










Tile ~nt b thla book aiIIu to apply. body ofeobeolye and 
Intupretable Id_, devl.l.oped (NM !he lut do:.en yt&rl or 10, to 
...... o f .;,p.mc ... "," in MloCOti<>nal PlycbolocY and epiitemololO'. 
"!'be lIiltory and u.elop_t of the. Ide .. , "'h id! _rpd from 
n:periraenll on petceplual motor 1ear't"Ilq, IfOUP intenetion and 
.equential clK!1c:<I! (as _ 0 .. 1Il0re obYIoualy relevut &wme. of 
1earninJ, .. b;eet mal.ter ItNcuuill.ll and cocnition), .... dacribed 
In 1 .. 0 ptuiou& boob (1'aI.k 1961, 1975.). Bul !he tnain themel 
lInI "'YoI.IIOiled in a monogn.ph (hen",,'onvanl'ealletl "the preriOUll 
monocraph"), I'M.It 197!'tb, Co"~_lio,,, eo,nll/oll "",Il.am,IfI8. 
which II part of I~.e Pt~~.me.. In tact. the "n-vlow monop-aph 
rrwb I polnl of deput.Lm', to. the nOUOM dinS toplhM well 
enough 10 eotInt II an empirically Juppomble theory: Cony ....... 
Uon Theory. 

Ideally. perhapa. Co"~e,*,r .. ",,. eo,,,lr",,, /lIId wQITl/f18 Ihould 
"" re.od (Int. But u...... are ...... 01 600 odd page. of II, lncludiq 
lOme lenlthy appmtikeo, and pl"O\Ilded the relde. ",ill take vulotu 
nuemenll on lrut, II II quite pouible to ItIl1. "'lth thll book.. 
Con_rio ... Co,..ltion ""d • 7 ,,,I,,, can be "&anied-, with eq.w 
Ircitlm&C)', .. an _y In man/man and tnIl1/ machine I)'mbiooill or 
.. an -r upon ed"""Uon, leaminl and the like. In cont.n&l. the 
~nt book lIana"pllcatlonHudy and ill II.IIIlIDbiluOlllly orienled 
towudl thl _ of educatinn, ill PfYcbolOfY and eplstemoJ.ou". 
The Inll'Oduction p"hid .. the t . ,! ltialpoundwork, and for th .... 
who hne .--I Co".,..,.,rion, l:<>Knltion ""d Lnrni".. it bridgeo 
llIe cap be''''ftn!.'Ie IWO volumes. 

Teo:hnical ;..r.en hu been minimiwd and enmp). have bftn 
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• 
• t.rssed in order to int:n'ue ....ad.bility. Bul II II a110 !.rue \.hat. 
,ood deal of tre.h ground II broken. Tbere It .. been prOgreQ both 
in the theDfttkaJ wd empirical aftal .lnoe 1913, and the picture 
... hleh can ~"'" be dnlWTl is more ...,MIily c<>TJlpr<hlCTIdcd and ."ther 
mil ... comprehenrive. Th" theoretical and "";><Irimcntal ""<;Irk iI: 
roculilled u»On learnlo; otnoteaY and Ilyle, upon innovation and 
"leominK to learn," and upon ~ rcpresenl.llt.ion of knowledlle by 
teachCll, ItJdcnts or subject matter ""perta. The cn'luirieo in both 
areal lead to> ",mil. novel penpectiv ... and discO\'sri.,.. 

Rl&ht at the outset I would like to Qualify this pretentious word 
"discovery". One of the leliSOTII continually relearned by our re-
8earch group ill UJ.at most of the "diocovcri .. ··llffiouM to" , .. tat<!­
menl (with I"itable baekup) of the Intultiolt5 HId .. Dvm oplnlona 
entertained by weU_informed educators; 10 thili l"Iprl.., value Is 
lea than It might be, For "".mple, Ityt ... and strategies of iellIIlinS 
and problem ""ivinS are known to exist : Understanding 1.0 often 
conceived .. .orne kind of noproductive procea. All we do, in this 
.... pect, Is to _J1. that there ;ue particular Idndo o f strategy and 
that an undentandinr Is a particular type of reproduction; that Is, 
10 rn/Kklr U-", common bellef ,,",pikit. The po&.ition Is a nUle differ· 
ent in the epistemological arena; some of the ~omm"ol.l upoo the 
natun! of knowle;:lge am mrprising and uncove, an interesting "Of!' 
nltlve pat.tern. Moreover, the melh<><h used both for l ubject mat. 
tJ>r .t.n'M1,rin~ Mn,! thP rlp!JoilN! ''"''rty "r in"ivirl".! M I!'"nUp IMm. 

InK ue (I think) "enuinely novel and merit atlelr.ion IJI candidateo 
for Ilenena\ omployment. 

Another le&&<>n we continually relearn is that originality Is some­
Uling of B . oare if not a poaitive de lusion . Other people have 
thoulJht the oame thDughl.l and someUme. dane the same thing! 
while ullingdifferent idiom. and methodl, which trequenUy ob!W;· 
caUl Ule unmistakable .imilaritleL Some dcbu and d~pende""iefl 
were pick"" up in th" previoUI monognlph; in thia book Ulcre ;, a 
detennined and fairly IYltematic attempt to establish th " proper 
Unkag ... and set the work in the conte><t of the entire r ... ld. 

SorneUtnI!I this is • dimcult task. Commonly enough one iI u n· 
1"""l1! of an inU!llectual debt ""rept in retrospBCt and Ulis is ""pe­
ciaIIy true when the donor lpeaks fro m a dlU~rent platform. For 
""lIOple. all sy.tern theoretic and informar.ian procesa oriented 
psychologists oWe an immenle 1I00unt to Craik , working " hiefly 
with Bartlett; bu.t the magniwde of thil parUcular heritage only 
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became .. Iden, wl>m Craik .. nota, -.ya and memonnda w~ 
edited tor puNlca.jo" by Sherwood (<hit, 1966). By Ute ame 
token mOlt peoplo c:onoemed with Imowl.-lp..oo III rep.-nla. 
Uen "- (ott... qui .. "n~uo -......... )') pnlC>I'Cd Id .... 'rom M<>r<>-
dlth (1966). It;. clNr, a t any no .... that many or my own "oriainaI 
~" reeepllu.r.e the uaumen t in hlr Ep;,te",1u anc! WHlI! prab­
obi), born In dilewJion .nth the author .ome 15 yun 11&0. Mud! 
the Ame c:omml!1lll apply to Gray Walter . Neady everylhm. 
worth uyln, that ~ aid In this boat about c:onculTf!ncy and 10I::II.I 
.,nchronlclty (of I priori .yrochrollOUA aylUlml' II contained In. 
prnciellt article (Walt...r 1956; tht pII(>er w .. prt'lCnt.ed In 19riS) 
whue \.he m~analD.lln queaUon llnderlie a phenomonon hoopplly 
named "AtJ.cllllon-. M<>n!OVer, tftlUplanted from cOil1ltlve rtudilll 
Into neIl1OphyAOLogy. the ""perimental method. he dniled for 
diopll,yina and qUlrltHyiog this phenomenon ant O'Irtually IdenUcal 
with 0tU' own meI.hDdI. 

Other ICknowlPirmlHl1l '""' quit.. _lIy \.raCked down. The 
~ of eonv ..... tIon Uw-oty to the u...on,Ucal undtrplnnlnc of 
!be VYlOtAy·Lwia Khool and the Piapt KIlool WU <wident from 
the OIIlaet blat onl, became obb'!.lldve alter lencthy and Uluminal­
me dileulliOfll wltll Mlc:hM1 HubHman. Chap~ 1 it IntXUy con. 
otlliEd wIth brinP.~1 &be ""rtlnenl mtthocbl and ttclJniquM Into 
,.ltr with the JIandard tltperiment.al condiUona appropriate to 
coDY_tlan thll<'>l'1'. 

Subnlntial portioN of tho! book were rewrht.cn 1ft« I _ iu of 
.emlnan Ind ditol.rON wlt.h Gergely (a coUlbontor of I~an. 
ltanko) anI;! Nemttl occuioned by their re<:ent vilit to Oreat 
8ritaln; clearly, lI-.. y and their colleague. Ull ... yin, the Arne 
thin .. (more el8pJlUy from. mathematic:el point of wlewjlnlOfar 
• they h ... clInIlItanUy .pplied their COI>CllPI.I to lOCI&! t)'.lelm 
and the I;!~lop"",nl of """,na' and hive pw'IIUed !.heir Itleereh 
II¥I!r more INn a~. In y~w or thu fad. it would plainly be 
impertineM to COtlItNet an ad hex: ··.trinl and -'In, wu" cal· 
culu. to .. pIKe wtD-developed noUoni. In uoin,i.heM notiolll, In 
..... y simplified form, _ a COIT"".1Qne of !.he ..... mllnt l hope I 
..... nei!.her m~_1ed their position nOr distorted e very 
buolllrul theO!)'. Their own boob on the IUbject .... 1n p~. 

"'" I 1/11 paroleularly izIdebled to John Daniel both for helpful crtU-
dim and inlplrin, kI_; for ,""ample, thlt entire educationallYl-
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tern. can be ch""",teriaed on • pu with lr1di"idual Of group learn· 
mg (hill re..".rQ on the div~nee bootw""", Mutational . tyl<ll, 
Daniel 1974, II well worth coruultinl/). MlU'Vm Mm. ky'. theory of 
"I"Y-a", .. " tunu aut, on dK",,,.ion, to b. mon or I ... tn. oam. u 
our theory of concepla. Nicholas N"IlIOpont.e, in many way .. iI 
resporuibt.. not only for the ba&ic Ideation bul for ""tending it w 
the wider horl2.on of <k>sign and arcltitect.ure - quite apart from 
hill role AI I11tor In bow to Implement man{", .. ddno int.eRCtion. 

In the p ..... iou. monograph I Itt .. d the conjoint orillin' of 
much of UU ",..,arch and noted !.hat It .temmed from the intelleo-
tu.oJ. mAlIdatn of McCulloch and . That II dill true. Most o f 
the researcl\ lin .. have also I 
0' 

bo<Ik 0_' 
of"" 
lit)' h"". 

of cbapu.n I am 
'~o~ Conant, De FUlti, Lupati, Bruce 

Nelson and others in the Depart.-

:~:~~~. f~~~~f"~~",;e Applied ~ Profeaor 

I would like to thank I....., lIaillman of Sy,tem Ruearch for 
ICientific editing and the preparation o f an Ind"". 

By • eonvention.al impropriety the moot Important people come 
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lMt. Our ...... on:h (TOUp Is. Social Sclen« a..-"",h Council RJ,. 

INlI:h Prognmme: "(..earning Styles, Eduat.lonal Stntegiel and 
Repr ... entatioIlII of Knowledge : Methods and Appllcatloftl," and thl! 
r_1Il'Ch ;. carrie<! out . t By.km ~h Ll.d. FOT u,. moot put 
thu. book iI an account of thi. programme, it.l ambition. and Its 
athlevuments (O«lIIIionally It Koe. beyond our briel thougll not, 
perhaps, our ende..,oun). Th ..... patto'" are not o nly lPOruon but 
vlllued adviw ... 

Lin<bl Barlby II .. typed manlUCript dnfts npea~dl~', corrected 
them and of len the author. Bernard Scott and Robin Batley have 
",ad it and Scott II "")IOR.ible for the detailed ... fcrencing. 

Cordon Puk 
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/lIlrot/w:lion 

, 
"".>e<:ially .. -..... 

of ul.frioridna; 
with • learner tor 

a .......... 
0 "" 00. ddecll. The dialopII' inu..fe_ 

.tf.lu& u an blnnal ob-

avlllable to an ,""""mal 
will <leu ' 7 nry rapidly to 

, 
I.he ide..! (the , ~. 

, the infonnati(ln about conscious apeQlio... maximiled 
by .... kind of dial ...... "'hien ill ... .". . ..... 

Samt tile difficulties "","tioned m the lart pancnph can be 
.. rmounled. For u&mple, It '" pcaible to diltlnlllil.h tile rola of 
Gternlll obIeT\I.". and putklpant e>rPft'im..nw; the obMrvtor lilY • 
... tnu:UolII 1.0. putkip'llnIqo>nt (how to -ct and what to dll­
CIUI), att.er ,.bleh ht loaD on dispuolOfUltely. The Ipnt In qu_ 
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, 
Uno may, for mllJlY Purp0&e5, be either II. human In~rvlew"'l or II. 

mechanised oyotem. Much of the ;ugument in the preo;ioIU mono­
graph "' .. coucllod in term. o f .. meehllJliaed ,),.tem (CASTE: 
"Cou~ Aso.emhly Sy.Il'''' .~rl "',t.nri.1 F.nvlTn,un .. nt"), p.ortly in 

make .. tie ... distinction between what can 1111~ cannot be meeh· 
aniled and partly .... pmctkal expedient (human beinilS Me un· 
able to fUAtain the role of particiPllIIt ""pClrim'nte. i t the coover· 
ration ranges over &izable . ubJect matter ""' .... if the "instructions 
to the agent" are precisely obeyed and if tr..n..actiol\l are to be 
recorued). 

To meet another objection, \.he converutional language need 
not (tor many Purp<>III'i) be naturallanll"age. Thto conversational 
language (bmoeforth delignated L to distlngu\.llb it from the meta­
language L', employed by IlJI nternal ohaeNer to rnllt ,,/Jout the 
conversation) may be .. IVaphlt or non·verbal ' ymbolic Iangu,,&e. 
c..rtainIy, L mlllt be quite .. rich Iangmoge. For inslanoe It m""l be 
.. programming lanJUage .. well .. a descriptive or usertoric 
\.angu.age; there .... genuine L questlolll and L comrnandl (notjwt 
formal JUnopt... tor qu""UolII and eommaadl); L l tatemcnts 
must. refer 10 pe ....... "I" ~ ''you'' u well as objects; L muat 
have an unllSUally liberal interpretation or ",,,,,,mlie. EvelllO, it ill 
o f tell por;&ible to ,....Hse the L tran&actiara u oequences nf COD· 
ere"" aperat.iora and in tnal case to replace verbal utte~ by 
beh .... lours .... hich can rud.ily becamllUl<lr monitor"" and record"". 

Some ca~tlon \0 Meded when U&inl the ward "betu.vlour" in 
thio context.. The nectzf'ry caveats we ... ab:uzrd in the previo .... 
mon~ph to produce an a1mOlt cL.?'cve notlltion In which be­
h .... iounol \emu like ".timulul" and ''respan..,'' ....... g<!ncta.lly 
eschewed. Havill.: made. the paint, It ill lcptimal.l! to relax the 
nomenclabJre pl"OYided tMJ tne b.hB.vloun attending L t.ranaac­
tiora are n!Cognlsed as many IIOrt~d.. (in conlnst, the most ""lzeme 
fOnnl of bohllVlourism view behavioun .. One IOrted; a precondi_ 
Ibll for lyutneai5inll complex entiti .. out of IlIDple 0<1", orcon· 
vemely , fa. an atomlatic analy •• o f complex behovlaural """,,1.7, ) 
To Ulu5tnlte the many IOrtednea of behvk>ut we Ihould dillt.in. 
gulsh between . imple behavioun (""u...uy, albeit probabil.lJUc­
cau...ny determin""l which am the one..".1 of .la3sicaJ behaviours; 
model.bu.i11fin11: o r rule delineating behavioun (a IOn at bc:h",,;our 
tnat delin ... tes an ""planation or a dilmonll.n.tianj; and ,"""mi"G 
.tn;.te6"Y D.blEVloun whk:h rep""",nt, by. concrete lnclnl, how an 



, 
uplanalOon" derived fro ... o~r eop ...... tionl. 

Ilt-pt'nd\n& upon llI~form of 1.., UIen! ue many ')'pet 01 dWo&ue 
whio:h .. m uterioriM ",ental ennt& and they are pwled or typed 
ill ... ri .. a~ndinl &om _ ..... b.ln.I ianll"_ dialDfill'e, wia '" 
Itril:ted a.wra] \anauIcR dialogue, 1.0 lil.urot.ionaln which I. tnJuac. 
llo .... ore mechanilecl. AU o f UNse '),piN ........ lIpd """,e",'ia",: 
the At< ry ul'ftimental melll ..... are c:alled "eon_tiona! 
t.o.t:hniq ..... " . 

The objecUon whioh cannot be eliminated, whlchf!YN U!<:hniqlli! 
II "led, II lhl any oollverution tak ... place within. conlrllct.ual or 
nonnatiu rramewo r~ . '!'he respond"n t~' to "'"WlIII'lln \.he oon­
yo_lOon, for ~nml,Je. In otder 1.0 leam .~t a .ubled matu>. , 
and !.hili agroomcnl (If <:O<Itract is nqolitllm In ""tunal lanl/Uap 
LO, though It may Qo "" tl<p,_d in 1.. Furthe., the partidpat­
Inc Ilgent, ellhef man or mllChlne, hianet; the COr\we .... Un. : IltenJly 
an u\emal 0'*" .... '" Lookl at. <"011""_/;0., not at untflwreti ..... 
IpOfIM! Iwhl,"",'" thot .... y be). In .... tple, U1t'1e objecllON an! 

DOt wry Rrioua. Th. priDe paid for obao:"atkm II no petlter th .. , 
!he prke paid In. c1"''c-I I!1jH!.m...n' though the iii,"" and cun­
wainu .... "",nifes"'" differenUy. MOl1!OVft, a t lean In Jy~ 
like CASTE, the an""'"1 and type of hi» an be etu ... ued "fIr' 
lh~ flFO'''I, thDUih i~ .,.,.no~ be """",rawly predlcled berore ..... d. 

We now co"", 1.0 !.he undcrpinninll conlention or the prevlo\J.l 
manGinp/!. I'IychololiaJ phmomena. especially thOle levolvod In 
leamlnll and education, Item from or an! related to .tateli of con· 
..,ioWn ... Uling the II'lIIIrrH!T1t .. hleh ",blat the InfortUlllloo Ivall· 
able tbout col\IC:loul procelle. to the type of uperimRntal ,Itua· 
tlon, we maintain t.ho.t the !>We unit gr p'ychgloKical/educatlonaJ 
obler .... uon !. • CIm,~,..,lIon. In o~r 1.0 tat hypothaet and eI· 

plictlA! the converaa1.lonaJ traruactlonl, It b nee "y to Invo ke 
vario ... 1.0011 and explanat.oT)' con,trw;:u. Th .......... coherent 
mOU3b t.o count whtl! !nlerlocke<l at. theory, and thir!.heory .... 
dubbMI COII"",..,licm Ihwoy. 

I. pJU>lUtQUlSrra 
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1.1.0b ... nx<tlon 

To begin with, there must be a~ least one Itandard cone/Won tor 
mc ..... ..,""'''\ """ .,boo: rvaUon; other condiUollS, ","ually Ie .. ~ 
Itrictive, beng J).liemalica.Uyderlvedfmmit. Th~ .tandlltd condi­
tion o f <:0"""...,0011 th~ory II; called a otrlce CO.p" ..... tion and it 1.0 
pDII.bla to mtruct DT program participatins .genl.l AO that it ""Y 
""""." ..,1/011 loke. pl4ce, then It II certainly a , Irfc! """"" .... Uon. 
TIle main featu"", of a owt conversation are .. foll"w.: 

(al The putlc\panbl. as part of a contnct, agree to obey the 
rules of the """"erutional lAnguage t. and the participating agent 
IQ.I.kes lUre u..t th e L Iyntu Is I't'lIpect.ed. 

(b) The "anvenation It focuilled, on anchored , upon. conver­
sational domain: typically,. representation of tbe topiCi in . sub­
ject matter. 

Th. conV::~~~':'O:,",::~:'O::_~.~:InVOIV'" a pM'.iClllar and canon;· both of what may be known and what 
convenation tJwof)' ]1.1,' lUI epia-

:J~~~~~;'~Ojm~m ltment . .,.d about haJ[ of th:. book Is devoted 

with w,. 
and if T 
domain, 
lion, of an ... "". 

i of wbat this commitment iI. 
i • omld to be learned or .... imilaLed In a . trlct con· 

The ""plsn.Rtion need not be verbal. If no t., then it LI c:alled a 
m...u.l·bullding operation and Is .... u.r""tory ""planation iTuof .... 
.. the mod~ can be uecuted In an edemal fa cUity to brinll about 
th e formal Potation unde rlying toplc T. Nor need the derinli<>n be 
verbal. If not, it iI a learning l/l'rllcl1)' (a concrete depidlon of On<! 
Or mono topic derivations). 

If) A .triot converAli<>n iI punctuated by "nde1lland;..,.. and 
th e intervall occupied in remh'lI an unde .. tandlng B1e oalled 
OCcuiOIli. 
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1.2. F_II/Qrlt adlNllin6lnr.,..lIc. 

Another prernqu.Uit.e for Iodm_ibmty" \.hat. \heory IhaU haVi: 
llredlcu..e ",,"n!T ;and th~l I", r ...... IM.In .... ~. n 0.. ~mpirkally taW· 
rled when \.Cf,!.ed undcr the .UU>dard oondltion. The predlcUve 
copabUltiet. of cf>nveTMl.hm theory chien)' emerge from pI),cholOf1· 
ital or ryJt.ernic poItulalellntroduced In Older to tumilh I meehl­
nilm of uf>dentamli",. 

'IlIe critical mecbaniJm'pocWlalei <ievelopt:d In UI. prevlOUll 
mon .... ph an! AI follo~: ~tI; aI>d memories an. rrprded AI 
dynamic conIliluenli o f the iii n:specllk&lly. eoucepl lJ reprd. 
eel •• pn;Ked1ln! that .. · 'h " or Mti&fia a tnplc and Ow! topic 
ltoell'lI In 1n\.lll')Jftied (formal) relat.lon. For IICf\t:no)ily, __ y 
that • OOIIOI!'f)t 10 a pl'OQ!!dure th.t rKO .. tzucl.l or .. produeeo • 
IOp!c (T). By wirtlJe of thio dcl'",;t.iQn 1110 natural and In line with 
orolnuy IanIJWl£l' "-"'lIe to '". i L that • memory II • procedu .... 
that recorutroctl o r reproducet. concept. We eontCInd 01'1 ltable 
alIIoepl.l, for all practical purpoHl the concepti ullt/nll in. men­
Ial repertoire. aM thOR .. hleh eM be reconUn""t.ed Or nproduced 
by .1 I .. ot one ("p'.lly many) m,unory-prDCe<iurft In !.he tame 
repertoire. 11 rolla ... that Ie&mIni II an ... olubonuy type of p .... 
... In whidl conc:e;rta and melDOrls are CXII1IlnK:ted, ab ;"lIio, 
II>d on unde .. landlng sIgnil"IM 1M ....,eration and _1I1e1\Cll! at • 
• tahk conoept, le~ a """.,.pI. r .... iated .... th a memory which 
.ith~ uloU or II created In U". pro-';fW. 

Th_ dzfinil.lons!it In quite nzatly with thz eYenU oblerved in 
Iho condut;t o f •• trlct conv:ruUon ( .. hich ,. oot lurprllinll olnce 
!be portulateo ""'''' IIII.vanc:ed u plaulible and worthy of lIlr\oua 
cooaidenlion juot becal1Ml oerI&in kind. of dialo",: can be ob­
Imed). Notahly. If .... looked It the .,'U!cul.ion of a cona!pt hu.ldz 
_ pl,- or (propammablo compulinc l)'Item)....eh U al:n.hl.. 
tMn lhfI .e",odudion o f a concept would appear u a cycle or 
oerIeI of ueculion Ile~ and the Inwuctionl makinll up thl pro­
cedure u • ·,,.tinl." I ...... .,rIeI of Ilnkechtatem..nta whLdupedJy 
llIe intenlion or nm (ID the ....... WI)' that a computer plO$liUl> 
opec:it"La • rule .. hleh. on l!l[~tJon. perfonn. I computltJon). 
Simllarly. If we lookod wid: the p iouEor. the re(:onst.ru~t1on of 
• <IOllropt (by. memory) wlU be maniIm as. eyc1: o r .1 ... of 
aecutlon ltePi and the miUl>ory ItII!lt ••• I£rin·like "1111.10,". 
AJllhio .. a .tJaiChtfarooud l:OI'IIequznce of rfKVdinll concepu and 
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memo'; ... 811 replicative ""d ne<;onst.ructive operations which can 
be dacrihed, in the abtln1cl. In """"" of .., .... ruJ WH!oria of ... If· 
reproducin" automata. (Much of the previoul monograph wu con _ 
cerned "',h the hedgeo an<! condlUo.,. needed to fit exi.otin, Yet' 
olO1l1 of .. l{-reproducing automaton theory to mental re&lity; for 
""ample, mental opemtion, "'" not genentlly ""rial o r co mpletely 
synchronous.) 

Suppose that the cycl". which might be u;amLned by probing 
in,ide • brain, qua processor (call it 0) ....., literally pulled out s.o 
that lOme of u", cycle is ,,,,,,,,uted In" all before and IIO me of it in 
• dilitinct brain or proces.or call...! fl. Under tbese circum"".n",,", 
..:rutiny of the interaction betw~"'n " and Il",m .. xp".., the cyciel 
too view. In particular, the ... will be one cycle co"""pond!ng to the 
"""",,!.ion o[ I ronccpl, one to thl! [;'tint; of the concept and 
othen cOlrellpondinH to the llitinS and thee""""tion of. me mory. 
Th""" are identified with l!.latch,.. of dial"",,, or behaviour, WI 
fono,.. : tb e execution of a concept (to real;'" or satilfy a topic) is 
an exemp~fication (dia logue term) or a limple behaviour; the lli;t.­
ing of • ronoopt il an explanation (diBIOII"o wnnl or • model· 
building operation (bebavioural tonn); the Dlemory "Yele il • 
derivation (disloSUe term) or • learning Ilnlregl" (behavioural 
tenn) . 

A otri~1 convcrmtion (:Wei! rise to • ..,.,"" of tnnIactiorur that 
"'e cho>metooriaed as """"'"-0 ..... jnsof ........... ch top;~ l~~m<:d ;. .....,· 

eiated with an ~nde"'/andjnt (in its technical ..,noe: II Unguilltic 
event involving the nplanation and deriYAtion ot ,. topic or the 
eonnrnction of !I. .... tisfadory model for a topie within the frame­
worl< of • learning Itntegy). a !l.nd /l figu'" ... the brain of a p .... 
tieipating ","pondent and either the brain of a participant experi. 
men~r or , llUilably programmed mechanical agent. The observa. 
ble ~nt of under:otandinj] i.o held to lignify or evidence the con· 
.truction of a .tahle concept due to. very specific kind of cooper· 
ative intel1lCtion bet""",,n the conversing participants. 

The cireurmtancea under which eyel ... of explanation and 
derivation mny be "pulled o ut" Of (cqul.oignificantly) "exteriorised 
fOf external observation" are precisely th ..... ",t up by the con· 
t.ra<:t Ilfld conduct of a .trict conYenlation. In particular the learn· 
ing parociprult mUlt have D n....:l to cooperuoo (implicitly identi· 
fied with "procedure lbaring" or "program oh",lnl"') In order to 
learn the topicl in a <:onver:oationnJ domain, which ho ha.!lqreed to 



do In the initi.l C<HItract.. The other participant must bo In I pooi­
tk>n La provide th .. ' ''''p''rBtion and t""ter undentand~. FlnalIy. 
inoor .... BI "procedure oharing" Or "program aIlaring" dopends up­
Oft IoaoJ O)'nchroniG~on of tho bnoi". 01' pr~ invnlv ... l. lIN> 
oc:culons of. 5lJict conversation al"l! intervals of partilll , ynchroni­
Alion botw""" the panldpanla during wblch they both attend to 
the same topic. Notably, ""ch """""ionl ,,", rare in nature. Srains. 
"nUke co mputinS ",,"chines. are not. priori Iynchronised by a 
rnuter d""k and it :akes an act ot attention (one type of "provo­
cam-e transaet.ion" noted In Ule pr"";OUI monosraph) to lIe"u", 
synchrooi.clty. 

II llliltistyins ",latien If Un .. cltabliahed between the dialogue or 
i)o,hovioW" of • Itrict conve .... tion alld a tundamental notion of 
informat.ion·tn.nder, due to Petri (1964). According to Petri's 
argument. Informatie n.!.ranrler taka placl! It and only It two or 
mo", dynlllllic IYI\eJrul whicb do not hive a commOO mllt", clock 
(1-f .•• priori asynchronous "ystemo) come Into local rynehronicity 
(lgcal with ""!)eet to Lopl,," in the convelSltlonaJ domain). Uoder 
tIIit interpretation. the occtUionl of a IlIrid convcnsation are, as 
tIIey inwitivel)' . hould be, indicato", o r lnformaUon t.ransfcr. 

1.3.. Ob ... "",blf Unit, 

We I'Ointed out, III the prevlou. monOl(n.ph. that. theoretical 
r",,,,,,work ot lhi< kind pennlts 5I!Vera! a lt.emuivc <lennitio"" of a 
participant.. Which definition If adopted ia, to JOme extent, I mal­
ter at elegance and convenience. 

Two perrecUy vllikl alternatives are ... follow", 

(I) A participant b Ldent.ified with a brain a ble to act. .... pro-
«MO' for L-Procedureo (heneeCorwanl. an L-Proc ....... ). The 
brainJ (L-Processors; " and In are _patio.temporally dem"",ate<i on 
biological or mech .... lcal!P""undl. the u~ual criteria ror boialln~ an 
InIeKral object in th. mvlrnnment .1f pnrtlcipants are identified In 
tIIia .... y, they are mechanically Individuated (for brevity M·lndl . 
• iduated) by the "",lernal observer IlIId count .. Mechlllical Indi· 
mUall or ,,;· lndiYklullil .• 8y the oame token other p.uto of the 

• r .......... Py_ "bK>J"Ii<ol 1 .... 1. ldu.oll .. oooyid be "", . .. ..,""ptab .... 
Ho" ..... Lh. c_ or 1..1'1 . : n, 10 L",", u.- .h. d ua o! b,o! .... ond con· 
_,. bruno ,," ,. ry"",;" .. <>th., .h ... L·P,,,.,..!" •. 



8 

environ""'''t (u .... aIIy havln, _ computational "" ... /Jllty u..n an 
L.-I'roc or) can be M·(ndjvidllAted, for ""'ample. ¥ari .... I.'Of1Ipo­
MIl" or CASTS Or any other design of f:Ilpmmentalliwatlon. 

(b l A pGcipant can be identified 'lfith th~ aet of ltable con· 
ceplf; that -e, o . may t.., part <If iii. m~nt.ll re~rtoinl. To obtam 
Ibill ct.&raClUiJalion of • pardelpant it ill only '0.' Pry to eo.tend 
the .eq .... DCe ot tonnulationl Mconeept, memory, . •. " unlll It ill 
~ib'" to ~r the qun lion, ' ''''","t reproductl tbe memoria 
that ,tahiliee the con""pta, t.hu. yieldinll. unitary I nd ncognlsable 
repertoire." Since the anawer to this quntion c~n.ilt.I in . 1erieIo ot 
interJoc:lrln, and compatlb~ L-Proc:ed\ll"el thlL are uecuted \.0 
ruli. • qltem o f eobeMllt beliefs or hypothesel, we aay!hat the 
ulema! oo.er..K h_ pq-<:hoIoci",JJy individuted (for bratily 
P· lndividuated ) the p.articipan t.. If the .,.,.,.tltu.n t procedu"," are 
&eWlIlly ne:uted in ... me L-Pro<:e or, the p-.rtlcipant iI character· 
lied III • Pl)'cholotical lndlvid ... a1,or III • P. lndividuo.l. Although 
thHe must be 10"", L-Pr""C5'o< to .... ' ••• P.bdivid,,"', we need 
not docmatlse about which proC75,. it it I" . -.y, or til and it 
o(lo!n Wrru 01.11 to be b"pooMible to do 10. In thu RnMI. Nndlvidu­
.Lion iI; "prc.c ' 770r IndeJ>l!nden~". For e:umpl\!, tho Itrlct \!Onycr· 
uUon II a P·[ndl. Wual and II the dimct ob;.ct of OMe .... tion. The 
participant., call them A ..,d H, form the factor P· lndlvldualf; 
lAo HI of tlw con ....... tI.onal P jndwid......J. CkwIy, the exeaJU.,n ur 
the eo......naUonal P.lndividual io dinributed (by "p.ocedure ahar­
Inl") OYM the M·[ndlviduated ~n .. , (J IlIId it. reeton mil' 
be. Thlo id<nUrlcu';on ",heme &too "'::commodate. &ueh Olwioul 
and lmportaf\t In ternal (and nol directly 01 · ruble) <:OIIyerutiona 
• " thinlrlns to o_lr' or "learn!nt; on OIle'. own ..:count" (the 
\!Oe:I[;m,nt ",,~lion of A ..w. H in one bnln, .. ).nod lfOuP Ium· 
lnl (wbere A, for ""empie, ill d1nribu~ oyer 1IC'>'\!,al bra!lll .. , /I). 
M I\in~ already ... jl need not neceowily eve> be bralna (the,e 
are tome inanimate L-Pr'" 7J 'OTI ). 

AU.hough either formulat.lon 1& loegjumate the P·lndlv\dual iI 
wuaUy • more con...".,ient unit to. COII¥f:Z"IItion theory; for ........ 
pie ••• trict con¥f:Z"IItion iI. protypical P·lndlyldual llll d the \OR of 
tIlii fnrmulotion ... nidll • number nf ptJullnll'*CudO queotlonri 
Uke ''where did the l:ODCept co ..... from?" or ",,1Ucl! linin dOH It 
belonll.o?" 
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In tit. book .. d o not make much explieil UIe or )I.l ndiridua­
Uua u.o..p. ouch an .,t it i<nplidt .... c"""''''' bnlnI; .... eomidcnd 
u d.UncI and ........ ,\sable .,..titiea. MO __ H, 1M d.,...ion 
otten lflI& upon ..,Utin Uu.t .... IdfontifIed by M.l ndlvidWltio .. : 
notably lA'toc 7 77 D,' (human brains and certain inanimate ')'lItem_) 
and mod,moll factltl ..... The latter an! vehk:lelln whi"" mode" .... 
lIWlu(acturi!d _ lon·verbal explanation_ and (faciJitieli of • .u. 
tinct kind) in .. I"ch .!ematio,," Il'fI reified III learn!n!! draterie.. 
All modelllnil fac~itiH have a dynwnie component, !.bey are OQm­
put.e~ and execute the Modell bum In them to realH or ... tldy 
",\I;\iOIll: however, they ..... m..ch more rettrlctcd computers than 
• human bn.1R. 

P. lndividuation b, however, u...d quite extenlively and the 
P.lndmdi.WJ. III • unil, iI uhlquitoul. JU in I.he pn'rioIIl mono­
"",ph, • P. lnd"'lCll.Il iI realised by ""ecuUon in an ..... Procmor 
ond, aenerslly, one or mOnl ~n ue _med to be ,....n. 
Ible. It lIlatii nnt lbe _ . we d idinau*, (oOUlllly in Chapter 111 
between tile rl!pftIoenUltiO<1 of P·lnd;"idu" A, B wril'en n ... n . 
ond the P.lndlvlduall undetlloingencution (Just A. B, IIltn pllciter). 

Since. peU daaI of the argument iI COfI(!OOmed with the <:m­
lion ..,d Leaminl of an.olocY relatioN of. much mOre renen.l and 
.... ',,1 kind \,bert \,b.,., dizm,""" in tho prniow rn"" ..... pb. we 
often need 1.0 p.y I~ial attention to the interpn!t.ation of a topl~ 
rita .. allution in 101M "niverse, in con\nlt to the form~ IYlteml~ 
or Iynto.cUc topic relation). This trend penetntel to all leveLo of 
the lJiUmoM and motiv. t.!I a ~h.U1ie In notJotion. though not in 
principle, rrtlm the atandards eotJoblialied in th.e PrMou, mono­
IfI.ph. In order to treat interp..,tJol1oruo and .naJoglellnl.llllgibty. it 
iI dfsirahle to dlacrimln.te hecw""" p ropa"u _ lyntIClie entitin, 
the compilation 01 """'""'" (the """firun,tion let 11$1 In an L-Pro­
.-or or all)' ou..r computer, which II open to uecuUon), and 
Iheeucutl.on o f the rompOOd proenm. 

Wben!. he.fo ... ~ written in a modelUnc radlity ,_ 
DOIl-ftI'ba\ upJam.!ioRl) Wen! identir'oed piecem.eal with mod.\o; u 
"compiled propuli, compiIM in the modelllna; facility, H It ;. no .. 
1110"' expediUOUI to dis~iIh !.be provam ( i.e., !he liIIUnc •• 
oyntactic entity, to call "the progl'aPl compiled In • modellin, 
'ocW!y" • mod~~ Ind to """older the e>:fl<:UlIon 01 I.be model. 



Thll u ..... a:cord_ with rece"i Lbeor>.s o f aema.1ttc: Intel l"elation 
that are u ....... y c:aIled " m<><k!1 the<>lY" • • 

Under thne cln:u .... 1an0fll. ~ nOlaUO" ~ (uted In UM! p .... 
vi ... " woiu.- to <!.ol .... _" tho .,...,uUon of. p."",-du", In 01'<1". to 
produce a program lIor/nz which ....,.. complied In lin eJ:tcmal 
modeUln g (acUity to Ilroduoo II model) ill potltinly milileading md 
II herewith diocanll'<l. Ita maln virtue, in any COlIC, w.,. to comp]e­
~ot the Upiarllll.Ory rapon.se t.:pl. Th roulVloui IlIIi book (un_ 
lib llIe ..-iou& monGp'aph) ... ~ e:.:pliaUy of non-vW>al 
upw.ationa .. the produetion of propatJIlilUnp which rep. ..,I 
!he cbu of programa making up a con~ We refer 1.0 tho com· 
pilaUon of lIIeII ""llfeICntatlve IHograms In a modc!llinl facili ty .. 
modell and., when i\f'Cp rruy, refer to Ille """""lion of modo>ls In. 
modelling fa:ility (under the .,.,.,\1"0] of tlw! ("".,ily IlIld not under 
cognitive """trol). Thll brlnp the ugume nL back ;nt.o kilter willi 
the previouo monowaph. But the revision admQ • relatively un· 
complicated ""Collnt o f anllOl)' relation. IlIIrI their modell (Ille 
non .... erb;o.l "",planation of maloti ... ), a topic .. hidl oft.<!n dom~ 
nates tht pl1!ll!nl dil<:uaion. 

eoOldru"dinl nOlrltional adjuatm .... ts are required In rftpedof 
concepti, .... moriel; and P. lndnidualo. W~ in the .............. 
monop;tph, th.... _ .. repnkd .,...,."",aI .. I" ooedll"," undo,. 
ueeulion in an !.-pro< 7 nor, It Is now ""plldicn ll.o d ixrlminate a 
~nlAClk .. _nent of MCh .... tity (1111 rom_I .~tion) 
whid! is calItd • program, a Proc«lure belnll compiled procnun. 
Hence a concept ill reipedr1ed .. the stabla compilation of. pm­
pam In a brain o r OthCT (..PrOC<.'IIWl; a memory u the . table com_ 
pilation of. different kind ot prOjp"MI, urd wIth one c.vea!., the 
P_lndi'llduai .. the stable compilation ot proJlf'l"ly adjoinO<l pm­
......... Il<>n~, concepU mlY be selectively uecuLed provio;lcd they 
are ltabililcd (ao compilati ..... ' by ml!lDOliel.. Si .. lIarly, memoriea 
may be ""leoti""ly ""ecuied 1.0 5Iabi!i" conce-pts. For tho! P· ln· 
di.idu;d ther! Is.., additional ~uirnmcnl; _ly, that .... "'" o f 
III propan>a (comp~ed .. conDl!pU and memorift, in ..... eraI, _ 
procedUrel' an! Invlriably undel1loinl ""ecuUon . 

• UnlU ...,..111 ... !>dol 'h""'l' • ., ",,,"ily ... "" •• n.d wi.h ... ,W ",<><lois. In 
"'D~ I.be "' ..... , ' ""mon' io al ...... , ""<!,,,,00I, r",,_ ~P<>" dy ........ 
• nd ......... 1110 ... _ ~ I .. .. <ompu.,I<> .. or " ........ " .ro ..... ~I.d 01" •• nth .. 
oI'h. bo ..... '" Ii" ,t • ..., ... artir .... ). 
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We ",fer, Lhruugho·Jt, to L.Procesoo ... (in which conceplJl, memo 
ori ... and P.lndividuah are execul.ed III prOl!n1m. and proxedurc. ). 
TIlii usage rna)" """'" to be lin rad It may t><.) """"olrie lince an 
lrrroc.e...c.r t. ,,~ .. d)" ~\way. ~ unLin, ~u( on blllance It b3.0 va1ue 
illiofar ... It 0.1<><-.. bnns home the following facu: ~ a) An L-J'ro­
""""" may be. brnin or II collection of bmin. or II mnnjmllCl!,lrn! 
oy5em, without prejudice: (b) Not all of the bntin can oct ILS an 
L-Pr~r and a brain h ... oilier function. t.o per("rm. 

I.S. Teo/ability of Po.llllol .. 

Conversation Thcory Ihould hI .... predictiv~ power and be open 
to fol,;I;';ntion under i tl .tandaro.! ""ndltion, the .triel convena­
tion. It indubitably dooo have predictive power IU1d it1i pr..Jidioru; 
&re open to fo.l,ir",at:on. For example, we predict that the con. 
~pU of understood topi"" . hall be indelible WIthin one con vena· 
ticn if it II anchored upon o ne <;onve ..... tional tlIJmain, and Uta! 
!.hey . hould be ",lati ... i)" , ,,,,Hient to tho intcrfcrenec elfec!.ri en_ 
oounl<!Ti!d if they .... e recllil...:! or ext'Cuted in a different and per_ 
Illpo inco mpat ible conversational domain. We at.o prffilct tl ... 
'Iis~nce of cl..- o~ learning .trale£;ea which heeom .. mutually 
eIch",;ve in • Itrict con"" .... tion, for exampie, the previous mono­
paph .mphu~ Iloli.t learning nmwgieo and k'1'ialin lr.aminK 
. tratagiac. A f.ur body of empiri""t ~vid~nc", oupportinK Lh~ ... d 
more oubtle hypothcs,., I. collected in the present book, and the 
I<!n ..... of hypoth~ in conditions thatdeviaU! from th ~ Itandan:! 
co/lditioOl is exam ined at lOme length heeRU"'! many educational 
.itulltio .... do devi.te ~ ulte markedly. 

On UH! whole the saiienL hypoth""",, MC supported b,. the n _ 
~rimenl.ld data and mnny of U, e teneto of conv"",ation th"",}, 
eonLinue to hold (lOIt1et;m"" with modification) under circum . 
• tan"'" that are very leali!tlc land often very d""bnl). II to wis!!. 
however, to n.ess th e .tatUI of ""nvc .... tian U'eo ,}, and to can­
lid., what It CIIn and """nat be ellpecLeti \.0 do. 

AI; outlined 10 far conversation u,""ry I! •• ystemie mlcrotheo'}' 
0' malecuIM U\co,},. It rerers to ~ancepts. memori", ""d the like 
.. . nifest in detailed traru.actiaOl : either strotch ... of dialogue, or 
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luetch", of mlll\J' faceted be hAvIour. Althou£!! the theory io de· 
tailed and mKhAnitm-Oriet1tcd. the mechllnl'" Ilf'1I sy.temic (I.e., 
pottemo of o 'lanisl\tion) Ilnd th e thwry II not Intended to dis· 
cnmmate particUlar b'OloilcaJ proce..es \ for e>;llmp le, IlnY or none 
of the very different memory mechanilms propooe<i by Bogoch, 
John and Ungar and diJcuued by Llbassi 11914 1 may be resporul . 
ble for the compllatlon of our "memo ri",," or our "conc~pts"); 
the theo ry io neutral on thll lICO.e. 

To lO me extent, thill degre<! of neuln.lity ill molntalned with 
respect of funcUonaJ dilltindjonJ III w~ll. To illUlitrate the point . 
consider tile learninil theory proposed by Allinson and Shifrrin 
(1965, 1967). This theory provldea B bridge between . tati.tic,.} 
leaminl( thean"" IlIld the "artificiAl InteIHg.nce" approach to 
menW ""tMty (for uample. Feigenbaum 1959, Feigenbaum and 
Simon 1962. or Simon and FeiRMhlllum 1964). It J>OIIit.< •• true­
tura! dem~Uon of atonge mediA: I """,,ory I>ulfer, a short-tenn 
.ton! and l long·tenn ' \.ore, with approprlate eonn""tlonJ. Al· 
tbough the;e .torna:e locaUons have . peclfie properties and capaci. 
ti"" they are functional locI: not (ex""pt by indirect inference UII­

Ing olher evidence) .ilea in a bl'llin . Within th ..... locatio"'" and th e 
eo".trainl.l they impoo.e, control pro<" ?5"CI, which are identleally 
"compiled prognuns or procedur .. , undergoin, e:o;eeutlon" llet up 
lind manipulate data . tru ctur ... - for uample, a reheana! buffer 
it. ",,,';uu .. ,,,..! lu ahOll.-k.,u oto", .... ,d othu control p«>eeNeO, 
wh ich cenenJly compete with <ebenrsal buUu operaUon, ..,Ieet 
lI}'Uloola for acceptance Into the reheanol buffer. 

Of coune, thla is aIoo. ~.temic theory. However. ita validity 
( th ... " II . lmng ~vidence tha~ !t provid ... an . " ""Uent p icture of 
shott·tenn atorage , at any "'te) neither co nfirms nor .u.ni ... o ur 
theory , Or rice ..... na . No tably there ml8hf be co mpeUtio n;ltaim­
ply happeno that ""me mechanism of this ty!'" is mooted III part 
o f our OWD theory md alm ... t my meehan!am wo uld do . Mo re· 
over, th" deta.U..:! tl1UUlfer patl.eml (between atructunJly dem",· 
a te<! companmenl.l) ~ represented l tatlstlrally BI • result of 
which the content ot the t he<:>ry neilher cont""" nor d~ni ... the 
kind ot cy:lic .econstruction _ J>OIIit (thougb the rehe ana] buf· 
f ... proceu could lurely be regarded u One example ot a cyclic 
reconstruction proceu) . 

, 
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1.7 Compt;Ui$on berwoe~" .,.," ......... '1.", thwry and oth",,'yllemk 
Ihtoria 

I" u,~ l',,,,,;"w m"," .. raph, ChRpl~1 II , we noted th a; a macro­
LlIeory or molar leo.l eon venation lhooory is ~hle and oome 
dlon .... mad .. to nlate Mlbjecti"" unDl!rtIointies Coampled by con-
fideroct! ..nUn._ an:l the like) to the activity 0 1 "'e" ..... ~tellJl. 
The macroib .... ",Uc variab"'" are. or are derived (rom, d .... en of 
doIIbt and cen.ainty. We distinguished In particular, ~ Irlndt 
0/ doubt: d. or doubt.bout what topic II bein. attended 1.0: d, or 
MlII'OIIpe<:tive do",b!, liven that. UJpic 1.1 undftnl.t>od, o f ... hleh o ne 
of _era! method. (all belongins to the toPIC's ooncept) k..Mel to 
toI\'e prob!" .... pOfleI: under the topic on a ~icular occaalon: and 
lit. Of p""pe<:tive doubt, liven that . topic II in the r~ o r a tten­
tion but is not undonlOod , about alternative 00""""'" or lOIu_ 
tiono to be obtained by applyilllllhe ... lItIn" and perhapf putial.ly 
formed. oo~pt. Moreover, we speI'lfil!d • "look .hW" um:.­
Illnty: name ly, • dOJbt, IPVI!rt lbat o ne lellminR Itrat.q:;l' mUll be 
II!Jected !'tom • set 01 poNlbll itie.. about ... hlell OM will 1M leltocted . 

All o f tl!""" quantitllll are m ..... rabLe • • nd from time to time, 
.. lake Iod""". of thil fad. AlIo, It the m.aeroLevel, convera· 
lion ~tit p.Nld.io ... d o II1in«Ie with lh, predictionl o f other 
infonn&a>on proc:eMi~1 and 5ystemic lheori. · when ...... liIe "peri. 
OIIen"" .... e<>m"",,<ObIe. So r ...... " ~ ... , .... (_ .. d u,,,,,, Ia," ye~, 

lither little ""perim~1&I OVffb p) ou. own ~llIta .,., In aoeord 
with thOle of olhe. ze"'T'che ... Thilla eIIpeclally ~rue In the con· 
IUt o f roomt rerlllU On the perc.eptuIJ and cogni tive payc holoC 
of recall and recOiJllllon, I body o f d lla flU" richer \.h"" our own 
limited IIoCOpe ellperl .. enla. Thou'" I have not Ill-empted to do to 
III Ihis book. It appHJS UuI1 our findlllp can be transformed, by 
chanfo! of id iom anti cont.ul, into IlUblUntial ~nt with 
\h_ multo (e-ll., lIoe AllellliOll lind hr(orm'lII~ pub.iclti ..... ). 

Raulla from uperlmenu In conve ..... tion dlM>ry, IS the !.heary 
JUndt . 1 th e momenl, are directly co mparable wi!.h "H II.It .• tram 
Infonn.tion prDC:Hli"ll tbeons I nd the ]»r<:hology of "DecLalon 
hnnulation" (that" "Oed.ion MalUni" inaow .. It .den to 
hRuriatia or mml&l operations. ",the. thin the art. o f wt ip.in, up 
1l~U-). 

Some ..,preoenlalbe Infonnation proc InK 0-. .... ant !.hOle 
of Broadbent'. liter wotk (in and aft.er Broadbent 19i11, IW of 



Gohell (1964, 1972) all l ubj""tiv .. probability and choice \.aCtl.,.; 
th""";.,. of rogniliv .. m""h""iomo (far .... ampl .. , Conrad 1974): the 
.. ark of Daniel (l974) ar DirkzwaRer (1974) a.~d hu group (both 
the la'ter indud~ re plica tion.). 

It i. quito> pouiblo Ih~t convem.lian thoory ""n h<:l developed 10 
yield Illooktlono/data compatible with the psyc~.olollY af man! cle­
m<'nlary inf~nnotian p""",",," : undcrlyinl thc kind of cognitiool 
behaviour ill Welford'. (1968) oummlU)' af the field, eailieo- with 
Broadbent ami th .. CambridK8 Applied Psychology Unit, Or eVen 
Ihe '".ignal in na~" treatment of PI''''''lltian and r<>cognition 
pionc..,.oo by TWUlL-r w,d Swets (1954). In oroer to bridKc thc I:~P 
bet ..... " compl"x ph~nomcn.a luch .. unders13,ding IUld elellliln· 
lary mau phenomena (I ignal detectian in I noisy ba~kground), It 
is nec<'llary to prome a l tatl.tical treatment or memori"", con· 
""pt., etc. Th is tuml out to be a . tatilU",,1 mechanics (with w me 
peculiarly p"ychologlcal featUf'i'l ) In which tho dynamic .~""m. 
making up the canonical .. " ... mble are P·lndlvidual •. On interpreta· 
tion. the members of the e n ... mble may either represent . Iudents 
in a class (when the condition of the "n .... mblo Uptc-senta a Itat.e of 
geneJ"lll kno .... ledl/<l) or factor !'· Individuau in One uudent (when 
Ihe condition of the enliemble reprnaenll a IIate of knowing). 
Work in this direction h"" just started and pamllel. very cloaely the 
approach to ti,e regulation of cellular met.aboU.m adopted by 
Coodwin (US3). In Coodwin '. """'" the dynrun", By,"" n, . ar~ b ... ic 
unito in~olvod in en2yme production (DNA, RNA , riboso""",and 
feedback fr:>m p roduCII produced by Ihe action of the .ynthe . 
• ioed enzymellj. Hence the equat ionl of the dynamic oyotem. are 
quilAl dlffe .... nt and their oflAln oscillatory inteT"lction It ... " diff",,· 
ent fOlm. But, In other r .. ~,," we encoun"'r very similar dim· 
cult ieo and insights. At least !.he approach I •• workable and po. 
IAlnUalJy","ful way of viewing mental activity. and It Is at thl. 
level that direct campariaon betwoon conversation theory and the 
I lI.tistlcaUy interpreted structural theories 1I1oglcalJy sensible. 

To UluslJate "Dl';cioion Fonnulaticn," .... here compl"" mental 
operatiorll, he u.mt!.:"" lind the like are in the foreground, we cite 
the work or Tventky ~nd K~hncman (1971. 1973), of PhilIp" 
(1973), or &lw"",,, (1968). The o nly d iffic ulty In comparing 
hypOthe_ or .... ulll io !hilt "Decision Formulation" lheoristl 
generally CCflcentrate upon the ula and nature o f huuriotics, con· 
<:f!pll, or whatev .... whereas con"""",tion theory il ~enerally 
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For p5)'choIoeY In pnenol the menta of lin olienation to con· 
Iclo .... pbeoomCnlO, 1.0 rebtlYlsm and rdled.r..l)1 ate !reql,l"ntly de­
i)joted. But """\.eYer the. outeome. It ~mI t.h.o.t. theory of Ihla 
kind .. ""1'_ In nnl~, '" ,1 ... 1 will> procll<tl pl"Oblam. in eduea­
dono.! psycho1<>iY anti U,e wid« educational laiuH of coune d,,· 
l!gn, Lh" It".cturo of Inatltut.loM and media, Il!'Id the origin of ~ 
.t/vll)' and i;novlltion. 

1.8. Unlrlt':d,ion 

An incidl'nW ..... t ... Iuabl .. cI"im ( Ot COOIYenllion theory II u..t 
It unlne. . lumber or plymological lheuM "fhlcl\ olh.,....;'" ap­
pear .. nl'"'l~ different. In the previaUi monognph, Wi! examined 
JeW ... 1 rep...-.tatfve tdlooll of thouabt In lhli light and t.ried to 
.how Ole points o f IY'temi<: Idenlificatioo betweom PeraQnal 
ConoLruct, lnfol1D.ltlon 1'lOceaing. CognltJve, Tral1l&ctionalist, 
8ehvlourist, and olhe!' p'ycllolO(leo by mappinc \.hem onto. con_ 
vu.tlon lheomic lmap. Tile ",_nt book 1<JoeI • aood deal rw­
thtt. On tho om! h.and, the l.rJ!ument utendi the domaln of appll. 
cation from ed .. atlalllll plychoiogy to ~lsl.emoiOlD' . On tho! ot.no.r 
hand, t.he aJKWI"'fIl u.nifi. various _t>..IIy eon_tiona! ~. 
!liquet (lh .... aclmowlKllPllllhe roou or conven:lllon theGl)') and 
wulous Iheoo · EL of !.hlnki"" Innovation, soelal lNmlll8 and devel· 
opmen~. 

1. A PI.AN or THt: BOOK 

Chlptft' 1 providl'l I I l.lf\'ey DC o!.her conweruUonal methodl 
(Piqel, Vygot&ky, L1.Iri1, for e.umpl~). AI!.houp the preo.enl theo­
I}' wu develoJW!d independ,nlly (deliberale iooilliion in an IU ... mpt 
to Intepate ramlfylnllho"lhts). it ow,," wha~ value it IlD to 
precedent. m.blbhed In !.hI cul ....... and we try to tzw;,e the n..t 
oric:ln .. in nua.peoel. We abo take the opportunity to dacribe the 
operaUn.g.y>tem& uII!d In the ""perim~tal worlt : INTUmON (a 
tn.Nportsblo modilkation of CASTE, wed In IChooblland ..... en1 
ou,en. 

Chapter 2 v"I)' brie ny reviQw, !.he I Ln. .. "L""e tlf ~onve ... Uonai 
domaiN .. let ouL In the previo,," mon .... ph, bUL moot of !.he 
matari.;o] II n~vel; we Il'port worlt thet hao ~n ~one IIn<:e 1973 to 



" 
yiftd an enrid!t.od and 1D0re p"'etalIy weful pnxIuct. In puticular, 
W lIotion o f III anal"lD' ",llllion is broadent!d (whibt thanalotY 
illtill reprsent«llySlM:lat.ical1y in. con_t ional domain), The 
.... itlo:ance of !his manoetlVl'f! is pilI'tJy ~piru!mDlotrir .. 1 ... d partly 
practiaJ . We ~jt u..t the rate of \e.unini; iI .... I.erially innuenco:d 
bJ' the numl_ (or denaity) of analOlli"" . learner can apprea.te, 
tho qll.llity of learninl by tho! numt- of valid analosln thAt lb. 
lamer comel to undelltand. 

cm.pt.er 3 reporu I number of n-<:ent Iludlel to do with I~am. 
lni 54rat.eclOf and ltyl8; in !.he light of lhea.e .Multl the hol a tl 
oerialitL dil Lindion of the prvviOU I monoll"'ph illOOrI III an Impo._ 
~t but IpeclaJ cue or more fundamental and porvlUllve mental 
prt< ' "pI, 

Chap1ft' 4 ill concerned with theoret.ical development. beluin& 
upon "IfHmMl ..... ~nd""t&nd;11II and abo upon the chlU1lder 
III>d oriclll of analOlliM lUI "petrifiM ~ntr.". The dilaJ.Mlon 
IllIhi1 chapw hinps upon in~t work In two main ~dI; 
DOn""lofnk·1 model tl\oeary and 1M coI!erenoe theory of InIth. 
Both Iif:kk ,p~ to be of !he ulmoat importance 1.0 any nolional 
theory of edl.lCllUon co .. wera.tion thee», Or any ~r Iheory . 

Chapw 6 turnlaheIa 'Edeo of eondl!nled notJ,I.iORf onchemn 
for Ih.e hnrlptlon of leaminl. By adoptinc u..e notatiON, It II 
JXII'Ible to .. oid • pat deal of &ymbolim1 (l\ICh U the I)'mboll 
fo< complu: Innl":UolW UHd in !.he prevjOUI monoenopkJ whilst 
mnaininl in a poIitlo~ to d~'oIo r.he t)'peI of Inmlnl <lbcuue<.l 
In OIapter 3 l/Id the lell of inventiDn diac:uAo!d l.ter in the book. 

Chapter 6 IntroduCCl the topic of collvt!natiOIll In which the ... 
lI"f two or m....., limu.Ul1e<1U1 foci of attention, either on the part 
of _HIlI coupled pdldpantl (a group) OT Juac. one partlclpan t 
(alnnllent phenomenon, believed \.0 undft"J'in Innovation). 

Qlapter 7 conlAl;nI a d~ption of a <>OUnOI uaembly IYlloem, 
mOUmn'STICKEII. , much mOI1l _tile than EXTEND (of Uu! 
~ mOflOlnph) in which 0 ... or mont .... bject matte. uperb 
maintain distinct toc:i o f altention, from time \.0 t ime, .-hillt 
buOdlnc up a wn_;kmaJ domain. 

QlapIH 8 iI abo WIIOI!mfti with THOUOlrrsTICK£a but 8-

pe-ilUy with tnnactionl that lead to innovaUoa. 
Chapter 9 ill devoted to all uwument l1Ib.tlnc the art of eowse 

_mbly u it II p...cliled by tlXperU (delu...tlnl kilO_bIN, eon. 
IInw:tinl • convenational domain), I.Q th@ art of "19'TIlnl I.Q 
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learn," aa pmctiled by .tudentl. We. maintaiB that "1~amlnK to 
1=" ill It :ruelal accomplio.hmenL and !.haL II.Luden! who can do 
... ~rre<:Uvdy if (amongst otller lhingal able 10 Impose II penon'" 
Al.n "·!m~ "I""" "'.h .. _;.., ,,""In,ct,,rod infonn"Uon or UP<>" an 
otr.en pervus.ely aln.tcturod ~nvin"'menl . E:rperimental data an! 

cir.e<l to JUfport thia view. 
Chapler 10 mak .. explicit. theory of creativity and innovation 

developed . t vanOUI ""in'" in the preceding dlrl<:wooIon and lhow. 
il.o rdation to ...... eral olh.,.. thcon ... of Innovatlon. It appellrB W 
lAIIy wlUl them all but ill, in II systemic ..,nse, mOre general (I.e., in 
this sense. i\ ""comp .. • .. th"'" as lpeclal ~ luiled to particuLu 
kindi of inno .... tlon). 

Chapter 11 II 'p<'<:ubllve. It dcali with wgrk In l' , ol/nlG and 
..,meUm ... r .... r."," oompietion. But the lAu.,. addle rd, luch 1M 
chan.cUorio.alion or o.I",m.li58tloll, the naruro. of the media, the 
seOI'" of d"""lopmentailtudl ..... trike me .. faa:::inal.ing and I hop" 
the read ... 'ViII find ..,me of the novel perspecU."" both int..r""'1inG 
and ....,ful. 

In c:oncl""lon, there Is one general caveat.. By dispOSition, I like 
to think as a phil<>$Opher (or" phi]<>$Ophical psychologi5t). To jus-­
Llfy this m(d e of thouGh t and to implcm",,! thB eondu.ion. '''''pe'. 
imentally. it is oft<:n hell,ful \.0 build ph)'l'it"l.! .yot..m. (lNTUI. 
TION and THOUGHTST1GK..Im, fo r ""ample). Under some "'Ondl· 
tions i.he3e &nO esaen tlaJ eJ:perimental tonlA. un"". olhe. conditio ... 
thl:]' am valuable tutorlal dIMe .... Often, hOw .... e., i t ill I ..... ihle to 
rcal;"" Ill .. principles deri""" from ""peri"""" with these .yst..nv; 
in human 1ImI .. , with human t..achers in a d .......... m. oubJed mat.. 
I,.er expcrU workin!: in B group. Bnd In VIlIi<>us other way. involving 
no machin .. ry at aU. On balance. w~ bel! ..... ~ th~t mos t It not Ill! of 
the findin" and principles di""w;sed In this book can J,., employ..d 
without inl"Oking machinery ( ..... en though th~ d;=lon it.oelf 1.0 
mlOChlner")' laden). Such non·mechanical implelnent.ation. an! uou· 
ally uf gr<:a\.c1" practical .ignm""nce and mBY e...,n be InhemnUy 
more effective. 
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INTRODucrlON 

The hNIc th~m" underlyinll a convenation theory h .. be-en 
¥olced repUtedly. TheN are preoedenw for many of the tactic:a 
IIdopted in the work of Placet and (independellUy though con­
temponweously) VYloiaty 11ft. r ... Hample, Piapt'l 1962 Co,"" 
'"Inti upon n!ading the EfIIliJb tnnI;b.t'on of T/lolllitl ~nd 
La"".....,.). 'TheM pion"" ... their coUN,(Uea, and Iwcienti, in. 
eluding ["helder, Paper'!.. Luria and MinlUya. deve loped convena· 
tiona! method. f ill" problnlh ob5ervin& and <II.eriorll:in& cognltift 
EOeIII.I which normally remain concealed. All the l.echniqua rely 
upon a participant ,""perimenter in the role of . wtor, an inter· 
Yie .... r or an intem:>gator: In uch cue, of IOmeGne who lharea In 
the menial activity of the ""pondent . Two rpecl&l math ..... an 
nlpI'Hentative of their otudlell' the Mptt..Ir:ed experiment" and lbe 
"quftt>on ina; inten'ie ..... . nd two IIIIpeCU of Ib_ meth ......... of 
apedaI inlerelt: the elidtat.lol\ of u planalory respo' and the 
repruentlotion of thou&!1ta .... d di..,.,..erIeI. 

The " paired uperiment" if; • paradJ&m chien)' exploited by 
the "H.uaian lChool". A respondent t_ a pmb"'m ';tuation in 
<lQrtcert wiUl the participant (who 1.1 there 10 aid, abet, provoke 
and encouu,.. Lb" retponde nt, &I well as 1.0 record what Joe& on) . 
The probWm d w.tio" II embodied In • physical &rtH~ NCb AI. 
puulo or • mechanical pdfeL Whatever the artU'act may"",, it II 



jointly ~~ by the pvticipantl. (retponden~ a nd v:perl­
_nter) and ill o pen to _mal ot..rvation. The up6imenter 
pc.. proble ..... lOme of I.hem de~ to plaoe imupe",bloe ob­
It.&cleo In t.he respondent'. Pith, concerned .. ith the function of 
the lrt.Ilact or ""!.enlio",, of I.he III1.Ifact. TIm .... pondent replies 
lither verbally o r by manipulating the artifact. In a typical ..,,,,ion 
the q"I!I\.iOM am "Hcow" and "Why" que.tio"", and the antwt'R. if 
forthcoming, l1l1I nplanatiON o r con.tmctlve respon.el that ruer 
to the utifact or • conceivable modif"lCItion or the artifact. In_ 
.or .... tome enqume. .... cIositned to ~ un50lwabie proble~ 
thml '" oceorinlll upon whie" I.he respondent appeaa rOf help 
WId the uperimenter then perl'otnU. demonstraUon o r poin", out 
• pnnciple or IIillggelU some .. ay if, which the artiIact could be 
modified to .. rYe. different Pllrpooe. The ImmedlJ,tc.Ly relevant 
point ill that all ilawmenu. whether verbally uttered Or not, can 
be interpreted either with ret"""t to the problamatic artlfact .. it 
, tandl or IOmo oth .... conll.nlction which could (at leat ideally) be 
COntU'llctod from a JimilaT appanWA. By th is mCanII. the partie;. 
pu1\1. .... able to reach an qlftment and the I.MIiI: for their ~ 
ment ..... tBiorised for impartial Knltiny. 

In the mid 192(k ...... 1 employed similar te<:hniqu .. ; children 
(the pal'til:;p.tinc rnpondoonl.lj foc.....:! their d .. lOfIM! upon 
phyac.J 1ituaJj01Ul. Thou'" H:~ta1Iy c:onnnillnt, alclI an 
arr.nlln:ll~nt may also h.r.mper tlightl of fancy and ;mqinaLion 
.. hleh an jmt ulmpoitiiii"t constituent. of thlnkln&" u sober 
mlnded ...... Y". Henee It wu noted (and limilar commomta T"H:W", 

b-o m tlm~ to time, in the lit.f:l"llt.un!) that the phYlie.1 reaJ;"'L1on io 
optional. Experle~ Meml to hav~ ahown, howev~r, that an 
anchor o f lOme kind " nearly mand. t.o.-y if llIe dlaloKUe II to 
make Willi!; for elWnple, Plaaet him""U I~ the Import.anCO! of 
a concnote situation willi metric rods, water jan. 0. what.ev...- to 
nity ,lxI.nctio ... like the ~t.ion of quanLity, __ and 
YOhilM. 0"" lIne of ...curnent layo empbuil upon the respondoonu' 
ace. ChiJdlVl .-d to eoneretlM their operationl; the requiremenl 
to • • maolpulah!l! artifact .. bound up with. well-ettablilhed 
dflvelop"",nt.aJ phue (concrete o~ntionaJJform.o.l reuonin&"j. No 
doubt the,.., Lt • go"e&t deal of \.ruth in the mgBl'Stion that children 
mu ot upIain manlpulaUvely becIlUIoe they are unable to liv~ 

wlle",n! v..mal expl8natlonl (we .... turn to thla matter In Ch;apter 
11). Sut th~ truth II almOit cert.ainly qu .. Un..d . Age Or develop-

• 
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mental plu.le ~""I.n .. diff"lcuhy la1.e1\t in any parUcipan~ u ­
perime nt, even u';ni "'IIpon<iento old enoullh. to reason formal ly 
lIld probably e",~ by the requ~ment to map (for \.I,em ) 
nalunl abatracUoru onto the manipulation of lin arti/""t. UnJ_ 
... into:'rmedialy uilla and rapo""'" are ret~ to it, ec..uln 
oortJ of "&'ft ..... nt art unachinablt! and certain (pllrticlpant) 
IIfHmenta. .....,., II achleY.:d, • .., inhen.nlly .... bigl,oous to an ex· 
tem.al abieNet. 

It II worth in_l.I(IaLlnj whal thit \n\.ellMdiaty (10 rv, rep­
ruen\.ed ... an artifact) mUlL be. Need Lt, for example, be II 
physical contrivance (puule, water jan, playIng b(uud}1 Could It 
be IOmethinil far Ie .. resttict.lv<!? An .Wnnallve repLy la fumllhed 
by II ~nUy tnru.lllted body of work by Landa (1971) which 
mada I)'lI.ematic ..... of paired uperiml!nto Ithou«h u.. ph ...... 
' 'pIirOO es:~l" it not tJIIployed in the dnc:ription). 

LandJ, II eon<::ft'l>ed with tho! wily ..... 1 old'" clI~1I and .ooIe. 
anto learn the locic of "nWl,," manipulation, IlIbjed to (IftIl1. 

IIII.tkaI and ... mantle CONltnlnu. In partIcular, he it anx loUi to 
1110'" that upcrtlle depends upon knowing and uainR valid In. 
I~r>ee and ""clutlon prlnc:ipLeo repreRnted .. allf<;>rithml. At one 
IIlrCe in the diacusaiQn, Landa ponden ov .... LIM! ""emen of whether 
hi ill teaching "grammar" or "Iocic" '.he notes, for I!1aIDple, tha~ 
If'dllmarians migh~ think i~ odd or eftn ", .. ,",ful to incorporate 
lo&ic in the qlb.t.u.). H" concluDon ia extnlmely te~ You 
canno~ teach logic . YOII can only teach an inlBpreLllUon of Lop: 
t.nd one such interpretation Is in !.he IIni_ of grammatical 
tnnJI"onnaUons (uther unly......,. of interprewUon incillde enlli· 
neering IIYltetnl o r mathematical structures). LogIc can ..... ely be 
Ioamed in any interpretation , conc..i .... bly a lpeCialiIed varie~y 
of 1oIJic. II ~t be learned in tlQC:UQ. The corwene atgLImen~ alto 
IppLiH: Uru-. .... io;: .. learned then! ill 110 learnin ... 

C\Hrly, "leamJnc" 1& wed in a opeciallll!!lIie in !.hil "lemen~ 
(and the stalemen~ iI I !.enc acoenwaUon of Landa's polrl~ of 
.Iow). lIo.....,,,r, th is lenlll! ill quite dclellIlble and is an Impllc:l~ly 
lI;:oepted lene~ of the UFlment pr ..... nt.ed In tho. book (in Chapler 
&). "Lop:" is IlEd in rather a speciallsed wly alIo, and!.hill...age 
Wleoftn the depth of Landa .. commentary . • ·Ot, a1!.houilh he Ip­
pWS 10 be talki", aboon e Iocic o f c1aaft and ptOpoIitlon& (and 
.. "",lima ;. doinB 10) the IociaI oc:bemea interpreted in the unl­
-... of p1IJD1DIticaI tnnd"ormatkml are the ...... tv ... aJcorithmic. 
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The inl<>rprotalio Ri are pr""' ......... The logic ils II logic of queltions 
IU\d ""tion. and the universe ill a dynam ic <lOuty ""pable of a.,,;om_ 
modaling eventl; (the logic is amongst the non-classical logl.- of 
Chapter 4, the interpretation is li ke the universe of compilation 
and intcrprot.:J.tion introduced at this juncture). 

The crilien} {MUlle of Ihe intenne<iiary problem .ituation is 
thUt feeo to be a ..,mantic interpretation of the language em· 
ployed fOT the dialogue. tn order that " conversation ohall take 
place, the rule. of the language must be understood, in the nota_ 
tion of the previau. monogr;tph the ruleA Bnd IIYntax of L (this 
ronditlon being pm o f tile e~l"!rimental cont.rnct). In addition, 
there must be " ""mantic intcrpretat.lon. whether concreu' or oym_ 
bolle, and this interpretation is generally more than the " inter. 
prel.ation" o f claSAical modol theolY and mathematic (I.e.," set o r 
IIt!U of ob.i<'<:I.I). [t is an Interpretativo medium in which program. 
(algorithms) may be compil"<l ""d """"uled. By fllr the moot ver­
.. tUe and ~1I developed conereu. medium II .. computer <>quipped 
with Paper!'. (1970) LOGO peripheralo IUId able to in!.repel LOGO 
prognuna. M noU'<! In the prevlOUI monograph, execution of the 
program iI either a vilually dI.played. or mechanical. activity (de­
pending upon tile periphentl devictos thBt are uJoedJ . 

1.2. Repre .. nflnll Knowable. 

In the Piagetian Interview and to some extent the paired ex­
periment, the participant experimenter probe. the reopondent in 
order to draw out hil concept..l of tlte problem aituation; for 
example, by ,..king why an event takes place or what would 
Mppen if some fett!ure of tho . itu. ticm change-d . Such exploratory 
questioning mUllt be backed up by knowled~e of a subject matter 
r.e kJ if corrective uaistance ill to be lwnishro. It may 0 ' may not 
boo the esse that thill knowledg<! ill functional and in th ill respect 
the experimenter'. brief io quite ]jberal, For example, If we want 
to discover what the re. pondent knows about phy,""" then (since 
thlt It an emplrically.based subjed) the eJ<perimenter must be 
abrem of things as they are. But it II jult as legjUma.u. to follow 
;on hnllgm.livfoc trail and discuss how the respondent Ihink.s. I1ere , 
and in gellenl, It is only necessary that tlte experimenter h,.. a 
greater cOiDitivu t aciUty than the re'pondent, l upported, if pos­
. ible, by a broader knowledge of h lltory, mythology or tile poQi­
hWlies of invention. 

• 
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Althouth Ul io opeoclfiaUon .. plealinjlly flalble, It IUft"" from 

\he defect t~t the dati ItNctu re in u... ".rerimenter'. head ill in­
llCC8Alble to an external observer, ex""pt \.hilt lOme of It II ex · 
temallaed Indwogue. Moreover, Ill ;' data l \.ruetu ... islo • .,.,.,.;b'" 
to the ~enl., except for the inform.lion he gainI by qu .... 
tJonlna \he ""periment«. 

Ideally, boUl ptrtld pul tlo should be able to point out it.emJI In 
the d i U. ~ In • mutually comprehenJible manner 110 WI 
linK of uplan.Oon can be otartIed Uld quettioning initiated by 
,,1!.he. party. VarioUI icllem9 ha"" been ..topted and do not In 
practice unduly reit.l'ict the intercha.nge of Ide .. , I;nee in any I e-
141111 experiment the Jl<>III hle topics ate limited (If only .... reault 
of hlVlni an inl.erpret.iYl! medium _ the intermediary problem 
situation). In particular, .... bjed mau... lpeciru:ation , espeo;ially 
if redundant, is c:ompldely unobjectionable tor ItUdi.e& o f leaminc, 
"h ..... lhfI respond...,t ill • otu ... nt, and the lpecifica.Uon l&.lpulata 
.. hit l1li.)' be learned, So, foc ""ample, it iI potaible to flaCk u p 
indo: cuda or pieturel bu rin, on .. redundantly .pecitied IUbje.:t 
matter, these cam. or plctutet beina ICC'(!S",(J by eitller participant. 

The Obvioul and Yllid objection iI that the lndexi.ng wh ich, In 
eUect, deoc:riba the data U.eml .. arbitZilrily lmpoRd upOn the 
eo"""rsaUon. It is due to ., ouLAd .... , nth« than the partio;:;p.nLl 
themoelvel. This objc!<:lion, wh ich beano juol. as IU'Ongly upon 
wlorial/leamilljl ex~LI as"y olhc:n, CUI to lOme extent be 
meL At lean it ill pouibkl to play vario\ll tricks which e ffect a 
eompro..w.. betw""n allo wing for a pan.lclpant-batoed description 
and an aeoeptable I tandlU"d of obo;ervBbility. 

f .3. Ih«rip tit;m. o( DIIf" Be .. 

