thlle@ circumsto.noes ~ the model .. . \ . 
is impelled to make guesses). H~_~, thn ·e shotild),:e ~ shorter 

mean block length f ,1I' subjects run in tha complete kn'>wladge ?t 

results condition tmn thare is f 1r tha gr :,up nm with partial 

lcn')uledgo r,f r o sul ts. This predicti :m is c -,nfirme .i by Cl)Illparirl8 

Mean E {C'>mplate) vdth Mean E (Partial), using the date. in Table !,.. 

The diffe.reme is in the expected sentja at the 35:- level 1f signif'i­

canca, o.03.,> • 

2.5.14 The Ai,?tive Meta.system a.ni the Subject's E5>erience at 1° 
Uncertainty 

Since the adaptive mete.system is dosigned t0 keep the ~bject' s 

uwertninty m.thin limits 1hat o.llow him t 1 learn (H1-,.Jl,H£;O, as in 

Secti?n 3), it is _predicted that the 1 ° uncertainty will be consid.e~ 

ably lass in the e.do._pti.va mataaystar:i than it is in tree learning 

Cl')ndi ti-,ns. Thia hyp -:itheais is tested by ~"lmpe.ring Mean E (Adaptive 

Metasystem) with !~ee.n E (Free Leamill8), using the data from Ta.bl.a 4. 
The diff'erance is in th~ predicted sense o.t the 0.1% level, O.001.> • 



I 

. . 

• 

J\Jl"thar, t :e difference between the values ot l'ean E (Colllt)lete Ynow­

led.ge ot l:.e'.rnlts Condition) ani J·lean 'E (Aia.jtive •-etal!O'atem) is sig­

nif'icMt at the 0.2% level, 0.002 '>P• Usin~ the Jonckh <: nros Trond 

Test, the tren:i E(Partial) E(Gor:.plete) E(Ada~i ve i"ete.s,Jstem) is 

ai1:J1if1cant at the 0.11,; level, 0.001 :> p • 

2. 5.15. A Eor,3 ~.ccur~' te ~o Uncert • inty ?:er.sure 
......... ---- 7 -

The variatJle u(n) of' S0ctiou 1. 7. proviies a more a.ccux·nte in.iex 

of l,o uncs-tainty than block lanith. 'J'··ble 1} shows the :::eon va.lue 

of u fr:,r all Sl1b,1oots an -i there b Ei vexy marked diff arenca betwoon the 

fr~ e lea.mine subjects ( crnat,;ir) an:l th ;; o.Jeptive 08tasystem subjects 

(less). This iifference is signif'icont at the 0.1~, level, 0.001 > p. 

2. 5 .16.Det a.ile d 1':xc.mina ti on of :J..~ti_"!,! ,,!;:tasys tam 

One i i:,p'>rtant influence 'l£' the, ~.cla..)tive meta.sy;..;te i.: is to reiuce the 

h«tght an1 lezv. th .--f the t O uncertc,inty p~; aks tho.t generally a11_peQl" wh,~n 

the subj 'iCt tacldes :lifficult pr"> 1Jle1:.s. J..s menti~ne l befor e, the meta­

iw-~ tern also eliidnates that f'lrm or Cf)B11itive fixity which i . :pels the 

,r.1 bject to aim prer.nt·lll'ely mi unproiucti.vely for the overall g~ol (re­

haarsirt the solution b> x XAOOD). BtJth effects aro ier.:C11stro.tei by 
e. c -,npo.rison betw",;en Fig.25 (l~r Je Lea.mine) and J!ig.26 (A:inptive 1,:ata­

iw-stem) \'fhich show graphs for order inJcpen·ient !lveraves nf u(n). The 

individual u values frorn which these ,:_ r~Jhs !'.re i erived appear in Table 

14 (!!'ree Leaming) and Table 15 (Aloptiv0 :1:etasyatem). 

2. 5.17.Reiuction in t 1 Uncartn.i.nt,;,;: :·-'.;xpelrienced by $ 1.;.bj!ct 

S nee the a.iaptive 1mtasystera is ·1esitn~d to presmt and r:ork out 

roleve.nt str'1.tegic sltr:: rn:-i.tives, it is h3':P()thesis~d the.t the !Jercentage 

'->f _protabiliatic t 1 statements vdll be s usller in the a.:leptive meta­

systen than it is in the fr2e learni!'l[ condition. This eypr,thesis is 

lupp,rted by the di:,ta in T~bb 16. The iiff'ererx:e between the group 

percentae·es is si8Diticant nt the 2:,:,: lavol, 0.002 > p. 

1· 
I 1 
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2.5.18 Type ,:,t Mental PMceasing and. the F'll"m ~ Response 

It ia prop,,sed that subjects can be dirldei into (1) Those 

uho see things (the problem p,,sing stimuli) as a wh1le and who c'1n­

stroot a soluti'.>n pr'lCedure as a wh'Jle and (2) Those wh'J see things 

in parts and c·mstruct a aequmtial soluti 1Jn, bit by bit. Of these 

groups, the f'ormEll" (wholists) are pI'0bably apt to prodooe a "group­

ing" latency pattern and the le.tter a "string". Thera is some 

evidence that the "wholists" can be por,:,died as visual thinkers 

(all ,.,f 1he "grouping" subjects eithar menti,,ned. 'lr agreed to 

visual r:,r s;::::~.J.l imagery), and that the "sequentialists" can be 

parodied a.a verbal r:,r symbolic thinket's (all but one of them had 

a numberi~ scheme or a mnem'lnic). 

Thare is insufficient de.ta to reach e. conclusi'ln, but 

this matter deserves !'urther i?lV'estigo.ti0n. It W'1llld be particularly 

interesting if, as my be hyp'lthesised, tha Type C strategy is fitted 

t'J the visual (wh-,list) subject and the Type A strategy t,, the 

verbal (sequentialiat) subJeot • 

1 
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Mean 

S.D. 

Tab;J;e l I 

T(a) 

360 

424 

488 

720 

1064 

1448 

750.7 

425 
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Ti.BLB 1. 

T(b) 

552 

576 

1136 

1176 

1464 

1672 

1096 

457 

T(c) 

560 

424 

400 

488 

468 

72 

Trials to criterion, T, for subjects in the pilot 
experiment. 

!al= Unconstrained condition. 
b = Constrained by procedure of 1.6.6.(II) 
c = Simple adaptive system based on Type 0 

strategy. 

1 
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TABLE 2. 

Qom:2lete Partial Adaptive 
K of R, K of R Metasystem. 

"' . . 
Subject Subject Subject 

. Number bt . Number. ot. Number. ot. 
• 

5 3.23 10 3.13 16 3.32 

6 3.02 11 3.02 17 3.13 

7 2.55 12 3.42 18 3.23 

8 3.23 13 3.5 19 3.02 

9 3.02 14 3.23 20 2.55 
21 3.13 

Mean 3.01 3.26 3.06 

s.n. 0.275 0.192 0.311 

Trble 21 Determined Values ot ot. 
Value of ~ t = ot + 2 secs. 

f 
r -
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Bridging 
Subjects. 

Subject T1 Number 
T2 

1 43 311 

2 189 754 

l 112 85 '.? 

4 297 915 

Me$11 'i 60 709 

s.~. 109 212 

Complete 
K of R 

Sub. 
No. 

5 

6 

7 

8 

9 

T1 T2 

329 513 

236 558 

77 249 

181 623 

77 488 

180 486 

108 143 
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TABLE 3. 

Partial 
K of R 

Subj. 
No . 

10 

11 

12 

13 

14 

T1 T2 

147 380 

121 300 

302 748 

183 610 

121 475 

175 543 

75 139 

Adaptive 
Metasystem 

Subj. 
No . 

16 

17 

18 

19 

20 

2.1 

T1 T2 

297 220 

184 286 

184 276 

207 180 

104 148 

133 209 

185 220 

65 53 

Ta~le 3, Values of T for preliminary experiment, T1 
and for main experiment, T2. 

1 
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TABLE 4. 

. Complete K of R. Partial K.of R. Adapt i ve Metasystem .. 

Blocks Blocks Blocks . Sub. to Cri• Sub. Sub . to Cri-
No. terial No. to Cri- No. t erial 

level. E terial E level. E level 

5 37 14.35 10 28 14.4 16 19 11. 6 

6 37 14. 56 11 32 15. 6 17 22 13.0 

7 18 13.83 12 31 24 .3 18 23 12.0 

8 36 17. 31 13 30 20.3 19 16 11. 2 

9 37 13 .19 14 30 15.8 20 13 11.4 

21 18 11.7 

Mean 18.1 11.8 

S.D. 0.58 

Table 4• 
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TABLE 5 . 

. Complete Partial Ada12tive . 
K of R. K of R, Metasystem • 

. 
Sub. T"t Sub. T* Sub. ~ 

No. (%) No. (%) No. (%) 

5 64.1 10 38.7 16 135,0 

6 42,3 11 24.2 17 64,3 

7 30,9 12 40.4 18 65,7 

8 29.0 13 30.0 19 115!0 

9 15.4 14 25.5 20 70,3 

21 64.6 

Mean 30,3 31.8 86.0 

S.D. 7.3 30,9 

1 
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Sub. 
No. 

16 

17 

18 

19 

20 

21 

Mean 

S.D. 

Tablp 69 

Including 
Responses 
to x "-: XABCD 

80 

83.7 

73.4 

61.2 

40.4 

82.2 

70.1 

12.0 

- 76 -

TABLE 6 • 

Number of 
Response 
Sequences 

100 

123 

128 

67 

52 

96 

Excluding 
Responses 
to x ··: X ABCD 

86 

89 .6 

80,7 

69,5 

60,7 

90.6 

12.1 

Number of 
Response 
Sequences 

76 

77 

104 

36 

28 

64 

C·: msistency~ of Re,s;ponse Patterns in Adaptive 
Metasystem. 

1 
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Table 7. 

. . 
. 

- 77 -
The Number of Different Subproblem Classes Selected in 

Main Experiment I M, a.nil P1·eliminary
1 
Exoeri1t.ent , -.: . 

A C B - - -
M P I M P M p - - ! - - - -

(7) 7 4 l c 6) 7 2 (5) 15 14 
i 

(8) 5 3 ! ( 12) 6 5 (10) 12 8 

(11) 7 1 l ( 9) 7 4 (13) 8 7 

(14) 11 7 

Excluding A,B, C,D, Selections 

A C B -
M p M p M p - - - - -

(7) 4 4 (6) 3 1 (5) 11 10 

(8) 4 3 (12) 3 5 (10) 8 7 

(11) 7 l (9) 5 4 (13) 8 6 

(14) 9 6 

.1 

f 
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Type A 
Strategy 

Sub. 
No. 

1 32 

8 27 

11 18 

- 78 -

TABLE 8. 

• ' 
Type 0 Type B 

Strategy Strategy 

Sub. Sub. 
No • % No. 

6 80 5 

12 70 .10 

9 72 13 

14 

Adaptive Metaaystem, 

16. 87~ (chose Type 0 Strategy) 

17. 76% (chose Type 0 Strategy ) 

18. 76fo (chose Type 0 Strategy ) 

19. 1~ (chose Type A. Strategy) 

20. 

21. 

35~ (ohose Type A. Strateey) 

90,; (chose Type 0 Strategy.) 

60 

52 

24-

57 

Note: Any occurrence of a pair as part of a strip.g, i.e. 
str ings of the form "Double Single" or "Single Double" 
is counted as a group. This elevates t he percentage 
of groups differentially for Type A subjects and 
Type B subjects. 

1 
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TABLE 9. 

Type A Type 0 fype B 
Strategy Strategy Strategy 

Sub. % Sub, % Sub. 
No, No, No. 

7 93 6 100 5 

8 100 12 89 10 

11 86 9 100 13 

14 

Table 9, ~.1 tz lieasure ;_!tier ag&4!!..s.i Actual 
1]o~are st 11} 

% 

55 

91 

88 

84 

----------------------------------· ----------------------------·----------
TABLE 10. 

Type A Type C Type B 
Strategy Strategy Strategy 

Sub. Sub. Sub. 
No. " ?io. % No. ~ 

7 93 6 93 5 39 

8 100 12 89 10 82 

11 86 9 100 13 58 

14 53 

Tp.ble 10..!. 
~

ity l1,.e ::~}ure; 
are§t 1~ • 

Before ~a~gt ,Ac~ 

---------------------------------------------------------------
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TABLE 11. 

Type! Type C Type B 
Strategy Strategy Strategy. 

Sub. Sub. Sub. 
No, " No . " No. " 
7 100 6 93 5 48 

8 100 12 100 10 82 

11 86 9 100 13 58 

14 66 

Table 11. ~jrn1larity Mea,ure; Before agai nst After. 
to nearest 1% . 

--■--- __________________ _______ .. ____________________ ___ _ ____ _ _ _ 

Type J. 
Strategy 

Sub. 
No, " 

7 79 

8 100 

11 * 28 

• Subjects adopt 

TABLE 12. 

Type 0 
Strategy 

Sub, 
No, % 

6 25 

12 75 

* 

Type B 
Strategy 

Sub. 
No. ~ 

5 95 

10 65 

9 86 1, 84 
14 77 

g all ilCD in Prelim~ary. 

m in Main Experiment, 

16. '. 5~ 

17. 3~ 
18. 2~ 

19. ,~ 

20. 6°" 
21. 42" 

Table 12. S iuilarity Measure__;__ ProliJnilwn against Main . 1 
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.. 

Partial 
K of R. 

Sub. Mean 
No. of 

u(n) 

5 0.84 

6 0.77 

7 0.73 

8 1.27 

9 0.71 

Mean 0.86 

0.23 

- 81 -

TABLE 13. 

Complete 
K of R. 

Sub. Mean 
No. 

10 

11 

12 

13 

14 

of 
u(n) 

0.7 

0.95 

1.9 

1.64 

1.0 

1.24 

0,50 

Tcble 13, _ Mean Values u(n) • 

.ldaptive 
Metasyatem. 

Sub, Mean 
No. of 

u(n) 

16 0.44 

17 0.57 

18 0.49 

19 0.52 

20 0.50 

21 0.44 

0.49 

0,08 

f 



TABLE l4: 0AmP)ete K,R. 

Subject No.5 ! Subject No. 6 Subj ect No.7 : Subject No. 8 Subject No. 9 

n 1 ui (n )i n i u1(n) n 1 u1 (n ) n i u1(n) n i u1 (n) , 
l ! 
~ : 

1 .1 0,4 1 1 .1 0,4 1 .A. 1. 5 1 AB 2.1 1 .l 0.1 
i 

2 B 0 I 2 B 0.4 2 B 0. 3 2 .1 0.1 2 AB 0.4 i 

3 AB 1.5 3 B 0.1 3 0 0.5 3 AB 0.4 3 0 0,4 
I 4 0 O; 1 4 .A.B 2,0 4 ABO 2.8 4 .A.BO 1,9 4 C 0.1 ~ 

5 D 0.4 5 AB 0, 8 5 .A.B 0.1 5 .A.BO 1.5 5 il 0.1 
6 il 1.0 6 0 0.1 6 .A.BO 0, 9 6 .A.BO 1,4 6 ABO 1.3 
7 .A.O 1.6 7 D 0.1 7 .A.BO o.6 7 ABO 1.0 7 AB 1,0 
8 AC 0.5 8 A 0.3 8 ABC 0.1 8 .1130 1. 9 8 OD 0,3 
9 BC 1 .1 9 B 0 9 BCD o.s 9 JlBC 0.5 9 ABC 1. 6 

10 AD 0.9 10 ABOD 6.4 10 BCD o.6 10 .A.BO 0,4 10 AB 0.1 
,. 11 BD 0.3 11 A. 0.1 11 BCD 0.5 11 .A.BOD 1,5 11 .A.BO 0,6 
I 

' 12 CD 0 12 B 0 12 ABCD 1 .1 12 A.BCD 0.9 12 ABO 1.3 
13 A.CD 1 , 1 13 C 0.1 13 ABCD 1.9 13 A.BOD 2,5 13 ABO 0,6 
14 A.CD 0,9 14 D 0 14 A.BCD 0.6 14 OD 0,4 14 ABO 0, 15 
15 ABO 1.9 15 ABOD 4.9 15 A.BOD 0.3 15 OD 0,4 15 BOD 1,6 
16 ABO 1,5 16 ABCD 1.1 16 A.BCD 0.5 16 ABCD 1. 9 16 AB 0,4 
17 A.BO 2,0 17 ABCD 4,0 17 A.BCD 0 17 .lBCD 1,6 17 A.BO o.8 
18 A.BD 0,4 18 il 0.4 18 ilOD 0.1 18 A.BOD 1,3 18 ABO 0.1 
19 BCD 1,5 19 AB 0.3 19 A.BOD 1.8 19 ABO 0,9 
20 BCD 0.5 20 AB 0.3 20 A.BOD 0.8 20 ABO 0.5 
21 ABOD 1 .1 21 AB o.J 21 ABCD 1,6 21 BOD 0,9 
22 ABCD 0.8 22 AB 0.1 , 22 ABCD 1.6 22 BCD 0,6 
23 A.BCD 0,9 23 AB 0 23 ABOD 1,3 23 BOD 1,0 
24 ABCD 0.9 24 CD 0.4 24 A.BCD 2, 1 24 ABO 0,4 
25 ABCD 1.0 ' 25 OD 0 : 25 A.BCD 1,5 25 BOD 1 .1 
26 ABOD 1.0 26 CD 0 26 A.BCD 1.1 26 BOD o.6 
27 ABOD 0.5 27 ABCD 1.5 27 A.BOD 2.3 27 BOD 0,6 
28 ABOD 1.5 28 ABCD 1.0 i 28 A.BCD 0.9 28 ABO 0,5 
29 ABCD o.g 29 A.BCD 2,6 i 29 ABCD 0,6 29 BOD 0.4 
30 A.BCD 1.1 • 30 ABCD 0.8 : 30 ABCD 1,0 30 ABC 0 
31 A.BCD o.6 31 ABCD 0.4 : 31 A.BOD 0,8 31 A.BCD 0,6 

: 

32 ABCD o.8 32 ABO:U 0.1 i 32 ABOD 1.3 32 A.BCD o. 6 I 
33 ABOD 0,6 33 .A.BOD 0.5 i 33 ABCD o.s 33 A.BCD 0.4 
34 ABCD 0.1 34 ABCD 0.2 ; 34 ABCD 0,5 34 A.BCD 1.9 
35 .A.BCD 0.4 35 ABCD 0.3 i 35 ABCD 0.4 ,35 ABCD 0.9 

36 .A.BCD 0 : 36 ABCD o. 3 ::~6 A.BOD 0.4 
37 ABCD 0 37 .A.BCD 0.4 fl Table 14, Complete '¼_(n ) Value.a for Free Learning Subjects. 

-J ,-~ 
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TABLE 14 (contd,): Partial K.R. 

Subj~ot No.10 . Subject No.11 Subject No.12 ; Subject No.13 Subject Uo.14 

n i u1(n) n 1 u1(n) n i u1 (n) I n 1 u1 (n) n i u1 (n) : .< 

' j 
I 

1 ~ 1 .1 1 A 0.4 1 1 A 0.9 1 AB 3.5 1 A 0.4 
2 :e 0.8 2 AB ! 2.3 ! 2 B o.G 2 CD 2.9 2 AB 1.0 

' B 0.1 3 A o l ' AB 4.1 ' BC 3.4 3 AB o.:, 
g 0.4 4 AB 

i 
4 AB 2.1 4 BC 6.4 4 CD 2.5 4 0.5 ! 

' D 0.1 5 ABC i 
5 a o.6 5 BO 0.8 5 0 0.4 3.8 1 ,. ! 

