
Ap~nd/cn 

'llI~ OperatinK ru les and t"" " ... cUon. OUu d lt<:~ in Ula con· 
teJ:l vr the "eJ:tendlld p.obabllity theory" th.l, and the Lumped 
Mod.UinK Facility STATLAB II . M I ml Uer o r con""nie~. the 
ml.ailment structure l"Cpnset1tlnl this th .... ~ broken down into 
u.""" modul ... that ..... often pl'llM!nted "'""rately (the three minia· 
turn ~nlLilment . tru ctu ..... ). 'llIoullh this il nOt a mandatory condi. 
tion. the description is based on iJH;, .... 'unpUon that o ne module 
il ltu.die<;l at once. 

Ap. I . Th~ n.1l r\lJe to be accepted by the IWdent is pragmatic. 
HiIIln/fIt/iIln if to learn t .... topl". required In order to undf", /und 
the uppermoll topl.,. ;n the ~ntaUmcnt Itructu.e [the hfOd I.<lpic 
of the previoUl mon .... phl. and to do 10 in a manner Pf'rmittf!d 
b y the prucedwal ru," indicaled bl!low. 

Ap. 2. A I tudent can uplo", any topic by point inl with an elec­
trically ( Onnected ny lus at the Jabl! l reprele.Hins thi . to pIc on the 
cn lail menl .tructure. I'or th le pUrpoH'. the ent.ailm~nt I t.ructure 
~ .. a conceptu al "map" of topics ..... theiF w...to, dilpoRd 
about . I<!rritory. The ' 'map'' ~ indeud by d~lo", which are 
qilplaylld el:JIlidUy . The des/:riptof1l app:lrCf1 t In .'ig. 1.3 .... depth 
from the h .... d topico: taken to name the ""bjed m~t l-l!r field [ the 
''sul'''rord inate/t uboJdlnate'' dClCriptor o f the p .eviOUl mono­
pph); • descriptor with .... 1" ... Ne .. R.uI W01'ld o f exper;rnmra; 
A b .. At.tnct world o f IoPeal o . ..... lhcm.tkaI con.trucra . ..... 



'" 
All - Analoclet lnvolW<! In relatiOlUl that u nderlie .tau-tical lnf.,,· 
mce. FinaUy. there II a descriptor, with val .... Indkated .. <;Ol­
D ....... columns, that dlllCrimlnates the ' ann ot 1000cal upn'Slion 
,yinl at th~ fQOt of the tOpic. 

In I'l'IPO'- to hi. explore "lKIulry, the .tuden, .""",ives e:um· 
p"," of lhf: l'X1.lotcd topic p,......,.,ted ,",phiAlly by .Iid .. pro;e.: ...... 
onto • -crt'C!1l ( .~(. 1.1) " ,inll a rv>dom ..:ceu projector. Each 
topic II &MOC:i.ted with IICYcrnJ cum pi", dc4!nninlOd by valL1ft 
.. limed und er different ""mantic dncriplo,., many of which IU'1I! 
not diaplQyed. I'D ' ''''t.llnce, tho topic ".impla rontlom experl. 
ment" il uxutl1plU1ed in terms of "lI'Imco o f chBnce" and In term. 
of "behavioural cxpcnmcnu ... The ",urn pi.,. IlfIl .Lto lndext<! by 
valu"" of the dl!lCriptori that Bpl"'ar explicltly in the entailment 
l UU CLUl"l, fot <!Kimple, the r.,.] .. o rld lnu:rpr~tatlon (Re) and the 
ahltact world IlIl<!rprntation lAb) which In the enWlmcnl.l.mc· 
Utr<! COrJelpond to the I"ft and right lund h>ol( plallel . 

The deKrlptJ~ Hamply (Fig.. 1.S 10 typical) are entklled both 
pictorially and by multiplicil:y of context ( . .. 1_. funcUon and 
humour). n.e.cripli¥e examples do not delineate \he IInde. lyinl 
topic relallon which II t.o "" ""plained Ir \h~ topic II add..-ed. 
8u~ \hey do ayltemalically ms.,nminale Ib~ del<.Tl pW. valUCII (ro. 
example. "planl bl'1!Ninl." .. dlstin~t tro m "game. o r cllance" 0 . 
"~vloural exp"rim~b"). 

AI lbillltaKa. thi! only ca""~1 ill Ih.t explonolioNl du nul pol"" 
out .nd lb., tho)' do "'ad even tWllly 10 chOIce ur IOtne focUII ur 
ott ... ntion which II dubbed Ilfl .im topic . 

Ap. 3. To 

"" • 



,.. 
any rate .ner an interval of ex ploration .} The only restriction 
uJX' n ... proposed lim ..,[ectlan is that no topi<: <:urrently marked .. 
undentood i. a legltimpw candidate. 

In return fo. ""Iectins an 1I.\w. the . tuden! receives a display. 
t hrough the illumination uf green signal Jampa attached to each 
topic, of the wayo in which the aim topic may be derived from 
othe, topkl; for example, Fig. A.l 5ho"'5 th<! display presented if 
rep..,..,ntative topi<: i. cited IL'I aim by the student and if the Will 
..,[""tlon i. validated by Wl<! lyatem . 