M ..... Iw dlH whk:h employ explicit repreKIltations o f kno w_ 
abIn t.a.u it t .. granted that a dacription 11 gWen and undentood 
by the panicipanu. Commonly U.iI deteriptlon it just selllibly 
ohosen (Bru ner, Goodnow and Austin '. 19:16 l tudy of concept 
aequioitlon); IOmetlmes, it it b..sed upon . tacto. analytic ' eI011,I­
lIOn o f II!mantk: ..,.1 ........ ll,Iated by • populat.ion ot '''"P''ndenLl 
(for example, u.ain, 0.,0011 et aI. 19~1 1 "lemantk: diUefl;'fltW" 
lecbniquel. Amonpt lhe """"pUn", to th ll rule it work by 
Th_ and h ill·...ocialef in whic:h a plon\Ory converMuo .. , 
orten con......,1MI with learn;n" are bued upon mutually generated 
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detcripliolll. Such detc:riptiolll IlIfl obtained from one ,"pon<ient 
by applyinll the repertory grid lamplin. procedure (Me prevlo"s 
mOllogtllph or Chapter 3, 6 and 7) to elicit pemonal ~o ... trueb 
(KeUy 1955), • tr the litu.mll warrant.a aeriOUI It.tentlon to thl! 
deteription II:hemet of boUl pV1.idpe.n tl, It II pouibloe to ... a 
mOle IOphia&lCllled ",utine (ucbanp pida) in Ol'der to com~ 
thU pmoTIIII OONtrutU and to cln:ul!llC:ribe a "'¥IOn of ", .. IUd 
IrCf'I"'meR\.. By lteratint; W routine,lt II alIo poaible t.o lenen.te • 
• hifting detcrip!.lon lCheme in whleh Ute ateoI of mut.ual ~eement 
moves around u the oonvenat!on prooeedt.. 

One study will .""mplily t.OO lIIethod and indicate Ita main 
rntllre-. The term pro~tII of Ilrt ..:hool lhldento were the Lopi<: 
of con_lion (between"" f!l[perimenter and !.he ltudenta in • 
.:WI). Each pro,lect prod"",,", • crop o f arlif8Ctll. wually bitl of 
teII' p luM. n- artifact., made by the particil'ltinr atuct..nb to 
cryll&allise Uw.ir work, form the obje<:tI oyer which the penonaI 
c<>nII.nJCU .... elicited. If !he coovlIJ'Utlon ntlgcI over. wider 
compua, the MI L of obje<:bI II IUKmented, commonly by other 
pillcea of mwo.k, from mUlllUJ1ll, SIUeriu and ropretent.ativ .. 
pnctitionen in the neld. 

Each n!SpOIIdcnt determil10s n il 0,", penonal c:on.ll.ructl ""er 
the II!nI:ire _t of objed.l. DuriDjj: the COllftrRtion lhe conal.nJc:l.I of 
!he poorticipou1t1 ue c:ompan!d, ... rule with !.be aid of uchan&e 
pidl formed by !eqllirinc 0"" putic:ipult (A) to rII\.e 0 . enlllat.e 
construct name. 1I0Rd by another participant (B), and v~ vena "". 
quirinl B Lo ra\.e A'I cooltrucl namel. Varirnu mean. are em· 
ployed to limit the prolif .... tioo of corutructf; and to condense 
thOle pu1a of ' ne deoeription that are agr~ .. mUl1al (I.e •• to 
...we at a core of poMibly nowel conAru"tI which A and B",1.e In 
a JimIlar Pm1I1e:r). 

Without loinl into the teclInical detailo, it .. cleu that thio 
pn>CI!dun! live. ,;.., to • partir:ipant1lmerated "-:ription lCheme 
which, by .. tina: the ""''''' of COIlItructi 0"'" any deiired objectl, 
Cln be utended to cower any dialo«ue bearing even remol.ely llpon 
the \.erm project; hence,. deocription o f the IOrt looked for in the 
lui. 1oI!CUon. Ho ........ , u...n. 10 more to it than that . 

• II will be .....!locI ...... ___ II oIiclled br _ ..... kIo.s. oJ 
obJoorio. _lri ..... procIlealo (lbe _ .... .,.,.. ...... ) whldl ..... , ....... 
---. or u.. trlod fro", otI>oR, •• u .... u.. •• t_ of 'hio """tau o"*' on 
0_1-< .... ODd itenlinc tri.o<I_ ,Ion. 
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The converallon ... 1 .... to a term projec:l and III Intellectual 
.....uocatklll.; In prlft'Iol to artifacU u..t migM be produced under 
companble condiUo ..... ther Uw\!he pal .. 0 1 .rtifICIIIM.L w~ 
produoed and are wed .. objects.. Tbe convnuUon ""fen, in other 
wordf, to an inte.rprelaUwt mMiIUD: theconcre\.e Of Iymbolic pro­
duction f)'StIIm in which art. ""'001 IIlIdenu InI .ble to modtd 
their noUon. of rnlity. Thil uni..- of in~\atlon II not 
""en, u It wovld \:HI in .. daAical uperimftli., It Illpedtled by the 
putlclpantl wbo chO<*! prOpertiel (the penonal conatzuCU or the 
muwoJly aooepUlble com) and lat..r instantiate their VoJUIIiI. Let m 
.Y the claalcal upenmcnll dctennine .. dncription .,herne 
"~om down to up": that Is, & .. , 01 object. o r ""enll are .. hoten u 
• "mivene of interp<elation, l.Ofjether with predic"t.n that name 
propertle& or relationa between th ....... lawentat)' entitin. Con­
-.-Iy, In UlM'rimenL .. ch .. Tho",-'. delermme. II \In\ ........ 
~from up to down", Co:I1ain kno_blea. sipill'ied by !.he (",per­
tory &rid) o bjecta. ani oateDded by the pr.rticipanll; penonal con· 
Itruct. .... " Iidled .. ~C:llte names .. hleh an .. led or !liftn 
...tua. t",WM:s o f t.hetoe YlililN (or, by re~tlnc the pr.......-dun.. 
!be m ues of an arbil.nrily r~ crai-d mnh 01 OOllItzucLl;jare In· 
m teo:i .. elemenU of one or more UDM!rIH, The uniY"ne of 
InterpretlUon II thUi IftlO!noted by tile J*f.IdpanU, rather than 
boinliPven. Urually Ill .. ..",era! putidplntl haye d;ltine~ universes. 
Some areu remain privaU! bu~ olhen are placed In a common 
domain by dln~ of mutu.al qreem""t about I core of eOlUttueti. 
Thif; eO"" II th e conve .... tlonal unive .... of dlleOurM and It mly 
change, bolll In uU!nt and ref"lfIemen t, I. the convenatlon pro­
"~I. 

1.4. l"krpe,...,""'I"I~""'lio" Tech"ique. a" d IPM 

In ~Llan ;ntertic_ the oonverutlon IOmetimOi ""ten to the 
pmbl~m litul;tion, the ltnowable&, o r Ille inlerp""latlve m..num; 
...... d im'll, 1.0 !.he partic:ipanta. So, for ....... ple, lOme ' U"Vtchei of 
diaIotIue uprftl hypotheteS d .... to Ille relponden~ or the upm­
menler about IOMnc • problem; o~ m-et.daes ot dialOCUe u­
P'"- hypolhl!llfll due to the retpOnden~ .bout. !he uperim ... w 
(0. hit view o f the p roble ... ); and vice vera., hypot.h_ d".. to the 
e~ pl'rimen\.ef about !hi! ..... pondenL SIOOfl th e ditcoune talt. 
lliaOl! In • (pollibly ..... tricted ) natunll I&nflU'P, It ;. difficul~ to 
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dilen\&ngle hypolJletet about tacq o r depersonaliaed Id_ (ob­
jecUYe o r 11 ",(e",n~ hypotb_1 and in""PetlOf1aJ id ..... II o r 
y .... ",'"",noe<!. hypo~). 

If the (PM ("ln~nal con,munication lKt") method and 
jq _il.ted comparitonl (prnviou5 monograph and Chapten S 
and 7) ara uoed ... communic.tion aid, in .. convenaUonal ""peri­
tIMInt, thla method p~ • filter that ilOiatel interp<lrsono.l 
hypolheses for ~ial ecrutlny; for nample. A'I hypothetiJ aboUl 
lO\¥inl • problem (P) and 8'. hypow.io aboutlO1vmll P!ljcure as 
~nal.objedint hypotb_ A(P) and B{P) u.atare duly ..... tcMd 
for factualllgl'eemelll.. In contraU. A'I hypothelil ,bout 0'. hypo­
Ihelil about P, written A/8(P)) it an irnerpenonal bypothail and 
10 Ia B(A{P)). They. and hl(h~ level interpenonai hypot.huel 
A(B{A(P») and B{A(B(Plll are matched to determine mlnual 
IXImprehension and appre<:iat.lon . When the Idea of. convenation 
II analy .. d, the .... gr~t;on of tbe interpersonal component in 
diaJotue 10 very important; j .... t wby will be dltcuMed in Chapten 
4, 6, and 8. It 10 doubtful whether an interchafllle dl!'¥Oid of an 
interpeQOnal compono:nt "'auld be d""","" .. conv~tion u aU. 
Yet one of the ouqloandinc hazlll'<k auadllNl to IlIrU\l.nJl tbe eon· 
duct of • con.-etati,Ot1 iI .. (oUo_: W well-intentioned .. ~ 
menu pmd""," an .... oiwllion 1UiPfW1 of interpenOnal eacl>ango!. 

ThiJ danger is Pf"II'nt even wtw,n imposinl the modetl r:odirlCll_ 
tion noquiud to elicit and maltA "'ntIe of peQOnJJ COllltrucl.l. 
HenOll, l~ I.J noteworthy that the e"perimcou mentioned in the Ian 
.. ction avoid this dang,.. by incorporaLing a tacit (PM lntercbange. 
Th e ucilange K'id procedure;' o"eh I !.hlng. To Me thll, repllce P 
by I repertory &rid (0). Let AIG) be the Irld ,"lLdted fiom A: I 
malri:r with colWDnl labelled by ob}ecu. mWl labelLed by A 'a 
eonllruct nameo and ,"ntriea that ..... tho! ..uue.lJiven by A to e.eh 
of his eonsuucu on ... eh of thA object&. Let 8(0) be tho! p:id 
elicited from B. with colUmN idMIic:aI to A(O). but with ro_ 
labelled by B', cum\nJClo nanoetI and e ntriel eomprisln, thA val","" 
IIWm by B to theM COlllUUcu. Mutual agree_Ill 0\1,", a d~p­
lion (of whit may be known or diKulled) is obt.llined by r~ulrinil 
A to n.te (live valueo to) B'a conltructa - whleh rflUll.I in an '""­
tended matriJr. A(B(O)) - Ind requiring B to rale No COrlltrucl.l­
yieldlnl, ... !'Mult., an e" Iended matrUt B(A(O)). No w, (IlIIead of 
lnoopen<ienUy ellcltlni I further level o f m"tual lIypotheaea (the 
lric:k employed in t.he IPM ~), !he Jl*lticlpanl.l compare and con· 



oider Ihe matricel A(lI(O)) and B(A(O)) In ord<:r to .,lect Or 
II'!n~ .. t.t conltnlcl.l tllat belong \0 tile mutually agreed corn: In tile 
lliht ot the mutual Information, fre"" oonlttllcLl are inv~nted and 
tht ntings ot tJw editing construelo ..... modified, .. tJw c"ellanp 
!!rid prooedure it rt:~ated, 

".., c:on~Uon t.tw.o')l described In the pre..ious monognpll 
unif," tll_ ",,,ll_tahliohO<l conve .... tionaJ methods, To .orne ex· 
tent, It ad"s tu th~ repertoire of te<:hniqu,," and incrnllk'l the 
pledalon with which potItulatel abou t conversation_ ""' stated. 

SUrety, thee cilim. require quoolir_Lion. Of the ""P"'rUnmtal 
or wlon.larnngcmenla dett:ribed in t .... previous monognph, one 
CU\eachb.ctn

) • alpeciel;'tion of !.he n.tu..t language inlftrtie_ 
uoed by Piqet, VYlLotaky, and their followen. The..-;.ol condl, 
tlon oec:ured (namely, an undemanding of each t.opic M1d..-d hy 
th~ participant) it believed 10 be fundamCfl\.llI. but th.t ballet 
could be faulted. Tlw! o ther IImllIgement, & compOter monitored 
CoUf5<l Auembly SYllA!m IlIKI Tutorial Environment (CASTE) dOl!l 
unequivocally""""", l,uw:lerstanding, Ilut the mecllanioat.ion which 
ill practical prerequilite f or til. much ricour and object.i.-lty may 
be unweleonte. AlthouRb the _y"tcm don nteriorise bidden O:OC' 
nlttve e«nts. it impotCl certain reAri<;tio", upon the partk:ipanlL 
Though th_ ~tJOnl are yutly lcIIl1amperlng than the con · 
Itnlntl impoo.ed by an other,than-conycnatlonal method of en· 
qulry. it CIIn be argued that CAST!'! COnyerwUonA are oddly .UltGd 
On" We are semllive to the polentlal crltlclam and !eel it it 10m. 
lima jUllm .. ble. Hence. much of til. book (notably Chapter 6 on' 
ward_I. devoted to a SYlt.ematic relaution o f !.he COJWtralnIo 
upon the dialogue, Thll endea¥our pays an \lI'IoUpeet.ed d ividend: 
!he emancipated syltem Illlo_ for transacOo ... that are. In prsc­
tlc:e at any rate. prohlbited during fet tered cony.,...l.ion. For 
eXAmple, even in the Pi"lletian in\.crvicw, thero It • tadt pre .... ppo.j· 
tion that the partidpo.ntl h •• ~ one and only one focUll of Attention 
.t 0"""', correopondl'41 in CASTE to one and only one aim at 
once, Our reluaUonlpenn;t many _jm operatiORl and, in practice, 
_rallOlU of many aim tnlllACti""" are realiled. 

Con<:eming unirlcation, the other claim for conver-tion theo')l, 
the upHimenlal .1I1'IlnIemenla ordalned by !he t.hcol)' embody 
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and integrate th~ components highlighted in preViOll' sect;""" of 
this chapt.er. It i. tru~ that R complete embodim~nt only occun In 
relatively .oophiottlcat.ed arrangements of th~ kind discusoed later in 
this boak. But all the experimental '>"te"" (CASTE, for [""tan",") 
am derived III specialioations of th~ gcncraland oophisticated case: 
cony~mely. the general case i, presaged by "teach back" and the 
caurae ....... mhly syltern (EXTEND) described In the previoul 
monOlnlph. 

For inmnce, the modelling facility featured in all the .yoteJru 
and .p.wnoo by convcrution theory is the Interpretative medium 
of Section 1.1 (for houl ing problem . ituation_). The entailmenL 
. truct.ure iJ • repreoenulljon of what may be known (Section 1.2), 
and insofar ... it is uoed in an evolutionary (""hion (EXTEND or a 
oyll.em to be Introduced called THOUGHTSTICKERj, its descrlp­
tion is both p<!monal.i.5ed and "fmm up downwarth" (lath.,. than 
"from down upwardl") as propooed in Section 1.3. Many of the 
experimental or tutorial oyote"" inoorporate an rPM like com_ 
ponent (Section 1.4). In foct, 1hil component 10 underpins the 
operation of the comple" lynfllIlll that the '·interpersonal inter· 
action" paradillm gairu a novel'ignil'icance. 

Finally , conversatio n theory maintain. that the buic unit tor 
P£)'chnlogical uperime nts il • CanvenaQOn, and carri ... thi. 
dngRlll to • "'tiona] conclusion in the hypoth_ about cownitive 
orvanisation and P.lndividuab. Tho other theori.rt!l do not seem to 
make th.III point III definitively or to punrue its conoequences to the 
SIlIDO extenl Our thesil; lA, p<lrhaJIII pedantlc.ally, ""'pUeit. Hope­
fully, It rnlJe.cu the vieWi ot Our coworkell in the field, ampLiCyin8 
rather than diltortlnfl their m~aninR. 

2. OPEIIA"TlN(J SYSTEMS 

The VIlriOUI experimental "lU"I"IUlgement." luch AI "teach·back·' 
and CASTE an! heneeCorwttrd elustered under the title "open.tinK 
oyitem .... Thil oeclion deacribes the operatinC oy. teml currently in 
u .. tor "one aim .t once" conversation l ; rouj/hly for conversatiolll 
in which the convenational domain is lilted and the ltudeM h ... 
only "one foeu& of attention at once". Evolutionary ayBteml In 
which the convenational domain, rep ....... nted AI an entailment 
. tructure, may be enlarged. or modified are diocuMed in Chapter S, 



-""", the dioc:uaion illipin confined t.o "one aIm It once" oper· 
Ilion . Many .. im qltemI .." ~ In ChapUr 8. ther some 
theoretical prefat.ofy materi..J hu beeo Jllft"nted (Chlpw>" and 
CtapIeT 5 mOlUy). 

Section 2 .1 it a b';", ..,.,.pit"lation or the .. orlr. mported in the 
]n"riOUI mon .... ph. ln Seevon 2.2 to 2.5 we dncribe U!e mechan· 
ically rt'iUIoLed one aiIn open.tiT\ll Iystem employed In rocent 
Iludiea. Both thill Iy"tem and CASTE have beeo a"jIm<!11ted ... 
,-"ull of e:tperienct! by lncorpomllng ..,v~raJ I.,.t"..,.; notably,' 
much richer acmanllc lntMpretation ob~n.blc by cxplon! \.nina· 
actlonl. I prOC«1ute called aim valldo.tion. and .. leri('ll of lp(!<:iaJ 
tranucUOIli for dealln~ with analogi<:aJ topla. 

j .l . H~""p;"'lalion of B<ulc ~·...,t,,"'" 

A l irict convenallon W('lI place bet~ puticipanl.l ulinS I. 
COR""I$lIUonal lanl""IPI L. For conven~, L il Ilralified in to 
~1o I. - L', Lt. On theon:lical grnun.t., the unit 01 a ,trkt con· 
_tion iI hekl to be an ~t <:alIed an unde,.tandi,.. of I. top;". 
Arl undentandinc iI eridenc«l by an ""planation 01 the topic and 
!he deri .... tion of !he topic; the lormer in tennI o f LO trantaetionl 
""d the lalter in temu. 01 L' t<anll.clionl. An ""pl ... ulon Ipo!CllI. 
<;ally evidenceo the exiltence of " concept aiId ;. the litUn, of a 
prol(nlm whid' rep ......... t.o thm concept, A dcri .... tJon Ipo!Clrlr!ally 
mde!lC8l either a mcmary (defined IS a concept that reeonttnlcUI 
• concept) or else the corutnlctlon of lbe concept .. It illl<:quired 
In learning. The period occupIed In reaching III undentanding II 
• ..u..d III oc:c .. lon, and If ncc ... lolU .." t.o be ordered 10 that 
IOpIco (thou"" I.I.~ in any o rde r) ate undentood In eequence, 
lhen It II neceMary t.o Introd""" the caveat "one and only a nt 
fO<:\ll of at tention 1.1 onOl!", 

In "teo.chblo:k" the uplanatiONl and deri""Uono reqilired t.o 
... bltAnlllte an undenUfldlnl art elicited humanly, I1llnllllighUy 
ltilted fann of !>npish \n place o f L. The lubject malte which 
t'OOUlllIf the t.opico 10 reprmenLed in a d-=rlpllon tche .... (I map 
~te dilphoy where each t.opic h_ a ioc:ation a nd the 1000tio"" are 
cluIlfied by delCriptive propBtiea). Under th_ c:lrcu/IUtance& 
"""'" _nlial UpeCUi of !he subject matte d ill. bale are a lii of 
lighlln the participant experimen!.er's head . 

CASTE io a Ia~y mecltanioed system. Explanltlon. are ellcit...t 
n"" ...... blJly III model-buildinl operaUona In one a r man! m<ldel. 



'" 
i", r..,illtieo. which aft dynamic: piOC "IS in which prograItI$ Or mode" are executed. 

H Is partOcuwly important \.0 notice thot an cxplanal.Ory model 
bWlt by I.tudent It . prOIflllll 11otinK' '" is • demorutrltlon offered 
by • teacher or obtained from the tl1lu1alory hc .. ,ittic ou request. 
The boh3v;ou r of the~ l"OJ,:nuns when Lhe)' ...... "ncllled i.o quite 
diltl nct ; It Is ~ir ~h.vio l.lt which d.,.,. Or should (if (orr""t) 
atilfy the topic beln~ ex plained (modelled ) ;nlOr., u it computes 
or "brings about " o r "IIaUdiel" th@"nderly ing tol"".dation . 

The subjKt mat.t.er repr-.>1aUon fot CAS"l'E it • con"" ... , 
/ional domain_ This <:on. .... in • lonnal (or lyn t.llCUc) n.eLwork 
lmagin, a th.,. .. ""pound«! by .... b~l maLter expen: the topic 
... 111110'" appear In this network .. nodeo "Wldin, for deri ... UOflS. 
Sinoo • theois is any orderly coUect.ion o f dcrinUon palho •• topic 
relation is linked by derlvl tJon chi ... to othen. AI • mauer of 
convenience, the sludent """'. on a disp!&y called the e,,/allment 
.tr .. clur~. o nly a I lmplified form of this netwQrk (tlMl details of 
d...-i""UQIII are 5mu<iKe<i under. c:ommQn ~nl.ailmcnt connacc.lon). 
Thill simplitled m .... 11 II penn. iye. Il rq>"""n~ wllat may ~ 
knQwn If certain Qther IQpioIlUl! undent.ood. EJe pUdtly, lbe mosh 
URN w .... L may be knQwn with the guarantee (obtained by pro-
1X'M1n,. u. .... befQ~ It II deemed legal and IE""'"""'ted) lhallh., 
hown lopil:(lJ;" (a...,) IHrnallle and m.,morolltc. 

To ... ch node [n tho mnh ;" attached lhmuth a data link (nQt 
an entailment ""n"""'ion ), a l1.lUct~ which IItYI what may ""' 
done to bring aboul the topic ""lalion repnMent.ed at the co.· 
' '''pondin, node . In lbe previoul monOj/r.lph IhOIO . lrucllltt'l Me 
rer~ to ... Tallk StructUfCI TS: .inee they acl U • lOuree of 
demOllltr:oticml. 1lIey may . 110 be U&ed fo. comparative p\.l.r]lOMt 
( •• tudent'. e>: planatory model Is matched aplnIt the rs to deia-· 
mine iLl IECtiwde). TbI! wit I lfUctu", illi tenlly • c:ollectkm o f 
pmcrams 'I' ~ue_ of c:ommantls for ..,ttl .. lip model.· COm­
p,'~d P"'V'I .... in one or more modelllnil tadlltlee (eith~ ..... 
demorwtntioOl lliven to the ,Lud""L or .. eJl planatory ",odell he 
lubmll.ll and mere correclJ1_. unqua]lfied, 10 oecund It the model 
can be e,.""ute<! and it, o n " ,.e<;;ution, it Jali.fled the ,,,I,,vln! topic 
.~lation. 

In the preYioUi monOilfaph we diltinllUlihed Ihe [lrI!'c'lptive 
~"d descripti...., role 'If l ue ll • Ilructun: .tl.a<:hed t.o the node o f 
lOpic i by the nOlaUoIII TS(I) (u • ...,...) and On(R.). ThlI not.aLion 

• 



beo:om .. eumben.ome .. hen consIderill& anaIopcai tople ~\ati"'" 
.. hieh h,....., been silo,", to play a crucial part in learning. Sillce 
mud> of th. book 15 devoted to .. discussion o f anaIOI)' .elallo ... , I 
propoM to " ..... the notation and to c:all the cnph rep..-nlina 
..... t _y b, don" 10 modd lOp;" ; in • parlieu"'" ind'!fxnd<lnl 
modt:Uu,g faeUII'I .. hehavlour graph BG(il . .. hi<:h 1I.lmply. more 
familiar Mme tor .. program graph. Thal li, BC(11 <!fl\.cnnineo or 
odviIH Or rocomm~nds mode/.buildilll IHIhavloul'l (not the be· 
havioW1l Lhlt 1.J,ke pi..,., if the mQd~1 II eucutedl. TS(l) will be 
reterved tor the Impenotive o. pres<::riptive ulM! of 80(i). the Ht of 
commnntll o r inat",etlonl which may be iuu~ when the Iwdcnt 
NC'I'lves a demonllnltlon . Siml1arly, Ilnce mOlt conve_tio n.al 
domalnllltll neee ' arily uoociated with m.lIlY independent model· 
linK fldUllea, I shall uoe the p/uaR u,mPfld Modelll", Facility · 
Sol 01 fndflplt1dtllf Mo<Ifl/lill/l ~'""UWes In plllCC ot the l.erminol. 
OIY employed In th& pnMOUl mon ..... ph nlmel),. "modellin& 
f"illt)"'. for "Lumped Modelling Facility" and "eomponent of .. 
modenin& facility", lor " lndepend('Oll Modelllni f acility", In the 
Ioog run , these chan&eo o f notation (nol. o f meaningl aft well 
worth the trouble 1.J,bn in "translation". 

Pinally. the con_tlonal domain is deteri bed (pre'lioul mono.. 
pph D'(R)) by mea'" of dBCriptive pmlic:aU!l o r dflM:ripl~ 
which ..... mv particula.values on diffen!nt nod ... 'l1le dCIICription 
perfonDI two \.IIIb : (a) [t prom ... an indexinll oeheme, with 
mf:anlngtul indict'll, fo. lIalnlng acc:ew to top;'" in the cou .... 01 
tnllllacUmu InlUated eitne. by tl>e student o. thu wftchcr/regu latinK 
heuristic. (h) [t diltJngu\lhel and describes thulIOveral univel'Hl ot 
inLetpretation pro"". to the !noopendellt mode Ulns laclllUCI In the 
Lumped ModeUlnlf Fmeillty. i.e. , It giVI'S a oemantlc lntetpf'C'tAtlon 
both to .. hit may be kno .... ~ to what may be done (hy way o f 
nplallilory modem .... ). 

The enlailment Itruc:ture .. hich II displayed to a Itudenl thua 
cofl3iJt& til • mClh I. limpllfied Im :lllU 01 the u oderiyilll thealll, III 
description. and the dala IInki connectinK <lac-h node tor topic I te 
\he auocilled Itructure Be(il. Finally, <!aCh node standinl for I 
lOpie in the .... tailmellt structure iI provided wi1.l! electronic .tonp 
devieeI and ind icate .. which display i\l Illte. The ltate depends 
upon the lranuetiolll which ha"" uk.,n place In • strict con""lSI' 
tlon and the poooible ltates are aha ...... in fihl<, 1.1 (recall!!<l from 
the p ...... ioUi monograph), 



T"BL I': 1.1 

flta_or_ 

••• 

!.!!i>!l (lop!) 

M. ,ko . "" IOpk:. P'ro.ld .. d4p1., or .n •• II .... n' .. ' and 
p<rmioolbie I.opico 

Marko 'oplo lO be ......... _ ..... ""111 ... ..-.. ' ..... _ ..... .u- __ -.bioi ......... """ 

JIIIl .. an explanation in the CASTE O!M' .. U"I aysu.m w a 
model built in • modelling facility, 10 • deriYlllion (an u:pl&nQl.ion 
o f how the ""planation w_ obtalned) Is modo>U..d u ...... uen"" o f 
.tate disuibutionl upon the entailment st.ructure. TbeIe takeR to­
I"ther deli .... ale the Ietomin. l lnl.<!&Y adopted by I.he ltullen!.. N. 
pn.ctlcal pOint., It Is crucial that th" wu. marlte .. are dl5p"Jiyed 
Dontinually !.o the I("dent u well III to the regulating heuristic/ 
~her and an ~1tema1 oblerver. 

The CASTE tranJac:tionl Ii«! ahowII In Table 1.2 (apin recap;' 
t\llatlnJi the previo", monoP'llph) together with their .tatu, ... L 
1\&\(''''''"1&. One of the In.NaCUons in Table 1.2 (urn validation) is 
novel; the reply toO lIJl uplore uaruacbon II aI&o au&menl.e<i by 
tlMtber deteripliwe data. 

The rulet; for tnonac\lons III this openlini IYslern ""' designed 
10 secure an undenI.andlnc (I.e., \.he evidence of an exp1anation 
and • derintOon) for each topic learned. Thla Is the IeMt biaued 
mode of ope ... Uon, re!ened to in the prmOUI mon<>gnoph ... 
cognitive retJector. Tutorial arrangcm""to are obtained by em­
bellWllnll Ihe coenitjye renector: namely, adding I!Onlt.nlnu to 
ensure that tht ltudent', learnlnK .tn.tegy ill dominated by an 1m­
poNd teaching .tr.ol.eiY. 
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TABt.E 1.1 

~~ -- ~- £l< ........... 

Co"",,1 1 ~11 £_' 1 
~1", 

&'pI.1.' 
.... IeU'J 

AlaI S~lf;"';uD: 8\~dRn' ~ V.lldatlon : If BOSS .. • 
(AI &llpulatoo • doll1<1l alm ........ 1<1.0100 aim. lII.n"'", 
b~ elLl", (IoKrlp'''' "'""' .. 

__ mullon _ .. Mm." 
"nd "_ripla' .... u .... m· bek .... 1I.l1In, ""' . ".den, 
oMn. to !do.,II, topic __ . muot .. pIa .. I", I."NT ... · 

1"""",11_. 

.... , .... , -,J; --,-~ ,,,laplr.,) Tl-_;o..o ..... ' ~V -'. ,a-:.. .. !bpll.iI 

........ lI .... c.ol 

A.eftjIt 01 .. I --" ~'I C"" ...... Il .. 
-rr-u ..... 

( eoa. ... : . ~'j:1 Ea.-XI !!eIl1 - Goal Jlk!"'" 00aI ~.Jm., Eucll eoop.",U ... 
(Oo""","". L1on, Tn....,t""'" 

{ eo"'"'1)1 ~':JI tuell) £o:.11JI ... ,~ 
s..br<>Al~ So.!!!IooJji E .... ili C-po.oU ... 

(Donno"'",IIocI) '1'1'0. ..... 10 .. 

.2..2. UM o{CAST£ Gild Ju FIeld S/.GIlion Rd:uw.INTUITlON 

In the atuelies to be dftCribed, CASTE h.u ~n _ployed to 
maintain. minim.ally b'--d conn_tion; namely .... c:ocnItiw! 
reOe<:to., 



In lhil capaci~y !he equipment ""I.eriorisel. Urld conversation 
belWftl'l • Rudenl and • recull.tina beurialle which a>U!d be 
humanly ",,<!CUte<! but II norm.Jly compute. imple"",n\.ed. WI>e .... 
... pnoriousJy, the htourillic "' .... :lecuted by a lime Iharl!d I)'ltem 
ba.5ed on a PDPtO and int(!.faced from lhe modem Into a .tpecl&I 
pUrpollfl eompute. ( .... Uler th"" the terminal normally eonnected 
fo. !lme Ibarini!/, it baa pro...oo. mo", convenien~ to nlO th~ bew-;. 
tie in a compute. louted in the labor.ttol'y. Thllil a tmaII and in· 
experu.ive minim.chlne ",llh ttlll. OpcllItion, an LSI 2 .. ith 16k o f 
Jto~ and digital tape CllJllel te boocio:up. The Iyltern b .. t .. o f""". 
tlon •. 

(a) To """"'" the undorn;tandl"ll condition for ead> topic a.KI 
to be learnal (and to rejl\llatol lcarnin« ..... .,.. the eotire convena. 
tJonal domain ). 

(b) To pro"id" eooPCfllUVC auilItance, by ... y of demo".!.ra· 
liON and uth'" hdMivinll tnnIactJonl , .., th'" ~amlnili. poglble. 
Thll open.Uon iI proiUfJllmed (in pUl'lUit o f minimal bias) to 
prO'o'!de at lillie cooperation aa the Iwdent n!!edl and , In any ease, 
to record d~ of the coopenl ion fumiob<.>d . 

Apart from t.b.ia, the equipment keeps a f'KOrd of all tnnsao:­
I.looI and the M.w" ..... UC'llCe of .tate marlier distributioN DO the 
en t.aUment .trur:Wre. 

Our '"""",eh hu mnvl.'d to ward • ..,h"",11 and eo ll~II"'; moll of 
the current P'DIP'1'Illmc of experimenl.l II baaed upon rnrnotely 
Ioc:ated r",1d Ratio .... On \.he one hand, it would be pbylica.lly dU· 
rlO;Utl to In.r.aLI buLky equip""",,' (CASTE) in • field lite. On 1M 
DIM. hand, It would be qul\e u ndesinWkI to do 10. 

The main ob~ of the rwld 1ftE'an:h. to in'lftl.ipte con......,· 
tional ..... lh<wb and principles applied in the context of rnI ed...,. 
tional Inttitutio.., depend. upon ae=ring cooperation f .... m !he 
teflehing Aalf, and, to til' '' poplble, their ' C1.iv-e involV'e"",ot In 
the o "llDing upiI!rlmcnl.l with. view to devcloplnJt; counea and 
rurth ... pplleatloltl. To work witb piecel of equ Ipment th. l are 
manlfesUy t.oo c<>IUy 10 ril an ..,.d~mic bud gel would d~r .... t. Ibe 
putpOH. U the equipment il l.o be ..,riowJy colUldc.ed, 11 mwl be 
pen:eived u potentially .wlilable u. ocholNtlc toot. 



" 
POI theM reaona, • aoo<I deal ot effort was devol.ftl to devel. 

Opinlan operatinc lyA.em with the main characterillin or CASTE, 
which hu eomponento thai I me..pc!flllwe IUld eaD be 
nadlIy COfl~ u !~ on • with labontory 
domOIllt.r.tiona. The ' eNlt o f !he called 
INTUITION, I n acronym fo. .. 

Any IUbject mltter can be 
tlelni an .pp,eel.l.b~ ul.el1lion 
~:umple ot the pll!Yloul 
the Inte:"f:cU o f In...:perahre 
Ull.lto caIJed mlnlaw ....... taIlment 
nodN of 30 or 35 topb. 
..... t.e _ken Uke CASTE but 

....un, plup (to:,;"';;;~,.";'In;'~ 
be) ami theM u 

wintd into .:II modular 
The rnocI4'lIIlI8 facility, 

STATLAB I (prorlouo 
CO_ ocilla many 
Venti (both In 
diltirw;t notlON of 
lion, .. 
II quIte 
toto, ... d 
""ncemed 

D, lie more e labonl.e u..n 
olller lhinp it lie­

Independont wU­
• and ineCll'pORtn the 

Uld COITf!I&· 

" Sl.atiotiCl ' In 
r;ep&rllll.e bit. of equipment 

demollltz.tionl and explanatory 
iabono.tory. 

1\1 an! given with the aid of overlay 
card. On foo::ili t yand t:-rlnj: InttnIctloru that 
!ell the ",odel The demo~t1ona u.ed by 
• lWdent .... ~y and listed 10 .. to check for 
and prohibit mere eop)'inl. ExplanaliOTlll ...... elicited .. model& 
and are marltfd for rectitude and P' O&I_ by. check and inItru"" 
I.IoJIllrt r.corder which abo ~ the Rudent aerordina; to the 
outcome. 

o.cripUore ..... 1.eria\I ...... provided , .. betore, in the torm of 
.lidea uraIIlIed In. random acI;f!M projector which iI " nln J ly coo. 
trolled and tenaitrn to apia ... o-r aim tranactio"" Conflden"", 
eoUmIU1ll .... obtaintd by • miniatun! form of BOSS {the BeUef 



sa 

I'Ic- 1. 1. '"'" INTUITION Sf ...... · T)~I ..... ~I ..... _ . It.. En .. !!",,,,,, 
"Net ... <fII.pl., ( p ...... blli<y th..",.). 8 . Nodo wlLh ...... _k., !&mIlO. 
_ko,o._la<LI, 10""10, _;" , ....... u" ........... bod 1ft III, _ .. C . !l<rHn 
to< dioploy "f <Ioo<.lpI ...... ,,,,"'"" ond <oun' . .... mpl .. Ih l'O.lh .. ..d"'" 
__ ''''"'''0 ., D - Ih ndom 10«_ proiKtor. E . a, .. k '10. d .. Ie.. p .. 
Motlolll", foelli., /0' .ubjoc' ... ,oLte. or !>I'<>b>bUIoU .. c.h..",.. fl'TATI.AB. G. 
"110 ... " ... d 10< oondlLlonal p. oboblll,y "1*1", ..... II _ Tope.-de-< , .... 
'opotU", .. ndom or ~" .. I .. ndom "n".rol ..... , .... 100othO' with . pollen 
.......... nlalJ' o~ u.. <lll ......... d..".,....,..tlo ... 1- P'lleo ... nlolnl", "1010'" 
... eIi" IOf STATLAB. other dom ........ Iio. ",", .. 1,1 and ......... tdatlool <ordo 
10< -...uoo In mIai !lOSS ( .. o<obo .... ;" 11.\0 .... ,,'-'"pI.). J _ Co.."'" ... d 
......dint' _ ....... hld> .... , be ;" ... ,_ wllh ",I"-pul..- ro<.­
(..., . ... 0 .... 'n 11010 p"""*,,pIo ). K .. Sludonl pookIooo. 

and Opinion Samplini System of Ule pre¥low IDClnOiJ1Iph). A 
Iyplcal I1eId wo.klna: otation ill ohown in ' .... 1.1; BOSS in f'il- 1.2. 
T~ wilh Lhe n!COldinl; and oon lrol r..,lIitiei required for 

experiment&, II II quite an elaborate wtalll.tion. Bul • "",,1 d ... 
of thlcompLeKity CIUI be abandoned lor ~her monilorflli Lutorial 
applLculonl ( .. hen! dlmet involve mont if; ~nCIIL1f'~I!d) and the 

• 
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'iI;. 1.1. Mini BOSS """Ii""",,,,- .Llm.lkm .q~l_n'. A • Crord h<>ld., ( ... &do 
""Q,hod nQI. ct>d<J <In 'h. quootlon fiJ"d i .... Ied a nd dlopioyod r .... "'po_ 
e6<ll.olionJ . II _ Card 1 ... ,Ied. C . Mol . .. thowln, f _ l . 01 "Iomolie nOf· 
... H .. lI<>n "I ,. ,_ \<> ""o .. nl ... Ihal I ... 0 .olid con lid ........ 1",,, •• D . 
B.""... _Ipul .... d by ".don' ond uOC"d to 1 ... ,_ ... d LIocn ... h .... Llm,to 
.f boIiol . ....... .......... , •• ol ... rnatl ...... w ..... 11>0 quootlon. I:t • s"bmioolon 
110""" p_ by lI.udo •• II diopl. yed """I!doon.r.o 00ll ....... II In ......... ,,' 
wi\lo hlo ··00'--' bo-llPr·. " . SIt .... Iomp' ID. conuol " ,. .. po .... _ 

otMr eomP<l'len'" appeu- .. embdLiahmenl.&, nee ery only Cor 
n:~nUltlon. 

In oroer 10 ope:nt.e IN'n./fTION, Ihe I lUdenl mUll wbll:ribe to 
• nLU"<lbef ot "gam" ruls" (.boul how to put in pJup, ... hal in­
dico.l.Or lamp" me ... , how to .... Lrument lhe lraIuactlo .. ). 'Ib ..... 
niles ~ lltated in Appendix A and ..... M bwdenlOml. Bu~ learned 
by operience. they Ire not hard to comprehend or obay and lh~ 



" 
Iylteta II pnNoenlAld ... "learning pm~" rather than • tuLorial 
,,""'-

With fIill imple ..... ntation. including the elaborate reo::ordlng 
equipment .... hldt lIlI'Veo in IIddition ... contzoller, the INTUI-
TION 1)'1\.8'" ill able !.O accommodate ...... ly all CASTE tnnsa<>-
lion .. AIm and goal .elediolU are dlftenonUy implemented (by 
ph.11 iNertionj. and the Tagaim routine, whIch Much" for under­
atoad rubordlnateo, ""'lIIot be eIecuted beai\118 the IOlllclll circuitry 
of the entailment IWcture is p ..... ired. However, It ill pouible for 
• It1.lden~ to u ... "explain of ""plaln~. That ii, IUpPQMI he wishel 
to Ulefl hill und .... tandlni of • topic: other than the primitivl!l (u 
I tide comment, UIII pOssibility II quite _tal), he can do ao 
by aMOlindni hill intention, Jirini • non·verbeJ pplanation. 
1tatJna; • dtrintion path, and finlllly. eJlplalning the topicl that are 
poerequiri~ for lhil derivation. 

MfChanical checkinl of the "upialn of "plain" lnnacl.ion 
ca1II tor the <:ompu ter; ot.herwiR •• m&llual check mUll be' in· 
Itltllted. In pnct:ice. the computer ill • ftry ueetul odjunct in any 
u.perlmental run, and it is 'firtuoJ.ly mandatory for monltorin( and 
IUpervWna the &rou p learning dixu~ in Chapter 6 (5eY1!Rl 
ltude.,\.!; with the """'" cnt.ailm.ent Jtl'\Jcture and I \eamln, .mo.t_ 
eel' COllJerulWly ... leeted, o r ..... enl Itduentl lind dllplic8ted en_ 
tallment . trudlm!l 10 that sevetal learning Itrategi<n proper to 
inc!ivic!uala o r oubgroupo coe"tot In the .yst.em). Apart from sorting 
out who c!id what, the computer actio ... a dfll/lce tor d\lItrlbutin, 
Uplan.UOIll amonpt the memben of the group. The a\j!:orithm 
talce. advan~ of the redundancy whk.h u!atlln any conjunctive 
IUbttnlctUN ot an entaIlment otructun and 1t.1 UIOclat.ed BOa.. 
That II, If topic t to IUpemnilnalAl (In a IlUbitructu~) to topic I 
and ropic J then lhe Up1ot\B!ioll ot topic .. orin in¥Ol~ repeating 
the ezplanaUOIl$ ot ropic I aIId ropic J aIId, of coune, IfI\'lna 80me 
1I000ei uplanallon:OOt embodiHBGi and BOJ qetner with ... me 

-~ .... 
Thil redllndaney to q uite ad ...... t.qeowo for the Indivldualleamer 

(tho"'" we have e procedUl1! that cond ........ UplanatJolll to _ 
duce lhelr redundancy If it become. ""<:alive), In a iJOOP iltua­
tlon, however, repetition hokb up ptogl"e&l and toO" become. In-



" 
tumble. The aJ&orlUun th ... d;.u;bu~ parta of tIM! exp ..... l.K>n 
of • topic amon, the membel'1 or • lfOuP worllinl WCetheo- 10 
that: (I) Each rnembu hal finally explained the hetd topic 01 • 
.,bdnJeture, perhaP' in pan. by "",PWning avbordin..t4: toplca, be­
fo ....... Lec:t.Inj: • funher head I.opio::. {bl The burden of ~llt.ioul 
uplan.t.tion II distributed eqwilly ILmOIlpt the member. of the 
IfOUP who are workJni toll"ther. 

The crlti<:iam (on 00ft grnundI) oug...ted In SecUon 2.3 II not 
100 t.toublMome. The com puter iA o ften reguded .. put o f the 
"""'nlln. equipment and it Is _ n III unn", " '}' (aa, fot indlvid. 
ual openloon, it iI). If peopl~ wiah to enquire more deeply Int.<> 
the ooat benafit of We 'Yltem, it can be honeally pointed ou t that 
jua! ... the computei' program. can ... pervise • frOUP or Ituden~, 
"" -.lao, the I&tne mKhLnery can be used to reguLac.a con_tlond 
od;.,ity In • daII of I,Ip I.Q 10 or l1 .tudenla, only the inupenav. 
~ of Lhe liard ......... heiR&: dediCliled to IIlUdenu individually. 

'" 
recorded. 
UJed In ifOUP operation 
(which _lise 11'1>1 like iot ,""",1;0,," 
Chapter 6. Key featLlf'el and ILaIel of 
dttect crall mlauH of the check lin 
rKOrded ~nu 1ft pref...,ro 

The BOSS 

On 
W 

• IfOUP) 

8ocau. of Ull~ relatively ""all ilite o f the minlatw'e OIlr.ilmo!nt 
0lNClW'8 ( File. 1.3 III typical), and the method ohpeclt)'in8 both 
the Hplo .. llon ott topic and the aim topic cho.n, I tudetl.UI""'''' 
iDclined to trivlalile the aim InnAcllon. Faced .... lh the requirement 
of cbootin. lOme aim (N • p.eoonditiOll for KO&I lelectlon and 
plnint: acceu to demorutratiom), the It\1deot may aim tor a topic 
on grounds of layout, payinll no ob-rio~ attent ion to the meanintl 



.. 
or \.he d-=rlptiona. An aim of this kind .. not (in the l.ec:hnical 
_I "" aim. ",., .l.udent cannot d escrlbe tb6lopic lor which he 
iI aiminll;; that iI, he cannot Ioo;ate It In. ~ o f d""";pton ... ch 
at "real/abotract" or "llz1.Ictunol/metrical" . 

Tbll dWurbi"ll rnlll1lfctlaUon w"" D"t.ed initially In the o::ontext 
of Ill""" explo1'lltion prior to aim lleledioll. CoruequenUy. we 
Irutly enriched the exemplary m.t.erial provided In reaponle to an 
explore t.tanJaction. So f., u poooib1e, th. enrichmen t ... at 'Y. 
temltioed in the 5phit of Nellon '. ( 1914) hy~rlu:f (I'll- 1.4), 

An immediate (and . ........ otly uniYa'saI) ~l l wu • fl!I)' 

marked increae I _ r~tor of ~ to 10) in lbe nwnber o f ""plo.., 
~lioRL 'l'houa;h ... tilyin,. th is result .... not enou&h. For 
lOme sturn.nU, Ulo"'llh cutin, around by e><plore In.nIICtk>n., Itill 
Nd no pnltence ot • dlllCrlptlon of the aim topic (typical com­
meMo were, "it .. at the top" or "It'. the next one up") . We thu. 
Introduced. fu rther procedure, Aim Validation, to enlUfe eh.u be­
tara •• tudenl i.allowed to lnlt.ate an aim, he can delCfihe the lim 
topic. 

Aim Validation depend. upon elicitin, .,.,nMence Htim.1ft 
"line: . pIecc of equipment (f"ic. 1.2) wbich ill..:aIed down ve..­
lion o f Ihe Belie! and Oplnloll Satnplina: Syot.em (BOSS) deteriboed 
III the prev~ mOiloerapfl. N in .BOSS th" 5tIKIent It prelO'll~ 
willi multiple dlo;';" quHtlom (having OIl" and o llly 011" "c:o~t" 

ll!lJWer). From hiI retpOnM IMttl"i up met.er readlnp lIIaL repm. 
1Cf1~ /til belief W~ each of th" . h.em.o.tives may be "cone<:t"),;t is 
ellS)' w cakulaLe uncertalntles ."d Shuford Soorel. The qUe&­
tioninK altern_tin .. .,cOl eonsttuct.ed by specifying AltSeu ""d "" 
ALtAI" (prevlo ... monUlJ'llph): they are lnlCribed on cardl with 
eledrical d",ignatinK eodl!l ""d ilISelto!d .... required, III 1M card 
readerlFir.l.2). 

Suppo.e a Hvdmt alms fo, topic i. H" II quesUoned by cardl 
WI rerer 1.0 the aemanuc: Oe.:r\pton; of IOpic i. Notiolo that 
l!ll.imalel o r " look aheed uneertainty" and " beu.cr ' .,., obtained 
usinl q ..... tion IlItemaliveI thlt ,.,fer to 1II".,..,W:ti<: and den.. 
tIonal coordinates of a wpil: . He,." the allftnaUVl'l refer to the 
dUCrlptM used to 1<:C<!If, 0 ' 1>o1n~ at, the topic. So, fo, enmple, 
If fOpic i is deto:ribed by "mlterial/ltrudural" and by "reall 
lbi\.l'l(:t" the altemtttives are fonnula~ by cit ing objoot& or situa. 
lions whicb (dependlll3 upon the n.ture of thu "'pic) fill the cella 
In "" amy Iik,, : 
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X 

I 

SUppotll Topic I II described as Iln1<:tural and red. If to, any 
al~at.lyo act containl one "corTect" object. or liLu8tlon (marked 
~ in the array) U>d the alternative HI I. produced by clUnIL lour 
al~ttvH, of "'h id\ one 1.1 "coITed" and the ot~ hive diver. 
I'!'\t valu. of one or the other or both dl!lc:fil'tors. 

[n~. d..,;ripton are many (rathH lhIln two) valued 10 that 
~n 1o •• uniquely de.cribed topic, it it neeeuary \0 Ide • ..,...,. 

01 c.roa rather than one, To each card the lll.udcnt ""81 • con­
rldence .um.te _po".., and hil aim (tople I) it dHme<l walid if 
hil ShllIord ICOn! exceeds • thrabold (conftnlently, 01 0.8). 

Il an alm It validated, u... rwdent ill allowed to InNi.e iL If not 

• -• • • -• --• • • 

n.. 1.S. EnWl ..... ' _no (I "..,..,.10 _11~ Kq :O · W>pic: _ ;0- .no· 
1<,. ... top;. nodo ; 11 ... Ofa - .!.ri ... lono, ...... "'" II". ._ • ~ 
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(SCOle Io!a than the threshold), he is requesl.ed I.u conUnue ""pion! 
tnnoa<:lion ... a ...,...11 of which he CUI pin fur1J,~ ... inronnalion 
....... 1 tho meani", o r the descripton. V.udl.Uon pw'Ul1ed th_ 
the IlUdMI ".." a l Leul , dilc:riminate o bJe:1a or ulualion. In Iermo 
of the deteripton; the descriptors ..., to tNl ul.enl meanincfuL 

1'be check IeCIlI'eI !he dedred r/'All! ... It u..,... ia only one way of 
c:omplelAlly de5crlblni the lop;", thl"l'l the .... tlm. ..- on .. &I. 
rudy outlined. 0" the oUl" hand, it !.here ..... _~On.I l>OMiblo! 
deIcrlpton [redundancy baaed On mlU'ly dctcripton, &II ot which 
~y the topic), il ill necCAal'}' to con&truCI IUbieli or a!ter­
",,!ivet p roper to each wrt'icient ~b.d ot deICripl.or vaJu ... ..,d 1.0 
)lftanl th~ .\.Ud~nl with aim validaUon qUl!Illolll baNd upon Ole 
puUcular dl.'lCrlp\.on hu "h.,.., 1.0 employ. 

i'or lNTUITION, where the aim tzanaaction corulsla In plUji in· 
IHtion (an explou trlJIJaCtion., qualified and InUl'pftttd u an 
aim), then! is no way ot delennining, directly, whif;h d<!8Criplon 
tIw atud,..,l .ctuaIJy eh.- and ,t is ..... mcd that.ll .... URd. Ju. 
pnctical point, the aJouinK so introduced. not too damql"ll 

" .. I •• . ~n" _ ;" ~_ha._ ,_"' .... ond ..... • .. c • 
.. ~_ .. _ !Mminl "lie. It. . Bock proi«"U .... onl. (.,.. '""pIoyi ... _ · 
plio. B . SOh -d .... ''''11-0lI0 _ ~ ...... po. C · It..wIlu-r In4ultl. "" ........ 
p . Cc> ........... .. UnwJon ... u~ .. ' r"" ~Inl ... look . h_ d u,><." o..u"'Y 
.. lop" u-Uln'Y .. nu_ol ......... f: . 1.0 .... poi .. 1 o f 1M en<ail .... n\ 
1I.t>Id.>I ... itKin. OIud .... bu.\ jo.u .;.n,Io In loI",,_,p~J. 



.. 
lin"" the der;criptoro are usually not very redundant (when they 
are, !.he otudcnL II a&ked which IlUmet of descripton he did e m­
ploy). In CASTE (when aim validation II currenUy also imple­
mented), the mboet is lpecif"Jed lIS part of lhe tmn8action : for tIM! 
. tudtmt points at the topic by di.aJjnr a ... !>set of detcriptor valu .. 
(indicet.) roWcient to uniquely ""tend the topic . The aim valida­
tion procedllnO i. thus implemented (but in essentially the oame 
manner) with respect to whatever lubtel of deocription. Ia cited by 
altudent. 

2.8. Other Modir=lion. 

1I.""""t work has Iho wn the importance of anaJogiCllJ IOplc 
relatioru in learning. Hence. many of the "n\./lUment IItrUcturel 
(for alm". t any aubjed matter) are replete with anB10iY ... !atiom. 
N a ''''"'It the difficulties over modelling analogy (need for com. 
pwison of the topic. related by !.he analogy) and the dilficultiel 
in acceMing an ""doIlY (that the existing routines do not generally 
allow the .tudent 1.0 unden tand an lIlIalOIIY before the topic. it 
relat.el) !:ecom .. obtrosive. Thew difficulti ... were mentio ned in 
the previo", monograph Uld were not completely surmounted. 

In all of the present operet ing 'y"teml, the n <><leo of analogical 
topic. U\I distingui5hed as ...... uiring .pedal ,"",",inj routin .... 
These routin ... an! fully implemented, but fairly complex. They 
can be much more meaningfully described In Chaptenl 4 and 6 
wheo the charactEriatico of an. logiet. have been discwo;ed In detail 
We thWl note the eilitenc:e of . pecl.al routin ... and defer further 
dilCUMion of t hem until Lo.ter. 

3 . J..£SS RESTRICTIVE OPERATING SYST&MS 

An operating ~tcm (CASTE or INTUITION) ... cures a Irt.an. 
dard conditi,,,, in which student. who learn are ...... uired to und ... • 
stand each topic . Uocful though it to a.I B rtandard, the condition II 
110 dringent that it prohibits many interestingly defeetivc method. 
of learning which deserve investigation. In order to £l.udy these 
(tech nical) ml&demeanolln;, the standard co ndition ill relaxed in 
v";ou. ways. 

, 



.... ~thin a meclllllited, h~tic"lly ~boted opentln& I)'Poem, it 
;. poMible to IYltematically and RIectm!1y reduce the con&U'aint.l 
which ensure undenlandina: (for !!Drople, by repltocill( Ihc! requ~ 
!DImt. fo r non·verbal nplanation wit.l, a c:orn!CI. rftPOnllecrit.eria, 
the analogue of ineffective u compared with efre<:tive \.elIchblock). 
It ;. also poaible to withdraw t.he ~oopentive Uliltan<:(! provided 
either by Ilrippjn~ .w.y part. of \JIe CfIlallm~nt Itructure, dLitorting 
the delCriptive data (furn ish"" in ,.,.ponte to explore tnn.cUOml) 
or by a I~e hy .~e Impa""riahment or t.ha dcm omltntUons. All 
or th_ exll"dlenlll have been adopted wit.h !.he rcsull.l deterlbed 
in Chapter 8. &veral variat;Oml are poMible. 

3.2. V",blrl Method. 

On " dltferenl t.eck, !he formalised con_tiona! ......... L 
may be replaoed by " ( n"tl.lnll·~kina:1 putkipant. n · 
pcrlmenter, subitilUted for the rqulatlnl heuriatic. Two varian ... 
upon thlt theme have been o:mployed quite ..-Idely. One of the two 
... combination ot dOlely monitored f....e le&minc (wi!h ""plo .. 
tiOIl of an ind6ed dat.r. b_, founded on an en Llilmftlt . ln1(:ture) 
and IUJ.eqU""t t.r.pe reeorded leacbbad. Theother "'" mechaniM<! 
form of !.he IIl:M prooed~ ..-bic.h II uJefuI ... " conWl_tional test 
pano<iliM. Bo\JI methods ..., ilIustnr.ted wi th rete~ce to Iuon· 
omy learning hut they Can be employed for many ditfer",,!. talk .. 

3.2. 1. Monitored Fret< l.tlJming 
Studen ... are briefed about the laRk and the procedure to be fol· 

lowed. They are abown • KJV,phic.1 display of the lndexed dAta 
bile lod eumpw. of the kind of information .nJJ.able f'I'Om lL No 
Itrict. time limit is im".,-!; t hio II dolWl to proWent undue hu te or 
anxiety in performlnJ t he 1aSk, facl.on that mlgM prevent IIWdenU 
from exhibiting coherent behaviour. But the npcrimen ...... calk" 
hilt 1.0 lcamlnc att.er l-l~ hours work . by which tlme lIWdenu 
haft typically teu.Ied down 1.0 the t.uk and an! foUowinll:' atable 
INmlnc Ilntegy. 

'"'" ro\lQwinl eye,", o f even ... t.ookeo pbooe. 

(1) A l ludcnt Ita1.el hil ".Jm". Aim ota\.em~n ... ""' t ypiotlJy of 
the tonn, " I wish 1.0 Ie..., .bout the official taxonomy bued on 



.. 
llIe ~ausoriel A, S , C and D" linda dfscriptioo). Stalin( an aim 
d08 no~ mltriet the l\.Ud~,,~ (hCf1~'e, .Im iJ much Ie .. alrictly 
. pedried tlu;n l~ ia In INTUITION) . Other categoric. may be »c. 
c:eued and ofwn are "M""sed If the .tudell! u .... redundant or ove> 
~lfil!d informr.t>on. 

(21 The stulknt -.ulStl; ....-.Iocardlin a data file by pointin,ll 
out its IndioceI (via. diallin&: ........,."ent . to allow for ncordinl). 

(3) Por each cud oeIec:I.Ion the ltudent lIIurt state (into. tape 
rec:orderl hil reuon for requeotin,g the card. FurtlIer, he mUll cLa. 
.iCy h ii intention und~r one of the following heading., by pruoinll 
.. Jcction buttolll On his 0011501 .. (FIg. 1.5). 

(a) Exploratory lI!arch : An intention to explore the catf1/oriel 
in U,mII of the type ot informalion naUable, withou t "tendine to 
opeciroc conlent. 

(b) General wan:h: An intention to eumine the content ot 
canIo with no commitment 1.0 its belni relevant. 

Ie) Req ...... ' tor. puticuw It.lm of IMormation. Hero !he ... 1:>­
Jec:t II ,..king a Ipedr..: question !n the (,>no "How many lep does 
thia kind of animal h~ve", or "WhQt dlltlnguishel X anlmllll trom 
V animals in terrm ot behaviounli h.ablta?" 

(d) Requ,,"Ut\tI _Hal partku1&n. Here the g uden! II aaking • 
_pie>< question of the form " Wh,t .. e the 5eW!nI fe.tureI Uu.t 
dimqulsh X aniDIU from Y .. ,;""111" or " How man)' Iep and 
ho .. many headl "- ... X animal, and ho .. Is this ",,"ted to the 
codenamo:?" 

(t) T .... Una I Ilmple hypotheall. Here tha ltuden~ wlah ... 10 
check a parUeular belief. fot example, Lhat "2" in I suffix reten to 
the number or headL 

(f) T .... tinl a compleJ< hypotheall. Here the otudent with"" to 
check a complex belief, for aample, lhat an X animal hili one 
Mad, lhree ~ and I hu.shy taiL 

wt..... rnOnl than one card illelecioed. the canb m l)' com.sp<>od 
to di!CM'er\~ Int.entlon claae& or lC!....,raJ ctrds may be ... bfum..:! 
und .. the ..me mt.efltiOf1. In t he latl.er cue. thll.tudent il allow..:! 
.e<:nt to the leveral audio ,'rnult.aneoull.y. Otherwite. card. are 
..... ·.ed one It I tIme. 

(oll 1" .... 1, all tho card. oelected are moved from the dati rile to • 
UM holdr!r and arrancl'<i .mlly or in clulter.. For eecb in~lion, 
the lI.udelIl tU"" out and read. Ille -.citted card o r cards, 
makinll: nolel it he IlrilhfIL Wh"", tinilhed, he rew mI the eard(_) to 



lhe data me and procC«ll to deal with .lutth ..... can:I or cluste r o f 
cudI, ropelltinr the cycle until hill can:I holder is empty, The 
ltudeot 1I .Jso required to give. oommentary into the til"" ~ 
corti ..... of the I'ftUltI of hill actio",: wh~thl'" he h ... been IU~ 
tuI, what n_ if any he has taken, and 10 on. 

(6) If. during the cy<:1e, the student .. iIhea to modify hit inlen­
!.ion or rftIuest dlffefttlt eanIIhe may do "". bul first the can:I(l) 
being ex-miN<! mUlit be ",Iurned to thll data rolf!. This arran .. 
men! encoun.ga the Ituclent to cluol.o!!r hill card, un<l<>r intentlona. 
rerldlcally. Pilot otudiea ,howed that without th. rI!IIt.ricUon • 
ltudenl is I<lmpted to clWlter aU hif requelted cardl together. 

(6) When IIiII card hold~r if; ~mply, \.he .ludellt restatea IIif; aim 
(Step 1) and the cycle of c",ntl if; repeated. 

3.2.2. The NecJ..u.iHd Proced",.., (or MQII;/O/W Frn Leo.m/n6 
The lIIoI!Cbanilcd procedure II .. been UMd chicny for leamLna: 

theHII about biolovic.l Iy.u,tnJ. typically uli", the mllMUUal 
cycle as • data bale. 

Information about the l ubject matter if; partitioned into 
"chunkl" eadl oo",lttllllil o f approll ;mRi.dy 50 .. onU. Each chunk 
It&ndI alone as. ltatem"nl but.Jso Crotl refe .. to other chu llki in 
which the meanin( o f l«ml. 6p1icaU!d. 

A aU of liidN iI papared and used in • piece of equipment 
(f it. 1.&) which incorponta a nndom lcoeu projector. AeceM to 
• partkuIar Iilde is obtained by Pn.'Aing one of 12 key' on I key. 
board, whereupon the .lide cortl'tpond11llil to the key vr-d is 
projected. If no further key pressing occun, alter 25 second, the 
ICf<!CIn IMa blank. Key presoinl mutt be ,..ted if the""-"'e liide 
it rtill required. Recordlnc equipment rec:om., on punched tape, 
which , lide it requested on """h <>Calion and the intertaJ of iea ex­
potUfe (ID W _ 2.& ICCL). 

The ttod,.,,! ', '-k » ID learn about the mensuual ey<:1e. lie it 
pmnitted free acceA to .U olides.t all tim" and iI given no tima 
timi~. lie if; told merely that the _ion e-ndl .. hen he feel. ready 
to live. teochback acco unt of what he has learned. The main 
_triction is that he It not permitted to take nolel . 

.J.J . .J. TNCltIHldr N~IMd 
Both types of trw learn in, .... followed by tr9chbact, e ither 

"effectiY1lH (demanding aplan:ationt) or " inefrectiveH (correct 
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retpOJlH only, though IaIchbolck conditio ... are c:1oIe1y aimulaUd ). 
AI noted earlier "Iea<:hboock" (detocrlbed I .. lhe prevloul mon ... 
paphlila spedaliled fonn of the P\aget/V)'Iot.lky Inln'vie • . 

3.2.4. Mil;" UK of tM Methoth 
Thae re\ati¥ttly UJU'1'St:ricted con_tiona! mod ... are ehieny 

\lied .. dllcrlmlnal.Ofl; o f J..llminfIltyle (Ch&p\A:'r al. and otylilllic 
predleton are I>ued bolh on the explonotlon/lnrnlni pattnn and 
the (onn of teac:h~1r protocol IUblequenl.ly obt.ained [rom the 
ttudenL, 

For IOOImpkl, with ""'peel to explo ... Uon U1d Learning. the p .... 
diction II that. oerWl.iIt wLU Ildopt arml)' 'Wid o rdor of attending 
to the "chunks" and, further, will t..ve a high frequency of con· 
aecutift repetlUolU of particul .... chunka within 1111 rilid ordering. 
Conw_I)', I holiat ...... dent will -=cal ,,!lunu in • mom .. ..,.t-
Iered" IIUInnet and .... ve " low freq1.Hlncy of consecutive ",peti_ 
l.Ions of pvtlc\ow ch .. nb.. 

Willi resp!'Ct 1.0 I.e ..... booclr protocoll, the prediction II that the 
IoNclIhlck of .1eriaIiIt wUl follow the chunk ordering h .. hal im_ 
poled. It .. Ill be u If he were reo.piwlatin. Ill' frame orderine of 
• Un., procrammed text. eo"vt:nrly, Ill_ wach'-k of • boliA 
..w iNe lIIaccountwhich haoliltI.,~ for the oricinal cb~ 
He ..w have constl\l(;!ed and o'PniR<! hil own tel of richly inter_ 
c:onne-cted chunkJ. 



C/ulptu :2 

In the pn!Yiolll monograph .... deacribed two buie proee<!url!l 
lor eo",lNctini a eon¥el'Slllional domain and ill d_iption 
(o ' {B). D"(R)) to represent a Lbesil .boto~ .... b~t mAUer. 

One procedure it imuumen~ by a buman ln~n'Optor'.""YSI 
who (Ii¥fi\ lOme mechanical "book.tN-pine" _Istanoe) inter­
~ ... a ' 'Io\In:e'' 0' rub~t mal~ru""" . The oth .... p~un!" a 
oompu\.Cr propam. EXT F.ND. which perfo"",, • "mllM ritual. 
Operationally tpeIIkln&. t:XTEND n!placa the lnloerroplor,.nalyg 
but it doel not "mechanlM!" the co",ttuC1.ion procell. The fllC1. ... 
only one human ..... 1"'. here the IUbject matter upat. II ~ulred. 
EXTEND \IIeI him In an analytic role and provide. tile ua!stance 
needed to H<:\Ire "Yelk:lty and w""aleney (tile I!SH11 t ill properUe. 
of Ille telltlonal network part of. eonve_tlonal domain). u well 
.. utlng him In the role of l ubjecl matter expert. Till_ point wu 
plainly exhibited by ahowLng that EXTEND can ..... eal!«I u a 
routine by the! llItorial operating Iynem. CASTE, Ilf\d IJ ealil!d 
... hen ........ Ihe IJIwent iakeo On the ItatUi of ""pert and (In an 
evolutionary II)'Sl.em) enlargeo the 1001'" of ",b~' .... tter by 
addu., further topia. 

Fie. l .l ... mmariaeo the oonalillleoll of • eon~tionaI domain 
• II .. produced by e llller or thetie methodl. The labels SO (I» 
baYlor papll) reflect the notalion adopted to diamblguate the 
prerioua termlnolollY (TMk Stnl~. TS). Attached to Meh o f 
the nodes, ... hich ltend for topia. there iI • behlwlounl IIJ'&ph. 
SG(i). IIrlC1.ly a projp'&III graph. It iI. clasl of propvna ot wlUch 
any 0 ....... if exfC'U~ in an appropriaUl moddUIli f..ali~y, will 
bring about and aatlsfy RI tile relation ur>derlylOit thit topic. UMd 
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1". _ 1.1. ............ or ....... ,-..1 __ , .... Th~ _ I , 2. _ . • 111nd r .. ~ 
".. .... b ... _ C<JO<oed by • ,.1>01 ..,~n ...... n-•• "'" ot the '<>pi<: 00 
_ tIw ora .... "'<ide". from ...... topl<s r ......... lch Ill . r _ .... br . ... 
?I,I".. ."" ,.!a,loM! 0","",'- .po<l f!o.d In the 1 . ... 11 0, b, ,_, 'The box ... t.-
Ia<bo4 by do" I;n" Ino ... eo' w .. en nod< '_'!r th~ •• pl .... ,o" of tho 
top;., In "'""" oh .. h •• Iou .. 1 p..mptlon or P"'",,,,,, fl'P~ (011 .. , I\th",'our 
O",ph ,IIO). 

de.:ripliW'ly. OO(i ) and itiinterpretaUon In the modelli .. facility 
" D"(H,) o f the pttlViou. monograph: uled to pu.eribe. ",00& 
maltin& beIuo~iout .. hlch • SUJdenl l houid carry O!,lt. iI. ill TS{i). In 
eilh .... case, b io (explanatory) model-m.akillll beh.w\oUf in the 
mod~llinc faciIl~y (ElI:eo:olj ill compand for col'f'tCi.nea with BG{i) 
and any eorrect model .... hen fxacuLed in the faclUw also Ati.fie. 
R,. 

t. will be rocalled lila. Lhe relaUo nal network part o f t he con­
~nalk>nal domain II procund to yield. rlruclll.e ouch .. Fi&. 
2 .2 in which Ih .. relat ional o~rato .... 'eve_nti"" !.he derivation 



" 
of one topic from c u-., are colllignoo to • d.ltI hue, and the 
conn«ti¥e .,.,. deplet entailment ..,1atIons, le., deriv'l io", of any 
~timat.e kind. The procewina tall"" place (It and only i f the 
ori&inaJ network iI cyclk and conAltent) _t the point where the 
""put desJsnaleo One topic or • clunu of otrio;tly analo«lcal tapia! 
... hNd and specifilll lopiQl a t . dirlanor a nd di,ec:Uon ftom \.he 
head which he nprdI_ ... borrlinat... to the had. Su'-tquenUy . 
the ""~rt '- requ in!d to d~j~ the related nodea, " Ih'll unuy 
but many valued predicates, and the .""ultln& ItIKh II e mbod ifd in 
• phylk.l dllplay, the elltal/meltt Ul'UClu,.... in which each topic 
(Dr Ihe node reprelentlnglq iI auociated with atorqe to aCCOm­
mod.te token. indicating ;!.Ioute durllllf iea:rninr. It II poulble to 
reduce the ""t.eU""'M ,lrueturc \.0 unit.l of the lyJ)IIIho .... n In Fill. 
2.3 and II It important to no\.iee t hal ."y Iq:itlmaw network II ... 

", .•. 1. 
/oj,",," e~IolIm ... , .-. ... __ j~ prepuotio<o r.,. IIt\llllnf 1M _ ..... 

or ,.. ... 1.1, undo< u.. IOPie ... ich 10, ..... _~. 00 .... , plMe 
b-' _ .. beIIod D II i.trod ....... to -.,...., .................... or_ntJc, 
-''Il<001''. IIw ... _ o f whlo:~ dioUnpioh • .."... , .~d • • o..I,ItOln •• _ 
f ....... _ I , f, ..... . ore de~ ~ r ...... _""IuJr.cI"" ....... , ... LIM 
cydioi'y of II, • • lno<:luf'O (>Ioowto _ .... In .... j.nd Ihe eydl< .,.-_, or 
.... -...IoQ .. 1011_ (1) .. >epO'eWn .... by ....... "-<I .. -.11_ I'~ 1 
boI~. 1<0011 ,""",,,, ... od _ . 0 .ad.. no. /IG 0 ' 10,.;.0 I, 2, S, 4, _I" ...... 
poolod Ia • ~""- X, •• d to,,;c. &. i. 10 , I I ~ 1I>'"'1~'od In . ~~_ Y. 
X . rod Y . .. dlol!~ ....... l_y. . ... _mod ••• d.iII bo dlollnculol>od..-!>en D 
In _ b1 ill ••• hI .. Gfth. Dpftdko'" 
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'11· 2.3.0, b,., d, 0, I. Typl .. 1 .InocL~ .... (.) G<>QjuncU • • , (bl Illoju""'h., (el 
A.Woty ,..j.II<>" with ""n ....... d.ym ..... j_. (d) eo..junctJ .... (.) DIoj..~, 
(f) ADIluo """" .. will!. C)'clic dHiflllt)nl. 

onaJocy relat.lon in Ita own ri&hl. • Moreow~r. if the r«:Onsln.I~ive 
dmvat.lon cyd .. of u,. otiKinal .... rebw.ated, Met. ... tmrucWn.l 
wlil ill cyclic: (Fia. 2.3) unleal it ""PPf'I"I lhn;1 containt .. node 
mukl!d as primillvl. 

Thill e5Hnlla! pro""rty allo," the meah 1.0 be pruned under dil­
l ...... ! head tapicl t.o yield ""mpI~ly diU ..... "t ItruCW-' For 
UIJIlpioe. F18. 2.4 IhoWI .. common C:Ollltruction In wlllch .. prln. 
olpJe T, II I'ftpplied to yield .. topic relation A. On reprunine in 
!.he molt radical f .. hion, T II exhibit ed by ", ... mp). (notice that 
th_ u' no/ JIIIIOlIIIP'C'Ptc:d ullda" an arbit.rary union . T II the JoIn 
of A, B: Or the }oin o t B, C ... ; Ulese topics rnly be rNfrlwd, U 
ItelU!\., from T) . O\.hcr, int.l:rIDt!diAry pruni"ll are lllustn.ted. 

Theoe open.tio"" haft been c:ondd ...... bly refined Iinee the 
preYlow monoFlph ..... written. Some of tIM retlnemen". .... of 
episwmoLocIeal conMquence ~nd othen o f ""'"' IJIlI4PNUc n1ue; 
tMy will be duaibed ., IPpropriat.o. po'nb in thl (ollolllln, dil· 
CIHIion • 

• HOI atly ... ""'m .. " ""'<I\Q'c. f .. , ..................... o.aiI_nt.'nltl",. OOft bo, 
.................. 10, MI, eoejouw:ti ... E_ ift o.Ir.., _. o.Ir.o ... ,,,,,,k bor .... 
.... ..;' ...... laino ..,cllc dor!n,;.,,," !.hoI &N "'" 0/;"';"010<1 ~, P"'''1nf 
[,rtrio ... """"",oph). 
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ria. 2.4 . Multiple hH~ pn>nin J. (I l £n .. nm~n ' mooh . l"r~ ... d undo. IOpk A 
(buUt up by ,upplyln" prinoiple (T) with cydio ...,tailmont. . hown .. thin 
Iu.... (2) Cgn._ ..... ,.h'K or th . ...... "'"" undo< tho b .. d "",No "f T . (3 ). 
(4 ). (~). (til am oth .. p"'nlnp (cydl < enl,.Ilmnn' «>no..,';" ... an nO' . 100 ... ). 

I. SY N'I'AC'T1C AND SI>MANT!C COMP(JN~NT!i OF A THESIS 

It ill expedien~ to discriminate between the .yn\.llctic, "5 i • • 
prime number", IlfId the lemantic, " 5 is a lucky number, or the 
numeral on your ho tel room" aspecll o f a thesill and the rlructures 
rep",,,,,nting It . The d iotinction i . relaliYe. "how do J know a 
purely .yotl ctic entity, approx ima ted by a logical text devoid of 
words?" But it ill exC1.'ptionally u""ru l. 

Both of the construction pro«dures, and othen inLroouced 
later in the book , are b...oo on the Idea that ... the ... is • !let of 
topici with. . yntactle relo.Uoru; between them and that a concept o f 
... topic /tQ. ay.temic (1ll..i3o syntaetic) core, roullhly in Han num'. 
(1969) oomse. ~'urlher, the Il'nt.actic component ill output [int, .. 

• 
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I ..,.u.. of topic derivation&, and law On II given temanUt: inter· 
pretation via !.he dnc:ription. Thio ill withouL prejudice eo 1M toci 
that an upert or. atud~t hal . .. manti<: in~tion in mind: 
it mer~ly lntluenceo the onIer In whld> parU of lila thnil .. e utero 
ion.m. 

For eumple, conoider Ii,." un.:ippinK (prevk>UJ manopph) or 
!.he topic "ertlclency" evoked by • queotion, " What dOft etrl· 
ciency rmte1~ Clearly, t.he Hpert may be thinklna: o f thBmalJ 
II>edlanIcal effklcncy or lOme .. ell interpn!lation . b ut the un· 
Kipping operation y>ekil l'YntllCtic derivation. For example, " Ef­
ficiency II • r.,tatk"" between work done and heat "ted. me.lured 
by • relation between lOurce/.ink temperature and the a bsolute 
I.empenlI.unL " 

• T"_""""T_,, - T_ 
All of the terms In !.h it equation ue dlacriminated upon .)'n· 

w:Uc ""undt, .. fOl'lD.tlly mated . ymbol5, and Juatlhls property 
rend~ them apposi"" .. topi.,. in • t heRo wh id! laY'. you CMo 

learn about '!fIc;"ncy it you unden&and "amount of work done 
and "-,,,ou nt o f heat" or " tempel"l.lure dll(<!J1>fI"," IlfId absolute 
temperltute" Or both. True, they alIo hive semantic: Interpret&. 
Uollll in .... rover. o f h8t mginos, mri,gera1on, .oo the lIlIe; true 
alIo, theoe equipmenh are ImIaIIl.kalJy related . But tho .... t.ht! 
posited interpretation&, o r olhHll, may be cogniled, the mandatory 
! .. Iure or the dnivation II a J)'ntac:tic or formal relation. 

further, If the synt act ic connection ill pursued by , uCCf'ssive un· 
Ilppina" IIntil all o f the IUbordina!.e topic. ar" marked primitive, 
\lim tbneprlmitivsareno mo .... nor leu thin th"conltrain ta upon 
• modellin& r.cility (. proUAW, not Just a .talic entity) in wh.ich 
ProgramI can be writt.en to '''''' impmli lve (tempon.lly eJol!C\lted 
illft.nu:tion) Itatlll to prodUction Nlet. On IlXKUtio n, lO me of the 
poMibJ.. p. otP"Imo, thoM that belo"i to BG (dfi~cyl and ill 
.... bordinolel, latilIy the ""m clency" relat.ion au;! the .... 1&1lo ... 
~benear.hH It. 