6 ~ 0 6 CD 0.9 i 6 CD 1.6 6 BO 1.0 6 CD 0.4 t 

7 AB o.8 7 BC 1 .3 I 7 AB 0.1 7 CD o.s '7 BO 1.4 
8 ~ 0 8 ABCD 1.8 i 8 ABOD 10.9 8 BCD 1.8 8 AD 0.1 I 

9 8 0.3 9 ABCD 1.0 ! 9 AB 0.1 9 BCD 1.3 9 ABOD 8.1 
10 D 0.3 10 ABCD 1.4 i 10 AB 

I 
0.1 10 BOD 0.9 10 AC 0.5 I 

11 ~CD 6.0 11 ABCD l. 5 \ 11 CD 0.5 11 ABC 1.9 11 BD 0.5 
12 0 0.3 12 ABCD 1.3 i 12 CD 2. 1 12 ABC 1.3 12 BCD 1.1 
13 D 0 13 iu1CD 1.4 13 Ji.BCD 11.1 13 ABO 1.6 13 BCD 0.8 
14 AC 0.4 14 ABCD 1.4 14 AB 1.0 14 ABO 1.5 14 BCD 0.8 
15 AO 0 15 ABC 0.5 15 OD 0.1 15 ABC 0.7 15 OD 0.1 
16 AD o·-.1 16 BCD 3.4 1 16 ABCD 5.4 16 ABC 0.7 16 ABC 0.5 
17 BO 0 .. 3 17 1.BC 0.9 17 ABCD 2.4 16 ABD 0.6 17 BCD 0.5 
18 BP 0.8 18 Ju30 o.6 18 ABCD 1.0 18 ABD 0.7 18 BCD 0.8 
19 OD 0 19 ABO 0.1 19 ABCD 1·. 1 19 ACD 0.8 19 BO 0.1 
20 ~o o.6 20 ABO 0.1 20 ABCD 1.4 20 ACD 2.0 20 BCD 0.3 

I 

21 .A.;BC 1.4 
-i 

21 ABO 1 • 3 21 AJ3CD 1.0 21 J\CD 1.9 21 ABOD 2.5 
22 4,BC 

;r 
0.9 22 ABC 0.4 22 ABOD 2.0 22 ACD 0.3 22 ABOD o.6 

23 !BC 0.5 23 ABC 0.1 23 ABOD 2.3 23 ABCD 2 .1 23 ABCD o.6 
24 ABC 0.8 24 ABCD 0.9 24 ABOD 3.4 24 ABCD 1.7 24 ABOD 1.5 
25 ABO 0.5 25 A.BCD 0.9 25 ABCD 1.9 25 ABCD 3.3 25 £.BCD 1.5 
26 ABCD 2.4 26 ABCD 0.4 : 26 ABCD 1.3 26 .ABCD 1.8 26 ABCD 1.1 
27 ABCD 0.3 i 27 ABCD o.6 : 27 ABCD 0.3 27 ABCD 0.8 27 ABCD o.6 

i 28 ilCD 0.4 I 28 ABCD 1.1 • 28 ABCD 0.4 28 ABCD 1.7 28 ABOD 0.5 
! 

1 29 ABCD 0 ' 29 ABCD 1.4 29 ABCD o.6 i 29 ABCD 0.1 
I ,o ABCD 0.3 : 30 ABCD 0.3 30 ABCD 0.4 : 30 ABCD 0.4 
I 31 ABCD 0.1 i 31 ABOD 0.4 

32 ABCD 0 

T1bJ:e 1 ~. Complete '¼_(n) V~ue~ for Free Learning Subjects. 
(contd). 
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TABLE 16. 

Snb. G. Sub. G. Sub. G. 
No. " No. " No. '% 

5 23 10 4 16 0 

6 11 1 1 22 17 5 

7 44 12 3 18 0 

8 8 13 7 19 0 

9 32 14 13 20 8 

21 0 

Mean: 9.s 2.2 

s.n. 8.1 

Table 16. The Perce¥t&fa:, ~ ,61 Probabilistic S.tatementa 
amongst l tatemente (to neareat-1%)7'--
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FIGUBE @ . 

Adaptation to Preliminary Pre-expcri-
Assign V::,.lue _,. Experiment ➔ mcmtal ____.. 
to t and U,e._ing Rule Int errogation. 

flt. \ ( 1· 

Mrun Expori- Post e.x­
ment using~ perimen-
Rulo 9 2• t al Inter I 

rogation. 

Figure 18. Procedure for the Principal Expo~_!• 
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FIGURE 20. 

a,b, ......... stimu.lus lamps. 1,2, •••..... Responso keys. 

Figura 20. Ru.le Used in P~liminAt:£ Ex_],or~ent-'-

----------------------------··-·-------------------------------

FIGURE 21. 

a,b, .....•.. stimulus lamps;· 1,2, ..... , •. Response keys. 

Figul'8 21 • Rule used in Main Experiment. 
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Leo.mil'§ 0.1 the Deval opment 1f e. Salf-Orgoniaing Syatem 

At o. macroscopic lavel, the O.f)arntirm 1f a teo.ohi11E 1ystem, 

or, f 0r that cetter, a free lee.ming pMcess, can be ieacribei in 

terms af v-m Ft)8rster1 s the'>ry ')f salf-orga.nisnti')n; e. iescripti in 

?f o. l'illlt)le a.iaptive system, o,ucbei in these terms, is given in 

Ref. ( 9). Due to the ii fficul ties 1nv ·1lve i in setting up at,ohaatic 

equa:ti,ns that respect the o-,oplerltias af free lee.ming ')r learning 
f 

in e. mete.1ystem, it is !)attar t0 mo.lee prJ:liotbns at a macr()aoopio 

level, using a. C'Jlnputer .f)r,,gremmei lea.ming m'llel as the preiictive 

inatruruent, Such a m')lel is presentoi in Secti')n 5, All the same, 

the ma.ort>scopic ml)iel con be usefully checkei o.geinst reolity since 

tha varie.ble u(n) = u( t) ia a. g,,,i estiraa.te r'Jf -,ne 'Jf the main 

vari.1:1.bles (H, as "8l'>W) in a. self---rgMising system lll')ial, Thus, 

an over !".ll "self-orga.nisatil')nel II iescription nill be given chiefly 

tor c'Jmp!'.ra.ti ve purposes (no attempt is mo.ie 1n set up stochastic 

system equati')ns, th,,~h this mi~·ht b3 fone in principle) • 
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According to VonFoerster's theory, Ref'.10, redundancy, R, 

is a suitable measure r'1f l)rganisati '.ln -

R = 1 - H/Hmax 

Here H is an information ma.sure on a System, s, and H is its max 
maximum value • 

H = - }; 'D Log p 
r"r r 

where Pr is 1:be probability of ocourence '1f the r th state. 

In general, Hmax depencla up l")n 1:be structural daacription 

at 1:be system (in the 1implest case, if there a.re M possible 

states, H = .. Log K); H will change in value insofar as 
u.ax max 

this structure changes. On the -:-- ther hand, H is a behavioural 

meaaureJ it will decrease if the syatam adapts and increase it 

its behaviour bec'>mes irregular. Von F-,erster proposes -

dP/dt > 0 •••••••• lq.(1) 

a.a the moat suitable crl teril)n fl)r self-'lrganiaa.tion. l!'rom the 

definition ')f a relllndanoy, Bq.(1) may be written a.a -
• c1H -~ 

{ ~ Ir - Hmax I ) ~ e 

\ H! ~ 
Disregarding the trivial oa.ae at Hma.z = o, and dividing thr"ugh by 

frHmax, we obtain, with V'ln Foerster, 1:be basic c'>nditi,n for self­

'.lrganiaati"ln -

.L aHmax 7 1 cUI •• ••• .. • Jq.(2) 
Hmax ar- H it 

or, equivalently -

H 
dHmax > Hmax ~ ,r 4t 

3.1. One Interpretation 

'!le lhall now c.-,noeive 1:be aibJect in o,ntact with the •~ 

perimantal. envir->nment (either ,t the tree lea.ming situatil)D "Jr the 
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er the adepti ve ataaystem) as a syst3m, s. From the disousaion 

in Sectiell 1 and Section 2 • it will be clear that S is mde up trr>m 

aubsystans• s1, such ihe.t the state set of Si ia Xi, YO (where x1 has 

the meeni~ established b.ttcre and Yi is the set ot 1. legal re.,. 

ponses to xe:X1). 

The subject sets 0ut to investigate and leam ab0ut the 

problem environment equipped w1 th a strategy, which ilO shall auume 

ranainl undumged throughout 1he lea~ proces/Y. At tha r,utset, 

the aibject has available certain a priori values r,f Hmax(Si), i.e. 

tha values at H , which W"Alld app)3 it the subpr!) blam cle.a s were 
max 18\ 

selected. In general, these have tha form - Lo@\mlper stimulus 

{ tture being m attributes in a specification ,.,f the relevant sub­

pl')blema). In tact, wo can have littla faith in these values 

because of the internal. and temporal c1nstrainta entailed in the 

tuk, but it is safe to aq -

~ mez (Xil'i) ::11 H* max(XjJj) 

it x1 and Xj denote pMbleca at the some lovel in tha hierarcey of 

pr,blan olaaaes end tmt -

• H• max (X1Yi) 7H• max (Xj ,Y j) • •• •" •. Jq.(3) 

it the cl.au deaignated by x1 ia at a hi8hor level in the hierarchy 

then Xj. In any oe.ae, the ve.luea ot Hmax(s1) repreaenta the subject• 1 

maximum uncert~nty ob out wbe. t he is allcw,ed to do ( by •• ot pro blan 

aolving, gl.ven the Tooe.bulary and. tha rulaa f'Jf l.O, when s1 is aalooted) • 

Clearly, when he begins to laam about the pr-:>blama belonging t'> x1, 

he will exptrience 8')118 e.ctual uncertainty, H(i), and it ii propr,sed 

{tor the purpose ~ ar, idealiaed model) that Hmax(X1Yi) has the t'lrlD -

---...... ~ 
lOO'l'N0'lE: 

H (t) a H (x1,t1,t) z H* (X1Y1) 
max max max 

it XiYi he.a not yet been selected 

• LAST Vii.WE H(i) + A(t-t:(1)) 

U Xi waa last ,elected at t(i) •••••• Eq.(4) 

'Type B 1trategies are, thus• excluded trom thia 
diacuuion. 

, 
I 
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(the tai-c A(t-ti) pa.ya an idealised defer ence ttJ forgetting; to 

approximate roality a turther selecti on dependent term ahould ba 

added to e.coount f'or the effect ,rt intarf'arence). 

The subject's actual uncertainty, H, is his uncertainty 

ab ,.,ut bl')w to s <1lva p:roblema in en LO legal emd Q aatiat;ying -
f'a.shion. Its T~.lue m1Eti t ba ,btained by c.veragiJJg ovar condi ti,,nal 

• response prorebilities T their f'requemy estimate• • F'lrtunately, 

ho\levar, a lireot estimate ~ t.his quantity is provided by u(n) = u(t) 

of Section 1.7. 

It ia argued that hur.ian baings are C')DI truoted t o act aa 

aelt-orgenising aystana with respect t., their envir,nmant. Thia 

t.hey do (1) by direct~ their attenti'Jn t , Taril)ua s1(ar I 1Y1) 

at discrote ina ten ta t = M 6 -t,,, ani, tlus, controlling Hmax and 

(2) Once a field of' att8Jltion 11 aalected,by aigo.gi~ in goal 

directed t.deptatirm, vlrlch reduces H. Whan t\ human being 1a left 

-,n hia ,,wn, in th13 f':ree lea.ming °"nditir:,n l)f' the present experi­

ment, 1alf'-r.1rganiaation is liable ti') break i~vm and learning is 

impaired. The automaton in an adaptive mete.system is intended 

t o prevent this sort l)f' breakd,:,m by mediating in the attE11tion 

dir act~ proceas. 

l'O OTNOrE: ~ome cautil)n is callee'". for in the interpretatil)n at 
H. Obvioualy, trc..n t.ha definition of'H ·giTen above 

cJH/dt :c ~dp/dt - ¥dp/dt Log Pr 

Since ~r = 1 (as t.he pr probabilities), ~ 4p/dt = 0 
tbua, cllf/dt = -L .ap_/dt Log p 
To '>btain an esti:nate ~ H, ii is i,ossible to substitute 
t.he p by the condi til')nal reapons a frequencies p(y1x) 
pert~ t to t\ aelecti1Jn X ( where Yi ia the set ot legal 
reap'lnaea t'> x e: X) 

c»Vdt = i~f~)/clt Log p (y lx) 
So that emy bamvi1J~J oonval"genoe whatever counts as an 
adaptation. In leaming, ,:,n the other hand, t.he adaptive 
pr-,ceu ia ~e.l directai, i.e. ,.,n1y one ~ t.he terms iJl 
this equati,,n raelly has a c:maistently poaitive dariTatiTe, 
namely the term -

p(y Ix) • p(y = c(x) Ix). 

J1Y assumi~ the values n(») of the Block Inda, M. 

--, - -
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3.2. An jrbitrarz Idealisation 

To aee what may be inr?lved. in graa.ter detail, suppose that 

x
1
Yi is selactecl md oonsider en idealised. m•-,.iel in which dH/dt is 

a tuncti,,n ot H. The simplest t?rm of this r:i0dal postulates on 

upper limit 'Jf mcertsint,, H
1

, ti>ove .1hioh learning does not take 

place ( l)Varlo ad occurs r,r th a pr-, bl ems era to-, ditticul t to &'>l ve) 

am a lower limit, H
2

, below which thare is insufficient to leorn 

about. Thus ... 

0-, dH/dt it H1 > H> H2:::> 0 ••• •• .... lq.(5) 
ond it H0 

rEpresents the initial mcartointy {prevailing at the 

instant \7han a subp:Mblem cla11 1a salacted) it is crucial that 

clasaes are selected such that -

H1 > Ho> H2 > 0 

lurther, givmi thi.8 restricti"n, it is desirable t0r He, ~ be as 

near to H1 e.s po11ible • 

.A.«e.1.n, in an ideal case, salecti on .-,f a next subprr, blem class 

tor attanti"n misht be detarminad by the flow chart ot 

Pig.27, which describes a pr-:,cadura carrieii -,ut a.t the and ~ each block. 

{i.e &instants n6 t such that n = r{M) tor the 11th selection) 

The learning process, thua, c:maiats of a pertormazx,e phase, 

in which problems are being s 'Jl va i llni " selection phase, occupying 

a finite interval, 'T sey, in which the ~ubjoct thinks out what sub­

problem class to select and. selects it. F~r the perf'?rmance phase, 

4H./dt • 0 so tho.t the left ha.nd.-sUe of Eq.{2) is 1ero vtlued 

and the system, S, is n. self-organising system jf lq.(5) is satisfied 

(so that 0>c1H/dt). Converse~, in the selection phase, c1H/dt = 0 

and the system is a selt-organiaing system irusaf'ar as the value at 

cJHma/H 1a increased by the selection. 

r -
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An e.ltemativa ani m'lre sophisticatai interpretation r,t the 

system ia also possible. 

Let ff = Average value ot H (s1) 
max max 

Let i max 
IID')othei value of H 

Call tbe reau.ting system, S, the smooths i system ot S e.ni 

obsene tilat !' ia a self-organising system it it se.tiatiea lq.(2) 

with ii aubs'td. tutei for H e.ni H for H. 
max mBJC 

3. 3. Relevant }{ypotheaea 

In either G)618 (since tha exouraion of H is limitei by the 
mBJC • 

te.ak) aelf-orgeniaation will inv-,lve a negative treni in 1H/it. 

Thia 1a gmerally l)bae"able (a.a astillr.tei by the trend. in u), but . 

there are certain exceptions in the free laaming aJEl)erimenta. Hence, 

poaitl.va values cl 3H/dt occur ( especially in conneoti"n with the 

subproblem clnaaea, ABCD,A:00 •.• ) ani give rise to pr,-, longei peslca ani 

perioia ot uncertainty, i.e. the mean valua 0f u ia eleva.tei when the 

ioviont behe.violr is &181lif'eat. Insof~r o.a the o.ie.ptive mate.system 

is ieaip.tei to impl\')ve tha choice i>~C818 r,f the flow chart, ani, 

C'lDSequently, tl'J aeoure "better" salf'-l)rganiao.ti-:,n, it is prei1cte1 

( 1) that ierlant bebe.vi,,ur will be abaan t from the mete.system an:1 

{2) that the mean value r1f u will be c-:,naistantly l?Wer than it ia 

in e. tree learning eJEl)erimant (2.5.1~., 2.5.15., ani 2.5.16). 

So tar, we have conaiierai selt-organiaati"n with respect ti) 

level L O ,,n1y. H,.,waver, a c0mparabla process takas _place a.t lav4tl 

L 1• Only the ai.J:lpleat ce.aa will ba C'1tlsilorei, i.e. the subj oot 

alopta a plan e.t tba "utset ani this plan remains invariant thro~ 

'lUt the expariment. ut,itie int'ormti-,n mac.sure on the set 'Jf atrateglc 

L ·1 
al tarn&. tivaa ( statement aequencea) be gl van as I • Since the 

plan is flll~miged. citma./it = 0; the subjact• 1 rbehnvbur is, 

however, increo.aingly conatro.inai a.a the plan is execute:1. Hence, 

his &0tuel uncertainty about at L 1 1tc..tement1 t 0 ms.a (sq, I(t)), 

ieoree.sas with t Nli the i} system ia this aelt-'>rganiaing. Deviati,na 
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from this pe.re. iign will be n:.arMeat o.s statements ot " 1. 1 doubt• 

ani it is,_ ...... preiiotei that the numbar of pr.,babillitio 1. 1 

statements will be less in the aiaptive meta.system than in a free 

learning experiment (see 2.5.17). 

Final~, one i:d.a}lt reas'Jnably oxpaot t ~ iiaoovar e. O'Jllsistent 

iecreo.se in Hor u aa lee.m~ procAeis vr.lth respect to a given 

subproblem clo.sa, aTen it selectbn orier 1o t'legleotei. Such o. 

bahe.Tiour ll-1uli be indi.oati ve of successful selt-organiac .. ~i : n and 

erq ieviati0ns from it suggest imperf'eoti,ms in the salt-organising 

system. The i&ta of Jig. 25 and Pig. 26 o.ro obtainai by lwaping 

subpMblem claaaea in this t o.shi-:,n Mi gr-:, ssly iniioate the 

superiority of the a.iaptive metasys tom as 'l selt-'lrga.ni•J ng system • 

- - -, - -
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Proficiency Measures e.ni the Self-Organising System 

In pre-d..oua papers, ( 11) ( 12), Hallan hes propl)sed a. pro­

ficiency measure of the form P = -Wl.. whJreT) is an ind.ex over 
T) max 

the levels of difficulty l)f thtj problems ( uniquely stated in the case 

'1f a simple aiaptive teaching system) and Pis any perf')rmence oea.sure 

of the t,pe p(y =Q (x) 1x)."' 

No\7, it is quite claarl,y p1s sible t o cl)mpute a P function in 

the present co.se, The act ,:Jf ioing s•J suggests an o.l.tarna.tive (and. 

for some purposes oore acceptable vie \1 of self-0rganisati-Jn). • It is 

as f')llO'i"ls: 

Let Hlll.8.X(t) = H*(S1) for Si . ulected at t. 