The d isplay represcntl the "Entailment Set" (the union of the 
e ntWmen t kernels. as in the previous monograph) of the aim 
choaen, and consequently , all of the (Dpies that mIght be learned 
in getting I<l know about tlti. particel.,. aim topic. The otudent i. 
required (by a further rule) to ..,le.:t One Or more eoal topic.. with· 
in the "Entailment Sd" of hia aim topk, IIll the topk( l) he intend. 
to learn about and work upon. Notably. OIM! possible goal iI the 
aim lOpic lt$clf . 

Ap. 4 . Before descr ibing the gOliI ""I""tlon p rocedure. it i. n""es· 
lal'Y 10 IDOk ahead at the placement of und" .... ,andi"lf mute,.. 
(p lugs with 50me circuitry inaide th~m. ""Own in Fig. A.S) and to 

rOc. A.I. Aim - " . • nd Ie/<--"oded noo... with ~n lil<L*llomp Uiul'llino",d. 



." 
l1!<',," tha~ my Itllden! h .. IIpeed to learn and undetltand all of 
the head t.opIca. ln INTUITION (though no! in the more elaborate 
I)'$U!m o( CASTE) WI IUPJKIIe that the !Jtudent e ither fl) under­
otand& all ot the lo .. mooo t (primitiwe) l.Qpicolet the OUtlet and .. 
prepared to ttar!. leamillll from thaI p<)int onwudJ, or (b) (an 
inb"",nUy more ;nte ...... tinK poUibillty) lhat "" decl ..... hill under_ 
lta/'ld i"i ot the other-than-prirnit iYe topiCl and enpea In the 
"uplain of explain" routine. In the Latter cue the topic .. iNtated 
if anc! ollly If "explain of explain" i. complllU!d allcc_fu lly . 

Since CIIe (a) II mOre easily dCll<:libed and plc:wred, wo CO neen ­
tnt.. upon it .t tho mo men t and return to _ (b) lm\Alr. Now 
""en c .. ., (I). all of tho nod", of tho primitive (JowermOlt) topica 
can be m ... k~ underatood AI an initial condition. Undentandinl iI 
marked by inleninl plugs (undent.andin K marken). Th" relull of 
doi ... 10 is to illuminate o~ Lampl (Pi,. A.2) On the nod .... of 
topia: "n!.lilm by the collection o r undent.ood .... pial. Taplc:a ..... 
ci.oted with illuminated o""'ae ..... al lamp' ~ kno .. " 10 the . .... . 

(dbtinct Crom "'pi ,<MIl, whleh will be 

Ap. IS. Rewm •• fler lhit; brio!r dian-ion , 1.0 tIM <:ondi lion in ... hit:h 
lhe I llIdenl h. oelecl.ed IUId valid.1ed .., !im lopic: M) lh.t I.opM:& 

1'1" .... 1 . • On~ae .,.no! lompo ( ..... ' .. ' .. "Iod _I oIIow; .. -'bio..,.w. 
fo< 11'°" d .. ulb. 'I .... of ......... ttdJftl (. KOCI .. ). 



'" 
in the "En!.ailment SN" of the dlooe"'":,;.~; m~,::::,:~:~:';:;::~,:: 
unden;tood. ",me Illum in~t.ed green sif~"'[i'2~'~"tllli~"~!~~~~]~~~~ or.mll" and a II'''''" 
tha t is, if the nutl~nL 
(one or top;(;, then ... Iectinn of 
R ~ . The . tuden! wi ll 
be able 

until 

'" ,., 
, 

nnd tutorial material. with m­
about tile underlying topic ",Ja­

• at the . tart of learning, Is 
diotribut.ion lal.<! . In learning 

h~ve been In""rtro) io ohown in 
,';;;.,';;; gO<ll d i. tribution (and under a ditter_ 
Co Is shown in ~·ill. A.3(C). Any attempt tn 

I detect.ed; the nuden! 
;'Iocked 

1 by changing 
i clJllIIging hi. aim ""(",,tion. 

one or more!..~ the Il.ud~nt mUlt perform 
for each Koal (Fig. A .4 J: 

Ca) Open the door hearing the topk nam~ . 

F((. A.J(A) 

• 
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Flo. ".JIB) 

(bJ illk'n. ~ pm"" (of which m ~ provided) inlo allOC • .,l 
tilefeby unc:o~. 

(e) Read the in<lelI nwnben rnvealed on the revene Iide of the 
topic door. 



·_~~'::'1'_~'~'".~~. (e). tIlet'l goal \.op\c II or not 
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coal probe In...mont o:urnnUy mad .. by the ' Iucknl. 
In th .. ronner ,unconditional) cue, the 01H! indu. number 

uniquely lpeci r;.,. demonlt.ration and tutorial data mel to wblcb 
the .tudent Is IliV011 aceHI. In tM Latter cue, the ... Ire ... many 
Indn numben II o .... re lillf'lll l.o.m.ps and the demonatnltiO<l Ind 
U.n.orial data film .... eondiUonaI upon lJ1e leaming proo:e.. In fitI. 
AA u..- .... four lim • • lamps and conNquenlly four eontin&enlly 
Kc8Ilblu Iy.,.,. o f demonsl.nltion. 