Surely, any Pl"OlJ"Al!l, • Iyntactic entity, mu", be compl!l!d AI a 
model befo •• It is ""Killed; s urely, alxl, the modelli"ll facility 
(NF) in wh id! it it complied Iw • IoG mlntk delCriptlon (it II I 
IInivErW o r pouibl" M:tlolll). Bill this delCtiptlon IPpean. law in 
the e;,;pooitlon or • th .. and it m Ull do 10 in order to po _ . ve 
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the convenience of an ''UI) t.o downwardly" directed derivation 
odIeme (the U>e." "the tint and mOlt liliobal topic; f"riher topics 
are differentiated .. ~l.Itred), In contnlt to the .......J upedi,."t 
of ~ed.lrc leU of objKI.I to beein with and usi .. u",ir members 
.. build.i .... bloeb (. "down to up" paradigm). 

All thill woru atiaf.ctorUy e>:oept fOT analogy relation. t hat .,.e 
deebred by the ""pert, In \.he simpl"t ClUe," isomorph i. m •. For 
an ilamorphi.m (000 to one correopondence\ mu.t be .uppon.cd 
by a diltin<;l.iOll bet .. """n uni_ of lnterprnation (X, Y o f Fill. 
2.2), In pnetice, • d iltinction bet .. een modellin, facillUM daig· 
nated MFtX) MFtY). LKkinl thh support, the llOmorphilo"n 
would be confu.ed. with an itt,."tity and the dorintion ~jected .. 
inconailten\.. -

11Ie topi~ that oupport.o an analogy ~lation i.t one of mo~ 
... manti<: p~k.te(.\ (colour, t.e"ture, .ill!, material, .hapel. The 
pnodl""u. "'pporting analocy ~lIItionl (d lstillfUilhing MI-'( X) from 
MF{Y), for eumpJe) are the mand_tory, and the only mandatory, 
oemantif;: conotltuen'- of. th ... iI. The eta. of semantic plopeotift 
named by th_ predlcatM Includes t Ime (e>:enttion t ime, orde . .. 
detennlned by • pro<:GUO. clock) . Recall from t he p.evi01.l. mono. 
,,",ph, tbat then! an! diltlnet clocl,.ln the processor. of MF(X), 
M/'lY). 

Ono leneral point lib: d in the previOIll mDnotlnlph It worthy 
of repetit ion. Time, or precedena!. iI the Ieaat speclfk HnW\tie 
interprf:t.ltion given to Iynl&ctic productio~ rewrlUng rule. and 
LmpliCition •. Moreover, any inu.q>relation of ouch • (.ynl&ctic) 
Ilgn involv"l time ; though """,Jfic lnterpretallol1l m.~ entail 
~ time orderinp (rea}i&.able in u.. processor Iy!'" o f the 
previou& monOll'llph, L-PI(ICe °n, .he OM clocl<orl proceaon of 
modetli~ facilitieo.,..-.d 10 on). 

The oonsequeucu. of Iheie obiervatiom ramify throurhoul !he 
entite book. Fo. eumple, mey "'uest, mOIll_Ylte11Ultk: n,ethod 

• MI'IX ) anll M'I Y) fip .... 1110 "pon;u.",. .. f 0 modem,. '00111'1" ,. "'-
1""10 ....... ~pIo; fOf ... p', <100 "mI" ..... "._.0 ............ of 
STATl.AB. _1 ....... -.1. 01_ ~ ~1o'1<><Io _ .......... <I iII_'" 
""pili ... ..... M lC,miaoIou t..."'~ M<>tI.lliq roKllif7 lot ..... locIli.y .. 
• wb~1o (I'" (no1.a_. 011 or !lTATLABJ .od .. re, ... it. ocompon<nLo .... 1'0,. 
titM> ... ... h "lUI 0" • p, ...... Ind .... ~dont P'_'." "",od.llln_ ' •• um .. •• 
oimplicllo" MI'IXl or M F(Y) u .ho c_ mo,y 110. 
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for ~Iicitin. deKriptiom of the mesh ~pid.i"l. theQ, which hal 
t-n implemented and "' deKribed. They lie I l the root of repre-­
-.1inII hy~corditionall in • eo ......... 'I0 .... _ dom.tn. They 
are c:ritlcal determl..."U of analogy ~lltions. The cIuI o f ana10cIa 
is w !artier ~ iIomo,-phimu (thouch the formallimllarilift can 
all be repfttented ....... rphiImI of .ome kind) , It induds, for in­
tW1D1!. "analoei" of an.Jo.cies"; and the "of" orderinl il'ldl.l<:Oll. 
ruerarchy of deteripton. Finally, thedilt.inc!.lon 'Yn~lc/oemantlc 
bean upon the iulJe of limplifying. thetil (a m.a~ter of pn.etlClll 
eoruequence In COline duignj. 

Z. OESeR/P'l'ION I>I!;TKOD.!l "NOTHE SEMANTIC COMPONIIH'1' OF A 

'!11E.sIS 

TIll upert'. choice of • had topic and of • diftance from the 
had at whleh toplCl .... marka! .. priml tiYe, It part o f . d ...:rip­
lion he pe. to the IHltailment mesh. Any but ~Iy rontri'ted 
mesh,.. permit lhe chol~ of Ieftnal topics. aDd any JUCh cbolol! 
~ rite to • family o f dHCripton. Choice of • t.e.d topic "". 
tnclI the thellt, under this boNd, from • potentially !nderll\lte 
p ........ o f related knowable.; it Do im~ . quul oni.nnc (rub­
on:Ib"'~/"'pI!rordlJI.Rtel upon W ruucture which" !Jot.ted. 

Under thil ordenn!!. the heed topic(l) b (or are) .upe1'Ord/nslle 
to all alhen. and are Uligned to • depth of ,era. Several number­
Ing alliorithmi may be uoed to ronvert 8ntallmen~ uc d lltantft 
lnto valuea o t Ihe flIperordina~/fUbordill't.e deocriptor. The algo­
rithm CUm!lllly employed III EXTEND (which II a rell"""",n l o f 
the propam in Ihe pmvious monognph) . 11 dflifned. 10 tar ill p<»­
lible. to place Ihe terma of all ..... logically relat.ed topicl .t the 
.. me luperordinat.e/lUbordlnate depth jul' .. analosOllll head 
topiQ are It the ..,.,e, zero d~. 

2.1. Forms o{ " .... /ofY Rek>liDn 

SuppGlll! that. dqM.h numbering scheme exitU (one lCheOl!! lriI.I 
be dfttribed In Section 2.21. it;' poooible ...-l thin the ttunewort of 
• depth numberinJI to "" .... ine the ~eo.lt .... y. al. pMticular 
depth. Let \U aIJo mtkipat.e the arwumellt and ..,ppoSl! that 
""manti<: dfttriptof'l !lJiI to be cho""n and liven values On the 
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node. or ont! or mon! anaIollY nbtio ... and the top;';' .. hich it{ 
\.hey relol.e. Semantic: detc:ripton are unary 001 many valued 
ptedlcald: ror .oimplk:lty it iI much mon ""'n¥~nien1 at U1i15tBi~ 
\.0 nganI I.h~m u having the poaible volu,," " .. " (meanini "hal the 
property") or "-" (m<!Bnini " d""" not have the property") and 
"0" (I!ith .... "irrelevant" o r " undetermined"). In Chapter ~, It I, 
noled that the ...mantic: d_ripto .. are really " Fw:~y Pradlcola" 
wilh mo.e Olmpl"" val~ Ie'" and that !.he .. u mptlon or oonv .... 
nlenoe delineates a limitinl caw. Descriptors (the ptedica1.e names) 
are oymboliW D, E , ... ; t""ir valu8& D - + o r D - - o . D - • . 

I"il . 2.5(a) show. • oland ..... anaiollY nlat ion (Co. eumple be. 
tween the reaI,Iabslrart unjv~ oC " probability theory". nlaUne 
topica P and Q. The oentn.l nod, np..-nu the .ynt.a<:tie: .imilar. 
Ity l>etween P and Q, the <;o mmon rule o r Corma! nlation thea! 
l hart. Suppa$!! the ""l'>I!rt ;. requin!d to discriminate P IUId Q 
(w.ln8 one or more de.cril'to .. D for th .. purpo ... ) 10 thlt the dit· 
terences which refer to the analogy are delineated . Whatever D he 
chootet. for I.hia purpole, It Is o bligatory that If D· .. on P, then to 
Mc:tUe the discrimination, D · - On Q , and It ""Ill be in tuitively 
Cilldtflt that D - • On the node of the: analogy relation; an anology 
between topiCi cannot have the oc:mant ic: interpretation ot the 
topics,"nce it aw.in a dill.inc:l. analotI;ic:al univene. 

The "'tional juAiflaotion Cor thil intuitive statement illho .... in 
FiC. 2.6(_): the ........ nUe: detc:riptor D Itlelf (not lUi value ) ente .. 
!hi! .nalolY ",lation U the distin(u.lslrlng predlaote whic:h c:aptura 
the ... mantic dlff ... ence component o f the mol0lY. In I~""", U1e 
distlnJuW:tlng p. o:d icate i . .. II\Ihtet of an ordered ... t of ... mantlc 
detc:ript.o .. , and (Fill. 2.6b. Pil. 2.6c) any anololY bued upon. 
"mUanty . U, mey be ttducad to an isomorphism between raLrio:· 
tic ... o f the U .imilar tapia. 

Th ... an analogy relation indlKa an hic!rvehlcal cmlerini 
arnonpl. predicates. It c:ou]d be ""preued by" blenn;hy of Ioltical 
'yr-. oo t" lookinR ahNd 10 Chl.pter <I, It Is more panimoniow to 
employ. property o f ~\J.uy Setll; namely. the "I~ntll o f .. Fuzzy 
Set may be Fu.uy S..u. Whichever notation iI ...-:i, the hi",..,..,hical 
Itnlctun! t. repreHntoo ... It .ute. of regiena. the 0 l'!1Iion and !.he 
1 f9Ijlon of I'ill'. 2.:;(_ ), with any node in !.he melh belollJing to" 
region. If th~ topia relat«! by.n analogy belong to region r , th~n 
\.he node of the anaIOIlY relation belong:< t.o "'Ilion r" 1. It t. im_ 
portant t.o avoid any poaible ohade o f OlnfUlio n between depth 
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numberinp. or levell, and the reponl thUi deIineated. All nodl!l In 
fil. 2.6{a) .... at Ule ume 1~1 and 10 Ire all nod" in f ill. 2.5{b), 
wllere t.he COJlltzuctkm it it.erated, U It may be indefinitely, by 
dtlni an analollY bet ... ~ an&loMieI (lLIiu. tapa in RegIon 1 
rather \han Rellion 0) to lienertWi I 2 reeion. 
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VI._ 2."'. b, c . no.. d;'II "(IIIo.hI ... I'r .. U .. lo 0i<I _ on """'''In' .onoIoco of """ 
... on ord< .<d .... or ""o<IIu' .......... tluo, a.e _ 10 '''''I .... th. <11((,,..,« 
.... _ u.. ............. top;a lhe, •. II., .M 1Ij). n.. o""lwlt, or ,INt anal-
.,.leal lOP\< R1aLlo. IRo.) I. elth ..... _ _ pl'_I"oII ..... 1oo 0) ... . 'o~ "p.-.., u.. .'n....uc .... ,., .... Ie ..... 'Iori.,. (_ .......... '" hi bot,.....," K, ..,d 
K., TIo ............ otIon ""'7 " ... yo bot ........... (_ In el loanloo",orp/I_..,. 
reotrielinc .... "-'-!opi< .... tl_ by U. 

The ..,pon notation . t..!nu rrom the ..,mantic delCl'1pton AnO 
tt. ..... .,.., lagjed by • IUperscript. For enmple , In Fig. 2.15(1).00 

may lIave r~a1 value!! (+ or - ) on nodes in th" 0 rqioon (and must 
have rnl vaIueI on t ile toplct rela!.ftl by the an,JoeY ). bu t III value 
ill ., by mandau., o n nod", In t ile 1 reeion. Similarly. there iI. 
delCriplO. , 0 '. with real values (+ or ~) in the I region and , In FIe-
2.6(b),. rnand.~ • value on nod.,. in the 2 ~on. 

AnAI0ci8 bet~ malOliel .... very com mon ; etpeCially -0, It 
W' l\I o ut , In phY5iall .clenc:e r.nd o~ inbe~Uy COmPile! lUI>­
}ect matton.. Fo r ""ample, tho! theor. on "eneqy co lUefYatlon" 
uoed ... pl'imary example In ChapteT 7 II replete wllh them. 

Anolher very common cORltruction Is I . ynt.&ctle derivation in· 
vo lvmg tile (syntactic putI of) two Dr more anaiolJ)' relations of 
t.opk T in Fig. 2.5(c). 'I'h, ""ion convention cJurly d ltren liII:· 
nifieanU, ; whe", ... an uWocY between o.naIogift with node. In 
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rqion . ..... node in nP>1t r .. 1 •• derinlion (like T) from anal-
0",," In ...pon r hal • node in rqion r. The mod<el wllkh ~ an 
intnpreUtion of T nidi In • distinCl; modellilll facility. For 
Hample, In Fie. 2.5(0:), If top/a P and R .... modellfll In "'F(X) 
and if "'pM;. Q and S .. " modelled in MF(YI , t.hm IOpic T • 
modcUed in MF( U) weh that the mod .. ", of T ..ubliah roupline 
nlatlons between models built in MF(X) and in MI'l V), But notice 
that (tbougll In the lWJle "'Ilion as tile analoQlieII) T io at • !ene. 
depth . 

S;""" the previous monOllf"ph ..... written, considerable effort 
hal been devoted I.<> ar,a]y . inj( and ,eprescntlnK annlOilicl, mot!· 
vated in put by the <"<iucationallmportance or llIlaioQicI, properly 
"oed, .. """"01 for ~lmoting rapid <:<>mprehellIlon o f • '\lbj~ 
matteo •. For nample. thotlgh ..,"'" analoglO!'l are oomorphisnu 
/the lype ciU!d in ri,. 2.6) .,.. Ioomorphlsnu valid for only lOme 
putof the ", .. ted &UP""', othen are generaliatlofll" TheJe varieues 
of an.logy .... amply d~ in sut-q .... nt " hapten (nol.ably 
Chapl.er1 4. 6, 7 Ilnd 8) .. they occupy. key role in innovatift 
pnx:eaes.llence, genenlilatiolll .... not eIAmined at thi, junct.w"e. 
It .. hOWl!VeT, Opportwll to revi .... 0'"' Quite innooont ~mpLl~-
lion which wu mentioned in the pn!'riOUI morooP'lPh; nam~y, 
lhoot _100 reIItlo .... are not Il!Itric:ted to r~lIl i .. Iwo lOpi,,". 

Some ot Ihe mo.e ImpoOrtant meny plla! _Iotiel .... ohown in 
Fic. 2.7 . Rndlng Ihroullh the exampl .... ril. 2.7(ol_YI that loplc. 
P, Q and R &nI anaJ.ollOUI (their l imilarity n!p.e.enl«i in the cen· 
lral node, dl rtetjll\<:e& entering the centraJ nod~ .. Dill). In Fig. 
2.7(h) top.a p. Q. and R are eelated by (poO .. ib~ diffe1l'nl) anal­
"Ii .... FiB. 2.7(e) ...,rla that the (differeot) analoll'icI ate them­
.elvn anaIotI0UI. Thi. """,truel lon lain l etllster .... Ith Fli. 2.6(b). 
and Fia;. 2.7(d}. by the same lOken. is In ~ter with ria:. 2,t.(c}. 
Fic. 2.7(1) expreuet; t he exi.tence of t .... o analOfliet. (x and y) be­
I ....... n lOpicl P. Q and R. For ..,....ible d i.lcrimination X and y..rn 
be deOl&l'nted In "'""" o f d irl.inguishi ... pn>pertieo th.t ""pl ure 
d lffereno:es but aIJo In termo of distinct (Iyntactlc) ru .... (one to,. 
and one to yl. Even 10, it often Mppelll (Fil . 2.7ft)) tha':l and y 
"'WI common fdl urll ..,lated by an&lotY bet ... een anaIo&Y rei ... 
tio ... (u ). The! COHlllUl:tio ... o f Fig. 2.7(1). (b). (e) .... all ""em_ 
plirl«i by the " real " departmenl of "probabil ity I.heory"{pr""iou. 
mon.,...ph) where p. Q . and R .... top"'" in .. ' .... 1eS of charw;t!", in 
"behavioural experiment.!" and in "",,,,,ticf;". The di ffe."",! .:on, 
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.uuctlons ..... appropri.lte 1.0 d irr .. ren~ Iev<ob and were deliberately 
,laGed In tho! ..ar1i .... t.rutm .. nt, U Uley may qu;\.e let;itimat...ly be, 
t:.cau"" the ''real'' nodes in thillUbjoct DaUer have 1J1e calibre of 
T In Fig. 2.7(d). The other construeUolII1W! more convin(:ingly re­
(c .... ed to g"""nli* analogy ..,latlolll of tM kind we hIVe promised 
W . nml .... ( in f lod, any generailAtlon can be <ep<tten lofd either in 
the fashion o f PiC_ 2.7( .. ) or eIu o f fit- 2.7(()), 

2.2_ lhplh Numberin# 

This puUminuy diKuoslon of analoey .,,!atia ... r .. ted \lpon the 
idea of. depth numb";ng, t he analogies b";ng ,,"chaff<! to l ome 
depth . All depth numbering schemel rely upon the follo wlllll types 
o f procesa. 

,e) A mNJlll rord~ the nod ... of analOliaol topic rea-lio .... 
(b) A mean. tor deu.nnininK the ... ion of . node, usini the 0 

region node. ... bateline. 

• 
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(e' Some numb\lrinl arrangement IMI ord~ the nod. In a 
mesh from a heo.d node (or a ciuftM ot aruIloilcallteod nodet) , ..­
IIKned a depth of 0, tha' lIlu located in !.he 0 region. 

AnIIloaieo art de\.eel.ed In .yntactic kI'nu by ""til1& that lhey 
dlNer In stablish!,.,. JOllie kind or InOrpltilm. Hilherto, only Ill" 
iIomorphll;m operation .... ~y employed; IIince !he m~. 

icI o r genenliA.tion hne '-n ow d il'd, there W • lMeral morphiam 
(e mlpplng bet .. een ... latio .... lI.a t pn!IefVft lOme formalll!lat.lo nj . 
In the ..:beme ~ employ. iIomorphl8 m • appun:ll. relaUolUI1 
0p" .. tor ; W, now, do"". Kenera] morphlam. If h' employ. the iIo­
morph.;' m, Ihe ""pert. II provided with. place bolder node (Dlat -?, \.0 KeQmmO(\ate the d istincUon between unlverse. of lilter· 
~lion uquired \.0 nuolrotoln lhe in\.ejJity or iIolllOrplllsm in 
oonu.t to equality; •• ilnilar dialneUon II needed It • ~neral 
morphilm is Invoked. ".., nod8 _lated ";Ih th.,..., operator. 
and p.""hokl"", (DUot - 1) are marked, m~anioUJy. by an anal· 
ocy deC.ectlon o.tsorilhm. They are lIsted ' DtI"I.h ... with nod .. , like 
T In .';'. 2.5("), that rep.....,"1 derivationl fiom analogy .m llan-. 
proolded Ih~ ant "01 porI ofa deri .... tlon ...... "tering noda In Ih. 
o ~/oll (if the it..liciooed condi tion iI fw. they will be nUm· 
bered from their 0 ~ion l'ntailmenllli . Call this list the fUUUOI)I 
liu. 

A furth ... algorithm it "Pplifti 10 tile lUlion of the oricinal node 
lilt and the anaIofy 1111.. Nooel !hat ... not memben o f tile .... 1. 
0iY lilt are assiRnoo 1.0 Rerion O. The lnalOJ)' lilt i. now .earchfd 
ror analogie. between nod ... In Region 0 and Illeoe, toget.he. witll 
nodea corre..,ondina: 1.0 lmmediate dedvltlon. (like T), ..... 
• igned 1.0 Region I . The prO<:ell;l; is iterated. It the nat ltage find· 
ina II\Ilc:IiieI (between .... 101)' nodal in Region 1 .. hleh are_ 
llilned to Reglon 2. and continues "nlil all the analogy lilt tiltriel 
we been ",,"'limed (fo. ReP;IlIS O. 1 ..... r . .... ' . .. 1. 

PhIllUy .• depth n"mberinj algori thm II applied to the onlllllli 
meab and the d"tingullhed (and region IIIlgned) analOl)' 1.1111 .. Th il 
algorithm openotel from tha he"", downward., fil st, wit.h nodClln 
!.he 0 utlion. So tar as poAlble, it .. tWilll the condition !.hIt the 
node. related by In IIIalogy and the 1 ... loIlcal node ilHlf are 
placed at t .... arne depl.h. It is not alWlI)'I poalble to .Ullfy til .. 
condiUon. and the u",,", is given tho! option of deleti"l III 1IIa1· 
01)' he has preYioualy ilUl'l1.ed or of permittlnc anaic:oIIie.!ha1 CfOII 

between depths. Such &nll1otY relation. III'fI not """ .. iIY):llltll", 



IoIP<:a1 and can he handled. As thoy are non and beea ..... twmdlintl 
liIelll iJUtly COlllplieata the <ieocriplioro po' = (to tuUo .. ), it 
will be .... ppoHd thataU 0 Rgion topi .. «-'-"ted by one anaIotY ..... 
at ttle .. me depU1. Having u","mted t.he 0 ~Ion nod .. and as­
~ned th"'" depU1 numbers, lbe ...... rithm nat addreueo any 
no<Ieo in the arlllloiY list thai. are derinl ionl from anWgies and 
hA~e no direct. derivational t1nIr. to 0 re-gion node., again openling 
from depth 0 downwards.. 

2.3. Improued Me/hod fo' f: lIclti1tJl DellCl"iplion. <I~d Th~IT Valuu 

MOliheo arc numbered .. they are ieo'-"t.ed from th~ir IUlTOUnd­
inll Ithe pruning of th~ titJt monouaph), ~nd in pnlcU"" pruning 
and depth ua!gnll>l'ntare carried ouL automatically before the cur_ 
rent mesh Is dil;plllyed to the I!Iipert. Since .I. mesh cannot b!, .I. 

Ample dulin ot node.. il II evw..nt WI the .... perordln.lll.e/ ... b­
ordinate d8CriptOr d .... not uniquely naru each node and w 
OnUi II placoed upon the subject matter upo!rt 10 liCIect and ... ign 
... Iu .. to f\lrthf!Z" descripton {"unar}' bu l many value;! ~icates 
o r the nodn'" 10 that : 

II) Sl.l.temen~ or the conjoint vaiuM of lhe dc!tcrIpton uniqu ... 
Iy osI.end one node Ith~ iut moot nne "ode, otandi"l tor • topie. 
in each "ceU·· o r a pid made up rrom descri ptor v&lun). 

(b) Some "celli" are empty. 
lIowever, nO ,~&lriction IIplaONi upon the number of deserlpton 

employed, and the description ocheme may he .. redundant II d ..... 
• ired • 

• "om the student'. point or vi(IW, the de&<:ripton, or lOme IUb­
HI of them which he can ohoW lhat he undcnl.",b, furnish the 
1IIe.tn1 for exploring, gainin,g accea 10, and leamin& about the 
topica. 

From the npert '. point or vie"" it II ..... lul to &eparal.e descrip­
ton into the ealetlori .... , synlloelic: and IC!manlle. 

The vall1e1 or • Iynlloelic deocriptOr, ouch .. IUperortlinatellllb­
ord inate, say DOthir\fI lexcept. pouhlpa to Ole exJWn) about inler­
pretation. 'hIey are properUeo (in thill eaae I "d~" OJ" .. an: 
dilltance" propnty) ot all the nod .. In • mtth. The eolire mesh 
could be d8Cribed in these tI!rmI .. an ablt.I'Ict ,",ph and, for that 
malter, the Iyntaclic C"OlIIpo .... nt of Olio thea;., "",ealed In LIIe 
derivation Itr\lctu,e. DDuld be described .. an unlnterpreted and 



" 
tOl1Dllltylltem. Und\'l' t.hnI: clrromManc:el, ho~, i~ ill difficult 
\.0 _ how. ""dent oouId ",.u sense of il; at .... )1 no~, a'incelhll 
incorporallon ot aim .a1idal ;On (Chapter I) •• .wdenl would not 
be .uowed 1.0 u .. only qntacLie desaipton whffi lpecifyinc his 
aim and IWtinII.O learn . 

Semantic d"""';ptio"" n.y~ Valli'" that ref,... \.0 !.he unlveQf!f o f 
lnterp~lion In wllich explanatory mod~1I for topics ar. ruliKd 
.. prDlf&ml. One IKlmanl ic deocripl.Or is !.he head name (noti~, 
tllil name II tbe value of ,..,mllIlt;c deacriptor, LhoUlih the va]",,",. 
0, I , ... o f subordlnatc/luperordinaLe depth arC vIlu,," o f • Iy n­
Lad.ic de.crlptor). Olhl'l' oeman,ic descrlpton carve up Lbe u>pl"" 
in ..... IoUI WIYI. For ."ample, "Iteam engln ..... and "he .. t pumJll''', 
Dr "\.u rblnel" and "pilt.cn ;mpullion", in tha "enern' convenlon" 
th"';' of CN.pc.cr 7. or eleclricallmech""lcal in phYlic:I. The 
CUIT@nt recommendation ill LIla! large numbenl of 8I!manlic d~ 
..:riptors &re lpecified. 

Apart rtom !.he IUpemrd inalc{..mordinllt.. dHCrip«>. , which Is 
(!"rived l uto_titaUy o nOl! I head topic iI cho.en, Ibe remainine: 
dacripton .no lyJtematioolly a .,eila! • "lM'nonal conlUUCI.I" 
(KeDy 19&&1 """". modirlNlreperwry pid I.eChnoque llIanniater 
and MaIr 1968). The ob~U """. which UIe penonal construcu 
...., ~Ited ""' the nod ... in th~ m ...... 

However, lrIIotu III the '""pert if; reIlIly evaluaein, interpreted 
explanations (modell) of the t.opioo whim !.he nodel .and for , the 
IXlnstnlctl .... IIIm4!lUe de..nptan and ""nvey lubrtantive mnll ' 
Inll. EIiGn 10, lhcy ere ueated uniformly III unary (many valued) 
prediclltell of the nod ... Yor """"rotary convenience we limited 
the VIlue:tl In the wl ""dion \.0 +. - , and • (!rr~l.,...ant). Thl. Umla· 
Uon illn_ntlf.l, but whatever values are pcrmittro. the value * 
(irnllMlnlj mu"" b<ii pr_rvul. 

The nl.meI and valueo o f the d"""";ptan are elicited mechankai· 
Iy by • p.ocram akin to Thomas's (1911) DEMON. The chief 
pecuJlarIty lleI in the .... y that nod"" are .onod and PJfte"t.ed to 
the n.pen (at the o bjeeU having, Dr not havinl. a property). 

The delCriptor eUcltlni prooedu", ;, o u tline charted In FIll- 2.8. 
It ac::cepU at an inpUt a mellb. with depth numberinK In) and repon. 
(r) aHMIy IIJII!cirted. and IU output is a dHCribed meoh to ... hid> 
ill adjoined • ..,t of primitive nod"", repr~ttna tM dcttripton D. 
E, "hid! ritUre at the di&tin&uilhin,g prtdic&tel (DIst) or analOf)' 
It'IaUonl.. The remainln8 de!lCripton, (d. e , ... ) if any, that are eli· 
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fifo t.B. O~Uio. Flo .. Cloan f", DooocTIpto. Ellcldot!"., I'roceoo. 

clted to oafety condition (a) and (b) for other Ulill'1 analogical 
topiCl are listed but are not rep ...... nted by nod ... 

Seven.! poinll an! ulM!fully kept in mind whil5t reading tit .. now 
chart. fint, wh"" the ""pert ill Rlked to choo ... the nam~ Jnd 
values o f ,. de,scriptor (o.li.as ,. perlOw conotruct, Or il property) 
with r .. peeI. to .. Id o f nod"" he is T'1'8lly beinJ .. ked to con-

• 
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templlte the mod~" which will, 011 ""<I(:lIlion in In appropriate 
moddlln& faeDlty. a , ,,ty the topic relation. Semantic dacripton 
are propertln of thit intefprel .. "ion. 

NUl, the " model" o f an analogy relation bM._ two (0. 
1n011!) topiCI il l oouplina: bet_ two (0. mo.a) models, diAln_ 
(Uiohed by uI!CU lion In • priori (withou t th. oollpllll.ll) ind~n. 
denLly clocked pfOCeM<l n and by the diatinl"iahlng predicate 
fOist) which II lpecitied by .... y of th. oelected dQCr\pton. 

Finally. altho ullh the program which realllel thi, flow chart can 
be Interlaced with the ""pert "linK a tei<!typewriter terminal, !.hI. 
upedlO11L II completely impracticable except for the Ilmpi,,"' 
n>9hea. All practical ' Ylte"", employ a diJplay of the melll which 
;. oontinWlUy Ic:et'Slible to the ""pert and an "int.nupt" wh ich 
providl!l th. expert with u'e displayed valuel of Uu! dl'tCl'ipton ha 
h.u 110 flU cholen, IUperimpoRd upon lJIe nadelln the metb . 0 ... 
int..rfaoo of Ih. kind ill de.:ribed In Chapw " bul mOIl. Jraphlc 
co...:;ol_ will proyide u.e requin!d facilitiM. 

The deocribed and pruned ..... 011 illtandormed into an entail­
ment otruCWftl (Fl. > 2.2) by BlCoding (etlhe In c:ompu!.er ItOrage 
o. Ute hard wil'\'d form of Chapter 1), ueh node beinl _iate<! 
with ItOrlp loc.lionl to indicate Ito Jt.ate u leaminl p~l. 

Tutorial m.teriall ue baled upon demonnratiolUl oonstructed 
from th e 8G(l} .. taak Itnocturea 1'8(J) (preYloul moooJP"iph), to.­
lIether with the " Ho w" questions <..!..QuettO and Cammo and their 
qualifled forml). "What" quettiolUl (PQun.t°) . pan dlO topler~la. 
tlonl, again .. deacrlbed In the P'''''';o", moOO]U1lph. 

In Chlpter t, we noted lha1 eI~ricnce with both operatlng 
ly5leIDl, CAST!:: and INTUrrION, baa undeHQOred the ~ity 
o f prowidi ... rich IoCmantlc dllLl. in neapo ..... to uplon I.nonact.lQna, 
and tho wn, ., IhIt an .. im murt he va!ldlted before It it ..,. 
.,.pled by the ')'$\.em . .."., dati providlld when I topic II up~ 
(by dtina: I conjunct 01 descripl.ot ..... ...,. that olt.l'mb and uniq~ 
Iy identitlM the topic) conmc. in one or more slides. 1'1M Itt"ork 
iI important (lOme ... ampl ... are obnwn in Ch.pter I ) , but it 
pnen.t.ed ayAemltioally U • .mes nf ilhutratio", that exemptlfy 
the topic and I oerieol o f c:ounuon.Iam pl", t hat dlffcr In one o r 
more de.:riptor walue.. 
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Aim vaI1d&Uon questiOlll (of th~ form 

IIIOnI)IflIIph. ';nee tMy m,.,. to .... beeu 
choice quetlo", h .... ing one and 
native lha~ ilJu,tn.to.I 1M 
the topic. The ...... aining 
countftexamplel dilr,...;:", in niue, 

J. SOME USEPUL OPF.RATIONS UPON F.NTAIl.M~NT MESHES 

[n.of.,. .. the derivations o f a theolU: lin! . elr ievlllJle, It Is always 
pollible to a:elW!m(.e • binary deoompo.itlon of any (.'(I njunctive or 
dll.J unetlYe (but not analogical) l tructure In a Klven met;h. Each 
hmel ln the blnal'}' decompolit ion Ilu eU~1.1y two m .. mben. 

Lahelled dwt.en of relational opento .. (F'is , 2.9), roduc«l to. 
kerTM'i in the ftltailment mem, ..... m pla<:ed by JeqUf'na!I of the 
complete ... bwL (Natural .lo in, Projection, Union) of openotionL 
Thne MqUlMlceI ..... arranged in a ni .. , and ( ... ther nodes ..... in· 
troduo;al (Fie. 2.9). These nod",,1Iland fo r top;"" which Wen! not 
made explic:il in the originaIthHioI (and wh ich in ",1I<'nll need not 
be made uplieit). but which an! needed to utilly the ""Iuln!ment 
1.h.at each k~ .. l ha& two member ... 

!leW < •• ' ~, .. , 

• • 
PIa. 1 ..... _. Bi...-y _-,'ion.(_]" ..... "'nctlft .. bouvc:'u ... (komel l in 
wII;d, lopk I w,'" formal ~_ R,. io -.- from •• b , _!HI eo I .. 1M 
...;p.&I 1"-10 ''''" deri .. oJ"" _ labdlod by • complu o f .01&' ..... 01 """"' ...... R.';a 11» 0... I lnU)' Dtcompooitlotl. 'no. """,,,,,,,on'" of Kelop ...... 
pI.o by .. "" ...... of {No'u,", Joi" . .... "'""""". IJftk>~ } ..... .. -. oo><h ... 
d .. . In " <HI .... d ." '0_9' Iotnmocll • .,. NI .. mn.. 

, 
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3.1. Ttr>d. Off Method. 

".., binary decompoliUon or allruCtUfe .howin& the ru.nv.llon 
o! .. topic rcla\.ion a. (It ;1.1 head) togethe. with .. U BehAviour 
Gr1r>h..o, BO, or ito primltive nodes (nG(.), BO(b). BG(e») hal II 
much Information Dr ope<:ifidty al the r~lftl.ion It, and itt ~ 
haYioural Cnphl BO(i). 

It Is aIIo true t hat an undecompoMd suuctW"e rtpraenl i"ll the 
....... lop .... R" "'ilh the wn.e Wlk otructUfetl _tlached " liar>et; Lhls 
conditio n; in (..:t, if B ( Fill. 2.10) II .. binary decompolitlon of A 
I.';'. 2.10), then A and B contain the lIIme amount ot in formation 
o. specificity. 

11>e information or spedtkity Isdirlen'nU)' ......... ed. In A, it Is 
... lIthrely 1OdI1lIoed, um:e mott o f it iI Pi'Chd into the Behaviour 
Gnph or, tutorially Ipealdllll, lh. talk It.ruC~, TS of R" In a, It 

• 
..... I 

10 •• , ... '., loG!" 

'" 

=5""' 
~ 

• 

.""0 1 .... UI .c,," 

'" 
",. 2.l0A, 8 . '!'nolo on ""d 'M dIo,.ib .. U- of .-,lirity ", l.fo="'Pft __ 
t_ 1M ..... iIn>o., "' •• "" 1M _ ... Iou Onpi>t/Tlook lk ... ,,,,, ... , ..... . 
_1«1 ... 1 .. roodo .. TIle ...... "110"", In .nl"""' ..... <Ional d ..... ain ( •• on with 
pul.l~ <Dntu.eU • • >MOh) ...... Id "'" bo <on'"oed .. 1<1> ,"' .. """ncy In dlo-
Jon«i .. _ .. ~linl .1 ....... '1Yo d_otlo ... or u.. _ ~ Equol' 
itIoo: U Sp • s,-IlIcI'J , "'on Sp( IIG(I}, lit ) _ SP4BG(o), 8G( b~ 8G«~ Den· 
'*'-"- lit ''''mo, b, ~)-IIp(IIG( d ), BG(<l, o..r..tl_ a, ,_ <, d). 



is dist.ributed over the network. We comment that a Lrade ofr is 
always possible. ThoUlih. behaviound specification BG or TS. and 
• cognitive (relational network) specification are distinct, and 
though they are both needed in a tutorial system. their comb;na· 
tion ;' abo fundamentally redundant. 

Hen"". w;thln limiu , the .... is a oy,temat;" method for deploying 
the intormation In a th.,.is In an educationally desirable manner. It 
may I)e conveyed primarily by demonstrations and the tutorial 
materials attached to them, or primarily by an entailment ,uuc­
ture d if.play, or, redundantly, in both ways. 

The .... are restrictions upon the kind of in fol"TJUtion which ;" 
traded aU in th .. manner and upon the amount of trade oft which 
is possible; namely : 

(1) Kind. The t.raded aU Information is in the oynt8dic (not in 
the ... mantic) content of. the.is; the 5CTIIantic ;IIfonnation ill con­
veyed by descriptor val" ",,, IUId in exemplary data, accessed by 
e>:plote tnlIlSIIdioru. 

(2) Amount. The distribution wh ich mas.i.mises the information 
in the enttUlment Gtructu:re I. obtained by constructing and di .. 
playing a binlll"}" decompo.ltion of the underlying relatlonal net.­
work (aa ill B of I'ig. 2.10) . The d istribution which minimisel the 
information In the entailment otructure is obLained hy m""imi.o.in g 
the number of ala that contribute to the derivation of a topic (1lS 
in A of Fi!!. 2.10). The limit is ..,t by the foHowin, rule : "no eo­
..,nlial precedence ordenn, may be omitted." Th ... , ill A, there is 
only one precedence requirement (a , b , c mu.t ,11 be understood 
before R, is un<lenlOOd, but D, b, c may be otudied in any order, 
or limulto.neoualy) . In , e""raJ, this is not the case, though it /.r po5-
lib!e to eliminate p .... cedence orderings that are not required on 
l yn1actic or computo.tiono.l growul • . 

Binary decomp,,.i~ion and trade off .. ork fOT dl~unct!ve .true­
tures, bul ",me care is needed to avoid confu. ion . Any disjunctive 
structu .... represent:! th~ fad that the ""me to pic may be derived in 
"""era! wayl, or that the th ..... I! redundant. This 'edundDncy is 
quite distinct from t he redundancy immanent ""en in conjunctive 
. truewres, due to the fuet that the entallment .trudu:re and the 
task structure hBveinformatlon in common. So long WI thi. distinc­
tion is appre<;iated, disjunctive .tructu:res may be reduced to the 
setofallpouible conjunctive componen~ and dealt with .. before. 
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.1.J . Simp/ifica/ion 

A locally cydi~ (cunjuncLive or dujuno;:t;Ye) , tructU1'\l of topic 
,~Lo\.io"" ltand ... lJ\ understandable \.Op;c. TIl;. 10 eIIlphaal5ed by 
dnwi,. • ~ llOund a IItnIcturt headed by the t.opic In question; 
tor u ...... ple, H, In .'1&. 2.II (a). 

'" k . , , . 

'" 
<I) 

•• 0 

'" ?::~-~ 6f-~--~ 

<I) 

fIa, ' ,II., h.~. d •• o r. li ... pllnc..ll ...... ~ oI_Io,~ ....... t-l _In ( f ) 
or. LItGM 6olh • .a,H In l"~ 



CeU the circurDJaibed .egion J (lit>Ce it iI hn<Jed by R. I. J fo. ms 
put o f elyatem, IlIIor .... u the clrcu m&cribiOI Unl'S Ire nl'Sl.ed with 
lespect o f "'p"i'Ord inate topics nlttli"l hien.rchlcllty IlfVIged rub­
clusf!t lUeh u I (t.e.ded by R. I, J (headed by 11,), and I( (he"l'd 
by R.), in Fig. 2.1I (b). 

"What iI the IIImplificatlon or R, (0. of Rt) In the oont.ext o f 
R,.. ?" 

One aruwer to this qltUtion iI thet • IUIlplll""",tion if any Ir~ 
...... undant o r corUunct"'" ItnteWre, compat ible with the 0!iCinaI, 
end ylekU", the urn" d"';vltion. For example, the ltnIetu .... in 
Fi&. 2.11(e) and FIR. 2.H(d ) Aie lim plificattOJII (In UI;' ...., ... ) of 
R.; therf, .. no fim pUfication (in this _) of R,. This 1011. o f 
oimplirtClllon (by "..election") impiil'S that since there ill_ COn­
tent to • ~ ~ntinl an irrtdundant I.hes.iI than there;' to 
I COU1lCl 'epreaenti!lll I .Mundlnt thesis, the .. ..,lectN" irredun· 
dant U'Pf ..... nt..tion 1. '·,;mpler ". Though of d ubiou. utility (.inee 
the lned undant I'9Pfe..ntat ionl are nrely eN~ to 1"""1, t here;' 
an IlII0rithm for exu-.ct.l"l aU.w:h "limplifiCllionl'" from Ipvt!n 
ItnIcwre. 

A ~ery different kind o f oirnplification (by conmtellt "smooK' 
iot") mal>' the c!rcum.cri~ "'llioru t, J, .nd K of t he ori@:inal 
picture on to pOlnta rep..,..,nllng nodeo in • du.tlnct network (F l&:. 
2.11(e)). 

The iJIIppin3 (M in Fic. 2.11(e)) it; pJa .... lble enough . Wh.t must 
be ~ed II the precaut ioJII needed t.o r~ thet M gi~eII rue 
to. coherent oi mpllfication nthe. than . me .... 

1'here illlD dirnculty in con~inc!n;t oneael f that limp lltlcoUoJ\l 
ullt, thet \hey are widely employed in pradic;tl, and that they Ai~ 
u.oo to Jood elflK:l. For example, let R. rept<!""nt I atatement o f 
the IN Ia .. p' )( V • Const X'" " con.,.ivi!d by an elementary 
.udent for whom p' is pr~re and ,.. is lemp"n ture, tlken ... 
matten of ex perience (ho .... mu ch " push" there is, ho .... " ho t " it 
IJI, thollllh being, of oourae. I~ptible ttl mtNure"",nt . V, the 
.oluml o f a containl/1', and Conat ( the pi connant) are under • 
• tood u thoroUllhly " ~uired It any point in the courH o f IW· 
d ieo for which tlJe entailment JlrUctlll'l'S have been d .... ioed. 

Conve_ly, let R~ rep....ent t he JU la .... p)( V - Co nll)( T, "" 
ooneeivi!d by • fairly oophirtk:lted . tudent, for whom P and T Ire 
known in term. ot the motion of Idealised molecules and the m~ 
kinetic e~ of U •• .., idealised moleculet, the volume V having 



UIe Il"Il'anlnc it "- for the! elementary ""ud,,nt. If Boluman', con· 
..... nt ill S, !.he P and T I ....... ....., d"tinll'd for UIe ..... nc«l sludMt 
by equations Sl>Ch.: 

p a !!i2LmXZ' 
, V 

"'" 
T ·3~ (~mX") 
wh~ .... (~m X zll .. M~an Kln~\k Energy, m .. Masa of an Ide..li!ed 
molecukl, N " Number of id<'ali.sed mo lccu l", in ,1.1, Z .. the mean 
nlocity of idetl!aed molecules. 

The nuoppi"ll M ia legi l;mat.. since II may be maintained (by a 
phYla m""",", 10. "&ample) that if \he "[,,ment.ary Itudent used 
Ute pret<:tibcd m..aurin. mr:U>od. on objective . eaUty \.0 reach (an 
obviously Jimpie minded) undemandintl, it wouklltiU be Ihe cue 
wt (numetlcaUy) p .. P' and T " T' . 

The ",[""ani plYdlological requ irement it t ... t in UIe conlftt o f 
• counoe up 10 It. (wh ich <i<!l.emIineo, for ...:ample. the uniform 
conno tation o f volu_ VI. no state_nt mllde in tellChinII R" and 
undont.andln8 R t and It, as it5 prerequisites elall c:ontndict o ' 
faIoify any . Uiument made later (when more compte. ml lC!rial is 
presented) In Ie.ching n.. IlI>Ii undontandinl i1l prerequltJtes, It, 
and R,. at coune, mo .... " tn.le" l tatementa Ippear In undentand· 
Inl the "enriched" o r detailed enune m.t.,.isll. 

MappIngs. 1'11, that slUsfy tho._ requ i .... m,!n ta exist If the 
primltlnl of It~, It, and It, belon~ tu (are modeUed In \tho.t sam .. 
umvene o f interpretatiolll, say U. [I ia abo poulbl. that topi~ R" 
ia an analolD' and that Ita teparate terms are modelled in diltim:t 
univenel of int"'l"'el.lltion, R, in X and R, In V (Fla'. 2.U(fll. 

In ICflcnl, anaIo&Y .... lations cannot be lim plified by Wlllilt.ent 
ImUdjJlnll. lbouch aU of the conjunctive Or diajunctive ...,btheRo 
Ihal. are an.aloglo:alJy related may be .unpiUled. The particular 
uamplo of .'Ia:. 2.11(0 II a<:eptional !noIofar .. theI'e W a U-.io 
~ntalnll1ll tome conjun~tioo, lO .... hlcb tbe analogy lI...,bordinat.e. 
Such I JtN~1.Un unine. UIe distinct universes X and V. 

Fo. enmple, let t sUnd fo r elementary pI1)11lC1 and X for a 
unlvene where Tempe .... Luu (T') is "holneu" and preuure (PO ) II 
"pulh". LeL J lland fo r oodv""CI'd phYliCi and V for • unlven<! 



",10"", temPfl1ltunl! and pi 'I.., h ..... the other _nlnp T and P. 
There ill • thesis about lcient:e which "ni rK'S x.nd Y In the RnM 

llt .n X ml!Ullf'emE!ntl Dr IICtiom are open to E!JIpreoslon as 
e1ultt!n (homomorphic Imaget.) Dr measun:mentl Dr ..,110111 in Y. 
The analogy, in thll cue, 1& • cogn it ive reality but I. not epia­
temologkallyeo&cntiaJ. 

3.3. DIJc...,io" 

The eduatt.ional ....s of tnde orr and of Ilmpli fietlt ion by con-
1il1en! ImUdIlin& are fairly obvious., though thE! merit of , impl'fica· 
lion becolMS mosl obtnuive for rn.Ily 1arp sealE! IUbject matt.en.. 
The following notel are an attempt to augment the con.,.pt and to 
exhibit the ad ..... l.If!,," in lerma (II usual) of rHl.;"ble Op"rating 
Iymml. [I ill not \.00 difficult ~ bridge the pp belween qUIll 
mttehanl...t (bu\ delinite) reaUlllt!onl and claaroom pracLl<:a. 

JUJt u. topic ill delClibed, 10 may a clau of topioo be a!!old<"ll 
• coarser grained description. For e:nmple. the clDII namoo 1 i. 
deac:ribed by Ill ...... o f the valuH o f the deKrlpton o f the topica 
within c.... 1, and Mleh MlbMU are readily pointed out mo.., 
ewnomically by the value. of additional d-=ript;"" predica ..... ; 
call them "tlrlbuw. far refOHnt:e. 

Uling uplo.., tnnJactlo .... in th .. _ tp'1IIMd attribul.e space 
(In ""ntralt to the fine ... ined descriptor apace) •• nudent CIlII 

locate [ or J and detemllne Itl prop"rties. Monover, lie CII\...ab­
lillI 1111 a1m on I; meanl"ll "on the head node of R, In I", 

At this point. ""ppotin~ the opcrntillll: .yltem accommodate. 
the underlying fine pined Jl.l'\lcture, I>e can mechanically "zuoro 
In" On the detail; fo r example. to "",",ge in a fin~ pined upiora­
lion or to ",locate his aim at lOme node (other than the head 
_I. 

A coane gnU.>M dilplay o f atarze IUUcI.un! In an I t tribute de. 
.criptlon, cin:umseribinl "'Iio ... lib I wtd J , _lennI)" dHirable. 
p""'ld .... It ;" -'ble to retrl4Mt 1M underlyi"ll fine p-alned llrue· 
lure and ill de.criptora. !'1..,t.lcal impiem~ntalion inY()lve. an inter· 
let! ..... pphic dilplay , the Itructur ... in 'IuHllon beinl rep'''"''"ted 
In computer .torage, 

Under thcoe c;'curnaUlncel, lhere is no objection to ltorini lhe 
entire deriYlltlon u , rel,tIonal n",work toHether witll ill cyclic 
componentl., IlIId il .. powible, II • resull, to ruliM an identity 
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1'" ... 1. l to, 1>. TIl ..... "",,,', oIm .... -....:I ... d ...... -..j ........ , _. __ 

wi'" ,100 •• pm" had ..... MpUIo. 1" ... simpliQ" ..... c,dl< .- or ltoe oIooM 
_tiaoo .. M.P ..... <OoInd. cylinde< (primIU .. I.Opico .... 110 .. II II .. ....... ) 
C.l...., .. .. 01 .. orIe.,ed rw.", _ "'''''''' Il in ..... d i_ti"" ( . ): (b) in 
""' ...... dinctlol> 1- ), Onl, _10 .... _ .......... ~ 10 _ .... 
....... b •• lit' .....,. ...,. ................... . 

b<'tween Ihe lim topic c~n by • Itudenl and the lie'" topic 
choeen by. lubject mltter ""p"rt. 'n.e _Indent 'I lim of neces&ity 
become. & vedo r, corresponding to the upert', " held and depth", 
naming the aim topic il&elf Bnd • lo wer boundlll'Y, which may be 
ed.ablllhW In ..... ."..1 dln. ....... Jons. 

Fig. 2.12 shOWI two IUd! directional ainu which rev ....... Ike 
orientation o f the , ynl.a<:t.ic deplh deoaipt.or (lIUbo<tIinaU!I'uper_ 
ordi .... te) . For all that, the underlyinll derivation ill unchanl<'ld o.nd 
cho vliueI .\.Uclled to M!mantic: desaipton are undlanpd wIIic:h. 
_of the two (or n>OT1!1 aI"", iI ... Iec1A!d • 

• . pt;HIIIATlONS 

AI noWd .t """III in the previou. mo ....... pll, thelyn1.actic 01' 

derivalional eumpone ... 1 of a Ulnil it 'epone"ted I ... Ierm. o f 
formal lopk ~latlO"'" {IlIbKb of • product .ell and relalional 



" 
operalOn l .... t ~0l1Jl reLaliolll Int.o other rell t ion5. TIw: cal­
allY. o r relat.ionaJ operawn wu lntroduced into data hue design 
by Codd (1970) and the originallty. It any, o ( the p,,.......t ap­
pl"OKh n!Sida in how the topic relat ionl and derivations IV" 
opec:iroed ("from up downwards" BU. .... u..... (rom "bali<: unit up­
ward,"). C<'Rainly not in how the relallolll &n! m."ipulated. 

EW!n in tile ficld ot education, other rQeU'Ch~ have indepen­
dently d"<'ioPOd comparable oci>enwll with their o wn peculiar ad­
van1.a!lel; the differences are chi"fly oolational. For example. 
SCandu .... (1973) "Structun.l Learning" Techniq""" rep.esent 
topiel (Sclndul1I ",,113 them "Concepti") II 141\.1 and fundlon$ 
1'\Ilea and "hlj:het ord,,'" TUJ ..... Bundcl'IOn and MemU (1973). to­
~cth8f with thdr <;Ull .... gues .. orkinll on the TIC:CIT computer 
.idl'd inU .... ction qrstem, lave much tile IaIlIe apprOllch. The 
topic:. appear .. tl'u, tunclia",.nd ... I.tio .... blltled by compmi­
lions and let theo,eUc combi ... t;ol\l that cit"", ..... o r ant PQuiva­
lent to, reladonal opentors. 

These "ld . Imllar spirited .,he,,- ,..r,.,.~ in the prwiou. 
1t"OO00II'l'p/1 have proved ~rul and r1uible. The present work 
devillw. only In ...... ped. o f ho", the I.Opic ",!.atia ... and deriYalinns 
are clidted Iu !loOted a1r'"ldy) and in t he e mphuit; plao::ed upon 
lii&i01)' re!.atiolU, Though YCfl' com.,.,ehen.lvfI In mew respecl$. 

the other ICheme. are not primarily intended 1.0 uncove< th~~.,. 
tUn! o f .nalogieo (u thil lChelIHl u). 

ThMe iI nothillll ucred about the choice or re1ll.t.ional operators 
U I cano nical mean. for rePr<.'ienting dcrivaUon •. The c:aI""lu. io 
uoed metllin(Uiat icllly Md by progranll like EXTEND which IOn 
out derivation path. Ind dct<lml;ne legality . IIny other competent 
Cllou lu. would ..,rYe juat u well. In particuillt, the "uiomatic" 
IChemn du e to Steltur and Kingsley (1974) are mOle appropriate. 
IDD", Imenable to IDIIllipuJation by a mbjecl matle' upen.. and 
more c learly nhlbit the diatinct!on between the lyntloClic (formal. 
axiol1lllic. derivational) put of a tJ>.iI and ill II!l1lInt.ic conl=t. 
It. 100II deal o f our recent work .... em ployed thil axiomatic 
eclIeme in place of o ur IWgn>I'nted n!lalional opnator ..,heme. 

As In the preaent discuMion, Stelzer and Kingsley diatinguioh 
bet .. een .... hit lMy be known Ithe th_ reprctented in I GCN or 
General Cocnilive Net) and whol may be dOM II lilt o f HO, or 
Tuk SINClur ... ). O nly the d ... iVltional component (the GCN) ... i11 
be dilCu~ . 



An uionatilatlon o f • thells abou t .... bject. mltter (rep .... 
..... ted ... GCNI is root<!d upon the foUowlng ""t~'Coriel o f ob­
jecI.I CIIlIed coMltuenu: primary not.lol>5, derfol«\ not.lons, buIc 
principles (ulorns), and eltablishlPd principles (meona). The con­
Slit\lenu x, '1 enter inr.o two ~latiol1$ F (x, '1) ("'1;1 fonnu lated in 
~ of x" ) Ind E(x, '1) ("'1 II atablWttd in terml of x" ), and 
,h_ relatlonl may hold IS follows: 

J'I~,J) E(~, Y) 
'_I~I • • .,.,.tI'U""1> In 0, r P_ib1<t CO,,"','""" .. ," _. J 

• , • , 
""''''OfY ~,-
,.~ N","'" 

~ -No .... a Prift<iplo 

The GCN may be upreso.ed .. the complu of rel.tlonl type F 
and E holdi .. l>etWf:fm 10 "", o f co nltituenla. SinO! th~ in~n tio n i, 
ID oblain an ulomatiaatkm. t he GCN will lot! minimally redundant. 
but there Is no necflllr)' restriction upon the order In which pvta 
ot the complex rela t ion are """lled o ut, nOf upon the o rdeT In 
which tha fina l conlt.il"~nu Ill'B ~ho..,n. It is l!Yident, On lnapeding 
St.eIL>l<!r and Kinp"'y'l rumplH, that GCNI OOlTt!lpond to ,"" .... _ 
ally conjunct;"" d..nvaliono which ".hibil the kernel JtnK:Lure o f a 
oubject matter. 

The OCN rules (for usin8 F, E, and ... o n ) ~ deaJcn«lLO pnr 
biblt 100 .. , heno., analogy reb, ..... (which ""ely hold bet_n 
lIIe wk IlrUctu ... : for uample, the COW'JfI on photography, Ona 
inAa_ in the 197'1 ""per, hu..........-al ... nm..... of interpretation) 
.... nol mMIe u pUcit . The pmhIbition Is oompulat.lonally con­
yemeni IS we ll IS ulollUltically d efensible bul is unllroept.able (o n 
poycholo(lcal JrOUndl) from the pre.ent point of Ylew. 

Sevenl kind. of compromioft .... ",,"'lib Ie. OUl' present approach 



" 
It to oblaln eonJunc:tive ItIb$UuctIU'e.U GeN., to Idjoin an e>ot.a­
ulomatlc poauJaLe that any eaablisMd not ion or principle is 
cyeUe (ronli&l.ency is guanonteftl), to torm d isjuncu of GCN • .n.e. 
they ~ conaruc:I.ed, and to -.dd o n anak>&:ief between the F. E 
,elation. of the GeN. by an independent procell. In o lbe' ... ordl. 
CCN rulel Ilte uoed locally in courw NSembly .nd lhe local 
producll (GeN. Or conjunctive I U'UClur., ..... unlfiod by the 
method, a\relody ouUinod d . 1.0 be llescrlOOd. 

$ , Ttlt: SICN lr lCANCI: DI' ANIIl.OGY 1\t;LATlON~ 

In I!indlillht, It " u rorlu~te Ihat conv .... tion~1 dam_1M were 
rlnt conarucWd (or (heKS dealing with app lied .deoce. AI • n>­

a d\., we WM!! tor=! to take the rePFl.'S('Iliation ot analogie:s""';ou.­
ly from the ""winning. 

In particular. _"'Ii"" ...... non·v«bally uplloined by ueculinll 
two o r more mode. Uu,t ""' built in t wo o r more .-prlori-jo. 
dependi!nt pn>eeII<Irs o r univenes or inll'rpretal.ion INFIX) and 
MFcY» qelher with • couPIinJ that Kl8bllshM their depen­
dency. Thoullh II (jut Jiiht thio looks like an overly oom pHcated 
tedmlque, and at the nut Klance ......... to btl • "",-Iemenl of the 
obvloul, It tllma oul to be o ne ""Ring point fo r . theary o f in­
nov.tlon. 

Any thetl. ",pn!SI!n ted In an entailment mlllh La • jUlUfiable 
hypotheaLa expounded by ""meane. the subjec t m.Lter ~p"rl. He 
may ",main a",mymous until more than one th~liI is r4!p."",nled 
in the mesh. for uample, mo.., than one lCienliri~ theory or an 
overall thesis iI.bout _em rival hypothoseo. In Ihill case, it il 
nec-.y to name the OIdvncal.el or prol.qon illta as people. 
ldlooil of thOUihL or .... ha.\.eVer. Call them A and B. Now A" theais 
Is Jultified insofat as A can model It In lOme ",n!vena and B" Iw<r 
fat _ B can do the oame In another unlvene. and then! ill • .,,,,,,, 
(to be d~loped In chapter oil in whlc:h these .. nm..- are ... priori­
ind"""ndcnl. 

The buic tranaactlon between A and B. repn:led as dy ...... ic en_ 
t ilielln conv_tion. II "" agrffm,m L 0 __ their ~. including 
a.n apeement to differ. This agreement may """",tim"" be founded 
upon a.n ..t<.lilionaJ ""t (I """,tituen! o f verifi~ .. tion .nd fallir"",. 
tlon ITKlthodlj whe .... by A'I I,h""il .nd S', thelilare modella! in a 

• 
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COmmon or rtltcrom:e uni.~'t1e. But. prior to that, A and B mUll 
liJee upon Or accept a nterl!1\OU ",,,,vcno! ( .... nuden! does when 
he rubrcriheo to 111 experimental "''''1nC~) . In either cue, the 
mlcrwtruct .. ", or ..... ment may be complex u it will entail A'. 
lIypotb ..... about B (and 8 '. hypolhaell .t.>oot AI, In addition to 
the u. .... 1, .t .... hypath ..... \0 .. hich thO!)' o vertly odhere. If the 
let of agr""m~nt II fro..,n and Ine nsult illKl"ibed In an entailment 
mesh, Ihen it ;o an allalollY relation. 

COn.ene])'. any anaJolIY ",lallo" rcp<aenloo in. m ... h ill \.he In­
ICription o f • petrified _ment bet~n peoplt!. and then. ill • 
IenlO! in .. ·hleh the don",,,,!. and poIIlbly ""named participaJltl (A, 
8) .re reauseltatro .. II"" lIw! 1".10llY I. underuood. ThillNly U· 
lum\nate the oblcun!, even ~ryplio:, ..,mark in tho previa". mono­
pph that the haalc uttellUlC" In an L COn"" ...... lion ar" ."'"~. 
men t.l, the buic at.I.tementl are L Metaphol'l dl!lignHtinK analogy 
... lati0n5. Any tbl'Sis contairw ...ell • WIlt, explicit Dr not. MOA 
Ih_ or ln~_tcontain many. 
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ChaptuS 

The oalient (ace.. about leaming, reported til lhe previoul mono­
gnp h, .,.., u toUOW'l : (1 ) It • c:ondition of undeNl,,,ndl,,, (m. 
deneed by an uplanadon and,. d~rivati<>n of eleh top ie addrt'Slled) 
ill HCIII'8d duri"" tho leamirIjj proceu then l be conc~pe.. learnl!'d 
an. mble IlI>d rclJebJy ",-tained. t2) Either o f lhe upedlenb 
(l.eachb.clt .... the CASTE ope1lti"ll IY'llem ) employed to v:te .... 
<>rise normany oonc:ealed cognltiV1! proceues .. stretdu .. of dia· 
logue in a Mel cunvc ..... tion.oo JUantntef! that any topic: \eamoo 
Ui undarotood. MOroQver, these armngcmone.. promote under. 
ltandin ... (S) Stud~nl.l may lum <>n lheit own ..:coun~. adopting 
an .UtonOmoully geneBIed learn lna: Itnleg)'. Alternatively , lheit 
learn;", may"" lJUided by a ueaching lIBleg)' Impo&ed by an Ln· 
Itnoctor or . meo;hanUim. (4) In eilher cue" .tudent hu certain 
natural learninl/ olrlt.<jj"ies. TheR may be ulll"tl or may be dom!· 
fl21ed by a l.eachintl Illategy. The fl2turalleaml"ll: l uateg\H ""Ion, 
to ",utwlily e",dulive ew- named holial and RriallIt, IS do 
.....,hin, I~ (to) If . teao;hinilllra\.eCY and a ~arninl 1U'al­
"IY .... mJ.",atchfil (belonlt:in~ t.o c",chuive cla56el), leamina 11>11 
relenUon .,.., impaired; undcnu.ndlng ,. difficult to achieve, o r ..... en 
unachiovable. (6) Convene)y, I "'Ikhed lituation cnhanc ... It!lrnillll 
and reten""n. 

The ..... in ronclulions are IUm marioed in Tlbl<! 3.1. 1'be d iffer­
M<:eI betw,""n mlkhOO and m..,.,atched learning, re"""ted in 
thcIe 1Cl_ rlj(U rCI, .... more poiilnantly exhibited by lpeclf lc dil. 
f .. reneal in the \.utori,., dialogue, the form o f ex planations and 
derinUons. 

Th. chapter II eoncemed with """",nt Ilndinp, and It Is u· 
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pedlent to Jtart the d ilcussion from. Ieso ~ and theoret.­
ically comm;Ued point of rlI! ... The COIfIiti .... p rooeu which 10ft 
on In • con_lion h .. certain uncon1en liolU characlnislial; 
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TA8LI: ' . 1 (oon<l~_) 

Num .... ....... .. T_ an . 
IoIoI<~od • 61.0 U 

loU.,.,.W..d • ~1.$ ••• 
Any 1l .... NWwIj~1 " N.' ••• Ct>oo ..... ,~ 

our_eo ........... ,. M ....... d>o<I ~ . .. 0.1101 '" p; .. ilr ....... Con· 
_iDood ,. _ o6pIlkam ., 0.001 ,. p; Ibperimeft\ _ CASTE .. 
_ ..... _'- ( 10 pari r ...... , ..... d _ t, 1911.) 

nearly aU ~hcort!tk:al form ... latiOIll poin~ them ou \, Ullng dlfferenl 
l.6m;no!OIlY. Thf! ch .... cklrlitl.::a of ;rnmcd iat.o. conoom are em­
IHddlng (a neologi,m) and Ilyle. 

l. f.MlEDDING AND fiXITY 

F.mbMkling if an o mnlbul name for the conletvllti¥e up<!CU or 
OOfInllion. Nol only coroceptl that au o Hicially learned, b..~ peri. 
phenJ and P'*ibly extnneow C01\I:1'>ptl become entn!f1ched in • 
ItudeM 's ... pertoire d .... 1.0 ubiqu\tow traPPinllLl\d entrainment 
phenomena. Amo",st. the peripheral conCO!PU that become ....... 
t.rendted is the Itylo! o r leamlnl .bout the officially relevant co,.. 
cepk Rettarding th.,., "official" componenu u the "(lime." in a 
ply~hol<>&ical tell, Ilyi. is the "around" agailUl~ wh ich the " figure, " 
"'" d;'played. 

For Piagel (1921 to 1968) and t>illcl!ool, (or ""ampkr. tha em· 
beddi.ng operaUQnI are the pnoml t y",", o f KCOmmoda\.ion and 
aMlmlliltJon a.obw~ by tId.pUve tmn&form.uon and modulau.:! 
by IfO'Ip d~lopment. d~/Qp and the like. For Ban.lett (1932) 
_bedding ;. the col\lCtYf.llon and lnnriarloe of .chernata. 'brlo .. 
(1959). at. quite .. dlfieren t 1e~I, inYOkeo rned1l1lilml fflt.ted \.0 
Ie.lmlni lilt; HelJon (1964) an ..Japl.ll.tion lnei; and the Informa­
t.Ion·proeeosinJ ~ycholotilta an irrev..mbll! compo""nt - for 
example, t.mru.tn from Ihort-t&m to long.l.enn ItOrsP (Atki"""n 
."d Shiffrin 1967) or d istributed retentio n (Simon alld Feigen. 
baum 1964). Our 0 .. " theory predict.. embeddlni .. a co nse­
qumc:a of HecuUntl the plocedures (or compiled pl'08J'I.IlIl) ~ 



~:" , '~ .• ~on o( othen d if_ 
the fonn of wordinl em-

It happe .... that exclusion principle. can be formulated 10 that 
..... clau of co_pll 10 Inc:ompaLlble .. ith f.IlOlher ea.. o f OOn­
cept.. It INIt in the lenlol! Lb.t memben ofth<!M d_ cannot be 
conjo}Lnlly uaimil.t.ed Into • cognitiYe reper1.olnl, !.hen it ill poe.­
lible U) ItH~hcn embedding, and to opelt of tlx lty . Apln, all 
the theoriN do 10. Perhapo the molt iii""""] eltpl'Hlion for in­
compatlblllty ia Inl~'r~'ence. as lhia Urm ill "SlId by tIM! edecUc 
informaUon-procl!l&inl psycboJogi .... notably, Broadbent (1963, 
1971), Entw!lU. (1976), and Welford (1968). Comblnln, Inter. 
lU1!nce wJth ambeddinl lead& to the pn!diction or fixed ltate., 
either deep fOOled conoeptl or deep rooted hlbiu of -.-chinB [Dr 
I.IIlnleJratina eoneept. Ftm"ll ...... (1966) "Cocnilin Dluonanee" 
It. opec:iI.I case of tlxity o ...... ed In ouch c:onto" .. tdherenee to 
ooc:W bellef, (Ole onpw .t.udy) o r hypotheHl leadini to • decj. 

sion, t .... Hample, to pW"<:hue • product. "ColP'iu.. DiIlOnanOl!" 
.. I opecil"oc mechanism tor rlXinK o:oneepla. Un .... r u.e.. cln:um­
tUnc:ea, whoeftr exhibit& the fixit y will reject. or pel'VerI. to ~_ 
fll'mJlti'le form eridlOflce dmyilllw attftpt.ed be lief o r hypothl!lliL 
In the preMnt !.heary, "cognitive rait)' '' 10 employed U • non. 
oommlual fWnI! for the ",.wI of ~ that may be Iden tical 
.. ith Fenlr~r'f "diuonance" or which depend ... pon more RenenJ 
interference effect.. "I"M ph~nom""on of fixity II 110 weli and 
widely ..... idcnc:ed tt.-l it <:<l unu ... a baak fact of cOIllltIYe plY. 
cholol)'. 

We ",tum to the qUi!ltion of f"wt)' very lOOn, but before we do, 
IIOme ""clUllon principle. wlll be IIJpulat.cd. 

t.ITYI.! 0,. UARNING 

Style ill !.he ot.her IIIL6ent ~ic at colJllltlon. Since the 
prev;oUl monopapb ... 'llTiU~n. ~ I'fNlMlt uudiea "fOUch for 
the realily o f diftinct and ldiOlynCl'iltic learnm, nyls. 

For Hample, t.hen • a body o f ...,. .. due to Daniel (1976). 
Dirkr. .... (1974), aelahuiun (1974). and their coUO!aIJUea o n 
aryle In logical problemlOlving; by Kfu< (1973) on concept acqWsl­
lion; by Strubb and Loni!t (1974 ) on decillion rtyle; by Hanlr.1na 
(1974) on ftylel uhibil.ed by ""lIineerillll dwicn student&. Abo, 



.. 
Land ... (1971) major work on logic: and langua,ge Ie ..... ina: hal 19-
peued ill an EI18I11h tranI!&Uoa, edited by Kopttein , and apart 
from demollllntinl the valUI of coneepl.l that d f!!inuole !'\lie$, the 
protocol dat.a cindy exhIbit dliUnet (and of len in~rect.ive) in-
diCo:noUi Ityleo. Mulllna; over \.he lut te ......... o f ItlIlnu:liona/ 
SCOW""' •• beln one flNI of the p.pe,. .... d evoted t.o t.hifI I.Opie. 
for uampLe, Brett (1 9 74) Or Allen (1974); and about halI of the 
Strucluro/ Wa""iIII1'I0««I/rtzi (Sc:and ..... Ed. 1974 ), 

Sario .... quantification of Ityle II preAjJed and to IOmII ""tent 
anticlpllL'd in Na weU and Simon'. (l972) lICCOunt o f thinkil1ll. But 
the nolJon ot nyle (In eontIUI. to 11.1 ell'lpirieal H..blbltlon) I""" 
bIo:i t.o antiquIty ; _. tor u ample, V,teo (1966) scholarly..,.. 
count o f \.he rDC!morial and combinatory . )'.",. employftl by the 
andenu, h)' the mediH¥al r .... 1.oric: IIChooIl, and aLb_ Mo..........-, 
diUerenceo in style are reliably det.edable out.aide t.he Laboratory, 
filM. d tamaUealty perh .... in the way people uplore, learn abou t. 
and imIce their enviro'"Dent ( Lynch 1960; OlanYille 1975). 'rmn 
illitt.le need 10 labour an OtMoul point; Ityle II One of the com­
monest p"ycho loglal oblervablet ; It h ... 10"". ~ l'ft:OgIliRd by 
tutors, priH&a and Kton; it II nowaday •• retpe<:table topic for 
"""rt di..:Wlllion. 

Tbe convHM.llonai litultionl we employ reveal quite detinite 
Leunlna: nyle., _era! of whic:h were d~bed in the p1'e'lio ... 
monograph. There, we mainly ,tntMd two Jty lel which are ex· 
hlblted in a I trict co nvenool.ion .. clauet of leunlOi , tntegy, OOlilt 
and ~11"'. Shortly, it will be appropriate to =all and butu .... 
!.he b"U.~/letl.Ji'" dllt.lncUon. but before doinlllO, It iI worth can· 
oiderinK !he nylel m.nlfeat under Ie .. ri«idly controlled condi· 
tIon., In conve,..tioru mllnt.ained by "Fne Learninll" and "Teach· 
back" for eu.mpl. (Chapter 1 and the plllvioul mono,,",ph). 

2.1 . Co ... pre"'f,".I0 ~ UarnIf16 ,,"d O,u",lio" Learn I". 

When a complex IUbJec:t mltl.-r io Jeomed by I Iwdent (for 
uuople, atatittic:a. the mtnllzual ",cle, varia ... t.I.l<onomiK) and. 
when paino .,.. taken to uterioriH hio mental activitieo, It io pol­

smle to diotin&ulth betWl'en eompl'1!heruion learnin. and operation 
Ieaminc .. d ominant IearnJ.nK ItylH. n.e d lltincUon io clean:u t 00.1 
DOt diehotomow. The nylK are .. foUO .... 

Compfthenoion leamns p ick up Ul o~ plctUl'1! of the 1Ub­
jed mltter; far ""unple. in I tuooomy the number of cJ.o.eo, the 



" type and nllmber of llema in • c .... redundandft in the taxono mic 
sclw!m.e, rebtione between the diatinllUlshed etaue., I clear piclun! 
of w""'" in form.tion . boutlleml can be d~red. TheM leunen 
mayor (t.lgnItM:anUy) ngy nol be able to perform the ope .. l.10"" 
Rquin'd 10 11M! lhe IUbject ... Iller in form.LIon (lI«l', to da.ily 
SpecimeN). or~ enough, comprehemion of • layou t o r tnm ... 
wo.k ujatll in the l~ctI of ruleo or opentional meanlni and per_ 
hapt in IfnoranCfl o f details tI,.1 han r.o be filled In It the taJ:on. 
OIl\Y (or whatever) " to be URd in p...,t1~. 

Convenel)', operation IPamen pick up rulea, method. and de­
\.au, but ue "fwn unaware of how they fit together, lUll leu of 
why Ih~ do tit I.o8<!ther. Typically, ope ... tJon lumen haye &1 
mOil. Ipane mental picture of the ... aten..!. Tht!ir rt<:&ll of the 
wq !.hey oriilnally leamM (i....,far .. !hey leamed .t all) II 
IUlded by arbitrary numbmn,g .<:I'''IDI'I or ucidftlt.al leature.o o f 
the WlGrial information lnmes. 

2.1.1. N~1tI PuIpOM Expniment. 
A .me. o( I!O<peOmenla (c:aIled lhe " multi plIl'pOtfI" exper!. 

m""lf; for ref.,...nce) were carried 0111 to invllltlpu: (II Mean. o f 
delVmininl style and tbm ",liability, (bl the effect. o f Malrinl or 
not IIeCUIini WldentaDiflnl of each topic (by ""mpatin, dlectIw! 
teIIchback orith ai muto.led "iTM!ff""ti~" teachb.ck, Ie) the ItabiUty 
of. RylHlet.ennlned learolna Itnl.tegy over diffe:l'ent IUbJect mit­
ten, and (d) the lnfluence of I mltchtd .. "",inlt I mlamltched 
mode of tuition (Ie,chilli Itnl.tegieo t ither mat(:1\ed t.o. otudent Or 
m4mlt(:l\td III'lI buUt Int.o programmed illlt.rucUon mlterlall). The 
IUbject m.tten uled for Inrnin, and fOlltyle uslinment .. ere the 
two tuo nomlo& (GandJemuU~ and Clobblt) of thl IIllier l tudiel. 
(Pm Ind Soou 1972), t .. o biolotPc.allUbject. ''Thl Operon" and 
o.on.. Mmurual C)rde". and an inductive inference tNlt. 

The nperimenl&l de.ign w shown in Fic. 3.1. The 62 ltU(J.,n~ 
were lTom Kinpt.on and Chitwick Polyted1nics. Two batchell wee 
pIC _d. Batl:h 1 (32 l tuden bl) .... '""~ WI the "CIobbit" 
_onomy ~ Ieam1o& tuIi: and each ItUdent .... dulled .. I 
holilt d . .. rialilt. At Ippro:oimately two .. eek Inten<alo. ",bjecto 
returned tint for upo.ure to the " Gandlllmullef" t.u.onomy taU 
Iq I matched or rnlomltched condition, and eecond , tOt ex~ 
to the operon cyclll .... k Iq • matched o r milmltched condition. 
Thty returned later fo r . nno.lle5llon of ... tendon ~to and teICh. 
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Stud .. nll given Ineltedive t.e&cbback on C1obbit.l were ,iv\!n ef_ 
fective ~back on Oar>dJemu l~ and ineffedive teachback on 
the o peron cycle. StlKlenb ginn dfectiw! tnclIback on CIobbil.l 
wen Ii'Hn ineffe<:l.ive t.e&chback on Gandlemulte ... and effective 
!eadlt.c.k on \.he operon cycle. At each otage, halt the .tuden'" U­

lignllll to effective ((oachback hid been clualtied .... holllU, and of 
thOM. t>alt were In the matched coflliitioo. Reten t"'n t.eIU Were 
pen and tachback prot.oc:ok elk:i&.ed for all will; completed on 
arlioer _Iona, uch time. ltudent returned tot" fur!.he. If!IIio .... 

Batdl 2 (30oubjecU) .... tuI~ limiwly. but tor them the fr .... 
learning loUk .... the melll;trul! cycle and the two programmed 
lui tulg were the opftOn cycle and probabililltic Inferenot. The 
mfthaniRd Rftion o f the "",n,tnuol cycle taP: .... introduced 
into !.he desIcn durinl the ",teo" part o f the pro;ed; 18 ot !.he 
Bateh 2 ltud..,r.. were d,...ified .. holiot or .erialiA on the buiA of 
their performance On the mechan!Md wk. 