N'JW we io not prop0se t'J evaluate H• (s1
) but, simply, to rank 

max 
ord.er the Hmax(Si), using E. (3). Let us call the level 'Jf a sub-

prtJblam class in the hierlll'Chy Tl= 1, 21 3, ii.. Fr0m Eq.(3), 

H• max(s1) = f (T)(i)) and the subject ooy be conceived a~·· aiming 

for an increasingly high lav13l -,f g,,al a.s he tackles problems 

indexed by a higher value of Tl • In the terminr.1 c•1n:liti'Jn, he 

is nec0ssar~ ro.ming f'Jr tho highest level of goal, T) = 4-, and, 

c'Jnsaquontly, if' S is a. self-organising systera, then P shoul-i 

increase in a. fairly regular fashion. For any subject pursuin8 

e. Type A strategy, it ioes so, and th e plots for a.n adaptive meta.­

sys tam ( even with Type C strategy) sh '.'.l'l7 the same taniency. 

POOTNCfl'E: 'This function is akin t ') the c 1st functions 
iiscussel by Cowan rni IIzy'self (9) insofar aa 
the teaching mo.chine "3a.ins" m0ra by impelling 
the subject to perf.')rn successfully with respect 
to a lifficult pl"Qblem than it "gains" if he 
per!'':>rms suooassf'ully wi fu r asp 0ct b c.n aaay 
pr0blem. 
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The Computer Simulated Leamirt3 E1iel 

The eel sys tern iescribe d i n 8ecti on 1 and Section 2 C')nsists -
in a subject interacting with an aut,,mat 'in that C')ntr0ls the experi-

mental oorxliti.'Jns. In S'):Je ')f the ex1)8rimants this automaton was 

no m-re than a pr'1ceeiural devi.ce; i n Jthers it was a simple adopt­

ive teaching ma.chine o:c the 1:iechanical co□prmant 1f an a.d&ptive 

meta.system. 

The CIXlputer pr')e,T8llll!le.i mod.el simulates the activity ,f the 

entire eys te rn. Hence, it crm tains a po.rt which simulates the 

aut')maton (ilhich is is•)morphic with the aubma.t :m) a.rd a part 

wh:i.c'h simulates the subject 'Jr stu1ent. In the fl)ll'Jwing 

di.8') uaaion we shall take the aut '1□at1Jn f or grantai, since 

the several varieties 1f aut'Jraaton have alreaiy been describei, 

ani will c0ncen trate up '.m the p art 0f the m':ldel that simulates the 

lee.ming process in ttle subject. 

5.1. Br')8.i Characteristics ?f ttle I:oiel 

(1) The m0.iel is an "o.rtifical intelligE11ce 11 pMgramme (i.e. an 

1Jrganisati'Jnal structure, n-:,t a stochastic □'Jiel, such as a stimulus 

sacpling ,:r:: :!el). But the artificial intalligenca is psycJl'Jl?gically 

'iriented; it ains t 'J mit:d.c pr'JCess as in the :nini rather than l'>gically 

elegant O"' mput ation oethTi s. 

(2) Th e m? iel i s cybernetic ins 'Jfar as the elecentary units are g"al 

iirectei (pro blam S'Jl ving) sys tees, ilhich my be represented e.a TOTE 

units , an i ins ar s ths se e re put t ~gethar t ? f 'Jr□ larger goal 

iir i sys ~ . 
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(3) Tb.c3 model is heterarchical i n too s anse that its structure 

inv,:,lves several. aepare.ble, but interacti ng, hierarchical systems. 

(4) The moiel is evr:,lutionary. At any rat e , this is true of 

the main p art of the moiel, whim, as bel ow, simulates events in 

interme.ti.a te ')r working memozy. 

(5) The m"J i el is partially saquenti c.l. In this respect it 

mirrors the sQb ject' s propensi'to' t 1 i? Jna thing a.t once, or at 

lea.~t t ~. aim fo r 2n2 g')al a. t ':>nee. On the 'Jthor hen3, there a.re 

par r.llel C')mp')nents; espeoially parts '>f too axecuti ve, which are 

pr'1gre.I!l!le i, l i ke McCulloch ani Kilmuirs' simulati')n "if the reticular 

,.,rienting systec (13) t 1 act as though they ')verl!J'1kei several 

p'1ssible m0ias of g1 al iireotei acti')n at once. Further, there is 

a sense in mi.ch the moial can .!2, sever ~J. things at once, i.e. it 

acts , in s ~.me ways, as a p3.I'allel 1Jr '1cassor. Of these features 

( 1) calls f 1r no furth ar iiscussion. The r est are ieveb pei by 

way 1f :m introiucti on t , the pr,.,gromme itsDlf, in the f , 11,,wing 

secti')ns. 

5.2. Tha Stimulus kesponsa e.ni tha Pr ,blem $ "'1 luti">n Viewgoint 

L. humm subject my naarly always~ be r egariei as e. Black 

Bax in th e sense ') f Ashby (15). This forcult:'.tinn calls f :-i r a 
' 

minimal structural or r.rgenise.ti 'Jnal C'1Draitmnt. H1'W.ever, as 

S'J 'Jn a.s the picture is elfl- bora.tai, several o.lterna.tive meth0is 

of exple.ne.ti')n becom possible, nni tW'J ,:£ these have po.rticuls.r 

imp')l'te.nce. (a) The syst&o within the Black Box is C'>nceived 

e.a a. reactive ievice which resp onls t,) stimuli. (b) The system 

POOT?«)TE: ,,, 
F'Jr practical purp ?Sas, alw~s. But cartoin types 
')f ev')luti,.,nary t>eho.vi ?ur(1Lt.) mo.y pr •>viia excep+· -is 
t " this rule. 
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is C')ncei vei a.a a. pr?blem sol var which interprets 1. expres.si ·ms 
{ eJn".>fl8St them stimuli), a.a inputs ia si. gnnting pr -i blems anl which 
outputs responses whidl a.re 1. expressi ,ns l esi~nating S')luti0ns . 
:Utarna:ti.ve {b) will be ai'Jpted. o.s the ,:m]J" ·,na which is c ·)rnpatible 
with the psych')l l)gi cal f acts ani the genere.l n,.;ti " 118 rif Cybernetics, 
But, in a.i ').f)ting it, we must, '"lf c ·,urse, pr ')viie a framew-rk which 
justifies the title "interpreter" T ".:.Jr l)blein s-,lver". 

The pa.rail.gm case 'Jf a. pr0blem s , 1 ver is the TOTE, 'lr Test 
')perate Test Exit unit~ Millar Gallo.nter ani Pribram (16), which 
is ~utlinei in F~.28. Perhaps the simplest realisati , n of the 
TOTE unit, applicable in th e present iiscussif)tl, is the general 
i~tcrpratative processr f or context fre e l ~nguages, na.cel.y, tha 
p~sh i'l'ln st,,r·age a.ut')mat'>n rJf :J'ig.29; {in f'o.ct, the interpreter· 
\.B ei in tha l eai"Tling m-rlel is Sl")mewha.t r.nre c0mplex sinca it ieal.s 
with con tinn Jnt ex7>roesior..s . however, the o.ut"mat'"ln l'Jf Fig.29 
1!, an interpratati. ve pMble1;i S')lving iavica in the requirei sense). 

C--nsi.ier Fig.29. The o.ut ,1mnt'1n ho,s the r)Vera.11 goal of 
s'>lving the pr')blem -,f □?.king a wall f 1rooi 1. expressi".>n ~esig­
na.ting a. sr:iluti 'Jn to the pr1bl em p, sei by ony stimulus, x. First, 
a stimulus { either simple 0r complex) is interpreted a.s p 1sing a 
p:r.blera . There is an un ')riarel sat ,.,f rewriting rules.1he l eft 
ho.ni siie { i 0main) -£ a.ey rule is tha syrabl) l f'"lr a stimulus, l')r a 
part l')f a. timulus. The right hani sile {ro.nse) 'Jf tha rule is 
either the name f.-,r another symb')l {in which c a.se the rem ting 
rule is a. iec·imp".>siti,n rule), ')r the ne.ne f 'it' a re3_p0nse pr'J81'8Jlllle 
{in which ca.ae the rewriting rule is on 0wero.t1r ·rule). 1..a in 
Fig.29, the aut'Jmat,;n s ~lves pr•, blems ins">fo.r a.s it C'1mputes, until 
nll ,1f the syrnb'Jla h o.ve bean c nvurtai int -: reap msa pMgr81ilme 
ntu:Bs, 1111 until the naoei resp,,nse pr'JgrNNnes ho.ve bean 9xocutai. 

' • ' 
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Further, it acts precisely as a TOTE unit since it e')ntinually a sks, 

"is the pr0blem S')~vei" ("Ir "is the goal a.chievel") ani, if not, it 

:,para.tea by applyi~ a re\1l"iting rule. Ins0:far EIB the C')!Ilputa.tirm 

is 11.1ccesstul, it ganara.lly c 'nsists i n reiuci.ng the original pr:iblem 

t '") subpMblems, which are S?lvai in sequence. But, clearly, too 

C'"> mpute.ti on will n"t elweys be successful unless tha aut"lma.ton has 

an aiequate set "Jf rewriting rules. If success is not achievai, the 

aut')ma.tcn invokes an auxilliary (learning ) ievice to buili up fresh 

rules SIJ that the '.ll'iginel pMblems r.ia.y be s ·)lvei; in particular, 

it buil :is up fresh operator rules, (which, in the learning m'1 iel, 

are emboiibi in entities calle.i 1. O opara.t0rs). 

A wori of cauti1Jn is in orier a t this ,l) 'Jint, Taken in isolati1n, 

an J. 0 opere.t') r rule lrks very much like J ne ,.,f the associative b')nis 

vbich C'lllilect stimuli t,, resp1Jnsas in n reactive m)del (an el tarne.tive 

(~) m~iel). HE11ce, the a.ccreti 1n ,:,f new rules, by lint 'Jf learning, 

superficiolly resembles "buil·iing up e.ss'Jcio.tiva crmnections between 

stimuli ani resp '"lnsas" • H'YWaver, I wish t '} maintain that an 

opera t0r rule is quite meaningless whi;ll'l t alca n a.bne. It has meaning 

:it, ani 0nly it, it is interpreted. in tha context '"lf a pr,cess-,r, 

such e.s the ievice in Pig.29. If it is s 'J interpretei, then the 

act ,.,r builii~ up a o,llecti')n 1Jf '">pare.t'")r rules is is1Jmorphic m.th 

the act 0f' buili ing up -me 1r r.10re TOTE U."li ts. '.I.his is 2!!.! sense, 

the simplest sense, in ~hich the learning m'Jiel buills up priblem 

solv1 ng programmes, any '"> ne "if which is o. TOTE unit. 

5.3. The Heterarchical Che.re.ctar ,.,f Learn.i._Eli 

In a c0nprehensive stuiy 'if human loa~ it is necessary 

t0 state ani listinguish between several hiere.rchico.1 systems. 

100TNOT!: ~ 
Lee.ming t,, S"lva 1,Jr ')bleras, c ,ncept learning, etc. 
Pr'Jbably this is al&:i true f "r all s ·1rts ·1:f gQal 
iirectei aiaptatiin. 

f 
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5.3.1. The Hierarchy r£ St'>r!fl! Systems 

It is well kni:>wn tlnt there are sevoral tuncti-lnally iistinot 

types of infarmation st-,rage inv ':llvei in raost human lea.ming processes, 

ani that these f' ':lrm an hiara.rchy in tarr.1s '1f their time constants ,:,r 

ieca.y ti11Bs. Each systan must be representei in a C'>mpetent learning 

m')iel • 

First, there is immediate st0rage vri. th a capaci ey rneasurei 

by the span "ff apprehansi1m"! This is a. buffer store, which may be 

easily '>verll)8.iei,but in which. elements retain their integrity. 

Symbols ara not mutil f\tei a.nl :i'J not interact with one e.n'>ther. 

Immeiiate storage my be organisai int'J mny iif'ferent mem'Jry syste:::is 

(f'..,r example, as a rehearsal buffer, 1r as c. push :irnm st0re). In 

the processor of Fig.29, the "prtJblem" o.n l the "s'Jlution" ara l:>?th 

written in im!!eiiate mem-,ry ani, if the st-,rage cepaci ty is exceaiel• 

S'>mething will be l'>st. 

Next, there is intarme:iie.ta ,r vnrking stl')rage. It has an 

inlef'inita capacity, which is chiefly limit ai by the iecay "Jf' repre­

sento.tir,ns ani interference between th a sbrei items. Intermeil.a.te 

memory, the 0rganisati 1n r:f interme lia.te st'Jraga, is the seat '>f' 

intarf arence, p., si tive transfer o.ni, pr'>bably, ,:f oonsciousness als'), 

In the pr,,cass'>r '1f :Pig.29, the ?i)arat,,r rules are s1nrei in this 

system; s0, pr0bably, is tha organisa.ti'll'l ·1f the i:>r'>cess'>r. In 

general, pr'l~rnr.unes that opere.te up'>n fota in immediate 1:1E111ory e.ra stored 

in the interme:iiate mec'>ry systa1u (it can, inieed, be argued that ~ed­

iate meoory is a specially -rganiael i:>ieoe rf the intermediate sti)re. 

If w.:, its organisati'>n pr".ltecta the b.mediate st.ore contents from 
mutilation and abrasion) • 

l'OO'l'NCY!'E: ,II" 
'\lie a.re neglecting the vi suo.l sh~rt ter:n buffer ani 
the nther perceptually specific st'>rage locatbna; 
in other W")l"is, immaiia.te storaga is ree.lly immeliate 
symb.,lic manory. 

., -
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Pinally, there is a virtually inielible 1,,ng term storage 

systElll r£ vFI? high cape.cit~ but largely unieterminei♦e.ccessing 

pl':>perties·. J..s a memllry, r believe it is fumti ·'lDP..lly iienticAl. 

tJith a sys tam i:£ Von Foerster' s o,gnitive tiles (17). In the 

pr?cess?r of Fig.29, a raprasentati0n ,,r the ieoomp"sitiin rules 

is i□plante.i in lnng term storage ani, likauise, a representation 

l)f the entire push dl)iffl prooassl'.)r. HT.1avar, ns a ma.ttar f)f C'Jn-

v111ti ~n, it will be anintaine:l that thes a rep res en tati0ns e.ra C'Jpiei, 

nl)n iastructively, tr001 l1ng term st,,rage int') intermell.ate storage 

(where they ore usel 1peratbmlly ani may avm be 1a')iitiei). Furthar, 

after utilisation, tha p,saibly moiifiei re1:irasentatirJn may be c0piei 

back Nli ai iei t o the cxrntents of 1,,ng term storage. 

Hance, there is an hiara.rcey ,£ the form: 

L'l~ Term Mallory 

Intarmaliate 1r • '1rkins ?lemTy 

Imme :lia 1e Kam·"ry 

5.3.2. The Hiararahy ')f Gools 

There ia an hierarchy r'1f goo.ls in which a mro.n g,al is at a 

highor levol then e. subg,:,al.. The nnst explicit form ~ this hier­

e.rdly is a plan f'.lrmei, a priori, r'1f TOTE units (as in Pi!.30). 

F-rmall.y, this O':lnstruction is 'Jbtainei by iec"mpisine, the ')perati'>nal 

phase ~ a TO'l'B unit with g,1al G, ani replacing it by a pair (or m,re) 

l)f 'roTE units with subgoals, G
1 

ani G~ In the main learni.ll£l 1I11Jiel, 

plans ,,f this type are callai l O operat~ stri~s. 

On the ..,th er hani, subg,:,als can be genaratei, as wa smr in Pig. 

29, fr')m tha "perati'>n ,,f a single TOTI unit~ 

POCJ.rNOTI: -'There is a slight 001biguHQ' in the notil)ll of a TOTE 
unit since it may ei 1her bo interpretei as an iterative 
,.,r a recursive F'>Celure. In the latter case only, can 
there be 11.1bg,ala pr>iuoei by the operatbn -Jt a single 
Tffl unit. 

r -
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5.3.3. The Hierarchy -,f Operator Orier 

There is an hierarchy engenierei by the Tier ot an opera.tor 

rule, 'Jr strictl,y, by the er ier of the i,:,main eni the range of an 

.,pera.t"r :rule. To illustrate this p1int, let X"\ ~ Xe 1n = x1• If 

x
1

Ex
1

, then xis 'lf the 1st 'Jrier •. ui -Jpera.t'lr :rule with x 'ln its 

left b.lnl sile eni the nama fT s-,me single rasp --,nsa Cl')q>onent 'Jn its 

right hani s tie, is an npere.tor rule ")f the 1st 'Jr ier. Let i, j = 
A, B, c, D. Cleerly, X~ ~ x1 x xj, S:> that any stimulus ,,f the 

form, x2EX2 = ~ Xij' is an •)riarei pe.ir en.i is-£ the 2ni ari,r. 

Similarly, an operat">r rule with x2 'lil its left hand si :le ani {in the 

limi tel enviMn~nt ,Jf 3ectil)n 1 ani Sacti'ln 2) the na1:1a for an 

ord.erei pair ·'Jf resp'Jnse Cl')mp '.ments ~n its right bani si.ie, is an 

operator rule of the 2ni l'lrier. In gan ,3ral, there are '>perator 

rules of 0r1er Tl= 1, 2, 3, 4- (relevant within the universe of iis­

c-,urse ')f Section 1 anl Section 2) a.ni in the ooin learning m'liel 

these o.ra emboiiei in 1. O opare.t irs of or iar T) • 

5.3.4-. The Hierarchy of Cr,ntr?l Systems 

There is an bier e.rohy ,;t contMl vii th levels, LO, L 1 , ••••• •. 

Pr">blan s1lvi11B progre.rames (in gen.:.ral, 'Jperat -:•rs in the C">ntext ,;t 

an interpretative ievice) my resiie a.t any level in this hierarchy. 

The LO pr~e.mmes (essentially the '>nly ►nes we hr.ve S'l tar liscussei) 
,• 

S'>lve pl"l)blems pr,eai by stimuli f'Mm the envir--nnent; their iomein 

is in the stimulus set ani their range is in a set 'Jf resp 0nse pr'>gramme 

ll8Cles. In C".>ntre.st, program mas at level L 1 , have a lo main 'Jf pMperties 

"f tha LO repertoire) ani their range is r. sat 1f nev, LO pr')ceiurea; 

f-ir exanpla, ".'f new ri,writing rulos. Heme, L 1 pr'lgremoas C"nst::ruct 
0 

,r mo1if'y L pr '1gramtl8s. They ere resprmsible f,...r learning. The 

l)Veroll hiere.rdiical '>rganisa.ti'ln is iianticol 'with the ai~tive c'Jntr0l 

systems lisoua sel by Te.rje.n ani is outlinai in F~ .31. It shoull be 

e&\)haaiaai that en LO pr-,blem s -ilving pl"l)gramme is logically the same 

sort '>f entity as an L 1 pr.,blem s'Jlving progremim e.ni that the iiffarence 

I 
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bet-qeen tha tW".:l lies in the il)main up)n ilhich the J.)Mgremme operates 

(LO pr0gramIIBs S')lve pr-0blems p0sei by th e envir0nment. L1 pMgrammes 

s'1 lve pr ·1bleL1s iue 1n the current ieficiency ,:,f the 1° repert0ire/. 