The eonditionalily an.... IN!cauM of the cv.rioLllly complex 
. lnIcwre or ....wgy relMJolll discusoe<l in ChDPt,.,rs 3, 4 and 6. In 
Rencral . there may be various kind. and numbers of cont.inKenci811 
(for e~ample. 4 to 12 In • thesil on "Hut EDgin ..... ). but for 
"ProbIIbility 1"heory" the continrenciel .... uniform in kind and 
rN<I.iJy 11.o.1ed. The connf(Untions which iIIu mlnoto. the dirr~t 

1ip>al1amJ» .... sum marik'd In Fig. A.5. All the analogy l"9I.tiofuI 
for IhiI IUb~ matter 0-;' Ita"" the Arne b.k: Itructuno with 
lwo (emu (the toplcl that .... anaIowicalty ... "'1«1 by the.,.,.,U1I.I 
topic). one term repn!terltinB' " ",III world" topic and the other 
~rm.n ",bitnet world" topic whlch;1 ill mat.hematieallm.ge. 

_4""'" loft .. "" IopIe ri",t t...... "'pi< ..,oI 1.",JIO 111.",1 ... ,.01 
ci .... ;. """ on ..... .,.;e..I lop .. , • • • 
" • • 
'" • , ,. 0 

I'le . .... 6. Conc;tio ... rOt" lH.ninK 2 ,."" ..,0.1<>0:)'. "" '~H .. 1 ... 1 • ."oJ . • • un · 
do. ·ood.- . .... '""_d 
Ap. 6. Plauppotinl I d8Cripl.ion or th(I nut ~. th., oranp 
aIgnaI lamp iIIuminlted 011 the Inllop;:..J lopic d .,t8minft no t 
only the type or demoMlnItiolll whk:h the n " d"" t ~ obt.lln bul 
1110 lhe Iype of non·~ explanation wlllcll !lie nuden t wm be 
I"ftIUirM 1.0 produce In order "entullly to muk the topic U being 
und"ro\.ood. Thw, con. ultJni the conditionoJ lty tablft in Filr. A.~, 
Llmp (A) ;. ill " minlted It IlZId only it both '-"rml of thft InllolO' 
relltlon are undentood; b mp (B) If the lef~ hind term l>ul not thft 
richt hand '-"rm; lamp (e) it the ri&ht term but not the len; 
n...uy. Llmp CD) Ir n~th"r \.hoe right nOl" Ihe left hand term 10 
llruody mukM as understood but ir either one o r both of thm! II 
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ma.ked .. a ~ 10"1. If none o t u..se condition. afIJIl),. then no 
lamp io iIluminatM ... the topic \I not a "",",hie p. 

In Condition (I). the . tudenl (m-t)' und.,.lIl11dinl both 
ternll) n~ onl)' ~xplDin tho anaJOfI)' boet ... -ecn them .... d he 
rweivf!I dem""'I.rl>Lionl on ly ur W. 81l.II.logy ,..,1.Uon. In cond ition 
(11). the demon. ln\tioOl exhibit the rillh L hand term hyanalogy 
with the left hand term, and an aplanation or the mnlll<>tlica! ..,la· 
lion panol1elA LhlII .... "aronnation. In Condi llon ( IJI ). the ..,verne 
appli ... ; the lett hand ~rm is t;komonstnte<l b), amJOIJ)' wilh the 
rich' hand term and l irniluly expIained. In each CllH !.hen!! iI a 
clear _ in which the duden t alreody kno_ One (Condltion (U) 
o r CondlUon (111 11 Or bolh o f Ihe I.t:nnJ; (Condition (I) ) bet~ he 
*~ the anaIOlO' bn .... cen thete ~ ....... 

CondlLion (IV) is pc<:uUar and Intercstillj[ .ine" It r"p"""",10 the 
CNe In ",hid! Ihe ' Iudent VUl)l !.he analogical rnt.tlon I.a bqin 
wilh and oplO to explain the le tL hand or "Kilt h~nd term$ b)' 
' C<lOUf$(! to this analOI!)'. In order \.0 inlc'1l .... t lilA t!):pl~naUon. he 
ill fon::ed. befo.., the analOllY rct.tion can be undonlood, 10 u· 
plain it by meano o r 0"'" o r both of the lermJ (cOIlN'quen tly pia<:. 
i"ll himself in CondlUon (I). ( II). o r (lU)). The practical come­
q""""'" o f this Pf1!re~en,,", il that he \I famed. before uplaininK the 
analoticlll topic, to mark ane o r both of the te ........ a aimultar....­
ously entertainfll ",a! topic . 

Ap. 1. The I.u.toria.L rn~terilll COJUisll In demorutratiollJ of the 
topic(_) c~nt1)' in r<>CUI" Jrli11. For a topic l' BehavIoural p...,.. 
IIC rip\JolUI (aJ.lgme nu,d by de l't!ve I.e"t) ar1I derived Crom !,he 
Bclwvlolll' Graph BG(T) In \.he cunvc ..... tiona! domain. I.e., the 
TNk Structure of topic T . 