2.t .2. NQ {n Ra..II. 
l'redlded style aalgnment ill bued on the Ind;"'" of hblc 3.2. 

The mOll. ttliable quad objectlve method o r aa;".ment depend. 
upon the intentioN W t mOOnu exp......ed (by edict) when .0-
""alnjr dal.l item. tlurlllil free Ielltninll (the Intention c8tcj1orlel of 
Chapter 1). An Indepen(\tntdetennination II potIiblc by meanlof 
ronfidence tstimaUli Over ~ a1temativel to qutd.io"" about 
i\.tlDllylnj: ahead of u.c- CUfn'nlly ad<IroDed (fibl .. 3.2) . A more 
modUy quantif'w! U.OUilh '- dlsc:rimin.tin. prediction II ob­
tainable from tht ml'<: hlnlcaUy mo nitored free Icarninjl' .Itllation 
de.cribtd in Chapter 1. Two lndic:el. IhoWII In Table 3.3, lie the 
~umcy ot rnpetlt ioul uplontlo"" III!d the ""tent to which im­
medlale ttadlbKk order ...,.,..,itolateo the onIer in wh;"h ileml ..... 
add..-d durine frft \elltninll. 

Rettolpective Iletenninationl o f I tyle were carried out afLer 
INrning in theM ph_ o f tht delifln d evoted to \.tach back Ind re­
call under in tcnoptlon. II 1I .. 1n pouible to elaairy the uudenta 
» comprehension lelm,," or o peno.t.ion ....... noen by tbe rontent 
..wylil DC teachback pml.oeolt (Tsble 3.3); for uample, by ..... 
""rtainins the e><tent to which the ItOOen1l do o. do not h~ve a 
pictUN of how t hey learned the IUbject, the topk1. U>ey I'e"arded 
II' p;"ol.a'and whether or not ordered Mgmenl.a uf learning becanle 
hairmented UPUD neall. In Ihia particular dUdy the rell'Dlpective 
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" 
indleel ~ inlIuenc«l by ........ tion In the t.eKh_k oondiUons 
intefp<lJAtM durini earl ier p~ (eil.her K"ffecliYe teadlbackH 

.... 

IlIl " lMffK:tiYe tuehbaek" which plallli.bly Imllal.et the renulM 
tea<:hback conditio ... but ellelu. indi ..... of c:orre.:t re.;porue that 
are not tied to liylnr lUl c.o:plMatlon, i.e., 00 explanation i.o "n­
COllrq;ed or obtained. 

Various tesu (~mbedded rz,ure., logical word.problem lOwing, 
.....z.ocy-completion) were admlninered to the Mme dudenu In an 
attempt to discrimlnat.e Ayl ... Mod~t and mllrJhWly a!(nlrlCUlt 
""mowlia ... "",is!. (Table 3.4). 

2.2. The Spy Rln6l1y/Ory Tnl 

St)lie ~ he pr-edicted quite reliably ... funt:t.lon o! pedor· 
mll1>C<l In conversationally adminillerod tau (the Clobbiu. IlIld 
Ganc.llemull",," Lell of the prcvloUI monograph ~ome into thil 
catej[ory). One tdt which h .. proved extzemQly Infonnative iI 
called the KSpy Ring Hll wry" test. It "- been tdmlnllt.ered. to 
roth and 6th fDl'Tnl'n It Henley C ....... m .. School (6r.), ltudenu at 
the An:hil.ectuml AuociItlon Sc:hool of An:hl1ecwre (40), and at 
¥Irious colle&l':I and Polyl.echnic:& (M) or more). 

Tb. Spy Rinr HiItoT)' test permlu a IWd~t to learn • fairly 
c:omplvt rubject mltter by I)'OOpt.i<: "",1JKXb, pertic:uJAle ""'Ih-
00., Of bolh, and the perfo~ indices pick up the ut.ent to 
which he has mid, 11M o f a Jynoptic or pr.rtlcul~te Ipproach. 
(Either approach II uaeful and hu It. merit. ; full ICOrlng iI mOIl. 
euUy achieved If • nudent hu excn:i.oed .nd relicc.l upon both 
methoW, though It 1.11 poJaible to &I .... correct repllH on aU of Ihe 
tnt. quHtionl by Idopt !nc onl)' One method.) 

The lest II hued upon paired _iat.e IWa which indir.eclly 
lpecify a ""mmunlc:ltion netwOlk linking oplea, who (euliH ver· 
alDnl are identified by IlIphabetic: chancten or ("'Ie, """';"nl 
memorable cod. nIIlneI("AbelHand " SoriI" and 10 on). o.tenm>!y 
IlJt.-Ieamin, lulu ot U11a type were "",plo~ by Hayn (1965) and 
bter by Michon (1966). TM lerialJy p..-..ted liI~ actually opecl· 
fIeI • IIIph which elUl be recaUed quite ~ly.nd which could be 
apprehended at a Il.nee If It w .. (iJuteadl dlaplayed u a vi ... al 
_ e. Some typical lilt. IlIld neWlorQ are c:oU...:ted loIeU>er in 
r!8. 8.2. Th.e student. IIlI told that the list. d~t.onni"" pIIthw.ya of 
communication between melO~ ot. opy rinl durintr the lut 
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fll. 3 .2. Uo" .IId .... pl .. r.,.. T"too lIi,lorIc,1 ~_Ioo In "'" Spy IIlnl 1II.lory 
Io5t 10. CompoLotn .. ,nd !ityll. Th. 110 .. . .. p._n'od "" "IH'. Th. n, lwOI"k 
,.. ph ~ no' , how .. 10 1M .I~d ... ,. 

otrrwry and the deveiopmen( of the rinll iI &I.IIlpled at yean 11180, 
1885, 1890, 1895.1900 (one network to each period In h istory). 
The networu all rontaln the same spiel (in th{! ume ral ... 0 . pooi. 
tiona) and anllUrthe. dl!lCribed by a ~"( ... nU;.,." predicate,-en' 
inc each .py poAt lon to a "country" ( lturil.ania, Diony .... Olytn_ 
pia, .. Im-alnuy EIll"OfI"UI Sara). The oevenoI IP)' network 
p1IpIu; form. paph-produCt o. "Cartoon" (Winner 1913). Paren­
tbetically. tIM .... them.u.::..1 pl Ope> lin o r Cartoon. have been in· 
veul@:' t.ed by Win"" •. Fo. ,""am ple, ootne Cartoo ... ani periodic (00 
that th4t tno.phillm whidl "',",-In """" mph to tho nUt In an In· 
dued tequenc:t! Iud, to ..,petition o r the arne 1II"fop/l alter 00 
many eyelet of it..ration ): lOlOe Cartoon. are aperiodic. The five 
pplls In tile Spy Rlnll liilto.y ten bc!lonll to a CllI1.oon wlllch bit­
comet perlodlc after slJ; repel it;olU (Fill. 3.3). Til" property, 
til""", convenient in deoign inS t he q u...r;lon fonnlt of the Int, io 
not_ntbl. 

A slUdent " required to learn, and lalm" to upJ.jn. varioUl 
fNt""" of the apy sylt..m hillDry. "!'he Input he ~etI iI in tIM 
form of ~ u.ocia\.e liola, e.ch lpecifylnr one period 'llP)' rinc 
contiguration (fo. 1880. 1885, 1890; 1895, 1900). etroeh lilt qu.a 
lin, bein. leuned to I cri~n of flultl_ repet.iLion. bd,,", Ihe 
",""t " p_ted, 

After k uninll. Mu<ientl ~ questioned in VorioUi .... yl. The o b­
jec:t o r the Interrogallon II to elir:it complele Intormatlon obout 
tho entinr hlltory lncludlncthe minur.ae o r ClOth en or e poc:b (d ... 
lIIlr of tIM queou ..... and ..,pliel ani given In Puk, Scolt, el &1. 
(Tech . Rep . 1974), Student. C:I.Il ... klom provide III tile Inform. 
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Fie. 3 .1. Tho Ii. ovaph <yelle cortoo~ .ftd .... n... ,,"pho thot. ", pl'H<nL<d 
I", HlW>rit, l Epaclu 11180. 1886, 1890, 189 ~. 1900. Tho .. quon .. 10 eotn . 
pIo~ by "l 90~".t whkil po;n\ tho ",OC_ .. 'OU,," ,,, 188 ~. 

tion required, bu~ typically iive whal they can in one of two pat­
tern •. Some students. clalioified as comprehen";on learn .. ", and 
potential holiltl. can answer broad question. like, "Wh.at went 
WlO"ll with the spy Iy.tern around 1885?" or even predictive 
questions relyinG for cogency upon the cyclic chanc ter of the Ii>: 
graph Cartoon from which the five graph Cartoon uaed b the test 
10 exlll1<:ted. For example, " Do yo u thiIlk 1ll.1 oullltanding cventl 
are likely to be repeated in 1906; if 110, why?" Other &tudent .. 
cl .... ified all operation learnen IlI1d potential i erialilta, [new upon 
tho Individual lI..tworlu or even the paired usociate lists. For 
eXllmple, "How could Abel communiCllIA! with Boria in 1890; by 
how many paths, what am they?" or even "Draw t he spy network 
of 1890". It ohould be emphasised that o.lIlrud~ntl are required , If 
possible , to answer each kind of q Ue!ltion ... well 81 intermediary 
enquiriel like , "Dra .. the boundarieo Dr Dionysia, Olympia and 
Rurit.ania on • map", and "Say which Dr the agenu b<-ioRg to each 
country". The point ia that comprehenllion Io....,.""n will, ir .... """ ... 
fui in thil pursuit, work out the paniculan by inrerenc~ within the 
framework Dr global pmperr.iet, whe ...... operation learnen, again 
If lu cceodul , work out the anSweR to global que.tion. by piecing 
Logether tbeit local knowledge of pmkulan. Th ..... tendenci.,. Me 

le U-bly eIhiblu,d providing t .... overlll score 11 high enough to 

, 



" 
ptO'fide • dllcrlmin.lUon. If method of learning and OUCcea an 
both lal<en inl.O KDCIunt, the k'Orinll c:at.qoriel &AI .. follows. 

(.) ()perIUon Ltamer, Suoc:asfu1(in deririnc rJobai propertiel). 
(b) Opcn.lion Le&rner, UraucceAl'ul (In derivinc global proP" 
erties) . 
Ie) Comprehendon Learn."., Succ:eo.ful (in derivrn, loca.l prop­
m.iIls) . 
(d) Comp"'henAon Leunn, UnliUCCftdul (in deriving local 
properties). 
(el Both nyle. used IIlccellf"lly , called Venatlle. 
(r) Both Uy leo and untllcceufu] performance, or equlllly. neither 
Ilyle (that ill, 1011' overall ICOn! on t he I.esl. ... result ofwltich 
no dilaimilUltion ill ~ibla). 

c..rwn C!lIalif",atiolll and atn.poItUOIIIIIII! in OnlM. 
Fint, the WIt II "officially" bialHd by the requlnlm~ t of fu lly 

le ..... inl the oricintJ IiII.I t.o favoW" ..-.I1 or parlic:ulan !!\len by the 
c:omp ... nsIon Iumer. I'rob.bly due to gr.... intaference be­
tw~ the IifU (which oeeun if ..... dent faila to -'mllate them 
.. lhe network graphs: of hlatorical epochl). the "o,tIdal~ biM II 
no t, in racl, ohl.ruliW!. 

NUl, al!llou&h the tat II effective when pcqotulUy (and con· 
YeraLionaUy) IIdminlatered , it IwI not ~ P<*ible to UIII It 
SU«>eatuUy In ItIQ.I adminittnlion. St.udenl.l tretoted in wariotIf; 
WIly ......... I't'cipiellti do not ~"hiah enough ave"," IlXlre. 
It lhey learn a' aU, intvference doml ... ~ ,heir feQ.\l 

I'lnllLy, It II "llt.rcmely 1mp<> rt.M~ to presoml a fairly riell Ie­
man~ic interpretation ot the 1I}'llW:tic or fonna] .t.rue~ If the 
rnphl &no baldly in~ted _ communication m!hvoru and U!e 
prftiIcalel _ c:ou.nlr)' boundarieo, .. CCfSd'u1 w mpn!hmlion 
lnrnen clothe the IlnIeture in further (redundant) propertieo o r 
tlleir own Invfl1tion (0 Rllmbit pl'1lY\011l1y obsel'V1ld .",ongst re­
dundant 1I01latl) and .... the impoled dftCl'ipUon lCheme .... 
meano tor ......... ;"11 the n~ o;b,t.a.. ThOUCh we cannot pn!'IeII\ 

lovenlion, and do not .. ish to do 10, it 10 easier to qlllLntify and 
dllcuA ",hat l/OIII o n if the Invention 10 tied to. kIlO"", rich and 
redundant _n~ which ill npen to ~tiny (anecdotes abou t 
the t pie .. pi,tunlll char.~\.erilinK !.he countrl"", and 10 on). We 
notftl • tlmllu requln!men\ in the c:ont.u.\ o r meo:hanka.l oper­
.tine sysl.e ..... ; It ;. ,_ pry to e....ue by aim n1idation that • 
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. t.ud<!nl alv/!lI meaning t.o h lt aim top":. ~hat he doe. not merely 
..,1"", an .. ninterpreted nodu In the entailment IItrllcture bole ...... 
of il.lindu n umber o r poIiUon. 

One or lhe reaso ... wby rich interpretation it crucially impor­
tant _~ 'ftU)' mud! in retm<pec:l and it d~ more fuDy 
in U,e lO!<juel. At the leal! provocation, I.uQ like Spy Rinlilliitory 
..... ""nllnl~ u "academic", "" jUl t another mental te.t or 
examinaUon. Th" material ~ .., COJlltNl.'d durlnll mau ildminiltra­
r.ion, and Ihe con.t.n.o lnlilt r>Ot a1to!1e t.he. perven<!. Howne., the 
IHUlt II cripp ling tor It teems u..t inAltutiono., the lIenenl lUllur" 
ol C\IfrialIa, and .... bjeet mauer presentation biu many ltudenlll in 
their approach to U>e talk concerned. They reel impelled t.o !lat 
leaminll eerlally/operatlonaUy . To do 10 it • prerequilite far 
IUCCUI: It Is part or tile taak Jpeelficotlon IrId reKWdlHl of t"" ir 
aplitudo In the mattcr, they do la<:kk! the u.k ..,nany. 

Tha be lief hao a !up ~ o f truth In 11 10 far .. e:uminatlolll 
an! conC>tm ed, thoujp;h no doubt the ~"'" of I'1!IJUi<:tion iI our 
1&n!IMd, but obriowly, the ezw.erw;e of U,,: ..,rial/ope .... donal hia. 
det .... u the .U"mpt to dlloovcr which Ityle I student Illlen able "'_. 

If thete pr..aution. are taken, the Spy Ring Hiltory tel~ II g 
creditable prtd ictor of 1~)'Ie. Althouih \.he IeIl .... dl!Veloped and 
piloted durinr the mu ll! ""~ otudy, it .... oniow.Iy m.ployed 
in later uperim""'''' Io ..... "'inl the ope:tlt i,. ~ INTUITION 
(Cbl.pter 1 ) and ... Judctd by the IUbtequently oboerved learning 
II.tll.eflio-t. the comprehension learn .... a ppear (in the opctltlng ayf­
tem) at holittl and th~ operation It.'BIn~tI .. lerioJit .... The data. IlI"fI 
&ho .. n in T.ble 3.5 (notice, Ih...., . tudentl are drawn tram a dlrr.,... 
ent poput.tlon; the IIWden ... In Table. 3.2 to 3.4 hne no COnnec­
tion .,..jth w- o r Table 8.6. 

How a nd what do the IUcctlllful l tudentlleam? 
It .. llIiUed that eomp..,helllion ieAminll must involve ... lid 

an&IoCY relations· and thlt opetlllon levninl mil)' do .. (recall 

• ~ """!au It.Iotloa" 10 -.I wltlt __ Ih ... ......, ""\U ... d ....... ~ . 
""',..~ I>oh . ... ;n~rpreU<l 'Qplc ,..I.,io.,.. '!'he IImpl .. , m<)'p~"'" 10 . 
""" 10 <>nO el>nup<>nd" ........ Ioom<><phlom. 
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1M«"'lh.etk:ally the corn!a.lio .. of Table 3.41. Further, .. "cesdul 
IeflftlnJ it an admu<Wl'e Of COII>pn!Mnlion and opontion learninl 
In wh ich 0"" style or Ule oUler ~ be pnodomlnanL 

Whore ue \.he ill\aIOI!.1n the Spy Ring History I.ftt? 
The diffcnmt IPY rIni networl<J (fOt 1880, 1885, 1890, 1895, 

19001 are held Wjjethur by an .nalogy between the "graplu", each 
ooruid~red .. Ilrl Interproted tOI1l\a1 relation. Moreover, there i •• 
very ~ Ie<\H In .. h.lch Ule entil'e cartoon mult rcprl:M'nt an 
anaIoo. Without pre./lldlelnl thll point , time ""' o ther oplional 
an_loci": tOJ" e.ample, the "counu;.e." me)' be ~ed .. analo-
110110 and .., rney .. bt!l'fIplw of • liven 1P'8Ph. Any ~l IW, 

dent "'..... levu, and learn 1.0 tile, cute.io anaIoIY rea.tioru: .... 
may, .. e .... tter ot molo!, leun othen. The IUcceutul CO"'pr1e­
hendon leafIM!r plecel. greet deal of reliance upon tneIope.; the 
IIICtt"rul oper;Itlon l&.amer mUI!I lea ule of anllosiul lnteren~ 
and integnotion. A yo .... ttle Itudent dOCl all of thla. 

Tum no.... to the leN .. """oaful Ieamen and conJid.. their 
defio;:im"""" which ""' JUmmed up by comperiton with Y6UtUe 
behaviour in Tahle 3.6. 

On ~t.inc the recordl and rtudent rtpliel 1.0 deeper inte."· 
roption, ~ appea:l 1.0 be .. OONUtcnt Innd. The c:omprehen-­
lion lewnen who tall 1.0 m.ke the gnde (but hive I h!&h enou.&h 

TAI:lL£ '.S 

Hololi<>n or Oponolion lAomln. ond Compr"""noion lA,mln •• 0 t ho Com· 
_nly 0_.--1 Potbolof\oo ;OIobw-o'U"I &nod tm pr..-.ld.., .. 

Com .. "h. ...... Iean\i ... --
Va /'10 

,-
Oloi>ell'Ottilt, 

V .... ' I .. atud." ... oIoowl ....... 111>0. I"'bulon ..... ",,_rul .. <omp"',",'" 
.I<I~ 10 ......... nd opelOtion '"'n .... AIU", • • h ,1>0 ~.r"I0 . .. <10,,,,,,,, . "'" 
dkho'oml .. In Ihio .. lM.,. ,"_nl .. oom!.....,..." '" "bl_"; I ... onmp", 
.... .olIu .... OIudon" do no' look all "'""'p .. h."""nlo .... . lioft 1"'01 .. "'pool'y. 
bul o .. ""IIo~ or oltbeo __ ...... ;"10 d;(fkulll ... 
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OYt:rall 1IOOn! to m6i~ comment upon !heir performance) \lie !.be 
~Iy dftCl'i~ w m"""",,'" 0 1 an anaiocY and prove unable to 
paop W uanctH an underlying principle. The 1886 epoch. "Ilke" 
lb" 1895 epoch boa ..... of IIOJ:M YafIWIly puoei~ llimilarity or "* '-.ute they are • decade apart. Th. OItudmt (alii to .,., Or 
appreciate !.he ~ulne oimilarity of procell wllich II common to 
Ihe dlf{t",nt ~riQdI /" hJ.lmiml d~~/opmenl. Fo r the dll1ef'em,. 
component ot the anaI"KY relat.ion it would be po .. Eble to Illb­
.tJtute all mlnM'. of given or inv",,\.e(j dirtinctiollt. But there Is, in 
thil caae, only Dnl! ,enuine limilarity (in general, there lin! m""y 
legitimate .lmHarit,", but the claM boundar;" are . Uictly drawn), 
To ph..a the matter 00 that it tit. the idiom employed In the_t 
of the &/'IUment, It mJ.y boo said tn.t unsu~tw compreberul.on 
leunen are able to delcribe • COpi<:: <elation and thereby to den .... 
118 deocriptlon trom otl....., but they tail becal1Je they are unable 
to compktte the derivation and build • concept. AI • 1ftO.lIt, they 
are .... ulWllo to upIU. 'll'hau-r it dacrilNld . They eompnhend 
only in Ole _ 01 maIdna: dacrip tion&. They do not allgDllMlt 
their eomprehemjon by the o ...... tion. needed 10 form • conoept. 

..,. .... 111-,,,1 OpenIlion Iftornen lIIIow ..... of., COnW!l'110 
difficulty. AI • ",Ie they are quite abl" In explain an)'thinll they 
know, "lin, pvUall:ClDplementlition C"u,_;.. rnlaln,g link" Or 

"lhll lIpy mo.l" comrDo.Inieate with thlt oUten bect.1.1III I mow thlt 
network;' MIl' conntlC1.ed Ind the pa1U I can ncall ... dll_ 
.ioint"). Their l\.umblinll blocl< II inability to de&eribe anaIOIIcal 
reLotio,," between dlltlnct entitiea, and it II u.ually mantlest In an 
attempt to learn and reca.llthe IPY net .. nrk of each epoch u. d. 
tinct 81"1Ph. It II virto.laJly impotlible to lHm IJId . tore ttve IepU"ate 

lIpy neLworki wlLhoo.lt deJtroctive interference, and the problem 
II partic\llarly acute if the rtudenL .tto!mpt. to regard lh~ pIeoo_ 
Inu!, u1Umll.ely, In tenDo o f the original pItlred ueoc:iate IiIU u.n­
modified by Any lu.rther structure_ II 100 ..... LbOUflh the student. 
In quflll.lon ..... -'ept.t ~Pt buildint OpenUolll but lire I!m. 
bItnuMd by inability to comprehend de&eriptlona.. 

Now the dift1culUeo "'perienced by I1nI\lcceuful compre'->­
lion Ieameq and operation leamen puody two pootholodn of 
leltmu., whkh are qutte "",...aU), recoenloed. I IhaIl call thae 
patholociea GlokffOfli711 and Impf"OOidence. 

In Ito most pronounced and l"'f'UcioUl form OlobetlOttlnr IeadI 
to chalru or tl\!toJocoUI constructiOllllUch II "a elty ;1 Ii'" an ant 
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IIW if like "beehive and lha~ in I.Um _like .. c:i~y". UnfortulUltely. 
the otudM~ iI fmquenl.ly unable to ""plain (and hal nO concep~ 
for) eiLher • city or • beehlv. or an anlhill: m oreover. ilr'H'n It Ite 
dOH have. g .... p on one of th .. coocepr.. d U!<! , It, cannot ny how 
ant till\I and beeblva ...... Ilmlt.r, 10 that h~ cannot validly deri-.e 
the form of the remslnlnll relation" 

Su.ch va.cuow construetlol1l IU'e Kenen.Uy and . lahUy frowned 
upon. But it is impon.ent to realiIe that analoJical reuonln& iI not 
In IlIetr improper; on !.he eontnry, it II _nl i&! to effec:tiw 
IearuJna. Moreover, prov\doed lhI.t • firm aimllarity ill rec:ognbed. 
the &nalotIkal arpment can proceed by...,. o f many di' r .... mt de­
..:ripliom, haYin, the limll.tity in eommon but d iMlnlruw-l by 
employing ....nou. dlUemlCCl (period ill IUstory, chr.n.cW. at the 
.ola, oociaI and poUticli ItmOlphue) . Finally. It .. poIIible to 
baH an anaJOIica! derlv.t!on upon .. very t.cne dlllCriptlon In­
voking but 0...., dtuerence, Or upon" redundant dl!lCrlptlon Ln· 
volvln'lll.lony rotated d lttereneea. Both mundant and Irredundant 
dete:riptwllI are juatifiabie, thCMljlh particular lI.Odenta have .. 
pml!renOl! for one o r Ill .. other, 

I~providen ... is jun .. eountHpmducl.iH .. G lobftmt.ting and 
if; the I UU., 01 it; _ Iy. opHUion Inmlnc in lhe at-nce of 
compuhenaion leaminl- TIw pathololY is clearly phibited in con· 
neWon wil.b wbjeet ml ttfi Ulat iI ut.ificiIlly (!.bouib perluopa we­
fUlly) earved u p by t.radiUon&l demarcation I~ or eot.blli.bed 
dilcipLineo. For ""ample. it iI common pl'lodlce to divide phylio 
Into neaUy Ipecified computmento ouch WI "h ... t" lind "liflh t" and 
"eleelric:ity" and "mechanlama H and "maanctllm"; to dlvide 
~c:hol"tD' Into deputmento lllr.e " perception" and "mo!.lva tion" 
....:I "1earnIne". U would be Iwp id to reject theoe d lvlllonl; lOme 
deoc:ription ill requited u I guide around the IUbjec:t mltter and 
!heR <Itr!Dono are pn>bably more deferwclt! than moiL But the 
<!l(iotenDl of any di¥iIIio .... (uui lOme divWo"" are lurely _ tiol) 
enc:oungos 1M proflipte d~looyment of cocnilive reIOUlcell 

manileo'u l mprm-idenDl : fllilure to ..... the nlid anak>tIY rdliliolll 
Ibat "ilL SdenOl!. In particular ... replJtte wll.b valid o.naI"tD' 
l'llatlons, denoted by ... "l.Iphol'l. Their form&l.hnUaritin are Clp-

lured In ouch notion ... "Field" and "Dual" and "F,quUibrium" 
and " Coruervatlon o f Quanllty" Or leu widely applicable no lioru; 
Uk" ''ConJupte'' and " Vllency" and "Inertial Fnme". 

SUpp<IIe an improvident leuneril comine 10 pipo with . general 

• 
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physical wncepL For enmple, one eona!pt .... ezamine later 1ft 
the book ill ·'Osr:illator ~. n.e IWdel'll IeU1lll flnt about. meeh ... . 
iI;aI oteilbtor. ~ hom a Iprinr, an attaclled m.uo, a trkUonai 
~mponent and • forcinlj dilplaa!lD.enL Probl.bly at, or be.fore, 
Ihla JU"<:I.un! he Ieam.o. formal relltlon (the 2nd order ditferontlal 
equaUon jfovernin( all barmonlc oleinaton). Next It.artinll from 
lKn«:h. he pmceedl to learn about Iln electrical ....,lIIato. mad. 
from I eaplotttance, an indl.K:tanee, • rftlItlvt component, and • 
ton:inl potential variat;on. Apin, the eqUf;tion iI pointed out, and 
It .... y be noUld &hat the ...... eq\1aliol\ COVft>O the behaviour of 
lIII!Chanio;al and eklctrical oacil1aton. HoWftft, uu. l.ct, whio;:h 
.!.I.bliahes • 11rict ....... 0 be.t_een !he electrical and lhe mechani­
cal departznento, _ not used in learninl about eleclric:llI oao;:U· 
laton; oW will it be uaed in addteMln(j OIclIlaton In dlCle~t d.,.. 
putmentl.. 

An improvident learner wutel ert'ort. It ill quite unll<ll:CMaJY to 
Intn and reJe.rn the lIIIIIe formli re l.tlon in diffe.Mt univenee of 
intetpetal.lon. Not owprlolnSly, tIM I'1ICORitruction of many ottel\­
IIbl)' unrelated concept. Iiw .. riM to eonsidel'able inl.arterenc.. 
T opa in dill ........ t depHUDenli (mechanla and elec:tridty .. y ) aR 

IIftted like dispuate Iitts. Without ~ the "talid ~ 
"""ndellof:a ( ...... - induct.ance. tricc.ion :.~ • ..w 10 on) 
that relate the department&, there iI ti~Ue paoitiv .. llanl!er (u 
wre iI w!>en th .. anaiol)' iI apprecboted}, and any ~nuuler \.hal. 
I.I.lta place becomes ~tive U the OOrTelpon<ienceo an dltlorted.. 

For the8e reuonl. improvidence II culpable, tholljlh. bec:au .. of 
the twricular/academic biu noted In Section 2.2, ltudento .... I_ 
often blamed for it. We comment that an improvidOl'flt rtudent 
wllo don mlb progreu ",un be an outalan<lin&lY sood oponUon 
lamer; oth~, be wollkl proceed.t. mail'. poa!. FurthB, 1Ii1 
.. coo. dependl upon reprciina the deputmenta u r1Pi at.t&oriH. 
Without CODIpn"bo>nAon Ie&mJnc the .... 10:1 corrapond-. lbil 
iI the only 'Ql' to avcid neplhre llanl!er founded upon arbltrar]L' 
and.....alJ¥ faloe &imilarit.>e.. 

Olobf:uoUm,; and Improvidence 111! both .... n recogniaed by 
practiclnl teo.che .... and it bo probably (IIlItultoul to quanUfy en. 
dence luPportinK their ulltenOlll. 0.1.1. on their freqUMCY ot Ge+ 

tIIlrence are .... ail.able from recent IbJdl .. ot ...amin.Uon ""'YI 
(Puk, Soo~t, et ':1., Tech. Report, 1974). 
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2.6. A ClDui{"lCfIlion of LHmIn6 Slyle. 

On \he bas .. ofintra.pe<:tion and <:ommOMllna>cJJ obierva.tion, it 
leeltlll th.t any cohe",n! act of icarning involve! U leaat. two pro­
ceuet .• 'int, a concept II dcte.ibed In "'nna of oLher description .. 
Th lt openrtioo, dubbed D,",rlpl/on B~j/di1l8 Or DB, La equaled 
,,\\.11 appreciatinl • topic. So, for "",ample, ,. Rudent able to _po 
preda te an aim topic (dial' \.@!" 1) build5 ,. <k!"';ptlon at It; In 
1Mftti. people can dnaibt! wha!.e¥er cccupio:o tMir .Ue .. l.loo. 
5e<:ond1y, Wre is. ooneep! bu ilding (or ..,.,.,rdlng to our r.,...., .... 
!lOll) • ~u.., 8ulldi", operation, for abort 1'8. u • reau t! o f 
wllich. COTIC1ePt ill COI\IIU\lcted 1.0 realise lhe deter!ptlon. 

TcntatA<e!y •• "coherent lei. of learning" me .... an U"d~l¥l<Utd­
fnl (again in the Ie<:b.n.!cal fl.'nse). allQ ~ pOOL that both the fim 
and the ..... nnd operation. (DB and PE) are Involved In achieving 
an undcrrto.nd ing. Theae 10000ly Ibled .pe<:u1.Uonlatll backed up 
by • more detnilal and well-grounded d iJcuulon In Chapter 5, and 
In Stdion S " r uu. ch&I>ler. Sut thilltat.ement It IUtticlent for the 
immediate pLif]>QSft. 

Apin, introtpedion. ",ppoKed by common oblerntion. SUI­
~ that d""';ptiom o f COI1et'P~ .... )' be &101,.] 0 ' Ioeal. A &101,.] 
dNCription ;. lypl<:ally redundant, but an ~undan~deto::ript.inn 
Ip&Dl\LnK ma" y other concepti 0 . bued upon anCl'llon that are 
unlu.:! by an analOlY relation will a150 count .. rt obal. I.earninl 
IlnItegiei that l ely upon global descriptiolll !.tnd 10 be holist ic. In 
contra, t, a local dc...,nptlon II panimonioUI; It !"IOU upon I min j. 
mal ... t of oupporting I<>pic:o. ~ ""'!.tllie. relying ullOn local 
dctcripUon. are ..,rialIlUc. 

T he Iiobal/l<>cal diatindion wu Inlroduoed.rt.et com pleting the 
mlliti .,....,.- .".~tI, lhough It """ IUUftted by tIM! ...... Ito 
obLain~ The distinction ...... nm acUvt!1y e mployed during the 
curren! esperimenlal .me. llling the INTU ITION opHI.tlng 5)'5-

tern InItallM In achooll and colk'l"" (Renley Grammar School, 
'l'wicbnham Polytechnic, AA Schoolor Archil.l!c\.UnI, Furudoome 
Collqc. S,,",atham). 

By combining. hl ... to DB • • bi .. to PB or both with tht &iobal/ 
locil distinction, we obt.Ain the ",,~orles oC learninr atyle aho wn 
(and relau.:! to o"" .. tion/comp""h~no.ion I~Rminlll in T,ble 3.7. 
Although the DB pflX'\'lf iI relllted to oompn!t>elllion learning and 
!.h, PB procell to operation ~ an adeqwlI.I! dixrimlnatlon 

• 



>0, 

aJoo reliR upon a I.ftL rot global and local orientation. 
Various criteria .... uK<! .. global/local dl.Jcriminaton. When 

.!udent.. haw completed learning llIe)' IU'1I ... ked to reca.lI bow 
\hOlY lel1l'11ed. AmOllil1 other thingt, I'"dent. are requlrnd to clu­
lify ~ IabcUed with namea o f the t.oplcl they have en.:ou/ll.e\"ed. 
usIn& personal c:onJlNct de.crip tono elicited by t he ~pertOty Grid 
I.eChnlque. Such dnaipUonl .... reliably , Ioba! Or local and the 
d.w.cllon taIlieI with. dill:riminat.lon IJNMI upon the adlclty o r 
compJe:dly of topic conflgurationl de&lt with durinl ieunlng 
(hi¥/! adiclty - KloboJ, lo w adlcit)' - local), FlIlBlly, the adicll)' 
mclUul'l:'!ll corrt'laL.e ... W, four teot.l fo r ptll'IOna!ily tzalta which were 
admln~red dLllin8 the "..-lief part of \.h~ IWdy: 11<'11 for "CoB­
nltw. Compluity", Bieri el at (19661; • t$ tor "Attention 
~ploymenl". Mendellotm and Griswold (1966); . tEst of cocni­
!lye " .'Sulbility", Robf:rtIon 11974): and I I.I!sI. for ''Selt-Con· 
,weney", ~ and Ma .... (l96?). SummUy reauiLi are ahown 
;n 'hble 3.8. 

One IKl tabJe feaWre of t he IIJoballlocaJ propenlity M IMI II '­
nol ""nfined to .;Iultlonl In whIch concepti are undel'ltood 
(\hough It II manirMl U III upeet or undentandillll ). A IIloball 
local orientation lito pervodelleMnillll .. hen! WKlenWlrlinl il llol 
elic:ited, IUd> .. dptatloll . problem IOIvInc and problbly the 

T.4.B!.! 3 .7 

.4. P'~poood CI_ltlcoll~n "r Lo • • n;nl SLylei .nd I .. n"",,I~Lk>n In T~.mo or 

...... "'11;.,. Comp"'hoMlon Lo ..... ln' ond ~ .. I.k>" Looml", 

DB ' I'll DB IIiM PIl 8lo. 

.... ,..,U.'" Com!""" ......... -"-Com.-he.....,., ~q ~ .. "'I ... 

-" 
........ d~o. 0p0 .. ,1"" O"",ollon 
O ..... U ... L .. mlnl 1.e .. " I", 
Loo,,,I,, • 

.... ...-." _ ....... U .. d"llftldo ~PO" Ill. co.diUO,.. .. r -....'10 ... .4.11 .... 
""'"""" In HIlB • 1'/1" ~ ... dHtno<I .. V_U .... b~' Lbo II_\» 
<>rio ..... _tiIO __ ._ to ....... bloo '" com.-......... iftr .... 
MId Il1o k>collJ' _ •• ,,110 iftr ...... bIoo .......... ' 1<><1 In,,,;'" 
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TABU: 3 .8 

It....)," f ..... T .... uf Cotnll.l .. 5.,1. I.,. t.o. Adl<;" and /lit!> "'die;ly 
Leamon ' 

-~ -~ -.. --~,- Toot fo, n .... bUil , SClf-Co ...... 

••• A'''''lIotI ,- ....,~, 

Cot .. ltl .. DoplO)' man. 
Complu.lly 

~ '" 0.18 .. " " ~ 
AoIIcIt,~ 

m n .,~ ... " -. ( _ • 6 ) 

~ . ~ O.H • .. "HIIJh 
IIdlcily" 

m " 11.1 2 .., .., 
~-. 
C. ·O) 

• """<001 wW.Io '"' n ' rum 1M llrilioll Jo-_ 0/ U~...,......, IV~~. 
IIipIfleant oo ..... 'iono (0.05 > PI '" u f ... l0 .... Atton.1on doplor_' ..... 
Dleri (O.Ii3I . ...... ,,10 .. d~J"''''' ond n .. lbm., (O.U ), n.~ l l);lIty .nd lliori 
(O,U), .. 1[«>"""""<3' ... d "".'1<>11 "'"plo, ..... ' IO.n). and .. 11«lnolo",,,")' 
and Biori (0 ,' 8). 

"",scloe of 1"''''''ptuaI motor skilla. w. eonjecUU'e that lliobal Or 
local orientation is • proP"tl' of the braln re(larded .... pl'OCe$lO' 
",the. than the <:<>gnitlve proc8lS1!1 ""ec~~ in the brain. 

S. DllIl'08mON COMl'E'T£1ICB ...,...D J..EIUlNINC STYLE 

Style II • eonveniol'nt but II'nenI I'\I.brlc which conceala two 
quito dlUerent llzuctunl dill.lnclloru. On the one hand, u yle en­
ODmpaui!ll(rOQ difference. like comprebenJlon/o pe:ratlon learning 
and the ,Iobal/local odentatlon, u .. eU AI f'l!Jatlftly prec;.. 
~ru 01 Ieaminc Itntegy, for example, holltl/llllrialirt 
and the IIIIbcatecoria Mdllndanl/im!dundant bolW.. 

On the o ther hand, . ly le encomplllMll both • R.Ud,",,~·, diapoooi· 
tion to adopt, liven type of ll!al1ling rVa\.eIY. " .. ~U .. hil com­
petence to ~uc"te . , trateIY of the chOMn Iype. 
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.t. J . R~fl"~m~1It o{ Slyt. "" Ilotist;" or !krlDl~lk 

To refine tIM pn of chanocterilation i~ ia neee "''Y to control 
the Ieamine IituaUon wIth greater rtrlni~""y cith.". by InIiItIOi 
upon aUectroe tuchlMet, or by employinl lUI opera1lnj .yltem 
(CAS1'£ o r IrntJITION) and the IIIbject matter repl'l.'Selliatiom 
(enlailment Ml'uc:Wre and ...... 1tnIetw-.) that support It. """, 
.Lory tIclion. It .. ill be ....... Ued that an opentinj qrdI.Im MCIU'eI 

two baic condiUont. l'WIlIOIy: 

(I) All toplct Uta! are learned ..... ,lao undentood (It ill. of 
COUl'le, pOuible thU. Ituden! may not be able to "learn" under 
111_ e ireumltanceo and op!.l out), 

(bJ Coopentift _iIWI.,., II prmided in ~ qlalluty 10 
that, .0 fill' • ~ble. underaandlni " embled. Furtbu, !he 
minimum amount o f eooperatioll. ;. pro'tided In ordet" to obtain 
lbill retlJll.. 

Tuchback approximate. these conditio". .. lUI much ot !.he 
IIIb)ect IDIltter replftllntatlon held in the participant ""perimenter'. 
bMd. For IIIII.LII ..,bjec:t ..... t.ter &It!III, the apprnlrimation ia clo. 
and leadtha<:k Ulm, verbal n.lhB than non norbal ""p"""'lion it 
IQOfe Ruible. For I.". ... bject matter -. ouch u the extended 
IlfObability theory nu.t.erIai u.ed in Hf:nley and London, teechback 
beeo_ impracUcable. 

There i. ample ev\denee that Condition Ca' Undent.andinl II 
AU.tled and that it predictably ghreo riM to • perm~nt body o f 
DDneepta. Table 3.9 shOWI variom dllferencet between eff~tlye 
on<! iMff~tift (or ,i.I!Iulloted) ~b.ck obl.alned in the mutt! pur­
poa experimenu; T.ble 3.10 11>< .... c .."pllnliw! re~t.ion .,0 .... 
for u.- two eond!QoIII, The dati In Table 3.11 I.Iill • am/tar 
otoIy, in 1hiI~, fa . the operatina; ' )'iWm INTUITION and the 
IlIbject IIIJIu.er of probability (ItudenQl from HmUey and London). 
Le&mirIK and the IncKi~nee of del"""' .. e compared fa. the ,,_ 
when the full Open.tinl lyatem ilin action and the cue wh"" Ute 
undenl.andina: requirement iI repJace.d hy • demand fa. c:<.>rrec::t 
reIpOnM bu t no""planation (thl! pan.JJeI to ineffective teachba.ck). 

The efr~l o f Condition (.) and Condition (b) (0 ... ",ply o f "u­
perIence.' in the INTU ITION openotina; I)'atf:m) II • reliable pooI­
u.... tnnar .... Recordl of time per topic and u ..... OCftIful upWuo_ 



, .. 

, 
't . -•• r d 

• q-.: . " .. " . 
-"! '-: ' • •• , . 

-"l"! , ". • • 

• "!"! • •• • " . 

-• "!"': . ". . " . 

• "l"!. " . " . 

• "!":. " .. • • 

• H 

! 
h 

.. j~ 

.., E J , , . 
0I6g 

• -' . ..;,.; . • • 

-"'! <! . 
"' . •• 

, '. ~ . 



'" 
TABLE 3.10 

-.....,. o f N~" f .... lI.~dl .. r a._""", U ..... Effec:o.i ....... ,~_ 
Te_boc~ t_· __ """",,, ..,pr-.. ....... ... r_"-'_I · 

lII.do~. c-...... p K/'f..,u .. T .. "" ... . 1 ... ((_10. T .. <I._k 
.... (l.adIom.lI~ _~""""'m ..... -

IIol<h I M .. n. H.' se.G 
()peo-o.ioJn . ~ ••• 12.2 
14 ...... 1" "II ) 
"w •• -tll iof' 

Rol<h 1 ~.- 101. 1 H.' 
c.."'~'"'_I"" ,~ U ... 
\.Q<".",(_ .1) 
~likd.oIiJI " 

"",.do L h •• ff<Cti.., Tnclt- Err..,u ... T_lMcl 

-~ 
_ ... nGandl.- Opo,,", I't _ 

t.-n..n '_"1 m~ller ""-
"Iik. """101 H - 51.0 lot.O . ~ 12.1 ... 
IIokh I .0- &7.0 11)<1 ,0 
(;omp' ......... n ,~ ... ... 
~ .. (".7) 
"Ii •• hol~," 

1Io\<~ 1 Eff..,tI .. T ••• hb.,k '.ofloe,l .. 1'_10 ..... 
o". .. li<Jn .m OpM'Ol' ""'cr. m "" ""' ... blltoUc 
t.o"","\Q-') Inl .... "" 
"'ike ..... lill" 

~ .. ' 4 .1 47.11 
.~ ~ .. IU 

Bolch I - N.' 11 .0 
eooo ...... 0001"" ,~ U .• IU u....-' •• 7) 
H~k."",II .. H 

.~. [ ... rr"""", T-m. Ittl.., ..... Too"'''''''' a. 
-,~ _ ..... 0""'_ _bUillti< lnf ... llco 
Lo ....... ' ... ') -H~ .... rial;"" --- 40.1 103.5 

.~ 13.t II.' 
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TABLE 3.12 

(;,_Tr.n.r"" of Lo.,nl.1 ~ klll Coon"d.d Wltb tho U .. or the !NT\lmON 
,otI CASTE Op« •• in. llrat ...... Study 01 Oill.ronl G",.,," of 12 and 10 Stu_ .,. 

II'n'UmON 

~ .. .. , ••• 0.12 0.02 

0 .05 

l.q 
0.91 '.H ~.11 -0.22 

.~ '.H -0.22 

t_ • \01 

S'-lIo1.leal • ..........,. , 
I~IT ION """'" ...... /I.pit modulo 1 ,. .... .., ti .... ,""FOc modul. 2 (0.01 :> 
p. olin !all. U"UC<>OMful •• pl .... ,lon mood." I ,. ",,"u_1U1 .. pl . .. ,1oK 
",odulo 2 (0.01 > P. olin _I. 
CASTE .y ... m Mu n ~K(I ") :> M ... .6.i1(:tndl (0.006 ,. p. M,no-Wloltney 
U.TOIt ) _ ..... n MIll' ) ,. w ••• :l8(2od) (0.005 :> p, , ....... Whlo ... , U· 
- I . 

...... 1.1 o! '''''''''1lI .,n Intuitive pnundl (S«t.ion 2.5), it would hlwe 
been ponibk! to "'lfUe that OD and PB are Kenu(nely diitlnct be­
CQUH, in on ope""tillll lyitem, it a poAible (and nece....,.y It the 
ayltem "", . ks) to fumllh ,Hff"",ntial on .nd PH ... istarn,:e to th e 
Mudenl. 

Th"," augmMtro (by DB Or PB ... nef!dt'd) and th .... rftUIcted 
(to ... nd.....tand """h topic. If ne<: "y WIth ... tanc:e given), Au­
denll who INn! ataU odOJll.. leaming Itrateo which may be eJu. 
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aWed .. holirt or oerialisl.. Mo ..... vu. t heir tendenc:y to lIdopt Gill! 
type o f leamil1ll oInt.I!Cy Or \he other io predktable ll'om indica o f 
team, .. Ayle. 

Specifically, the ."finf(! c.~ori .. or !>oil" and JetilllisL "'" 
mlnifmBtioru in an Open-tlnily,te rn (or in t.eachbac k regulated 
eon...,rat.lonlj o f th~ more lIene.al chlll1lclnlat;ct of I ty le, Our 
hypothesll Is cryl ta.l lill!<! in Table S.13 and 3. 14. Of tll_. Table 
3.13 posit. the combi",,!io,," lof DBIPB, IIlobe1/lonlj yiftdin8 
catecories of 1eamlllll Ity le, and Table 3.14, shows the Mhavlour 
pl'td icl.ed if • IIluden! o f • ,iven Jtylinlc: "*tecorY .....". in an 
Openot inl oystem. 'IbI! Mhl.vioun ... " f801nd • holistic o r 
-Willie, and we ftnphuite that t his distinction ia eotabUshed un­
eqlli'f<)Cl.\ly ill tennI of marker d iltribuliolUl on the ,..,tailm .. "t 
atNew re and t ..... ction n!COnb. Tht! prediction o f • vCQatil" .tu. 
dent ill that he may .dopt eilhe, I hollstic or teri.U.tle IllIlrning 
Itnotea:y, by In. tructlon or On ... him. Moreover, he may change 
at.l'llte(ly If the lubJe<:t tn.ttc, ill ehanlled. But, hav1rllf once l<iop ted 
I holW./teria\W. I1nll."I),. COI'Iitive rLllity will make hlm atick with 
It whllot he .. lKmi"i In the arne converu.tlonal dQmain. The 
styllltlc Clltev:orift "O·Null" ....t " L-Null" Ale I"edieted "not to 
learn H

; that iI.lIUlPllentatlon • buutricient to induce undentandins. 

TA8J.l':J.U 

91.JI;'U. Co.o..c<>tl.o 

VOfU'U. SLud<nU Com~n.""Dn OJ>o •• ,,,," !'"oil ... 
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Apa:1. from thil Iut pred ictio n, there II ample ~Id"""" that 
uac:t!y u.e.e behaviour pll LI.I'I'ns do occur and are related , .. 
JM"OpoMCI,1O indiDlSof eomp ....... nsiOA learnillll, openolion learnlnc, 
and t.he globalflocal prop.tnlity (prevtou.a !.abies). T'ypiaolltud..,t 
reeordl af. ohown In Fi«. 3.4 and Fia:. 3.& lo ind iat.! the level o f 
det.allat whleh theR paLtcrra ate ideMlfled. 

It wO<Ild I>e Wppl'Oprial.oo to cit.! patlan frequ enciea UIlW more 
work hN been d one; the.,..., ;. ~e ju.t. _ c:onvlncin&ly by 
noUni that all the patkma o f TaMe 3.1 '1 ~. been ot... oed with 
nry!nli: frequency (minimum' patterN) Over more t.h;m 50 -'"u. 
dl!Jll.I (run d urlrlfl the Orlflo1ng field It udiaJ and that Lb e undct.! .. 
lIllned ""Lria (apart from a.NulI o r L-NullJ can be I'\!IQlved by re­
ICHlJ'I:e 10 the WJo)' lh.at analOCi"1 topil: relal.Ions are Itvned. We 
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u. 
rewrn to t his matw in Chaplen 4, {o and 6, whl!n the tlNlO.etical 
backb'""" hal been d~. 

The po ...... of 1.111. explanatory .cherne is inc:r~ by ""\.ending 
Table 3.14 to accommodate lilllaliom in which the <><>operation 
"rtete<! by the operating 'ylLclm, Cor>dl tlon (b). ill .y,",mat!~alIy 
cut do .... n and/or the ll~m.nd ror un.d .. nIandJ"II. Condition (B). il 
ryJtematically relaxed. B~huioural predictlo ru ror the wider nnge 
o( lilll.lions are lII"wn In Table 3.15. 

Th" rorRSpOndinj experirrwntal conditi,,,," .... TI!6IIJed as fol· 
IoWI (A, B, C, D, E ",fer to t he colu mn. in 'taobl" 8.1M. 

A. SlricI. <:011 ... _1.1011, .\111), .,edged Operating System, as in 
Ill" \l~ JrDIlP of Table 3.11 . 

B. The requirement fur non verbal explanation (mood building) 
on neh iopic IIUll"hd .. und",..tood il ,..,pl.ood by • coIred 
"""PO""" cri terion un • t ... t mHde u p lrnm qu estions . panning th e 
"'1 ..... anL t.opic. The DY~raU impact or t his modlncatlon I, ,hown in 
T l ble S.U. The mo", intimate ' .... Ia are LhoM pf@tllc\.ed in Tab le 
3.15; ."'lIItile learnen (GPB .. GOR OJ. LPB .. L08 ) are not Iii· 
nltlcan lly a ffecl.ed . to. they u plain topicl wh&her 0. nollJ'l~ are 
requirtld to d o .... Much the ...... is I.n>e of opel'1ltlol\ ~ ....... 
(GPB a. LPB) who build COl\cepu but do nol easily h..,ild d"""';p-
110 ... _ 110"""''''. t.he complWl ..... iol\ learn",", (GOB o r LDBI are 
IIolOngly innuenced by Globetrot.ting (prohibited In .. fully !led, .... 
opel'1ltlng "y"tem that calli (B. no n verbal uplanatlon) whleh be­
com ... !;Ommon occurrence and aecoun l.l ror mon of lh~ deteri· 
orutlBn in petfannanee ,,,,,caled by the midd le lo wer s:r<>up in 
't'able 3 .11 . 

C. £J.planationl are required, but the aurTOpte DB Ol""l ionl 
are no 10"11"'" made ... ailablcl under t.hese c lrcumllanceo. Any 
unden&andintl; (and eac:h topic mUll. be IUldemood) dependl upon 
• DR OPft1ltion perlonned hy the rtudenl himlM'lr. To realise this 
condition, the entailmeM IUUCtun is d .. nuded ; .1I indleationl of 
analoo' ..,1a1io,.. arc deleted ... are 10M c<>nttpOnding ,,:r plo . .. 
tnn.actloru. AI .. «!!JU1\., le.rni"ll is .IB ... ed down. V_ut .. per· 
formance is l ..... t Impaired. compreheruion lelll'Tlerl (GOR o. /.vn) 
are nB' greatly innue nce!l : both kind , of learner ca n bui ld thc;r 
o wn descript ionl. In contr .. t , th .. oper.lUon learn"" (CPR or I.PB) 
boecome improvident and the deceJe",Uon or lurnlne sIIDwn 
(lowest ,",up) in Tab le 3.1 1 .. mainly due to lhil fa.c:l. 
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Fit:. 3.40 . (1'Ip, S.4b,e .nd d ... Of! III< folio ...... -.1 0«MI0", n • 11 , 
B · l~. n • 1~. n • 20 In 1)'lller.I hollo, 1 ... ni,I . ... "'1III 10 _ _ 1m, 0 • _ I, • • 
" .. <Io.,o.Iood ~ Numbo .. I ...... .... pI ....... ""......,.ion .. 

D. To provide the condition "No PB _iltance" it ill neceuary 
to I'"M'I'. the explanation requln!m~t but to abnde the demon­
dl1Itlorw.. Experim.ent.l ..... In progrn5I and d o not deny the ptedlc­
lie", of Table 3.15, lmon the caveat that the tAble .. baled on the 
(falae) limputying: ....."ption thai. student. do obuln demo.,. ...... 
tion ald, wben In tact lhll!J nul)' do 10. Our main predlctlotl 1t!IUb­
s&antiated; IlalMly. that comprehenEion leamen (GDD or LD8), 
break down completely. The predicti<>n is definitive compared to 
t he othell, lince leamen of thill clasl murt h .. ·• l"<!eO"fM to dem­
onotn.tIo .... and tall to .chl ..... underrtandinl It thif; ... lJc..nee II 
withdn.wn. 
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E. Trivially, expll.natlon II no~ demanded and nO .. iltance iI 
""plidtly turniahed. The eondition 10 approximated by • free 
Ieaming .ltuat ion Or by Vllrioul unmonltored learning aituatio ru. 

It II. probably I~tim.", to n:trapolate the cateeoriell or holiJt 
and -wm, "hich are Metly def1n«1 for an olXtflfI"If ",lttm to 
yield • characterisation ot learninJ Itnt.e;ieI with raped to CIlI)' 
eo~JIoIWll domain. The eharaeterlllUon 1:1 mll mlnatina; . tnoo it 
ftrlllhib adlltlnctlon between the "eompre/>f!lWon IeoImlns/opera-
00" learni"," dichotomy and the " holid./...natid." dichotomy In. 
way UtIIt MCIU'eII • plaoo in the onnll ~ for " redundant 
ho~" _ tom~ to " ifT'tdund.ant bolWU", Fur1h8, the p_ 
lent chand.eriation. thouah wonled diCt<erenliy, is in e&o....-
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men! wiUl the operatlonal definitiol1l of . "holll' II.nILeIY" and I 
"&erialillt Itntegy" Mglven in the prev[ou. monograph. 

Seen in \J1e contex t of • cooy ....... tlonal domain, wiU, cyclic 
d ...... UOI1l uldbltOO, the holist/-will a, .. [!'gIft d ift~r .. fol_ 
Low.! Student. employina: eithH Ieamlng ltra\.egY <::Orne (o f __ 
titJ ) to Imd''''4J1ld 10 ..... cyclic IIIId """,/UI/'uelibt. Albolnrc'''''' I 
ae.&alL Th" aubltructun! ill • synllldle (derivational) ftluty. 
WIle .... the holiat. clMMJMS .. Iargoo a cyclic ... bouu~>turt! as IlOl­
libie, the teriallllt choo_ lhe srnal..Iesl. poa.ibLe ~Ii<: I\Ibstnletl.lre. 
If u.. meM II pruned ... It is before irucription upon an entan. 
.... 111 ItrudUn, the "Au mu.imilin," cue I ppean .. 1M lim, 
pi, undenl.ood marker dlltribution o f FI,g;. 8 .<4, which l.alliel with 
the dl..-uc cril.c:rion for holm. iHmlng In an opeuUn, tyl~m. 
SimiLarI),. Ihe "lIiu minimjoio," configunUon liv~ rille to the 
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ttlMl<et dltt.ribuUon of ~·i!J. a.5, which. talUl"! wjth \.he dt.gnOlUe 
criterion tor ..mlliat learnin( In an open.t\niI . ,Item. In either 
case, tile "alul" are .ynl&ct.ic:ally lpecifitd . "o;.\.ance" iI m ... • 
auted in !.erma o f the klnllth of clerivaoona (entailment chain.) and 
do not take inlo ..:count th' number or dlvenity of oemanUe d~ 
ICIiptorl which"", .... a1u.t«t or ualmllated u. rMUlt of leaming. 
Thill latter and unacoounted Index Is partJc:uwly lmportant for 
u.o.e cyclic ... biLnlctu'eI wllieh n!'prftent ..wag)' rell.LionL Fo r 
example, «I!nOO1le KIJnc u. hol;,t b,n aIJo &n.dow 10 adumbn,1.e 
many diJtJnctioOll etlabllJlled on II!mantic lIfOundI would, of 
neceaity. aiI!I tor analogical topic: relations; and oonvenely, 1OIDe-

0 ... equ.ally hahn who II not l""iolU to d eal with IIlIIIlY semantic 
diltin<:!.io". would lWOid ..woo relations thou&" be could not 
.chew them oompletely. We po&it !hat • redundant holWl. is .. 
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Fit- ~.k ......... 3 .Sb.., oftd d . ... on Iho rollo_I ... po_I o.c.i_.· U, 
• • Ie, •• n, n _ II i~ '~pi<" -"'lilt ' .. min ..... '"" (0 . 0'",. 0. ",, ' . 
• • WI"""~~ Num ..... lnd- " ... pI"",," tn_otk>ft •. 

hoUIt who does proceA many sernmtlc dbtincl.ionll, ellber thOIO! 
o f nhibl ted analoc relaUons o r, falli.nll thai, aNllog\eI o f hill 011'11 
inven tion. ConYftHly. a:n irredUDdant hoU,t either lteen elear o f 
.... 1og\eI (when pooaible) o r u .... only 0 mlnlmal number of 
",manti.: diAir>ctionl in order .... make """" of Ole IYIltactlc Or 
formal rInillarity ...... CI ~ :I by "" anaJogieal Lop;" relation. 

The distinction ··comP"'h ..... ioo IeamlnalopM'llt ion learnl"," is 
IUbtly ditrerent. Comprehenaion Ieamen, ",;Ill their blali to DB 
opo:ontion, tend .... u .. analogif$ _ the llCa!foL<!inc of knowledll'! 
",he_ potalble. '" holilto., they aNI Inclined to be ~'.lnd.., t 
bolllU. At any rate if the bi .. to comprehension learni", 10 "". 
m./TMl. In lntennediuyclS8 (and. a fortiori, for yetatile.tudentll). 
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they m.oy riru'" either,," rMundant or lrtedundl.l1t holillto. On the 
oUler .ide o r the roln, operation iearnel'l with their bi .. to PB 
operatioru tend to learn ot""r-than-ano.lO/licaloubltnlcC.urn and to 
otkk them togeth ..... ith minimal reroune 1.0 ana]olD' ",Iati""". In 
utreme cue. t ho:y .", in l'l'1P-tH .... itll lIHialiita. But tht! inter_ 
m~lI.ry C8IeI (a fortiori. veru.tile otuden'- with an opontion 
Icllminc bw) may be either -Wilt. or irredund."t hoLiAl. 

3.2. Tlte Dil/inClion &twHII DgptHition ""d Compelenee in 
Elrecul.ion 

Style predilp' ... otudent 1.0 • ~inf Rnltegy; once lhe 
Iearnlnl strat.t-gy II adopted i t l'ltr.bllited U • reJ\llt of ~itlY .. 
fulty. Thill dogma Is IUpporUd by da'" from IlIJ the uperimentll, 
but II moot dramatically .,...idenced by the multi purpooe ... perl. 
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menU .. her<!! . tudenu clullactcriaed u halll! or _iIIlis~ wlt.h 
respect to leami"i one aIIbjed matter .oM'<!! found to exhibit Ute 
ume leamlnll It.n.te8)' when muteri", quite different oubjf,<:t 
.... Iter. The . tability II uhlbited by choice of leamlnll Itrategy 
and the etree!. of ilLlt.Nction which II matd>ed or millDllkhed with 
.eoped. to the ori&inal -enment .. holiJtic nr leriaIlJtic ('hb~ 
S.l , 2,3, 9, 10). Such .. mar ...... dabllity illUf)IriIln&. tor It iI only 
poIIible to predict on theol1!tlcal ground. that cocn1tlve fb; \ty ..uJ 
IbIbillM an OJicinally ~lected InminH II.rBI.eIY whilat lIIe ,t>,odent 
iI au.endinC to U.e ...,.,e eorrrttnational domain. 

The o>'enoU muLt o f mil .... tchilli .. teao:hlnlllUlltel)' tln>poIftI 
upon .. rtI.Identj and .. IHrninc n.teaY ( whk:h he .... odopted) 
prodUCfll .. blah magnitude impairmoont; in !.hI. rerpect t.he .uta 
tmm the multlpurpoMIuperimenu an! In..:c:onl ... ith the pnlYioUi 
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mon...,..ph and provide val~bJ. con firmauon of the result IlsinB' 
..... 01'1' -.mple o r ItIIdl!!n .... Out the l iability d au. .. y little about 
""'y the learninc stra"'BY ..... ctw.m (thia chol"" il non com· 
mi\.tltUy l uribute(l to Ilyle). 

Can we diAseCl. Ity l. Into • conative part, rcOe<:tinR •• I",dent'. 
d etire o r dillpolitlon t o -.dopt • learnlnR ,t ... ICIIY (later .tabUlotd 
by coenltlve ru:ity). and • p;\It to do with hil oom~nce In U'" 
tutinl IhJ. un.~? Only if the coo-. Ieamlnc I tnotegy it one 
which t he ..... dent ill OIUd to uecuu. would It "'" ~tim.ta to 
..,JaIMoI the nyliatlc caLegoriell of Table 3 .3 and Table 3.1" u 
"competen"" prom"", If It WOI'I'e the car;e that I tudenc. are only 
d iapoMod to d o .. h.~. they are oom pet.ent Lo d o, then dluec:tion 
.... uld be {.wo-, ConUllliwi ... , if • diuect.ion ill .......runsrul t hen 
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,,. 
Ihen- Is lOll laue o f " Internal rnatchingH that deIervft considenotion; 
matching o r mismatch,,,,, bc~w,""" the ieamln& IlnlejDr d10111!n 
and the rtuden~'. compet..e11<:e (in contralt to match;", between 
It)' ''' and an "nUmalIy impoHd" tnching Itrategy) . 

Then! LI an abundance or hard .to-quantify evid~ n c:e in favour or 
the latter point DC view. Unl ..... . pedal precaution. BnI ,,,,tltuted • 
• tudent'. choke of lHminl ItnoJ.egy does not nO'l;Ulfrlly renect 
his mental eomPf'U'rw:e. 

It happemlhat proper NJ'et\lanll have ~n incO\'pon.t«i . mo.., 
by luck u..n foreailht. In moll! of ow- expert_ nu.. Ourrn, ...... t.­
eJY det«minnion. the lIt.udent io t.au&hl to appr!'ClaU h ia o wn 
learn.". procell and il.l de rocienciel; If he show' '1iM of ineffec­
Ii .... leaminK. an int8naJ milrnatch II .... pectood and the .tudent II 
flIt'OUnlied to try. eon..- , tra!.eI;Y. In the Spy Ri"l Hifto.,. test 
the ..,bject matter ;1 ric hly dKCrlbed and rendered unlike telt or 
e:o:amlnation mat.o,,".} for which the .tud~nt I. Ukc ly to e ntertain 
belief. and convict/o", aoou t U>e officially llood way or ieaming. 
Finally, and crucially, t hoa experimental work II ~ked up by 
.. Iher detailed and prolonged Individual intervioewl (mOf,t of the 
cornmenu In the next MCllon at.en'l from inl.erV ...... data). 

8ecauoe o f lhia, we we fairly c<>nrJd"nt that r.h" " yUUio:: ~ 
IIOri. acI; .. ··c<>mjlft~noe pro fil",n. and that lerminoioo ;. hence­
fo rward employed . 

4. NOTIUI ON Tilt CIIARACT1'.:R 011" COMPETEN OE 1.100IiANlllMS 

8e<:ause of the precautlo Nlry mca.ura. It II aIIo poulble to d ... 
teet tha u.is/.ence of internal miarNotcltini. eililandered by belief o r 
indoctrination. 

As noted . counterpmduc:Uv. dispoEitiolll are q u ile com mon and 
_III to genenlioe o~r mor" ... bjact .... u.en than ..... pected. in 
fact. over all a.cademic or inttil.u Lio nai subject maUctn. (JUlt .. a 
leaminc; otraJ.e«Y .. oUble over the divl>fSe .... bjed mattc'n URd. in 
the multi purJI(>Ie uperimentl .) It Is true that exac tly the oame in­
duced dilpos;tio ... ue productive If they tally with the ot.udent·, 
. bUlty to U foCUtc the clan of learning .tntel!)' lie iI diopo""'" to 
adopt. The CMe of mlsmatchlng between dispooition and com­
pe~nce i. rna..., calny obMr;ed : tho . t.udent adoptJ "defieitive 
Learning .tntegy without encQUl"lllilcme nt; he II maniIeltly U-II*bIf: 



to ,",,_I.e the lINmiOl Itrll~ he ... readily Idopt.ed. At 1hI.~ 

point the experirnentet" be<:omeo aliYf! \.0 II d lttlculty lind probft 
r..Iw! ..... of difpoloiUon and C:O"'~ In ~ter depth. 

The OOIlftfX Iproduo;!.ive) form of Indue«! d lf;posltlon" nota­
ablt: &monest lCie~m 6th fOT1'Jlef'l,. Due to the IUbJec:1 mat­
wr 1..,.a"lIh ceruln prefcrmce fOT unfoldl", ocientifIc dilc:o¥erleI 
In I hisloriCll JeQuence, these lJtudlOfll& receive markedLy .....w In· 
.wCllon, lind lin lncldentlll pr<'mium I. otten placed upon o~ 
lio n INI'ninl. Some 30 ~=nL to SO percent ot the It\ldenl& in 
Ihillf'Oup .... e .ware of having II diopo.ition to adopt one claat of 
iearninlL' ltnMKY betorethe ~uiren1ent 10 ederlorlJe l uclta thinK • 
• "plleltly. " forced upon them by contacl wIth the openltlnS Iy '" 
tern IN'l'UIT10N. Of the !Jtudcnll .. ho do make I d efinItive el\olce, 
nearly 0011 III'" quI", dogmatically that the ""udy hablt.l .. hLch. 
d.c.ennine their dlipoilUon .... re induced by the te.ching InIi 1he 
content Or ~menl of the ... bject maUer. I"'w1.hc!r. t hey ani 

.. tWiOId with their dlipoHition and are, in r..,~ ,",,~rI in adoplinll 
JMially bllued lumina Itntqies (thO\lllh, u. rule,l.h.eIe'lUdeot.l 
.... out.lUndin& learner. and lunre the ve\'AIliIe c:orn~t.enOi profile 
LDB ~ I,PBI . 
~ only holilt " ... dent.l In such • cI ... Rem \.0 belonK 10 the 

&;IOlIp wIIo d o not h,,, .. an Inilial dilpwit ion. On ICI'UUnwna 
r!!COrd. and repottl lh.ey do not ""hiblt the excellence lin IClence 
",bjeetlj o f their ooUeaguea. Ho......., •• Ihere ill e Yf!ry IppreciabLe 
!mproVf!men~ In the ir performance. when, elter oompet.enci 
lestinl, they are advised to adopt a particular learnina Ilnteg)' . ; 
oomet imH the recommendation is holiot. and it to. the Itudl'11t.1 
nttan tum nut to be venatlle with the profile ODlJ + OPR DeLI 
from lnd lvid ull lnlel'Vl . ... lndICfote thalthe Iludentl who "had no 
ditpositlCln" bu~ "~umed ou~ to have a holm b i .. " have actively 
rejected the JerialJoP<"n.UonaJ mora of the lCience c:oune; JUit 111 
their peen . ctlvely ..:oept.ed • oeriaJjopenotional d ilplHltlon. 
~ real d lft\cu.ltia boegin o nly with lea IOphillicat.ed "udmt.l; 

either the. who an! ..... likely to be _tile or IhoM who are 
mol'1l incllned 10 a.eo:ept. c:onvent io". in .... unqun tlonlna manner. 
StudenLi from tec:h.nloal 000""", and ... IOe l tudent.l In the lilh 

• Pm ........... wlllo __ '" 1Mm.ina: i~ 11M . I p.,; .... ntall}'lom. We do_. 
1ft ho .. _ l""'II~. lfttp"" ...... n . ..... o:r bo ..... Il ~ .. _~ '" olltor 
.. hocJ.ub ....... 
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form of the _1dIoo1 eo"'" u nd .... 1hls d"nomil\lllion,....t again 
judlin. from 1M intftv~w dUR, memben of thil poPl,lbo~lon are 
~he peopll! ~l likely to /ulve dispol itio"" out ot kil~r with their 
oomp"ten~ and to have Ute dltposition just lIeaIuM \.hey ar .. told, 
directly or indirectly , to do to. Th~ common",," mllmlt.ch betw""n 
d ilpolltion and co mpetence ill (for the reuon, alre"")' .lated). 
seriaUa. d~tion ","fitted 1.0 • holistic oompel.eJlCe, which for 
prom ... oLb ... than ~llJe it. major impM;menL An lntere<tinB 
concomilant is that ... ell. luodenta ofl.ell learn ntnocwricular lUI>. 
jed maner in • o:ompetvloe-JUiU!d manner and Icun it with far 
Fn~r "ffic~. The ""er who II oceptical on lb. point ill in· 
vited to compare "'" (ollft! ...:anel eJ:tncwTic:u1ar knowledce of. 
~ntatlv" . tudent ¥rith his laldemic knowledge. Ulin, Ill)' 
reuon.hle meuUJ"l! o f \.he amount 1<00"",,, • .eademle knowledge 
fOrTnl • omaU proportion of the total. U1d Ute dltteret1Cl1 it en­
haneed by weight ing !hi. u t ili wit h the time lpent linee b«ominR 
acquainted with hay) .. trol0n' Dr anthropoloay •• tId t IM! time 
lpent In learning ( .. y) comput .... lCience.. 

All LhiI highlilhLl the queltion, "where if; competance found?" 
Ae<:ordin& to our theory, oro, a£pecI. or OOIIl~ If par~ or • 
oosnil iYe orpniAtlon (the uwent ... P-Indhrldual) which ..... 
collectioro o f ..... M and ltable eona:pta. T his Is the eompeW:roa: 
incnlned by ""IIllthre ralty and indu<>l!d by 101:1&1 int.erKtion. A~ 
Ikil level, tben! II no dlffHerooe In kind between dilpoaition and 
competence. Though they nftd not run in the .. me dlrll'Ction, 
they often do 010. and If not, r~medlallldion cen be teken to bring 
them Into ftccord. Moreover, the result of tkilo action ,hould &100 
be petpetuated by cognltift fixity. On Ihe other hand, there ap­
pean to be • fu~ and IUbit.antillLly immutable: f&dOr in com­
petenee which o ften runa """,nter to inducftl dilpo&ition. As • 
~ ... , lhit it. propHty of !.he student .. brain. a procO&Or, 
not o r u ... orudent. a ooaniu.. orpniation (a P_lndividual). The 
£'lid"""" to lund, tboulh rt.iIl lC&I>ty, d ..... not deny the hypotbesil 
tkat tbl.o factor is !.he ",lobal e>r local" orienl.llilon , t.apped by mea· 
_ o f "adicity" and "recall". 

&, RATE or LKARNTNO, ANALOGY ReLATIONS, AND Vf;RS,\TIWTY 

1'11ere is appreciable vuiatlon in the int.erval required to muter 
• IUbject matter, To OIOIM exlc!nt thil variation can be _unted 
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forintatMofoompetenceand the rudsl.ence o f pJeviou .. y acquirtd 
CODO!pQ.. To IIOme extent the nit.. of ~ can be modulated 
by pr1l n parameto!n (physiolOf!lcal clw1iel and apeeif'oc: oon­
dilionillll, lor uample). 

Ho wever. ICNUny o f the reoonb, .. iUl« In \he multi PUTJlOM o r 
!he Icl>ool bued o<l<perimenta, disckKeo .,.. ;n\.efftti", fact.. SUI.· 
d~tI who Jearn rapidly Il~ Jl.udenta .. ho u.ae (and undl!nltand) 
.aIKI analotIY ",lat.io".. 

Like nan), o f our find ings, this onl'l ~tatal the obvlolll (at any 
.. ~ with hlnd litlhtl. The only way to change muter)' rat. by 
IDany orden of m"",itud~ is t.o employ analogical relation. be.­
t ... ",," dllpuate toplca. It ill a truism of edllcation, the entertain­
IIM!nt ;nduatty, and joumalilm alike. Uenee, hnprovid!f1t lumina: 
iI WW but sun! and ,.,.y be the norm; Globetrottil1ll is huardOUI 
if 1101 ~1C ddetllinC: ul'denlanding aruolOKi"" il the only WIly to get 

•• 
Th, _lacY ... lllioOll may be discovered by an ape", and dJa. 

pboy«l (in an entailment .uuet ...... or lOme other S\IbjKt matter 
~raentationl; if 10, the ..... dent Inms them 11n!ch1 forwardly, 
and tor ou. purpoee ... ,the- of W veratil" competence profila 
is rumcient. Th~ iI lOme n~ that the tninirlt; erred of 
experience in an operatine: rymm .. cm..fiy due to lnduci", " ..... 
_llUty (from other profilel) and ex..,..,Wns It In thll manner. 

On the other hand, the Ol1Uiogy relationl may be dilcove~ or 
inventfti by • Itudent, as th~y murt. be if he \I ooping with an un· 
ItlUctured environment..nd l uucturing it on hll o wn .coount.. 

Student& who h."" an art or leaminK in gene",l, who have 
I ... med (or been taught) to learn are able to piay the dilcovery..,d 
invention trick. Cerulnly, ""natllity lIa prerequiliw for the Ilrt ot 
leaminl. Mo~ver, ;nlOtlll"" it (<>$ten ""natlUty, experience In an 
opontin« .yltem tellcllet. people 1.0 learn. But It w11l be llriIUed that 
• tul'lher pn=requilite lo r the art o f learning In ~neralll an ability 
to oompue deteriptioRi and ooncepu built under dltCenm l 
~ and that lINt proP"'" training ground for thll ability II 
a many-«im Openlt lng f;}'Stem (discwroed in Chapten 4 and 6: de­
ocribed in a..pur 1 Itt the ronteJ<t of coune _robly and innon­
tion). 

Of III the suuctureo that might be Impoled upon ... URlUUC· 
tured environment by IOmeone who hal learned 1.0 learn, the most 
Important ..-e formally ex", ,eo1 .. &nalogy ~Iltlonl. JUlt u 



,,. 
t.heoe anaJo&y relation! Ibon.cut the udium .00 repetiUon of 1m. 
pl'OYidftlt Iearn1fI8 and lead to rapid mutery of • predl&elt.ed sub­
}e'Cf. matter. 10 alIo, anaJory rmtiolll an! the Ilue requined to 
make ....,... of an oth_ill!! chaot ic reality and to rtJck together 
theon .. (and, a fortiori, lCientific Iheoriul which otberwlll!! are 
difparate HSllYi brlngin8 order only to . moll r~loTl& of wk.t may 
be known. 



CluJplu" 

Only In recent yean have .... t.hematiCfol IoKidana HrlO\1lly oon· 
lidend ryltemt lhat &re C(>nlt.ructtd from lhe point o f v~w o f . 
panici""nt ; Uwol ~, in !.he non viciouo HnM of &.he fl.rsl. mono. 
""ph, •• ... b;ect.i...,·· and "~nediye". The mot1. oom pl'ehenaiYe 
dnm,pmenl .. dIM! 10 Andntb, GftJeley aDd Nemeti (1973a,b): 
but _en!. wemillllly quite dift.".""l pt_ o f work complement 
the p icture. In tolo, Ih~ math"",at.icallysteltU Jt,nd credibUlly 10 
u... ''sUing and _ II", wu." formulal.ion or oonY~lion t.hl!Ory. 
Th_ addlUolU could ~ odvan~ indell""ndtf1tly ... 'l'Slemi<: 
pro))Ol!tLoIII which are ... ppo.w by empirical data. But, .me.. 
thdr olherwlle peculiar fonn fiU the bltICf" and axlom.Ueally 
respect.able f .. "",work, • more convincing caM ill m~u If they Me 
vi ewed u lnllan",," of Ihilgeneral and well·formulated system. 

The lQlico· mathemati<:a1 advancel beannl! upon reneo:tive "yi' 

te!III belollll to the foUowillil area. of Rudy: 

'a) A nOn cluoio:al and model thl!Omlc I.rMtment of l.n~&/il'" 
and Ioglcl (Andn!ka, Cer!lclcy, Ncmrti 1973&,b). 