The hierardly of crmtr)l is in 0ne-tcrono corresponience with the 

hierarchy f'Jf levels, J..O, 1..1 , •..• in the -,bject language, 1.. . Thus, 

aey J..0 statement is interpretei by an LO pr0gramma, a.ni any 1..1 

sto.temmt is interpretai by an L1 pr'.>gramrrs • 

5.3.5. The Interiepen ience r£ the Hierarchies 

It is impcrtant t0 apprec:iata tha.t these hierarchical Tge.n­

isati r,ns ore largely intarie,l)en:!.ent. Thus, m hierarchy '.>f g,als can 

exist at s level in 3. o:mtr') l hierarchy, i. a . there may be m0re )r 

less abstract 0perati,,nal plP.ns ~s ilell ~s ra~re ,r less abstract 

lea.ming s tra.tegies. By tho s ar.ie t0ken, riparators -,f iif'f erent 

'lriers can exist at the sam~ level in a g')al hiararchy. Fina.lly, 

mr:>re ".lr lass abstract 8')als ani pMblec s0lving _pr ,:gro.mmes, ~t 

higher ani l 'lVler levels of c mtrl)l, may be l ··dgei in immeiiate, 

intermaiiate ani 11mg term mem0ry. Thus, the learning m()ial i! 

hetararchico.l r ather than heirarchical, a.s .maintaimi at 'tihe outset. 

5.4. Overall Organisati,,n -.f tha Simul.nti'lll 

~ 1verall -,rganisati')n is sh'>mi in ~ Jgremme 11"" Chart, 

(PlC) 1. Each trial is iiviiei into ~ ) pha.ses ( 1) a phase lasting 

f'll' b t secs. at th a beginning ,-.£ which the simul ;.'.tei a.utnmo.tl")n ie­

livers a pr,,blem pl)Sing stimulus iasigno.ting a 1Jr '.) blem in some {alreazy 

ietarminei class). In reply, the learning m,:, iel outputs a (p?ssibly 

POOI'NOTE: ~.s en alternative C')nstruoti'Jn, the hiararchy ,:£ 

o·)ntrol can be 5nvisagei 1:1.s an hiararchy r,f repro.iootive 
systEl!la. Thus,L pMblem s··,lving pr·)gr81ilmes are aut~ 
ma.ta (eny TOTE unit can ba i3 quivo.lently represent,d as 
a finite e.ut•.Jme.t-m). Tha c1:1.nnonice.l form "Jf an L prob­
:J.e'o solving pMgr!'lmne, 1a m s.ut0mt">n f')r repr?iucing 

L :: automta (p'lssibl.y nith variationa). The C?gencsy 
,Jf this viewpoint will bec,,me apparent in '>ur .ll.aCU!aion 
of the min lell.ming molal. 
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ve.cuoua) response, the components 'lf which a.re e.ss-,ciatei with latency 

values (2) a phase l.asti~ 6. t - o t secs. in v.bich the simula.tei auto­

mt,m ielivers either partial or complete knowleige ot results, ani 

the l er-.ming moiel interprets ani processes this information. 

J .. t the Elli of a block ( ietermina i by the simulate i automat'ln), 

the progranme is temporarily he.ltei. In case free learning is being 

simulatei, there are two possibilites (I) The programme outputs a 

"iemani11 statement via the teletypewriter, t,gether with the behavi,ural 

iata from the previous block (incluiing p eni tha last values of p ). 

The expariuenter replies t-, the 11 iemani" by typinB the next subpMblEl!l 

class f 0r nttentinn :mi (if requirei) nen values l')f subject paramet.3I's. 

(II) C'1ntrol is as signei t o a subprogramoe simulati~ the subject's 

internal att1ntion iirecti~ mechanism, 1.hich automatically mkes the 

requisite selecti-:,n (ani, if requirei, pa.ro.matar variation). In case 

a teaming situa.tbn is being simulatei, c,,ntr,.,l is transferrei to the 

simulatei teaching llll\chine (serving NI an external attention iireoting 

mechanism) ani this ievica raakos tha nocessary iecisions. Apart 

f'Mm the iecision rules in'V')lvei, the "int erno.l" attenti1Jn iirecting 

subprogramne e.ni the "external" teaching machine programllk1 have an 

iientictl status. 

5.5. 

( 1) 

(2) 

Organis a.ti 0n if tha Learning ?,i -iel 

Tm learning m~el is male up fr~>rn the f ,, llowill@: O0mp onents: 

A representati'>n system in which stimuli, resp-,nses, kn'lw­

le ige '>f results signals eni fY.> on ore given names (liter­

ally nurabars). 

f..n LO interpretative pr'lcessor calla i the applioati'>n pr-x:eiure. 

The epplicati~n pr1ceiura is sli~tly ioore elaborate then the 

push imm list pr..,cass'lr of ~.29 but, like this ievioe, it 

W".>rks by applying r6llriti.ng rules (it also applies orierei 

sequenca5' 'lf rewriting rules). :..ry rewriting rule is e~ 
0 

b">iiei in an entity ce.llei an L operatOl', ani any '.l1" ierei 
0 

sequence '>f rewriting rules b eoboiie i in an L 'lper ... t'>r 

string. 

-· · r---- -
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(3) 1~ system cal.lei 11W')rking storage", which simulates the subject's 
intarr::eliate mem"lry (imnEli a.te Iile m.'Jry is simulo.tei by cartain 
list structures in the 8t) .1?lico.ti1n pr 0ceiure). !.l.l LO 1Jperat ,.,rs 
ani LO l)peratr:,r strings nre l1Jigei in worlc:in€: storage ani the 
c0llection o.vailable (t 'J the 0:i:~2licati,n pr'iCeiura) nt a. given 
trial, is callai the LO repert ')ira at this trial. Since an 

(4) 

0 L opera.t,r, r:r '1peratr string, is a. TOTE unit when taken in 
0 the c -, ntext of the applicati,n pr ·,ceiure, the L repertoire 

0 is a repert,,ire ,f L pr•)blam sr, lving _pr0grammes. 

'. number of L1 pr-:,blem sr,lving pr,gr t>mrne s, which buill U.1,) 1 

m,.,:li.f'y ani pruserve the LO repart-:,ire in w·,rldng st,,rage. 

These ore: (i) Opere.t1r Craa.ti'ln (m.th o. subroutine callei 
"guessing"). 

(II) String Crao:ti,-,n ( by the 01ncateno.ti?n of a 

pe.ir ')f 0pere.t0rs t ':l f'1rm an •.>pera.t"r string). 

(III) Stri!lf5 Extension in ,mich an ,peratr,r ( l)r a 
string) is o:,ncatena.tei t,., an existing string. 

(IV) Substitution ,,t an ".'.i?8ra.t.,r string ( t:, f,n-m 
a C".lmplex 'Jpera.t-r al or1.er graa.ter than 1). 

(V) Deletion (of specific opern-tnrs). 

(VI) ReKroiuction (whi<il, as bel')w, is necessary 
t ') maintain an L ')pera.t0r, T opernt'1r string in w0rking 
storage} 

(VII) ! .. tteni t 1 lm-JWlaige '>f results. 

(VIII) Make an ane.lagrius pr,gre.mme "lr a.nal,,gy ( this 
pr-,caiure is s ~ far 'Jnly partially raelisei) 

(5) :..n ·Jverell executive. By hypothesis, the subject he.a a 
limitei sn'Junt "£ rental e:N''Jrt e:vnil~ble '>Ver a given inter­
val. To mirMr this postulate, the m"iel is gi. ven a limitei 
E1110unt of OOl!lf)Utati,no.l eff'-rt ,ver c. given interval. The 
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executive allocates this limite i su1Ji)ly r;f eff'Tt t.o vari ·ms 

processes (which, in an obvi '"IUS sense, c0mpete f r;r the effort 

ava.ila.ble). Lll ,.,r the pr0ceiures s0 far menti0nei require 

the e~eniiture "Jf eff1rt if thEfl ore run, i.e. LO Applic o.ti')n, 

L1 Creation, L1 C1ncatena.ti 1n, L1 Subf',tituti'm, L1 Deleti?n, 

11 Reproiucti0n !mi L1 a.nal0gy. In -,ther woris, each 0f 

these pMcesses has o. certain~ ~ea.sura.ble in 1he tmits 

r:£ ef'f'0rt requirei f 'l r its executi rm, and ea.ch process is 
assigned a proportion of' the available effort • 

Representation 

The represanta.ti,m scheme is shJ'.m in ~i'ig.32 ani is largely 
0 salf explanatory so f9.1' a:s L sta.te r:1c11ts are c ·)ncernai. The l1 c-,n-

strdnts imp 0s el u110n the subj e~t when he o.ccapts the experimentel 

o~ntract ani the lascri~tive scheme 'Jf Secti '"'n 1, ere built into the 

pr--gror.ime o.ni cannct be easily m'1iifiei. Thus, the stimuli ore 

numberei as iemmp0siti1ns •:,f 4, lo.r.1p stimuli; if the SN {stimulus 

number) of xis less th!'.n 9, f'>r i, j = ,:., B, c, D, then xe: x1 = 

'{xij, if' 32 ➔sN{x) .>9, then x e: x2 = 1ix1 , xJ), if' 64'7sN{x) )-33, 

the~ xe: x3 = lJk(xi, xj, ~), a.ni if' 72 ,sN{x) ·➔6l., then xe:x4 = 
iJ1c1<x1, xj, Xie,~-

similarly, the applicati-,n 1)rr;ceiure amb0iiea the notion that 

Q is a. one-to-0ne c0rres1) ,,nienca. 

The be.sic 11 stater.1ents r,f' kn~7laige of' results {either partial 

T C'J□f'lete), 0f p , ani 0f la.st value p , ore ~rovila i a.ut'.Jmatically. 

Other 11 
statements involve chnngas in subject parameter (SU) 

values, which are, however, easily r.ianipule.te l eitb:lr by the eJEPeri­

n:enter nr the ( siraulatei) 00ntr'1lling o.ut"rao.t~n in the c0urae ,Jf an 

experiment. F"r example, nne sul:>jact para.meter (SU l-;J) 1a a threshold 

on strine, utilisation, which C1Ust l::>e exceeied 1:>efore that string can be 

substituted., o.nd the experimental statement, "try to see problems as e. 

whole" (which is issued, in on aiaptive metr.system, before the gr'>uping 

test) is imaged by setting SU( 5] to its minimum pennitted valuo. 
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5. 7. ~ O~er~b>."S, 0,2erat1r StriPt,IS a.ni the ' C"a"ldllf, Storac;e 

1.n. L l)pero.t')r is a m r i c1nt~ ninr t ha f 1lbwing i nf'>r m:-.t ion, 

rutri'~!, i Lif'e!r!Ul tDomllin I_Rcnge l Nrune ! 

where th e i 'Jmai.!l is th e rw;ie ·Jf a stimulna oni the r ange is the nnme 

"f o. resp1nse p:r->gra.llll!~, If tha i1me.in an l r ~ e o.re of orier 1, then 
0 

the L o~era.trir is si rr:k•l 2; if their or iez· is (:;r aa.tar than 1 , then tho 

·1pert-.t'1r is co mplex. 1·,1 ai ther C'\se , thv 0~ara.t ".lr beC0mes a 'roTE unit 

in the oontext ~r the a.p;l_ice.ti-m 1Jroc-eiure,mi in tho.t C'1ntext, the 

stil:lul\11 p'lses a. QMblem. Utility flJl i Lifespon P:.re variabla s, which 

will ')8 liscus sel in c-·nnecti ~n lVith th3 mrki.Il[ st'1ra.ge syster.i. 
0 ' 

:.n L opernt '1r stri~ is n. simibr w ,r i , Its i 1main is tha 

no.me -,f o. stimulus ,...f T iar gra t-.ter than 1 ( i f i ts '1riar ?rare 1 , tho 

string \1 " Uli be e. tri viol string ' 1f length 1 ) • But unlike the LO 
0 

'lperat"r, its r~e ia en , rierei c, llactim :f ne.mes f1r 1L 1per'lt ,rs 
0 

( to b;.; seo.rchel f -,r ani l n.tar 3t),i:>lie1). Hence , an L -,per a.t--r string 

01ntoine ij, a f ri lltJW~ inforra:-.tfon -

; Uti.litur I ~ifespan I D'lmain jDoscrivoi"n Liat 1f Nanes j Ncme I 
I 1

_ I I -~f L O,_,ern~rs I 

i...,__ _____ _o.._ --------.. ~- ---.------ -

0 
In the C')ntext r>f the e.e,plicn~l.21! pr:-caiure, an L opar a.t?r 

stri.J:16 0001mes ~ nestei sequence ·--t 'roTE units, i.e. o. structure "J f 

the type ah,iwn in Fig.JO, 
0 0 

\forking stora.ga holis L "'>peratlrs o.ni L operator strings. 

:.n LO ".>!") er at -,r rmy first enter w1rldng st'Jr e.g-e (I) M ~ result of 

0perat --.r crea.ti')n or (II) o.s o. result 'Jf ~-':>~u!!.2!'!. ::.n LO 

"pero.tT string rm.y ti.rat ent.ir W')rking storage (I) as a result of 

strins crea.ti.-:>n, 1r (II) a.s a r esult ,-,f string axtenai'>n • ..- ':fhen it 

P'OOTNCYI'E: '1:it.hc:lr typa ,..,f P;n t.lcy con first entar wr,rking st.,rage 
as tha result 'Jf :'l'l anal0gy 0pero.ti.on. H1wever, a.ne.bgy 
is not fl -,w chl.l. rtei in this o.ccotmt 1f the syste1:1. 
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first Elltera world~ st,rage, an .,pero.tnr {opera.t'1r string) is assignal 

-an initial value of litespan. Subsequently, it is subject to lecey, 

insofar a.s the value of lifespan is iacreraent a::l a.t ea.ch trial by o.n 
0 mnunt p!""'.POrtio i:i.1 t,, +iha n'Jll'bar of members ·,f the I ~-e1"ertoire. 

It' the lifespan variable --£ nn '>para.trr ( opernt~ string) reaches a. 

value of zero, th an the entity c ·noernaJ. is ielete 1 from Wl)r king 

storage. HEllce, in the absence ,,f aiw Jther proceae, all opera.tors 

ani "paro.t')r str~s W')uli inevitooly 1isa.1J1)aa.r from W')rld.ng atl)rage rit 

a. lefinite nUI:1ber 1f trials after their first entry. 

This f a.t a is n.v,iiei (o.ni s ,ma entities l2, survive) beco.uae of 
1 6 t, repri lootion. The reprniuctive pMcess piclca out the naraa 1t' an 

opern.t'll' {"'Parat~r string) fr~m a.n "awE\i.ting repr1lucti~n" ate.ck in 

which a single Mme mo.y appear r.i ire than once. Y/hen n. nNill is ,l)ickei 

out, the lifespan -Jf the o irraap'lnling 'J_parat'.)r { 0perator string) is 

gi van i ta ini titl value ( claa.rly, this is aqui vnlent t,, repM iucing 'Jr 

~ecree.ting the entity in question) oni shTtly e1'terwaria the piclcei 

out '.)CCurrence ·,f tha n(llla is ieletei frio the "e.w,u.ting re_productbn" 

•ta.ck. 

N01r, each ,,pera.t0r ( 'J~~ro.t'.)r string) is els" a.as.,ci~tei with 

a. utiliiv' variable. J.t first entry lr,to TT'll'ld.ng etor&8e, utility ia 

a.aaignei a amoll positive value. Subsequently, the value of utility 

is incraa.sei uhenever the entity C'>ncernel is usei as pf\.rt of a succeae,­
tul LO problem a'Jlvin~ process, i.e. Vlhenever this LO entity is e:uplnyei 

by the applicati ·m pMcelure in c".lnnecti'"ln idth e. pr,.,blet:1 ani where an 

af'f'irmti.va lmo\'delge ,:it results signal is ,btainel. Otharwise, the 

ut!.lity value is reiooei, o.t each tri!\l., by a c;i:,nstant ieorement. If, 

!.t o:ny trial, the value -€ utility fi:,r n givan .:,pera.t0r { operator string) 

exceeis some cinstant thraaholi, the mme 0f the anti v is enterei in the 

"e.wni ting rei>r1 iootion" stack • 

FOOTr«>TE: ..6rn certain -,thar publicatbns callel L 1 maintennnoe. 
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Repr,luction 1nv,,1vea the apenli ture ct effort ( the repr,­

iucti,,n cost) an i the amount of eff .,rt available fnr repr:liuction, 

a.t c. °' ""P!l trial, i~vuu.l - .__i,"1= t!':.. ~ . ...: .:~f ·)rt An :! the e.aeignment 
I 

(to r~r0iucUon) roo.ie by the executive. The number J f itema in 

the avmi ting reproiuc.tion stack tti a.t r.re ~ctue.lly 1)1"".loeaaei o.t trial 

n ia, thus 

EffTt :.vail.Bble tor Repr,1 ucti m flt Trial n 
Coit 'Jf RapJ"J iuction 

H"wevar, given this qunnti v, th e Ghance that n. particular opero.t,r 

Ooparntor string) will be reprn lucei o.t tricu n, lepenia up'Jn the 

fraquency with whic.b it■ nnme appears 1n th e "m10.iting repr,luc:ti , n" 

ate.ck oni this, na nbove, iepenia iirectly upon the number 0f previ0us 

,.,cca.ai.,ns u.l)l)n which the pertinant utility vru.ua ho.1 exc&eiel thraah?li. 

The w Tkin£ a't,) rage aya tee thus iIJY•Jl ve a comp ati tion rua,nga t 

opero.tora (operatrir strings) r,,r rapr,Jucti,,n anl airvival. In ge~ 

eral., not all 1f the i po;;rat-u-s (0pera.t,,r strings) ~ a~i'!!'e baoo.use 

"I the limi tei eff ort which is o.vailo.ble f'Jr repmiuctir,nJ Hence, 

the ,nrking atJre.ge system is g·1verne i by a. aelocti'>n principle. 

Oi)aratTa ( -,pare.tor atrin~a) that are n">t rai)rJiucei e.re generally 

inaiequr.te (fail to elicit af'fima.tive lm'lwleige ot raaulta af.8nal.s) 

eni a.re r~lacei by putative variants. Tha source ,,r variety 1a 

tw-Jf1Jli (I) it stema frl'.>m exploration "1f the pl':'lblae1 ol'.\H38 in the 

envirlllll!lent (II) it is pr~viiel by nn inbuilt guessing prncbiure 

(pn.rt at" the crol'.tbn pr'lCeH), which selects rJ.ternati vea re.ni'Jmly 

within C"Ilstraint e ietermine 1 by the i)ravailille stimulus. Since 

the W')l'ld.ng storage system is bnaai up.,n this c 1mbinati ,n l)f c .,mpetit-

1'->n, repr'liuctbn, vnri::i.ti,m ani selaoti0n, it is, by ietinition, on 

ev.,luti,nar,y system. 
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0 
5 .a. L 1.pplicatbn Pr 1ce1ura 

0 
The f'lmlamental L pr'Jceas-r is the a.Jplication proce.iUre. 

The 1)roceiure rm.y C"lme int,., pley attar stimulus presenta.til)n .iuring 

phase 1 'Jf' P.F.C.1. It sh'Juli be atressei that e.pplice.tii:m !!!!l 
n'Jt -,ccur atter the .i:Jraaent ati1m 'Jf' a stimulua ( th'J\&Vl 1 t usually 

io ea 8'1). The r .3el subject my retrain fr'lm trying to i •)lve 

problecis f?r a. few trials (whilst ha -.:>rka 'J\lt ,h2! t -, &Jlve them, 

f' 'Jr axani>le). Precisely tha ae.oo c >mmant opi)liea t,., the learning 

m'Jiel. Whether it l2!,!, o.pply at e. gi van trial, is ietarmine 1 by the 

executive. However, on the o.asumption that o.,.:,plico.tion !! atter.iptel 

at trie.l n, the entire pr,.,ceas -Jf P.F.c.2. (~ plico.ti. .,n Jr'Jcelure) is 

ce.rriei t,hl't)ugh withQ.ut interrupti'>n, i.e. o.pplicati'1n ia c0nceivei 

as en auton1mous prnce~s, which, ,.,nee tril;E:erel, ia c .-uTiel to c?m­

pletbn. H')wavar, it is c11tiraly p?asible (I) that the pr".>calure 

yielia .!!2 re8i) '"' n&8 ,r (II) that aoce, 'll' !l.111 ·if the reap,,nae 

cocip1nent lc.tencies exceei bt. In eith.:.: r ct theae caaea, the 

reap.,naa is leer:& l t ) be mi ataken. 
th • 

.'.t the n trial, x(n) is salectel by the ~utoml\~nl aa in 

P.F.c.2,, th3 stimulus nUC1ber, SN(n) of' x(n), is place11n immaiio.te 

mem'lry. The trnrld.~ st'Jre is exai:iinei; U it contains o:ny LO 

opera.t'Jra, (i.e. it the r,pera.ti)r store ia not empt)) the iome.ina 

~ the existil\8 opera.tors o.re me.tohei ago.inst the stimulus number 

ani e. test for mt\tching 1a ca.rriei r:,ut (successful it, m1 '>nly if', 

a match is ,.,btaine i). If II?, then there is an LO ')pe rat".>r with ~ 
name O(n), sucl>. tho.t SN(n} = Dome.in [ 0(n)1 • In that cane, O(n} 

is o.peliei. The r~e ~ O(n) is retrieval (by ief'inition, a 

raap,.,nse programme nnm4 ani in thu ca.se .if n c1mplex operat"r of 

trier >1, the n'll:le f'lr a group 'lf reap-,nae ,.)r:.gramcaa}. The pro­

grl!lltle is (these pr'1gre.mmee are) exacu ~ai in the monner iniioatei!' 

lPOO'lNOTE: ~a return t" the leteils ,,r rea1) 'lnae iJl"1ere.mne 
execution in a m"'lmant, 
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It the matching test is unauooesatu.l, or if' no LO operatOl'II 

exist, the programme tests for 9➔SN(n) ( that is, f,,r x(n) •X
1 
). It tbe 

test reailt is affirmatively valuei, then a simple operatcr (order a 1) 

'-a required and (trom the searches so far o,mducted) 1a !:,2,1 available. 