Gm", the pc~ Indu numo..r, the Ilud('nt can IICftIIS iii .. 
(Fia. 1.1) ""nlaining layOYeT cards {Filf. A.61 II<X\)rn panled by 
written teJ:L The laYO'I'er card (or cards. if there If more than ane 
KOAl I If pt.:.-d in rront or \.he fascia of !.he modelling t.cility 
.!fI?TLAB II . abown In .'11. 1.1. and o uUi"" iahfoU .. d In l'iI. A.6 . 
The cutl Ibclf. ;. a Beh.avlounll PrNCripUon. Un, wn\.k'll lext (if 
Iny)""""", as an aooomJWInyln~ d<!lCTiJ>tlon. 

STATLAB [J il • l.umped Mode lling Faci lit)' containing l ilI a 
priori independent proc~,"" .. (lOme eiedri<:al ly trivial. \.hough 
thoir 1000ic:aJ integrity II nol). 

STATLAB U (Fig. 1.1 and Fig. A.6) io dirlded inLQ compart. 
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Vi,. A.I. 0..111 .. "I STATI.JoU II .. i,h layo .. , ••• do. ",", .. .. llu"'llOd ... <><1..1. 
U"" locIU" ... ' A, B. Oioll ..... Uni_ "r I"ft! _"I .. ; C. D. 1lIot1r .. , un!. 
__ .. r .bolt ... ........ ; Eo 1', ""ndl ... " .. 1 po-Moblll.y ... d dolo, unl ...... 
a. ... h ; G. s..t-Ia "I...,., .. ; II , _ ... on <""«n . ..... nd "';",_10, ",,"", . 
..... ; ~. MoI"; • ..r Join. Roo .. I .. ; 1(, a..,_ lDf .... _ Sum"",Uon ... d I<I.trh 
..... llipIicolio. ; 1., unlq ... . ndJoln ....... 1t ._n ..... .-I'" ........... _ 
"",n" in ."', with the partitionIn, ImP<*ld upon the e ntail. 
"",nl ItlUcwre by the dlSCrlpl.on;. For ""ample, (Pi,. A.G) the 
loW('r laft hand qwoo.l",nt ito co"""",1'd with topia bearin, upon a 
kmporaUy orden!d "n:-al .. orld" CR~ ) o r determlnllllc e>:pm_ 
menta; IhII Lower riShl hand quadran t with ·'.t..tn.et world" (Ab) 
I.opia thai bear ullOn ..,1 thea",t;" and a~mponJ 1m.., of deter­
m;niltic e~""rlmcnta. ' ['he upper ri¢lt quad .. nl contllin. 101';0 
<:onc..m~'<J with fre-quend ... or (~mporal) .er;uI Ul ami their n!lOll. 
dlrfereno;:el, continGent frequenci es, el.<:. The upPl'r Idt hand 
quadrant contain . lopi"" th.o.l are col>\....,med with meau ...... on 
aboltnac:t 1Ie\.l, condllionoJ m~-."", on product JeU, el.<:. In ract,' 
finer aninI!<! panilloning is poGible bec,,- the ''rMI world" con. 
taIno two 'lIr1orl·~pendcnt unw..rws (In order to dllftlop ide. 
of contingency, l taliltK:al in""pendcn.,... ltalillleal dcpendM<:e. 
and SO on). and the "iI~1 world" conlaiM IWo unlw.- of 
_..priorl·independent abHn<:t 1m...,. {for lO!prinllnH pr<>tlud u;­

per\ml!nla, conditional probability matrics, and Booy ...... " Inr.".­
-l· 

n,. non ·wer .... ' ~"p\anntion (or d""'o~tntion) of a non­
analoeical topic involv .. buildinR a model In one compartmenl o r 
STATt..AB II _nd _ny analogical topic iI u pl_lned by Ilmultane--



ously executins two modell tha~ lln! analogically ..,l.o.t..d, "" re· 
quired. 

Ap. 8. SUPJ>DIil that o ne Dr mo .... layo .... r cudo have been r"",oved 
from the file and placed in pOSition . The .tudent _elves a demon­
. tnotion by obeying the instructions on th e eard of \he accom pany· 
inti ~xt material, and buUding a model on STATLAB accoroing to 
this r ... ipe. When he h .. done 50, the model is executed to achHnlc 
lO me result (tor example, to compute the frequen el"" and expect. 
td ~uenciel of !"\".lulu in an experiment). 

For any topic the .... are ",vera! (often five Dr .ix) differently 
. lanted de mol>llratio'll availBhla in the original file and the . tu· 
dent CIUl access 81 many .. he lik ... , in oequence. The INTUITION 
equipment keeps. llit of the demon. tmtiolll Dr. topic that have 
been ~ by • <\.U dent, until the topic in question hI'! been 
l uccessMlyexp lained. 

Ap. 9. Wh e!! the , l"denl I. ""tillied t.het he co mprehend. the topic 
.... U enough to expl.o.ln it, he enters the (n<>n.verbal) expllUlmt.ion 
routine .. folio ..".: 

• • • • • • 
I a a a a 

a • a 
I • , 

a • a a a 
• i a • a 

• a , a .. _--_ .... ! • • • a • a Q?'i' , a • a @@@ 
I a • a _ .. . -
I a • a ~ ~J a • a I @a@ - • -

• • 
I'l, . A.7. O>e<k I,.. ~yRationi. , d .. k. ... JUt «,un'" .nd <hoi .. 01 . n optlon. 