(b) A 8eneraJ fo rmulation o f Fuzzy Pred leltel (Goguen 1968). 
(e) A theory o f Fuzzy Algorithm&, and Fuzzy Beu (z.deh 

1911). 
(d ) Cohm!nce Theory (Re.:hcr, 1973) . • 

• 51_ .... bo<>~ _, 10 -. "" ... Ift l",pooUoI' ... __ , kat ... I ..... L .. 
b.o~ lob" pIaoo..,d .... 11sI. 1II0000d boo up"" .... by ,_ o<Iditl_ ....... 1'. 1.) 
V ........ Ioiic o f Mlf .. I .... "'" OLd (f') _,k. ehleR, dol. ' 0 Gop ... 01_ 
........ .,. ......... tlc r"" .... ~ 01 Geoer.d S~ Th.-y. n. __ , .-.....,_" ...... _n~ _Ulo.ed III • I"",,,,,,,,., III • • lId 01 'h. choptor '"' 
p. In. 
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The ... developments are discussed . 1 the context of conversa­

tion theory (not n.IwaYI in the o rder listed above). to provide the 
general framework promised in the last pIIl1lI!l'8ph. 

In thio chapter we review (a ), (b). (e), and (d) ... they apply to 
conversation theory and, where necessary, IIcneralliie the dicta and 
definition. of the first monoRl'oph. At this juncture. attention i. 
still concentrau.:! upon rruict and one-ai",."t-oo"" COOvenat iOM 
(though the underlying men!.al operation. are often more liberally 
conceived ). ~n within this framework. it i. prn;sible t.o advance 
!.he notion of • com"'oll "'eaning,eached by an "I(leemcnt having 
• Iynt.actic and a llemaotic component . In particular, we develop 
th~ ide. that topi"" in a convel'llatlonaJ domain which nand fo r 
analoKY relati""" between other to pi"" , .... " l LaUe in ..... iption. of a 
common meanilll. 

Analogy r .. !atlow have a curiou.ly cenU'al potit!on !>eCRU.., of 
their educational .ignificaoce (only by using !.hem accul1I.tely, can 
the &~uden~ genuinely accelernte hi. learning of a .ubjec~ matter), 
and be<:ause the appre<:iation of analollY rela~io n. is Rt the root of 
innovation and discovery. In order to inlloduC<! th""" idea •• i~ .. 
convenient 10 d"",ribe certain augmentatioOll of the tl1l.n .... c~ioTU 
permitted in a conven.atio no.l operating system wch as CASTB or 
INTLnT10N. The augmented UIIn ... ctioOll were mentio ned in the 
firlt monograph, but. have been incorporated since it wu written 
( in 1973). The und"r.n.anding of 81Ullogy relat.ions .. discussed in 
theoe term..o, and some idea!l ahout. t. he coJUit.ruction of "n"logy 
relationa are sketched by way of introduction to the next. chapter. 
Little more can be done until th e "one aim at onoe" condItion .. 
,..,lna! . 

1. OENf.RAL AND NON'(;J.ASSICAL LANGUAGE. LOGIC AND MODELS 

A language hat a semantlc (or interpretative) as well as a syn­
tactIc (or formal) .tatus. The conversatlono.llanlUllIilc L i. nece.­
sarlIy of this type, so are the language. in l!.arralt-Torrijo. and 
Chi ...... viglio'. formulation, referenca! in t he firs t monogrnph. But 
the notion co nr.r:uts quite .harp ly with an "un interpreted lonn o.l 
language", a purely syntactic coru truct. of Iymbulic 10000c. Nota­
tionally . a language;" a triple: 

• 
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L.ancu. e ( Sfi of Sftt~roca. Intetpreuollon Fun«lon, Uni¥crM 
of Inl.erpnttaUon) 

or,fo, brevity t. (S,I/F. Un!v) 
TheM! entiti ... and their relatIoN are &hown in Fill . 4.1 . Th,,", 

an. lnd efinlt.<!ly ..... ny laniua&t'I. LabeUIJIII anyone of them by an 
Index I: 

l, II (~, _W" UnN,) 

..... they may dlfte in any o r all, of their component terma. 
A IotItc II conco':ived .. any pair : 

Lot;Ic II (l" CalcvJUlI 
where the caJc:uIUi iI Clp.tJle of upre.in, aJa:ori1lunlI Or program.., 
themteiYt'I oyntactic eottUeo widell lIenent. lenten~ in . oeI., S. 

Clearly. I calcul". could d~ene .. te to one program or I eo:'rtaln 
dUll of propvna (PrOS). Generally, we equate the notion of cai­
culul with Ihlo d~te forl1l . 
(1,,!l!2Il"' «S, 11f' , Univ). ~ 
. ""re ~ produc:a50me, Or aU, m .. mben of S. 
~ the conversational ........ L .. held in mind u £ , or .. 

dl" o f £, aooommodating ruu (Dr dec"IM!n tej 'odca. 
At I./w con o f W'alir;""Uon (u in the conV<!Dlltional Jan&Uaie 

L .. t '. 1.0). o r any other Irick which dUcriminat.e. i>etween I de­
ocnption and an In.truclion to brin; about whatever if delClibed, 
it if poulbla to incorporate ,oal delCliptiom. Thereby, • Prl\il' 
mltic of lfOai oatim.ct.ion is..Jjo ined to the rynW:l.ic and IoemanUc 
I}'SUm t.o form. oemiolic .yaLem . 

. ). 
~ J._.u 

oN 
{vI 

" F 
~ 

' 11 , 4.1. C"phlotJ __ ., •• Ion "'.10"' ..... L, co ... ido,od .... rlplo, con· 
.... 1'" I~ ... , S ,,' .yntad~ally odmloolblo ... .......... . gnl ...... of \to\.M-
pn,,,lon U, ond on Intorpretotlon IIIrIOC ...... bloh mopo tho PfOdlid " r 8_ 
Iho .......... "n" .. "I ........... ilI _ (ho .. {T, pl~ 
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The motivation tw.h in<l thi. development is lita! alel1tient being 

(wul"'cifioo, but aware) i. ahle te lutv" ind~rinil.ely many lilli­
guagPl, .c" and In them to imagine"" po .. ibilities and con templat e 
an lndetln.ltely illl1!" number of reoJiti ... (unlverses). In lIny unl· 
verse, the inteq>rctalion of lhrue ... "tenres or S t llnt Me true (in 
this unlv ........ ) is a model. 

For a cl.asr;ical lcKic, tile tnlth ",t II (True, FBIs<i ) ( Fi~. 4.2) , Bu t 
the overalllChcme is designl.'d to acco mmooaJ.B non classical logiCl. 
For uampic, 8. logic or .ction o r o f command execution (Rescher 
1966) .... o.ketched In the fint monograph, 11 no n cll1ssical. Stale-­
ment.. prelCribe operations. The datemcnt or B pr<><:edllnl is true 
in • cert;l;n univ<!t$e, If lbi. prll'Olldure .. tiofieo a moot"" goal In 
this un;vcne. For anoth". example, a logic o f Fuzzy Predicates In 
• non cla...ical logic: the !.ruth oct is volues In {Inl<! rvlli 0, 1: Mea­
ning! .... ). A logic of ~uuy Programs that compute th e values of 
Fu ..... )' Predicates i. also non claui<::li and iI of specIal interest. 

One noteworthy aspeet of the logic and Ian~e under discus­
l ion", i\.l 'Ylt~mic o rie ntation. Most treat ment.. of model theory 
lin! conatruct.cd according to CWlOIUI ol parsimony and an! d irectly 
applicable only to the simp I",,! l ituat;olUl. So, for """"'pie, a uni­
vene "' generall y regarded III a ... t o f clement., o bje<:U, or at the 
mOlt., """01£. In the present case the restriction is waived, as it 
mUlt be in the InterpreLation o f a loKi<: o f adion and opetllt io n. 
The univene can have the charact.eriotioo of a proc.,...,r. U.ing the 
termino logy of the lirst monograph, uniVClSCl of interpretation are 
M·lndivid uaU (one o r other sort of processor) . The model tor u 
action engendering ltatemen t ~ for example) il a compilation 
of Prog. Moreover, Lime II implicit in the unlvene {perhapo only in 

1'" ... ~ .2 . Str.ndud lnl<rpm.U". ot u.. 101 o,d., prodi""," cal«>l .. .w,.. Ih~ 
......... Uo"'" ";optod I. Fic. ~. l. All ot tho ..rlabJo ... 1 .... , prodieate., f~nc' 
I",,,,,, W:. (toIOlh ... .. jlh Ih. <o" " "",I_ . Dd qlUntlr .. , .ymbol.) ..... p&rt ot 
I.""' .... S, l~., I"" flnt 0 ..... pmdieal. tlI<uh .. III11 ...... 

• 



". 
the ~ ..... of order and r.h~ Injection o f ~nlrOp)l to oel • 
.......... in motion). But It is neither nl' " il)' nor mu.lly me 
cae thai t.ime Ii \U"ll fonn ... that difrer""t p&rt.f of \.he proeePOJ" 
are a priori , ynchroniRd. If synchronicit.y uilll!. thil 1I •• pecial 
conJtralnl built in at put of lhe synlactic ...... t..m .... t wh ich '-eiven 
on Int«prel.ltlon elther II • compiled and ",,~labLe program, ar 
•• rt!IUII of productlol>5 manifest wh~n ilU1.lud.iolU are taken In 
the impenltive (,nm. or .... _pedal condition (for example, In the 
fint monolfl'1Oph, the characterisation o f modelli", facilltJes, II 
"one clocked" or "many d<.>eked" procaoon). 

It i, po .. ible to vIew a Icheme o r 5)'lItcm o f I.h il typ" from two 
tq\IJ.Uy legitimate pl!rlpeciiYf'S, by conaldmllfl the VuiOUI pro­
_ that ...., liceMed by \.he .eheme from either an outwanl Or 
on lnwan! looki", ,tan"." 

Of theM two PI'~, the ou tward looking II leN familiar 
and more definitely IIlIhjecti'l'e Or ren.:cUve (tbough In a ........ , 
both of U>em have a iliff_tv.. component). The nolion underlyinjr; 
the outwanl Iookl", ~ve II that WJI\I.ageI and, alonlori. 
univeneo <;an be ~t.ed c:onsuucllvely in lOme medium wh\cll 
will be ~nt.med (u ruge.1.OO already) willi • PlOCh=T. That II, 
the inlcrprel.lltion function If f iI; regardable not o nly .. ' m. pping 
{Fie. ~ .ll bet~n troth nh.e.;.,m the product of ltatementl and 
unr.ena, bo.Il .Im, liven =t.ain . t.l.eme nl.l ."d • ttuth <:rlterion, 
as • proeHl In the .Upulated pro«:AOr .. hleh conltructl universes 
as Lmqined poulblllUu. Under I.heJe cirouml\.,,";n, the Inter· 
pretation fUnction IIF 1I1t.se1f a co ... tructl~e proc:e- and it .. ill be 
diltlnaulilhed as luch by writinJ! {with proc:fllOr 11~~nl . 

.1:,. (s., !nW,~: wh~ ... InU!. i lI.compiler that prodUCH . lped.fk 
univel"M, y!!!! I, as." lnterp""-Btion in the IJI""'Xcuor . 

I..oP: • c.t" C.tcIllUlI: o r, dec~tely . c.t ,. ~ I) where Inter I 
produces. compilation o f ~ i (and ... in l.erpretltion o f1i:i1J,· 
PlOt and output domainl in the prO<! or. 

We Ihall identity tho! proceAor with ." ["'PJoc nur, tho! molt 
cene'" kind of 1oI. lndiYid ual considered in the tint monop-aph . At 
1uII., ." ["'P!OC !i or II ... inde finitely ai~ {Ninedwustlbl." 1 
""U..:tion o f . prlol'llndependent and asynchronoUi. programmable 
m..,hlnel ; of course, u.e.e rnadline. are brouKh1 inlO local de~· 
dency and I)'nchronlclty .. hen. program II UflCUted. 
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A fortiori, .... ProoeIIon are a ble to aoeommodtlt41 .even! Ian­
~, r

" 
.1:, •• mu,lltaneotl$ly, o r _ • ~ bu~ Important case, 

~ degener.t41 !arial $ysI.ems (..!UI "Caleuh»" tel "'Iual to 
~Pro" 1, fo t fll<ample. the 'Pte .... : 

Clio !!!!I. .. ) -l(S., Inter xl, ~ or) 

Uh I'rol ') • «~. Inwr yl, hot!: PJ 
... he'" S. contain. goal deterip!.lonl proper to Prot! • {relation • 
• ditfi.ble if I'ro!I " I, compiled and exe<:u~).lI;'""" contain. iDa! 
descriptioJII fiiT~oll /l. Inter >t. In\.e. y are pr~_ that realll.e 
modell, ~enenolly Istlnct---;;;odca, th~t an! compll.tion. In the L­
ProcellOr of !!2i I, ~ j lha\ do .. tilly UN! 11081. deteribed and, 
in tldl lenH, IU1I trll' valued. 

HTruth" In O1il internal organi6alKm need on1y refer \0 tile poI­
IibUltiel of com pili", and succellllfuUy exeo;uUnI • certain d_ of 
PfOlIUDl (all with an rpaci_ted goal descripllonjln .... t..l'rocft.. 
lOr, the mlt<lnoe of which is surely afrllYtM!d. Th_ poaibUlIleo 
depftld indi~t1y upon tbI! program d_. !'roe. a1rn<iy com­
piled and under potential or current e><e<:ution~ •• " troth" ill 
WltamGunt to. ltatem""l that • syStem of lnferenca. hypoUletIM 
or beUeb .. ~"'''I. that It "sticlo totIeUler" and (finl. mono­
ifaPhJ IJ "conni<=t r..".". Contnodietion is not "",eluded, provided. 
It is condit Ional and !.hUI hypothetical ; for example, the.yst.em 
mlY ""ntaln prOilraml that Ille modenod and InU!rprelOO ;n dlllf",,' 
porta of the unive .... which compute rtatementl !.hIt would ~ 
conLradlctory, I( the diatinct ion were obliterated. 

Tho", II ROth1rti In the out.....u looking- penpec:tive, Iketched In 
the lut paragraph, t o preclude an inward lookinl perspective. 
From thill luter point of 'Ii ..... certain unlvl1nef o f \n""rprttltion 
u!'l. Ulually outlide the boundari"" of an L-ProclMOr, e.,h with 
its own ILr\lCtU",; fo r example. I mol"':"!1ll YI .. w of chemilLly,. 
WI"" m«hanlcal 'Ii"", of chemistry, the m.c;lu",iCl of • q ui"" dUo 
fenon ll*rt of the"",! world. If 10. it is poooible to rrinst.lW! the inter· 
pre4.ollion function ... mapping (ifF) betWfffl uls4.lnll uni .......... 
truth leU and propwn ot-al."..."to. nil. i. an utemal ot-rver'. 
imate of thlnp. Or .... mOre ""l1.inent alternative, Interpretation 

... ....",. I .... ". pto<.'O<I .... \hoI ...... p ..... and _ ......... lhls cOOlOOlpl~. 1.0 
DIMt r .. ""uiotio<oo (dolon, dl~ 'oWlldO t.,-",...,. _ .... ko] 0'" 
~"''''<>r)' '' ia ..-. ol,oR a "~'ri< .. 1 ... ",~". 
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may still be repnied constnJctlwly ~Xotpt that it 1".-:1 , to an Iden_ 
tlrICation with lOme pre-.,Iirte1l t rulity whereby. fo. inoLance. an 
imagined and "coberent" model II "tested" empirical ly to IIItab­
li.b "coll"eJpOndence truth" o. verldicali!),. 

l. rUZZY PII.EI)IC,\TES 

JU5t .. on ordinary p~inte. Of adjeetive, nam ... I set of en ­
til i ... havi"l the ru.med property. 10 • FUn), Predlcau names I 
Fuzzy Sd. A Fun), Set ~ • function from .. universe (Its own 
particular universe) to • t"'th Ht. Thouch ""vera! poAibiliti ... 
uilt. our immediate COIIcem II with Fuu)' J Sell (Goguen 1968) 
for which the It\IUIJ,,t Is 10, 1, .. } or. verbally. "The lnt.erYal (0, 1 : 
~I. Some Fuzzy Sets F, 0 , ... are ,00_ In Pic. 4.3. 
namM by FlIUY i'rediel.tel. It II crucial to notice t hlt the Fuu)' 
Set iUtlf II Ule """clio,,. Ho.....,,,I'I", IOmeonl! in a posit Ion to ..,Iect 
an element X In!.he domain of F mly refer to the VlIlue picked out 
In 1" , BrIg .. ( the troth ... t) &I x', "anode of membenhlp" in F ; 
written, In Zadeh'. (1973) notation, .. " rl ... Similarly, x (of FiS . 
• • 2) h ... gnde of membenhip 1'01" in O..,d the pai r ( Il, yl has .. 

F'\r, 4 .3. flo..,. Se .. 1'. G ... d • 1'""",. RoIo.1otI R, -.d .." l"Iou,. .... O<f;eo~ 
co-I __ f~"ctJ ............ u_. X. Y .. d thoI. c.n...Ian ,........,. 
x~ YonLo ._'._ .... th_. 



'" 
pade membenh lp ". /< >< . y l in the Fuuy Rela tion , R. In ponHal. 
jim .. I .. ry Fuuy Prmkv. ..... name Fuzz)' Sell or plOp<':rti8, ... 
lIlso. "41)' (n > 1) I'w;z;y PtwIi",,~ n .... " ~l.tiorw: .. \IIual, • 
property it • wwy . elation. Qui~ pouibly, the ~eou In the 
domain of • Yuny Se1. .... PLIny Seu; 00 hienrct.ical ol1lanla. 
liolll .... pe.rfl!'Cdy pcrmilSibJe. 

The a1lebra of Funy PJ..dlcal8 dafen ao ........ hat from III" 
all/eb .. of Non Fuzzy Predicalall (_. for example, Gotru<-n 1968). 
Union and Int.el'lOletlon are defined, 00 lUe ""rio ... f<>rTm of <'Om. 
p!cmenlat.ion. aut the behaviour of SUDseU of Fuzzy Sell i. a typ­
ical and Int.e~tini. 

Coli"cn, expllcltly In the 1968 I"'P"', hu proposed !'un), Sets 
.. the IlemanUeal or lnwp...,t.o.tive im3gP.1 of ;n"net c.onceptl; tllat 
II, real concepti .. enlert..l.ined by mind. "'-I by ambilfllity and 
""i"t!ntW U> • gnoa._ or Jeaer exwnt. Thill point o f view Is con­
......... ! with the pcmtion taken In Ib .. book and In the rlnt mOoo.­
papl\, but it iI not iden tic&! 'lrith it. We nWnulned pr.!l/lOO&Iy thet 
• tonoepl iI. proo:edlUtl under ""'''''''tinn In.n I ... PH "0' which 
dOfll in r.<:t. compu l.e ... me pmpeny or relation nam<!d by an L­
Predicate. In the ",neralballon, • procedure ill id""tir~ with • 
ruDY ~ (10 be ~iro~ below; but . krm which " nCOm­
pMSft lhe varioUI progn,mJ and non d"termlnlltlc PfOItI'lIml of the 
!lnt rnonogn.ph). Surely. the Fuuy Pro&ram (III .. procedure) wUl, 
If II undC'1IO"I c,ul<:ulloo. produce (ItabUlac, compute the ValUL'I 
of) I Funy Rel.otion o r property. Thill relallon Or property II 
given, In ""tento. by • Fuzzy Set named hy • Funy I'redieate . 
0111" { .. ntirely compatible) usage remain" that thc co ncept io • 
procedure IInder,olng Icwal or potentW exC!c:lIllon . The Fu=y 
Pr~d""" ~ ill idenlm~ (In proP"'" contut) with. lople desi",.Unll 
• (~encnllly fUDy) lople "'"'tWit. 

Goguen '. ",*,r in.jaM (which iI wM In SC!c:tlon 11) II that the 
un""'_ 0 / in~rpretalion for a ""tumllanl!U'ge conliota In a.,. 
of ruuy ~ and thai ""tural Ianguage5 are dillUngui&h~ from 
otha" lan~ primarily beca ..... LIlli iII.o. The propoMl ill com. 
pallble with <:<>n..., ... tloo theory. Nawral ~ In&erpretaUO .... 
Mpf!daUy the anaIOO ",latiolll that ..... the ln~taUoIlI of 
... t.un.llln ..... metaphon.""",e as a~11u1y Iluible modelling 
facilily . The dell'" of frftdom so obtaln.hle mill', in principle, 
be IpprO"im.tcd In I phyaical modelling f.dlily, made In the 
metal ",,\emal lO the 11_, and would be. proceosor a ble 10 """"pl 



". 
and uecute Fuzzy f'rotpamI. Any L-f"roc:euoT ill llI"h • thinJl:. 
pand ...... liHd by • brain which, we lIf1I\Ie, II t he UnlA!mallO the 
......,) modeUm, r""ility for tboudlt. 

3. rUZZY'KOGK~ 

JulJl. .. Ill! ortlinBr)' program may be repr_nte<! by • ..".;,." of 
"instruct lonl" which . !'duee to Ulignmenl I t.at.emenl.l and con· 
dltlonal lmP'!""tlv~ ltal.ernenl.l , 10. Fuzzy PrOj(l'1lm (7",deh 1973) 
may be . ep!'elented ... " ..,.,iL .. of !'uu)' or dnl.er,niniJl.ic " in.Lru~· 
lion!" .. which ,.,duee to .... ignmenl.land ~'UU)' Conditional 1m­
p"rativ ... A Fun)' Conditional Impel'lltiYC speclrlO!lI Fuuy !tela· 
t.lon, and that tlw! ex~tiDn of "'ell. ncp (lor uample. "'ling 
ladO'h', 1978 rule of compmit ionai In fe~) lllUalJy.-iiu in • 
.... I'! of ~.Iu .. or mmenu. 

Fu:uy Prottrn"'" h1m! been chaneteril«l .. algorlthml by Sanu. 
(1970) and by Zoodeh. Bolllhe)' yield t"Uay Or " appro.o:ima1.e"..,. 
... 1\.1 within a cenaln '~Ierance" (_. for example, Cln 1}ol1974.) . 
DrmIdty, • Fun)' I'rocram is a " halNUc:", Th .. amounts 10 .Ughl.­
Iy more than • mlti", of nomer>claUU'e ; lOmcthinc ill HIded to the 
kIeI. uJUaUy conveyed by """,,""tic" <lMln uted carofuUy. as in 
thcconk!xlorproblem m~nipubt!on, by Polyu (1954) and others) . 
In r""t, the multiplicity or values (or elem~nu of leU pointed out 
by yaluel of . n riable) whIch generally rt'IUIU from lUI execution 
ltel' m~y eIther t><i tx:rtx:l ua/.,a or N!MJ1~td. For execution on a 
il<!rlal machine, r....olution !. almOlt mtllldatory. o r th e Myeral 
vdUM lIenerated by uecution. one lIoelected 81 the rel'reRntatiYe 
value \0 be canil><! forward Into out-quent IlaiIllIln the I:Ompul.a· 
Uon . Any defenllble rMOlu l ion rule CIl/\ he employftl for thio P'U. 
p<XIO!; (nr e.IIIlml'le, 1.0 oelec:l the muimum value or the numerically 
mean Yalue _ the represen"' .... e. On the other band, there II 
notblnf; In the formulation of. Fuzay Prop-am to JUgpst. remlu · 
Uon, and p.an lUI other than oerWIOIO<:E II)o (no tably, an L-Pro­
ceuor accommodatiltll Kft<I1II • priori N)'nchrooou. operat.ions). 
the program l!.elr eallI tor openo.UOrll Ulat may elUlI'I' be panllel 
or, in Ule M!nR at the firs!. mo nocnph. corw:vrftnt and only local· 

• o.-.uy. 0.. 1\0 . ... d S'-• ...... S,gp ..... dfto.m>lnlM.lc 1 ... "",,11-. bu.' 
,,,- "",ct .... ""'Y bo reI •• eII. 
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If oynehronlHd. In the ~. ~tlon (no molutionJ and 
~l (w eGllCllfRll t ",,,,,,,lion an! taken for granud. 

Meehanlmlly 'P""k1ne. nothinK remarkable II ;n'tQlv .... but tb~ 
.8uUlnK eomptl t.lltion , ..... uristic opentionl ~ far riche'r t~n lb .. 
otrioJly reeolved P'~ which merely .imul.olft iL The heu ristic 
or li\w;y t>rovam it. if penniUl'd thil f"' lIer ", ... nin,. " clap of 
pI'OfP"IIDI for .chievinro the same Fuuy ReII'll ,for compuUni 
..JUIlI of • Fuu)' Predicate), togethl!T willi thOle communlcative 
or loeally I)'ocllronlslnjl;: lntenu:tionl required for the execution of 
th ...... Pl'081'llml . 

4. UECIALlSA1'10N9 ANI) NOTATION 

He.-ioN'anI, Pro,"tandlI for Fun)' Program. 
The term S ~ •• ...........:I for.1erial r~.,..,..,ntal1on of I'ro& 

which compu tes the amtI relation .. ~ but may be compilediii 
aRrialI*' ) •• 

Similarly low (!JIve.. an lA'I oc: .r' .Iands for" (hur l Pro-
II1IIlI that compila " ProI in I.he pr~ Md usignllhe valu ... 
..-led If it" to be necuted. 

fUrther . ... Jl)eclal cue, Inter is the ~ration of tbe mapping 
in Fig . • . 2 (\.he consLrUct ive .....:J imtion o f an Interpretation, ... In 
Fig. 4.1 , . -

• n.. ptk.o .. ,h., ..... f'II com mitted t.o •• ;'w or til_ w~tld or <"""ol •• bI. 
'NU."' ...... ' n ..... ly. "" I.-P. "" " Or .ont.&iftlnl ony .. ~"I",d ""mbo. at _yo, 
,tuo.., ... p .. 'c .. m .... b/o ","hin .. (t~ loci of concrol or cho fir" mo ... ,vopb) 
'" which "" iB<Ior"';!4 ".mt.... "I Indopondoo. d~D""" .y.l-< .... may be 
,pooIlIoo! .nd ","""-,,. Inl<> Iocol .y"clu".,iciIJ """lot oIo_dol>CJ I>J lnou»<-
Cion. ond In wII!eII ClI.~' ~l ..... n' 10 a 0)'111.< .... Keo.liooLlo ... "r. "' .... ...uic. 
u.. ~ I"d .... "" ...... _ . .. Ihoy ... n-s.d. I>y Ch • • • pod"".,," of .... fi .. ' 
..... ~; , .......... pIo. br .rlpdn,;.., ,ho' ... odoIl"'l ,.<IlItJ 10 0 _0 
<io<Ud !l'oe. or . or I <011_ Df _.cl""boI pi. _ pomoilll"l. .. tIoo 
....... y be. Mriol 01 pa<lOlIoIour"Cioa 01,.. __ . "'_y 0.10. ___ ........ 
aa-... loIrt, -...:Ieriotk Df......,.,.J 0J5IenI Uoo-sr lho ..... II 10 cliff ... 
..... '.-. 1"01_ ..... , _CI1I;6) ref_ I<> u... ricIo_ .. f lilb<k C ... "' ... . 
Iloo .... lrttt.o<l ..... r ad L.Pi OC _ ) 1_ .. _ ro ___ .... . 
dioo"'lr .. r _ Cy_ u.. .... _,,~ IrIo oln<labIo o~ ,.,.._ .... . 
i.Iooo. A<l<off CIW7I) mob ......... _n. <IIff""",", . £1_n ...... " • ...,.,.M 
~ op<e<M : I~' "'I-<r&<ti .... 10 ionpl;,,;, un_ ..,..:III .. U, ,,~,",, "'d": In' 
r ... _ ...... ~IUplo <ow.o!, .. th .. u..., ro_. S;n .. '~ p<OOi._ p<OOi.et .. 
.......... d I .. ",nn" ...... ", 
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~ , IDENTIFICATION OF PIUNC11AL c<X;NITIV~ On:MTIONS 

In order to deal with anal.,.gy ."latio,," , it ill convenient to devel. 
op the V"'Y terse definitions employed in too previOUB monograpb 
(L" Proccdu .... , Proc"; L ' l'roo.:.uur.",. Proc'; an<.! 10 on). The nota. 
tion introdUced in the last section ill u..,d for thi.! purpose, Since, 
In the J...ut monogrv,ph, all procedures were qualified as undertt:0ing 
"""""Liun in IUl L-Proces.or. no di.lparities exist. The main objecto 
of the nerd5e arc (a) to distingu ish l><-otweCfl a cl .... of program. 
that compu te the same ab.lruc/ . eIKI;on and • clu. of intllrpretn· 
tlon. for .. h~t.cvcr is COmlluu.od. Due \.<> the difference in inter­
prd .• tion, the r<>wl t. may t... ~-aJled different topic . " Iation., even 
If thcy have an abstract relatio" in common; (b) to establish a 
correspondence between PTocedural rep""",ntations and images 
dcpictlnK Irtates of nn l.-Processcr or an e>:ternal prOCfilOr (!.he 
modellinG fHcUiLy of the previa". monograph). 

Consider the notion of an L-Pracedllrfl (undergoing execution in 
allY L.Proc..,....,r. bot some prace.."r al""'Y5 at hand). Hencefo,· 

.""-
Procedure II Proc II ( Prog,~). 

Th ..... , observing the artifieialstratification of L, the LO pracedur~ 

• 
PtOCOj" (~'" Int<:r""j 

which computes. I tabili5es, or brings ahout a topic i. 
Notice (lUI an important featu .... of the genenlloatlon) that 

change in eithcrriKht hand term may dctennin~" f, ... h ?roc"; (hUI, 
iti +j --

I'roc"j 10 (Pro!!"n, Inter"y) 

which compUtel a topic j + topic i, though ,ince the Prolls id en. 
tical (~al, topic i and topic j may . ha", the ... me abstract topic 
relation, i.e., the rc"'t io,," in qu".tion (1llI in the (in! monograph. 
II, and ~) ate ioomorphic. Thi' poasibility i. prec luded by the 
other variation for i ~ k, namely. 

Ptoc"k III (Ptog"b, lnter",,). 

The Wrm "concept" II .. the $Ilme meaning M it hM before (I. 
proceduu under actuol. or potential. necu tionl but II more con· 



n.. 4.4. lIII __ ... ion 'or --.. of """,,"pll, eompiW In on L-,Joo. 
_, 1iJ'1 &ad h ....... _'" ..... <ioa. a, .......... eo_ •• iDUfJW1" I~ 
",,100 ... U. 

venlcnUy l!)ecifitd u follow.: 

Concept i II Sable compilation uf !'coc°!. 

We UIe the lhorthand notootion o f Fill. 4.4 to lndicat.e Lha~ con· 
oept I On uecution brinp about ,,,"uon R, ;n Its in~~tallon 

~". 

C_ ~ __ 
_ .. _ 1 

VII;. 4..11. Loconol.o, • _pt. 0.. len , p«><><t/urol .. _olation of Pooc:OI a 
(~ ......... J. Bolo. ~ 1 . 0100 .... i. D_UD" " r r io!. 4.3. !.P _ 
Lop" c, .... r ..... u . io ,_.wei to. ID.ecprdO'loft or _ _ do-
....... In -tilde eoo.,.. ... I brklp -.. a, l' i, io .,. ... , ..... 0.. rith<: _.ad .... 
.. _ 100.--">_ mo~pII w_ ...... Lo_ io _mood Co u .... 



... 
An L' pmeed"", ill 

~'(~',~') 

wbfre Inter' neKI not be made ~",pUcil. The fOfm of C:O"5I.n.in~ ill 
d~ in Chapter ~. Appmldlx 2.2; it c<'Jluilit.ll in any workable 
,tlucW..., uisUni/ in the L-Proc'"i$O' and pollibly the reperto ire of 
exIJU", Proc~. AI In the preyiOlU monograph, lhelimltlnK COUOlIn 
which Proc1i lid. "pon and ,eoonlUuct.il Proc"lli. memory. the 
Ilmpleat form belR3 n."""I,. • recompilaUon of Procol. This 11 
lbo,", in Fi(I. "'.r., ~lher with the uaWe c:omplbtion (in ." L­
PI... or) to .. h .... b. it IPvft rile .. , .. {thaI is the Iymbol .. ti ,. 
Un '" !.he proeedunol 'epnsen~tion 1(1 the not.ation employ«! in 
.'Ia;. "'.4.. 

M",," generally, !'roc' carry ouL C:O""ll'ticll~ .. well .. recon· 
ItnlctlvB "perul;"ns and \.hey III"" do 10 in the cue of IlI1 ullder· 
"gnd/IIK {Ihe prim"",. co nditio n detected in II Imet L CDnv~rsa. 

• 



'" 
Unn). The minimal 101m of an II"d"",'a"dinM Illhow" In Fie . ... . 6. 

Pia- .... 6 dopicll the ..,wal Iibentli~y or birurcalini and eyclk 
eonnectionl and . eveab the rrequenlly sttcued rtc~ that the otnli· 
r"",uoo of L Inl.O L' , 1..° is e<>nvftltionol, not tact.uLI. It impooed 
for convenlence, the suat16callon disallows many cyclic Olpnia· 
Uom .. lIIch could otherwise uist . 

•. O£N~R"'I,L8"'TION or KNTITlES IN Tm:CONV IHt 8.ATIONA'" 
DOMAIN 

I"or notaLional clarity, t.h~ P' OIl"'l"'" ex L<!lIIlorudly equiyal~ nt 1.0 
ithal do the .. me lhin*, by ""mputinK the AmI! relation as) PrOl"I 
are ,,*p.-nUd .. behaviour Ij'l'iIpho; (Chapten 1 100 Z) denoted 
OO(i ): meanini "dstri pliol5 ot and precipitations for model. 
bu;ldfu6 behaviou r" . AI nol.ed bd ore, IlIl behDvlou. crapha are 
th ... prOP '" ,",phs ((or II!l<Ilmple, Chang and Lee 1913). The 
( ... any) pro~uhibil.ed In one behaviour proc:ram paph. BO(l). 
0I\Iy represent ~l (&cUon 4) since BO, i ) \I non Puay. '"­
~resenIaUO'" an! designated S ~ i (S0c.1lon 4 ). 

A modem", facility 1.0 ..,.",mmodate non Vi!rbIl uplanaLions 
.. compiboloi_ and intcrpretatiom of proe:ramI In BO(I) Is • 
(rutricl.ed) ... nlvllrlll of intHprel.at.ion, or 1..,1 o f . prlorllndepen­
dent unlverset or campilalion and jnl.esp""~Uon. In oth ..... ordo, 
it II 000 or rno .... p,roc<:Mon, t.ogcthcr with In~rpr~tat.lon leta for 
the Input and out put domainl of pl"O(lnlJDJ that may be co mplied 
and executed. If the .... are ..... eral a priori Independen t proc~n, 
~ UM the neogllJm "Lumped ModellinH Fmcility" to denote the _0. 

In ell.h ... CUI!. the modelline r"",lity exo:cu\.S wmpiLed p_ 
pamI .. rnodell to y ield .".uits in." interpreted in put"""t"" t let 
1m,,", uleru Lly. in the product o r ' ... p u , .... , II OUlput.,.t - outcom~ 
.d). Any corn!CI. model for lop;.: i iI w ch 1 .... 1 th, u..,..l ion 
yield. one or mont outcomes (all o r which belanl to R, C 014/· 
_.,. Sln~ • "Lwr!pNI Modellin« Fw::ilily" ill delClibed by L­
PredlClta, the modell thai may be wnltt\lcWd in the facilily 
forlll I m"""l space. The facili ty ill mono rectrlct«! than I n L·f'ro. 
c:eaot due to the "c lockln&" restric:tionl (first IDOllOIf'lph ) u pon 
the comtituent PI'O(ClllOlL The p phlcL! notation of f'i8. 4.7 IJ 
used to tepreseM I mvdel. In this plctu'e, .. hleh II Intended to 
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chlrify t.h~ dl. Un<:tion ""tween a mudel ""'~,,,al to the I.-Proceaoc 
and a CDn""pt u • compilation i<l a" r.-rroccssor. In.. modellin( 
facility MF 1I bu«I o n :0 oerial or o ne clocked processor with an 
ine..rpr~ted o uu;ome lid diltinguillhod as as. Some S!1:2i i, repre­
sentative of Proe i ... compiled in t he modclling facility .... model 
Mi' It is important to realise Ulat wherul ~ a i. a Funy Pro­
IP3m and Inter x Is iu ~'uHy Co mpilatio n (in an L-Proceaor, the 
.tud~nt·. bralfl in lhil case),'" a concept the repn:ICntative pro­
pm 5 !.'!!!II. I is ""rial and 1>1, i. iu rom pilation in the ""rial pro­
",,"or ot MF. Model M, '" correct if th~ rc..,lt of it& ex"""tion is 
equivalent to lhe , ,,,,u ll or executing lOme program {S ~ II in 
BG(iI, and If it 1eCun't a, in tIM! interpreted outcome oct OS. 
(Model. for analogy ",laU"",, requiring lumped modelling facil­
Ities with sevel'lll independe nt processon are discussed In Section 9 
""d .hown graphically in Fill". 4.8.) 

One oth"" (catu ... o f Fi~. 4.7 is of importan"". Ju st as the .!.IIbl" 
compilation of ProcGi dllp"nd. upon the operation ot an L' pro­
call , hoc';, 00 the ... Iectlon ot • representative S Pro, I and its 
rompilation in MF BS M, dependJ upon Proc'i. 

The w k .tnIcture TS(i j is an impenltlve form of u... prol:'"'lm 

• 
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jp1Iph PG(lI. I~ ~praenl.l aU the demOnl tnltiOlu that can be given 
to. atudom l \llinllhe modellinK facility. and (_ in lhe nl'1ll monO> 
craPhl II Ianl.olmounl to • duo of ~.wiouraJ p.-;:riptions lor 
achininl the behavioural objecti", of N,;'fying R,. 

The "nUlllm"nt 11",",tU'.,. ES. figura, ... it did in the first mono­
p"ph, In a duml capacity. On the 0"10 lutn d, it t epraen\.l lLoga.] den­
valiona of I.opi<:I and thus whal "'''y N II""",,, ( in Ihe Jame way 
that TS( I) Mipu lnles what mcryH done ir the illl topic II selected). 
On the othl'" hand . F:S corunJluta. modellillll Cacilityat the eac­
nil;"'" Ievt'l In which Ihe ",uden! exterion.e. his actual deriyatlon 
of. topic as a . tate market d il tri butlon Or leaml"g l '''''''I)' . In 
I.hU capacity tho! ent;J.Umcnllt.ruclure and Ihe 1100"IRe loaolio ... for 
marker pboccmenu (for l he aim topk for the aoaI topic: and 10 
on), ES II an I.' analocue for the 1.0 modelling facili ty MP In 
"hieh explanalory hebaviour Ia ex\.crioriJed. 

FinaUy. the C()"""Flof/onal doma in II the e"tiro collection , en­
lailment I tructure and the o perator dae. hue (flrsc. monognlph) 
tiull bac:t it up; for each topic I in the ent.o.ilm",,~ .tru~uue either 
Beli), or T8li ); the .ynt...ctic and H man tk dekripIJons 0 ' (&) of 
lbe demuions In ES and D"IR,) of lhe compflationo o r each 8 G{I ) 
in MF. 

1. DIP"f"ERENTTHlml CRrtF.RlA AND TRunl VALDIo!8 

The followillll lyt>H of " truth·, are g:cnllf3l.ly ' e<!"OIIIioed ; cor· 
I"I1Ipondenc," tru~h, con .. n .u~ truth and coheren"" \.ruth . 

Of !.hew, CO'T ... pOnd~nce truth II CO nCf'mOO with the result o r 
leltin, u..t IOmelhin& hal '" mootftl " roperty, 0 . thlt • , iven nl!la· 
lion hoW. and II qwolirled by " in stich Ind such 10."I1) ..-orkb or 
unlv,"..,.. o f inlefpnl!la\.ioo" . If Lbis q ualifier 10 rescinded by 5Uppo.. 
ing Lbat any lie ..... " or cnllty able to mak~ a tdt is looking a t tile 
... '"~ world, then emplrlc~ evidence II obtained and 8. hypothait 
bNcd upon Lbls evidence may beeondiUon~ly verified. (The contino 
ICfK')' II .-_1 bec:ausc: Lbines <:hanKe, b8:a ..... Lbe _ umption o r 
oimila.rity 10 doubtful. bec:a .... t he ~Iovance o r dala io never com· 
pletely dete rminable, and because teol.l .... fallible.) 

ConsensU1ll truth Is. form o f IVO- ,,"cord between oluerveH. In 
Ita naive fonn, cOnsftlWl (0,",' the IIIlmlstibility o f CYide""", for 
I,..,.,plej II the outcome o f . w>tinc milch bet .... .,... th~ ot.e~. 



". 
But the ~rm<'d ~io"" of "0"""""'''' .unit for dilcu.ion In the 
COUfM of rnddllll agJeeml!Tlt, and In lhIs cue. comensual cri .... rioo 
are rally being ~1.I!d _ U,e oohererM:e c:ri1B1a of the nut.,.... ..... 

The coherence trut.h of • pro.-ilion, p. b • qu ..... k>n of the 
extent to which p to .... put o f . ->,Item o f eot!en! InfH11nce wilh 
reapecl to lOme olhe, corp .. of propooitiofll; for On., e.xampie, 
LhOR tntalled by • p re""mng the.i. DT • body of convictions, b&­
Uef. Or (even) dil.,.,.itiora; for. further example, thole proposl· 
tlons appoalU! to different p<MIible world •. Ad""".1.8 of coh~rence 
truth Include Bradley (19H ): many of the notion. are P'es&;!:ed in 
th. writinJl of Leibnitz ( ... peclnlly in the t<mle of the "further 
uampla") ..... can be traced back .. far .. th" ancl~nt philo ... 
op/'u!". The n",Ld ill revIewed and III up to dill! colu:nI'nee theory;. 
deYeloped by ~r (1973). Thill recent theory Is of peculiar 
InUmt Inaow .. one J<>Ill ill to ext ract the muJmum poalble 
coherent COlItenl from I set 8 of "" .... nlIy inconlistl:'nt pro~· 
tiona, {p, q , ~.}.t 

Let eo be 9 d l!¥Old of p. Now p ill maximally coMrenl with S" 
Ith"', II. "olm ... " member of 91. if p i.1 ded uctive conoeqUl!n« 
of the plOpoailiolli in e- (so !hal tho! MIIatlon o f p II Incom, 
patible will> a-); p Is c:ohe"",1 (10 lOme ulen l ) with 8", If P il 
not lncomp&tlble with the deductive consequenCft of e· and il 
thua a pollible member of e, Now, liven a let, e, It II pollibJe to 
lpecify a f&mlly o f non e mpty muimally cOn.llstenl IUbseU of 
propo:oiUona (mel) of e, l uch that any ma II cOnl~t, and luch 
that the ~dlUon or any q in 8 to an ma devoid of q .""den that 
lublet of propositlOnl InconaioteM, The cohe rently In>e cont.en t 
of the orl(lnal collection might be specified U " Ullt .. hich io a 
deductive conoequence of all the mulmally conrutent IUboet." 
(ReteIIe .. s " I eonsequence"), or "that whlcll II. deductive conae­
quence o f any of them" (Reocher'. " w eDntequt'l'1ce"j , In t.:t, 
ReIcher I'1!COmmendo tM ..... o f Intermediary erlteria. A ~f.,.... 
enoe (an _"'Ihie o r In n l! o .... ntood pre(_ON) 1& employed 10 
determine a..,1 o f ~Ie muimlllly coru.irtent au ...... o f 9, and 
the cohc'rt'Ilt content io wbat.ever II _ deductive co""",,uence 

• 0.... ott "II" 10 ~ .. "" 5; ......... , tho II",h •• Io .. Gt .h. o'''''"bet 
.... u It Im_ .... 010 La molnlaln I """"' ......... , GUlatl ..... ond ... hoY. uood 
"&" 1M oth •• pu_. 

• 
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UllKCher'. "P cO"""'loonc .. " ) o f ILII)' I UbRt in ttl;. preJerted 1Ie~ . 

The theory ;. primarily concerned ";th _rkinl Ollt the tnlth 
aIxM.It a phenomen.on based upon . llet of obIICrvat lon. and, per­
hap" • .,me exiJtinll obIervatlo"". Henoe. t.he propotltloru p, q, ... 
Ire data; they are candldac. \.0 be .ccepted Or rejected accordlnK 
10 whether thi!y ( Rnd prior propoolUOIll) form I ,YI1@m, ... ilh tho 
ct._I that .. much contenl .. pouible be utracted from the data. 
In order to "ount as. dltum , hOWevH,lhe propOIIitio tll (resulu of 
obRrvatlon, forexample) must have an ertnIlogical claim to data· 
hood and mUll al", be n fficiently oomprehollllive to cOYer all pol­
libilitiea r~l .. ""nt to the phenomenon undu ocrutlny. Similuly the 
prefmmce criterion (In the ori&inal, an &leWe p ... ferl!llOl! un · 
related to dHinl and attuned .... objectivity) Is alia utn iop:aI. 
and In the provinoo of ""r-oloo'. 

I. AGREEMtN'T AND COMMON MEANING 

Our concern in this boot ill certainly not "logleal" in the tech · 
n!cal lie,..". It ill poycholo,;cal and epiI~ological. Consequently , 
ow motiv .. in mUJu,rinll notion l o f cohe rn""e ""' di.Unct h om 
Re$<hd •• and it is prudent to 11.r_ the d lUerenCft.t the outMl.. 
[~pL Indirectly . th. argument h. tittle bearinl upon n.tioNl 

=t Or _ n upon "neceMarY" or absolute tnIU1 . Nt'IIer­
thelno. the tnIlb condition. of corretpOndenoe. coherence and 
co ....... . ... (u • form of COherence) hln •• upon ... rlo .... kind , ot 
qreem~nt which impH,,'te Cat least) I'roY\tdonal II1d Idi04yncn.tic 
~"'-

COn . ........ ndence t.ruth values (albfoit loo;aI to a un iftrx of inter­
pntation) appear in adjudicating the "COfl'1lCtnfsI" of . model;of 
whether or not I relation, R io iA ... t iArled when tha compiled model 
iI execut<>d , and whether o r not the ' yn Uocti<: componen t IS Pros) 
gf a mod el mat<:h ... lOme other provam Or a cluI of program •• 
such .. BOil). In general , the Io&ie Is " non d.-IeIJ" both in the 
_ that It Is a logic of action ..... In the tenH thlt lu t ..... th lieU 
~ many nlued (the YlIJuationl"" o f Funy PredIclW). 

An ex ternal int<!rpreUtlon ot Proo°l i. the e.pilnltory model 
~ref~rred by • participant whn Is leamllll inpic L The co=tntN 
ot !hil modol (Section 6 ) depoe"'" upon whether or not h. execu· 
tion 1Itio1ls R,. CorTllCln_ Is th .... ..... oop.t other thing:t. an 
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indo of conspondtnC<! truth. local 10 the unl""rse of ln l.erpreUo· 
tlon fumiahcd by !.he modelll"'ll ("",l;1y. Indirectly, correctn_ 
alllO Implies ~hat Ihe ' ''p!'Kentaliv .. proeram can be w mpiled and 
that It.l """,,,[lal;on .... model can be executed. Slmil .... n:marlul 
hoLd good if lhe mood ;!.Iclt is matched ogaln.! the cla .. at models 
T:S'(l1 obtained by inttrpreUnK any of the program. In DO(!) . all of 
wh;eII .. Us Cy R, . Moreover, both oo~ and m.t.chlng (q:ainlt 
models in TS(I )) U'II Ipl!Cial CUft o f .. ...."antie Or inlerprt!tativ" 
&11 __ 01; a particlpanl aer- 1.1 .. ,\ the model (Dr \he relWI of it. 
uecuUon) lalli..s with .. <:af1onkal fo rm. 

The II"~ _ of ~anllc .... eement invol_ two Or more 
participant£. That ii, lOme oU"". participant, orten In • dominant 
and Judiciary role ( for example ... teacheT), make. .. demOililrat in 
model In the Ame mQ<lelling f.dlity. The ""ult of executinK lilt 
authorl ty ', demon.t.nItlve model II comparnd with the ' !!Iul l a t 
executing the l ubm itted explnna(ory mode], and the t wo par· 
Udpant.l agree that Ihele relulu do, Or do MM. JAW.f)' u... "'mil 
InU!l'prn!ation o f . topi.c relation. 

Such • """,antic IICJ'Hme!lt Ia..,.;erdy limited. It .. y. nolbi"f:. 
ot nece.ity. ,bout "",era! emplric.l Ut",lb" o r Ibiolul.e f'IILlorUII­
lI.y; nor d""" the rl!laled canon of com,elne.. For enmple. It the 
oncuw thesis prnpoundl • talair>e<i thent)'. correc:tn_ means 
"COm!CI. with n!lJ)eCl of lOme .,.n n t this tlllN theory . or with 
I1'IpeCI of iI. aU", P.rtldpantl Ire obviously .ble to....,h ....,.,­
ment upon irntional. Or em plrleally refuted. propolitionl , 

But. to dO SO iI not polnlles.. Though the ItatUl of I "",,,,,tic 
qreement i. Umited. II doe!l m~Bn mon: th"" I vague lICeol'd . The 
pMticipotnt.o wbo ...". hive bHn Ibk! to inlefp,,,t • relation (""d 
• pmgrIIII which compulel it) In some world . pemap. I WI!r}' 
bi..".., world , and th"l' ,....,.. that thHl! interprf!lltlolll (ot!.he re­
Illion) ~ lhe same. or In! wilhin tol"raJlCI!. MoI1!ClWl'. in lhUI 
vnr.ene, the """'pilJ,tionl of tbeir fllognu.nl work to brifll!: about 
the «iYftl ,.".wI. 

The componion not ion ot eolKm:nc:e is ,110 _Ual to the id.,. 
o f ~nt, Tb<! main point II that coherence betwHOn the otote­
"",nla entertained by two Or mOre parlidplOla ImpUE'I' b .. ically 
.ynlac!lc ...:n:ement, though dcp<:nd ing upon the c!r<: um.t.lnc .... 
mOre than Iyntactlc "I!(reemunt may be involved. 

In lht! ('In\. monogaph. we 'pr<:iC'>ed the mediator of cognition 
II • ~cbolotlical·lndlvldual o r P·lndividual. Any p .Jndividual II 
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the replloltkm (or .o:olf...tabilisation) of • ~in! coniOat lng In 
IInill ( Proc' , Proc:0) (Section 5), The construct i. _tWIy 
dynamic: Ihe procedu .... "",. inl up U>e P· lndividwll are ~. 
JOins uecut.lon In lOme lrl'rocesllor. HQwl"If'r , we do not InIiU 
that I P-Indi-lidu.allJloollwd, pognpllic:ally, In • particular b";n. 
Nor do we exdude !he p<MIibility that JeYeftI P-IlldiYiduali co­
lIab;l the arne brairo, provided it is an L..-Proce.or and \.hili • ,bill 
10 ntcUU! L.-Pr~uteI. AI • mati."" or !&ct, both klmb of d is· 
trlbutlon ot COjplition are commonplace and are neceuuy featLlml 
of a . trlct conversa\.ion. in wllicll undefllandinl' ue obael"nble. 

Hav~18 hlilatcoJ that B !,·Individual II I dynlllt1ic ,y. tem, It II 
plt.Wllble 10 chamcl.eriMl lt , o.ltematlv~ly, aI IO mO con!liluml a nd 
lelt.~plic.t;nw 1),lte ... ot hypath ....... Dr bellef ... and mil. to liken it 
10 the loOCiolopal corutruct o f" rokl. In \.hillpKLncatlon, "hypo-
thaet" and "bclio!fl" are . I 
"",,\.e.laininll; hypo\.heol:a'· <>< this 
pich,", "f. P-Individual iI qllik 
of "man _ an 
,,",. 

Contide. u.. and 
J'.Indilr idual into mom ..... t.afy 
the " .. I, 

, "'-
.[ the 

con_efle of thill 
he",n! then the 

Coltenmce ot 
th.., • 

.~ 

l~tUI 

"truth"; the JOlI of ,"',-, " ..e .monest dllductivt! conaequcmcet , ... } in 
To be mont diserimimttins. we Invoke InlU\lmen~.,w· 

, tn. on .. h ... d. to Rescller'l -'ethic: prefeftllCe orderinll 
1M> that o nly the dllduc:tm. <:OnlajucnC'Cl of 111 .. p ... r<l!m!d mel .... 

' oUo.ed up) and, on lhe olhee hand , to the cri\.C.ria o r d ...... hood 
(that l11e (p, II , _.1 at<!! truth candid.at<l!s, both '<I!Ievan~ and worth 
hi,"",'. Lacldnc fUch ... augmm ution ... r.\ndividuaJ ,."ay be 
IIOlhlnll bu~ .. droan"" or a ooLlpoiJt or .. oyM.em that rqfUrgI .... _ 
!be uJUmat.ely taoutologOUI verb and ...uectlve c haiN o r &In int.ern-.l 



dictionary. In the utremity,,, con-
rtnIction, and the further .....mon that 
• P.lndividualleadl only to the """,antic Ulat an L-Pro-

.,.,...,. uilt.l and i"i·ibl'i .. ~~~;n~~j"lU~~;'~. i.':iB;b~'~"~';b';·~~";·;·lture can do 

001.111"11 ucept to ,. like th" blcatin" "point" of 
F1at1and, in Abbot', 

Sup",*, then! 
lion., and their 
A ~d -muwal iI indu 
and B. By the am" token. there 
tW'ftf\ facton of ana P.l ndiyidual 
conversational domAin. i, .. · .. 
(betwl"'n A and B, or the of A) In "'rrn. o f colle""",,,,,. 
CQlUeItlUl, in the tequel, illdentltied with ouch an ~ment. But 
the .bltemea!, u it otandl h. lu ,ynt.act.ic form, II minimal. Much 
mOre <:an be .. id if the convenation il OIriel and based upon under· 
Ilandilll (in lhe technieLl ....... of ""planation conjoined with 
dtrintlon) or the COnttnlo;tion o f Pmc' i, Proc"i, .. in 5eetion 5 . 

.... t .. P.lndividual eIIpte In • • trieL converaUon anch~ upon 
.. fb:ed con_tiona! domain, tU.in1 place over ........... tlOIll 0 , I, ... 
n ... N. Upon eacl'I oecuIon 10 ..... topic in the domain iI under­.""". 

AI in 1M rll'O\ monogr.ph, let :r(ol_lAnd for \.he repertoire of 
pain (Pmc 'l, ~!) that.,.., learned, reproduced, and ,tabili5ed 
I t occulnn n. Due to the CO!!ltruCtio!! o! t.he convenaWonal do­
m-t!! and the cl\In.c~riu.Uon ot any P·looivid"al. It II pollibJ.. to 
order I"," reputoiut ... (n ), II lollo .... : 

_(OI C •• • C JinJ C Jin + I ) C ••• C t{N). 
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eandidal.e with hypothetic:lll ""'two. On ~~:;:~~~i~~U!e actor 
Iftto .... coherence and _~ Tlml II, 

CoM,..,,"" and, m 
reneraI. (n) 
(The GeIta,i~,: ·;;;;;;tt~: 

Ful't.lt«, it mIlA be for 
" .. duwland/III), cl'9dlt.ed with the 
weak CQn'ellpondence truth, to prev\oUJly alluded . U the 
topic llleplly derived, then a limilM credit II giY~n to at leat on. 
propOl.itlon aUirmlnK a rclatlon bet ....... " topic.. [n brief, the 
"ohernnt prpposltJolll are, by virtu. o f Unde1'f/llndin, • ... ia'ned a 
(we&Jr.) seml", rk:!.ruth value. 

For a c:onM ..... 1lI .:<tomaliaation, IUppo&e two o r more P_ln_ 
di'riduall (A. Bl o r two o r more r.<:I.o .. of ON! P.lndlvldual en­
pg«I In • ItriI;t cony_don on. lb.ed domain. We reeognlse!.be 
foJlo.m, types of consensual agreemll!llt between one and the 
0"",-

(I) A Iynt.aellc agreemlMll of degree de~di ... upon the co­
baet"'" o f their I"ropoel. 

(b) A ",mant~ment rep.rdinJ in~latio ... or mOOeb 
at Ievd L ' .. weU u at Ie«l LOI. 

(e) If lh. pan.iclpanto !mY" 60rh synt.aetlc and Hmantic .,...... 
ment In respect o f one o r more t.opic:a, then theM tapa bave \he 
JaDMI meaM1\j to the participanta. 

I. COMMON MEANINO AND ANALOGY RELATIONS 

Conaidcr the converw.tiom proper to Jeun1n,g about. elYen con­
",national domain. Such convena1lo"" may M o r II!veni typel 
(milO_eel In lh' n.en sectlonl. but the limplO!lt kind 1lm0000U to a 
lI.ucI~nt enpcinl in "convenaUon with hlmaelr: that Is. a Mudent 
~_ntftl II a ~. or inl.emlll. participant&. OM l.eeche. UU and 
one l~ ...... rt ikl!, who iI "Ii!amiq 011 his own", 

• I. P_. 1\ 10 ~b/oI ....... _ "'" at, .. Dr ...... I .. t.y . ....... nQoc 
.... _1I .. deo ot coloeretOOO ......... r or e ...... Po. _ .... 0 -.u .. <opIar 
io • """ ..... 110 ... 1 cIonu;n by deriorioc ""'Ill Ia .-.., w.,. r""" oU- '"'"'" 
~ ... _ler __ . ....,.;.IN.,..;<II h"~. Ur ... 00_. who"uno 
ODd. .... lw' .... dori .. tlon. 



'" 
No ... 11. "II th~re an I~tion In • converu.tlonal domain 

.... lch may be; ],earned o f • COmmOll meani.., (Section 8(10) above) 
agreed between pllttlclpanu?" 'nil! ... ply 10 tIIi. qUol!ltion i • • trlf­
maliva. ami the d esll'1!d Intc:rlptlon i& an An&lOO Rel.tion. 

To '" III;. devly, d llllll8uiJh between the Jynl..,tic and oe­
mantic comvonenu or • rubject mat~ thesilrepl'1!Rf1ted In • con­
~or..J domain. The lynl.aCtlo:: component iI an eJrpn!Aion of 
derivations of topk: ret., lonl and the uninterpreted propam 
,",pbs attached to eech !.Gplc. The aemanl o.: component II m.:le 
up of the modellln, ftcUlly (Ule coPlp!t.Uon/int.erpreUl.ion sel ) 
and the dacriplion o f 1.he entailment Jtruo:l ure atforded by the de­
ocriptor ...:Juet fIIlIl&n«l In D'Ia) (from whidl • d.,..,.;ption of u... 
eompUation/lnu.rpnt.aiion ~ i& deri¥ed). 

Spft:iflcally ..... anai<>IY reI.lion, (Fir;. 2.6) is dlAInguWtM fmm 
the limVlltio ... In • disjuncUve o r eol1,junctiv" JUbatrw:ture by the 
fact !hat I k'tnanUc component II _tl.OI t.o Its ~clicity (t"1ISl 
monoeraphl and " repreiO!n\.ed by the Hmanllc pndicat.e Din 
-tridl d15UnlJllllhed belwl.'m uni~ thai ~ rcloot.ed in the 
,,"a10n by • morp/l"," : In Ow! limil by an WmOt"plr ....... AI the 
rIak of Iabourinl ihil point, notice tha.t conjunctive and diljunctive 
l ubstructw-eo are a110 cy~li c, Fill. 2.8, but the cyclidty 01 th" 
ana!ol)' alone dependl upon Dill. In terml 01 the fint monograph, 
this fad dcman:lt.u IM>morphilm (where ther" II one to 00" 
re~tc boItw .... n topic reLotiuJIlI, but no Identity) and th~ other re­
IJUonal uperatiuni ablu to preserve lpecltldty all of which secure 
,,,IJUona! Identity. More i,nerally. the Ilmlbrlty part of In 
Ina!OIIY relation IIlyntactlc Ind the dlffcr1!nce part is Mmantic ... 
minimally Indicated by the predicate m it. 

Thll g~neral ItBtemcmt II In complete accoro with Hesse', 
(1963) clqant-an.aiYIII of the Ina!Oi)' relations of scien~e. The 
.Imllarlty II exprt'Sltd by • morphllm (lnd ideally , an iIomor· 
philm) belW"",,, nil"" or aboItnd Iylte .... or scientific lion; the 
difference II expr~ by a poaoibly in~omplete lisI. of propertieo 
cl!lI8ClffioIo~ uni~"", of intelllllllal ivn (for ""ample, "optics" 
and " lOund''). 

Hesse', argwnent II peculiarly germane to the Cllmi!nt theory, 
lino:e it otrMICII that material enalogift (th ...... wh ich can be 
mod~ed In e modeUlnl lKlllty) ate! hued upon limllariu., o f e 
Cllual or funct ional IOrt; u a rHult . upon roles that can be "". 
preued by melln. o f plOptrDJ: e:tecuted In • aerial ploceuor (the 

• 
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~ompil.tiom or which are finn.. , tale machi,,"). Ou.r tenninoloo 
uoynt.:tic" OO'f<ln this cue quite m equately bot~ will, later on, 
dlo .. ..:c_ to 1_ weU .uuctured analOllY , .. 1atiOM. Thll analOC)' 
between IImilar fill" (~) tblil .... compiled and ueo;:u ted 
in diffen!n l universes ot interpretation may btl e:r.pLured .. an iso­
morphllm between lOme o f the pm~rti ... of eac:h of the unl~1'SeI 
{X. YI; n.me]y , thOl" propertieo wh ictl CIlIer into a IpecirICalion of 
the (HIlcom, III' (Sect ion 6). 'The lin o f propertieo lIertinenL to 
"och universe of inc.erprntatlon, for uampl.e. the UJtI: 

OpUCI 
Colour 
[ntolll ity 

Il1I! jeolllorpilicaUy related. if \.he giYfl> rule ~.leI thOle In "op­
tiel" .no! the ....... rule relata those in "IIOUnd" (fo . 1_ .• 
simple ___ ¥e Iw op<>ption ... ""llon in.,.,lvinl t.hHe tennl .. hen It is 
inlerpretm). But the lin ..... y eithH be c:>m pJet.l! : Hdt of the In_ 
del!nil.e nwabH of proputies wt mi:a;ht be ciled can be given • 
" potitive" (I.e., member o f the lilt ) or • unl'glt lve" ...Jue. Or It 
l1l.I)' be Ineomplete: lOme propert.iel haW! undetermined r.levanct! 
at the moment the analogy relation II l tated : tor uample, the 
"!Mdlum" In whi ch lOund .. I Ves tnovel mlY Or may nor corTllSj>Ofld 
10 • "medium" (!.he aether, historically) in which Ii,ht wav ... 
lravf l. 

If It happelll that the Jyntactk: rule com!lpOndl to • PrOI[l'ILm 
~ .. th~n ( tor colo lU' JrId Intensity relevant or pOIitive optical 
propertiel, and pitch and loud,,_ relevant iIOnle propertl") tlut 
iIomorphlilm In the anal<>c rei";"n is : 

CoIoUf" Pitch 
In~ity '" Loudn .... 

Give! Pro •• 

Similarly , if :.; and y are o utcome lIeU ehUllt;I~ by l.heJe 
propert\fll;, I.hll II In ..:cord with the fonnulation of Section 5, 
~Iy, tor an anaIl>tIY relAtion R. bet_ R, and tt. 
~ 1-<~ I, Inter:.;) .. <~ .. Inter y ). Pro<: J 
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The only IIgnltkant diffel'1!nc. ill that "roc k iI _n ... pro­

ced\il"e which oomputa the value of. dmi"l1lilhinll predIcate m.t 
Il. y wh ich determine. In wkat '''peel the uni.~ of lnlerpl'1!ta. 
lion differ. But It Is surely the CUfI that any .hKh", t hvinll Proc t 
in IIi, repertoire illn. poIltlon to teot any property thl com.,. to 
mind, or is obRrYed ... beinc relevant or irrelevant to the analogy 
relation. 

An the ..,.Joe ,.,.I.tiom ooMidft'ed in the rtnt monop1lph can 
be...,....-.:' in U- (emu; notably, those holdine: betwoon the 
.. ~ .. and the "abstrlCt" unlV1!neOl of interproutJon in " probabil­
ity theory". s"Yend other ' peciC-1e eu.mpleo:, culled from our 
wort, am disc~ In conneetlon with convl!IU.tlonli domail'll , 

Th .. lmmedi.t.. pOInt of "mph .. ;, i. th.t RI and R io wh.tev .... 
they "'present, lire presented to • Itudent .. dlltJnet ; they are the 
",latiol'll "r different topla In the conversatlon ll domain . In lOfar 
at \he In"::I,,n! rqarol them u distinct and conllequently views 
them hom adifferent~pective, he .. at My .. te in .. momentary 
way , ~ted .. t wo distinct mUties. ConsenIually. theM may 
..."Ullle .. Uuot H.j is INI'ned lor thought o f. or ItI.ended 101 Il one 
n>Omenl Iln<I R, a t llIe nut. In.ofar .. It,. and It,. bolll occupy his 
au.enllon (or .... learned about, ,till .. diltlncl ""pies •• imul. .... 
neoo""')'). U,e entiUIII are two participantl. Finllly, If it happl!llS 
thlt the student aulmn.t.eo an anll"IY relation between topic I 
and topic j, then the (llbell lnm. ient) participanLi rNCh • com­
mon meaning which, If It 1.11IM with the I nll"IY relation lrucril-' 
in !.he ronversationll domain, II the l pecified aJUlloi)' R. betWeen 
R, and R". An "rKlel1tandln~ (uplanation lind derivation) o f R. ilL 
eridence to !.hi, effect. 

Evidently , Ro. is abo .. commOIl m .... nin,r to comparable •• partie­
ipant.l" inside the subject matter expert who lnacrlbed It .... topic 
in the .,..n~n.al domaln. and we mum to the qllUlion o f 
CQfUtructiTII lnalOU relulo .... aflft d l!lailin& t he act o f "".w,.. 
.tond/TIIIn lnalOI)' relation . So"", lfI'Oundwork II needed In older 
to update the upooition In the previol1l monop-aph 10 that the 
account adumhn.t.eo certain revised tl'lll\SaCtioni In the operating 
' y"tem, (ei!.her CASTE or INTUITION .. described in Appendix 
A) and the. now explicit , dl. t!nctlon betWCC!n the ~ and In ler 
components of a procedure. 
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10. U/'I"DtIlB'fAHOI NO 01" AN ANALOGY RKI.AT10N: EXrLAN","ON 

CoNider r~ the non verbal upl.n.tion or rnodellinl of an 
....kJ.&y ,.,\alion which ill one nee. "'1' component o f it. WIder­
--.di .... Suppwe • Lumped Modellina Fadllty oollliN 01 two. 
priori lndependentRrial pr n connl!Cted to one or more out­
come lIeU. )Generally, there are very many poIIlble oUlCOrne~, 
but \.hey 8 .... in ..... rlobly partitioned Iry the ..,mantlc d etCriptof'l 
Into partI proper to ,,""'h proc....a, .) For enmple, In STATLAB 
(o! the finl monog .... ph and the Appendix) there.,., two pro­
ct'UOf'I. Dna atta<:imd to t he "real" un!verN of Interpretation, and 
one attached to the ·"'botn.c~" Ulliv ....... of lntl!1'pre\.lO~lon. Their 
OlUCOme fOil ctI .... !s~ in ·'Iimpl .. evenUo" or "compollto ""Cllll" Dr 
"meUlU(!I" (in one _I. and "simple _uJU" Ot "eompolllt .• re. 
l1li111" or " frequency ",tiOl" (in the oth~). CJoU o ne PJOCft'Or and 
ita outcome"" X, .nd the oth ... piocessor . nd lu outcome teU Y. 

In order to uplaln !.he analOlD' .el.tion R~ be~ .. een topic I and 
lopie I. the , w dent mull u ll imal.ely do ... folio ... : 

(., auild • eorr«:t. model, Jot" of co"""'pt i which on UII!Cution 
... t.he mod"UIJlI flM:lI 'ty realisel R, in X. 

(bll:kl ild a o:orrnct model . M, o f concept j whlch on execution 
in t.he mod"lIinl flM:Llity ..... 1 ..... H, in Y. 

(<'I Coupl" X and Y 10 that the isomorphiam betw~ R; and R, 
ill ,"lied. and uecul.c! the model. "mull~"..o"")1 to lIuory R, 
."d R,. Th ia couplin ~. a modlll M •• aatl.fiel tho anKloi)' ",llt'on " .. 

To IUmmarile. cia ...... Cal II evidence that Procoi u!su: claU511 
(bl thu PrOCOj (IlIiAt..: and c lause Ccj thet Proc°~ ulatl. It ba<: ked 
up by ovld~'fIoo to . dcri .... tions. thill pmvid .. evidence tOt a.table 
"oncepl. and tllus tot an ultd~fI/IJltdlrllf. 

Naw dause (c) II .. grater content than It Iftml to have. In 
~. !he IimUU .• nllOUl and wee.orul uec\lllan of M, and M, 
impl~ mor. !h"". couPlinJr: between their outcome IC.'U. It ia .,.,. 
oible if, and only It. the pair ar. priori Independent proc!ll~", In 
tbe X and Y puu of Ole Lmnped 1I.\od...tlinl heillty are partWly 
' ynd\ronilO!d . "itll .... by inlanJpUOfllignak Ot b y alh« methom. 
The crux o rthilrequin:mmt iI not well ;UI.lJ4no~ by the exampa 
in the rim. mon<>tl"'ph (wh"",, fa t the 1II000t part. the t1!OIlity of 
toIICUmlfltuec\ltlon of M, and M, ... 11 not encouraged and analogy 
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.... lal,ions were modelled tornully). In rae!.. Ihe subject mauer ern· 
ployed pennil~ this aloNln8. !hough .. e noted pen.iatent lUJdenl 
fJem.l1\ds to "compare modell", Ali promilCd. the dek'CUI 1>8"" 
now be<!n remedied and cun"urrent e~"""tion II rendered man· 
datory. It..o impllct. is onsl1), lmHt(in~od in the contex, or the "optico" 
and ''&ouDd'' e>:amplo, and the matter is pUl'lued In Chapter 7 
Uli"~ Ih~ oubjec~ mntler or cnCl'g:)' Ct>n~enion and Ilmple lhenno­
uynamics. 

With U- oommenl.£ in mind. Fig. 4.8 obows the Ilrucwm buill 
" I' in • modl'lling ta.:ilit)'. M, is the oompiwlion in X Dr s Prot; i 
(~ntint!: Proc il with ill oui.wme "'" (OSX) d isl-I"ll"lIhl!ll and 
.... rina: R, as a.ub6eL, toI, is the eompilation in Y or s Proc i irevre­
"",lin, Proc J) wilh it.& WlC<)me ..,1 (OSV) d istinlJUilltw,o;! and 
.... vinl R, ... w!.>tel. For corro<;''-. M, and M, are mal.ehed 
o.pil"t HO(I) and BO(j) and Ilu .... u.lacdon or K.,. It,. II deu.<· 
mined. This ope .... Uon II not shown, The co"pUnl! lind pllltial 
oyn<:hrDnioalion appear In the picture ... th .. connectioN belwoen 
OSX and OSY, IOll'lll\cr wllh Ih"'" bet",,,,,n X 100 Y. rl , and only 
It, the modell can be jointly executed 10 ... llIIly R, and Ro . the 
lnaIolD' ..,blion R. is L~t1y modelll'd. 

The ........ in .. hleh tho! L'flli ... model. M. conrtiWIOI an indel< o r 
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~I • . • .3 . n.. mod .. fo, o~ o.w.,.y ,.II.'''n io 0 C<lwpHn. (..,nll'l..! by::= be­
,w"" _I> Mj onol ~l.' ....... It of whim ,n., ....... , ..... I>f /oi, orwl /oiJ In 
MF II .yn<hn>""""-
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mmmon mt(ltli", illlllown In Fig. 4.8, which III no more lhan an 
OIIlline Iket<:h for the cognitive orpcisaUon "'e wppolt! t.o he 
mponIible for !.he _""logy relation mod"l. A5 beJore, ~ I end 
!'too;: J are LO pro<:<!</urftI In !.he ""IlJIit .... ""p"'rtoir •• They cons_ 
In !!!!II. and lnl.ef c:ompanenl.l; namely. <~ •. Inler z ) and (~ 
I, Inl.ef 'II. IrllOfar .. the II"d .... t sclecu S ~ I (c:ompiled .. M, 
in fir the U\«TIml facility) and S rr~ j (c:ompll L'<l .. M, in Y of 
the Ul.I!mtI.I r.cilUy), ]n"" ~ and Intet y &r<! RerwraLinl dlJUnd 
compllaUOni In the ,wdl'f1!.o brain Can J....l'roceuor) for !'rOil •. 
Th_ IN.ketch...::! lIS ConL"'I'I.II,j. conceived u Internal representa­
lions on. par with the uterna] mod~l. M, in X and Mj In Y. lnso­
tar u the . I",d.mt 1'1.C<!t" and y in regilte. with t.l!~ co m!c\ (In th" 
1m"" of roklvant) properties of X, Y, and to U\C u!"nl Lh.t cor­
"""m_ It oolObnf!<i by Ilia ... cceufuJ (jolnt) I!ll.,.,ut\on of M. he 
aIoo h .. in hi. ."pertain!. further pl'/lefdure £>roe ~. (!'roll DilL 
inter x X y) which II intema1ly compih,d in the product U. X U, 
and ditUnlUlaheI between U, x U. appropriately . (And m .... tdo ... , 
an... unde, an op@nOtln'l)'.tem. D;.t. (Il. y) II. -.,ant ie de.cripo 
lOr IlnII II .Iready marlr.O!d as MinK understood.) That II. Prnc Dirt 
c:ompul.el the tlilltinlU;'hin, descriptor Disi. (ll . y). 

The " Internal" (or 'maginary) .-rtlci~ta uJd t.o Tfa(:h " agree­
ment" o¥t!r • common m~i"6 ..... """t.c:..,tJ upon Pro<: I and Pro<: 
j ; they are held diMln<:! by lhe RctIon of 1',<0<: DiM; they ""''''' ~ 
a in common; their agreement amounta to • I'1!COfP1ltlon of this 
~ ... mmunallty, even thoul:h Pro<: Disl ""IIU. The M!manti<;: (or 
cOI'f'HIJOndence) c<>mpo n~nt o f the IlII""'m~~'t ll!.he model for !.he 
.""Iogy ~louk>n, Iu lynU<:tlc (or coh(:tenL"') cOm lJ(l n!'l1t II th lJO­
n>UTPhi<: r~glJter hetw",," Prop in Proe I, ~ J. We refer t.o the 
Int..mal l'utlclp.mU ... "i""'f(inary~ becauM! we are con<:ernoo 
with e:cperiml<llU Or tUl.Orial. in. o ne aim at once f.elUly, lUCk as 
CASTE Or INTUITION. Hence. alLhough 1M foci of attention of 
the "pertkil)a/\u" may be real enough t.o a I lud",,1 (.nd C<l mmon 
""pHiencc 1U1I&",,\a thallhcy are), the uansa.ctlol\l are not dldlnct­
Iy obleroablc .. ""tenon-! stretches of behnlour. 

11. UNDl>ltlITANmllO 01'" AS A NALOGY R!o:t.AT10N: Or. IUVA"ON 

Now, co"sider the other aspect of un,w,nl.llndlng an .nDle>gy 
relation: ita tlerlvatlon, wh ich ill eaterl<>rised as a In.rninl1\.nO\.I!jty 
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I.n.eed oul on an .... wlment I tnH; ture. For. 'wo term analogy • 
Just tour basioc .,...,ril"ntionl an pouIole (lhoulh theM ltive r;'" 
r.o innu"",raw.. varianta), AJSuminl that the IWdenV. 11m (his 
" lOCUlI o f attention" Dr the ''topic that he .pp~iata") ill ". or 
ru~niinate to the ana]oll)' rclllUon R. (Fig. 2.6) , thee con· 
flgu raUonl (Appendix A) an: as fo li owl: 

(AI Topic III undentood. loplc jllunlkntood and the ~OCY 
relation II marked III..,.. .. hich ... Iegal memhet' o f worluet.. 