Coneequently, the programme attempts to oonstruct au operator, flow 

charted in P.1.0.3. In oaae the test yields a negative result, the wcm.­

ing store is seal'llhed. for ihe name:i ~ LO oparat1Jr strings. Supposing no -
,tr1ngs exist (string store empty), the progreJIDe either tries to create 

an LO operator strilli, using L 1 string creation (flow charted in P .F .c .4., 
0 

P.1.C.5., P.F.c.6., far x(n) £X2, x(n)£ x
3 

x( n)£ x4
), or to create an L 

opera.tor (P.1.C.3), :iepeniing upl)n whether or nl)t there are any LO opera.tors 

in the W".lrking storage. If, on the l)ther ha.n1, s0me LO opera.tor atrin@I do 

exist in the working storage, the progromme searches their domains in &n 

attempt to match SN(n) to one 'Jf them. Suppose !!2 ma.tch is achieved, con­

trol is turned _over to P.F.C.4, P.1.C.5, or P.1.C.6; suppose a match is 
~~ -

obtained, ihe,< name , S(n), 1a retrieved. 

At this point, S(n) is appllei. First, there is a sequEl'ltial 

aea.rch c:L the range rJt S(n), which, by definition, contains the ~ 

ot sovera.l rel'ponse programmes. Jar each nace anoountered, an attempt is 

made to retrieve the 001Te1p-,nding LO operator from llll')rking atorageJ 

clearly, this operatnr ~, 1Jr m!iY not, !!!!! (it must !:!!!!. existed 

at Sl)me stage but it may have been deleted before trial n). It the 

He.rdl is aiocesatul, the opera.tar is appliei, lea.iing to the execution 

<£ a rosponse programme, aa bef'oreJ it not, the miuing operator is 

marked. The search throush the r~e c:L S(n) is O'lntinuei until all 

of its O0m_ponaits ho.ve been exeminoi. 

The exeoutlon of one rr more rasponae :,r~>gramnea, ei thar 
• 0 0 

resulting tran L opare.tcr applicatiCll or from L operat'll' string 

application, gives riaEi to a rE>1pon1e vector y(n), llhioh ia represented 

as a Keya Preased. List, KP. It ahruli be empho.aise,i that y(n) (the 

vector, KP) is not neceaae.rily the correct response, i.e. although 
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0 the L opero.t1Jrs l')r ')paratnr strings, which yiell y(n), have x(n) in 

their i ':lmain, there is n".> guo.rantae th o.t they c.re the C1J1Tect 

"lpora.17,rs, 

Two further ~r1Joesses (suppress~~ in these n0tas) a.re 

actunll.y corriei out by the pr1Jgr t>.ralil8 1Jf P.F.c.2. (I) 1'. List, 

~ is f ')rme:l, containing 1Ll ·it the ')i) i:: re.t •irs cp plia :l at trial n 

ani o. list, D, is fmnei c rintaining all 1f the operat 1r strings 

ap plia i o.t trial n. (II) Ee.ch c ricp1nent £ y(n) ( or KP) ia 

aas '>cintei '7ith ~ le.tency comp'1sei 'Jf sever"ll 1)nrts, RS ietaile i 

in the f l 'JW chP.rt. 

If the exit from P.F.C.2 is thr1ugh r.n operat,r apJli~o.ti 1n 

'1r ~-n l"Jpar ntrir string o.p._) 1ico.ti 1n (r3.thar then thr--ugh P.F.C.3 ~ or 

P.F.C.4, P.F.C.5, P.F.C.6 c•intr".11 is tr~sferre i tr, the aut ')m~trm 

aimulo:ti ·;n at the at t1.rt -"Jf ph!!so 2 in P.F.C.1 (i.e. C"'mpnrb ,n 

betmien y(n) enl r~~(n)] nni Cl")o,i;>o.ris · n bet1'Teen tr~a l e:tencies ani 

bt; if ~y l ",tency excaeia &t, the ass -cir.te i res,Ymae is ieemai 

tl"J be mis tolcEll ) • 
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5.9. L1 Operator Crea.ti'>n 

Thia r0utine is flow ch'\rte i in P .F .c . .}. It ia enterei 

fr-im P.F.C.2, (a.a ieaoribei alrea~) f)l' fr -:m vari.Jua p·>inta in 

the string conatructi0n r.ni extension r ,utinea, P.F.C.4.,P.1.C. 

5. o.ro. p .F .c. 6, 1r f'r --m p .F .c. a. At the ril()ID8nt ')f Em try, S'X.18 

atirnulua number, SN at 1he nth tri'll, is available in imr.1ed.il:'.te 

1:9m0ry. If' it happens that SIi is 8 Jr less (a.a in exit 1 

f'r ~1m P.F.C.2) then x(n)£ x1
, ani o.n ,.,p =: r P.t 0r at ')rier 1 is re­

quired. This is ')btainei by writt~ SN o.s the d,raain ">f ::i. 

new opera.tor, which is assignoi a. new no.-ae in W'Jrldng storage. 

The reJ18e '1f the •)para.t·, r is written by guessing, rMiomly, '.\m--:ngst 

a subset r:,f the single response c ,mp-inents; initi !l.lly, this sub­

set c insists in all 8 altern".tives; bt~r its size is reiucei by 

ieleting previously guessei o.ltarna.tives. 

The lifespcn ~.nd utility i f the no\l "'.lfernt:ir !lra given pre­

ietarmine i initial vo.lues (specifiai by subject p!ll"o.meters, SU). 

Immeji.o.tel.¥ n.ftarwaria, the operr.t'>r is O.,.)f> liei (a.a in P.F.C.2). 

If' 81f·> 8, than x(n) £ ¾ , 17) 1 r.ni tho problem is ie-

c~mp0sei t ~ its oriar 1 c~natituents in tho sense that rewriting 

rules ore a.ppliei tc express it in tarr.18 ,)f 17 aepe.ro.ta c·:msti tuents 

r- £ x1• This pMcedure yielis 17 sei;,r.rD.te dac0mp0sei atinulus 

numbars S~ 1,t. Each ,£ tha stimulus nUt1b6l's is taken in tum as 

th~ iomo.in of m 'Jp~ro.tor 1f "lrier 1, which is crea.te.i ani appliei 

A.& l'!b'lve. In 1Jthar woris, the lea.ming m-,del tries t, s-:>lve the 

.i:)M blet1 pa.rt by part. 

L1 0pero.tT cre~ti1Jn mAI be intarru~tei by the ax~cutive o.t 

any step. If it !! inten-u,LJtei (end. it ilill be if the eff'lZ't 

essignei t0 0reati0n rune out) c0ntr~1 passes t0 the aut~m~ton 

simulatl.on o.t the stnrt ·1f ph!3.se 2 of P.1.C.1. 

5.1 o. Pr-,blem Dec ·~rrw1J1i ti~,n 

rfe have 'llready oome a.cress 'ma instance in whidl it was 

neceaaary t J o.pply a ieo1Jop-,1iti".>n rule t r: the pr,blem iesignc.tei 

FOOTNOTE: : 
'see Section 5.10. for c0mments oo this notation. 
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by a stimulu,. i.e. in P.F.c.J. t.o 0btain o.:-ier 1 ioctDpositions 

of x(n). In genera.l, decomposition,tokes plaee before any ar 

the string constructi?n routines in P.F.C.4, P.F.C.5, or P.F.C.6 

and these are written on the assumption that the decomp0sitions ot 

the origina.l problem are avo.ilable in i mr.i.e dia.te memory. Now, 

two assumptions are possible at this juncture, namel,y (1) thnt d.e­

c1cp0sition is unrestricted so that, for example, there are 15 

iecrmpositiona ?f a problem in nlass XAOCD (including the original 

problec). (2) That a restricted set of' aecomposition rules a.re 

applied, for exoo.ple, ABCD➔A:a., D: ABC ➔ AB, C: AB ➔ A, B where 

the fre edom c~ selection 1a suocessivel,y reduced (:t.e. conceivabl,y 

there are 4 "single-triple" order 3 iec'1opOBitions of AK:D; once 

that one rJt thet:1 is selected., there are 3 "1bubla-single" orler 

2 deeompoaitions 'lf the triple C'>mp 1:ment, alternatively, there are 

6 orier 2 :leqomposi tior..a at AOOD, and so on. Of these assumptions, 

the first is the least reoliatio but is usei to exhibit the strirlg 

construction ani string extEl'lsion prooessea. 

• lxpllcitly, x(n) is .ieoo□posible into a subset of ,tlroduct 

n-t,uples (typical],y,(xi' xj)) such toot(x:i, xj)ax(n), where 

the stimuli concemei sre members of sul)sets {xi)<·¾ end. {__xj\ <.~
2 

(fer exnmple, if x(n)e: X~D' than it is iecomposabl1 into: • 

~ 1, ½) where x1 e: XAB' x2 e: 1cn or into(~, x1)or into: 

(x,, ~ where x3 e: x00, ~e: XAD or into ·(~, x3'/or into: 

(~, x
6

) where x
5 

e: lAC' X{- XBD or into (x
6

, x;, here 

T)1 = T) 2 c:: 2). 

Now aach of these dec?mpositiona corresponis to a. numbarej 

item in P'ig.32. Hence, given SN ias.i@'l'lating x(n), we employ the 

notation 

SN ➔ m complementary n-tuples 1Mr) 11 SNT) .1) 
1 2 

to represent the rewriting pl'f:>cess that gives rise t,, the numbere.i 

ieoompositions. 
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In order to mo.toh the iome.in, _2!, oper ator (or string) 

against .!2!! first member of a iecomposition, it is nF)O­

essary to repeat the original. "Do1:1e.in Search" matching 

process for each p~ssible value of i until a match is 

adlieved.. The requisite subroutines ( "Find. operat".>r" 

oni "Pin:l string") are shown in P.F.C.4. 

s.11. t 1 String Creati0n f or x(n)E x2 

The process is riutlinai in P.F.C.4. Sirx:e the 

minimal non trivial string he.s length 2, there is no question 

of o..irteniing a. string ~ length 2; hence, for x e; X2'33) SN) 8) 

only string creation is p,:,s sible. If the opera.tor store is 

empty, the operator creation (P.P.c.3.) and. application (P.1'.C. 

2.) routines are applied to the 1st ani the 2nd member of the 

order 1 ieoom_p0sition of x(n) {of SN) onl contrr,l is returned. 

to the subroutine, "create string". A 3 a result rJf iouble 

operator application, there will be, at this sto.ge, 2 

opere.ix>rs in list A (of P.1.c.2.) 

~reate String" consists in assigning a name to the 

new string, writing x(n) (SN) in its :iomain, writing the name 

r,t a.n operator applicable to the 1st r.iember of the 1eoompositi1Jn 

ot x(n) ani another applicable to the 2ni member of the de­

compositi ·,n ~ x(n) in its r8Dge an..i giving initial vl\luea 

to the lifespan an-1 utility variables. The resulting string 

is, thus, enterel in W')r~ storage. 

I 

.I 

J 
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If th& 1_.>erat'>r st1re is n-:it ampty, ·me .,r b')th ·ri:' the roqubite 

,:ipere.t-:rs mey be llsoovei-e i in existence. The reno.il,dor of P .::i.i'.; ,4, 

leo.la 'i7ith the cr-ntin~encies that mo.y be anO"untere:l (b1th 11Jerat•)rs 

exist, 0nly ·:,ne ,,f them axista) baf'0re reaching the terminal sub­

routtn•, "me k string". 

:.rter "make string" hes bean axocutal, c ,mtr·,l ia tranaferrc 1 

t~ tha beginnil'¥! 1f phaae 2 1f P .F .c.1. ;·.s in the case 0f L 1 
1:;Jero.t1r 

cre!lti.-,n (,:,r any '>ther L1 pr1ceiure), string creo.ti1n may be int ·Jrru,i;>tei 

by the executive, If it is interr1ptoi, C)ntr0l is transferrai t ~ 

the beginn~ ·1f ph'l.s1,, 2. 

5.12. L 
1 Strine Crao.tion or Ex~,2!!_ f'0r x(n)e; X.3 

The pr-:>cese is sh1wn in P.F.C.5. l•'or x{n)e; x
3 

(i.e. Ei4.~SN ~ -33) 

there ia a pri-,rt, a p'>aaibility ·,f crec.ting c. new string 'Jr ·,f )xtc'lni-

ing ,:,ny stri~ tho.t Gxista. .1hethar the a.1lel attempts t 1 b ,,aa IJl' 

the •,ther iepanis up'>n tho vo.lua 'Jf n subject {SU) paraceter an j a. 

rani0m ch)ice. Tha rest nf P.F.C.5. is self explnno.triry, given the 

f ·,llri,r'.ng C'lmmenta -

(o.) The subr-,utina "oxtani string", given a. string S (n), 

O')nsiats in a.Hing the no.me 1f' a further 'lpGra.t0r t".> 

tho ranga 'Jf ~ (n). 

( b) Vlheree.s, in P .lP .c. 4., it ,rr.s •nly oocassary t1 C"ln-

siier 1pairat~rs l)f ,,rier 1 ( an1 lt:c )mp1si ti ·)ns in x
1
), 

the 1Jreaent pr'lceas ia gane:c-'llisei to 0 1Jera1nrs ,,f \ er 

2, a.a well. 

(c) The C"raplecent of a. iec•1 opositi ,n x
1 

(S~.T) 
1
1) ')f x(n) 

is o. further elccent ,-£ x.1 (S:NT) 2,1) such that 11, xj/ = 

x(nO • 

. \.fter th a &xecuti0n 'Jf ai th er "Strint Exteni" ')r "Craate S·t.rin@:", 

c"ntr0l is tr~.nsferrei t -~ the bagi.n."ling 0f pht1.se 2 ('Jf P.F.C.1.). Contr'Jl 

-J.' ,ia els·~ trr.n.sferrei t ; this c-1 :,int if the .._.1 I"'cess is interruptei ,y the 

ax.ocutive. • 
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5.13. L
1 

Strin( Creatirm1 Strine '1f Stxj,_ng Cre".ti1n1 ~i 

String Extansbn f ·>r x(n) g ,4 
In c c.se 7,J :';> '.~ .ftlf ·. 61+, x(n) £ x

4 
o.n:1.. th J string c·mstructi·'JI'. 

pr JC ass is sh1JWn in P .F .c. 6. The P'>ssibla foe0mp 1si ti ')ns s.ni st:i:-ing 

structures nre clearly mnre c,mplex than th ·ise previ'Jualy c'Jnsiiarei 

but tha -,nly essentially n·wol feature i ntr: iucei is 1ha string ,..,f 

strings, thr.t is, o. string 'l'1i th thu nE>.mos ·1f ~ther strings (re. tho?! 

then tha ~11nes Jf -,p :; ro.t irs) in its range. Such 3,n entity is 

built whan a i'Jm!rl.n seo.rch lt'Jr e m'\tching 'Jper11t:-r is unauccossf'ul, 

b:.1.t \7hen there o.ra ~,,, -:,r mare (with T) = l+, tw , o.t the cnst) 
mrut 

strings in w0rld.~ st,.,ro.ga with 1-,moins th~t jr,intly C?vor the 

i>r•iblam. 

Tha system, P.F .c.6., cay b~ intorru.1.1tci by the executive. If 

it is interruptoi, c~ntr~l is tr/'\Ilsferre i t ~ ~hasa 2 r,f P.F.C.1. 

5.14. Response Men.111ras (Auto•naton Simulation) 

Phase 1 (of P.F.C.1.) terminates with a vact0r, KP, which 

represents the keys Jressei by tho subject at the nth trisl, i.e. 

y(n), o.ni a f'urthar vector ,f' lr.tencias f ,.,r each comi.)l)nent rJf the 

reaponse, N,t:l.bly, entries ~ ll'.?.! l\)_.)ac.r in KP if the latemy 0f 

the c0rresponiing reSi) ,..,nse cnm.1,nnent axcae ir, b t. SN, represent-

ing th~ pr1blem 1Josi~ stimulus, x(n), is e.lso c.vailo.ble at this 

juncture. The aut1Jma.1nn aimulati'Jn forms the ,,riar 1 iac:,mpositi,:,n 

r'Jf SN (i.e. ~ x(n)) ani represents this iec0C'p0sition as. a 

vect'Jr, DL; it f0rms a further vact1Jr, RL =Q [DL°J(i,9. the 

reprasenteti,..,n ofQ [~(n)1 ) en.i it matches RL against KP f''lr equality. 

If KP = RL, thm a. variable, OK, is sat t,; e vo.lue of 1 ( 00 = 1 ) ; 

it KP}f RL, 1h en OK = C { -0 0 = 0). The autoz;iaton also tftl'me . a vector, DK, 

(foto.ilei kn0wleige-:£ results) such thr. t DK[I) = +1, it KP CI] is 

c. c0rrect C'Jmp0ne.nt of the re&i)onse ~ i DK [1] = -1 if' KP Cr] is n 'Jt 

o. C">rrect compl)nEll t of the rea1nnse (here I is tha inlex 1Jt the 

comp')nEllts in the vec'tz)r, KP). 
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Pr')cessing the Kn·Jl'ileiga "If Rasul~nf'')rrae.ti'.)~ 

This part 'Jf th e l ar.rning mr, ial ~-~grooime is ex.acut ei at 

'Cha start ')f Phaaa 2 in P.F.C.1. an i is sh1vm in P.F.C. 7(1) ani P.F .c.7 

• (:al Of t hes a fl '>W charts, P. F. C. 7(1) is c·, ncernei with pnrtio.l knou.-

le i ge -t.' results ani P.F.C. 7(1I) r,iththe ieto.ilei lm·".l'Wleige of results. 