(a) A111'Yover earo....., returned to the rile so that the pan..u 
o f STATLA8 ant bare. The ~ujp ... ent ill pbc«l ln.o. I t.le that d il-­
.uo .. any change o r e ..... im, untillhe eJlpbruotlon II finished . 
Any a lloempt to chmife roaJ OJ' aim loeb the equlpm",,' and indl. 
C:O\.eJI cont"."""lion of ttilI"rUIe. 

(bl &"pLanalion it inltlated by lUi". an ImtrocUon and chKk 
lilt &heet to<' the topic concemM and plodn, It In Ole check lill 
",ader (Fis. 1. 1, Ihown ICh" matlc.alty in Fi,. A.7), Aller !.hill point 
the demonmation rile it Im."""""lbJe [any .u.""'pt to remove ... 
layover cud II d~u...,ted. "'Kflalll.'d ... Ulega!. and loeb the o~. 
tion of the equlpm~nt). 

(e) Card lntertlnn resell ... counter In the check lid reader. pro.­
vid..:! that all the req~illte conditio ... IUd! .. the e xillenc:c of an 
·im and ... 100 are ... tidied. Ill ... rMult, an illuminated pointer II 
pMltioned aa:linn the fin' l l.em In the eh«k lilt. 

(d) £lid! item in the c hecl. list CONiito in an Inllruc:tlon and ... 
condition to be cheeked. by the IWdent. Thtt lnn.uctlon. ""ide the 
Itlldenl in bulldln8 ... model on STATLAB, .. hich d,," the llUne 
thin ... the demonltnotio ... , 001 which II not Identical with any 
...... o...u.Uon he hal ~ived. Thls requirement it checked IUt.<>­
..... u.:.t!y by c:ompuinll the model with the oet ot demo ... trar.iona 
lDdbted by the demon.mr.ion lift. 

(e) If the nudern bel~ that. It..&e in model bultdintl iI cor. 
"",t, then lie pl'l!Slel the "Yeo" button on the clleck lid rHder and 
the point.c r mOYH to the next item. Belore praainK the "y.,." 
button, the IllJd~t may (and orten doe.) execU!.e the parlbol 
model he II .. bum on STATLAS to ""nvlnce lIinnelt that tllia part 
doe. whlleYC!r it OUltll t t.o do. 

(I) It be iI in ditficulU.,. W>d arutioul t.o.tart .hellI, the nudent 
pnaea the "No" button, wllieb "'WmI the ilIumlnml.ed pointer to 
on InvllibJe RIO potltion and olten the foltowin& opUOIII (the 
lamp' and the butto .... d the '-" ot the check lilt ",*r): 

(A) Start • fifth '""pianar.ion. In thla cue, the illuminated 
pointer mows to the nm p<IIIidon (the mod !ftquenUy 
c ..... n option). 
(S) Obtain twther demonrtntiona. In thil.,..." the .t.udent 
iI allowed K<:ftI to the demonstration rue provided the In. 
Itzuction and check lilt am:! iI ""moved. 
(e) Learn the top'c in • dille""nt wlY. Choice ot thl. nptlon 



'" 
reselll !.he enti .... collection of (i n\.emall .. l .. dried register tal:" 
established .inoo o btaining a demonstration IBYOyer card 
from the me and allows fo r cbange or aim or (loa!. 

(Ill Suppose the " No" b utton i. never preued and that , by 
p", .. ;ng the " V..,." bu tton for ~aeh item. the student eventually 
lend. hit. a pproval to a ~quence or partial Modell (one per i!.em in 
the check &t), and thus hll$ built an en ti .... model for the topic . 
The [w;t Ite m In th e c heck list alway, guarantee< that this complete 
model ~ eI"cuted o r le, tOO by the . tudell! {po.rl.io.I models may h<l 
but nud not be ""ecuted). Pre5Iling the " Yeo" button at \.hi.! pOint 
meanl tint the .tud~nt is sat!3!led wIth IUs modelll1ld lubmitl it as 
a nOfl·verbal explanation of the to pic. 

(h) Depend in!! upon \J1 e experiment, we e ither accept the stu­
d ent'. Judgement of workability, invoke the JUdgement of a super_ 
visol , or u"" the com puter t o check that exec uti on ot W I model 
correctl y .... l iofl"" the topic relation. In any case, provisions ...., 
made lor .., n. illl! and tracing (electrloally) all eont'lguraUOIUI of 
~ompon~nto, Unks, potenUo meter settings, etc. A conderu.ed lorm 
of this tracing data is used, In an y cue, to clUure Utat the lubmit.­
ted m odel is not id~ntical with, hence pouibly JUlt. copy of, any 
demo""tration on th~ .tored demons tration I;';t. 

model is deemed correct (ac­
h ... been subm it.-

an and is 

m 
. In..,r­
plug, is 

A.8). Further, 
the green 

student'. activ;­
.., placing the understood 

Ap. 11. Repetition of th ..... operations until the uppermw;t topi,," 
are und~",tood (u:agreed by the student in Clauoe 1 ) giv,," rise to 

-
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a aerieI o f marker dlatribu tlOlll on the I!fL lailm~nl ltnLcture which 
ill n ible to the atud~t .. h e 1eam. and malt"" h im awan of ho ... 
he did Imm, .. I visual poll.tern. ",., dilllribution o f marker pat_ 
tenuL and transactio .... ImeraLed In !.be c~_ ot leaminR iI I 
kami"6Itl"flltD Ind is eh<lr.lCterisQc ot!.be uudent . 