( B) Tc>pic I .. und~, the aubordilUlift ot lopic J are uJlder­
II.ood and the mainlY relation ill marked U !inal which II • legal 
member of workset. 

(e) Vi"", yen.. but topic j is undersc.ood inlltad of topic i. 
CD) Nnlherloplcl norlo¢c j" undemood b\llll:w! ... bordinates 

of It k-ut one of '''''m are undenww. Tile tnaJoiy nll.atlon Is 
..... kcd .. goal. Und .. the eonditiolll di..:uJIed in the fint mono­
gnph, \.Ilia pla""ment of mark~ doa not admit to goal &I. mem­
ber of worluet. Howev ... , in the ~ Dpe1lItinK oysU' .... that an: 
c:urftntly in ux, it dOH (and mil)' do S<) be<;:a...., of the poII.ibility 
of c:onc:urrmt modelling). 

Confill"ntioo A ohwno If' the JI, .. dent inl.enm r.o I...,n the 
analogy relation u • relation betWe<!fl cJ<iltlng concepUl for topic 
I and topic J. As • practical conleqllence, the nlldent rnlY (if he 
wilhts) ......,j.e a de_tion of \.he "'morphism and of Disl, 
and he ","A model the lnaIop, U In F1a. 4.8, It \.hillopic R" II t.o 
be ",ukl!d as IIndontood. Notice, ho,,(Net", thaL M, ~nd MJ both 
uilt. 

COnf ...... tion II obtai ... If Ule Kude..t In1.endl to learn the 
""'OQ ~lIt.ion In termI of topic I and to derive ao ""p .... l;on of 
topic J In tftIDI of R •. As a practical COnlCq1.lence, the Itude..t 
lII.IIy (If he wisheI) ~jye. demonilnOtion of It-. ... path t.o top;" 
j , and for IIndentandlng of R. he mllst mode! R. which involveo 
cOnJLnJcli"ll M, {I lnee Mj IlRfIdy ulaul. 

COnti(wal ion C II !he reverse .itIllUo" In wh;"h topil: l ilac. 
ceaed througb R • • The stude..t may (If he ........ ) receive I 

• Th ol 10. OD ........ 1 ... Ja,lon • .,w ... n ...... Iopia. Simll .. «Om .... "" .pply '0 
OAAIoIIonI.""hint many I ...... o. Dth ••• ""Iou ...J.I ...... olu.. "PI .. klbll«l 
J.. 0..)11.- t , boll ,ho .... f\pno . ... '" ... ",ooclt. ... 0 •• compllcol«l .nd ... dlf· 
linn 10 , .... _ ....... phkoll,.. 



dmKlnstraUon of Itj, u a ""th to topic j . He m ..... model R. If R • 
• to be marked .. undent.ood; this entaIll the conatruellon of M" 
butYl ul&U. 

Finally, the conrlgutation D ICIl<b to a condlt lo ... 1 tRMactlon . 
The ..... dent may re«lve (\emollltratio .... o f topic i .nd /of'k 1 (if 
be wlJhesj . But in expbnatary modellin(l, he .::.n _y the con­
IUUctlon ot • "" .. pl;n, beI. ... .,.,., IUUlpecitied and nol-yel-under· 
oI.OCd tapla. Ho ... ""er, a model IUch .. th;. II accepted condi. 
tlonally. The ..... logy relation;' m..-kOO III .. nderstood um;ondi. 
Uonally If, and only It, M, and Mj are produ","" (\.0 be united hy 
the coupUnKl, .. a retult of which topic 1 and /oplJ! J or both of 
U.em will he m..-kKl .... ndentood. In !.he procetl R; or Rt o . both 
of them wi ll he mlI<kKl .. goalo at the lame moment .. R • • Since 
U..lmpiiel that wo.kJel hal mo .... than one m~mber, the manoeuvre 
II neceuarily part ot I holiltic levning ILrllLeg)' and ii, In tact, 
.dope.ed by hollslle. Jt\ldent.l. 

0... ~cholop:.l lnll!rpn!t.alion (whlch we tavour .. by tar the 
""'"' p.....,ble) iI that conditions A, B, C IolOOlve learnina an 
anaIoiY relation when one (condition B or C) or both (condition 
AI of the _ o f the anaIolIY ..... kno"," ..... y.ln condition 0, 
on the other hand, the anaIoRY relation _ppears ron t ot all and the 
_ (topic I or topic 1 o r both) are undent.ood beaouse the 
anaiollY ilknown. For Hample .... ing the IUbject maltet "enero 
""nvenian" ot Cltapter 7, the .tOO""t In condition A d ilcoven a 
",laUon ("hNt coruervatlon" cycle) betw"",,, "heat engillt!ll" and 
"",frlgen.tar" both of wllich are known Lo be-sln wl\.ll: In condl· 
tlon B or C, he kno .... about ''heat englnet" o r about a " refrl,l!nl' 
tor" and dedvCl "heat conservation cycle" hecause ot !.haL o r 
coune, we may not .,.dude I glohal 1000klnil .nd compreheru.ivu 
.pp.o..:11 in theM! cue., lince any . Iudent could rau to ntcdorlae 
lUI mentll pmbiU. flut In condition D, either "hnt enaine*" or 
'W,lrilJCrlltor" or both...., .. nderstood ... a usult ot ltnoW!nIl.bout 
"hut eonservetion cycle" and in thi. caM the .tuclent m ... ' ~ 
lidoptin(l. slobal me thod . 

All of the conditionl for IeaminJ!: an analoo ",btion at. con­
J<IlIIIIt with "I- 4.6 and with the notion that the otnalogy relation 
II jUit the lrucription of a common meaninJI (recali lhat each t.enn 
• modeUed, thou." it if, only narked u understood U It .... 
marked II • lIoal). On the o!.h ... hand, tIM! ~ of <!Vfl\Uo and tile 
type of Intel'lCtion between Proco dlff ... radically ..::cordinll to the 
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condition ..,~. In parl.icu.1ar, eondit;"'" A. 8, and C Involve 
the ""Isl.entt of Proo;: i or Proc: j or boUt ""f,,", UIete II an L' Dpft. 

aUon fa PJoc') that placeo t llese conoepU in reteister ; .. heft,.. In 
condit ion D, tltil o""ration ill pi"rformfll DY"," Viot (a, y) before 
Proc I and PrDC J aN! coMtnl~U!d. 'T'h ia WI! ciii10nly collll1.rue 
(mechanically lpeaklng) .. implying thl! exi. teoce of a hybrid pro­
oedute, neith.". Proc I nor PrDC j, which ill differentiated l.O yield 
!'roc I and Proc j -. - --

I II. TH£ ACT OF CONSTR UC'MHO AN ANALOGY RRLA"ON 

So much (or ~ml"6 an itomorphie anaJO(IY. III it illMCribed in 
the oonv ....... tional dam. in , Wht!n It com,.. to con.l .... c ll"l' an 
lMioE}' (during eoune _mbl)', or u nd .... the oontroJ of an evolu. 
tlonary heurist ic), the partic:lpan!of WI! dlornlue<J .. "imaginary" 
II1II)' he VeT)' real. Th8l! pa.Udpant.l "auk! be mem~ of. team 
of .ubjed maHer uperU. Or l!quaUy they eou ld be disti nct cog­
nll l .... o rpnia\.ioruo lhIot ate ~ of onl! oubj«t. m.t ..... ""perl. . 

Since Ute c:oune uaemhly heuriatic EXTEND, .,.,naiden!d in the 
fun monoenoph, II (like CASTE) n!St.ricI.ed lo one . im at one. 
1lI_ In~1I ....... enU of .,...,ilion cannot be u.~riori.ed in 
\he I)lmm. Bu t o t.her heurilticllO be d-=ribed In Chapl..er 7 (as 
part of an open.tin,lystem .,.11ed THOUGll'I'STlCKERj allo .. far 
ltW1y aim Iopics. 

AOO!o:NOUM 

TWo """"' l P"PftS by F. \1.",1. ("A cakulul for .elf ~'erenceH, 
1,,1. J. 0 .. " . SYlt. 2, p. 5, 1975 and "The e%~ cakulll$ o f Indi· 
.,.lionl intnp..,ted .. 3 Y&lul!d 1oKic", Now Dam<l ./ol. .... al Formal 
l.o¥it:, 1976) pmvide a ICljoeclolhle m....,.. for talkin, o f ~~li~ 
and odf ..,procludlll!: ~tc!mI (a fortiori, P lndividuth) wlO,I" W 
Ian ....... L. The buk: idea il lo ....,rve a \ruth value to. llIe condi­
tion of I"1!Cunjve 01" ylc:1ou1 dn::uluity and llIe poulhlllty.,f doing 
10 I«>IIU trom the calcuilit of dl.tinctlo,," and indiCilwrI (Sp.moer 
I.Irown, G. 1969, I",,,,, of Form, George Allen Bnd Unwi n, Lon· 
don). lo whiclr the fint monogrnph owes 10 much . The dirticulty 
tha~ diff"rent kindl of c!n:ularlty ~ inadequately diltinl"i.hl!d iI 



'" 
n!SOlV1!d III • further paJIft, '''1'1'1" Arilhmetk: of ClOlUfe", 1Ifhleh 
wiD be part of the p~;np of the 3rd European Conference 011 
Cybemetico and Sync"," a-rch, V ... nn., 1976; with thil aug­
menlation, it becol'l"loN poaibl .. to q>ealr., IlimUarly, o t In ~..,tions 
bet ween _era! diltlnd P Indivld ....... 

A1mott amultanl!OU$ly J. Gogu .. " (' 'Oh;.ct.", fill. J. Gen. Syu.. 
Vol. 1, p. 237, and "Complellity of Hi<>ran:hlcally OrpniMd S~ 
Ie .... and the StnJcWre ot MUlica! nperienCf! ," T«hn/ca/ Rltpor, 
in Department ot Computer Science. UCLA, 1976) ttu root.ed 
general ' Ylwm theory In "objectl" t hat depend (In. ler\ll!) upon 
obleN.lion and hu lIIown lIow Iyltema are amalsamlted by de­
pendency/lndependenee, Or sym:hmnldty/ouyoohronk:lty, 10 
create fllrlher 1Y1tem.. 

The relevana! of thla work is e>idcnt; i t iI cornplUble with our 
itlformal arwument, though mo ... clepnt. Th_ .iplltle&nt lnnova. 
t iOfll .... cu.nent.ly beilIfI incrupon.ted (undo:or the notion ot etlte­
ron .. o f "objec\a" \.hat are P Individuals) and tangibly imple­
_ n\ed, by Robert Newton, at ill. laboratory. 



'" 
Ch"l'IU 6 

D<lrcriplion Building and Proc~d,,~ Bul/ding 

Chapter 2 contained an infonnaJ discuf,oion of catego,;eo of 
menta.l op<>n.tion called "Pr~ure Building" (PBJ a.nd "Der.crip. 
tion Buildinll" (DBl, to~ther with an allUllion to .. further, hazily 
lpecified category ot opef3UOn/l cal led "Procedure COnJItrnction" 
(PC). Of the:oe ~.tegori ... DB and PB (at le ... t) w~ oaid to be 
global orlocal in fonn and we hypotheaised that glohality{locaInes 
ill .. lubota nti ally invariant prope ... ity fo r .. given It.udent. Sirnllar· 
Iy, otudent.l may be ~han.derUed in wnnl of the efficacity of the 
DD and PD operations in their mental repertoire . "£tfieac:lty" 
might be no more than preponderance, It might be II mOre subtle 
operation.o.] quality . At any rata., the characteril.ntlon il conotant 
enough to tnruJer trom one ~k to another and to demarcate 
... nlible individual diffe .. mc .... 

By conjoining the combination, DB nol PD. PB nOI DB. DB and 
PB. nellhe, DB nor PB. with the init.ial global{local di,tinction._ 
corutructed • table with eelJ.t representing the ~ perfor· 
mance. of .tudenb .. ith du.tincl. "competence profile<" (that Is, 
mental repertoi..,. fumi'hed with more or I .... effieacio .... DB and 
PB operatlonl and particular di.position, to ""t as globally or as 
locaUy BI circum.tan.,... pennit) . There i, ample evidence, mI1&­
tered and RImmarlsed in Chapter 2, In I Upport of the empiria.! 
validity ot these discrimina!iollJ bet .... een competence profiles; the 
evidence ia ""peciaUy clearcu! in the calle of defect.l o r pathologies 
of leaminll manit""t repeatedly by peOple wh o have different men· 
ta! equipment. The diatinc!;on> in ques\.ion tally quite well with 
the predi~tiolll made in term> of the competence proWes. It the 
tutorial context ill taken into account. it ;' posaible to infer that 
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the hollal/tuialiJI. dichotomy (pteriOU$ monOlJ'llph) b. _ult of 
coQlbinin& cenaln eornpeten.,., prom"" with aptcifio: tutorial lit ... -
lions, Npecially thOR! In which . trlcl ron..-tio n is appro:<hMt.td 
and und~tandi ... ;' en forced . 

Only one CIIUtion II A!quin!<! as. P"'1lmlnary eommeM. The DM 
op"no\ionl Inti Ill" PH ope01llio ... ..,t upon I'roe'. In • mental 
repR'IOlre . Thlt JUWlment lhould be taken literally: t he operations 
act upon both ~ and Inter ... the componentl (Chapter 4) of 
~ - ( Prall. In!!;r ). 

It now makel "'"'" to detail RJ'1d .. ,,1MB" upon the nature Rnd 
oign ificlnce of the DR and PB ""\.egorl .. , and to lome ex tent upon 
the PC C.LelLory &!to. Thll endeo.vDUl enWII tranllatini DB opera­
tiont Ind PB operation, In I8rrII of the L' procedura (lIP:!;!) and 
the L' prooedurs (ProeG

) which, accordi", to the pre-cn t theory, 
.... the III.Oc:k In he.nd o f Any mental repertoire whatlOeller . The PC 
opHaliona fHture .. _nlial InfP"'dl""l.I o f tbe mind, bu t !hI»' 
1ft ",biquitio ... , d~ and di5cusIed In • much more a .... o ry 
fashion. 

I. THE OLOBAL AND LOCA L OISTINcnO,.. 

Aa in fible 13 of a.apla 3, We UII! the oon...,.,tion o f GDB, 
WB, \.0 denote aJobal and local DB operations. and by the u.me 
token, GPD. LPD to denote poba] and local PB operatJolII, Both 
klndl or operation, when int.erproted within the pl'Clent theory as 
CCKIlil.lve prO<:C65ef, are ,peds ot L' proc~Ul~' (Pr9£I, ""d the 
DBIPB d.i.ltinetion II a meanl of partitionlnK the L' Pl'O\:edu.res 
Into C.tej'Orllll lIermane t o the work in ham!. Thll tact II not 
immediately obviOUl "" the DB o perate upon topic reLallo'" to 
produce MW reLaUo/Ul, MId th. PB operate upon LO procedu"," 
(~),lr . relltion II ghr"", to produce new procedurel. Thus : 

DB(R" Rjl '" R\ : 

in which R., R, and R~ may be n>gartIed as delaiptiOlll of topic 
",latin ... laQn in UtftllO. 

Callinl the number o f ~nb to which lht! operation II IP' 
plim the 1CGp<! o f the open tron, any GDB Dr GPB hal ", .. 1m,,' 
oeDpe (undK the CO/UlU"ail'lu \lnpored by ,.ituation), which II 



'" 
repre$ented .. f"lIow.: 

GDp(R, ... R,l " R. and GPB(ProcOj ... Proe"l, R.)_ Proc"k. -- - - --
Similarly, any LnB o r LPB h ... a minimal """pe (the . ame caveat 
holding). Thw: 

WB(R" R;J'" R. and LPB(Proc"l, Proc"J, R.) .. Proc"k 

The ponlble /lCOpe will ott.en depend upon cl", ,,mltances (the 
R .. R;. R. lnvojvoo, tor ~umple), hence the Inulm;"'ti"" or 
minimi&atlon caveat . aut, it ;" difficult to imaKine My .ituatiOil in 
whk:h either R,. or Proc" k might not be .ynthesised from a mini­
mum number of e<motituenta or from many . The boundA upon 
ma::<imisation and minimisation CIlII be formalised <at any 1"IIIt.e in 
the case of R,. R, .•. J either in terms o f Ashhy', ( 1964) Cylindranee 
(a measure of the minimal lId!dty of a nodundantly specified mla­
tloo), or mOre compreheIlllively in term. of Atkin'. (1973) Con_ 
nectivity AnalYli. of relational o),otemll. The latter method h ... 
been elegantly applied by AWl (1974) to express the global and 
local propell5itl ... of designen, as .. ,pedal but important cue, 
their tendency to act in .. holittic or a oerialistic manner. 

Noting that ouch .. t .... a.tment Is po •• ible, the gIobal/local distinc· 
tion will boe glo .... d over until Ute mechanism of mental ""mputinK 
it dilcuued ($ec\.ion 8.2). In order to oe<:~ a ludd and unencum· 
bered notati on fo r exp ..... lng the .en.e In which the DB/PB dis· 
tinc\.ion partitions the clllSll of Proe' . 

2. DESCRIPTION BUILDING 

A description in an L-ProcMSOr it either the result or eJ<e<:uting 
50me Proc° or the reI"lt of applyini one or .. rmlte series or~' 
(irnBRing .. derivation) to the 1esult of executing some Proc°. De­
note the r,,"ult of execution Ex (to avoid ""nfusion with the En· 
cution Sequence (listing) Exe<: of the previous monogrRph). A 
topic .... lation. as an intern,,1 dno:"ption. In extenso. i. 

R, - Ex Proc°i ; or R; - Pr-ocl ... Proci (Ex Proeo l). 

ThWl DE(R,. R,) " Rk it .. shorthand exp,..,...ion for 

R. " Pmc: ( ... (Proc: «(Pmc:~, ... Pmc:' (Ex ProcOi)). (Proci~ , 

Pmc~ (Ex Procn) J) ... ). 

• 



'" 
in which m> O,n> Onl +m ;;'" + n,l> 0 . · 

TIM! Lric:k In I.hlI dertaltion is W~ t, m. and n an! finite. Detcrip­
tiwt dWDI, U derIYed throuah DB operations, ue not ftldlea eom· 
positiQnl. The DB opmrotoT il$elf is to be ool1CtlMd ... routine 
th.t is uec:utfti ""tillt. production (R.) is UMd (by any o f the PB 
opft'ltol'l) in order to build an LO Procedurtl which reaI_ R._ 
Fallinll th.~. the oequence toorminate:l Or II .lmply not I DB .... 
quence. The DD.re L' prOCl'dureo. Proc', the numbor In a duln 10 
called III f.distance. 

In pIlrt.icular, ftn aim CDlTe5pondo to tO me topic (the "m",' 
f-dlll.ant" thlt em be app"",iat.ed or dea<:ribedl. rtlluded p'),cho­
loiically, ... foc ... of attention. The aim III description a; at. 
mmm].Om l-dlltance from whatever Proc"J are undergolnll e a e<:L1-
uDn . It the aim .. referrnd to • ".,c;;;-rsational domain, tben it 
""'II1II 11M! displayed topic coneoponciin( to I d ncriplion I' mui· 
mum r ..:lln_nee from .. haleftr Proc:"i an! Wldef'iOina: .. eculion 
(R; i f U.iI •• displayed topic .... ation. ol herwiM the topic n_1 
to Ri ;n the delCriptor _eel. 

I . PROCElllJRE !lUn.DlNO 

The PB open.liOQll .... also • claso of L ' proced\ll'el, Pto<:'. Tne 
PB opertton \.ake an .,.""nent conruting In • description of • nil!· 
tIon and the .table ro"ceJ>b In the repertoire from wbicb the dE­
KTiptlon I. derivl!d, and produce. furthN concept. Tbe Iborthend 
expreMlon if Jiven .. 

PB{Proe°I, I'roc"i, R.I - Proc"k 

or (from Section 21 
PB(Proc°i, l'roc"j, fi2;:: ." ~(a., a.ll - Proc"k. 

In perticutu the Proc' I.h&t merely al.abilise or reproduce a eon· 
eq,t .. weridiclll mlHnones 111"1! memben of thil clUl o f I'roc' • 

"""', 
PB<fts5°k, R.I - Proc". or 

• Thill 10 .......... Uo • . If """'" io ........ 10 w;U be ... b~iood b, ...... ......,. .... 
LJ ~~ .. w~idI .... , be writ ..... I'S. U , .... 10 ..,~~"'" _ ....... ttho cieri· 
... 1oRaI p<O<>O<I"'''. llI.ft Ill. 1M<!""1lu.. __ In" I. " .. I. f· '" :> 
' · n :> t. 
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"'" gentraJ " "YO ot . latlnS that. COnctlpt Proc°k II (u _ned) 
l !.able IlI\d compiled in an L·l"roceMOr by • m('mory, Proc11t. ln .. 
"""verullona! d omain (with cyclic and COIlliuentiy .... taled t.opics 
by d eflnltlonl, an understandi", of Proc"t (or IOpW: It) eonJistI in 

""~ 
DB{R" , It.) .. HI: PBCf!!!!;°i, f!Q!;°k, Hll .. ~oJ: 
DB(~, H.)" R,: PB(ProcoJ, f'l,ocQk, Itl ) ... .D:!!:<;°l: 
DB(R" Hd " R.: PB(Proc°I.t!:2s;°j, It.) ... Proc°k: 
for whlr:h KalLikounia 1Ii_. geneflllaigorithm. 

Since the Proc° In I reIIliutlon o f the formulae in Section 2 
mUit be atab~. it is cl~ \hat It the"" an! DB In • reper1.Olre, th~ 
mUit oIso be lOme PH, IHIt Ill" PB could ootlce;""bly be n!I\.ric1ed 
to thOle lr2!;:" that ~",tru<:t or reproduce Proco. rather than 
those wh ic h WOltl1lCl them. 

4. 'niB Bln'IIRIOR1SATlON OF AN UHDliR$TANDlNG 

An undenlandinl, the p, .... tal condition tor • • !riel CORvelSll· 
lion and, lOI;ording to llIia Ihoory, the prenlquilite for any ptlnna­

TASU ! .l 

"~I. 11,)- ,..,.0; ,c-..p,'or Iopio 11 .... bIllood) 

1'411'1 ..... 1, RII-!r!!£"J (~t lor IOpi< I .... 1>11_1 
Eo Prvc°l '" 1.-... , or _ Itt (III~""' .. _pi or Iopio I) 

!! !'!!!s0j 1ft I.-I'n>< ........ Itt (s'" ...... «NKO:p\ of I<>Pi< J) 

Ell "" (-.:I DO S .!:!EI1) !h _"'0, I .. Ullr .. I!., (E.ido""" 101' (II) 