It OK = 1 (i.e. if o = 1), ell 1)1)e ro.t ") r utilities l)n list it 
0 

:ire incramentei a.ni if f%1Y string a,;>,t>enrs 'Jn list D • its utility 

is alao increnantel. If OK = 0, an i ietoiled. lmriwleige t-,f results 

is ava. ilabl@ (in thi3 01n.litbn being usei), C'.1ntl"'>l is trmst'errel 

~ P.F.C. ?(I,.It' :letailei lcn:,wlelge '.)f results is mt available, the 

systr1 m iotarmines whether a uniqua -,_pa r ~t,r we.s a.ppliei (if s·1, it 

must be cistalcen a.rd its ·name is a iiei t ,1 o. Delete Sta.ck). A 

similar enquiry is ma.le re@ ariing o. uniqua stri~. ,\fter this, 

c mtMl is tro.nst'errei t ,) ai ther the substituti~n Mutine ~ P.F.C. 

B. 1r th <J rei:,r,iueti..,n r,,utims .-,f P.F.C.9. 

In the ca.sa when iatailei kn1wleige r1f results 1a pr-1viiei -
~ OK = o, th J f' •J lbmng pMcess ta.~s place (inlict\tei in P.F.C.7(II)). 

DL c.ni RL are loigei in immeliate mor.11Jxy. For processing c".l nvenience, 

list .'. is C') piai int:> a.iMrlcing list, B, r.ni list D inti) A.Wrili<ing 

list, c, the le.st '.>peret 'lr ap.,:, liei being th 3 leftmost member of B 

( si milaraly f n r strings in C ) • 

The first member of B is examim 1. Its brein is ietarminei 

Mi the 1,t ,riar iec-,mp"8itil)n ?t' its i im!:'.in is writtm in a list, 

TS. Its range (mi, thence, the keys ~asse:i) is ieterminei w 
the key nur.1bers ?Je c ,piei int'J o. tem,1:>Tary keys list, TK. If TK 

is e r.'.p\y, tb:I n the ')per 0.t,r is necasserily mistaken when TKR ( temp­

'Jrary know le if a '.)f results) = -1. Othclrvrl.s a, tha ays tem makes the 

hypothesi:, that it is cTrect S ) t-lw.t TKR is (tentatively) ~signa :l 

the v9l. oo -,f + 1 • N~ tha IJE1r.1bar s ~,f TK are in iaxe i by a numt?ar, Q, 

anl the Cl)rrectnass hy_.:'1thosis is r ovis J '1. ( so that TKR ➔-1 ) if w 
0111.y if DK [TK (Q)l ::: -1. The system next teats the value '.)f the 

variable, TKR. If TKR = +1, then the 1st 'Jrim- ieonmp ;.,ition r, f 
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the 3ooain rJf the opare.t')r (i.e., TS) is ieletei fr:,m DL eni the 
keys pre as ai by 1he ,.,pere.t1Jr era ielata .l fr,m RL. If TKR = -1, 
then 1he 'JJ_)aro.tor is allei t J the Delete St::i.ck. t this p ')int, 
the first -,pere.t')r is also iale ta:!. fr')m list B. The n axt 0pill'e.tr:ir 
in list B :b exe.minei ani the iT'JCess is ropeatei, pr ·1vi iing there 
are any opera.tors rennining in B. 

Tho system now gi:ias -:in t _1 .i,)I'')Cess my ,,pera.1nr string th!lt 
mey exist in list C (using ·inly the OK variables a.a faeiback). 

Having completei these 1Jparati,ms, thEre may 'lr nny n"t be 
<lltrias left in DL eni RL. If a·), they ho.ve ~ been o.as:,ciatei 
with e. relevant '1pere.t-Jr. Hence, CEtr1l is transfarrei to the 
•Jpere.1nr creati'ln subr'lut1.ne in P.F. c. 3. t o create an npera.t')r 
with a. bmsin o-inaisting in the ~tries ramainillf in DL lllli with 
range, the entrie a rann.ining in RL. JJ'tar that, contr1l ia trans­
f arrcd either tr> aubatituti'>n (P.P' .c.8.) 'Jr repr,;il.Cti,n (P.F.C.9.) 

Tha iotlli.la i kn-:wla i~a 'Jf r asul ts 1Jr ) ceiure ITJD.Y be . interrupte i 
by the axecutive; U' it ia, orntMl is trMSferrei t ·, aubatituti,,n 
T repr, ilcti'>n 

5.f6. L 1 Subatituti -m Pr10eas 

The ') rganisa.tir,n 1f this pr:-ceaa is sh, mi in P .F .C .8. ani it 
takes place juringpbE'.se 2 ·lf P.F.C.1. :.s o.~reamble, there exists 
a finite si1ei stack callei the substitution ate.ck, which c·mtn.ins 
the mmes -~ 1lpera.tor strings. Entry 1)f !l. ne.m-3 in1n this stack 
(a.sin P.F.C.11.) is ieterminei by a thresh1li test in string utility. 
In th i8 res~ ct, entry int, 1he subs ti tutirm stack is analgoua t0 
mtry int0 tha rapr ) il.Ction stl'\Ck ( ')utline i in 5. 7. onl flow cha.rtei 
in P.F.C.11). :Bff,;rt is all.'1C.'.ltel by tho exacutiva t" tha a.ct ~f 
subatituti'Jn a.ni the ~ .n'Junt "!f off"'l rt iatonnines the number ·-it strings 
in the substituti')n stack that m.ll a.ctuel~ be substitutei at " given 
tria.l. 

Retl.rning 'tn P.F.C .a., the f'lrat !r'Lla in tha substitution stc.clc 
is pickei 'Jut, lif-rki~ storage is aea.rchei fr>r the namei str~, 
aqy s• (it may h..l\ve bean ieletei, th,ugh c.t S')me stage, s• must have 
axistei). If s• is iiseovara i, thu u·:r~ storo.ee is ae6rcho1 for 
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the ,;,pera.t1rs nemei in the range r£ s•. Ylhen e.n nperat-r is 

f ..., \lli, tm nnm es 'Jf the res.1.nmas which w-ull be pr'11ucei by 

its exacuti'>n are recT iei in a. list, L. If ell of the ')perat,:: r 

n,:,.1:101 in the range ')f s• co.n ba f 'llni, L c"ntaina the na.ne s ,:,t 

oll too res1n nses engan :1.erei by th3 c..1;>i:ilicf.'.tinn ,-.,f s•. (S'>ca r:if 

thaae -,parat ·,rs rMVf, h-,waver, h£tve l:>een cl.eletei ani, if &'1 1 the 

pr:ice3ure tercinR tea). The 1ute titutbn 1Jr•~cass nTi7 f ,rms o. newly 

nc.cei respr:inse _pI'l)grrnu:ia, sey R, such the.t, men axecutei, R ~r :,-

iuces ell ?f the res1J'.:'DIHl& m.mei in L. R is antare.1 in the 

respl"lnse _l)r')granme list ~ 1 a newly nr.rae i 0paratrJr, SSiY 0-, is 

f r1rlil8i mi placei in vnrking st'1rr\ge wi. th 'bra~n the i ,min 'Jf S•, 

m.th Rl"nge R, an1 with initi 3.l values 0f lifespan o.ni utility. 

Unloss the substituti ,,n sta.ck is empty, the pr ,ceas r1 P.}I' .c .B. ia 

re11eatei until it is interruptai by tha axecutive. 

5.r,. t 1 Repr,iootion Pr·)cass 
1 1 

Like L substitution, the L rapr) iucti ,,n ~r:>cass P.1.c.9 (al.ready 

c ,nsiierai in 5. 7.) is bo.sei up'm a finite stock of 1>peratT or 

string names. Tha ~r,oess -,f P.F.C. 7. is otUTiei ')Ut .,n this 

sto.ck until either (1) tha st.~ck is am.i:)ty rr (2) the _pr:,ceas is 

interru¢;e i by the executive. 

5.18. Deleti•:,n · ) f 0Rernt rs ~1 Strings 

The ialeti0n ·i f "'perat--rs o.ni strings cey be an active ~r,cess 

(in ~ntraat t,., the ial.etirm "Jf '1parat ·rs h!'.ving a lifespan "Jf O). 

: ... stack 'Jf the n!'.mas '>f "mist!\kan" entities ".'.Waiti~· ieletbn waa 

built up in the executbn ,r P.F.c.7. L1 ialeti'Jn pas thr :iu@tl 

this stack, finis the 111 ti ty in w ir~ st1Jrr.go mi laletas it ( es 

in P.F,C.10.) until either (1) the ate.ck is empty 1r (2) L~leti"n 

is intarruptei by the executive. 
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5.19. Ut)iaj:1.Ef Pr•Jceiurea 

:. number ) f upiating p~>Ca iures ~re c .':'.ITiei on o.t the eni 

1f phnae 2 in P .P. c. 1 • • These '.l.re n0t subj act to interruption 

by tha oxecutive e.ni it is aHw:D i th at 'they ii) n,t require 

eff.,rt. ThEtY are sh-:,wn in P.F.c.11. c.ni c·,nsilt in (1) e.i.li.ng 

rnnes t-, the 1ub1titutir,n ate.ck. (2) a.iii~ ne.I:181 t ~ the 

repMiooti-,n stack, (3) upiating the lit011>an 1f o.ll antitia a 

in u~rkinB atTt1ge, (4) iiacar :ling th,se c11tit~a having a 

lif espr.n r£ 0 (in c0ntrr.st t-, the active ieleti,.,n --:f mistelcen 

1par at ,-,rs in P .l' .c .10). 

5.20. The Exeaitive 
1.!ith the exoepti'>na liltei bebu, the mo.in pr"casaea in 

the leam~ ti•Jlel !U'e aioulatai ea thr,ugh th• wera run in 

parEl.llel o.ni the executive ia o au_psrviaor ~·rhic:h e.asigna oompu-

tati-:>nel. eff"rt t 1 the aeverel parallal _Jr ·>coasea. The exoepti-,ns 

are aa f-,ll1Jwa: 

( 1) ..:.pplicatbn si i atrin@: c ··natructi. !')n must occur in 

phase 1 (if they -,ccur at o.J.l) r.ni applicati'Jn must 

preoeie string c ~nstructiJn (it it occur,). 

(2) The lm'lilleige --,f reaults .;ir-)cosai~ must occur in 

phase 2 ( if it occur,) e.ni, C'>nsequently, it ii pre­

ceiei ~y applicati,n ani string c ~natruction 'Jr 

extmaion. 

T'J aicrulate parallel ;:,:roce11ing, the J?l''Jgramme ii pr1viiei with 

5 cl:,ckl (variable• CL{I)), I being the proce■a e.ni clock iniex, 

with limit• rm (I). The cl'ldcs g-1vern the 5 1Jr,ceu group•: 

J. = Ap ;:,lie a tion an i cona tructi 1n ? r axten Ii ">n 

(P.l'.C. 2, 3, 4, 5,6) 

K = Knowlaige ,,f Rasults Prrcoaaing (P.l'.C.1,) 

M = ne,;>roiucti')Jl (previ ·,.ialy cal.lei mo.intenance)P.F.c.f. 

S = Sub1titut1on (P.F.C.8) 
z = Deletion (P.r.c.10) 
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A pjctorial repreaentatirm is givm bal'JW, INT(A) being set 

equal t ,, 6 t, INT(K) being set equal tn 6 t - o t ani the remain­

ing limits INT(M), INT(S) ani INT(Z) baing set equal t.o 6 t, 

Phase 1 TNT(.;~) 

CLUL) Phase 2 INT(K) 

CL(K) 

INT(M) 

CL(M) 

INT(S) 

CL(S) 

INT(Z) 

CL(Z) 

Ylhenever a main pr,ceaa I ia initia.tai, CL(I) ia incre1IBntai by 

an emount, DCL(I), f 0r each step in the ~r,,E,Ta.u::B (f,r eB.Cb execution 

r,f o. iubr"uti.ne). It ia p?aaible th e.t tha .i;,rocoaa will terminate 

(there beine Mthill( left t" i,:,) baf,re CL(I) = INT(I) in which co.sa 

an em...,unt r£ "time" ia left unuaal. H~ever, if CL(I) -= INT(I), a 

bilmy signe.l. variable, TL(I), ia sat t, nvelue of 1 ("time" he.a 

ND ,:,ut). If this event iccurs, tlte executive interrupts the 

..;>r.,ceu I at this P"int ani c1ntrol is trl'.nsferrei t,, s'1me ,thor 

pc.rt 1f the systara, a.a inlica.tei in tha ral ovant tl-,w chnrts ani 

ieacriptiona, The values of CL(K), CL(S) an :1. CL(Z) are zeroai 

eadl trinl, CL(;,) ia ur·)ai at the en i 1f 1Jh~sa 1 (P,F.C,1.) :mi 

CL(K) at the anl ,,f phase 2 (P.F .c.1 ). 

The exewtiva has available a res'Jurce, RES) 0, ot whioh it 

receives an increment, D RBS) 0, f <r ee.dl tr1aif Givan initial 

:POOTNOl'E: 
-, '"Jr the ,t1r eaent _purposa, assume tmt D RES 1a cl')nstent. 

Mr. Hallan is examing m intarostinl S)'ltam in lllbich D R!S 
ia a t'unctbn •Jf g".>al ,ci r'lXiciV mi, thua, by hyp'1theaia, 
~r m·tivati,,nal laval. 
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val uaa, th a balance r£ RES ia ietarmim i at 1h e eni of ea.ch trial 

by nssigning a value -

RBS .1.RE5 + DRES - E. F(I). 

= RES ,.. DRES - E F(I). 

Nwaber ,,f steps. 

CL(I) / OOL(I). 

Hara F(I) = /un')unt ,,t atf,,rt ax~nia i in 1m CX'mputo.ti".>nnl step 

f'lI' the Ith proceas • 

Tha 1ubJeot pare.meters, SU, a1sign initial values t ,,., v'\l"iablo1 

i .. (I), whe~e -

: .. (I) = .~ID')unt 'Jf eff,,rt that is o.llooo.tei t ·J the Ith J?rooess 

o.ni, ini tll\lly, r; / .. (I) : DRES. 

Nor, effort 11 usei to inoraaae the ro.to at which a J;'.)ffl .:ass ia 

')_peratei -

DCL(I) = 1(1) / ;.(I) 

PT aach trial thare i1 m o.11ie,iment 'lf the fTIIl -

A(I)7 .'.(I) + D:-(I). SGN(I) 

whore SG(I) = +1, it TA(I) = 1, i.e. ~ 'J cass was inten-uptei. 

= -1, if T.'.(I) = 0, i.e. if n'"'t. 

It will be clear that this ia about the simple1t c-,ntrol rule 

oble t r') aet the ii1tributi,n -'Jf eff'')rt ,:,r reaouroes as a function 

,,f iana.ni. M".'re ratined rule1, which aro current ly the 1ubJact of 

experitlmt, make D.t.(I) iepen.i up,n more intimte vo.risbles, f'>r 

exanple, the value 0f n: .. (M) ii maie _pr,p,rti,no.l ei 1her t11 the 

size -,f the wr,licllll storage or to the rate at which entities 

ieccy. 

5.21. Stre.tag1.c Rulo• 

: .. t 1h a eni rt each block, tha aut,,::m.t'Jn simulati,n pMVUes 

lo.at Tolues r£ p and requirea ICIDeone er something to select a 

ai b'pr-1blem f,, r rehe e.rsol thr~h-,ut tho next trial block. 
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In the siq,lest ce.se, 1ha subproblem clus seleoticm is 

pertormed by an external teaching machine of the sort shown in 11..g.19 
( 

( this ievioe workl on the buis of a tn,ice.l4strategy but it is even 

1impler to provid.e a teaching moohine based. Cll a Type A strategy). 

Of course, sudl a teaching ievioe can be "internalised", 

i.e. regarded as a canponent in the laarning model which images the 

subject's attmtion directing equipment. To llinterne.lise" the de'fice, 

we provide a plan store ( conc••i as a part of loJ18 term memory) in 

which the be.sic plan, Type A or Type C, ia lodged. Thia aITangement 

mirrors en experiment in llhioh the subject is told what plan to adopt. -
Howevar, m atill. ha.a t.:> ~ the plan. The hypotheaia 

in this matter is "\hat he usH it a.a tho~ he were a selt'-arganis1Jl8 

ayatem, i.e. aocarling u, the t'll)W ch!ll"t ahovm in 118.27. Hance, Ile 

11t,.27 organisation ia alao regardei aa part of the learning moo.el. 

In practice, the eatimate of H ha.a been ta.ken aa a proticiency 

wei8hted measure. Namely: 

p /Numbar ot items in block with limits for advancement of 

~,=0.5 an:1 tor retracklng ~A0,1. 

5.22. Plan Building 

The learning model can also construct a plan at i ta own ani 

place it in the plan store. This aotivi ty hlll not yet been examined in 

dete.11 but the brllad principle, are cl.ee.r and. simple. Notice first tbat 

nei1her the real aibjeet ncr the moial ia called up,,n to create a. plan tran 

nothing. A description of the tuk is e;iven (a.a in Section 1.4 end 1.5). 

In the lea.min€ molel, this ia part of the repreaentation acheme of 5.6 

which is assumed ti) resiie in long term momory end which is treel,y uted 

in problem decomp'.lSition ( the whllle i::art relationships inherent in one 

view of tl'E tuk are prov:l.iei). Next, it shcul.i be ootei that the model 

is only required to c,,nstruct a plan attar it has had some pra.11rn1nary 

aperiance 1n iaalillg with the problems .posei by the ta.ale. Hance, at 

the moment it is o.akei to pmuce a plan tor tUt"thar learning, the mo.iel 

will alre94Y have uaei its deoanposi tion rulea in orier t1J buill up op­

erators ani strings. Finally, aey plan 1a a. gaieral.iaation at 10111e sub-

set of the ieoomposi titJn rules applicable to lv-lsmp problem,. 
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To aee thia, notice that leoiimp0sition rules are e.wliea to 

indiviiual (4,-1.amp) problana anl red.uce them t.o prr,blema 'Jf a 

lower ordm-. Thus, if xe: XAOOD' 

X 4Xp ~• x1 £ X.A.00, ~ £ 1t, 
xf➔•X,• xlt-' x3 e: XAB' ~ e: 1c, 
x,➔~, x6, X5 e: xA, %6 e: ¾ ••••••• • (I) 

18 one set of rewriting rules, which reiooea the problem to a collect-

ion of order 1 probleme, and, 

x ➔ ~• Xs• x.,e: 1cD' 'Xae: 1AD 

~➔~, x10' ~e: Ia, x1~ ~ 
Xs➔x11 1x12 1 x1f 1.v x1~ 1B •••••••• (II) 

1a another set with -the same proparty. 

Now, clearly, if the entire cle.aa of (lrlemp) prol:>lems 1a iecom­

poaed e.cOt>rding t1J (I) or (II), (i.e. the same iecompoai tion procelure 

1a amployei tor all x IABCD) then it is legitimate to write the 

ge:neraliae1 lecompoaiti4'1l in terms of the attributes ieaoribing the 

ola.se itself: 

or: 

AroD ~ AK:, D 

AIC -4 AB, C 

AB ~ A, B 

AICD -4 AB, CD 

CD --4 c, D 

.AB -4 A, B •••••••• (II$) 

Plrthar, reverai~ iha order ~ the generalised leoompoai tion and 

ellm1nat.1.Jl8 repetitions, we obtain a Type J. plan trom (I•) and. a 

Type C plan t'rom (II•). Thua s 

l' .. , B, AB, C, I.IC, D, .\.ICD 

A, B, .AB, C, D, CD, AOOD 
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By hypothesis, these are the plans tlio.t W'JUld. be CQnoeived. 

by subjects who aJopt a uniform meth0i of i ecompoaition for all 

the problems. Subjects wh-:, l1J not lo so (ani, in particular, 

aubjeots 11bo fail to respect the complemanteri:ey- f'Jf the sub-

sets) ara likely to pro ,iuce plans r£ Type B. By wey '1f a 

mechanism, it is propose1 that 'the subj eot inspects the previously 

usei 1+,-1~ :lecomposi tion rules ani selects the moat f'requent]Jr 

used. (in a pure case, the unique) category to which they belong. 