A' PENDIX B: A SIMPLE MOD EL FOR AN L. PROCE880R 

The ["PrCX:BUOt ,. a m«hLlar computing machine, !.he compo­
"""14 ot which, amI their int.ernty and pe ... l.l.enca, depend upon 
an evolutionary proceu like FotIoI , Owens, IlrId WaW1'l llmulation 
(Sec:tlon 7). The flnlte atate madtinellre the modular automat. 
which, in ruc:h Ilyitem, repIacft Indend~. n.ey, and their 
wnlr; int.......,tionJ, constitu te the PC Openo.tiOfW. Bu t , w·"'" tht! 
in~llon te ..... an! involved in the PCspecitication , a col~llon 
ot modular automata h .. a definite L-Proc ! IN orpnialion. 

One lIrIgible real!utJon of a comPUtinl ~ium made up from 
moduw automata k a 10 called _l,tion ... rr ..... IFi • . B.l): I 
colle<:tJon or celio, each containi". an automaton, int.enc:t1n. by I 
neighbour tuncUon. ( Por ""ampLe, tht! inpu t to ~l. ila tunction 
ot t.he provlOIll IlItes ...... med by the automata righ t , tefl, up, and 
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-"' ..... -... __ ..... c . ...... "" 

down, adj""~nt to ~.) • Arrangem~nt.l of tho. kind are u&ed to rep· 
~t "'Pmducinl automata. 'I'h~ ~ntity bC!inl "reproduced" II I 
r;onr.,..ralion of _tala of modular automata, ilTet.petlive of when! 
upon the surfar:e it .. loc.ted. 'n>e l ur13l:e. in other worn., is • 
r;omplll~ medium (. IKIturn ayst.em) inh.blled by p~ureo 
(heft conliguJationl) .. hlch JUMVtl or decQ'. UlJdoo:r the Immediat.e 
Interpretation . undenIGnd!", and memoru. tIfIUre III OOIIfilura· 
lio .... the DBfPB opentionl III the dynamlal ofatronl in1<!ra<:l.ion 
between con(wurat{o .... and th_ strong inl.e...,tio"", in tum, .. 
tha L tranudions of . lanl"q;e o rienIed IYl t.em. 

Finally, the compilation IE.!!!: of • Program ~ (to realise Proc 
• U'rol. lnt.er)l iI that Ictivlty In the ata\« or cert&ln modular 
lutom.ata --wnic;h inducoa • ItaU of. configuration (~) and does 
to for each ataU or ~. Uence Inter Mlonp 10 the d_ of PC 
operation.. any Proc hal • PC component in II 1\1 required by the 
overall theory. - -

. _hi, thr _pi.< __ '!on .)'1 ....... eo ..... ' .. /19711 .. LII ... 8Imulo· 
lloa, ..... , It .. ~, ... II:r """q .... I.,.. lho ....-n' p •• _ . ou. .. ""'''' .1. 1>0>-
.. ~ _loti"" .Y ....... I., d_rlbod In B •• k .. (1970). TD .. omp/II, tho .",1<»1 ..... "" .y ....... 110 ...... n .1",. lotod ... ;u, On •• ddltlon.ol. ",.,n~ ... u· 
colly ImLoLl"( ..... 1 eMU'''' pf<lPI,ly: ",moly ...... , .... 0<1.1 .. ," ,,,,,, • .., .. io 
....... _. I.*.. "'" .... ..,,, .. ,, .• 0<1 .. _w. ..... o1ampo<l b, .... k 1~1'_''''n 
•• It/o. Uo.oir nolrhboun. 



In ouclI an arnJIgI'ment. It if I)O'IibJe to vary 1M compoAtion of 
the UlOmat.o (they may be uniform 01 varied), the neighbour 
function ji l llUl), "" I>omopneGu. at aU pOint. on the au.rta.c., 01' 
notl. and 1_ pla~bJy, when It come. to physical Interpretation, 
the dlmenlionallty of t ile t-u.Uon 1lUd1""'. Any Or .. U of thMe 
pannleW>n COIIIUtute ''pattl!rnl of L·l'roc:ossor orpnilatlon", II 
the ph ..... WI. used in the I>arqnlph tx.fOffllasl. MD~er, at INS!. 
one of theIe pacam!!tefS 11 varied if the modular Illl1.om .... .,. pro­
duced and refl,lrbUl>ed by an f'YOlutionary nyle proee. (Fi&. 8.21. 

Provided certain limiUnl eondltlonl .... ~. these varM' 
tic .. do not inn ..... nce "'h"t may be eomputed by OOIIfi#urutlotu 
on the l.eMeI"tion rurf..,., Hor ""empie, reproductift TUrlI'll wto. 
mUa can be ",presented in any ouch ")'Item). Bul the .... metrlc 
Varilltiolll do profoundly innucnce bow the computallon took8 
place, and It ill Ill",l), poIIlb'" to let the panuneten (in many 
way" In flcq to capture each comPGk'nce p rom ... Moreover. the 
parameter IfltUng m ay be (and In FiR. 8.2 il will bel determined 
adlpU .... Jy. II ~uired If !hit; picture of things II to m.t.:n the 
oble""U(MII of olhH ~Hdll!n Or of our own &rnup. 