kKj (-.:I _lIl!l!I.ll ln ...dolllni l..;!l,y" R, (E .......... I.,. (SII 

08 (I!.,. R, I " R. (Dacrip.\oa of Itt, rr- ....... i . topic Il 
~~~lb!Is"l. R"J " fm£°k teu..u.....:lio~ 01 Ptoe"k ..-. ( I ~ 

PB (I'roc0 • • R. I" Proo:"k (Co""'P' 10. 'opic • 10 'IIItHl-.d) 

Ell Pr"..o. ,. I,oPr_" R. cSt~"""" _pi o ll'roc°k l 

!!! M. C_ .. II.I:!:!>I. . )'" d '11"1 larill.y .. R. t ___ 
1 .... (IOll 

Eoido ..... of (~I_ (6) 0lId Oil 10 ~ ""'.~_pl." 
~...s... ...... _!dod Itt. Itt ,od R. f....., part <>f , oydl<: .od """. 
""on. mo,h.., '~'IItt, Itt or,!>I .. 01 R. 

... ... 
'" ,<, 

'" ,., 
'" 
'" 
'" (}o) 

( 12) 
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nI!Ilt retention of • (oncepl (SectKm 2), II the conjoint ac:llvity o f 
DB and PB operations. £videnoe tor the .lIIdt<.#Glldi.., of • topic 
rdaUon, R. (!he ..,quiAilion o f • concept l"Ioc"k and • memory 
I'foc' k, 10 NblliR It). ill mted in TabLe 5.1. Prior uml,,..t,,,,dl"6 
of topic ~tloM R, and R, is -..med . 

•. COMBINING OI'8RATlONS 

Apart. !kom the DB and PB openuion 1:1.""8°.1 ... , it ill propoll'd 
WI further L' proced"..,. exilt In any mental Uperwi' lI, .nd they 
.... l!iven tbe SCnerai Utle "Procedure Combi n!n," (PC) open.tioru.. 
Theoe are c t.ar.ct.eriAl!d by the fonn uJ. 

fCUl!:!!,';" p. Pnlc"q) - ~r. 

The a llent difference betw~ PB and PC II thlt the LaU." (PC) 
dot!I not take I del<:ription .. 0_ of Itl ..... mentl where. the 
fo .......". doel to. 

'Ill. teI"lt of .pplyinc. PC;'. prc>CRDIwhich .... y. in princi· 
pie, be compiled and uecutNI (In that ... .- the "wmbInaUon" ill 
Dot arblltvy or haphn.rd ). For eJ<alDpIt!, we might let p -I, q - l. 
and r. II. to obtain the prod!>." of Section of . On u,,~ other hAnd, 
there ii, In ,enen!, nO flUanntee that the prodo.«:t (thouah rea\is-. 
able) will ellher be ....,ful Or .u.ble in the l<!rlie th.1 i t iI.Uoblllied 
In the nlltlnl repen.ol,e. 

There ill no objection to pootulatJnl I " d8Criptlon combining" 
operation .ao. lIowever , ItA form is Iden tical with the "deocription 
building" oper_tion (DB) JO Lb.t the podul.te II n!dllndant; th. t 
io, DB opentiona could bt! renamed .. eombin.tory rather than 
COIIItrUoCtive . Th' iltu.e _t .lIke is really the ulltenee or non nil­
\oen~ of I coupling bot ...... n .. h&t may be dflCrlbed and wh.t m.y 
be done (com puted, broUJht . bout, dlbiliHd)" folIo ... . 

eo .... idf:r •• epertou.. cOflliltinll only of I'C ope .. Uo ... and DC 
(oliu DB) opentionl, d~""id o f PB operatio .... With in such .. 
orpnlAtion detcriptiona ~ computed from the tefUlt of uecut­
inr .. me PC engend~ Pn>c:~; but there is nO guuantee thot lhiI 
prootdure is elt.her useful or viob\e (in fact, in t.he lbioena o f PH 
openoUDNI "viable" is ambiguo Ul). SimllIrly, thl PC open.UOnl 
generate prooe!lurel. Suet.. ch&ins of computeUon CO!.lld , and poW. 
bty do. 110 on endteilly. They lIe reminb.cent, at !.he ~ptiye 



Itvel, o r !.he .... bitrary reprogramminK which. t::vana (1967) reprdJ 
... eonItit<lmt of dreami",; at !.he op!!rallorlllinel , o f trlalatld 
envr, Without furth ... embellilhmt nt. u....e II no couplinK condi· 
tion o f !.h. type "memory" or " <lndl!ntandin, ". Mo...,..""'r. I haW! 
deUbent..ly refrained from eqWltinl \JI " levell of ItCUvily t.o the 
.tral.l L' , LO DC the conversational lanK"'age, L, for Just thit ' .. lO n. 

Wi thin L. the L' de5Cripton.." of thinp whleh can be compul.­
e<! or done or that ourv\ .... IS "Yelle . truetu"", : elth.,.. that , 0' the; 

dnc:ripu:n are lI'I&n~t. LO proce<!lU"III, in tu m . do thinp and 
may a.lso be described. Trl,.w" the d!$Crlption, may be many .!.ages 
... moved fm m whatever is d tlCTi bed. hUI they ant not just arbitrary 
burge<lninp. In a ItnCt r. Cooy",..!Jon, it II only poAlib le to ob­
"'""" (as IIlIdultGlldinp and the lranJa<:tiom thn llJlteriorioe 
"ndornIOlld!np) m ... U11 """"III of thll~. 

The nUl of ilI!tlvlty thus dlJcemible. rodd,"""ble. a.nd manipu· 
lablfl .. pM\: of a P, lndividuai. II the (onstrud which I have else· 
.mere u lled • "Ianruaee oriented Iy.tem" (I'uk 1970) in Iharp 
<:ontnlt 1.0 a "taclturn Iptem", dll"'leloped and amplified in Von 
Foenler (1971) and Von Fotnter and woston (1974). The d iltinc· 
lion Itilllelllll5 apfIOIite;. coupled DB. PB ">"tem 10 ''lanflllatll o ri­
ented" or. to qualiry it "~lfically. " L otieoted ". The PC '>"tem 
is "tacitllm" or, to quailly It lpeclncally . "L t.adturn " , 

6. COMMENTS ON T HEI'C OPERATIONS 

PC O~tiODl are lutely n!<julred !,O account for the ",bKt",j!,O .. 

phenomelUl of aliapllltion and probably play an ......,lial pan In 
maintairol.n& COilliti¥1l (taily . W. conjecture that the PC proc:eclu"", 
an! intimately reI.oted!'o the brain, qua L-Proaao . .. !.he. than the 
integral cognitive Orglllliutioni (P·l ndividualJ. for enm plu) whIch 
Inhabit and ..... enc",ted in the; b ... in. In illl role IS an L-I"roceuor, 
the br&!n w .. matrix (a mod"'l .... computer) made "'p from ongoing 
PC openlionl. A dm ple model o f ,1M:h lUI equlpmmt II d~ 
in Appendl" B. 

PC operations may be held relponlible for aU manner of condi . 
tioninll, Chaininll. and a "III'tain kind of evol",lJono><y leamln,; IS 
late" Mllective evol",Uon based <lpon weak In leraction. pneration 
and recombination T\lIea. Faentially, !.bit it llialllDd enor \earn. 
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compilll1i progr8lD.l. Chang and LH (1973) present their own 
algorithDllllIld review th~ field . 

[t il probably lair to ... y that all e fficient con.tru<:tive algorithms 
rely upon a diltinction betw"",n two upecu of progrom COJUtruc­
tioo . On the one hInd, a ",1ation i. d""'rlbed. On the other hand, 
• propm i. constructed from existing routines (j)O'rhapS .. buic 
as machine code instructions) tJutt It l ub4eqUt:f1Uy executed, wiD 
satWy the ",'-.tion. 

For eumple, cOMide. the ""'onkey, Box IUld Banana problem" 
(MMP). 10 often quoted in the literature of Artificiallnt.elligen"". 
The , ,,kolinn deocribed iii a relaUon between the clementi or l ub­
~Lo.r.ion, of the "Monkey, Box and BAnana" . iluation (box poll;. 
tIon, mon key mov ... and to on). o"eh \h.t MBBP i. Inlved. 

In the context of computers it u. logiUmate to ",,"ume certain 
prerequilites and invariances which cannot be !.aken for granted in 
the field of mental activity; for example. that compiled programs 
remain ... otable entil.! ... in machine storage and that a fixed let of 
primitiy~ operatiolll and order relations io known at the outset. If 
these auumptionl are made ""piicit, they stand in p i..,., of dy­
namie adivities which we , Crom a psychololical l tan"",. introduce 
.. part of the procesi in order to secure equioignificant invarianc .... 
Undu th.io transposition, an efficient cOJl&tructiYe algorithm, Lypi. 
fie<! by Chang and r..... (1973). has an outline (Table 5_2) identical 
with the skeleton of Under8landinll Riyen in Thble 5.1 . 

Other (fundamental ly dilfe .... nt) kindo ot prov.un comlruction 
are far lest efficient if a relation can be detcribed. (They Ill., not 
simply "leu efficient" without qualification; under certain condi­
tiOIU they come into their own.) 

Evolutionary con-'lruction of the 10rt. prO'd!ctable In a .... pertorn. 
filled with PC op<'rations hu been examinO'd and el<teJl&ively lim U. 
Iated by Fogel. Owens and Walsh (1966). The compiled progr;tJIlll 
produced M U,e reoult oC this cOMtrudion are finIte otate mR. 
chin"" and their input/output sets are interpreted in an (internal) 
universe oC number sequences under a criterion that ;' sati&!ied if 
the next oUlput $tatel of a machine predid the next number in an 
arbitrary oequence. Th;" criterion is a .ynonym for. relation 
which is satisfied (i l the criterion is satiofied). and ' uoc ..... CuI rna· 
chin ... are those u.at yield satisCactory prediction •. 

init!ally, finite It:lte machines Ille produced by random "muta· 
tion". The ' "ocelotu! yariantl in a lit genl\nltlon are pr ..... rved and 

• 



TABLE U 

In I~l 
II). (~I 

'" 
'" 
'" flO) 

1111 

....... '11 ... (' . LIrI. Lim'r.. _, ... -.-. 
110M _ IndUM .t~ 1oc •• Ions} u io' 

",. booi< _11_.,... "" ""~""" 
OponU_ of th. bMlc _tin .. .... "" d.· 
c,pIIo .... ........ lIy ."d p''''''' ,. ~ .. , .lLh 
.. Ii. bl .. d...mbinl porta 01 .ho prohl .... 

Dli (F."cL'O __ IIJlnl '-I~ "",<1_, ,, 
MBB (Ooo<ripLIon or MRIIr.<>bIo", .......... 'ocI 
.... ..... ....uJ.~IIod' 
I'fl (BIIiL: l'Ou.II .... MIIB, " Compiled .. 118 .... -
)188 ,' ..... \0 ...... pilod ....... bI. 

MRII ....... _ .... "" ""."..L..t 

o-Llon of NBB ~ .... "" ~ 
... <1 ........ In..put with M88 poob ..... 
nM_ 

.... .... pLlon Ie) 

r.o-. ( I, 

"-- (UI 

....... ptloa (D ) 

mutated to fonn a 2nd I"neration (otbeR hllin, diJcudedJ. and 10 
the pm<:ese contlnuel. Ho wflVer, as aoon .. a popul.tlon o f rna . 
thin'll II In exlltenoo. tho random "mutatlon" II replaced by 
' llCombinaUon rulel for fanning fr .. b machlnel. and thl!le ratber 
than the mutantl are the varianu tested IKalnlt tho criterion and 
recycll!'d. At th ll ,tap. the procea ;. open to repreHn tatJon in 
lema of PC operatiON, If I,. i •... j , . J • ...• Indo. the m.cttl ..... 
(alial prot"edUf'el ) In tho CUlTftlll"nen.tion. 

PC(~i , . !3:2!;°J.l " Proc°k, 
pc(Proc<>i • • f!2£'J.J" l!l!!L°k. 

The mOil ruceewruJ o f the ~k,. Proc"k . ... ~ wle«ed (to.. 
.......... with 10 .... ~k and ~j. it they have equal mmtjand 
an! recycled. 

The evolutJonary paradlvn II relatively ineffldent (though it 
p.iM In flellibility .. it Ja-eI in ei"fl<:ift>ey) . There are. ot CCIUnO!. 

""'ny beurioticaUY'Kovemed, evoJutionary-ctyle, artlf\cUI InteLU· 



,,. 
If!r>ee .ysU!mS intermediary bet_n the PC type and the 08. PH 
type, o f which the Rrlien and one or the mQlt elfpnt '- Selfridge's 
(l9~9) Pandemonium. 

Such int.ermedian81 are believed t<> chanocterlM menta! AI well 
.. machine organia.atlon. IIowever, the crucial u~rJe"rQ~rJl"6 con· 
diUon II wholly concerned WiLh DB. PB. leamln,. Simllady, in,o· 
rar AI the stable ..... nLnonl o.pnt....tion of. P·lndlYidull! II • col· 
lection o f und~""I/Uldl ... ,.. any P.lndividual II ronnulat.ed In termo 
o f D8/PB open;tiorll (In thUIeMe. it i. proo:euo. -lndependent ). 

I . IXPERIMt;NTAL POUIBILmEl) DUB TU TUB DIlIPfJ OlBTlHcnOrl 

Ow- original motive for cla6slfying coaniti ... OJ>WlIUOrll as DB 
II\d I'll waa to uplaln the empu-ieal competence profilet of Table 
3.1S and I'I,!CapiLuiated In Tab le &.3. The eJ:pUcaUon II not entirely 
It .... ithLrorward because of an inde\.crminacy in the obi""t o f ob­
oervation which II llid to w com petent (in partieuLar, to have one 
or other competence profitH). Similat indelenniDaeiel are l:>Weved 
to ham~ IO.-t t)'pel of educat.lonal teatIn,. and the eNy _y 
oul . consiatinK of 1lI0111ina OI/U the mixed chanete1A11on elth .... 
ot comptlence o r propenIH luch _ ' 'intell;g.,noo quoLient" 0. 
',peciflc aptitude Il00_,'' _mil t<> prod""" e sood deal of harm· 
Mind un.... pry obf....,.tion. Wit.hin .-..on, the parochial d is­
cUllion o f Ihe competence prom ... In Table &.3 Can be len~ 
to co ...... the wider n..Jd of e!laminatlon, mental t.eotinll, ......... ment 
p.octdurel arid the like. 

AcconIinll t.o our theory, It leut two AlbjecU; or obMrvauon 
can be credited with • competence profile. 

(I) Competence I .. propertyoc. n:pertoire o f DB. PBopen.Uons 
wt!.lch form a P·!ndivldual In ... me convenat.i.onaI domaln(J). In 
thk (.e, th" co mpetence det.ermirltl the estent \.0 which this 
repertoi"" form. _ P.!ndivicJual in thll particular convenaUon.al 
domain. 

(b) Competence III property of I brain , 0 ' more aen.ero.lly. an 
L-Prtx:eaor. In thll cue, the competenoo detenninaa how certain 



TAILK'.I 
A aa.c .. of Wocluon_ s.rllriont to A"""",n' r"" IIIc Oompt_ Prom .. 

~ ... DB .... D. _D. Sh"" US 
a.lin t.o.".h o..'n '-1<11 CIoaiD ""'lib a..ln 1.0 ....... 
Hilt> 'I! """ '" llillh ,,, 

""" ffl EfnNt.C)f Km.......,. &rncrier>q' Erflcioonc1 

TLC~u GOBI .... Gnl! hi .. OPB ba- 1'0'011110, ba-
apsII~ ,~, 

GPS li~. LOS and LOI! bI .. LPIi bi .. NoIth., III .. 
I.PH hi •• ,~, 

TLC Ilk • • R..ombleo Q"IUlon"a MTeo<lu.bI. Lo,..u ... Oomprohondo,··.". do 
' om.', "'""I,· j'·,kobol" ponodlp» . GPS Ilk • • R_b.l .. Emot, "' ... 01 1 • 
.... • ,,~ 81""", .. "Go"""! hoblc'" 801_"" j··LoeoI" .,.rodlrm). 

DB md PB open.Uo.,. will be "",...,uted (l "ppoIingthey are pm­
oenled for execution) and nero whetbu o r not they can be "",ecut· 
fd in any wly. By hypot.hNil. the comp"kDCIe o f . hnin ..,necu 
the com.,.,.Jtion o f PC opentiom .. hich .... ex«'IIted in ortler for 
the brain (or L·PlOCH or) t.o ad. • a com puting medi ... m thai. 
ICCOIIImOOlLef DB and PH proeftl.WftI. 

8.2. Tent/l !illll Slipu/';'IiDn ofCompelen~ Profll" 

The prOfiltli of ChApter 3 (Tab) n 13, 14, 15) CIlIl be .....:on. 
IJIructed (1'lb!e 6.3) minlJ two panuncUI"I of DB, PB ol'elltio"'; 
the mean leorth ft, m, n) of the DB chain! Ind the efnciomcy 
(opeo<i, numel"Ol!ity) of PB operation •. The global/local (row of 
t.b!e 5.3) distinction ill identified with I t.endcncy, on the part of 
I procea.or (brlln) to eIf!<:ute whatever DB or PB Ire p,_nted in 
I partitlliar f.hion. ~inR that DB. PD (or hoc:! In general) 
Ilt! , by pclw.late, co ... piled Fuzzy Programl, it i, dearly not II>­
IW"II to My Uuot they can. and generally will. be C'llecll\.ed differ. 
omUy by dilf~t p' ~ C!I OD. Cboc.inK • pI .... lh le dllllnc:Uon, I 
h;w. adicity PhlC!lIOI" ~pu I Fuzzy Program and comp ... 1.eI: in 
parallel. i .... it fURl the program .,;thou~ reKIllltion."eII sase in 
compIllitio n _Itin, in • set of data which iI inpu~ to the nut 
Rep. A lo w .wcity P' O<! M oeriaIisea the compullUon, to f .... u 
jiOIIible. by triekl eqllivalent to the elfpedie"l"l~ 01 nu merical reto­
Illtion (for eumple, .el...,Ung I maxim ...... YIll .... u repl'8l@f1l1tive 
of an ext.remo.un , "ch u Ute Fuzzy OlltPl't rrom. preYlo ... , ,lip in 



the computation ). For biological procesWlII, literal "umer;"",1 
re0;0lution is improbable; henL"e, "t.riclu equivwent to" , 

B.3. }nlerocli,,,, 

The quam, ... or competence lalH>lJed In Tkble 5.3 are to oome 
ext.ent separable ; the column labels refer .;hiefly to properties of. 
program . uite, and the l OW lahllls refer c hiefly to a proceMOr type. 
Bllt the separation l5 u" ..... listie for two reas.,,,,,; rust, insofar as 
any manifestation of compete""" involves proan,= and a pro­
cessor In which they am undergoing execution. and """"lid , be. 
calISe the pr<>ee$80r charact.eri5ation is believed to repreaent a 
dynamic proces. (the execution of PC ol"'rationl that maintain 
the brain". computing med ium able to IICC1!pt and execute DB. 
PB procedu.ell. 

Prom the fint, our distinction betwoon 8.1(a) and 8 .1(b) is (!n 
any .ctual experiment) a distinL-tion betwee" waY" of looking at 
the same Iy, tem; in 8.1(a) ... alall8llIJgc oriented 'yltem, in 8 .1(b) 
as a ladturn . ydem. From the """ond. any actual execution of 
DB, PB procedmO!$ il likely to influence the PC oPf!l1I.tio ru which 
, ... tain the proceOKIr. Moroo~er, from Section 7, It is boolleved that 
intermediuy types of operation uillt. 

8.4. E%JH!rimenfa/ Sirualions and naoie Inde/umina")' 

The conditio"" that fa~our obaervation of the language oriented 
(or 8.1(.0.)) IIlipecl of competence r"';uce th Information available 
about the tacit urn sy.u.m . esponoihle for the 8. I {b) IISpect of 
co mpetence. Th~ converoe also applies to conditio", whleh tap th e 
(b) aspect of compel.enl;<! and reduce the Information available 
about the (a) aspect. Betw .... n them, these trends lntroduce a mea· 
Sure of indeterminacy; not"" much about the Vftlue of compet<!nce 
as an operational and predictive quantity. nut In tesped of the 
object manir .. ting competen"". That ii, "" ind..,. of competence is 
contextually bound. 

To lee this, noti ce that the {a l ""peet call, 10 ' information 
about undenfanding_ and that undenlandtns_ are oo ly determin· 
able in a conversation: a Pio,get like or Vygotsky like or a Landa 
like interview; a paired e"periment; a peer I"'up discusilitg a ptoj. 
ea.; Or (th .. c"",, to boo ..,..."Ined .ince it is relatively simple though 

• 



nO more ,.llecllve) a ~ conftrU.tion Il(M:bon!d upon a conve<Sll­
IionIl do mlln and maintained by an openlin, .}'Stem. In .U IUch 
tituatio ... the clul 01 pmceduns which enl'"nder underrfandlq" 
liable ID be d~tri~t«I: it ~ aim ..... nD..-uic:al ID NY "who .. 
m potldlible lor that. .. nde,..,andi"l/? who h .. It1" In o ur theory, 
the e1u. of prooedUrfll b • P-lndivid"..J <00 by definlUon II the 
.,.,.,,,,, ... Uon i~C), blH th problem o f dittri butlon betetl any 
theory ... hlltOever . nUt! ID distribution, thl! procesa under ICrUtiny 
may not be uclutively It'COmm odated In onl! brain, and the mel_ 
lurementl and OblervatiOlll reler to the en tire Iltua tlon. 

Con .... _ ly. observatlolll of t he (b) u ped o f competence (of 
the brain ... tacltum ' yo""m) am favoured by Ipproach inR t he 
It.imuIUl/reaponle or behaviourillic pllnldi ilf'l .. cI ...... ly ... poa;. 
bit. For exam pia. ltimul .. /retponle, .mall Item tettl, are quite 
ettf:ctive inltrumentl. Th" p rictl paid in the li mit .. that no .. nd ...... 
l/mIdin,p am obwrvable. 

8.6. The FUn", i"" o{ Complete and A ltenlUllcd Operatiq 8)0" ..... 

In the mlaocoom of • Itrict c:on..,nootiona! open-tin, IY"tem, 
theM peculiarltlet am open to 1Ill.Il.yais. thD"Ih the opentin,.,.. 
!em Itlelf (CASTE or INTUITIO N) don no mOf"t! !han an inter· 
riewer or the experimenter engaged in teuh back (preoiOlU mono­
pph). The ope",tin,'yalem: 

(1) Guarantees that II a .tud ... " learrJl in any way about th~ 
con .... rsatlonal domain. then h is learninll .mounta t.o I ... ri ... 01 
DBrPB .. ndl rllandlnp. 00 that he may be characte.itc<l ... a 
!'_Indlvid .... ln thll domain. 

(2) It fumWlea Ulillan"". by I UIl"'"n ti"ll the Itud"nt'l reper· 
toire and the compUting lacllItiea of his brain. qua L-ProcelAOr . 00 
thatwl!.hin lim;tI •• tudent can act .. I P· lndlvldual in thil domain. 

Func:Uon (1 ) II IUWdently ""plained by T.ble fl.!. To mike I 
convincina cue for (21, it iI: De' ry to relrieve the detailed 
tnnuction t ypal of the prnv'ioua monognph. and thlill don" In 
noble 1.2. 

If !.he lluden~ II ¥elWtiI~ (the DB and PB c:ompete~ profile of 
T10ble 6.3) ..... Ulista.nce is needed, e'II!D thnusb It is It hand. Ir his 
eompe\.eoce profile II PB not DB (Tab!" 6.3), then the openotinl 
I)lltem guided by the entaIlment Itru~ture CIJ1ieo out external DB 



178 

open.tionl u.a~ ani! 'urroaa~ lor thwe which .,.,..ld otMrwise be 
eueul.ed by the atudMt. If his com petence prom" II DB not PH 
(Table 5.3), u",n [ t Ml.ernaIly furn ish ... "urroaaLe 1'8 Opl!rttiol1l, 
Finally, if th~ .!.udenl ia n".\.her DB nor PH (T"ble &.3). the 01"'" 
atina I)'llll rn lltenolly !.eU. the .tudent what to do (there II lOlTNl 
rather Iho..ky evidence fOT I poIltive ua ... fer .. rred) . 

Now, U external obiernn, we can qu""tlfy the .tuden!', com­
petence in .. taciturn (8 .1(b)) ... rue inl<>r ..... the .tlldent does 
function .... P.lndiYidual only If he receive. I (musurable) 
amount of help from the operatinl 'Yltem. that II, to uu. ",,.tent 
only is it poaibl" to make" firm de.......,.Uon between the .0 .. 

CIOUCOri ... of Table 5.8 (low and high adidty, PC: loc.hnd pobol ). 
Lit tle <:an be uk! of the .tudent column QltellOriIed .. neither 

DB nor PB, linoe he may Or may not:ad .... P-Indivldual In the 
ooo"" .... tional domain . 

Students hRving the DIl not PH competence profile t.o.U quit.e 
definitely into halolt aDf) belutYiour if they Ire PC ch~ 
III global (hi&h &dicity) lellJ'llen and into oeri.alilt CPR beh.o.';ou. if 
they an! PC dla>1Iclerised AI local (low adicity) leameR. 'The PH 
IIOl DB compet.enc. pronle II lIimilarly diehot.omllied (CPB "nd 
1,1'8) in tBms of the demomtnotl .... ulIiItance they need in order 
to .mofy und ..... 'turd .... (eondlt50n 12 o f Table 6.1 ). 

Finally, haM,the compete~ p,.,..!lle DB UId PB, yenlullu\.U· 
denll are not uJambiJIIOWIly dlll\.lnguisl>ed In terml of PC compe­
tence linN> they do nol need a.WJ.tance. Th_I1.ud~n Ll do exhlbi1 
• learning It/'llt.cgy which II ~lth~r hoillt or I<'rlallll ln form. and 
thll Iuggeots th ot their PC compel<!nce favoUil global or lou! pro­
e_InK. The trouble II that colP'itive firity, wh ich II. p~ietable 
COllIoeq .... """ of DB/PB orpniLll.tion, would Ie*' on iLl own ac­
count to .. dearcut dcmtualUon 0 ' d iatinction in learning rlmte­
lie&. 10 that th~ obterved dichotorrrlsatiOll o f beh.aviolll5 may be 
(and proboobly is) due to thlI flffeeL ... the. u...n a pl OCUIOT bias 
that renders student. only able to I"""" in one WIly or 1M other. 
Th_ arguments ue .w.mmarlJf!d in Table 6.3 .nd pin IUPport 
from the 5tudits of Ch.pLeT 2, when: tho operaloinR l)'5lflm iI 
.braded .. Ith,.,. by ret.cinR Wt .. unden1,mdin, condition, or by 
wlWtdrawing t.he potclnt/aUy avallablfl auid"nce. 

To lUmmatise the matter : If the demand tor explanation II .... 
placed by • COrted T""panIC critomon (multiple choIce quettlOl1.l), 
then lOme .tIIden ... (DB not PH, on this Or other FO\JndI) are 



", 
!lable 1.0 "Klobetroulnl" defect. which .... ch....aeriltieally ~Ithe' 
d;.cunivl! (ODD) or normally channel"" (LPB) while oth@. ot,,­
dcnta an! unaff...;1.ed (PH not DB.Dr ""rutile). If the entallment 
Ittucture 1. abroded and de..:riptive dlta il withdrawn, IOmtI"tll ' 
dent. evidence the defect ot "improvidence" (PH not DB, 011 thit 
Or other i'oundl) but .... not ... oerlouIly . [reeLed. Fi nally. Ulen 
_ lOme mxlenta (all of thoR actinlll ke "neither DB nOr PB" In 
an OJI'"ftti"lllym,m, p«t1ar- 01.1",1"1 11101 who teem able t.o learn 
ftf)I liUk! unl .... gi~ • lpecif"oc and phued oeqUenDI! of Inl!nM:. 
tiona: in t""t, unlCIII they .... conditioned by one of the]""" fxcit· 
inK kindJ of behaviour IhaplnK. 

t . '''RADOXJCAI. FUTURES 01' TUB COMI'ET£NC£ RESULTS 

It the object.< o f obterlation in 8.1(.) and 8.1(b) ..., lumped 
totct.her, many oommon ot-rvatiolUl appear paradoxlcal. For 
ul/I1pJe, It i. queer to ",n,ark that R Iludenl (the lumped entity) 
deliberately adopl.l • mil m.tchl.'d leamin(lltratety. I.e., hll dis· 
pot;t;on doeJl not tally with hil competence. But t he exIItence of 
thio di""''lr''lIce ill a Ilion" relult.. 

It if ~uaUy diW.;ult to comprehend the Jellyl and Hyde 
~NlOur o f many .t.udenu which INdo them to \eam and lhlnk 
on ona way of a.;:ad.,m;" 'Ubje<:lS and in .nolher ony of the ren 
(IIIanifeat II the curio ... ly .Iron" ... riallatJc dlJpoeiti Dn IndI.lCed 
lppar<lnUy by in.Ututionll t.n.ininjj: and o ften running contrary to 
competenc~, either in tat or practi ce). The data referenced In 
Ctulpter3 Jive only I mUd mannered ",proISion to the facta which, 
on"" Ilred. tum out to be put o f conven Uonll orisdom. Theeeltu· 
IiMI.I h;,~ not only dlffemlt JtyIol!S. dispolition& and l...mlnl 
Itntepel. bUI diffuo:nt penonalitieo; they Ii ... in dlffert'nt reall· 
I.ieo ; they deploy the ... tem ll dlte Ito ..... In their ~vIronmenl 

(mea, book orntIgemenbl, recal.I cueoJ quite differently with one 
penon. Ind the othet . Only illhey are veruUle do lh~y function 
in each role with comparable efficiency. 

Both of these phenomena are marked !!nou", and important 
enouch to take in 1!afnI!It., and both are puadoxlcal, unI_ the 
conllOln~nce of vlewinft the ltudent _. lumped !!ntity II discard· 
/!d. Any trenc:bant "",planltion m Ull ma.kt: 'Orne diotinetion akin 
to 8.1(1) and 8.1(b), and t his puticuIar" wlY o f carvin, the cake 
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d<>elat leut dispel the air of my.tery. 

For the student, qua (,·Individual \s formulated to p i""" Canna­
tioo on a par with cognition; viewed thus, as a language oriented 
If. tern . he may h ..... 0 wiU or disposition to do what he cannot do 
effectively; further , it .. not unreasonable to I UPPQ$e that more 
than one P·Jndividwtl inhabits the l anIe bruin. Regarding the pro' 
ceasor whlch is said to have a certain PC competence, it could be 
Jurt one bruin o r It could, more reW.istka.Uy. 00 con. idercd ... the 
total environment encountered In each area of activity. in~l..It.u· 
tiona! and extra curricular. To a large and I;iI\lficant ":ltent, this 
e nvironment is . t.ru<;tured individually (for " .... mple , by arrange­
men U of external data and recall from l tonogC). The pro.-..,.;sor 
which iI PC co mpetent includes all of th ..... .truetu..,., as well "" 
the morn o bvious augmentation provided by mute .. and peers. 

10. ANALOG ICAL TRANSF'QRMATIONS 

The DB and PB and PC d ittinction pt!rmit.o the prediction of 
mental Inlnatormatiollli, involving analogy learning. Recalling the 
dlicualon of analogy in Chapter 4, Proc°i iI. compiled program: 

Pm<:"i ~ <!lruI p, ~ x l . 

PB acto upon both component., PrOK and Inter. of Proc·. 
DB ICU upon Interpreted relatiollJ (Jets in , orne Internal unl· 

ven<! X, Y. U). Sinee the dilltlngull;hing predicate of an analogy is 
itself a ",lation. DiI~ll, y) which lA gi .... " extemllily. DB may act 
upon it II one argument and perform a tmnMormation 

DBiRh DilIMJ:, y)) .. R, - EJ:{Proc"j) 

where. in ll1e simplest case, DB reallseo ioomorphillm 00 that It, .. 
RI: that iI. if RI iI interp"'l.ed In X, ItII form I. copied into Y. At 
I.ItlI "t.qe, ~ p In Proc"1 may be given a diffe"'nt int.erpretation, 
th.o.t is: 

PB(Proc"l, RtJ " Proc"J - <Prog P. Inter y). 

MOI'eO""r, It DilMJ:, y) ill given externally, It, and RI need not be 
Ioomorpblc. providing the type of morphilm iI properly 'p"IIOO 
o ut. 

COnve .... ly, if RI and R; lire given uternally Rod the analoi}' 

-
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more than an application of DB and 1'B o!"'ration. already;n th .. 
<epcl'toin:, and much the same comment applies to other than 
anaJol{ical Iyntactic derivation$; tor example, (orming new rules or 
concepti by ite",Un~ or combining thme that e:tiot. 

In oonl.rnrit, creB!.ing an lUlIIlogy relntion between two or m O", 
universes ca& [or the coru; truction of R semant ic predi.,.t.e, 
DiJt(x, Yl. Any oognitlve .ystem able to pedorm this feat mUll be 
in formatlon& liy open. and the .ort of openn""" coruidered 
amou nt. to lJ1e jUJ<tapa!lilion Bod (partio.l) oool""",oce of two (or 
more) oy.tem. which hav" distinct and ._priori·jndependent "inter_ 
nal reprnsen ta.tiona" - one a "repreoentatioh ,- o f X. and one of Y. 

This .tate or "crain ill captured in Gergely and Nemeti'l argu­
ment, ... It II sketched in Chapter 4 , and thil I lant upon their atJ(U­

ment is developed in Chapter 6. From a poychologi<:a1 point of 
view, the ...... ou in qUe!lUon may be chllJ'llCterised ... the juxta"""i. 
tion and J)lltt..W roaI~nce of t wo or more a priori uyncruonoUII 
and indl!J>'!Tldent P·lndividuall ; or ,.. the coeld . tI!nce and IUbse· 
quent integrntion of two o r more aim Lopler;; or u a division of 
au,...,tion beL""",n two or more toplCl (whether or not the two 
foci ohttenLion are e:rtemlllised and ob~tlfied as aim ..,lectioru ). 

Before depicting this important proceol , It will rn. prudent to 
pl1'A home Rn already made dWinction rn.tw~n "many goal " 
oltuatio,," (o f the sort e ncouni.L>fed in quite ordinary holidic Ie","· 
inB ) and the very d !flenmt cl"", of "m""y aim" sItuatio ns perti­
nent to the immediate issue. Subsection ILl Is a digression In · 
tended to 5e,....., this purpose; the main line of llf'IUDlent Is l'l'Sumed 
in s..ction 11.2. 

11.1. DiuerrllY Under One-Alm-<lt-Once 

One chamcterloation of • ..,rlBlist . tudent In • otrlct conversa· 
tlon is that he hAl; an aim top ic (his m1lXimal focul of attention, 
the moo t diot.Bnt topic he .ppreciates) and on ly 0"" goal that hI'! 
ch_ to leom about. the one membcT of hio legitimate wormt. 
In co ntrast. a holist stude nt appreciates a topic well in ad .... n"", he 
ailIll for it, and his worlault includes several subordinate topi.,. 
which he hIlS ch.,..,., AI goals to leom a bout . 

We often cannot fond need not) di$criminaLe the p .... ihilltleo 
that a holi.t stude nt deal. with t he BOal to pi.,. .imultan .,.,,,,ly "in 
paral lel" a nd the po .. ibility that he lcans them In an order of his 
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own clIoice, usually lea""" one topic '""lore it i. fully teamed, 
dealing with another, and "'turnin,'ater on 1.0 the orilinal. Tb~ 
crucial feature II thai In either kind of holism , the t.opa in ... ork­
.. t are comidered In !he con~ of the aim lc:>plc and WI !.hI! 
utorioriled beh.a¥ioun .... Iynch.roni$ed with IWfJf!C\ to aim be· 
II.ovklur and each other. ScanninB is j .... t .. lood • lynchroniAl. 
tlon ... parallellpPro.dI. and then! H1I graun'" ror Mllevtn. tJat 
"-P~nt ai multaneily (even in the cue ",II ... an analotD' R. II ex­
plained by the .lmult.aneow u,""ution of "'I and MI) ;. ... ally • 
romplex and probably variable topic acan. 

Unequivocally. the oenalilCo extenon-! behaviour II alao .yn­
ehronilo...! wi U, _peel. r.o!.he lIim topic. The behvioUT In this c..., 
iI UtenJly le'quenlW. 

Under one 11m clrcumltancf!l, obaervl.tiOOI are made of one, 
anti only 01M!, Nndlvidual; lOT eumple, uslnS Ihe upedienU de­
oc:ribed in u.. previ.,.,. mQRogr:aph. 11 wiD be recalled that .lItriet 
convenatlon lamonp! other thinI'. :I. means lor Ie<:Urinl 0",,,"1m-
~) II defined .... Nndivid ..... in iu own nlht.. AlthoUJh thio 
P.lndividual nu.y lui ... racton that ......... P.indlvlduall,!hey are 
Iynduonited under ".ecation and, in thai ~nJe. are dependent. 
'!be convenation IILIInifelt at an inw..r_ il lIoe P·lndividualIlCW· 
:ally oboernd . A& before, the I"" ... of thg P.lndivldual in the eOll · 
vuu.tional domain If; the eurr~nl aim I.opic: ; thie ie • mort! prt!CWe 
Iny of l!.Iting \he commonpl""" dict.um (hat . nudent, qua oen· 
tient coanlUve Iylum, IA located at h;' foc ... o f .ttention ... d ill 
the",by ident lned. 

II h ... been arcued that nothin, _ntinlLy novel (or, at any 
rate, no predit.Uv9 or I(!man lic noytlty) e ... arlsoI! WlUI the", are 
IWO or mOre .11Tll (1lI1 ... ' .... 0 or mOR! a priori lIynchronOUJ ... d 
~mt P-Intllvkluals ). In the 5equel, It iii -,moo that the 
lwo P· lndi'liduaIJ (which mlY be .... """'ted In OIIt brain o r _rail 
.cIdreti their .tWnlion 1.0, and formally aim for, two topic. .... ith 
",latio .... R, and R, .. ~ ... Iy, .mich lin! interpreted In.-priori­
Independent unlvcna (X and Y, relp,,-=tIl,e1y) . Ho_r, \he two 
P.IndJvldUlll are In • JXIlIUon to Intend and may wholly or par. 
tJ.ally COllHe<!:, 10IIn81Ome o r JlI of \lieu Independenc.. A c:n:'.Uve 
act, luch II the production of ...... a1ugy rellUon, com" about 
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dOl. to tboi>lr Inl.encl.lon. and o,il lnlft1lt'Uon may be of two differ· 
ent_wxlln, but -.Ually IlmUar k1ndl: (I) By .linguiRic: ex· 
~hange, u in Chapter 4. o r (b) AI tile concurrent and intenoct!ve 
exKUtion of p.oc:edur~ in eaeh p.jnd!v!dual. or 0.-, (a) II . per­
lpect.ive proper to " language orienled" oyRe ..... II distingullhed In 
Section 6. and (b) Is a perspective proper to "tacltum" l}'Steml. 

For conformity witb the "" of thll chapter, It II d ... bable to 
Upn!Sl the joint analoticall.ranlformatlon In the form 

D8(R."Rt) " R. 
P8(Proc°I, ProcGi. R, )" ProcGk 
-~ -- -~ 

No it .Land .. the form is unaeeepLablc, becaUM th_ DB and PB 
openotio ...... defined AI acUnK within one ment.al repertoire. By 
edict , a. and R, do not. at the bulant concerned. ha ..... un iform 
Internal rep._ntalion. Ca. IIlntetpn!ted In X . nd 11., in Y: l>rocOi 
and Proc°j o""""te wiUtin repertoil'lll that are, It lhlI II.qe. I t ill 
ind~t.) On 0,. olltH hand. II interaction Cln take plM:e 
(clelfly It arn if the P·lndivid..w. .... uecuted in the same bl'Kin, 
and Interaction h .... oo.en PCIIited anyhow), t.h~n tho e:rpn!Slllon il 
not n""""nlleal. simply non ltandard. In order to indicate that 
llanlfonnaOooo Dr this type do not h ..... the arne mean;nl_ the 
It.andard DB and PO t" ... dorm.uolll. they aM dlltingu l.ohcd by 
adjo!nin~ an Nterilk: thWl 

DB· fRo.~) " R. 
PB·fProc:OI.ProcOj. R. I " f'locok 

Regarded from the language oriented perspecUve. Lllese up,.,. 
sio ... ..,~t ,inguiltic InnIa(:tiOllI WMreby one P· Il>diYidoails 
able to de:tcribe and rn.rupubte 1M deoo;riptlonl and OpenOOM 
UIIld by the other P·lndivid ..... and of ~ourse nce YeIV.. The eon· 
velV.Uon can b.. reallied elth~r by pro¥kl!ng I meta1anguage to 
aoeom modlte U- ttansaclio ... o . by enrlcblnJl L .... that II can 
.,._ inteq>enonal hypOth8a lI .... n u hypotheses • ..t,lI;h refer 
directly to topi.,.. 

From th~ Laciturn penpective. t ile uterlak marked upt81lona 
"",an that aU opefllllo ... (DB, PB, or Proc) are eleo:uled, perhaps 
concurrently. in a d iJlrlbuted LoP! o'IilOr. 
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Th. diJcuNion in IhII chapter develops the conv~uonal """"­
di&mI. fep ... ,nwd by t<:OfW in the previoul monOF*ph. and oat. 
tIw ltIllO fo. an _y into lil"aUont chancterIMd by more th." 
DDt! aim Rlection at once. There are _enol object. in 'lie ... 

(I ) More !.han one \1$8 can learn. ",bjed .... u.er if'" M~ in 
• "",,_tiona! domain: the most intefflltinc liw.allo .. inYO ..... 
IfOIJP Or team ..:tivity (as distinct from " multlple aece." to • 
IarJe CA11Yltemj . 

(bl Althoup lOme work hal bHn done llrith &rOup' (the ftl"bal 
communication betw",," mfttlben ill e",tnomely in fonnatIYfl), the 
dal.l have not been fu Uy analysed and are Dot reported. 1",1ead, 
we take the opportunity to introdllo;e multiple I.IR" venlollll Qf 
CASTE and INT UITION in which Ula verbal communication b&­
tween the "len ill replace<! by. oerI ... of q .... i medtanlcal and ex­
terio.iM<I InnJacUona. The crucial r""ture of theM \.ranIact.lon.t ill 
u..t lhey ext.erlorlle not only byp(>o.- (on the put. of one par­
tlcipllnt Of the o ther) about top;.", in the con_tiona! domain 
but .lao mutual or pertOII~ bypOiheMs on the pnrt o f one par­
Udplnt abou t the other. 

(c) It II quite poUible for....,..., t han onl aim topic t.o exil! in. 
ruitably lIben.I.iRd opontin&ayatem, .... en If there II only one UIoeJ. 

Form&ll.y, thil tt..1.e of attain repr"""l.1 Ihe eoeJlill.ence o f more 
than one P-Indi'ridual (u~ at tiM inwro.ce with the con­
yenatlonal dolllAinl In lM ...... " bnin or L-I'nic!lnr. !nwitiH!y, 
the lame rtal.l! or ..train \mqeI one penon .... vlne more than one 
r"""" or attention or more than one conc::unent.1y ffltertained 
~tive and ro le.. 
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lrI order to m.ke """'"" ot this .wtemen!, we dlgrea In Part B, 

Sectio ... 9, 10,11, into some diltinctiol1l between the notion ot 
an aim topic and thc IimiIar but onty auperClCially identical notion 
of • tOCUll of aUention. Salient .. .-1.1 ot the lIunwre are ,..,.. 
viewed in ord .. to brinK theoe ide .. Into register. 

The eftort "' eminently worthwhile, tor dunng the earller part 
of the d~n, it II posoible to aOOw thatan.alow;y CORllrucl.lon 
is deP"'dent upon . (usually traMient) many aim condItion and 
that nearly all analOlJ)' comt.Netlon is loaded "ith Innov.t.iO<1. 
~y. one student with many fod o f attention is organisational· 
ly equivalent to mlny itudento with 0lM! rOCu. each, and both or· 
IIiUllAtlol1l are capable ot innovation. 

Pari A . ReJ""Wllllll/oft o{ MIItI>' Aim 0.,.."'1I0Il 

1. GEN£IIALISATION TO CONVERSATION WlTIl MANY PARTICIPANTS 
OR MANY AIM TOPIC6 

In order to obtain. t.cile ,epteamtaUon of many pUt.\clpant 
and/or muy aim, convenaUoni ,..;thln a unlConn framework, it ill 
neceMllrY to limputy the Iconic .,hcml'll ot the fin!. monograph. 
Of eoune. the oilllpllr!ed ..,hemes must KOOrn modate allot the 
one aim ~lo .. , of .. hich the fundamental construction is 
the nellU"a! and mlnlmAlly biaacd "coenitlTe .",nectar", of leona 3 
0. 4 (pre¥low monograph) , l"epeated .. the tint pllrL or I'ig. 6.1. 

An Initial step in th .. direction .. !.;Ikan by dnwlnll the !.ran. 
ICI"iption In Fig. 6.1 which also deplcto. "coenlUve .",nector". The 
"'K"lI.tory hfltrittic, B, whioch malnaam. • .ulct com_lion on. 
find con_tional domain O'(R), O"(R) - or, under concreto!! 
intftpnlwtion, £S(R), TS(R) - II M:COmmod.ted in • tepante 
proceuor (not ..... ally an L-Proeeuor) correlponding to (lin leon 
3 0. 4. Due to thl .cUon ot thll heuriliic: and !.he norm .co:eptcd 
willi !.he tutorial or experimental c:ontnc:t, the participant A (UIlI­
eIIy • l tudent) II dlvllible into. learncrlill.e com ponent . .. and a 
teao:berlike compo .... nt . ... Th_ compolM!rlU are also ''panIcI. 
panto" hut they are reotrlct.ftl by t!>ol CO~\.nI1n1.l just mentIoned, 
so that to. any OCCN\on, n, theTe II One .nd only one common aim 
topic wh.lc.h ;. p'ychologicaJly one tocus of ;Oint attenllon. How· 
eoer, the compolite participant A -.,.. '" may learn .bout. and 
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'~ 
.,,,/=iL ---"'-=---_ 
,.-". B.I . "eo..llI .. 11..1\..,,,,,, " ~ ({tom CD"""""',; ..... C",,"IU,," fUUI 
Lq""I .... n", "",,,.,. .. ph) and crude outl i ... or "CoIol'l .. R.n .. I",," .. p.o.l. 
01 _.,JII .. O<PnIooLkMlo. .... 0T . ..... . _I .. InIMu",,'" II wfll<h eonlrOIo 
_ 10 .......... ,"' ... domol ... 

COlIN! to "'ndentand , 0 ". OT several topla seleclal .. e!! which 
.... membe,. of hll warUeL 

8y the u pI!d;"nl ..... ployed in Pia. 6.1 , .... e have t.hu. repre­
,",led Learn!", as. conn:nation between the component partid· 
pIInt. of A ; ...... ely •• 1. and a,., regulated by the hellrillt;" p . ... 
cedura B (raw, ~n rep ...... nting it .. we did in 1110 original Icon 
" ... conversation bet .... ....., A and D, with B occupy!nc. IM!\J lnIl 
role .. the "cognltlw re!lector "). So, if top ic I II the aim and If 
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top;., j (or I topic "bullj) is the!!!!! it II permillibll! to I.-J< or .... 
.,. qreement with nspect 10 an eIplaruoUon of ~ In LM ""nUOl t 
of B and Dr .~ • .,. _ment with ....spec! lO • deriv:o.tlon of R" 
undM R, . in tho! conten of B. 'fOll"lher, theR .-""'1.1 corn­
IIpCH1d to the IprOUt Of VO..mg point of InnCl.convenation .. de­
fined In the p~OUI monognph . 

Prom • mec .... nistic or operational (OT dynamic) point o r vie w. 
the eaentJaJ ""nstr;linl ,mpOle<\ by the one-&lm-at-once condition 
II • " loall" or "part~l" synchronlclty with .elpe<:1 to the aim 
topic and aU U'anSactioIU that rcre. to it . 

Since .~ and IT are both e~ ecllt~'tIln an L-l'ToceMOr (and Kener­
I lly the lime L·Pme"""",, one bminl tholt I:ONtltuonL pr<><>edu . ... 
(both !"roc ' and r roc") may he ""cc:utoo uynchrunoul ly. But, in­
ootar WI IL and ... CO<lIesct! to form an Unlpecl!lc P·lndividual A, 
tho p«tinHl' procedumo mUll be locally Iynchronlsed. If 1M p. 
Indiolidua! A ill uJUpec:mc. the oynchroniainl event.llUe no t dir,..,t-
1, obto:rvable. though .... have conjectured that A ... __ 
..... from (Indeed ill Ule loatllyndu'onic:ity (aliu, ''i nformation 
"",,,,rcr".1IaJ " ptOItI'IUD Iharing") o r an in ......... 1 and II"nenally un· 
obeetvlble "convBDr.ion". The ~;arity of the COfI$tructiom In 
Fig. 6 .1 and (!.oter) in Fig. 6.2 illhot the .ynchronillnl .,.,enis are 
medialed th ...... gh B . <>d , liven \he elpenmcnw contract , Iyn· 

iI enforced by B wl!.h relpecl 1.0 an aim I.Ople iJ! !.he 
domain. That ii, when both I~ and "T .t~nd to CIne 

""e<'!u!.ed by these puticipanu ;lfe 
that particulllr !!im. Hence. " local" Iyn· 
as an ol>.o....wb lu: It ia ·', ynchroniu.tion 

CIt I~ and IT'" wtlleh II mani· 

pon. 

. • marker dlwlhutiCln model 
dlllplly r,s ). By the lame 
of I'roc:0 (jIOIIl) when! the 

Intril of A·s 
I model 

Modelllni 
iI. claa 

" clock ) In.e­
O 

P""ility. 
, .inee each part of the mod elling 
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&cility hal • diltino;t PI"" "'I" dock, the mode" are U<!<!\Ited 
in .. facility_wiN Independent manner. But all of the models for 
pi wpia ~rer to the aim topic." • nsult of whlcl! their 00II­
otmcliOllIl coupled lhrouch the 1.-"". " whld1 Hl!CUlei A. 

In U\G lpedal cue wilen tbe,.,at toplt II an anaJocy ...,IIUOII (as 
dlIcwIed In the IutchapterJ.aeveralmodell an! buit~ and e""",,,ted 
In dlfferent paN of the Lumped Modelling facility (1M modell 
"'presenting thl! t.onnl or relata of the RnaJoey J. and thcte I_priori· 
Independent modell are ueculN (not limply co,U/rucltdj In • 
k>cdl)' Iynchrono .... mannl.'r. The introduction of the coupllnp 
that oecure thll d9glN of Iynchroniution . llp'L .... nu. the .nalollY 
relation I!.IeU: this, In o l,hc, worcb, II th" model for the anal· 
ogy ",lation 001"'",," Ihe t.o.m.I. 

nil funct.lonal coo rdination o f the c:ompolik! poIrtldp""U; 'I­
and IT illhown in Fil- 6 .2 where the "Interface" of lhe oripnal 
"'->II illnIIlIe uplicil. At level LO (of L· L'. LO) !hue ", moden. 
inI: facility (in pneni ... Lumped ModeJlin« Facility contain;", 
.It'Ie'al a-prio,Hndependmt pro. on), which ill the yehicle fot 
demonwaUO .... liwen bYIT to iL and .... planatory modcll produ""" 
by a~ ror IlgIft'menl by ..... The L' bolt, £3. ~ abo a modellin, 
!ac:Wty, In PrKtlce the entaUmtnl m..ctuA display In which dtrl­
... tlol'll ot toplel are modelled u Leaminc ItnlI.eCII!I o r sut.e marker 
distriblltiona . 

M"""'Y~r, the aim t.opi~ iI ..,lec:t.ed by "hootin, vall1N ot the 
""mantlc deteriptol"l CL' predicates) of • conv~,...tiona l domain 
and the lim is ulidaWf, ~rh.arr- att.v a ~ucnce or ex plore t .......... 
ICtlOnl. u noted In Chapter I . (Rcaoll that aim validaUon hu!>Hn 
introdueed Into CAST,!; f.irly Te<:ently; tIM! .... lkI.tlng tntnllctionl 
"'" not mentioned in the "' .... iou. monosr-ph , though they CORe­
opond to l!llimation of do, which wu d!ICuAM In theoretical 
_.J The «Hl""rationa/ d omain (O'(R), D"(R) or 1:8, TS li nd,.,. 
ln~btionJ II .. lid"" in FiJ. 6.2 and it. ......,.."t II the Box D. 
That ii, we .... me that topiCl and their enlall.mnt .ehatton. ..... 
dNc.Tibed and that ro r each topic I th"..., Is a pointer to SOme PC(I). 
Both kinds o r data ...., .. ailable to A ~ a~, aT (the unldlrectio .... 
collMCtionl hom D to a L and from D to aTI, lind,.,. the tell.rictJOI\I 
Impotoed by B. MOreo"o"l!I", B """hiles alIlnlforac:t.lona at the Inter­
f&lle (uplanltory ordf!morutnotive modeUlnlln MP and the deter­
mlnaUon ot .... mine or Ieachin!! ot.n.tqica In £8) as IndJCllted In 
Fig. 6.3 by the (dotib:ll bidinocl.ional connectioN. In patticlliar, B 
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Pil . 6.~. "'C<>in,.i ... Ilellec'", " in .""u~h d .... " 10 ""ow ~"d''''dndi .... M 
bol"nI. ' L and 'T &1'0 roc"ltio. _" ... 'i" ....... nlly embodied In .... .. me 
btaln ..,d 8 .. 110. ,0rul. 'I"1 Io.urio'i<: _urin. ~"d<'Ot • ..tj'l¥ (0' .""h Io~'" 
p"'~.,.j "'" '"r I • • ",inl. 8 .n"' .... " • .mdin, <ontrol Upon • .,.,... 10."t&iI· 
menl ,1.I'\IoIu," and ",<>doUml foci);>,. as _ .ntallmon' ' ''''<t.'" /" • ..,eom-
mod.tI,.. L' (d.ri .. Ooo) ........ 1.& .. "-. le.-rnln. ''''''0.' ... Mil _ '"m~ 
",<><I.m,.. r.dH,y rm [..0 .. pl ... tion and fe< L" doomon"' .. 'jon. 

" " k " 
, , , 

, "...., , 

Pi •. 8.3. , ... ,Iion of .im i and 1001 (0 ... , or ~po~nt 1°. 1.);. "'"Y Ie,,,,­
Inl 'L1'II1<0 IIO'Iln . ... <1 in u.. EST!splay .d . .. . modot LS(l). uod .. 11m i 
(of !>ow ""Po, I -..... .. k""wn). The mod<l MI lo ..... y II!!!! I "d •• &im I .. 
"" ... , ... <1Od in ,n. modeUioi facility. MF. 
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' C'I\llltion enalf. (as in the rim. lIlonognoph) WI a Itrict c:on.er­
ation • ....tuclble to ordered occuions, n, " • 1, _M u pon each of 
-"icb then! ilan "ndualandif16 o f tome topic I'f'lallon. 

1be c:onlUUCtlon ill oompleted in Fi,. 6.3 by i ..... rtlng thIS !l!!I 
and ~ c .. rnn~ It the,,'" occasion. 

Equipped with th_ c:onY~ntio .... it u """ible 1.0 ,epretent in 
outli"e .n of !.he con_lion types d .... eloped in the IcolII or the 
riM. monOf(J'aph, IUId to tncompus without cnangillll the (:Onven­
tio ... many participant and many aim ""nve .... t lon. whid, have 
not p' e¥iouliy been ..,pr"~nted. 

The oonv~ .... lion typ"" due for dia<:~ u.ion in thlt book are 
shown in Fia:. 6.4(1) to (X II ). 

Of these plct ... ..,., (I) and (II ) . how the """,Itlv. ren""t.or oon­
WUcUon, with (I) an<! without (II ) the poalblllty of ... Leell", 
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.-• • 1.4 . ............. (Of _ ...... d .... ..,. aim eooo ....... i ..... d_ ..... 
deUiIed I •• ho ten. or ,,,- 4(VU} to 4(Xl) ..... ft! .. ""'"1 . Im oo .... rv-
l.iona of .&rio ... 'YI'". " "d '1,. 4 (1) '0 4( \' 1) .. 0,," a im ....,.-.I10 ... ...,ly. 
~". dioll"lluloh .. on" <>r ........... iN (L _ ...... 1 ~. 
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the partlclplOllt ~xpmmetl~t), or by ... IN! life tu torial IB U>e 
1mdI .... ). 

In picture (IV), B if .. h ........ t.ic pun! and oimple," in (I) Or (II). 
Howe¥er, il 10 an ewolulionary heuristic:, encoutllflinl developme.u 
of the con...,.l.iorW domain, II1clI as the EXTEND procnm in 
!he flnt monocnph. A it .. """"'" or aubjed. mf,ll.er expert (poif­
IIb.y .. ,",den' who has opted into !hit role). The circle IUl1'Ourui, 
ins the lim I.oplc indic:ata thai the IOUft:<!! Or IUbject mnu.. expert. 
Is Cn!e to origin.\(! .. topic which it not JlIll"l of lhl cnRve_liona! 
domain. inlOtu .. he it able to .. tidy the connn.lnl.l upon 1""",_ 
ability and memol1lbUlty impoted by B. the topic wW 11«011111 pul 
of an Mlarrcd eonverJatlonal domain. I t i. 'till !.he eue llull one 
and only ON! aim wple uisl.l al 0""", namely, U>e novel IOpic 
clU't'entJy und~oin.lncotpOmlion. 

'nit IP'OA rep.""",l4tion 01 (IV) II rumed in (V) ami (VI), by 
depietlnR two intomal puticipanl.S which mue up A. Since A it .. 
albjcd 1IUI!let ""pert. tbne compomenl.l are more aptly called 
"propOler" and "critic" (tdi .. ky'alocution). and they are !aMlle<! 
.. and a" (nther than ... and a,J rar thil reuon. 

The t wo dlltlnct refinements, (V) and {VI I. appear because it ill 
both I"'opit.ioul and operation.ally manoialoOfy to diltlngullt\ J:>e. 
t .. -. the lynlacUc: and the ... mantic: component.l of a lhesil 
.. hicb ill onder ex~ILlon (at thil alqe in the upomtion Jtut \.Opk: 
T ill bf,inl Itdded \.0 the theW). 

On the one hand. Picton! (VI, the de..:ription of the .:onvo ... • 
tlonal domain la held conotan l and a ff~ ,ynl.aCtic dcrlvatlon iI 
..... blilhed; thla la the basic gpcralign governed by EXTEND. On 
th~ other hnOO. Plctu .... (Vl). tho fgno of the Uwsala II held o;:on­
.tant whlllt thll tgtm ill iii""" a rreah Ilem<U1t.ic i"Worpretatign by 
... y of. new dHCripUgn. Thill io the "cho;"" and the l!Vllluatlon of 
dl'So;liplon" phase of EXTEND. u linll the repertoty grid t.rehnique 
(Chapter 1. CblPt.er 3, and lo;:ono 15. 16. and 17. in the prevK>UI 
"",~phj. 

lief ...... tuminC \.0 the many aim convenatiolll ,hown In (VUj 
and (VillI. not;"" thl t all of Lbese On<HIim .... t ... ;mcec:onW'nltinml, 
either on I fbred or III .... olving conversational domain. can be ..,. 
commodal.ed .. opecial c:uetI of the tcherne outlined in Chapter 4. 
Secli<ln l. The opecialiat.ion ill introduced by Iel.tln8 I.· l (just 
one Ian",aae). or In CU4! I.he.-e lin! anal<lllY relation., by Je1.t.inl L· 
(S, Inter i. Unb' i) Or (S, Inter j . Univ i) II> that any .... Jocy la d .... 
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pio;ted ... morphism (uSWlIl), an ioomorphiml) between d ifferent 
modek for som ...... nuClll or " miJar ~tactlc Upr .... ionL Thill ex_ 
pedient It "'tisfactory provided that analogi.,. .... e leartMld ( from 
their dellCriptiolllln tho! f;On v ....... tlonal dornmin) .. nd arc not coo_ 
Itl'Ucted de novo. The expedient ' ''mKin. u.tilfact.ory for the 
limited, and flU" from innovative, llflalOi!Y conlltructJonl enCOm­
puaed by EXTEND; that iI. the analOU , .. latlon ill t'ellte<! ,.. a 
t,eo.h lop;" on • par witll others. l inee it r,,\;otM to plel which aI· 
'-')I Hilt in U,e convenatlonal d (>main withou t recoune to the 
....Joty relation. To 10 rul1her- lhan that. and 1.0 accommodate 
t"""" of ",,",venalion in whkh the analogy rela tion is Invented 
tint or all and the I.e ..... 0( Ole anaJoey (ito relator) appMT Ill ..... 
lUll of lb. in ..... nUOn. it It nee a ry 1.0 introch.lCle th e two (or 
more) .im ... U1,- cOnItzuct iolll' lhown in ( Vn) . (VIII) , (IX) and 
(X). 

We lHf! tbe notation A" AI to rep.esent two """xi.ting P·!n­
dlvlduo.ill, each of widell might b<l factored lnde p.mdently to yield 
restricted partici panU: A, - ...,.,. 11.1 and A. ·In ,.u (o r A, ­
.... &(:, and A. - . ... . Ilcol. These P·lrKliYiduall ue not locally tyn. 
cluonWed by the heuristic 8 and may act IndepMden tly .. in· 
dicated by the limuUaneou. _ce of t.o aim lop ''''' Psycho-­
Iosio;ally. A, utendi to one topic ""d A. to another; A, models, 
t.opic in 0 .... uniYene of interpn:oLo.tion. A. modell a topic (perhaps 
the l&fDe topic) in a d;.tinct univ_ ot interpretation. Fmm the 
l'enpncUve ot Section 1 . A, and A. have dj(feren~ lanf/llare- (110 
1.ha~ L II a set of language. .t, . ~ ... ). though "",min A, l tate­
ment.i In l. , of L may he Qgrced. at the Iyntactlc l!!Vel or co,umn· 
OWl to have the 1Ilm~ tonnel conoequenCH .. certain A. lLo.U!menta 
in t, o f L. 

It It hRpJ>"RI ... ill (VII ) and (VUl). that A, II uecu tNI in a 
prO( 2' n ... and A. In • distinct ~ II. then the Iyntac.k 
..... ""'nt iI a conoe ..... 1 between peOple o r c:ohe.1ft grnups A" .. 
and A •• II which may later be I tnmilhmed by .... m.ntic agreemml 
'nw a common m ...... tna (&a:ord. cooplEratw.. in1.eraCt'on. mutu· 
alUm ). 

It it hlpplEnl ... in (IX) I nd (Xl . that A, and A. are eucuted In 
Lhc I&fDR L-PToceosor. , brain. then Util a greement NUl the .tage 
tor an inn<>Yetion which will QCcur if the .yn~ticany common 
ItaU!"",nta (call them let K) can be gi""" • cDmpatible interpreta· 
tion by A, and A.: thlt iI. E pin. a common meanin, for A, and 



A,. If OQ A, and A. fUM! Inw one P.lndividual A · A" A . .. 10. 
leII*1 10 the inn.,...Uon .. h ich iI the meaninl of E. 

Such a fusion iI also Uw! "anaIoU n!lalion rll"lt" COrlltru<:Uon o f 
In analogial Iopic. By par.llrl ... th (VI, Pictu ... (IX) repnesen ... 
th~ . yntactle componenl of .n innOV'Uon, where distinct un i· 
v ..... o f int.erp r<!lation Ire h ~ld cOnll.llnt 1lJ. tramewo rk. By pa. 
nallrl with (VI), Picw ... (X) ,ep:acnU the gtm,ratlon of funhe. 
ul\iftrs8 of inLo!rpn! .... UOn IlJ meanl for .aH_ina d lltlnCf,com pila. 
t lo ... of the .-me p"'lJ&l'l. 

The artirlcisl ".jlbre of the conven;"nt demarclUon beh .... en 
. yn!aX and -.emantics is cOl1cetl....J immediately. In the I«juel , pat­
tleul:&r l ignltka""", ;. credit«! to the cue In which (IX) and eX) 
coaIace u • hybrid form. ' ppro><;m.ted by PictUJ1l (X I), In which 
c lwllll'l of protJVD structure.nd chanCCa o f intepreUition .... in· 
lepanble. In the r",1da ot lOCiai AnthropoiDi)' and wciology, 
dmllar interett may be attached to the hybrid of Pletu..., (XII ). 
Though it II beyond the KOpe of our empirical enquiry, we con· 
J_ ,e that (XII) representa I peculiarly wble IOcial group,. per. 
liII.ent cult. In urban e .... l !AtIon. or I oohe5ive lOCie!y. 

2. tDENTIFICAT10N wrrmN TIlE GENIlH"l,l~E:1) THF.oR y or 
t.ANGUAGB 

One of the chief reu>lta o f the work o n the theoretical..,heme 
ouUinod in Chapta 4. Stcllon 1 iI an ac<:DUnt of !.he condition. 
under which enUu... with dlUer~t wblanlllRg"', £, in Land £. 
In t.. mlI.Y conununlcatt. These theorctieal r ...... lI. have been ap­
piled (by Gergely and Nemetl) 1.0 the intencUon between """"'tilic 
diIclplin~ hninlI disparate Ian",.ogeo. 0 . calculi, or models, . nd to 
the inlHadion bet ......... lOCial l Y"tem.o. 

An indication o f the p' oc_ ••• they envilage It, I. gi . ... in Fig. 
6 .5, and "",y be reprd,.,j u. cooperative o r mutwol iotic inl.crac­
Uon bet ... et1\ personI o r lDCietilll C, and C.- UIina: the nolation of 
CMpIn 4, Section 1, C, and C ..... ~I.erised «(iven cakuli I 
and 2 ) u • ~ o f oysl.tm. £ , - (5" !mg" UniJ, ) .nd £, - (5" 
Inter .. Unw.), wher~ 5 , .nd 5 ..... thetnle ltatementalor produc­
ti~'''' under the gi .. e n c.lcuU) of £, and £ .... Th"t iI. thcre Iln! 

rnodI'. ... M, in !.!!li! 1 (for 8,).nd 1>1 . In Uni" 2 (lor 5.), w~ .... 
in~tio ... of u.- ltal.tmenta. The !ruth criterion, in thil 
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_ . It vHldldai, ( for uample, the n!lUJ~ or em pirical c.esu", 
c:anied o ul by C, and C, iDdepondenUy) and the Lruth in queation 
It . eolTuponden"" truth. 

SUppaM thot "",l1.I.in otatemento E C S" E C 8 2 are beld In com­
mOn .. (I)'ntactically) . greed by C" outd C. ; that ii, the atate­
ment!; o f E form • eohel'ellt ..,l. Aj:rt'C"ment hlnlC'S upon a con­
ael\lll~1 lil'"ment: that it. upon I coherent<! ordained . ynt.aclk 
qJ1!ement (C!! . " Sec\.. 7). We are anxJou. to Invtttipte the 
cir'cunu1..aneel urlder which C, and C. auach the ume mUllinll to 
Ntemcnla in E, riven the ninen"", (u patti of 101 , and M. of 
1IIOde .. m" mI. tor S in Unly 1 and I.ln!!. 2 that .... held, by C, 
f.Ild Ct to repreamt the romspondenOl! troth of .tatement.l in tM 
.et E. The required equisignirscance oblalnl it there ;. an ito. 
IDOrphil;m from "" to m. (writl.en. m, .. m.l. 

Uoually. lbia condit.ion if not .. tidied; a t moA, there ill hom ... 
morph. m pr~lnR only IO~ o f lhe reJ.t lonl in the mode!. and 
Joalnl l pecilkity . Ho wever. it II ~ble 1.0 conl1.t\ld lJ;>n&{orma. 
lionl . which we IhaJJ hue deI~t.e T .nd r . UlI.I. Ite C<:\upled 

• 
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and operate llpon S" ~ and m •• m •• T8peo;t1trely , . with E as. 
~ aid! u..~ T,.{I,I IUId T,.{I. I ro:"nente • ullla1Jy mDft 
comple:lll!~, eo of Igned statement., and T;Am,) is C, '. mod~! of 
t. T;(m.1 II C.'. model of e, and THm,) .. To.{m.) is the common 
meanillll of th~ ( ...... ally more rom p!ex) ..,1 o f ltatement.a, 8, thai 
In! Ihared by C , and C. (oblained ... cl~ of the mod"l.pace 
undu the o riJinolly "'IVeed ..,1 o f l tatftnent.a. E). The erucial f .. • 
ture of th is <;<>Mtruclion is the f\lndament.al couplinl between T 
and T ' ; in order to obtain ""mmon m~na:. It is genenlly no:eet­

ary to modify the lta\.l!ment let IUId the InWpreulloN, Mo ... 
""", allho\J&b theM Foe! I .. m"'" be iaolat.ed under tpeeW con· 
dltions, tbey ~ u. rule u-pareble. 

To obtain an immediately Ippolito. identification, not ice that T 
r<!p.....,nl& Ihe let of reaching. Iyntactlc (ooh""""". bNed) agree­
.....,t and that T' nvr-nto the -..;t ol lftehln.1 semantic (cone­
opondmce based) qremnent, to.,e1hB .,.. act of -..bll&hinS • 
common m .... "il\f. Now call C, - (A,. II) and C. - (A,. It) {where 
~ ia a variable with nlu,," co, fj, •• ,J. The lel(\Umacy of thll id ... • 
tifieation II evident in the CUll _ben , &II\Im ... dlftinet valua 
(corrupondlng to .. IUId Pin J"i&. 6.4), line:. III", J....Proc on ... 
If)eci!ied u the IMItMl. .. distinct. unlv~ o r inlftprmtion. TIl" 
leglti......:y or !.hil upedl""t when' .... uml'l !.he aamo value (th'" 
P.individuQ are compiled and ue<:Ut.ed In the same brain. or 1.­
f'ror:O!SIOr) det>"nda upon tht! _mption that procedura cont.ain • 
.,.....pUer Ilnd that they construet dirtinct """",bh! world.~ upon 
w mpib.tion. w~ took thll ... pbriulibJ.. hypothesil in Chapter 4. 
Section 1 and certainly cornlder It to be oxperientially (thouflh 
nol empirically) jultirled. Late. on 11 will be pouible to but_ 
the hypothelil U1d IlUpport it 0tI Iocical ground •. 

No .. u.e u-rument ..... pu t ro.....anl. wt T Ilnd T' are f" ,.,,,,,ral 
coupled. II ..... ""nlt"QUcnCfl !.hat the moot Jeneral constructions 
of FlJ. 6.4 .... thl hybrid orpniuUolll in 6.4(Xl) and 6.4(XIlJ, 

• Ao '" .... p.orio:o .. __ pII. tho __ Iy Ylo • .,. n-pnod • • li .. p:,~:::: 
.... 110 ... p_led '" oImuLotad (t-fpetl 1971) ... ptDd""Il .. /r.prodll<U .. 
T'u'n, Modol"" .. ~k:h pt<t<l"" ... nd ............. Turi., Iob<hln .. ( •• ~nt· 
i .. ~ 1ft Lb .... poorLoi .... '1 . ~ •• 01 A,. A.}. 8,. S. aN .... 0 ' Uwlr ...... 

I , .... d ....... _ . ",. ... 1ftpR ........ 1"10 ... 11_ .... , be rt- _ r",0<1 
("'" r_ I/P." k"- 1101, U ... 0 ood (I .... _ .. ;0 .. 0<1,;" ...... _ . 
_,_ (1Il!r Dr SoeUoot. 11.,.., ..... I ouu! eaI ....... ~ .... ptDIIu~<I ..... ,... _,ot ..... (. _1) lMChin ... 



'" 
wh ere the act or """"bing syntactlc or coherence based (A" Q); 

IA,. III agreement (~nectlng T in lh.,.., pictureo) I. Inseparable 
from the act of "",chinl ""mantic or "o""'pontlco"" based (A" .. ) 
CA •• PI ....... emcnt. r .. necling T'. Reintroducing the poatulllte of 
Section 2, 6.4(XII) is identified with • natunlilaroguage d iaJogue; 
L' and LO coalesce in to a natural language, L. The modelling tadl. 
itieo liS, MF likewise coalesce and become the universes of inter· 
pretaLlon of. nBtUJllllanguagc, no.mcly . a.s pool.uLated in Chapt.er 4. 
Section 2, a set ot Funy Set... Under this identification I! ill B 
oocial metaphor, and it dO:Signates ..... ill common me<>ning, an 
intelp..,ted analogy relation . 

On the other hand, 6.4(XI) repr....,nt.a ... slightly dltr<!rent IltUA. 
tion insofar as the P·lndiylduaIs .... e ",,"'piled and """"ute<! In the 
orune L-PrO<:eSlOl'. and agr~ments are r..achoo within this medium 
(between (A,. "I Bnd ( A •• ,,)). Once _KIIin, Ll and LO cool"."" ""d 
!II) do the modelling facilities, Mi' and ES. The only kind of mod­
cUing 'acHity which ... tisfies thio requirement as a physical ent ity 
is an L-Proc<$lor, ami If this 10 identified with. hmin , then the 
cornman mctlning encompused by e ...,d Its inU,rprnt.ation II; 
thought - conolluctive or ;""owall<' thought. If e Is .... UlUal. 
greater than E. 

The rem.inin~, more traci.able, pictures In Fig. 6.4 represent 
opec;al oases of th .... general puadigm •. 

All of the "many aim" (mOT~ th;n One """ ... istlng P.lndlvldual) 
pictures 6 .4(VlI), (VllI), (IX) and (X) reprcscnt an ad of agr_ 
ment about common m~an;"8. and as a corot1ary of the pr .... nt 
~ment, ouch .itu~tionl Iln' likely to roster creativity or innova­
tion whicb can be obocrYllbly exlcriomed undcr p:>rtieular con· 
.trainl& proper to the interpretatiOlu (of cou"" ass<:mbly and 10 
on) furnished in Section 1. 

In contr2llt. the on .... im·Rt-once constructions (namely Fig. 
6.4(1), (II), (UI), ( IV ), (V) , (VI)) do not bave this property. The 
inference II not tbat a human being ClInnO! ~ e,.,."UUf! under 
th...., circumlta"""". The con,truetio,,' 'imply USl'rt reafuable e ... · 
perir",mtal. tutorial Dr expositor)' . ituatioJU in whic h <:r .... ttve Dr 
i"""nttve acl5 cannot be M'"oibly ""tcr;on..rd for ob~""'lion ; 10 
that, even if they OCCUlTed, IlUch acts, iJUight apart., would be ""'" 
fused with miltakel or h.aphaxard events, 

Moreover, within the e ... perime"tal framework of the man}' aim 
converoations (reified .... many UICr venion o f CASTE or Ita ..... • 

• 



". 
ropte INTU IT ION, and " cawse _mbly Iyltem called 
'l1l0UGWI'STICK8R), It is poaibJe to au..,... mental mechanisms 
fal the .,..,.Uvity ..,d inwention which .. o'*'~ and to prorid!! 
nidmoe that t.bcse mechaniaml .... in hum"" betnp rw;po",ible 
tor the tnnsformaloio ... T , T' . 

I . GENERAL OI8Ct)SSlON 

Th~ innovative mechaniml to be postulated II r~adl1)' conceived 
in I.ermJ of the thorollllhly tangible analogy modeUinll operatlon. 
which w""~ d!ac:uSk'li in deLail in Ch~pter 4, Section. 10 and 11. 
Any 1110001 for In "NUo((Y relation R. l>etw""" topi<: . e llltie ... R, 
and R, II a couplinll M. between a pair of d iftlnc:t modclt M" M, 
fHiioed in ._priori·independent part.o of" Lum~ Modelln. Fa<,:i l. 
ity. Usual/y, this tIoeo involve a poutial lyr>Chroniaation be~ween 
the " priori uyncluonl)lll proccaon X, V in LIIe Lumped Mod· 
elling Facility, and It" thlOOretical 1"",,1 Ihe putiallYnchroniMt.lon 
;" .I"'~ mandatory. 

How","n. M, and M, &rfI compilltiolll of.erial representativft S 
!'roll I. S I'mi J. of !'roe i and Proc j .... that .ynchroniation is 
achieved by u(.N'dienU Illch ... ''inlAlrnlpl.ion'' and " hold" l icnaJa· 
lIenc:fl, M. II really thl! Compihtioll o f a further ... rial prOlU"m (of 
"kind orten called In execut ive pr<>«rIIm). 

AmoN) gen<lnlJ proposal for a meclumi.m TN.iillng J.bc coupled 
~orntIItio"" T, '1"" dependl upon the apparttul dilcu-" and 
developed in boJ.b Cb.p!.Cr 4 and Chapt.:r 6. Tbe procedureo under 
oonsideratlon are Funy (Chapter 4. s..'Ction 6; Chapt.:r 5, Section 
11), and J.be;r Interaction, COUpLinil ~nd local lyncbroniJati<;>n in an 
["I'~r io \rnIIjIed in Cbapt~r 4 ill tbe int~rplay of memorico or 
cor>o:cpla or both. Chapter Ii, Section 10 and 11 presente<.!. mot~ 
Ipedric meeblniom UlIng Lbe Proc' cakgQrieo of DB. PH and PC 
operaliont. 

MONOVer, .t th.t juneU1~, we pooite<.! • bounda.ry cor>dition 
upon the interaction there identif'~ with Ih~ oul<>ome of T. '1"") 
t.o lb. efrect that the Fuuy PI.-d,.,., ,.,...]tln, from Ioall ,yo­
cluooiAUon or couplin, io uoually larger than the oricinal 1' .... 
eed ........ IlOmorphllm between. pair of orilrinal c:onceptl io t be 
limitina: «Ie. tbe exception .. tI.er than the ,.,.Ic. Generally, the 
ryntoetlc component (~) of • concept mu" be modif>ed and 
enIa:1It'Il bf,(OlC it io posoiblft to secure l$omorphlim between com· 



." 
pilatlo". of modell . TlllJll, In the cont<!xt ot Chapter~, IpeaklJlg of 
anaIoey COnlltruet.ion, ilion anaIOIi ... an founded on senenlba· 
t;Iom, only. few on lIomorphian.. Within the ovenLll pleluft of 
~ment between NndM.h .... ""...,..ied In !he am" brain or in 
_~ the analogy COnltnlc:tion II • lpecial but Important _ of 

rio ..... no- chon .PPfO ...... 1I<m ... poo1 01 ~~_m_ -..i ... ~_ 
.ul;..d I. _ poutIe ...... , . _~ ~ ...... In .... ....! Ia onl ... ll.,. u.. 
.... in "Iynl«<lc _men," ODd • ....... nlle: _moft'" .nd III. p • ...,.. Is 
ID"'mlP~ II ,11< .. polnoa. , ••• "' ..... C '" .rlIne .. 1 .. prdionl ..... 10 .. pro· _n. __ ..... 1I,. 
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..:hioe¥inll ~",e"~ that I'IlmiIhea a common mMnlnIJ. For inter­
~nal diaJoCuoe lAo. .. ~ with ( A2 • If), the analogy ft. at the 
synla<:tie \altl between the product.i<Jm of A, and A,: at the 
_tie level. It lndL>Ol!5 an isomotpl'liam be!._ compUo.tiona/ 
inletptebotiO<ll in lIIe dilltlnct L-PnJ 01'1 .. and II. For aaWocY 
COOIU\Iction, ... here only 0 .... L-Ptoo ' r (<I. lay) illnvolved, the 
analotY exiat.l between dilLind intenW compill.tloM (Inter ,,' 
Inter yJ or bctw~ modeb M" MI In diJtinc:t modellin, tadUUeoI 
MF(z), MF(y). 

The arJIlment UlllUmmllJiKd as tollow.: I mechanilm II believed 
to exlat In mental activity and to have an intimate ",IaUon to 
.wareneu (lince, In conve_tion the<>ry, CO<IICloUllleM depel'dA 
upon Local lync:hroniu.Uon of • priori uyneh.ronoul PiOCIIIOrl). 
To !'Hell. rteady .taUs, thit mechanism mUll'" Il.Iptlent.ed by • 
boundU}' rondlUon. and t.hiI ..... intmdUHd U • ~lI.te ill 
Chaple< 6, befIgInc lb. questWm of what the bounduy condition If. 
Slar\intl (rom Ibe ...... "'''''t in Chapter 4, we Import«! • set " f 
teSI.Ilu (AndrU&, Gercely and NemeU) On mod,,! ..... lchlng and in· 
terpreted the lnn51'ormaUoM T, T' _ the (le1lelU " f eommon 
_in •• hilt without statinl • mental meclwlilm whid! would 
...,...,. lhll rftUlt. Finally , it ill propOKd tNt common meaninlll 
the bouno:I.uy condition require:! to .overn the procell In Ouopw 
5, and t.hil: pr~ It ~ m~11anism required to rftllile T, T' and 
KII .... common meaning. 

Hg. 6.6 II • c",dely (Iow-<:II"'tftI approximation to tile entire 
proc:eu. It II aII\lmed that dillinct 1'.lndividuBIl ullt, that tlleir 
un""'"" o f Interpret.aUon and ctlmpiiation (<t, II Or X, V) ..... held 
diolinct, lIIat each P-Indivldu.al hu the iIomorphllm operator in 
h;' re~rtoire. and tIIat there iI an int.ernal Or external mannf!lof 
communication outrldent 1.0 eatah\ish \ocal cynehronlcity. 

4. TWO AIMS, ONt:TO EAcn OI'TWO USKRS 

Suppote th~ ..... 1 .. 0 ..-. (people, reapondent.al indul&lnl in 
dillloKUe. How mOllld an utenW m-rver of their con\Oel"llltion 
deled. ~ uinenOl! of two ·ims (10 a non triYlal_l. and what 
evidence mO\lId he aa:ept tor u... ~t.ence of two J'.IndividUAb. 
Sin"'" I am anxloull to maintain the po_lhility ot uperimenLatlon. 
the conditioN to be lilted v. a1mOllt ot-lvely me<:hanical. 



'" 
Fint or all, !.he conversational paradigm mUlt be modified to 

allow lor ULC "".Wr>ee ot mlny alms at on<:e, and t.hio i nvolva 
nop\laollng all of the .ppataws underl:tinllhe enlailmenl .uuctW1! 
d isplay. the moo..llin. facility, and m .. t o r Ute other parta of an 
opeuUn • • )'Stem - either CASTE or INTUITION ( Fig. 6.1). Th~rn 
an! two distinct I!nL&iirnent Itructures (two ,eplical) On which 
""para~ marker d illribut.loni &no diopLay<!d .. the two teparali' 
loeamlnc"""tegiI!I or dI" participant&; two """""'"1LI'1! kept ot their 
""planalOr}' m ......... 

Finally, there ani two ainu, on" to ... eh tu(' • • Though the aims 
may point to the .,no topic (\Jut] ii, the nod e pic ked out In one 

• 

FiI_ ' .7. (l"",p ... ",1., o. I~Ol'f ._ rOO' • pool. 0' p .. tlcl po .... 
(I ..... 2). " • &I .. ~ ....... """" ...... I" In r • . I too penkIpont). B - r;.. ...... 
..... 1 ,'I'IK:Ign C. o!"plOco" 01' POrlitlpo~t 1 ....... ~ .. ). C _ RaoIdom_ 
alido pruio<_ ,,,. doocrlp.I •• nu .... IoIa. D • 8crHo ,;.ll>l. '0 p.tllelp"" 1 
.., d to ponlelp ... ' ~ JoI"~y. E . STATL.AB ",od. U!q I.OUlly ..... by 1"-'11(:;-
1""" I ......... ;.;1"' .. 11. P - c..ndlllotW ",obobmlY · 'boJI." "lid "delay" 
bo>. .. I ............. i .. OC r C M .;" po ..... _ G _ MiA! BOSS ... g;""' ...... H • 
CoooI«>I.IOd _ ...... ulpmoa' rOt ..... lal.lq ~. 
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u.er" enl.lilnle1l~ aIn u:" ... .., may be in I"eIIioter with the node pick .... 
out in the olher 1,11('1', ~nlaiJment 1!ni(;t.ur1!). the two Ilms are 
IepaJaIeIJl YIIIid.~ . Th;' m~ (u in Chapter I ) that each user 
oepanotely hal ... b&tanlial un:> ..aI,,~ o f doubl.. do. rqardlng 
the topic tieIcrlption """"pying "5 IltenUon, .nd even It the lima 
ar~ In recuter, l ho! USl'FI mly have redliOO the;, IUt!lHlorwal d oubt, 
do. by entireLy dill"",,,! es~ lmnIa~llon,. or OOI.lI'Sl!, 100 "Ron 
Itud nOI h.v. ,1m. In reg!o/n IllId (befon Ihey IMend) 11M! very 
unlikely 10 do KI. 

I" fUel! In arn.ngemrmt, ow.ociated with. fixed convenatlona! 
dom.o;n, II if poUiblu for two l'articil'Bnl£ to team Independently 
and for the OpHWoling , yo!.em 1.0 gmther ;nlonnaLlon ahaul the In­
~ndenl lcamillj 11nI~ .nd Lhe independent er.planatory 
mo:>deb: they produce. Similllliy. u.e heuriuic ean react to them In· 
dependently. 

If the two panldpanl.l, huml" beinp, ( A" oj and ( A,. IS> ..... to 
engqe In roOUJlon, then they mu... be furnished wilh • com· 
lII\ullc.Uon ehannel. Sunoly, UrlI may be verbal ,nd IfIIpltical : fot 
eump .... ( AI> 0 ) may tal.I! to I A, . fJ) and they col,lld look n each 
CII.Mr'a lNmin. olm~ erlIibitM o n their enuilme<11lUUciure 
dispkyJ. They could alto t'oopentle by d emon4tlflllnR topic . ela. 
110 ... to each other and by joint model·bulldll1&. Un fortuo.olely. 
lOIne uped.I ot Lhe InteIcIwli<! an! not ,eedUy InlUprelable by 
the hf!UrU.L!c B. and In parlk:uw B ill unable to sense Ihe tllClt th.t 
(A,. II) dO/!l (or doe. noll entertain hypaLh_ about ( A~. {JI (In 
eonLrut to hypath""", about UM! topi'" being learned); and vice 
v ..... of COlU'II!. IA • • (J) mayor may not cnkrt.Illn hypo\.h_ 
about (A,. 0) ot which B ill necessnrUy I",oranl . 'I'hll dot...,L;' 
daJn.o&Inl becaule It B takCl (A, • 0) and (A a, ~) u .·prIorI·!ndopen­
delL (on \.he iJOundllhat A, and A a are housed In dlUerent brainl 
o. Il. and need nOL inl.eracl through tho! openlUng 'yltem). UJen B 
mLU' ROle UM! exlen! 10 which A, and A. do InLo!ncl. wllh sach 
oth« (not .lmply ",jlh the Opentinl .yJLo!m ) in l.emu of their 
muwal and penon dlN!cted bypothl!lel. Similar .emuu 'pply 10 
the ulc!mal ot.enrer If he remains utterly dillpUlioJull.e IlIlII 
refraiN. f.,.. "",ruple, from In\.erpn!ting "POken diaJolu.e. 

The lDinimallllmplinll armngement for mutual ( I/ You, not I/il ) 
hypolh-. ill III IPM interchange bet ....... n l A " 0 ) and I A •• /1). 
mediated by the f'R IM d.mce deacribed by loon 24 and Fie. 9 .10 
in !.he tinl monolP'llph. (Recall Ihe chanJlCl in notallon: 10 tackle 
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/NOn)' aim lyal.CmI the partie;pantl .... no .. called A, and A, . 
while .... the finl monOfP'ph they feature AI A and 8 .) Willi the 
ch&nj:1!d notation, an IPM reIpOnR to a ~~ (multiple choice, 
lilli, or B"x ·m,.nl '1ueotionj iI • double hierarchy o f repH",,; for 
example, regardlnl \,h e evaJ~tlon of $O rn e propeny of lopi<: ;, 
presen ted jointly to ( A I ' II ) and ( A •• ill, we h,0\I8 : 

I (!) What A, tldng of topic I, 
1,2 (I) What A, t hlnD AI l/'.inkl o f l opic I, 

1 ,2,1 (I ) What A, thinks A. thinlu A , thinb o f lople I. 

On ~ the hleran:hical conRniction fo r the o theo- parUc­
i~r.. independently, !.he fonowing ""'po .... are obtained from 
the pem~ve of (AI. Il l: 

2 (I) Whal A. thinki o f Wplc I. 
2,1 (I) What A. thinks A I thlnQ of topic i , 

2,1,2 (II Wlu!t A. thin ... AI lhinb A2 thinlu of topic I. 

In the limp!. IPM \.eIt. the ICOn!II arc collected Independently .. 
ilou and compared fo r tater reference. Using FRIM, the partido 
panll, h..-ina stated their ( independmt ) hypoo-, receive an im­
medill<! s&ajfe by sup feedback ( fint monopaph) which all" ... 
lIle", to resoh'. dUferenea and rach ap1!O!fDet\t (If they with t.o 
do 10) on the apol; not ne o uri]y agreement Oft. topic I, rao~ 
ofun IIgreement to d iller and ..,-eement about .. lIy they differ 
(YIC·6.8). 

We intend to we 
lIypotll""", u th~ 

partie I pan La (A" ). 
djyiduaLt ex..iIt If 

mulual 
u.. 

,m 

a near zero 
"CC : : dltferenUy 

a im topic 
) d.",iptor 
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n luel UIifp'Ied on the c:onvenallonal do .... ln. by the subject mat­
~9'-' 

SinO!! the point It Imporl.ant., II ;. worth Iookinl ., t},. mltter 
from. viewpoint which lOme reM!en may find mora expllc:il. Con. 
older the dClCrlpl;on III ..,m""tic dlflenmUal indlcel lOtcootJ IOl al. 
1957), It topic III validated III one po.rtlclpan t '. aim, and lopic j is 
nlklated u the other participant'. aim, then both participant­
have located the toplca they appreciate .. polnbl (relative to their 
own pel'l~tl.e In t h" matter) in an Osgood-Uke eeman t!c-,pace. 
Quite poIIib), . IOpic I and topic J are <iliItlnct . Whether or not !1I1a 
II 10, the poIIib'" !let. o f (..,mantic ditrerential) attrlbu\.o!l II avail­
Ible to both of them. They both have unlimited \.ranAC. 
lions. It mak"" _ to comp;tfe i 
ipant A, " pen:cpllon o f topic I may {or may 
~~n or lopit: I; IhIt A, '. 
from A,', percepUon of topic j ; A , may or may 
not _ IOpic land topic J ulimllar. 

u..e j to denote. d""";pI.or having real walu. (+ , - not the 
null nlue") on • lop;" I ..... lndu It (Ii, ). U (A" 0 ) a nd (A, ... ) ...., 
aru:ioUi to intenocl , then they muslsatwy the rondlUOflllnr.n 1M!-
10". (Note the inveraK>n of indices, III_t ill At 'I aim topic, and J ia 
m il A,' • • im topic.) 



1(6,) m.y or m.y noot mal.Ch 2(6,1 
1(6,}nuoy or may noot much 2(6,1 

But, jf "0' , th"" 

1,2(6,) mUll match 2(6,) 
1.2(6,) mUlt match 2(6, 1 

,,' 
1(6, ) muJl ...... t.;:h 2,1(6,) 
1(6,) mtal. maIdl2.1(6j l. 

If th" "",,,.lit;",, \I; .IlstlOO tor au \.be desc, ipton with (. , - 1 
........... on topic I and topic J (u • m~tl.er o f practioee • .liI t~ used. 
by !.he ""ir of partk:lpanU for pining a<:OIlII to II ... .lIm topicll, 
tken: Either (,\ " co ), ( A" II) "Wee about Ihe do;oeriplion o f their 
(poIOlbly d istinct) aim "",I ... , o r even though th e aiml have a dif· 
ferelll meaning, lhc pl1l"ticipan1.l are alive to th e dift .. ...,nceo and 
have IlCeUlale hypolh<!lcl in Ih1l ' " peel. This i. a ..,,,,,,,,I/e "1'_ 
mtllt lndu and an approximation to ~'ig. 6 .41 VIII ). 

tt ( A,. a l. (A •. Il) ~n\er In\<) u..es.. muuml hypolhcllclll tramac-
00'" and Moo proride tile nqulTed matchi"" 1COrft, then one pIII"' 
ticipant'. entailment struclu.e d ioplay (iu configuration o f onarkMi 
\I thill participant'. learnin, .t"'~ 1..81 ill made awaibobl" to u... 
other participant. and wice w ........ Mo reover, if thlt com bi ... Uon ill 
satillrlC!d, (A" aJ and ( A" II) ahare the ...... 11.1 o f ""pion tranoae­
Ilona, and in add ition 1<1 thill, ( A" .. ) and (AI. fl) may adopt. 
join t iearninll It.r."",y. worked "ut on the ~ntallment . t.ructure du.· 
pilly. The parlicipantl art now in • position to coo)M!mte in teaming. 
M I role (though Vlrlolll hf!1lriltic:o have been uled and n~ beicg 
Utted out experimentally). the pol~nUalJy pmatble model of cO­
o peralion U1! .. fono w •. 

(a l (A,. Al modell. topic ... demonslrnUon to ( A" ~J (th .... (A •• 
.. ) ill Uling as a Il"nu;1M! ~h""l, and vice V" ...... 

(b l Within restrictions (not .... In Cha.pl.er oil upon complcle OYerWl 
"xplanatlon. {A,. AJ anti ( A • • III build .00 submit a joint ex­
planatory model. 

Eit her (a) or (bl o. bo th arn permitted for a ny t"plc k. ouch 
thBI k i. both ;n the Itnti:i<lt (I) Bnd In lh~ t:ntSct(j) (hence , It io B 
IX*ible goal topic), and III.Ich t hai the fo llowin. conditions ale 
satllfled for R • • Fo. any R. It '" pmaihle 10 ~"()nJUuCI a lilt o f 
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'I_nlng PQuc.t k of altlmlativt' Rts (~..J!. previoUi monograph I 
In "hich OI'Ily one! alt.<:mJlLi...e (Alter'l ill ~t. In ....ence, the ~ 
In AltSet k fi..,n .. pI.".ible IOtll Lions to prohleml poHd in 
r8f)eCt to rnIiaing R •• and the grouplnl!l into AhSM. ..... de­
' iIJood \0 ... 1 up . on.,.....nd-only-one<orrl!Cllituation. 

U.ing SOSS (Belid .nd Opinion Som pUn8 SYlu.m. previoul 
monogn.ph, ChaplCn " aml 6), Neh participant can provide an in· 
de.; of veridical orrtainty •• "onr ..... " "" estimate th~l peab for 
!\Ic.er' in t he AIISet k of 1"Q!lne. k. Th_ indices d ilia; ... led 8 (!.he 
Shuford ScU'I!I of the! previOUS mon<>graph) "'" writ""" 11, ro' 
t A,. ,,> and O. for ( A, . 11>, and 0 v:aJueo are elidl.l>d in rlliipe<::t of 
any Rk for whldl the participants willh to coopente. Lri O. hc!. 
ailftion nlue ,about 0.8 iI ..... IOI).I""" the c:andiUon lluo! 6, > II. 
or 6. > O. or boll, indka1.8 that one Of other partir:ip;lnt or both 
of tlmm lin! .ble to set .bout ..,[vin, probl,-'InI unde, 1M topic 
,elation R,_ 

II 10 abo I ..... ible to ohta.in an unconJtraine<i confld<!nce _ I· 
rna'" indieo.lina tim j>U1.\dpant.' dOOl bu about p roblem 1011t\njj 
undH R. , whe1heo- or not the partidpanu (avour • COlTKt solu, 
tion (that i:I, an mlmal<! at each partid l)llJlt"5 IlI"OIpI.'CtivfI doubt, 
d, of Chapter 11 in thu PrL'V!OUI monograph). MO;>l'1!Ovef. the d. 
eatl mate m.kee lenz,c Ii""" utenUona ! do;>ubt. do. ~ nearly tern 
(amrn!d by aim validation) . AJ , .li~'Uy dme~~ exen:;.e. It Is 
.... y 1.<1 ..... tch BOSS ..... ponsa to PQUetit k, <>bIB'ned In lhe \lneon· 
ltnoined mode. in." [PM o r FRIM hil!rarchy. 

Ule l(R. ) to r (A".,)', oonr;den~~ I!fItlmate; 2(ft.) tor (A" {J)' •. 
u.., ! ,:l(R.) Ilnd 2,l (It.1 for the ~'O!lfldcn~ "nlmllo o b\.ll;nOO 
\.0 ex.,..,. A, 'J belief lbout the oonfid~n"" estimate that A, wllJ 
produce, ,nd A,', beli"r .bout the confidrru:e ""Umate tl1at A, 
will produoe (both o f them l!iven the lame qu<'ltion, Mmrly 
!'Queat kl. 

NOllee, as an operationally important point , t lult both matching 
100 ..... build on the form or p"",!,edive doubt and oorrect belief 
leO"", 9. ~ obtained from the ............. 1""""'. for 9 II derived by 
• ",,,,,,haninl e omjlllrison bel ........ tl1e conrodence M!male and 
Alter' ( .. hkh II unk""",n 10 lhe participanU). 

It lh" pal'dclpant.s d~ .. lrc to;> c<>operate at lop;c k (ell""," by 
me\.hod (.) or m .. thOO i bl). Gnd if the F.11t.!!tl ""ndilion II oati.filld. 
then they may do 10 provided Itwot 

It) l(R. l match"" 2(R,,) or. II not, then 1.2(R, 1 male .... 2,1 (R,) 



". 
{from which, .. !nee do II nearly zero for both p;orticlpanUl, u,.,.., 
participan1Al either have the .. me form of proopectlve doub~, d" or 
if not, ~hey recogniJe tiM! d LCference that ""lIt. betwei!r\ Ole m}. 
Ae' 

(2) Either /) , > 9. Or 6, > II. Or both 

(an opt.ional, bu t ..tu",>,. tondition; I ' ~ one o f the panki­
panUi """ .. elLa_ o f IOMnl probk!ml eonectly with raptlCl o f 
R" . 

If 10 (Ind It COOpenlUon tak~. place), th e parl.k:iponl.o are r ... 
ducing their Individua l proopective doubts, d,. by Infonnation 
about the! form of their mutual proIpectl .... dou bt. Thil ro:e.ll5es the 
oyntactic llIreement o f Fill. 6 .4 ( VU), 

I . IMI'ROVKD O?ERATING SYIn'EIII8 "OR 'TWO USERS 

the oem ..... lic qreemenl Inde.r. and the IYnlru>lic a.Pft'm~nl 
, •. C-'ca 'n 1M! refined , IIIin3 the followinl lechniqui!I : 

retlne the semantic 19feement, Ihe FalM 'CIPO""' to .. 
, u;".,:;eplaced by FRIM n!lpolllef, to Tho rn .. •• " Exchange 
, !.he ,-rlicipanu are aUowed to COIIItruct end co",· 

pare their own d tllCripton .. weD u the valu ... of filled d8C:ripl.O .. , 
The technique II an ~epnl and buic e>::trapolaUon o f the reper­
tory grid technique for e licitlnt!; "personal corutructa" {alia de­
ICIipto"j. mcnUoned in Chapm 1 and crystalliled in Icoru 15 , 16 
~ 17 or We (u'n monogn.ph, Alt.hough only reecnUy inl.rod uced 
Into o ur operaUnll _yotellU, 'l'homlll hili employed t.h, "uchBni" 
grid" fIIethod uteJllively, both marmally (Thorn .. 1971) and 
UKin& compu ter Nlmlniltntion (ThOmAl 1970 ). The relUlu from 
tb~ Rudis.,. u uemely eoheren~ and inlonnatm. 

The prerio ... notellon 1(5,); 1,2(61), and 110 on, iI,enerallsf!d to 
..,.,.,.,.",odate udlan&e gridI by writlnl 6, (<< the IlONtn><:1.I or 
d....,.,;pto .. at topic I and D. (or . vector 6" 6, . ... 611 611 10 that an 
""change pid compui.<on .... the rorm : 

1 ,2( D. ), ltD.) For (A, , ,,> 
2,1(D.). 2j D.) For ( A"jJ). 

This jWtx_ o r nw: binR .wmant.ic ~en~ iI a more inlOl_ 
"",tiv~ ,ealiJIuon of Fig. 6.4(Vfl). In .. hlch the d ett:ripton: 1ft r~ 
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pnled .. penon.J CONtnlcta (Kelly 1955), notner tn." Ole at­
tribute. in • wnantio:: """""; i.e .• the 1)'I1ftn Ia an optn 1)'II.em. 
nlher than • d oted IY'I.em. 

Rqudinl the IJ'nt«tk ag«m .. nr. the .. ttnement II obtained 
(A) by IdjOInIna:' "dummy" (LI , m od"llinl facility t.o each ... ork­
i"l ~Uon. 10 I.hn DIM! pu1.icipan t can deliver In IPM r"po ..... 
by " ...... kina the model he thint. lbe o rner parUeiptlnl will make", 
AIId (B) by add!n8 further muke", &0 that one participant can 
model On the I!ntailment IItt\Icturo d iaplay ' 't he lurnlnll 'Integ)' 
he IlIinb the other participant will adopt", TIIIt L' or learning 
Itratq:y hYPO Lh l!llll1 may contain I redundant ltlmantlc "O m llO"" .. 1 
(picked liP weldy by the CIChange grid IYSte.m) huof ... u the 
.. nWlmen! . tructure dllplay reprl'SellIJ lOme (but not &11) o f the 
L' MlmanUc detaipt.on. 

ill5(lfll' " Ill' partlclpanl.l; reacll agrnement at Ill. 'yn~Uc leotI!!, 
they not only reduce their individual Pl'OIIJ)e(:tiVI! d oubt , bu t alJo 
\.heir .. trotpedr.e doubt (d , o f Chapt.er 11 in the previow mono­
enph) and do 10 by Hcluonging information abo\lt the form o f 
e.ch other"doubt {bolh prwpective. d •• and n!lrwpec~. d,l. 

Thl! ''d .... nmy'' mod .... and Ule bypothet.lalleam1nc ru.tepes 
enter !q\.O .' R1M comparison and t tedbac:k. u bd Df"e. They are 
"'own In fit. 6.9, UI'''IIlhe foUowing notation. 