This is the generalised. ieoom~oai tion anl (read baclcwaris) this 

is the plan. 

Similar consiierations apply to on inspection of the 

operators ani operator strings available in working storage, 

(here, of oourse, the utilisati'Jns provile the frequency count 

automaticall.3) • A aimple generills o. tion from the repa rtoire 

yielis a plan. 

In either case( generalisation fr-:,m usei iecompositi.an 

rules, ar fr,.,m the repert.oire of opero.tors eni operatcr 

strings) plan cl')llatruction is reaiily ca.rriei out an-i amunta 

to no m"re than an ep plication of the anal0g ,,peration to 

the d.onain of working storage g1 ving an output t,., be ll)iged 

in the plan stTe. 
I 
~ 

l 



5.23. Experimental Results 

The output from the learning ood.el c ')JlSists in a sequence of trial 

data (aa already detailed in the case of a real life subject) together with 

an optional print out of ths contents of working storage ( the nar.1es, domains, 

ranges, lifespans and utilisati ons of all LO operat 0rs an,i LO opera.tor strings). 

It is also possible to o~tain a recori of the path taken in the 11 proces~ing. 

The ma.in predictiom ierived from the simulation experiments were pre­

sented in Section 2, The folloning n0tes outline the type of work which ms 

so fa.r gone on. 

1. 

2. 

With lcy;r ieco.y ( 01· ,.ea.dy accass to r o:)roi1:,ction) the 

model learns rapidly and is not embarrassed by dif£icult problems. 

Consequently, it spands ~ disproportionately large percento.ge of 

trials dealing with si::'lple ( especially sine:le attribute) problem"• 

Its behaviour is thus t horoughly unrealistic, either with r ci spec"t. 

to a Type A or a Type C strat egy. But . the l e.ck of reo.lism is 

especially marked in tlB cc.sa of o. Type C strategy when the mr;del' s 

curve, expresse i in t ho f 0rn1at of Appendix 3 or Appendix 4, is ccmvex 

rather than concave. M0r e1v0r, i n these CQnd.itil)ns, t he moi el does 

not neei to o.l tarnc.te ~-\B and CD pr :,blar,1s, since thore is substantially 

nc interference. Inspection ,.,f tho ,n rld.ng store printout reveals 

the presence of many (t:/,~icc.lly 12 - 15) ope r at ors nni :.:e.ey (typically 

7 or 8) strings. These entities tend t o persist. 

As the decey is increased., the moiel's behaviour ~ bec0me realistic. 

It!!!, emba.?Ta.ased by ilfficult pr1Jblems an:l int .:: i:-f er enca is a r eal 

handicap. Eventu3.lly, if iecc.y is still furth ::ir incre!:.sai, the moiel 

behaves unreal.istico.lly fr:ir c. different reo.son. It cannot h'Jli enoue,h 

entities in its.w0rkine, store (typically 4 operat-,rs anl no striJl(!S 0r 

only tro.nsient strings). 

Strategies: Both T;y1)e }. ani Type C strategies hc.ve 'Jean used in the 

experiments. With suitably ch , sen decay ( l)r repr iuctinn) values, 

these pr01uce gr..,ssly re r.i.:U.stic beho.vi0urs. The r3lo.tive merits of 

these ,trategies iepend chiefly upon t he substituti on thresholi end 

the extension para.meter. 

( crmtinued.) 
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Parameters: If the r..'J :lal is biassed. t o exten.i strings, it 

is abla to laarn m'lflt eff'iciantly with a Type A s trategy. 

C?nvarsely, i f it is bia.s sei b aubsti tuto strine:s and. 

build up complax operatnrs, it is a.tan aiv:mta.g with a 

Type C strc.tegy. Thesa ii.ff erances are just iatoctablo 

in low decey C;niitions (f')r exantpla, inhibiting substitution, 

delays a. Type C lenrnint: pr~cess) but the:y '.JeC')me claor aa 

iecey is incre~sei toe realistic lev~l (in the sense of (1) 

Bh ove). 

Kn1Jwleig.:i ?f ne.!..lfil!: If tho cost 0£' lmowleigo of results 

pr0cessing is 1,-,w , then the mo.iel lea.ms r:10re rapilly, when 

ieta.ilei knrw le.:!.ga ~)f results is provi iei ani the working 

store ctJntents sh-,w that this inf'0rr,1a.ti1n is used to con­

struct c0r:1patent operat-1rs or strinr;s. As the cost of 

knowledge of rasults is incree.sei, the -fo t o.ilei inf''>nr.oti0n 

is usai 0111.y VThen the n0iel runs into tr,1uble o.ni, c0nsa­

quently , t ha pr 1visi0n of l etailei kn0wleige 0f r esults has 

less influence up,m the nUi:1')6r of trials r equired to rae.ch 

criterial 1Jorf '·•r Da.nce. In view -,f the iate. processing 

require.i {Pro 7(2)), it is rc)a.S .nable ti:> h;yp , thesise that 

any use of ietailed knowledge 0£' results is a lengthy a'\d 

Cl)atly pr, cess. 

The print?ut fl'fl ,n tho simule.ti ~r. experi ments is t J') bullcy to rapr .luce 

in this r&i:i0rt ( since in 0rfo:::- t r-, ba e0re me".'..llingf ul t han o. surnr:1EU"y statement, 

it nee.is to be exhibited. in s,mo hte.il}. However, the curront r .Jsults, 

t · gather with the mco~i!P varsi:.n •)f tho pr.,gre.mrae, arrJ l •'l -16oi in \Jr.shingt')n 

and are e.vailnble a.t this le.b')ro.t0ry. Thv intanstei r '3c..::.er is cl.so ro­

terrei to work with aarliar learning moiels siraulnting th~ skills describ~d 

in Rof .1 and. Ref .2. This mc.torial is m'lst read.ily accessible in the 

Final Scientific Bep.,rt of Contr~l.1:1-61-O52-640, Aue;ust, 1966. 
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5. 2 It,. UF\i.n Deficiencies 

The mo.iel . rffers a re as:>ne.bly veriiicicl ,t1icture 1f the 

le a.ming that go es 'Jn in n rule ai:,.l-1 lica.tion te.sk ani it pro­

vi ies useful, if n,~t es sE11ti.n.l, fa ta f '> r the teaching system 

iesigner. But, in principle, it has for gre'!ter generality 

r>.& a mojol f'Jr C'J ?lC8)t lea.ming ani sld.11 lenrning. Viawei 

in this light, it ho.s, ho~ver, sevarcl outsto.n.iing ieflciencies. 

hhst "'f them can easily oo remeiiei m :l. the y,,rk necessary t-:, .i".I 

8'> is in pMg re 88. 

( 1) ,'.lthough certain inf',:minti -m is retainei in imne li '.:'.te 

manory, inaufficie9t attmtion is po.ii (in tha m-,iel) t.., the 

limito.tbm 'lf in100lia.to 100r.11ry. Qt vari.1us plr.ces in the system, 

~cbJls sh".>ull oo retflinei infinite sizei lists (,r sto.cks) r~.ther 

the.n iniefinitely ~izei lists. This is es .. .:ecially trw of the 

re~Jresentatirin "f pi½blera iec ·~~~itbn. 

(2) It is v~y easy to mclce a. f'Jrmrl gesture of recogni ti.on 

')Ver tha issw ·) f l"llf tam rnac'",ry. Thus, it is quite e. trivial 

matter 1n plo.ce an entity, that hes ap _.., en.rai in the awaiti.ne re­

proiooti'>n stack ')n M T m:,re -x:ce.si-,ns, in c special list (n,t sub­

ject t') lece.y) cal.hi the 1.,ng taro r.10Iil')lj' list. 

This exf8iient cen oo quite useful (e.s in (5) balc7ii) but is 

n0t really a. fair resp-ms e ti) tha requirer.tent f1r e. l 'Jng term mem-:ry • 

T'J reke c fair resp')n, e, it is nece11ary t'J inc'>rp1rC:1.te en abstract­

ive mechanism int 1 the m".>iel mi I currently conceive something like 

Hunt, Main mi S1D nes I CLS pMgr&-;- r.e ahstracting fr')□ the repert':lire 

'>f 'JP er~:tnr s a.n:l strings in w,.,rkiilf s torr.ga ( abs tr acting fr'D intar­

meii n. te ioor::i 'Jry). 

(3) The analogy operati"ln is n-:, t yat fully exJl'>it ei ( it 

was not evan iescribe 1 in 1h e prasent 9.CC?Unt th 'J~h it has ba en 

usei in r "~h simul.ati-,ns r>f il)Uble rul":l lanrning to ef'f act 1) 'lSi tive 

trmafer ~ training betwean tha su':>sld.lls). 

I 
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(4) Ls mootei in 5.21., ~lan c ·mstructfon is a perfectly 

stra.ightf'Jr wa.ri proo ass. Th .J tr-~uble is th n.t tti e sil:lple expei­

ient ,f c0ns tructing a pla.n ti1Hi.lo.g1us t '1 tre r.1ost often usei set 

":Jf iec,-,lll!)":JSiti')ns, is pr,)ba.bly ineiequC'.te. Sorae critari, n 'Jthar 

thon fr equency 'Jf use 'Jf a. iaco1:1.i} -=' Siti'Jn ~ J { tr'l juige by our 

subjects) rJther than o. simple miniei "succass" ":Jf the lec'1mp'.lsiti-m, 

is requirei e.ni ftrther vnrk is ooaiei in this iirecti"n• 

(5) The mnst sari ,us criticiir., ,f the 1 ea.ming m,:iiel is 

its f (dlure t':I intarmlise goo.ls. Fortunr-.tely, it is iesignai 

in sudl o. rm.y ttic.t a. g1e.l intornalisQ.ti')n ~.1 ache.nis ;n ~ be a.iie1; 

tha mecho.niSl!l is '1utlinei in the n axt seoti 1n. 

5 .25,. G'Jrl Int armlis a.tfon 

The r.i ·: iol "kn,-,ils" a skill uhm it h '.'.s th<) '1pJra.t"lr strings 

noela J t:, s -- lve the pM blems p0sa i in the C"l?lilct ,:,f tti ;:; skill. 

It ooy, -:-f crurse, be certain but ,:nsto.ken {in which c-:i.se, pr?­

viiiJl€ it ~.ttenis t0 kn~1leiga f results, its miste.ke m.11 be 

cr,rrectei by the kn'.:llrleige of r esults si gnal). ·. gnin, it r;ny 

lJO uncertain {in thJ sense th r.t guc ssine: is inv•1lvei). If s1, 

tho lcn-,\'lle iga ·if results signn.l serves -tn res1lva its unc.rteinty. 

But there is n·) ,a;dla.nism thnt lenis it t ') reliava it is ri@ht ( ?r 

nm). In e smse, the c-,ial a.ln'}'s ':ieliev.:)s it is right unless 

it is in a. state r£ unca-tFd.nty (tha ~-iiity ".If this failure to 

entertain beliefs is perticulerly evilant, if \18 c-.ri siier tha 

cr.se mlEll kn0\71.o ige r;f results is ~ 1r -·vilei). 

Real subjects io Ellt irtoin beliefs nb'Jut ttir: r acti tuie -,f -
their res1~·;ruos, i.e. they intarnalis a g rnls en .'. ierive internal 

corrective sign '.:).ls f'r>m S'l nl cr:,ffit1 P.ris ~ns. Furthar, tha int srnc.l­

isei g-Jrl suiias their beh~vi-iur in tha !lbsence nf a. kn"."illeige '"Jf 

re&1lts signtl. Oftm it ha.1Jpens th 9.t t he i nterncl. cnrrective 
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signal is ielivered &fter the event. It is as though the subject 

responied. rapidly o.rd later checkei his resp0nse C1.gainat a alowr 

process entailing eK>me ieliberati~n. 

Now the learning moiel IIIBY have, nrrl, in general, il)8S have, 

more than one wey of solving a problem. In general, it is also 

true that it has a slow md primitive pr0blem solving method 

(such as the application of e. sequence of order 1 operators, so 

alow that it is useless in the conditions of the experimmt) 

together with a 10phi1tice.tei erii fast process (for example, 

the application of complex operators or operator strings). 

:l(y' hypothesis is simply this. Tha slci",V and. sure process 

becomes lolge,i in long term mmory. It is appliei in parallel 

with the sophisticn.ted fast proceBS. La.tar in learning, tho 

:, output ot the slow process is compared w.L th the output of the 

fast process e.ni1 if' the outputs agree, then an internal goal 

is achieved., i.e. the sub~ot ,!Xgeots the lmowle38e of results 

ai8nal t,., confirm his recti tuie. 

Conversely, in the absence of e. knowlelge of results signal, 

the existence of the slow process, emboiie-i in long term memory, 

all!>ws for continue i performance ani the reconstruction of the 

sk1Jl at a later iate. 

5.26 Broe.i Pioture 

Although the learning moiel has been prasmtei as a simulation 

ot learniDB in o. rule application task, it is intenlei to have a 

mucti wiler :fieli cf application. Given the moli:fications ot 5.23 

end 5.24, it shwld. prove competent in ca.see where problems lo not 

have unique solutions. Moreover, it reflects processes tm t 

are ubiquitous in akill anl concept lenmi~. Dy tomn "Jf this, 

the string conatrootion routillH oe.n be to.ken aa pe.ra.iigms for 

aequential end mnenomio learning, whilst the higher level opera.tar­

routines, obta.inei by substitution, are para3igtJa far wholiatio 

rlsuel cm spatial 'lt ~ • 

: i 
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Figure 30, 

Figure 30. An Hierarchy or Pl~~ of Tote Units. 
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FIGURE 32. 

Stimulus 
Number~) 'SN. 

-· 
X1 12 ~ X4 

x, .. :~ Xe Xn I AB I AC XAl) X:sc X:sn 1cn 1ABO IA.ED X~CD XBOD 1ABOD 

1 3 5 7 9 13 'i7 21 25 29 33 41 49 57 65 

2 4 6 8 10 14 18 22 26 30 34 42 50 58 66 

11 15 1S 23 27 31 35 43 51 59 67 

12 16 20 24 28 32 36 44 52 60 68 

37 45 53 61 69 

38 46 54 62 70 

39 47 55 63 71 

40 48 56 64 72 

&afar to Fig.7, 

List of Response Programuc Ha.mos. ~ open cnclod list with initieJ. 
entries of nru:ies of rosponso programmes producing 
8 responses, y = 1,o,o,o,o,0,0,0 ........ . 
...• y = 0,0,o,o,o,o,o,1. 

Subproblem Class Ni.'IJilbor: i = ii.,B,., ... . ~, 11.0,., ••• 1u3C,1J3D •..• 11.BCD. 

C specified by initial 1. O operators. 

Subject parameters SU. A vector of 16 variable assigned inititl 
vnluos but ·1ario.ble l'rhilst proJr&t.nc is oxecutod 

a , 0 (x), p , Lo.st Vruue p, roproscntod (as in the text) by 
varinbles "OK", "DXR" otc. 

Figure 32. Roproscntation of Vp.riablo~_j.g__Aimula.tion. 
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Appendix11.Notes on probabilistic,response biassed,stimulua 

generatin8 procedures. 

Appen4ix12.'l'he synthesis ot Scoring Junctions. 

Appendix13.Learning curves for tree learning subjects. 

Appendix1;.Learning curves tor adaptive metasystem subjects. 

Appen41x15.A measure of sequence similarity used tor 

comparing strategies. 

APpendix16.Latency patterns as indicators at more or leas 

stable particulate entities. 

Appendix17.1low chert ot the branchin8 questionaire used to 

obtain plan statements. 

Appen4ix18.Jleasures of performance and uncertainty. 

Appendix.3.and Append1x.4.show representative 

data ~ .complete records are available at 

this laboratory and these mq be copied or 

inspected. 
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:.PPENDIX 1 1. 

The stimulua generating prr,ceilre 'Jf Section 1.6. 6. (II), 

in vtdch th e; stimulua e-ne ta.pa is alvencoi crmtingent up'>n the 

occurrence 0f a conpletely ooITect res2,:,nse, is just 1ne 'Jf 

several relatei ~r,ce lures, t-11 ,r uhich tad t? h-,r.;iogeniae tha 

,I 

eti mulus set ( by rehearsing ms t ... rten the ms t lifficult pr,blems) 

eni tor ell ot miich it is p'.)ssibla t-, iarive uncertain~ oaasuras. 

:.t the otrer extreme fr-,m tha present prl')ce:iure, there is the 

.Fro:-1 ) ti~.sael r~i~m selecti'.Jn a.1re.nt;elliant, shrr.m 1JelC't7 -
Subject R &' 

'r) RcFEr---1-P.V7 
~~bject ·-;-4-.,____ , • I 1 l Jj__ 

!.J~-~-~-J-~--1 s.c.s. i-
Interrogation J 

Input 
,. · I 3.D. j ~ ---------_, ·-----'{--

R = RaSiJ".ll'lBe. S = StimulllS. R.c.F.E.S, = Resp~nse C'lctparat'lr 

For J::nch StLculus Se1>aratgly. P.v. = Pr1ficiency Vect'T, P.S. = 
Bia.asei Pr ibe.bilistic Select-,r. s.c.3. = St:lmulua C'lie Set, 

S,D. = StiL'lulus Darivo.tir,n, D = Dole.y 1f 6 t, 

Usine- this "1T&nge!!18nt, a block ':i'ttY be terrainntal eithc:r nhen 

, ea.di stll!lulus bas raceivai at loe.st ·:ma oorrect res;.J,.,nsa ~r 1lhan 

I 
; 
; 

each st:lculus has been prasentei on o.t least om l)CcaSi'ln, Clec.rly, 

the f'1rm3r ooth'll is preforred f-r the 1lrasent purp.,se. 

In t8tween thasc extrei:111, there a.re vm-,us pr ·icalures f-,r 

f-,rm.ng o. list r1f st:loulus colas t'1 ba ielivu-ei in a subsequent 

bl-,ck a.s a functi·~n -f the subject's part'orrence. Thu,, if the 

ri38t)Jnse t, stimulus ~ ia ::d.stekc3'l, than ~ is repaatai but ~ 
immeiiataly atternaris. .',t l .:le.st rJna stir:ulus is intarp-,J.e.tai 

between ~ eni the re.>ititbn '>f Xe)• Tha iitficul ty here is thet 

further stimuli he.ve t-, ?a ~ .t el t-, the list toward.a the ml "Jf 

the ~l"ck in ")r ier to ~:rovi ie a·mething t,~ intarpol.D. ta. 



APPENDIX~! ---- 1, 

Th<l f\~~hasis -,f Se..,rlng Functi ,ns having th-3 Shuf•~ri at r..l (Ret 1§ ) 

RaJr ' iucing Prnparty , 

C0nsiiar a si tuati ')n in which 3 stuiant is a.skl i t • state tho 

pMbe.bilities vrl.th which he estimtas th :.: items in a given sat--£ p..,ssible 

answers era CTr·ect. p..,r exrunple, if ther a w.-:.ire threaaltarnntives, he 

mi8ht sta ta, ½, ¼, ¼, if he hai n"' ilea which answer was C"rrect, '1r ha 

mitnt stnte, o, 1, o, if ho ':lelievoi tha s0cmi item lias cTrect. Vect'Jrs 

in between W'.)uli iniicate varying iagrees '>f uncertainty. 