/~=---

....... ., ._-... __ •. •. c._ ... on 

Fl • • B.l. T_UOD .,,,r .... ... llk nnJt.o .I&t.o moc:~iD. comll"''''~1.o (the mw. 
~1oI1 ...... truc:t..t and .....untlln ... bF .. ·'li:ool .. u.:..-y"_, 



'" 
'Thll~ iJ, d~pending Upon tM clwn.d..,,ut iCi of th e compu llng 

medium lor candidue III a n t...Pr~), • 08 o"",notor l if it 
exisll) will be a GOB o r an W8; , (m ilarly •• PB op''''''tor (if it 
ulIlI) will be • CPB or an U'8. This global or local pro""n. ity Is 
the lcut readily modified; the efrecU""neu of 08 and tlte effee· 
live n" .. o f PH opera{ioLU d~I"'nd Ity Itypoth".il upon th~ "!:eady 
ltau! "" .... i ties of DB and PH amonpt the population of p 'opams 
under encution in th il ....... ium. 

We do not Itold that L-Proc I 0'" (in partlCtlJar brainl ) ac tually 
"re o '1llnisationl on • Lesselation I\1I"f..",, ; I.h n u-lallon lurf""" 
...,.. introduc-..d "" • f.miliar eumplc. But . ny ~t of inlCracting 
modular .utomata hIve communlclUon and con trol connectlool 
equivalent 1.0 neighbour function. and the Ii . ... and we d o mtun-
tain lhal L.-P, ' on ""'jt!sI....,h.Y5tema. ' 

,. " .. _"" notlna ""' • • nu ... bo, of .. U .......... 110 .. ell,," Il00._,, P''''' • 
of LIoIo ~;"" ... d blolotll,,01 '" "",.;..w.iaol.,..... ..... ' 0' .... mpit" Ooo<I ori,,', 
{lSUI d ....... lon of ... Uu'- .......... 11 ... ",ok .. . ~I .. , d .. ti,,«I..., ......... " 
..... k I" .. , .. . k> .. tI1,o" Jh pot>I, ", m .... ""IIL .. {,.. • •• ion pmdu<1o . nd P'" 
c_1 oPLI u.. """'I In .... """' .. impH<o' inLf DNA. !tNA. u.. Ri"'-. 
.M I!o:o.,_ Ol'II.bot" _ . whld> .... y bo -"" _ DB/l'fJ ....,Iiaoble 
proc..d ......... _ ...t In til_ .... iIi_ of <boo ..II. Pri ... I~ ( 19111) ."d _ 
(1U. . "UI~"_""" ........... ",,110M wlLlo . _ ifle: Inlorprfla' l ..... ",!Ino;" 
D," .... ..,.; "'. oritlo ....... nriationo, did 'leblo (1 941). Sl ...... ,bot _ •• hoo, 
ot ""ttll .. ,, ~1e tormu lotlona b ......... do.bod I. dl ..... r .. ld. "o< .u",pI_ • 
• ""'orhyalolco. moIec: .. w- bk>I<>U. ~~Io'ry ...... 'ica • • LIo<>leo ud 
oe<>IcoQ . 000. '_i1Io • .,. , .. mple whlclo .... _11,......- II .... ,. In .. .-
too.. ,. IMtaI>N • • h • • _ , ..... o f .... ~ ..... 1''14. , _,. Soria.)' 
S ..... P<OOI ..... No. ' I 10 • • ,....... of _ ................ iol _lloti""" I ... d., 
.. r So_ ... """'- (B ......... 1000 In ",'ph"",, , .old 001",,,,,, with malo .... 
..td ."" ... d ... ;"", ""ot,I ... _ '" .,.., .. '" IoNI· 

II 10 ~";t. Im""",,", \.<> '"""'10100 II ... tit ... """dlliono al' tit , "",m (to< 
olll<. wloo tit_ :UWU-"' ..., ... ""ri<>oaoI,. .,..tbndlolol ' "d.hal. ........... '.mil · 
... .-or ............. "" ... opocIaII,. .... tn. ........ ...wo'" _ ......... 10 
.......... Tho ............. ...... ... _ ....... , ... bjooo. to ,ho 1 ........ lon. "'top .,_,1000 wha.t ... _100« • ....,..... .... ",d ,"'" .. -';L!"I whi/ot .......... " io 
in p.....-." ""-leh '"" ....... ' " tho n ... m""OUltph to d.II .... , • • ho <Iuo ot 
....w "",dollln, , .. 11 111_ to wokh thlo ''''' ,_101 ..... . p"'l"'oiy , pplloo 
(tit . "\ <LL><k" ond .100 "r .II><~" <0" •• "110>" ~ Seo . Lo<J r .. k (11161. ,..poin ..... 
1958. 1f12\ " " d ,....k ( 117"1 ..... 1 .. 11<" D I (,,",nol U"_'y , ....... 
197n 



API'~DIX C, DETAILS 0' co ... rKON IS1!: PROCKD\1RE!lI'OR 
"LEARNING TO tzARN" EXPr.RIMENT$ 

Th~ lo liowinM comprom;'" prex:.,dureo Item from an I Pfllkatlon 
of ent.u.Um~n l .uuCW", t«hniqu,," deYised .nd IUcceodully pilot 
Iwd ied by Dr. R. Chuwilic and hil colleagu ... ln 1h~ conte",t or an 
lI'<:hlteclUl'll ochool. 

s..oollA 

Arter fludcnu have O\.udloo !h te",u, lillu 01 topic names, 10 
whleh other. may be ""'tJoo by individuall, are handed oul, and 
each otudenl iI .. ked. to "'Ie the topio;o as ' 0110_: + I' hI! thinu 
h~ eIIn upWn thl! topic, 1 lfhe Is douhtrul , - i' he cannot, and • 
if \he topic ill im:i8VlOt {Ioma oeemi"~ly irrelevant topic nam .. are 
Kiven In !.he list, together .. Ith SUme "1pRrf!" locationo to be llUed 
by MIdlllonai topic nameo). 'I'be It1.ldenu all! aaked 10 thow by 
din!ded ....,. how they oonee;ve the topie to be "connllCted· ·. 
1'yplelll r$llU are ohown In Fi~. C. I and Fi". C.2 . Students am 
next IJIVO!f1 a llleel On ""hleh the c:rperimenter h.as ~ncin:1ed tbe 
topic nllmel whleh each fndiuid",,/ ,Utdent thlnkl .... iI able to 
uplain (~. NCh ai.udenl haa • "penonalloed" theel), .00 thl! 
das. II aaked to construct a rimibr cvnnec:t(on gntph lor these 
topitl only (Fil. C.3 lOd Fi~. CAl. F.saay qUHliono, III well aa 
Intervie .... are \lied to ~h""k thll IWdcnU whn 50)' they gut u · 
plain. topic """. In r ... l. do .... 

fnlerlm A, B 

Between So:.ion A and Session B. till! connI!C\ion ppM are 
compu tllr pr<>C<!llled t o give. pruned venlon In which th e ana· 
lotricll con vention i. inseTted. 

At Ih~ .tart of the train InK _ton. th~ CO lllputer proc-OO. 
lndividu.lli connection araph. "'" I'I!lu med U " teedboock" and are 
uoed In the " ....... ;nl to "'"m" e:ren:ittlt. Further and more oophil· 
licated IlruclUrei "'" IxIfi t liP III the nrloUi ptinciplet are intro­
duced . Amonl:"~ other !.hinp. the d ;"tinc!.ion between formal and 
analogical deriY1luor\IiI ,""t.ablisht'd . 
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1~ltrim B. C 

Graph. obtained trom t.ha otudentl during the t.noininQ IeUlon B 
&l'I! Individually proceued and ... turned .. "feedback" beror. the 
Iludenllo start to Ie...., the Seaion C testl • 

..... "c 
Alter Iludyin( the 1.eXU •• tudent. are , ubjecl.ed \.0 • repetition 

or the procedu"" dClCrlOOd for Seuion A. At thlll s!.age, they have 
• more aophiltkated ""IICrtolre ot ""preRntetlonai teehniqun and 
have ~n el<poae<i to the " learning to learn" tralnin, of Seoif,ion 8. 
Cleuly. W rep~t..tiOJl U:ill and "levninll to learn" "'" inw.· 
m.ted. but not identical. Typic:.al connection papbs .... Ihown in 
Fi,. C.5 and Fi,. C.G ("all" !.opal and Fi • • C.'! and Fia:. C.S (+ 
mulled lOpics) . 

These graphl are penonally procuaed and re turned u "1M'(!· 
bkk" IOm .... h.t lal«. If ptaible, """ use "feedback" dl!lMry to 
all: for I'1!JI"fWrY arid <kscripton ~Iciled O¥ft terms of the anal· 
op.., and ,tudMta who COOpHllte in thil muter ..sign value1 to 
their 0 .... d8<:riptono, 

DI"'~ulon 

Apart from compann, factual and ""planatory responllH, It II 
poooiblll to oblain indie" of compl""Uy and c:oh""""",, oye' the 
indiridWII L'OflfI,..,tion ,",phs. Hence, we ~ in • po&ition to Db­
..,NiI "learning to learn" (IlUdenta for whom inclftlMd UndH_ 
Ilandin. at"'. the t.n.inlnr ...... ion io ~mpjlllied by an ab'lity to 
represent tJwo aubjed ma Lte.), ditterC'flt typef of representation, 
.nd wilen they occur, tile d~fect.s In learning JUen .. ·'GlobetroL· 
tin,". The latter co ndition, for u..ample, iI dotected by ncLins no 
diff ... e""" betwHn the "can explain" connectivity lind lhe "al l 
t.opic connectivity"; .t a more detailed h ..... .!, by 5pecirloc "falae 
anaJocy" patteml. Such d aficiencies .... e sen.....uy redu~ by tnln. 
Ina In tJwo '~inl to !nm" ' _ion, utd for -0 ..... of the l tudenl.l 
virtually eliminated . 
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