In a c~ntr,ll.ei teaching situati"ln, the pr,-, t:>lem arisos 'Jf e.\7nr.li.ng 

a sc·") re f ')r th a s tr.tei pr'Jbabili ty vectT. Thia s!nul:i ,e l'JW f1r c1J1:1plete 

\.U'lcartEti.nty an i high f· lr <r.m.t1lete curtainty eni r ectituie~ . Cle!l.rly, it 

is m'Jst useful if tha stufont co.n be porsu£1.iol t ,, f"\Utput his actual 

balief vect0r in 'l riar t1 maximise his SC')I'J. Tharef, re, 3Ssuming 

the stuient kn~s h,,w the SO"re is calculntal, it is necessary t '"' hava 

a sys t EIIl whjc h maxim sea his SCl')re ,inly when his state i vectT is the 

same as his actual be liaf vact'1r. 

Sc-:iring systems 'Jr f\mcti ·,ns, which h£1.va this pMperty, have 

lJeen oallal Rei.Jr " iucing Sc-:ri~ Systecs (R.s.s.s) by Shuf ~ri et a,]. (Ret.6). 

This appeniix outlines a methoi f'"'r synthesising R.s.s. a f'">r tha 

case --: f tvr.. ch'1ices. We have n,,,t ~ n o.l:lle t :. generalise the meth•1i t,., 

the cnae "if n alternatives, but it has baan i, ~ssible t , sh,,w that at 

leo.st "ne -yf tha functbna synthesisei o,._;y the 2-altarnati.ve methol is 

generally applica))la. This is tha l".>g so·~ring functi 'Jn ( trunco.tei f •Jr 

1,,. ,n-gumenta). 

Defini ti 1na enl Pr 1blem Sta. t ,31lB nt --------
Lat, be an n - iimensi,n£1.l vect ':lr with elements P

1 
f ,Jr i = 12.,.n 

such thnt f Pi = 1 • 
i:1 

Lat r be on')tair aioilar vect-:.r. 

Thua, 111ppoae P = Stuient1 s ectua.l balief state. 

Mi r = Stuient' s ')Utput i,alief state. 
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~PENDIX!2 

Then let F be a set 1f fu.~ ti'Jna j' i iafinei ao tm t. f :!.(r} 
is the sc-,re the stuient raceives if (a) the 1utput r ia his 

balief vectT ani (b) the i th item ';n the list 1f n "1tarnntives 

was the c0rrect 'ma. 

Assume the subject lm"lWS h:nv tha 1 i ll.re C'Jcputei. F,,r an;y triol 

then, he can O?mpute a Total Ex)ectal Score, TIS, es f">ll'Jv1s; 

TES = P1 j 1 (r) + P2 f 2 (r) + • •• Pnfn(r) 
The prJblem can n'JW be f1rmulatal as f'Jll,:,ws. H-,w b we ch '1'' Se 

the f 1 S'J the. t TES is r.18JCimisai f")r any P, if, ani -,n1y if, r = p. 
Consiier the case, when n = 2, illustra.tai bel?w: 

or, 

Tberof,,ra, the requiremnt is that: 

Now, in this case this C'lrras1),:,nis t,, a simple syl!llletry oonliti:~n 

(aime P1 = 1 - P2) in tile P vf , P plane. It roquires that tbe 
()1),. 

;,r-:,iuct ·f n. value of P ani the nmcti"ln ierivative at tho.t point 

be equal tr, minw, tile prr.>iuct 0f ( 1 - P) an:l the functi1n ierive.t­

ive ot ,!!m! p'1int, as can ba seen fr')III tile iiagram. 
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.APPENUIX: 2 

p 

0 

P., 
I 

.5 
P ➔ 

1-P 1 
1 

The 0rem: key tuncti ')n, f( p) , which is symmetrical a.b')ut 

.5 in its P d (.. , P plane ia a.n R. S.S. frir the tw0 al­

ternative case? P t 

Pr::iot: Let G (P ~ P) be any symmetrical functi:>n n.s 

above. dp 

Let P1 be any value --.f :x, so that 0 <P, < ,5 then 

G ( P ;) ~, P) = G( P d ~- , P) 
1 ~ p = P1 ,) p p = - P1 

whance P J ~ 1 J f 
d p I • -P ~p 

p = P1 

Example 1 
".") ' P 1.- 1-- = c-,nst. 

75'P 
Thoref'.,re, .f.(p) = 1 + log P .01 < P~1 

:0 0 f P "- .01 

This truncated l'lg tuncti'in gives a sc:ire, +-n' varying be'.meen O eni 1. 

:ExR:iple 2 

P J ~ = 2 ap O '- p <. ½ 
~ 

P J f: =- 2 a (1-p) ½~x~1 
JP 

This gtves a. c~mp'Jsita SC'Jring function -

t (P) = 2a.P 0!-p <-½ (a.-c nst) 

anl t (P) = 2a (l'>g P - P) + 3.4a t~P,! 1 

B1th these &xllJJlas yieli R.S.S.a 

r - . 

I 
I 



The f')llaw~ a.nalyaia (e.ftor Brll.).- )ui.n) ah""'• that 1.nv log 

f'unctbn (example 1 N.> ove) ia genarel.1¥ applic 1:1.blo. C'Jnsiler the oa.se 

wmn p >- .01, than -

TES = P1{l + l'Jg P1) + P2 (1 + log P2) 

= j + r; 2 pi log pi 
i=-1 

Since it is a R.s.s. U>1 log P1 > EP1 log ri f'T P1 =\ r 1 

Wa wish tf'l ah'JW tmt this rela. ti0n h-::,lls f'T i ~2 

Let r 1 = p 1 + 41 

Then f4i = 0 

BD1 i_ .;>1 log r 1 = tp1 l0g (pi + 41) 
= ti'1 log (pi(l + 4rpi)) 41 

= r.Pi log pi + I:Pi log (l + /p
1

) 

N!W c naHer the tuncti'Jna 4/ an i log (1 ~ 4/ ). 
p p 

Tbeae ere equal it q = O, 1thernise 4/ > log (1 + 4/ ) wherever 
p p 

the l')g f'mcti'lll ia ietinei. 

Thrn, 4/ ~ l?g (1 + 4/ ) 
p r; p '"' 41; , 4ft) 

'l'heref'1Jre, i pi log P1 + 'f P1 . ~ ~ pi l'Jg P1 + EP1l' .. g\l+ 
P1 1 

Tharetr:re, ~ pi log pi.:::, tP1 l'Jg r 1 

The equality h'.1lia whm p1 = r 1 

Thia o.nolylia ha.a shown that e log sc ·lring f'unctbn aynthesiaei by 

the symmetry raath-:>1 t 1r the tw'J alterno.tiva catla, can be appllai t') the 

general n alternative co.se. 

But it be.a not shown whether it is .i.) 'J881ble f''lr all tuncti1ns 

aynt~aaiaei 1his way t'> ba gemrallsai. 

.J 
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APPENDIX.3. 

Typ1co1 4ata(learnine: curvea)tor aub~t• in the 

tree 1~ condition.one example each ot '1'ype A 

Type B and Type C atrategiata. 
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APPINDilJ.. • 

'l'ypicc.l data(leo.ming curves)tor aubjects uaing 

the adaptive meto.eystem.One subjjtct chooses to 

employ a Type C strategy at trial SO(subject 16). 

The other subject chooses to employ a Type A 

strategy at trie..l 35(subject 19).In COl!mlOJl nth 

all ot the others run in the adaptive metaaystem 

neither subject c~ei stro.tegy or opted tor 

exploro.tion,though these possibilities are open. 

r -
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APFENDIX 5 

Segu:ntiol Mea.s\Jl'e ,,f Strategy Similarity 

The f '"'ll~i~ strategy sequences wara usei f'Jl' c-,mpc.ris-ma 

of s aquential siml.e.ri ty: 

1. S1 a statement tJf o. ~len (sehction sequence) maie 

bef·)re the mai11 experimc11t. 

S's stctan ant -if a plec ( selacti'jn sequence) me.la 

attar the min ~eri.I:lant. -
3. SI s actual s tre.tegy ( selucti • ,n soquance) in _pre-training. 

4. S1 a ac'tuol strategy (selectbn sequence) in the main 

axperimmt. i 
C:.nperis"'na were mo.ie between 1 o.ni 2, 1_ an.i 4-, 2 ani I+- rurl 3 mi 

F·r 1 a.ni 2, S stntoi his warall atrc.tagy a.a tha aeqwnca 0f 

ato~a that w·)uli be generatei, given the possibility of an error. 

F·ir 3 ani 4-, an equiv(\lelt "err-,1'-frca" saquan::e was axtro.ctei 

fr-.m too e.ctu£1l saq~nca by these rules: 

1. Omit o.ny repati tl. "l'B ,t steps. 

2. Omit steps which a.re sub2t1.rtitbna "lf i)revi,ua ate1>s. 

Tha sir.rl.leriiu between tw,, s~quances (x Mi y) is colcuhtel in 

tile f 111~11€ wey: 

1. Tho steps -,f sequanca x o.re nurnbar~i 1 t '"' n fr ·im left t-:i 

riEht, ml ara partiti ,nei int' subsequea:ua 0f me, tvn, 

three en:i fn\Jl' r.ttril:>uto aalucti·ina. 
,, -· Soquence y is matchai a.ga.inst sequence x as a aariaa 'Jf 

aibaequences, lart t ·~ right. L atap in y, which is iianti­

cru. t,, its equiva.l;n t in x, is r.ssi~na i the s ru:,e ·r ier num­

bor. J. step in y, vhich is mt iientica.l t ., its aquivt:\lant 

in x, ,ut ia .'f the seoa subs;;t (single, Je.ir, triple), is 

e.aaigne i the '11" iar number ,..,t the step in x which is first 

in tho. t sul:>atquaneo. :. step in y, which is mt Jf tho 

SSJa subset "'f its aquivclant in x, is given n0 ac->ra. 

The y sc:r a ~.re Sl~ ai (L. y ). 
X 

I 
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A 1\111 ')f so;rea, E 1!, is obte.inel -simil.Q.rl,y, but 
X . . 

sequence x ia numberei 1 - n from right b left ani 

Iila.tching 1a me.ie f r'>m right to left. 

The mean at ~ y ani E 1! is iivi1.ei by r. x ani ex-
x X 

preasei as a. percE11t~e. 

A similar % scr.iro is ')bta.inoi by taking sequance y 

end mo.tchins sequeix:e x ~a.inst it to '>btain E xy 

a.n:1 E1y, 

The mee.sure )f sequential similarity is then the 

mean ~ the t\'IJO % sc ras -,btaina:1. 

.- -
I 

,f 



r 

-
-

-

APPENDIX : 6 

Cllll we regari the resp0nae latency patterns e.e events 

\ibidl aignity the existence rl stable ~o.rticule.te entities? By 

byp"theais, we £!!!. Mi S')me aviience f ">r this pi:>int rl view was 

prnvi iei by the integrity c,,unts rrf 2.5.1. But what sort '>f 

stable Entities i,, these 1vmts signify?? Well, by hypotheais, 

they signify the exbtmce i:,f pr:>blam s0lvill€ pMgrallliles ~ varbua 

ar,rta that are br<Jught from 1ntErmali.o.te mo -:iry int) illlill8jie.te 

mem"ry ani uae.i in 11lvi~ pMblana (th.\s ,);)')int of view is eleb-:>ratei 

1n Section 5. IPrr the ariment, tha crud.cl issue ia thllt the at®le 

entitiea reaiia in intarmeiie.te mem'lry ani ere pr::,gra.mnea). 



-

Clearly, this hyp1Jthe1ia c0uli be wtaken. F?r example, 

the subject might exeoute bis proble:n solving pr')gramme, at'>re 

the response names in immeiio.te memory (perhaps in a rehearsal 

buffer) mi 1Jutput the responses nth arbitrary latencies. One _, 

of our subjects triai t o io this (with only a 1111):lerate iegree 1Jf 

success) e.nl has offerei a vary c~nvincing picturo ot what he we.a 

up to ( Mughly, he ai'lpt e•i a special perf0rme.DCe subatrategy, 

which C?l'lsisted in a tren.8f'-n-mati-,n 0f the problem Joma.in. /...a a 

result, he was able t '> execute the neoeucry resp?nsa stl)ro.ga 

ani to oonscil)USly oontrol his lntencies ,,n about 25% r,t the irie.ls). 

Inciientally, this subject is resp'lnsible for a very large prop-

1Jrtion '>t the "scatter" in tha otharwise immoculo.te "integrity 

OIJ\mta" r>f 2.5.1. No ':'lther aubjaots viere auare of such a sub­

strategy, but this loea n~t imply tho.t they tiera inn')cent •-:I 

using it. 

HtJWeTar, it is easy t,., C')ntrol ~o.inst such a p,:,s sibility. 

To lo 10, we neei only ran-iomise tha To.lue ,Jt d t arouni tha mean 

value aasignei to it ."Jy the preliminary ax9arimont eni instruct 

the subject ( 1) It is beat to proiuoe tha antire correct response 

(2) But it is next beat t".l proiuce a.a lilllJ'",Y c~rrect response components 

as y,,u can in the ranfomisei interval. These crmiitii:,na sht>uli 

precluie the possibility ".lt st~ring resp.,nae component na.mes in 

immeiiate memory ani outputting tha resp0nses at leisure. Further, 

if tho le.tenoy p!!.tterna retain their integrity unier these circum­

stances, there is strong preaumptiTe erlienoe that the stable entities 

are pr'>blem aolving programmes. 

i 

I 
I 
I 

j 
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Pilot experiments ,carried out along these lines,s\18gest 

that integrity is maintained and consequently that the 

grouping and stringing patterns are not merely artifacts 

due to a subject's whim. 

3 

It that is so,then we can proceed to examine the 

possible transitions or transtormationa ot latency patterns 

and the inf'luence enrted upon these tranatorme.tions by 

1timuli and lmowled8e ot results.Here,of' oourae,atimuli and 

lmowlid8e of' results appear in the role of contextual 

constraints.A stimulus such as ~t: IABmis"that wh:loh 

brings together certain existing programmee"(tor example, 

programes tor responding y1 to ,_~ IAB and y2 to ~ ;; 1cJ>)• 

A stimulus 1a no longer "that which evokes a responae".On 

the contrary11t sets the context tor a response. 

There is some evidence that the tranatormations are 

fairly regular.J'or example Yi,Y2-=;, y
0
(a lt,-tuple)if y~ and 

y2 are pairs.Purther,some of the particulate entities are 

highly stable wheras others are not.In particular,groups 

are more stable(more"strongly bound")than strings which is 

illustrated by another commonplace sequence ot tranator-­

-mational ctvents J 

It 11 = f; y;·y c ( a string) and if ,-d 1a a single 

response component then,in the context of' x~ IAB:,D 

In all this,complete lmo\"/led8e ot results constitutes 

another contextual variable which modities the form ot the 

transformations and the stability ot transient entities(suoh 

as the entity yd,y~
0
,Yb). 



.. 

-.fuethcr or not it ia ) oooiblo to work out a 

coherent "pc1.I'ticle dyno.:~ics" i:J so fv.r undotcxrmined. 

But I b3licvc it would be worth t l:e effort of tryinc 

to do ao f'.nd, i1Crr.aps, thereby, t o ,ichicvc a "mc1~to.l 

chc •11atry" at the level of goal dircctod proble:-1 

solving progr,:.ru.·:cs • 

. -
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APPENDIX:8 

)(ee.surea Jf Perf'ormance !11 i Uncerta.inty 

Given a teaching ai tua.tbn in which block length C"lntinuaa until 

a s_pacifial number 1t cTrect resJ1naaa is me.le, ani in which a stimulua 

muat oo c'Jrreotly resp,:iniei t".l bef''"lre an1th&r stimulua can be preaE11tei, 

e. variety "£ perf'·Jrmnca measures might be usai. Several a.re 11.atei be-

low -

Let N = No. ,,f trials in e. bl'Jck. 

Lat S = No. of iiftarant stimuli ~rclsentl:31 luring a. block. 

Let N1 = N:). ·Jf presE11tatbns "If 1th stimulua i = 1 ••• s. 
Lat C = N'J. --:£ ooITect raa1r,naas requiroi t:> torminC'.te bl-,ck. 

Let c1 = N-,. ·1f C'Jrrect rasp -::nsas t,-i 1th stimulus. 

= N!"J. ~ 1th stimulus sequ~a::as. 

~ iitterent mea.aurea hove l)een usal, 'Jne giving m iniico.ti">n 

!'Jt the o.vara.go ir.>ubt ,r \.Ulcertainty the subject ha.a with regari t,., the 

stimuli in tha bl')ok, ani the 0thar an in:lico.ti 1n ·"ff 1verall proficiency 

of p6rf:irman:e in that lJl,,ck. 

The first measure is letinei a.a tha ~.vero.ge length r£ sequence 

r:I wrong ras,:>f'lnaes. Since each aeqmnca can be termint1.tel '">nly "11 e. 

O'lrrect res_flonse, this measure, P1, 1a gi.vai by -

P N - C 
1-=-c 

The sec,:ni measure, Pv is letinai l:'.a the relative correct raa­

pnnae frequency, given by -

C 
P2 =-

N 

P1 Mi P2 o.re simply relatei. The mean length -::f a wr··:ng reap'ln&~"- ~ 

sequenca, P1, is the pr-ibnbili1i}r 'Jt o. wr; ng rosr -:nse saqueme, x, , 
«. sequence;. 

Theraf,,ra, = (1-+) + 
- .Lr, - P) - C , - 2 

---· 
, 
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APFBNDIX:8 

These measures have bean usal as raportel in the main taxt. 

H'1Wavar, they are groaa measures ~vern.gai '1Var the block. M".lra ie­

taile :l ooasuros, reflecti~ mire o.ccuratoly inter-stimulus J EK'frirmance, 

can ba specifial, as follows -

1. measure 

Ci • 

th 
liko P2 f or proficiency f.1r the i stimulus, is given 

by -

I\ 
Therof')ra, the n.vare.ge Ofer all stimuli is a proficiency maasure -

Note: 
N 

p3 = p2 when Nl = N2 ••••NS= S 
Ci 

The N are relative C'Jrrect rasv'Jnso frequenci&s e.ni can, .there--

be oombt!lei in an a-itr?py -:iaa.sure. 

Using rale.tive wr,ng res.J1nse frequancies, a.n uncertainty 1aeasura, 

which t or high values all'JWS that all stir.luli were equally iift'icult e.ni 

f')r low ve.luas that S')II]8 stimuli are m1re iifficult than others, can be 

?btainei. 

lfl"')~ response ralo.tiva frequencfas ora -

Ni - 01 

Ni 

Weighting these s1 th at they sum t ·: unity, we get tha f' ·ilbwing 

weightei ralo.ti.va frequency -

L.Ni • Ci 

[~\C~Ni 

Therat',,ra, the entropy -,f this wei.fj'ltel frequency iistr,i.buti··:m will IJe low 

when the N1 ... Ci ara lli'ferent, o.ni hieh when they e.r& similar, Calling 

Ni 
this Differentie.l Uncartainty, we 

ru = s Ni - Ci 

1~ KNi 

This kini ,,r measura can !:>a intar..,.,ratel as ini icating the h~m'>- : 

geni ty Jf bllJClc c-m tmt. 

f 

I 
I 
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