1 {LS, I II (A I , (10 )', learning HnitecY under aim topic I. 
1,2(LS)) iI «A" .. )', hypol.hesil a bout (A2 , 11)'. learnlna Itral.qy 

urldo!r aim topic J 
(and. vice vena, 2(LS)."d 2.IILS,), l o r ( A • • .a>. 

, , , 
i 
C. 

" 
I 

,,"cs, , 

"" "''''''''''''''''''''''''''''''''''r·''''''''· ,,,·,,''''' '''',, ... • .. 
c· ....... , . ...... ~~, ... 1 ..... 

• 

• • n.;. '.t. o.MnoIIootd .,....m. Comporiooruo o f ............ "" INn) ............ 
.,. IIIdlulO<l by C'OnrI",la,llab.. 
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l {M.) is (A,. ol', explan.ot.ol]' model. complete o r inoomplete, 

Car any lopil:: k in F.nt&>~ I.nd in Entsel j. 
l .2(M~J iI fA, ... )', Ilypou.w. aboo.at \.he expla/1.ltofy model 

which could be, Or II, ""nltructed by porlicl""nt ( A,. /1) at the 
... me lop'" l< (and, vice vena, 2(M.) and 2,1 (M. J, ror (A" In. 
(Md. vice vell!a, 2(M.1 ~"d 2,I(M.). for (A •. ~). 

Thus, Fi" 6.9 depLe .... , (!<IIIMI;on of ~'ig. 6.4(VIl), 
The modified opCral ln8 .y.tI!m ... realisat ion of Fig. 6.4{VII ) 

and Fic. 6.4(VIII ). In which lheae eonsuuctioruo .,. a1tematro in 
f9IIchlnl -'Ynlactic and lemanllc: qreemenL. The kin .. o f agnoe­
mcnt are. ho wever. ph.ued dillinct.ly, and the oyal.ern thould lIot 
oooonluJed with !.he hybrid (onn of Fie- 6.4(XII ), 

5.0~KnAnON 

Exl"'rimc nta hllve been eamed out with the oy.te rn dnc:ribed in 
Se<:tlon 6 and • limpUfled venion (common modellinl faclllty) or 
the retlned ')'lItem. The eh;"! ImportaMe iI to proYide. nandan! 
COfIdition for group lHminl on I par with CASTE or IN'IVITlON 
as • standanl eondition for llIdiridual leamintl. The '~I are 
quite pracl.leable, but the uperimmtaJ work must be noptdl!d as. 
pUotttudy. 

(., Some (but not .11) I";'" (A, ... I, (A2. Ifl lnt.eftd to form 
IIfOUpo.. Once fonned, • 1U000p of particil"'ntl Ippearl to have 
Itlhl1l t)' due to a fixlt)' e1feet. Not ourpri.in s/),. l table groupo learn 
IU~)' and benefit from cooperative Inl.en.ction. 

(b) AI migh t be antlcll"'t«I. the personality (chieny nlilfllfe.t.ln 
th~ participan t ', choice and UN ot dseripton) ... well .. the 
learnl", Ity,," and compe~ce. innul'IIct!:llhe ' onnltion of groups 
which oct .. P·lndiridualiin the con_tional domain. 

It looks _ thouKh much"" combinations (Rril.lilt./terWist. or 
holiltjhol.iJt) are mO~ etrectly"' and thUI an! pnedicted to hlYe a 
greater chance of being nabllil«l by cognItin rue ily. 110 ............. a 
IC'rialilt participant and I bollll participant an It.<> COllI.,.,... and a 
few Inllanr:es hAve been obtcnred. The .Im, or th e IlIIrtlcipantl .... -
rnaln dlaUnct. and there Ii • diyilion or lBbou. in 'l!Ipeet Qt model 
ooiWing and demonlt.ratlon. Though (A, ... I hal ..:<:Urlt.e hypo­
th"" about IA •. II). and vIc:e ...... \hey do not Igrt'e to Idopt the 



same leamins ww. .... IY, evm. t hough each participant kno ..... hy 
u..:- oUter ~ .. he d08. 

7. TNt: "' ...... NlNO 0 "'"""81.1': CONFIGURATIONS WITU Nl1f1J"1. 
HYPOTHI;SIlS 

Lel .!I, .81 denote ( •• in tile first mono"",pll) ' lie cotInitive 
repertoire o f • givC'fl !,. Individual A, ; l imilarly , dl Ind wii . Wld 
for th cosnit;~e r~I>ertoirc o f P·lndividuo.l A, ; In nell CNe, tile . ' 
componrnt iI the L' component and . " b the L" cO"'lpon@nt(of 
Proc'. and l>roc",). Thb notatio n b e~tended to covor the mutual 
lIypotheJeI entertained by the P·lndividuall A" A. {or the partiei. 
panla (A" Q) and ( A" PI by Ute roll owinl npedlent. 

1(. ' 1- _I • (Plcoc'O in A, : 2(.-' ) - d - (~'O In A,. 

I{ .... ) - .., - (~O in A,: 2( .... ) - wi - (~O in At . 

IUntinl tile nOlation 

1.2(.'1- A, ', hypot.h88 about AI', L' repertoire. 

1.2( .... 1- A, ', hypoUt_ about A, ', LO n!p<!rtoire. 

And, rice "'<111, fo ' !.he P· lndlridual AI ... 

2,1(. ')· A,·, hypoth_ about A,', L' repertoi re. 

2.1(.°) - AI ', hypothCRI obou\. A,·, L" "'p"rtoire. 

Til. r~pcrtolr .... a, . ' , 1(. "). and 10 on .... . peclfled '~la tive 
to the "n!Se ta of tile ~ o f (A" u' and Ute .Im o f (A" /1) inlO{,., 
.. the. En tSela hne ""'mhen in common". Bu t, If the partici. 
panla -.:0- with ""pt'C\. o f their ""mantic lnterpretetiOnl (that lal, 
l{d) ·2(d ), .. well u the mandat.ruy cond ition, that 1.2(4) -
2(.0) and 2,1(4)- 1(4 Il, thm if both particlpanla 11m for !.he 
head lOpic undt'f lhe ac-d d ..,,;pton. all memben of !.heir 
RnISe! .... held in COmmon. So the di.:a.imer It IIOt, In prac:tke, .. 
drulic .. It lCemi to be. 

SUppoie there II ajoint.emom tlc agreI'mmt I nd Iyntectic: 1Ogl'ee­

ment between partici~tI (A" (I ) and IA •• Pl (with co .... U\.u(!nt p. 
Indivldu • • A, and A.J. ThiJ joint .".,..,men t impl!" the exllt.en"" 
of. further P. lndl .. kluoJ A ronstructed in FIi. 6. 10. Further, the 
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F;':. e . l0. ''Con"*"",';,,n ", ... Il ... ... ComMon .... IUII'" __ mont may II •• 
n.. 10 t~ ron"",clion of fu.u. .... -" obI<, P ;ndl. ldu," I_f .... ,', " 1POlh· 
_ .1>00., 2 ."dl'" 2', hypo"'_ . bou' I . m .. If fOpl""';"'_ [f to, 1110 
""",pilot;" .. In " ""dl" . ~ . re portllionod (Ih . not.U,m "" .. .... 11l... II. "t. 
K. " (.) {A,. It) .-.. "",.mo" ",."'Ina: wllh (A,., ~l. (b) 1:01"''''''''' 0/ 
(0) prio, I<> COMm<>ll m.,."i"" _"",n' <ep..-onlinl hy l"""_ " bou' .11. 
_d topi<. [oj El£ p&nllon of (.). TIl. hypo!"'" ont.<lal nod by 1 (. 11 .. 
(J" •• tl) . ,""ut 2 (oli .. (1,". ~}) a nd Yke .~ (dl Cond • ..- /"'''' 01 (el. 
(.) Coodo_ r""", >IIowill, ... "-Hon 0/ Ind...,.nd"" oompil. ,;., ... ;" ~ ... 
-.w...ly hOTnOllo".....o t. p._ .. (In di, tincl bnot ... ). (f) EIpanalon or {.j. 

matchin@ of representative modelll and hypotheses (FIg. 6.9) is 
... idence (00 f .... "" an ""temaJ observer III ccnL",rned, the evidence) 
for the existence of . uch . configuration. 

Th e ",ally important point is that 1,2(11"). 1,2(r'), and 2 ,1 (.'), 

-
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IA" ca) with 

;~";;cl:;;'; reach eommon ~;.;;~ .• :"'. _:';::~~~:~~: .. addrfsoo!d by A, l..> A. by A. to A, 
prollQCllU.,., lran .. ,,; l.lonl (I.~ .• R1~h \.roI.nuct.lono involve mutual 
hypothesising). ~'rom the preY;oul monogt'llph the learning cond!· 
tJon can be a1t.!mI Uvely l lated all, " there mutt be lOme (Iny, In 
floCI) provocative tn. ... c:tio .... " . 

ThUl, co""""",,Uo ... breed c:onvea.tion. provided only that the 
penonally hypolMt~ . tnac:tures art! .elt.f9II llcal.intr;. The meehl_ 
Dlom i'I I tetchftl in I"ie. 6.10 and "' du bbed . ··"""v ..... tion 
~er" for later refenUl<:Ol. 

Amongn the other prc,equi$itet. for converatkm breeding (for 
IXlII'Iple, I.h..o.L ""..on&! hypothetical Itructur~ .r •• yntactk:aUy 
.. If·,.,plieatlna) . tllCn II one of I"""tal Int.l:'ctt ; nameLy, that 
(1 .2(11"1, 1.2(:r"») and 0( .. 1, 1("'1) muU have an IndepMdent 
compill.tion and intupfttalion in " ( t.he tn.ln or L-Pt uc 0') • 
.... lI."y for (2,1(.'), 2, I C"'» and (2( .. ~), 2("-:J) in It It " thUl, 
perba~. tn.! distillCllOfll are &enerated; Il leut \.his is one view 10 
adopt .bout \.he otllerwlle I liahdy arcan e notion of "predication " 
(previa". monoBl"Bph). In Fi._ 6 .10 the independent portiolU of 
the bruni or L-I"roceu.orl am l y mboliHd <> .. Ct Y' and il., il., Th~ 
P-Indlviduall ''bred'' by the prOCKS are concllely designated by 
A, a ( 1,2(.'),1,2(,,-) .... d A. '" 12,1(,,'), 2,1 (,,°) . Cerlainly the 
p_ .... y "" i1Hllted within .. b"";n Or L-Pu)O ! or .. nd wllmll­
ed only by the tact \hat not IlII the condJlioru ror sclf-n!plIcalion 
or the "offilprinS" (A" A.) are .... tiar'oed. AI . further polnl.l.he 
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process hM a bale definition, '-flterc is. c onvers.ation", But thiI 
may he an inlemal oon ... ., ...... tion, in ~ for example , obtained by 
~Lting ~ ~ " •• /l- ~,. A~ - A. In the firsL at-age of the proc ...... 
On~ ull.5lltisfnctory "'1"-",1- or \l,,, notion "co,wcnaUon It"""!­

ing" ill ]""k of Bn)' cogent reason wlty distinct P-Individunb "p<!C' 
ding AS unit,,,, in dJ.iUnct int..rpretstions (,,~. Ii. , o r ~ • • tI, ,Ihould 
cOme into existen.,." The question Is not absurd; without ;mpoM.­
ing further conslminta, there is nothIng to prohibit undifferentiat­
ed I:TOwUt, mtilct lhllIl the development of discrete en lm ... , Very 
l imil'" difficultiel beset generaLlv" lhL'Ories In biology and are 
typified by "" kinK why organilms I llouid be distinct utiler than 
o.ggregated Into splodgeo like the polypll in a conti red. 

SOrw.tim .... It ill possible \.0 allOwcr the question on e ne rgetic 
g,oun<.b ; lomeUm ... this mode of argument i. lL'SI convincing. evcn 
though I!f1crgctic Ilrld spatial coru;;deralion. surely contribute to 
th" observed ..,gn:p~ion of O'll'U'it111S (critical mass/volume mtio, 
critical ..rfIciency/communication balance, and 00 on). In all Case!!, 

th"re is recou"", also to immun,,[ogical o. genetic lncoml"'tl bilit)' , 
both as a .pedal diocriminating "IIent, and .. a mea'll of malntaln­
ing the hiologicallndivlduallty of an organism during iuli f" span. 

By the same Loken the present diffIculty, "Why are thcre dis· 
tinct penped.ives ",the. than one gigllntie ",!lodge of attention?", 
colt. for l'mlJar Lreal.ment. On~ answer Is fumi.d",d in Chapter 7, 
SectIon 4 . 

8. COMMON MBANING ACRBEIoIEN'l' IN A IlYIiR ID SYSTEM 

Since the internal con"elULlons do not peneUllte an int<>rface. 
they an! not open to di ret:t external observation. But con"ersation 
breeding is not a . In'''R'' phenomenOn. Really , It rephrases the 
contention of phenolTl<!I101ogical and \.r;I.n ... ctional poychology 
that a .. "'If" exist. inoofar;L> there ""' "othen" "nd that If there i. 
a " ... If", th"re muot be "othen" and lh.:It in a dighLly oilk:ure 
..,nse (though here some clarity il gained), the "1,,1f"1s "made up 
from many othen". 

A more p ... k .. t.rian, but no I""" important, interpretation is as 
follows: 

S",ppose Ilta! t. is a nalura/language (Fig. 6A(Xll». If 10, the 
joint P·lndividual A may be reali..,d. nther than evidenced, to an 

• 



ntl!nlal otllerver. A1u.matiwly. flIppoSe !.he conllruclion It per. 
lormed when 0 .6,1<> that the.., It" .",Ifomr I,I'IOCfl.tN and that 
puUc:lpantfo (A" 0 ) anti (A •• 0 ) inhabit it (the poIltion indiaoled 
in FI,. 6 .'1(XI )j. If to. the join t P·lndividulll A of .". 6.10 may 
alto be rnllRd. "'ther!.han .,,,;d.,,,«<l. 

SuccincOy. tIM barrien; of an interlac.. and ".mtined con"".· 
.. tiona! lanllU"K'I 1. - L I , L 0 no lonl!l!r block ~rtain lnIrUIICtlonl. 
Under thcte Cir<:Umt\anllOS, not only can 1(1') condNct I (10) and 
1,2(,,0). buL aJlO 2("'). Vice veru.. not only can 2(,,') conltrueL 
2(,,") and 2.1(,,0). buL ruo 1(,,°); not only ""n (1(1'). 1(,.0» con· 
. truet 1 .2(,, ' ), hUL aho 2(1 ' ); not only can (2(1').2(,,")) cOn· 
. trud 2.1(,,'), but .110 1(,,°). The 'Ylu.m 1ll<llr·repUcaU nll ln ito 
proper convl!ru.lional domain . 

FI,. 6.4(XU) rep"'l<lnto a depth in terview Wlinl natun! )""fII"B" 
(and It the Last elaborate construction that cg.ptu ...... I"" _nee of 
aucll loon"",..\lon). PiC. 6.4(XI) It (al maintained in Section 2) 
the minimal ooOltrucUon lor thou",t. In th . CMe. ho_., the 
~mplrlcallMlquity CII'I p",Wtr:ate runh". IntO the IntCnllabl" m",,' 
1.aI. ..:tlvlty called Innanlion; mo~ .... , the enquiry can be con· 
ducted without ",linquilhinl the conv""j""ce <If opentlng 'l'$~ 
that an: U any ",te pan.ally ml!Chanlled. 

II. ~. I NIJIV11)UAI..s. "H~ yocus 0]0' A'ITEN'rION ANU ONE 011. MOII.E 
AIM TOPICS 

The krm oUention ;" ..... "<1 ambiluoully in lOme of the PIIycho--
1000k'" lil<l"'tu~. The diffurent Ihadet of mcaninll ...... probably 
mO&l obttuli"'1 to PIIychiatrioto "",u, inrormation theoretic lnInlng 
.1>0 are .n1<ioul to apply meuu .... of lilPlai I.te. redundancy, 
cr.c ~ in """'1)VInll nonn'" and abnonnal behavioll' (ThQlllal I 970). 
and La «'lIe.llona! PIIycb.ologisu eagH to employ Information 
proccllinll leh",m,," In th .. context of full blooded leemin, and 
leacl>ing liwaIJON (P'ntwilIJe 1975). Nlwnlly, we uperience 
limilar proble",. with lJJe p""""'L approach , and "' thlt pOint II be­
comroo nl!CflUtY \.0 deal with the muter. 

Our dltc:uuton dote!)' parallels Thorn .. ' ( 1970) Inalytil and is 
nol likely to cau ... milch d'.pute. PsyctJolo¢llt.ll auch .. Jamet 
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(1890) or Bartl~tl (1932) or Ke lJ y (19115) u"" " attention" for a 
JOC"I o f .wan,n.,..; the field "f .tten~ion iI th~ ..,ope o f ,waren_; 
lUI conten t det/!rmi" ... the n.ture of ... "",neu, rouilhly t he U5Ilge 
~mployed in thia book. Thornu hu •• lIghtly nurOwer Interpreta. 
tion in mind (muimilinr informatlon feedback with relpect 1.0 
tatio1ylnll • wk criterion in the ""nenl environment). Inleftlltin,­
I), ~ough,. similar Idea II im plicit)n Bryan and ~ .. (1899) 
c ...... c paper on the 1e"'(t[llphIc codinlllrlll, though m~ ... of 
aelect! ... information ..... m not nailab1e.t that dale . 

Two other metnlnp [at leu t) Uti IPven to " .. tlen tion". I'or ru_ 
c"mltances under wh ich the , .,.pondonL ' e<:>I'iv,," and P'OC'eIUI'IO an 
input or ... naory dlta (auditory . vi . ... 1 or .. ha~er). it iI CUltom_ 
all' to &peak of ''II!Iect.lft .tlent.lon" (the uterlt to which '~1I1-
vant" ";gn.a. an! Plot ttd and " 1rTe1e..ant" signals ududed). This 
meaning iI employed by Broadbent (18&1) and 'J'no:ilmann (1966) 
in connedion .. lUI " mUsed 1i&n&I" and ' 'pen:eptu.a1 fil terin," "". 
perlmenu, Wellord (1968) in the conte,,1 of . inile channel oper.­
tion, and by Tanne. and Swetll [19M) whe n dllcualni receiver 
opcmtin~ cUNei and l ignal dot.ec:tlon tbeory in lIenarat. At an 
al~mative, when Ulere are ..... era! modal it, ... , criteria of I'<!li!vance, 
o. l ign.aI ..... n:cI. the "dirilion of at tention" ill o f primll')' int.l!reot; 
for MlUDple, in . l.IIdies o f Tillilan« and Pl'fC"'Ption ( Btoadbent 
1971) o. in the multIple channel and .canning uperimentll per. 
formed by the authors already mentioned and by Con .... (19~4 ), 

Poulton (1953, 1960), Mackworth (1969), o. Ynt.l!maand Mu....,. 
(1960,19621. Under t.h_ dn:uTT\Jt&nceo "Rtt.enlion " unquallf'Ied 
II oometim"" ..... -<.1 III an ind"" of th e receiv~.'. capacity and fiexl. 
bility, Ih~ numl"". o . v.ru.ty o f infonnatlon chan nel. he ill able 1<> 
dell! with ............ tully. 'n>e two me.anlnp .. ..,Ieclive atten tion" ""d 
" division o f a ttention" are obvi~y com patible, and under .pe­
ciaI cireumstanca, come into tqpuet with at tention u a ''M:ope of 
.waren_". lienee, our usaee ollen con"'!yl the D.avoUt o f a llen· 
tion u an om" ibUi term for the overall pt opertieo o f an lntonna. 
tlon p.O<:elllQt, for which Att.inlOn lnd Shi ff",, '. [1965. 1967) 
o.cheme (s ketched In the Introduction) ,. an approprlate paradigm. 

Formerly, ''attention'' and ".pan 0 1 attention '" we re IOmeUm ... 
taken u 'yno nyTT\J for ' -.Ize o f ..,noery b ufr"..", o r '''pan 01 appno­
hmo:ion" (d ililipan o r Miller', 1956 " Mag;<: Number 7 ~ 1" 01 
"chunks held in immedl.au _ mory"), III ... mlllinil attention a 
ptOpBty 01 the regisur. Dr th. lhort-lenJI It<m!, raw. than a 
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propel1y or lh~ enure ."tem. ThilllAll" ;. no.....u.ys IUbJtantlally 
.bandoned. So tar .. Uris book is concerned •• t any nle. ftO .uch 
connotation II in\.ellded . 

What U1! me dltf~"'" between • .. ttention'· .. acop" of._ 
..- (SAA) and " In formation p, ()O ! in •• ttellloo" (IPAI? The 
oull\ar>t!in. d;"tlncLion bet ... """,, Ulem is th.l SAA refen 1.0 an 
u.uen_ or pc'maJlI to • eonsciown ..... ( .. ,01 IOmWfle of 10m ... 
1h1rl6). where» II'A ;. uncommitted in lhil rctIlM""l... In conlnA, 
lPA h ... very Jlronll commitmen t to the Input and outpUt opera· 
tiona of the "roc('M.Or, including Lhe function It/III i. detl811edl 
Inl1.nJ cLed to per(onn , wheLher Itfh~ iI a ware of the pedormance 
or nOLo Similarly, unless SAA is co".~ned by the requirement 
th.1t IOmolhinl II ,el.tlo n to be compo.ltcd) uilta In C(Jl'IICio ..... 
....... , UWI n-spondc!nl' •• waren_ might refer to any lnpul.l/outpull, 
or 1.0 none , I all. The,e are lhUl a number of I'I,ulihle liUlatloni in 
.. tik I! SAA .nd IPA may be w.ed independently,and u nder th_ 
rondlUoni. the ;ndiclll.l\.ldltd to SAA and IPA lhould not hft ... • 
peete!! to COllar}'. 

Sum), . rn06L o:onditiON are 1101 ofthD kind: m .. t conditio .... of 
immediate co ........ are "01. Even 10, 8AA and IPA .tilI loa"", • 
",odic",,,, of ind...-.dcnce. Nobody ovtlrJookl thil f..,t. For eum· 
pie, Tftialmann poln~ 0 "'1 that there m .... t be • INk .. at infor­
..... tio .. 1l0"nd len.sory filtem (the leahlll! ""inl part of SAA, 
tho"KII the filt.ered IIle$5.I.ges 1m! fonnul.t.ed in tBITIlI o r IP A), and 
Suthctland (1964. conuderinR ".cnSO!')' aoalYlen" rather thsn 
"fitLllr1") make. a.;milar o b8et\'llLion. 

10. ATTt:~ON ANO "YAIiALI.£L Ac:TIVITY" AS 
A "PS£U()(>-PROR t,IIM" 

hI the p~nt tneory of Con""rsatiOlUl we Ire. ho wever, tf'eadlnl 
Oft!' perilO\ll pound. The ~ of the partklpult. w .. introduad 
.. a wrropte for theil attentional fOCllS (in one-aI.!!!·.t-once COn· 
_Iionl) for ~ ... _: one o f them, to ...... Id confwion& 
wlllctl might eMily ..n.e II ".u.ention" •• mOl'll .... ua1 term, had not 
been continually qualified .. "8AA" o r " !PA" Or "10 much o f one 
and KI m ... d. or the other". No grewt dIfflculUei c rop "'P in IOQRly 
ftj .... linll!:!!!! and "foc",' o f attention" (or awan:ncu of loals ... n· 
de>' !!!!!). provided that only on,....;m-.t-on"'" converptionl are 
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under diocuMlon. The only probl"m which doeo Rpp<'V in lhil """­
text...,.. considered in Chapw., 5, Section 11, but illIluminating 
"",,OUIlII to bear l'1!Capitulation. 

Por ",illlu a II!rialiit or hollll participant (AI the aim topic in 
the converullonal <Iomain iii. locUlI of aWaJ1'Jlf!SIin one o f the fol­
lowinll"""_. 

(a' I t iI • lOplc (Ow: maximally dina"! topic ) which A Is able to 
.ppucia~ arid delClibe. 

(b) U A II on hit Own (int.enoctlng wltn lh.., cOi'lltive re1Iector 
heurilt.lc B) then the .1"1 !.Opie II • point at which normally .. yn_ 
chronOUI prooe.a at" locally Iynchronised (the region of Iy"­
ch ronicity lnclud ... I0&Il in '!!2!'ia.I!t under the aim, intermediary 
topa, and the ai m topic illclt), It til. p oe ' ", in qlleltlon an. 
u~orisftl by 0 '1 action, then "A's lwareoea" bec"ome. '"A'I 
consciownt!lll" (apparenl.l y, willt B of aim) and the ItlOtement is 
empiricited. -

(el If _nl participant.t (A" AI ) are ]"arning, ~n I~~mellt 
(b) alands, !liven the rurther condition that lOme of Ihe proc ........ 
which become locally rynchroniJo.d under a CDmmOn !l!!! topic 
bIo1onil to A, and other to A •. 

or III...., <:I,u.N, (a) is normaU~ and it appeall 1.0 a notion of 
_iou""," (the ap~aUon of the liim topic). 

Even .. , the 1C0pe of comelaWl ...... is operaLiunaUy d~l<:nnin­
able 1.0 1.h~ ut.!nl that It ,. ""I.eri~ In any 5trict <.'OnvCQat\on.. 
At the outaet, when topic i,. the ,um, A', awareneLI iI the d@r;crip­
tion of topic i whi<:h II given all the blllil tor the aim valld.tlon (to 
"""u,," dn - 0). Later on, It aim t>ecomet undcntood, the leopo: of 
A '. ~oru.cio ...... _ It th~ ........ of L l_cUo,," or L It.ltc!menu 
thaL .... e>:chanpd w11.h B a oo lead I.ow.nb the acltie-vemen l of an 
UlldOillmdu... 

In conll'all, etr.UIO (b) o r CIauIe (c) o r both Conn the basil tor a 
putiaI m""hmillie u'planation of con..,;......., ... , ;,wofu III (b) Or 
(e) deline.o.te the cOf1dltion. preva!l!n~ wi any point In the converu.· 
Uon.1 domain where SAA exi!lto and (by hypo!h"llI) prevailing 
for any contdoUi evenl, ob6ervlble or oot . 

In !.he ....... of I so.riaI.iIt, fo r wllorn loa! - !lim, it secms eMy 1.0 

equate SAA with aim and 1.0 pla<:e SAA in ..... ter ..,th lPA,lin~ 
the participant iI working on/lnrnin& about the (one) goal topic 
which (usuaUy) ;. th .. aim toplc . For. -Will Ila>'in, ,,,,,, e! in 



it becotIla n eceMllfY La 
than that. The .,.ruo;. 

and lhouflhtl o ther tNn thOR 
i • as a .-.!It . It II proVid<>-n t 1.0 

equation betwoon SA" and IPA far all 

;.~~:~:~::".:~~ whether Kual - aim o r not. 
'. .ilu llion ----me. ... more thnn 

""'peel IoOpie . We mmy equau. 
but not SAA (aim) with IPA (aim) , 

~~%;I";~ participant" ,;;;., of GII~nlio;;-:We 
. There ill no ne<ld to commo n' f\lflhcr unl ess It 

~:';~o:" w~ bavH Ihus "Gnmv...! a phllilibic hut unu . u~1 
~ o ne thinS In mind at once" or "Mt.etldinillo 

';'":;,,,;.; 0': 'h~I"·":. how""" •. II mOn: dl rroe"l! 10 tq\lam 
up with . ..... y ,d"mW"" Uon between .. im and .. focII. o{ .. I/MII"". 
f or, in th .. cue. th~", arc :iCVef2l JO&Is li""dl.aneoUJIy In the 
.... rbet. Thew m.y be learned about in a"y a ttire. o r in .,.,.uet. 
thou,t. the leaminll pt...., M an! invariably referred 1.0 thecuITo:n l 
aim topIC and in Ihla ,,,ann.,,. are coupled wtcether and .ynchro­...... 

Now, on IIOUnd !!Yodel>«. both from exp""'''''::'' and f.om ""I"""­
imenw.tud ifs, 1.11 .. moel ';gni r>eant .. ~u of c:osn1tlon are .... rial 
and take place li terally o" .... vonce. ThCnl ill unly onc fOC lU of 
attomtlon (SAA) a~ on~, and (apart, pernaPII, from the panoJlel 
loadl nM an d unload;nK of ..,noory buff" ... ) thero II o nn do minanl 
OI"'f1Itln, channel at once (one lPA). ArllUnlCn tl of !.hill kind lire 
used by Si mon (1973), for Cl<ampic. in the conlb:t of problem 
IOh'in~, IcaminK and other highly intelle<:tual , kill,. 

ThQ flet !.hut on ly o ne eY""t can be rcporl<!d ul once in • pro­
Ioc:oJ II lnddenlal (after all, IIK'laphon, ... pccl..tly poetic mela· 
phon, Itand for ""ny ~enu). The curious Iingularity o f m.,>ntaJ 
Ic\.ivity II no &rUfflet 01 reporting method; it \a . d~ly Invettlpt-
..t ph .... om .... on . Ihe m""ninK o f wh ich is eaptu .......... t by In.~. 
inti tailor"""'" i" formBLIo n proceai"l P .......... ""h .. KPAM 
(Simon and Feill"nblum 1964. Ficcc:n t.aum 19641, althOtW! the 
same orpniution is embodied in mOIl! o f the tar;ertcale artlticial 
int.eUif(ence PTOtl"'mI. 

It ill undet.ennincd (Chapter 5. Se<:t.I<>n 11 jwhether the holiltie 
participant , ror whom the dm topic aynchron ilcl \eamln~ ov .... 



oevt'f&i ~. ",ally learns in paBllel o r ~ \.he coal topics in 
10..,. id iosyncnlic ~~. Hence. the holist lIM.viallr in no 
w.y drniel the ",,,,,raJ .~t.I!m""l of aingular mentallCt.ivity. No. , 
of COUIM. does it afnrm the . t.atement, but (u . conjeclurt! in the 
m.tlo!r) moot holilu add,,," gom by ldl <lllly ncmtic "" nninK 
lI!<juenceo, replete with intcn'Uption •. If any thinK cAn he qld On 
thi, fCOnt, hollsl ~h.viou . furn ishes evidence in (aoo" r o r S imo n ', 
new; indred. the view Menerally ... po.....ct by cognltiye PO'cholo­
p ia. 

The position is .... mmarised In Pig. 6.11 . here the ~ .... 
UIOciai.ed ";01 Spedfle lOCi of IPA and 10 .. ";1'11 Ilielr; Ole pbin 
Unel It.aJ1d for lUI .rhil.nll,), (hu' Iyp;.,.}) II!1'ieI o f activity Ioltia· 
Iiono; Ole d olted UMI .tand for couplloga. controllnt.eno:::tlo~. Or 
,yncnl"Onisinll o""ntiOf1l atId m.y be much more complex (for 
example. extending h om goal to goal). In ... eh an al'Tllgcmen t , 
th ere is one loeul of IPA attenlion .1 once with the I'O*'lbl .. 
uception of aulOno moul prUl-__ which mal' OVI!fllp If they 
haye detennin'" ItoPpinll criteri •. The", is also one 8AA locUi of 
luenlion a l ono:e; namely. 8AA (aim) cam.:-. an ,.""'nMI o f the 
ptocea bearing the na..,. of the aim topic. SAA ~) II not de­
n n ... . nor, 00 .... believe. mly II be denn'" (it .. Ippro",im.ted 
only, even in the ClIO! when the aim topic is the one loallopk:). 

So far, in other words, eon""nation theory II In accord with the 
COfIIOfflIWi of inform'" opinion and the VIII m.jority o f oboc<vJ,· 
t in ... At f"lIIt l ight, this conc lulion ..... ml to be .1 oddl with the 
previOIU lnoiotence that L-Proceuon. and hralolln parti<.:ul ar. "'" 
cOr>Curreol IU1d a priori uYr>C hronous ')':Iteml. On elMer ICI'Utiny . 
hOWllYcr. the Impression of disparity is oeen to he IpuriOUS. For.n 
aim Lop!c correopondl to t he control ~ntze o f a ltahle o rpnila· 
lion (. P·lndlridual) • ..oo a1thooih an L-Proc:euo. is made UIJ from 
a priori uynchronouo par&a:, the P· lndividual is. 'yn<:hronoUi sys­
t.l!m, u"""tah!.e ju&I. insofar u U- parta "'" b roulhi in ID local 
tynchronic:ity. 

Our cO<l\.ention , l pelled o ut in If'!'lter' delail. is that DIM! P·lnd;· 
vkluJl hu one aim and one locUi of 8AA att.enUon a t once; it moy 
or may not have ..,yera! IPA loci of It\.ention; If so, then one 10 
active . t once (with the If"nera lly conc"","", exception' not.ed duro 
Inll th~ description o f Fi g. 6.11). For. o n ... Jlm-fl t-once conyena· 
lion, thio contention taUl ... with a ltatement Ute "each peRon hal 
0 ..... locuo of .ttentJon I t onc," which, with due p ."",.ut ionl t.o 
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FIc· 1.11 . S,ncllt<>niMd """""Uon Df .... n .. 1 .. _ .. I ..... ..,,,,,.mod willi .. M 
IirII (u.. hollo. ",pnlooUon .nd Ih. _ ..... 0,., .. ...,'10,,: of .. hleh, In Ihl. 
_t, lit, lollO. io 1,;.10.1). It 10 _n,;'1 '0 diotlnl"iok thll """,dl"" f",m 
Lho .... nr .Im ~lcm ... '>nl, !he .... n' .Im par.dl"", 1 .. ",,1_ 1M "n_ 
. hfOftiaa.Ioo> ( ....... po JHlrtial ... d 1o<aI) of p...N:ou,ly OI,,,,,htOolOlUly .... y,. 
oil ' ........ id.oIo. 

ovoid contualon 1Mrt~ SAA and IPA. appliel for "either kind o f 
llUnt>o,,", I"'or mo.., than o n-'", ... t-once (t wo P. lndiYiduals), 
oon_lion lheory Ie.- t.o '<>me """"l. thou'" not eounu.t· 
in("itift, predictio ... , specially in the perplain@: _ when the 
t_ N ndlviduall are KrommodaLM in lht! JanIe brain. 

Th . circumstance might t.. dismisa«! as me",l), Imaginary. If 
you are .ked .IIBI you are Itlendinll to, the", II • ..,11001 of 
thousht (no/ tile On ll'-tOCUl·.~nc:e lChoo l of cDl"itive poycllo!_ 
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OilY) whleh main Lain. you will o.lWQY • ...,ply "ropic 1" or ·'toplc 2" 
or el ... "nothing". Without denyIng th" fact that you can be and 
often are 110 "ngle minded (the eXjI.)nmcntal c<mtnd 'If a strict 
olle aim co,,"crsaU,,,, demand. 1.ht. attitud", fur example). it ;" 
~-ou"terra~t.u..J .tnd even nu"",".ical to ,...."t l11at yuur reply J. 
alway' &Ingle minde<l . Could you rcally atwIId to "nothing" for 
Inst.anc~. I'erhpo .U you mean by "nothing" (suppa, ing the 
r ... pon ... il;ullered) is that you cannol think or an apposite ph,.,..~. 
Here, the reporting method do~. Jl'uoJucc ar1.ifacU, "nuthing" and 
various "absurd" topics, just as surely ... It <loes nol I"oduce artl­
f .... to in tile emlier mml tionw stud i"" . 

Again, from a factual IlOint of view, i. It possIble to nave an 
aUentivu o rgnn i,m that cannot change its attention? Presumably 
not, though the argument is complicated by the different llsages of 
"attention". For e"ample, mOff/ of the '~eak.o" Mound 'rteiso­
mann', filtcn could be ascribed to tejf<lrdlng "attention" B. rPA, 
and the change from one TPA 10 another ... t.akin~ pIne.., under th e 
gOVl!man C<! of an un opcdfi<.><\ SAA. However, if aU the leak. were 
of that kind, the SAA mechanism would become a switching 
homunndus, dirtinct from or olltside the "rganissti"n. 

More parochially. the f"rmulation of ~of\\·e ..... tion theory ho ld. 
that the minimal ol>$crva.hle event i. a convc""'tion (a lhelt, a con­
""nation t.:>king place in Ihe 0"" hmin). and any convcrntion Cnn 
be factorro lnl" mom than o ne P· lndividunl (A, and A, in our pic· 
llItes). or these, only o ne ne<:d have an aim topic in a conve",,· 
tlonal domain, and using the present equipment, only one i. fully 
obsel"1llOble. The o""",linN .plcm. of the next chaplet permit 
greater freedom in this ""'peel. 

11. ATTEN"i"IONAL UNCERTAINTY 

It is p<>SIIiblc: to oven;omc .omc o f the "o,,"tmint.s imJX>'ll'd hy 0 
...,portin~ Illflguage by 'e'eOU","" to the eIpe<iient di""woe<i in the 
previow monognll'h. Th"m we considered the ".Iimatlon of de­
iIl"CCI of doubt. 11." d, , d •. Of these, d, and d . speeify dOllbt aoollt 
how to ."lve a problem and dOllbt in rewml to a ..,t of spt.'Cifiro 
ouloom~ or ""lutio"". given that d. is .ub.ot.anti;oJJy ...,ro: do is an 
indeI of doubt about which topic ""ClIpi.,. the attention (in 
the ..,,...., of dOllbt over the Cllrrent aim topic). and 3 problem ia 
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opfclroed If. and only U, do Is Zl'IV v:alurd. ot.he ..... 1140 d, and d. 
n:maln unde~iMd. 

WI>m \he P'J'IIihlol topiCII ~ displayed (for Ulmple. in the en­
taIlm~nt IltUCtuftl of • conn..saliooal domain I. do Is rued mo.' o f 
!he lime II • van .... in' nlwo. BU1, in betwee<l occasion. In I con­
y_llon, do may (with individ ual diffcren""" j lU!Iume. t"'''''ent 
high value and typically dOl'S ... each time the aim If; f1!Se1ec1.ed. 
WII"" the COllvenationa! domain is open endal (ult. in the.ya­
tern. of the n~Xl ch~ptilr), the val .. ", of do 11ft mure ,cau ln• 
(thouKh .till ind,y,dunlly (l1$1;"cl) ; quite appr..cllble Interval ....... 
occ upied by. ,\.IIl.tl of u n~crtwnLY when t he aim il undecided. 

It ill falrly caly to ol,I.I.;n a more !.CUiIl!! mc ... ur~ (call it d ' ) by 
ClI!cu laling an untll1'tain ty lndu from B confi""""" ..-tlmat.c over 
..,y linlle Mlt of I.OpicI and permitting bimodol or rnullimodat 
l.ubjedive} problltnhty diot ribuUOIIi. If do - 0, Ihen U' - 1 (rn. 
one topic iltelected wilh cc:!1ainty). OI.)w,rwilll I > d' " O. 

Un"". lhHe CircUlI1ItanCCII. partlcipanllilivo the following typeo 
of ;nl.....-liw fflP')TtI upon Ow: OCCBIlo rll when do dcc~ 
(and d' > 01 , '" laW il" or '" had.. nNh ot Insiehl". On U­
pounds ( tt.ken in conjunction with the u...o~tleal Ull'menl 
already presenU<i), It 1ft .... reasonable 1.0 IUPpoIC that the mOo 
menl.l of inllght .... in ..,p.~ with the coal"",i"" of t wo p· ,oo;· 
.ldualo 1.0 form .. (usually lUJ(CrJ P_lndividual with. fresbly w n · 
I tniCt.ed aim to"ic of whick the larger O'1lanlllllon ill conJCloUi 
..,d Is Ible to d,-,",=ribe Inoofar ... tke freoh .im is vRUdaU!d. 

Some Unll\ll.Ucally comp<l\.enl people are aloo able to report th~ 
prMeu of conll'.<:cnco. whir.h in tbeory Ikoul d !mage Ik~ connruc­
lion o f an Bnltlogy relation . Th~ rcpmu, when Ihey .re elicited. 
tum out to be verbal metapho", ;tnd thu. do dcsignal.c 1I".IOQis. 
1'0' tke cue in which two P·lndlviduaLt co.e:d l t. tho moot thlll (;lIl 
Ix! dooo .. 10 <>bioin ",porta (pre!c .... bly throuJk \he ...",pii"l 
IIlIUIrreroonl.l d ...... ' ih"d In thi5 chapter I of on" Individual'. hypoth. 
__ aboMI ,,,. olh~r, In IKIdition to an hypothesis of his o wn 
.bout the ~U1Unl .. 1m topic. Apart from th il mechlnillm of 
describing. dualdwatlon in t.enno of on.,..,1f and I nothc!. (.eal or 
i .... [CInaryl Plfticipanl. IheI'e is • pbue prior to I coalc.-.ccnce in 
wIIich the particlpanl is unconscious of the dultl ity and 15 con · 
ICioUl only o f thoulhl.. 

Sud! momenl.l, foUowed by InsilM Iwe hypotheoi ... by coal ... · 
«'I'1cel, am nol much l1udied and ..... o!t.en believed to he! unco m_ 
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man. The evidence of uncontzolled introspection/retrospection 
dON no l ' '''ppOrt lhla br.lief apart trom IltuaUQfW .. he .. there ". 
definite tuk (for example, te.minl in • ru;ed conve .... lional 
domain), p",]j.minary Ob5ervaUOM o f t>.haviOUl' in an open eon· 
versationaJ domain IlIJo ""'Illiett that the frequency of inrilhtrul 
in cid<!nt.a i. fairly high. Ind the relatively rogu llll' variation o f do 
unde. ~ open endM ciro;uml~ k .... da credence !,() UUt 
point o f view. 
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//IfIOINII/on ""d th~ OlKral/(m Q{THOUGIITSTICla:n 

L.1tI'I'1I0DUCTIOM 

"lnnovatiol1" \I uJed to denote .. Pr'<>«. without COlIl miu..cmt 
10 ib Qricinallty or CleIIIIve nl"e. lJmootallon II distinct (rom 
lewnin. inIofar .. it lnvolv ... the ""w-ce o f two or mo .. p. 
IndMd ..... (....,..., .. by the ..u.tence of two 0 , more Amulta­
neoUi ,lnll, Of foci of .. 11 .... ,ion) ....... ~ ou'-qUftlUY ~ed • 
.t the moment o f innonlion, into Doe. If the P. lndiwid ..... are 
cogn itive o rpnisationl in oepan.te human brairu, their dillinctlon 
ill in pmetal I"aranteed, and their ccnletCi"ll 10 _""Wed by ." 
lICJftment (We. the common ",caning of the topic:l under dlseus­
lion. lr the P· lndividualJ ~ compiled and I!XKUtad In the wne 
humllJl b..u.. \.hfft I. (und .... propiliOUJly chooen e l.rcumJt.anceo) 
an a1tern.tion betwffn many Jlm and one.un behaviouR. 

1./ . AlthouRh the theoretical notions ..... quite ,,,nerally applica­
ble. th e inv~tiptionl h.ve .. r.r been confined to the procNII o f 
COlIne .-mbly . This limitation is. mixed bleul" • . On In. c~it 
Ade o f the b61anoe, It II possible 1.0 rncognile conllgu •• Uonl In • 
conynational domain (~p.-ntlna: the theIIJ wllicb \II evolvillll 
throulhO\lI cou_ Ultmbly). On the debit IIde, Ihen II no meu>a 
o f \ellUl, in term. o f eon/,.,,/ .. 1M!1hB a topic: \a Innovated or .. 
called . In eilh,.,. e_. Olen! ila mftDory..,.,m put.aUon _hic:h Nt ..... 
'" c:oncepu ex.iM.inl in a ",,,,,noire, ",,..., c:onc:ept.a lie recom· 
puted 01" reeonNUcted (11lr.e r<!p'"titionl ot tM " Ind ian Ohort" 
IIlOfY ;n Bartlett'l (1932) cIuIioI: sbJdy . If the reeonltzuc:tiOtu lie 

.:cur&"" enou .... !hay may coTUtitut.a !l!Ca\1 {of thf, " Indian 
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Ghost" story, Or ""m.lly well or previou51y known (""ttl. 

In I..mno of canL",,!. al"ne. U,e " ,eonstructlon i. oeldom entirely 
veridicw. It co ntains r",.h "I~m~nt.s o r fr~ combinations of ex_ 
\sLinK "'" ment.s. On a broader front, c aMider the " recall" of h iAO'_ 
ieLl (acll (aslIUming only they Ille noL merely TOW learned for repe. 
titl,m, parrot.fa>;h ion ). T. thi. meall an innl;lva tion or a recon. true­
tion? Do .... th e """'Jlldcnt delve Into his repcri.<>ire for the (acl~ or 
do ... he u"" hi. ""pcrta in! for com puting lhe .solution to .. histori­
cal proble m (a !(.1Ip where lOme event "mn.t" hllVc occurred, for 
ex""'p lc, .. mode of transport that "muot" have ~xiotcd ) , 

Perhaps the ' ''''po nd en! inv ... t. a leader bee.u"" he;' told ahout 
.. movement. Perhaps he recall. " Napolean". Pemap. t h" ' ... pon· 
dent "illve",," " t he ulle of caN and caniag~ .. (counterfnduIllly) be· 
cau ... the Aztec. wen: " highly ol1lanlscd civlliu.tion. PemaPI he 
"""all. the PIWlIg"" f,o'" Von Hagen (1962) arguing t hat whcelo , 
thouKf! used DO ~hlkl ~n·. toyo, were n ..... er M:o:ogni.ed by th e 
Aztec. !II m""hanically useful. Given that , he may e ither invcnt or 
loo k up the litwt !lih a sedan chair) !II tha conv"YBIlc~ th ..... peo. 
pie mu.t haY" used . It .... m5 likely that both o.ctiv jtiel """omJ>BllY 
the m~n t.IJ o[>l!nlticn, though One or o ther m~y be dominant at R 
particu lar instant. The whol~ bUline8!; of ""orinK tests and examl· 
nations for divergent and converge nt thinking i. plaguoo by .... eh 
ambigu ities, which remain 50 long ... content i. cmph""ised . 

1.2. From the p...,..,nt point of view, .,n the meotal operation. of 
cou...., ......,mhly "'" many f"""ted, a nd no at\.erupt will be mad~ to 
distingui, b the " ,,,,,all " of a !.opic and tbe ";nveMion" of . topic, 
Indifference on th is score i. legitimate u ntil the o riginal ity and 
value of In""ntio" come under discu .. ion, Until thaL j uncture tho 
"""",,t ill! distinctio n I. WTou~hL in tennl of pro<:"",, alone; whether 
one focu. of attention is involved (wh ich i.leamInK], or whether 
"""cral foci of Bttention "'" involved but coalcllCed In the proc".. 
(whleh is innovaLion). s., far as content i. concerned , both learn· 
ing and innovation h"vo components o f rceal llll1t1lnv,,"Uon, o rte n 
in rou~hly equal m"asuro, 

~, INFORMAL DISCUSS ION 

Jr two mhjcet matter experts are ""g&gc"<l in natural language 
dialogue, ""pounding a thesis to an interrogator or u.nalyst ( ... they 



do dillin, \he in formal coune ....... bly proce. dMcrIbed In the 
flnl. monoer-ph), it II fleqUMlly pouibLe 1.0 o-"'a inclden ... 1hu 
look like Innoftlion and .... by hypotheaia irldicalive of inllOY. 
lion. 

To illuttn.te the &f'IUment, ... ~ the thesis be.,.. on the ... 1>­
~t _tWl" of enlMJD' con~n. Prior to thelncld .... t the follow. 
in« conf""rallon ~",bts. One IlXpert ill conCMTMld with a oubthesb; 
fa . e...,mple, the noUan of h ... t en';ne., ....,h .. ItelUl\ eopn ..... 
that U$ll' temp"rat" ... dille ... n"" 1.0 h~ enc'IY (a. dOinll me­
chllnj"aI WOrk. 1'he other ""p"n ill concerned with IIOme other IUb­
thM;'; (or example, the "obviou.ly" (ta the alrelldy knowledge­
able) cOnverse ~.., of a 1'I'.('iseral.O. or a heat pump in which me. 
chanleal wo.k ;1 done to mlin~n I temperature difference. The 
"",pen.' .... hth_ lI(!rIerally ranle aO'er wide lind quite diflerent 
interpre4tionl. 1"0. inot/mce. the .team ""lIine ..,bthClII RnIlC' 
~H hlal.oril:ell«hnology, Neweommen end C.wley pump', Watu 
minin, pump', marine engin~, piIwn engines in Inmp ltHmen, 
pirton driven railwlY entPn~. end r ....... n·. Tum;ne. ~ reln,er. 
tor ... bthMil ren~ 0W!r domestic .drig2n.ton, ;.,. cream cana II 
implO\'ldC'nl IIIC1'1 of Preon, ice 00,. ... end hea, exchenl"n in 
"""oP:aIly detitable dwellinss. 

It ....... Id be evldenl (rom these exampl"" lhet en intftpret.uion 
mell/ll, in thll contex t . a " nltural language interpnotalion". AI. 
thouct> it II true that molt o f the examplen do colTelpond 1.0 an 
to"llin, a r hlatorlcal actuality, it ill certainly nOl alwayl truo Ihal 
they have the lencrallty they .... cl1!dited with In Ihe rnblheaJ..o. 
~·a. ~.aml'le, thouRh an early Watu Iteam engine (ullnl atmn­
opheric PrnlUl1I to d riye the piston beam down upon condenling 
oteaJn) ill en inrtance 01 llI:am engin .. in generaJ, It does not, lin. 
I ... expiated at lOI'I'Ie depth, ilJurtrate the princ;ploa at expanoion 
(pilton, ~nlinet or the I>C<.'d to employ many Jlage expenlion. 
Quite ~bly. tile machine is only m .... Uonlld (II a historically 
~nt enm ple of a Iteam ~nK;nc) rather than descrlbed In ... f. 
lIcient detail to explain what Iteam engrne. (this one Incllldlld) 
rnIIy 1lfC. ThiJ floCI II nOt at. odd. with tile recu lalion ~lIrried oul 
by the inl.cnopttnlaDaIyu to CllIRlJ'1! leamability arwJ mcmonbili. 
Iy If the exemplan In qlleni"" do haye a limited explanltozy 
po ... er and 1lfC. within the lim ... of a part. af the .... blhetll. lecJti. 
ma",ly deriYed. 
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From lime to time. the UpeN, who "tlimBlely are both anx­

;ou. 1.0 delineate. thesis upon etle.tIY conwen.lon, feel Impelled 
to eorplaln On.flIIIbthesilin term. o f the olher. ThillJ an .... p;';­
cal f.",. The innovation originate. in the e lllUinl in terlocution 
which ~ypically lnclud ... UI .. follow;", kind. o f r.nn .. "tion be.­
twHn tIM! participant. (hencefo ..... rd ".Iled y,xp". t 1 and EJ.pert 
2, for SubthHIl 1 and Subtheoll 2 "",*11,, .. ly). a ll of wh o m an! 

monitored by and Interact .. ith th<l Inl.erroKato . /anoJYI' "" he 
make. certain \.hal the leam.bnlly/memorabill ty conditiolll an! 

JatJdied. 

2.1.1. Expert 1 make. an hypolhef;1I about the 6plll1loilonllI1d 
derivation. given by El<perl 2 of &11 or tome of the lopla in Sub­
t.haiI 2; .ic:f! versa, Expert 2 maka a personal hypou-iJ. re­
prdln, the ""planations and derivat ion. o f Exp"rt 1 , in respect o f 
&bthem 1. 

2.1.2. On the bait of these hypoth_.lixpert 1 bu ilds up the "". 
planatioBl and deriY.uo .... hI! ~iev*", ElIpert 2 wou ld h~ bu.i1t 
up for SubthClb I , and EllP"'1 2 bullcb " I) • IimU ... lOt o f pO"",­
I.t.ed explanlt lolll and derivatioN which he bcllwH Expert 1 
would hl,,1 ulW!d In delineatinll Subthel1l2. 

2.1 .3. If po.ibl", E:r.""rt 1 and E:r.p!!rt 2 rnac:h mutulll agr-.ement 
In respect of their interpretations of each othc ...... bth~..,.: a pm-­
.,.. In.olving .arlatlo, ... t.:J be dilCUJRd In Section. 2.2 .• 2.3. and 
2.6. 

I_Car .. th~lr ~d~lIVOUr illUc:<:ftltlll , the '""",,1111 ed.IIIblUb • 
common "'~inl (in the..,...., of a..pla 4 , Section 9) whk:h i. 
InIcribed .. an IOI1.aioIY ...wio .. In the tha .. : the analotlY holdine 
iw:tw,",n tome Of all the toplCOl wtti<:h make li p Sllb th811 1 and 
Subthftil2. 

2.1.3.1. The hypothm. building which it perlonno:d in ~Ion 
2.1 .1. may be , to a p-e.1a or 1 __ nlcnl, .oc-c:omplisho:d beta", 
the interlocution. (Th;' in no way meanl it doa not occur; mernly, 
that OU t linear JlCCo unt of thfl matter .. ~i",pl iried; tak ..... 

-
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eonceded through""t. ) It if performed betOffi I"" cummt Inter· 
[""u lion wh encver, lUI II mandatory In oyoto:maU" coune IUlCmbly, 
the tltelia (Ilf1d tit". lu luhthe .... ... partl) il dilptayed In • devel· 
OJpinl enlloilmen t mesh. 

2.1.3.2. The hypothail building whieh JON on (Section 2.1.2.1 
aboYe mly Illso be lICCOonplbhiM to lOme extent bel" ... the c:unent 
In terlocution . Il II lICCOIl>plllhl!d beron!hand lnlar. lUI li>enI are 
m"wal ly ogreed patU of 1M ""lire Uledi. 'MIele. i f Ihey ""iII., .... 
Intcriptlonl of . common meaning and aru tllllIIollY rel.Uonlltrlct. 
Iy between IUbthOiel pnw\nu. ly conl \.rUc\.ed by Expert 1 and by 
£l!peft 2, ..... pectively . It iI fIOmetimei maintained th.o.t pl'1!Y iouoly 
IIfHd paN Dr • thcds (lUI produced by • COlIne team o f UpeN, 
for uamp"') condltute &n!U of~. Thil eontention 11_ 
~Ied only if co .......... _,"en the ""hl'fe~ baM<! c:onnot.ation 
dilal.-l in Chapter 4 , Sect ion 7 . U con..,., ..... b .. ppmed to 
me." Ihu Ex",,"" 1 and E"pert 2 (or the body of '""fl"!U In u.. 
eoone warn) ..,l~mnly vote upon tile oaw ", and lneJuJlon of 
toplel. we deny that Ill)' learnable and memorable thll'lil can be 
output in this manne •. • :ven if ¥<lUng o r the li ke II introduced lUI. 
procedure, it II quit.e al1mcw (it may --.. .. an adminiltmtive pur. 
pow, but it d~ not bear d1nect.iy upon the p.tKeR und ... ICIUti· 
ny). 

2.1 .4. The matchin; opcn.tlon or ~lioll 2.1.3 . if; precisely the 
operation dl'SCribM In Chapter 4, ~tlon 8; Itameiy,;o coheren<:e 
III"Hment Is "'''''hl'd rea;ardlng a r;ynt.actlc topic Or oct of wpl« 
I\ICh that all interpretation, o r th .. tople (thOM! o f Espert 1 and 
Elpen 2 in thil c_J are lIomorph ic (lI'7Dantle aaueemPllt betWePl\ 
tile experta). Gml'nllly _ ..... requin! that the inte'P"'tationl ..... 
repreeentcd at th ... In th .. p:ttKHI II modell in • commo n 
(though lumped) modell in; fM:ility. Either thio requ;"'mftlt m .... 
be inU'Oducai or lOme o the.- me..,. employed for matchin.1 ~a1 
Interpretations .. isomorph ic Or not . 

2.1 .6. AaJume, .. bef"re, that the ""peru have w btbeM!l hNded 
by "lIut Engine'" (HF.) and " Rdrigenotor o r heat pum p" IRP) 
1/10:1 that mal.chin; oC.artI In ~t to Ihll head topic. To lOme 
nwninOUll person. it if; obvioul that ExperL 1 (helot engina) can_ 
• refrict'retor ... kind o r hat engine. and vIOl! ""_, thlt ExperL 
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Fie:. 1.1. FrqrnODI (bolwOOD jond 1) of. u.-!< on "Hn' EMlln_", Top;"" 
dlrw<tl, """"",-II .. Ilh <h. 'n ..... I"" .... "'PKO-.y •• elltlo,."". InlO m""k .. ,~ 
col ..."k ""'put" on<! " .....,hon",.1 work """.Io ....... w" "mpM'&'Y" dlff .... 
• _" • • t« u...u e!o.ny ot tho .~ ~.tIOn of _ sa """ .... 1>0< 
....... n. 0tI>0< t opia .,. 1_ "" IIIe odj_t _ wi'" tho ..... ... , rNtioft 
11m.. 'MIo ... mai~inc I<>pO" ..... ,_ In ddaiI .po« from ,110 ... nlrol __ 
(n-3e aDOII. 40--6 1) .h .... th.,. ..... b~la .. d un .... .... 0I1y • __ pia< 

~-
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2 can _ • h<oal. engine l1li • kind or rer...., .. tor; the topk:o: IlJ'1! 

.... l'I:'ly not identiclol , but there It • VII!I'}' IUlmanlial ;..,morplrlml 
betw~ their i>lterpret.atlonl. "owever, the joint requirement (1m. 
poMd by !.he CO"",, aaembly 'ylt.emj that . topic il an ""plan,.. 
tlon and not limply I mentionlnil or classification of named enU_ 
tle. means that the analogy .... latian (rnr""mcl!(! "" "Heat Ex_ 
chanll'! Work Cycle" or HWe) II .. . synt..ctic or formal COIl'lpo­
nent. ",lIicll reprete1lLl the oimil..nty betw,""" topic liE and topic 
RP, and a ."",...u.: eomPOllfllt, rep~ting the dlfference by vi>"· 
tlle or which HE (heflt engine) and RP (refriaent.or. heat pump) 
we dell.nit.ely not /dentleGl. 

2.1,6. The di!fefftlCfl eompont!nt of an analolD' rellt.lon either is. 
o r W ba$lld upon, one or moN II(!mantic detc:rlpton which IlJ'1! otip­
"I.ted and ~ by the n:pert.a. The ~mcnt In !.hill l"(!lpect 
may be given many different nantes .. an Indcnnlt.<! number of de­
ICrlpton could be mUIt.ered to ",l.o.blioh th" required di l tlnction. 
One dl.tinction m.! .. by real ""peru working upon thll .... bjflct 
matt.e ..... tag nam...! "«»OW/'IIf" meaning that Ule fe>llowlngdis­
crimlmotion C1UI be m.,;l~. "tint ~nlin ... lUI! thermal ftI""lD' avllil· 
Ible beaoWll! of I ~perllure dlffe ..,,,,,,, to do mKhllllcal work; 
COJ'I_ly "'frfeKl.tora or hH.t pumPi UM! mech.,,~al work in 
order to maintain I tIOmpenWffI di(f~ce between th~ enelID' o f 
tWO dll'fen:nt regions (for ~Xlmp!e. th" ice compartment and the 
room)." This distinction iI.hown in Fi,. 7.1, &lonpide .... en.! 
othen; the distlnctlon ··pi. ton/turbine" proper to In analollY 
"converslun mechllllsm,·' (eM), and "impeller/volume changfl'· 
proper to an """'''KY "c!reulltion of th" workinll nuld" (CWF J. 

Now, althou"" the .... eed 8!tfRllltic diltinclion, or the dHCrip­
tor on which it io founded , C1UI be ch ...... from an indefinite num· 
ber of poaoibiliU .... the choile io 1101 unreltric:ted . The choIen de-­
ICriptor mull ...ve to ditc:rirninlte the CMeI HE and RP under 
whilevel' the ""'p"rt. ~ qrned to be the almillrit)' which II 
Ihared by HE and RP . In f91P!!'Ct of thiloyntac:tlc aglHmmt the! 
oboelYed innanceo are d ivillblo into two quite diUerent calc,ories. 
Th_ categori ... amoun t to the 11m fling COmmOn ",""";ng a.({rR. 
",,,11' of Chapl.erl 4 and 8 (model, are pl.ced In !'es illcr without 
the need to modify their fonnal Itructurel and the R~lIertll com· 
I/Ion meanlnR qreemMI In wh ich model. are plated In reiUtcr 
• I fI!AIlt ot. formal ffIItruCturi .... 
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2.1.7. Apeenw!nta of the rua kind .... rare. One at lhem b: shown 
In .1c. 7.2. The analocy ..motion (HWe) W IUpported by. a.rir:t 
Ioomol"j!/mm; in R • .,.pOll.'J (19'12) 18m1, this b:. " mat.bemlll.ical 
t.omorphitn\". It iI modetll!d by COIInun!oUy eJ:«tIlinl models 
for HE and RP, exh In ita own univuse of compilation and inter­
llf\llation, with the proper COllplinp o r cDnetpOndes established.. 
It 11\1"" aIJo btl modeUl!d in • diotinct (mathematical) \lniwe .... 
bill the iIomorpbilm lu..!f (rep"""nted in r ig. 7.2 by''''' ") be· 
lonp 1.0 nOne or r.be ... uniVer!lI!&; It belanll' to the universe of 
node. u.andinll fo. I.oplcl. 

Thia iIomorphilm ;1 valid bllt has . limIted r&I1l1tl of application, 
whkh In tum ...,.!:ric!.l !.he mUlling attached to tile lemantic di. 
Unction (-')felled "convo ... ", 'I'D lee u.il , notice that mOlt ."porta 
(lndudinll !he pair under dbeuwon) would deny the pouibiUty of 
perpetual motion obtained by runninll RI' to .ecure the tempe .. 
lure dlfftrenc. required for the ope .. tion of HE and runninJ HE 
10 provide lIIe mechanical .,.o.k simul'-'eoualy needed for the 
o.,...OOn or RP. If lhe term. ' 'l.empeq tu.re.'' and "mechanical 
-0 .... .. and " heat enerr;y" whid! con\.ribu\.e to \he maninl o f 
"eonverte" .... flJ'l'tied up, It becomn evident thn thit c:onl lnoc:· 
lion II difallowed. 

FIa- l .:l. ~ I. "" 11 .. loodlloolDOlphic ..... o(1 1>0<_ " U_ ltoooIi_" 
IIIE ...... ·'R ..... Ipro_ .... 1 """,,,"" IRPI. 1-1.- .... __ 1M Itt dlotlr>el 
oad .'priori~~dtpon_' MOdtIlinti rocilitl ... &1"'1'11 .~d 1"''l YI, 1_· 
pIolom I< _ .... _ tho 01'0"" " . , D;st(z, , I I< ,bot p<edlu .. 01'''' of """,,i· 
..... , dio'"""loIolnl \ho ~~l_ X ond Y. 



2_1 .8. Th~ II\.her (genetal) kind IIr agreement i, ""emplifie(! by Fig. 
7.3 , oon,1.lUcted by • different pair IIr hope-rtl. So fu ill !.hay are 
ron<Y!rl\ecI the ~ntao::ll~ comm unality 0 ' liE and IlP dcpendt upon 
• construc:lion ""'led " pneralised heat work mllChine" (C HWM ), 
and ill !.he n;orne ~, this Is. fIIlnetalblolion of HE and RP. 
The m ...... elcpnt ... d famillar te.,.-etoental.loo of CHWM it BriI · 
louin" (1953, 1965) in'OrmRUDn theoretic developml!l1t o f 
Carnal" cycle. It upl i<:itly In.o l.et \.he notIon of "orderl in"", ·' of 
• ~""m (ofrlCiaily neg .... tropy or "diI<Jrderlln"""" fo r enUopy): it 
also tnvOlvM !.he ill ... of tmlpe-ratuN! .. ' 'nola..'' perturb\nf; !.he 

....- '" 

I~H-+I 'I~I I'€WI~ 
' Ia;. 1.3. f At.o.oOI A' ....... li •• llloo (GHWMI_d...,.!an-. co"....,U • • I"" .... 
HI; .~d Hr. 101 ..... '''' .n of u..lopia . .. _1011 ... diotl",,' ........ lllnl 
.acllil. 0100> ..... " FIX). III"VI. ADd " " u). 1 __ ) At ""1e<\1" Cbopl .. 
10 •• _,,,I .......... ''''''''''' ~ .... ~.u..r PI_"r: _7, opoci.liNd 
modol M.I(lHWloII.,. ...... Mn.X). A __ .~ ",odoI. )I,.IGlIWM)ullta Do 
loI y _ M,.(GUWM) &ad Ny(OUWN j .... Ioom<><!>ILle. N{IIElond M( R'j on _ 
ioomotpill. , I>\LI M(l1E1 !o • "bq-o"'m o' MxIOIfWM) on4 !>I(Kr) 10 •• ul>­.,..""" o. M v{OI!WM). 
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tranllTliliion or Mgenlropy l information; allo o f tempelllllJre 
dirr~ as • "110;"''' gno<!ient. View<!d _""lOll, the o penotion 
of " .... enible GHWM me ..... that" quantity o r ftllropy is u.n. 
rcm!d oyer" \.emperal~ dlU"""",,,,_ 

GHWM b an mtropy el<riwlge oyuem. II can be modelled In" 
diotincr unlvene of compilation;md interpretation and .PI~U. 

topic (O IIWMI in Fig . 7 ,3 (ahove l : .,""" \he int.l!rroll"tor/analyn in­
lilta th.oll( the anaJo!O' m1"Uon "IUPPQr!C'd by a Mt.'nClIIJislItion rath_ 
er Ulan an IIomorphllm ... Ulen the generaJiaation ,tael! is modeUe<i 
." topic In " Lumped MDde!!lng i'acUity . NO .... 1aY HE Is mod"llod 
In MF(XI. RP II modellC<l In MF(Y), and GHWM ,. modc ll oo In 
MF(U\. The ana/DIY ..,Iation HWC depend . upon the tac t \hili 
(;HWM (in U) can be opecialiled "" a h".' engine to yield GHWM 
in X or lpeci&lioed .. " refril"rator to yield OIlWM in Y, and that 
HE in X iI part o f GHWM in X and HE In Y io part or OIlWM in Y. 
For notice, in X, GIIWM II not the .......... II ~; . thou", both .... 
\he ..... " kind o r oystem; .unilarly, GHWM in Y ill not the _" .. 
RP in Y. thou", both at! the ...... kind of 5)' . ...... . G UIIIM iI tx>th 
ma ... oophirtiCllted than HE o r RP and m~ ,enenlUoed . If the 
oymbol ... .....m. for "rnrtriction under the c:onrtralnc. of a model. 
ling faciJjty," lhe . ituation is ownmm-lln Fi,. 7 .3 (below). 

111m!! III an isomorphism between I~nenliled .yt.t<!ml, "" .. 
",allied In tht! unw- of UK and one ... a1;-1 In the univ<!...., of 
RP , and the analotlY ... I.ti"" u we bet ........ n HE and RP hinges 
upon !h;'llIomorphlllm (lhown in the diagram). ~' urtb.er, rhlll",. 
morphism II compatible with any meaninw ucri bed to the seman· 
tic distinction "converse" throughou t the ontlN thesl. (which 
ramlflel, Inc:KIent.ally, over energy conversion In open ,y"tEml, 
weh .. Imnl Ofllanisml and lOIne chemical re..,t lonl. U well u 
topics to d o .... ith elementary thermodynamics). 

The lid of producinl Hwe (betwem liE and RI' ) .. pported by 
a p:nenl;-l topic (G IIWM) will be ngarded u • pruwtiCm for 
innOl'ltion . The act of .-..cognisi"l: that HE and IlP ..., ... Iated by 
UI anllogy ba&ed upon'" .. 11110 regarded .. a valid innovation , but 
u the llmltinM ease of lnnoYatjon. 

2.2. OrWi'" of ''''lOwlion 

Whe ... did the innovation como from? Our hypothcen In the 
ma,I<'<" wu It.lted in Chapt.c!r 4. It III • conlOqu~nce o f \J1e oyn. 
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tactical generative capab,liti". that""' ",.ponaibi .. for producing 
"xplanations of heal ""'gin'" (in.r, for Expert 1 ) WId refrigerators 
(in .t. lor Ex~ 2). conjoined with the requirement of .,.\Jlb. 
lithing iJomorphism. 

In particular, there is no need to Irwoke randomn"" (pre""m_ 
ably, randomn .... could """ount for Wlything) III ..... era/theorists 
propo.." Nor it it necessary t.o invo ke prior knowl<.'dge of _pedal 
thermodyna.mic eonot.nJcl.s: we hnve u..,d aceepted names like 
''Camot's Cycle" for e_ of "xpolition and because this innova_ 
tion h .. also been invented (by .omeOne other than Expert 1 and 
Expert 2). But, ... the argument is intended , HWC;o not a regurgi_ 
tation of 50me previou",y well .... nu..nched concept, it iI the "'"lilt 
of an l, and t. production oeqll"""e. Tru".I:, and .c. are ",1 .... ""t 
to t.hermooynami.,.; they are means of generating "thermodynam· 
ic" concepti. but we ""ppose that the production "Camot'. 
Cycle" wu not prL'Viouoly familiar, at any rate in the conl.el<t of 
thit oubje<:t matter. 

In ""ort-, the innovaUon arises f.om an internetio" betw""" 
P-I ndividuob (bere, betwee" Expert 1 and Expert 2) whe" a corn· 
mo" meaning is constructed . If a common meaning i. ".tablished, 
then fre!lb ... mantic deocriptors are agreed between the P-Individ· 
ual . (here, the distinction .. conn .. .., .. ) . The common meaning not 
only produces an oomorpblom, HWC, betw""n model. interpreted 
in universe! distingulobed semantically a.o baving a positive (+) 
value or ·'converse" and • negative (-) value of "conver.., " but 
al"" a further lyntac1ica! con.truct ion. GHWM, which i. modeUed 
(as Model GHWM) in • further unive ..... on which the value of 
"conver",,";o· (eitber undetennined or altogether irrelevant) . 

2..'1. R~arl'rJt!~menl. and R evilion' Due 10 l"n"""l/on 

Reeall the further leanubility/memorabmty condlUon lmpollO'"<l 
by the interrogator /analyn , nam ely, that any topic whi~h is In· 
Itated as part of • conversational domain mUlt be such that other 
than primitive topics uoed in il£ derivation can be derived Crom the 
topic in question. 

2.4. 0"""",,/ QlUJllfi""ficn 

In order to .. tilfy Ihe ... cond itions, it may be nc<:CHa:y t.o 
revise the $Ubordinaw. of any topic which ia inLrOd uced . The ~n_ 
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tin neh .... k, .~ thlf; rtage. h .. only ... I.enlatiWl lll.atul and II open 
Io....n.lon (for e: ... mple, refine"",n! of Iopioc U in "._ '1 .<11). 

2.5. '"MIIII /ion''' II CillJt./yt;" Almt 

Innovation of O WHM and HWC \eado 10 t .. o fill1h« klnmof men· 
ta! ..:tivit)': one kind engenders. m..h innovation whldl ll ocu,n 
Rlb""'lUf'ntJy conlOlld.~: the nth.,.. is. colUllnictive ( though not 
ltri<:tJy innovative) ... t called extrApolation. 

2.6.1. Olven HWC.lt i. possib l" w ""k " how " 0 ' " why" que ,Lions 
bued. upon the enquiry. "Sine" there II, ",rrillerator thaL u .... nO 
moving paru (the a1»ofPtkln refrillenowr In Fill . 7 . ~). ill there , 
~am enaine !lin w. no mD'l'ing paI1.I which II not cum'ntly u­
hiblted?" The reply to thil enquiry i. either cltatlon of """.0::00' 
jund of dI!K"p\.Or value. that rpecifi.,.. ceU " hleh currently eon· 
taint no topic or • denial \.hat ""'" • machine e1lIt.I. 

An affirm,liM reply is COU"'I~ by the qUMtlon, " lIow doe. 
the madl in. you deocnbe work?" CThil is annrered by an upl .... • 
Uon "'hk:lI. the inte .... tor an.ol.yst will ina_. is abo d erived.} 
H.".., 1M init ial rqIIy ill ,m .... ,t.jw, ( .... hiAoricall y ylllid u em plar 
II the Savery !>linin&: pump InvenlM aroUJId 1680 o r 1690). IlI>d 
th! upla/l.aHon o f ill open.Uon (JUcklnj; water up .. lIIatt d~ to 
the condensation o t Iteam) involvel the Ide. ot .. valvelike deviot! 
together with oJu.mlting vacuum chmbel'l to Implement. cydlo; 
hydnulic procell. But. we emphWse, the r&qu ili te Ide. could t.>e 
jnv""ted de nOvo lind h ... been invellted by more than Olle expert 
unfamiliar wIth mining hlltory . 

• 
"'" 7.4 . U _ ~_If;od ", .. b<>d of mool ........ ,". n.lel. V . eo.-...u .... 
<>f .(0,0<1 M. , ( BXrEJl.T I). V' _ Co-..","'" of.torod h •• d ( EXPilRT 2). 
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1\ nept.ive roply iI countemd by the question, "Wily not1" This 
Is apin llllw&ra:l by an explanation, inlt.ll1OO at .. wplc qualifying 
all deriva\.ion5 that I~ W the an. 1utP'. To quo .... an ",>:amp\<! 
c:ullcd from law. In the th ... io, "Since mechanical energy Can be 
convcrwd enlirely Into heat energ)'. II there a m~anl tor con­
vertll1i lleat energy entirely inl.O mechanic&! eneIlY?" The '~hy" 
question emerging from a negative ru!,l)' to thill .. nquiT}' Is the 
qualifier . "be<:IlllJe there are pad ... of e,,"'i)' and oom r. irnlYcmblc 
tnnsfonnal;onl in .. cI......:I sy.tcm". The qualm" •• den immediate­
ly to the 1OpU; " Ihenna! errICicncy" which hat,.t Ih. otage, been 
introduced and qualm .... cithcT directly or indirectly . ""arty all of 
the Iopicl ... .-vrdina ... in th .. derintlon lei GHWM. 

2'.5. 2. 'Ill ..... queotiQninK l[30ow:r.lc>n. U1I underpinned by the 
meu.thoon:tlc idea that knowledge IIl)'f11metrical; the ""isle""" 
ot an lIomorphlc analogy between two top ;'" imp!;'" the ""istence 
of lJomorphk: ""aIogiH belw""", l ymmdrieally rel"tOO I.op;"'. 
SlnCfl the propouJ II .... ~i"n or I"'mlillion ",!.her than .. 



-
'" 

dirKtln , the cxil~ or the companion !.ople: can be denied. 
Juotirlcatlon 01 • denial ..... rts • local COm l)l~'n"ml ; namfly , • 
comple ment with mspecl 1.0 the.." o f hypotheUcal f)'m metric:ally 
... lated tapla. Th .. und"'Pinnin& idea is ea1Ued "eplnemic qmme­
try" (or refC1"l'RCO! l~ler (Fig. 7 .6 ). 

2.5.3. Call .. topic: which is reapplied (thai 11;, which mu,," an 
IPpe~ in the pruned entallm"" m"';' U Ih n ,,"'<'lIRa' of 
mOn! than ont! topic, •• In Fig. 7. 711 prlndpl~. If ,hero is • "p,.;n. 
dple" It II "" .. ihle to ... k, ''\\'hat i. the "'lUlt or IpplyinK th is 
prindpll! to the frO!thlY ~'(In.t.r"cted !.opie GWIIM?" provided only 
that the unlvene or CWIlM cont.allUl (in the lIij(htly eeoteric....,1f! 
o f "mly 1M projo:cl.c!cl onto") !.he un;vene of Inlorproutlon o f the 
prindl'le. SlmUady, if C;WIIM is • principle, It II l<.'6lUmalAl to uk. 
' 'What illll" reault of applying CWHM 1.0 any topic ""ith uniwcne 
of int.erp~t.ion that ii, o r is .. prnjecUon o f, the "nlv ..... o f inr.er­
pn!UUon of GWl IM?" 

2.5.4. 'f1Ie Idea o f ._,.ting ....,h (hypolhetical ) topb, the eI<iJ.. 
t.m<:e o f -tlich may be affirmed or <knioo by !.he u~rt. ilalled 
"""tnl'olallon o f princlpl8" for lat.er rer"",ncI!. 

2.5.5. Extnpol.t.!on of principl..- II Ulustraled in .'ii. 7.8. "The 
principle II compolltion of thennal or mechanical lyl1..l!m. (CS) 
in order to ext.-.c~ work in ......era! ot.qeo (for cx!Unl'la, the mul­
Uple exp;moion tramp . \.eamer engine) and II uled In ti,e dcri~aL1on 
of. topic calii'd "thermal efficiency" (TE) . 

Extnpol.tiun o f thll principle (eS) with reopecl to GIIWM pro· 
poRI the compolltion or HE wio. RP; narn~ly,. tle¥lc •• Il. that 
d"", .. o rk In order to mainlaln .. U'mpcn.tu ... difference and. 
d..viee. y, that ohlllin. work from thll tempePW'" dlfferencl!. N 
• Ilnt. flI&I! COnotf\lrtion, this compoOtlon II valid o.ough not 
ospeclIlly u..eful. The further c:om .. <.-ition ... he ... by)' ruppllft the 
work to drive deYice >c (and >C. as bef.,.., . provi<k!o lh. tempenotu", 
ditfm.""" nMdf!d to drive yJ II • po.IUl iw percept.ual motion 
machine. In lin)' v...;dial u-il (lJIiI. one incIuded ) •• U e:llltenee'" 
denif!d. and the denial q~a1ir_ or ""em""U boo. the topic "ther­
mal efficiency" (TE) and the topic """,cnibili~y of uand"onnl­
tiono" CRT) . 

I 
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3. INNOVATION ANI) COUNTERI'Acru.o\LITY 

Probably the mOlt powerful and commonly ulCd inrtntment fo r 
mJ,jor InnovaUo.>n 110 • combination 01 utnlpolallon ot prineipl ... 
and Ille applicallon o l epio:temi<: symmetry. Indullltial c ..... tivity 
~lnly thri¥et upon thill pftCkage 01 operations whether In teeh­
nicallnoenUon (t he telephone. the railway, the hcwercraft. mOlt 
_lconduct.on, the majority ot cleYer ch"",icIIl Iyn~. the 
~ll!¥ilion recei ...... ) o r In ocientific advance (MuweU" equa tions, 
Plank .. quanwm theory, Eina1ein'l ~LiYlty). So, judgl"8 from. 
con~1 of comme"~ton. dca lIO(;ial innovation. ",~ II UUI., 
doubt that devclopme<lt In the ri...w and the dJ1lmatic IlU Nml 
frequcnU)' from th il origin . 
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That ;., an o.l.nj>olallon, E, I.Ilkt'f pl_ with ~L of •• tnt,,­

\me rool.<'<l in universe X which II analllg(l<la kI. dllTivation root.ed 
In universe Y. It 11 es&er1tial to rec<>ftt11!le lh~l the conltralnu upon 
X (its character ... un;""",, of ~'Ompllo.tlon and Interpretation) 
~ determined hy t.h~ primit~ toplct in X. similarly. the con­
auaint. upon Y are determ ined by lhe primitive topial In Y. 

If E carl .. realbo!d 0 ' modelled In X (that iI,' proc:euor .. u. 
tyin, IIymmet.dcj exlnlpolatlon , P, ill l"Iil irul.e Oft. y. and may 
be realiIed Or model led in Y, with Y, SomOll'h to F . 

This may litt!noUy be the cue (Kirchoff '. equat ion, for a .... 15-
live network are Iaomorphk: t o • peckin; function fo r re<:t.anlfUlar 
lila""", app lied by M"",h and Sl.elldm", ( 1971) to achlt.cctura1 
dm",). MOn!! ofWn F cannot he modelled in Y. but both E and F 
bo:lon,g to • ~i .. tlon G {modelled. "y, in uniYerte UI. and G 
can ~ moMl~ itomorphic:ally in X and Y .... ~1 .. U (the 
hOftraafl. , for example). 

Ho ..... ". , if neilhrr an iIomorphic anaIOD' nor . R"",,,nal ioat.ion 
hued analogy alit, Uten the eollltructioo u";ng extrapolation and 
""i.!emie 5)'mmetry lead. to • counler' ""tuality widell ;. <.>pcn I.<> 
v..n<.>ua c<.>ntu tually Legitimate Interrrel.at4<.>nl. 

J.I. A eo. of Crn.nlrrf"", .. ,11 fn/~nnu 

A collvinc:;n • ..w quickly appreciated example of counter· 
f"'tuali~y 1I given In an el"P"t cO<1at.Na;on due I.<> KallUwurdu. 
[t iI based upon the well·tll<.> .. n ";mpollible <.>bjecl." tho....-n in 
Fig. 7.9. 'nI ll f;!lUre may be vle"l'Clllpinot mWly penpectivea ( f<.>r 
any of .. hich the fo llowing comment. are quite valid): DIM! <.>f 
til_ p"n~livn lI lhe u.r..e.dim~.ional coord inate seometly of 
lrianales, compoied of line leI!IIent. meetin. at po;n'- in Euclid· 

~-. 
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An cmt..i1~t Knletun!, E, tor • body at knowledre .t>ou~ 

jolnin. line IellMnu, II on u... Lo.ft hand Iide of "'ie. 7.10 inLet'­
flUted in • un;voene X. The IUUCWrt £ compnse. nodel 1 to 9 in 
the ...,tailment JtNcI.u .... ....... model. ..., Ibown paphicaUy (to 
undentand the top;'" ,t .... uId be neceuary to build the explana-
tory ~.), J.IMI the Itructun and ill; primiti ..... I , h, c determine 
the con,tnint.l upon X, I .... , the kind o f unin_ \.h.al X II. An 
extnpoLation of E KComodating trianglel contain. other nod .. 
conjoined, topthcr wllh E, and called £ - . 

On the rilhl hand of Fla. 7 .10 ••• con . tructlon, F. (or T,,",Ia-hle 
propertie. o f roctanj(Ular Ilabs joined with their r,C<eI at riah t 
anll .... The construction. which can be modelled..., Ihown fP'Rph. 
IcaIly: and !hit entallment ItruCture and IU primiU¥e topia (A, D, 
q de~",,;ne • unlYerse Y. 

'"'" ItJucWfft E. F . ....... late<! by • coUectlon of IIomorphilml. 
"'own I~. canylnJlUnn Into hlocka, and it 11\.1)' be pOIl.ulated 
(oinoo E .. we h"e it detennm ... X, and F u we !lave it deter­
mu.e. V) thn X· Y, or ,.,...,..ny. that X. Y are eorutn,If;:tionlln 
thJee.d1m~n" .:"clIdian "1*'"'; an ordilW}l and perceptual 
point of ¥~w. 

Now comider me following opl!l'lll.lont.. By n:lrapolatlon of E 
in X,. further derivation yil>ldI EO, U EO n:IIta, tlln) b)I epilte:mlt: 
"Ymmetly' from EO Ihe ''!mposoibl .. ob~t" (10) ill poRulated u 
an hYpOthetical "block trlangl~". SptclficAlly, the hJlPOthHtI ill 
thlll. (10) ~ould be derived from the (Internal) lnalOlY or throueh 
In edrapolative derivation (bot h .hown dotted). liere i.a percep­
tuall)' obvioul fonn of ooun t...rfactuallty, linee (10) <:IInnot be 10 
derived unlee8 !lOme Or aU of the primlUv~ or F aM modified. thul 
aJ\o!rin,lhe dI&raet.er of Y. The pri"" pald for lIIeh. modltlcatlon 
ill that Ihe n:lstlnlllomorphi<: analogle. between X and Y are fal • ....... 

(I I HypotJ>e.it (10) (lmpouible object) iii Wslfied with .....-I 
lOtheuni ..... X"Y. 

(2) I may Imagine the impoaible object (slnft It 11 pe: ... HSl!iy 
dm.o.b~), prov)ded my bnin .. III! ~r able to acwmmo­
date. (IeIIetalluUon 0 In unlvH$O! U (ouch that a mod,l of G 
n:lJb In X Ind YI. But' Clnnot undentand (10), beeauM I cannot 
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build an uplanatruy model In _ p~r that b oo~ by 

X - Y. 
(3) Reph,.,m1J (2). the Impouible ob~ II unknowable, though 

it m., be apPnK:Ia"'<l lIS lUI hypothella. 

"'" 1.IOA. An ....... ~ ....... t _ ... (0 ... 01 ...... ,) r .... eoa&ttU<1iailiDO 
fI(>o_ ... 2 """ 3 .su.. ......... _ . E" (11)0 I' .... trio ...... ) 10 conocnocti .... In 
I ...- ..... ..oJ' be -.-..... i. 3 .,.... So 10 ..... aaaIoo 1\ .. hid!., ~_r .... 
dloUnelioa bot_a oolld __ """ li_. tall l_ with tho uu.loo 1", 
........ hl< 1ft S .po« .. _~ ... ""-" .. II ........ ' ..... romo.ouo ... H.,..... •• F " 
Io.ot _ ..... Ubl< .. I n oI>joocl.. H"""", 'boo "N~U" a.W0f)' .... _ g O."d 
I"" "Imotln • ..," <H' ··''''!><*Ibl.'' ... " .. denl ... . 
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-..... .... ~Io<ko : U, .... ' ''7 PO"' or A. II, C; I., M. N • "'" lrip!< of A. II. C. 

t.) eo"Yft2ly, if my brain ia not an I ... P~r with the capa­
b~iUa mootlld in (2) , \lien I nnnot ~n imJline the ImJlOAlble 
object. 

(5) JUit .. th~ N"Cker C\lbe Wulion (prevlouIIIlOJlognopll) may 
be ~roelycd as an QIeUl,ticn betwe~ an inward fB<;lnK an d an 
OlltWU\J facing Imq~ _n at one InJtan~ and u... next,'" the 1m. 
JIO'Iible ob~ m.y be c:onc:eived .. an OICiIlat.ion betWI!eII derin. 
lion ~ holdine ,"""urn at one inII.anl and the DeIt. 

It. ,.. .... ""alion C, ""ida in U to comp",h~ yo and 0 " , 
then \h ili II • hybrid and fonn l • otable c:onfil"r.otion o f alw.m.t.. 
in, penpectivM. 

4. TIl! INn:GRITY 01' r.JND I VIOUAI.8 AND or PERSPKCnVES 

A ftah liant upon the remaru in the lut oection iI o blainClll by 
lakin, in eamesl the contention thai. diatinct Ihese. are MU!r · 

lainftl by diff~l people. ".., p"''''<I"isjm for bridginl the pp 
belwetln talk about innovatlom. iIlUllon rlgllfl!f, elC., and t.he 
(presenl) uJk . bout pel"llOJU. pen;pediveI, lI\d the like. ate .. 
(011 ow, : 

If LIle topic" In • cydk and ""nliltent entallmen t $UuCWI1I (tor 
enmplc. K or F In F!I- 1 .10) an! mulled ... ~ or eonoepu 
mil memoris COII"Ipiled and underJOirc ueeutlon in an L-I'rocft.. 
lOr, thM the .......tl iI • viable P.lndivldual; th. iI .• ....,tlcatinl 
ItId .tablo. syotem or briid •. 
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The wMuainl..l imp......t upon the L-Plcc .... In ord .... Iha~ 

the 1)'_ .n.u be compiled al'! d eterm ined by the primitive 
toP;QI in the ent.aiJment Jt.ruC1.unl. 

The ~ betwem two 0 ' m<rn!l enl.ailment ~ (each 
o f which contai ... at 1"",,1 on .. ""UocY ~.tion) rep.-nt au­
II>('n"'; there are ql'ftmenl..l bet .. ffn dininct.. P·lr>dividuais, imD­
far _ cert&in agrnemenb proposed by atrapolaUoD and episternic 
.ymmetr)' uti also counterf"",tuai, giving rise to the denials or in· 
otabiliUet disculRd in Sect Km 3..2. O_I'Ve that we are at t ha. 
l ias" in the dlacuaion !.akin( tile verlnJ iJaUon, """Y ano.J.<>gy ..,1&­
tiOI! ill • pririficd qreemenl," quit.e .moully: Un t it, we contem· 
plate It. convenM!. that "an IIIJI'e'!'ment between P·l ndlviduall may 
be pnerated by tnu15fonning an Cappt'QJlrUotej analogy into the 
OOllCepl.l and ml!1T1ori ... which real;" it • dynamic entltlel", To 
d o 10 c!va IUbitance to the n otion !.lull .• !belli II nece.arily p""­

"",.IIMe! by the ~n 01" ochoal of thought o~a1ly r-espoMible 
to!' 11..1 . ynthells and ""poooition. 

Now !.um to the ''pending'' ... mark in Chapter 6, Section 7. 
when ( In the eon""'t of "<:OmIenation bNedin."1 It ... main­
I.aiMd that certain "'J'lio:atlve event.. conlK!C;1ed with reaching 
Int.erpenonal {lnt« P-Individuall ~l11l'nt pve rile to ,_nling 
belli unWeneI o f compilation and interpret.t!on. 

Tile conundrum ii, "How un ouch. dl.tttnctlon (a • • o. or Jl" Jl.) 
an.. lfllldl Onl lr~r? '''There \II no problem If ].he p. 
Indlvidulil ani UIOCiated with optlUal ly dl.IJnct L.-ProcCllOn. 

111 U'llt connection, mcoll ].hat the con.trillntl upon an L.­
Proceuot. which. KO o.!ongsid~ d!st.lncdon. betwMn unlvenetl of 
o;am pilat\on and Interpretation, ani detenn ined by the primitive 
<:<>n~ (namely. tho ... <:<>napondlnl to the primlti'" topics in a 
~praent..U"e entailment Itruc:t.ure), and nol.e thlt IUdI • d iltinc­
Uon II not dltre~nt in I<ind from \.he dlltlnctlon between X."d 'I. 
\.he IInlverset of Section 3. 

The sltUlltion can..d \.h~ eountBfacWa.!lly of one thesis In the 
contect of anoUw- IhHiI ;. precitely the situation which puts 
teeth Into the r .. ion ,,~. o. o r I • • I •. The chu.:l.eristic of con"",,· 
"'tion breedina:. ''not all ag:m.m .... b: (teen .. anllotlY relations if 
~ferred) are po.Ible, " impli .. tho! neceu:!t y of moottnl within 
one L.-Ploce_r (a o r I as the cue m-.y be) a dlstlnc:t unlvene of 
compllcaUon and Interpret..tion; jun .. the counterfacluo.lily of 
Section 3 le..:!1 elth~ to denio.! or to tho! lenenllon of modified 

• 
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.... ~ to acromod.UI E- and F'. or rmally. to. h)'brid pneno\­
i...t 1)'""'" G (the "JI!nft'lllialion"j . 

Mon profoundly • .. k why P· ln<livid" ab are distinct at all; why 
ptaI'll! do hawe detlnltoo~. fieldl of at.tenUon. or rot ... to 
clland.eriM d ifferent replicable syoteml of belief •• AI • JPeclaI 
e_. lh_ Nndlvldu.all may be 0!1f!C1Jt.ed in rpat.lally diuinct L­
Proce_rI with didlnct a priori "h"""terllt!.::.. In let,ellll, the 
"'..,,, II limply that Kivm the chr.ract.crilticl and cllpabilitin at 
one L-ProceMOr, the~ are limlu im po$ed by oompadbHity: t.hlt E 
may be eltec\lted with F. or even E. with F, bllt g - II incomp.tl. 
ble with P'. and In anyone such IIyltem, thil c,,!.enslon of Ike 
correapondina: P·tnd i";dual is lethal (uIII_. of <:OUlM. G uilti to 
rnolv~ lhe dllpari ly). 

The crunch come. I t tile pOint in the Uiument where topiC!' are 
ID be realised .. OOIlCe'p .... and aa:~.tl!l of topiel an! to be rul. 
Wed .. r .lndMduall rnpontible for II'!-neratin. a lhail contalninS 
tMM iopiel.. 

At the moment, the on ly me_ of porformln,lhillRnofonna­
tion;"to uk. swdent to lemn and believe In the lI1ni1. &t !.hi. II 
not an end to the matter. As • refin"",.nt of thill proc:edun. 
chooH • ~ly ul_ted kind of m.dent, I protHtionai actor. 
AlIt him to \eun and emct and live t he part ot the prosenltor of 
thb \h ...... 1'lI. propollition is not absurd, bllt it It eiHr \hIt IJoe 
..,tor hu gre.le. demtndl than otud""tt have, by and large H 
ft'qlllrei not only I ther.ill Ipeci!icllion but a ch.a",cl~dMI'O", a 
penonalill!d theall . Obviously, ouch. Ihing can be provided i" 
principle {muthon write play .... well .. t.extooob), and In em· 
bryonk torm of characterU.at1on is d"""rlbed In Chapter 10. Mo ..... 
over In Chapier 11 we let the ltage (in one ot many WtYI, per_ 
ho.p&) for the repretenta\:ion o f acto .. , no l only ot t he c1l1l'1cle .. 
lIIey become. 

The phenomemo diwusad in the prniow lOC\.Ion. are typical of 
Ib ....... ported by o ther rnsean:h workerl In thit field. They .00 
tally qll;\e wen with 1900rds of intrwpection on the pIrt of inven. 
tori, artiIlI, IlIId mathe.".t.lc:iInII. Sinct the ulIIlpll!l cited come 
from. two penon .ituatlon dedicated to coline _ mllly,a P'!"u. 
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tiuly ''objective'' r~onJ iI lett of the "subjeet;v. " c.n .. .dorm.­
dolU; IIl11Dely, the """olYin' .... tailm .. nt mNII for the Hltire thesis. 
BecaIlM of !h.t, Ille innovative process is bett& ~\.rolll!d than 
Ui'Ilo.l and perhaps, ... dctrirnentLl lid<! .. ffeet. IIOmewh.t 1m. 
p!>IIcrW>ed. We hYI'QthuliIe (In line with tlla conltruction of 
~'il . 6.4) th.t the Ume proeeA<!l take place within one human be­
In, when he a""ommoo.1ei (or f"netio"" N) t WO P_lndividuall. 
and further prorc- that I r ... ion of LIlli kind II an lnvarlahle con· 
comil.ant of innovation . 

It iI n.turaI to ult whether lh~ iI an OJM!l1llin8I)'SI.em uaed for 
ro ...... ar;embly lilt" the EXTEND Prognom o f the previous mono­
ppb. In which the innovative phenomena p"""liar to ont! human 
heIDI can be ... tc.rion.,d .. bit. of behaviour. EXTEND i~l f ia 
In.odequue; the one-.im·.t.-once l1IItriction puLl it Out of court. 
There iI now an operating JYllem. the THOUCHTSTrCKER of 
Chapter 6, s..ction l, ln Which mMy aim (lUId "'''''Y P.[ndivlduo.l) 
tnru.ctions Can take pllloCe. Pilot !.rial. aha ... th.t th_ tran...,.. 
tIonl do t.ak" place. and mOf1!OYer , are Y'"'Y aimil ar to thOle d .... 
ICribed in the infonnal d*", .. iQll. 

TUOUGR'l'STICKER oerveII _nal purposos. (al it if • eoune 
-.nbly J:Y5Iem and prtnlJdel Iftliltie aid ellhn to. fUbject met. 
ler apert, in the tbofOUihllOinc _ of somebody _II wuad In 
I rlO!kl, or to an inno ... tor, who if not 10 Irnowledp!&ble, but hu a 
,enulne 0."';" he .. lthel to develop. ( bl The Iyltern -.1.1 .. an 
"eplltemologi<:al labontory". It e:o:\.CriOrl"" the ""I)' In whlen the 
expert (under either or thae coonot-ationll tcU about coming to 
know_ (e) The . y • ..,m i. Il Ot ent~ly neutral and embodies not 
only checking routin", b"'t helirilticl int.ended to provoke inven-
\Ion. Hence. THOUG HTSTICKER a110 h ... a tutorial function. In· 
IOtu u the principlet It Incorporate. ... n!(Ilirded .. valid, il 
Incbel the user.tom" oCthe ..... of kno .. in&. tbinkln .. or (maybe, 
tboogh ..,., If .. not yet In .. position to claim It. ~1~ly) inn..­
l.Ion. 

The bailie idea behind T I10UGHTSTICKER II All foUo .... The 
1111" m,keo , model in ,modellin, facility which con.lata In lIIVenal 
componenU or sublylu.ml. I/e ..,U abolJt U,e job of dnllneatinll 
and ~lng a thesio reprd,nl the nalu.., and operation of the 



, .. 
model, and Ihu. openla in. coone a.embly mode with ,e..-~ 
to thiI model Of coUeo;tion of model .. Thb amounq to. """,/flue 
modem", openlfion (M rontluted -.rith the initial COIIC1'efe mOtkI· 
M.f opeN/loll). and In rude. to uteriOriM the I"OC'., h~ III fur· 
nilhe:l. with. copfllw mO<kllin8 fae/l1l:y which we caU. con"n«" 
lion Irid. A, . l'e.ll~ of propo\lJldin, h il lheoil about !.he orl¢nal 
concl'l!l.e modell.} and deteribing the them, be may hom time to 
time be impelled to ~la:ge!.he ori gin'" cone,d. mod.I Or to build 
fteoh COIIC,.I. model. tor topico in the theliA ",hleh hIve no ref.,..· 
enl. Unlike coune _mbly, the .... iI no r",ed d irectionality 1m. 
poW<! upon Ill. prod uction of canemlA! ILlId cognitive model. ; the 
sarne dHCripdon ult.\mat.ely glvea a ..emlLnUc lnt.erprot.atlon to 
bo~. 

SeYlral embellishment. are needed to foater the many aim tnn .. 
.clana that .... believed to underlie genuine hmOl'IUon. 

TbHe mu~ be diljoLnt lor many headed) IUblu\Jctu •• in the 
~opinl netwofk of derin.ti...... the theI» 1'I!pn!lJIIIll.lll iOlll. 
CrutiallY. eech .. bluucl.Ule murt have modell Uu.t Nt! eompUed 
and interpreted In dbUnct uni¥enes, 10 thlt lenni COIII ponen'" 
.... mNldetory in the LumpM ModeLllnt Facility. 'I'Ma diJUnct 
""mpone"'" ",ill .......... to ..,bth_ thaI are rellted by analOCi­
cal topkl with de-=riplon th,t act. .. dist.inguilhln, predlcatel 
haJdm, the modell apart.. Moreover. it iI neem''")' 10 e~ 
the productJon of further diltim:tiona of thil kind .. coune 
_mbly (tholl building, cognitive model mlkln(ll proc&edl and 
.u' network II develope<! on the con. tru<:tion grid . 

To .ccomodlte thla ""Iuirement. it ia convenien t 10 apeelfyan 
init ial condition In which there are oeveral dl~int ..,bltruCW-re1 
(n=pl"ftertt in(l an e:o:ilting t heail about the orll!lnal concrete modell) 
to beCin with . The concreto! model for each IlUI»truc:ture uist. in I 
diltlnct component MF(Xl. MF(Y ) _ of the Lumpe<! Modelling 
FacUlty MF. The .t of dilljolnt IUbitrucwre. (henceforwerd, the 
.... rtlnl .. ,) II obtained by detludin. an e><iot.lnj thetll : \bel ii, by 
deletlnf: all analoo relltions IJ1d olncurin(l deto:rlpton. 

Thill expedient ruarantftl that the many aim ope:rerion II polo­

.ble and ~ bot alerian-!. 
TypicaUy. the ...er contemplete. topia in dlijoiM ... bluuctUret 

of the ltattina; . t and innI.tes an anlli<>lD' ",I.\'\on between them; 
either one of the analOlies ... moved "hen the orillinlli thelis (un· 
known to th e u_) .... dMU~ or ... entirely dlNetent on,lolD'. 
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In .cIdit.ioo. th e ,,1Ier may ltvtal.e tope. .... prnRDtInJi behavla ..... of 
model. that h" h .. bu ilt in MF(X ) 0<" MF(YJ over and .lKwe the 
model. (or topic. in the otwtlnillElt: and, o f COline, he can !Stab­
lilll anaJolO' relationa between the freIh tapia. 

Ne iUler thll nor any other (kno .... n) upedient "Ul ~ ..... tft 
thai. many alm ~ion doa take pi .... , thallllh we Ihall !aU. in­
l.rOduce heuriJtla wh ich .,nCOIII"Q6e mlIny aim operatloo. 

In order to perpeluat.e many aim opetaIion (if It 1& In VOf\Ie), 
there m .. ot. be. (p....:t.ialJy) indC!flnlte IUpply of spare modeUi"g 
f..,Uitieo wh ich wUl be indc:lcd MF(I ): t he fint Zoo of t.heR an:! oc­
c:upied by Ule modell tor topiCi In the initial (dlljolnt) l ub. true-
turH, and the nl'maind<!.- ( ...... - "oj .... l pale modellina (&cilit"'. 
mustEm:i ... Mqui • .:I by the ..... , ("""" committed, Lbey o;eue to 
be &pal1!). 

Since mlUlY aim operation h .. the effect of conllNctin. analo-
10' ",Ia!.ionl bet_n topics Utat .... differently intftpR!ted (and 
consequently modellf!d in diffe......,' NF(. ) of MF I. the irld uoed 
to nl'prftmt the th"II, hill to be IlUTl inat<ld. Each IllrTlin., labelled 
CC(O). CG(11 , ... rt!pr_ nU. resion ot analogy relation. (Chapter 
2), and the orlglnal equipment ...... temlnilcent of a uke nand in 
an old faIhloned 1ft. Ihop (OT maybe. railw.y ltaUon bulfel). 
n.- pointa are ... mm llriled ID Pill. '1.11 which show. the ~ 
comIruction pid. (one to .,..,h ~ I .. laye" with the starting 
l1l'i. or "'b#ructUfIlI In Region O. Th. anatIgoomenL It. ineon .... nient 
and the (;\Irrt11t implem""ution of "~OUGHTST1CKER u... • 
computet controlled graphic d llplay . However, ' ''lIiolll and other 
ItruetUraJ feature. are p...,..,rved both .. vlwal dev!ce.and III pan. 
o f the (compu~r embodied) d.ta SlruClUI'e. 

To each unlvene o f compilation .nd interpn!t&llon I~ is a 
distinct component M"' fz) (an •• priori·independent poocnlor) 
.. hlcto it part o t the Lumped ModelU.., Fd;ty (zo of the.....u.ble 
componeDU beln, ooo:upied by concrete modet. fot toplo that an! 

paN o r the ItartlOli rubstzuctu_). For many putpOllel where the 
Uien abillf)o 10 make. model .rl<:r the event ellll be taken for 
IP1\nted, the physical ex!t.te<oce of these proceuon I. unlmponant. 
but ttoe loikal Independen<:e ot unlvereo of int..erpnJtatlon It. es­
....,till and 11 mllntained. 

Tnonsfolm.Uoftl typical of COIfOltlve m~linl, MId lOme COD· 
crde modelling 1lIO, are .noWD .. A, 8, C, D, E, F , In Ftc. 7 .11. 
Th .. COIJlltive model, I devdopina entallmen t mm, II rNllsed by 



-
~.~ ell '" _ 

'f, "I-,.,.~.L>'.,"_ 
fun::: '. 
".1" I" '. , .. " 

co <01 

, " . ' " , ' 

)1:!·,::,1':~·,1 \ \ I ~',,- , I -..:... ...;.. 
r~ 1. lL . l~di ... 100\ of ma;" f • • L~ ... i. Itt. runottu.tkJn 1'1'_ Th ..... 
Il00 , (II nuopololed (A) &I < .. n;,;"" mod .. an d . ...... : ... .. """'" In ,1.11'1"0) : 
liill .. I<d • <1 ........ 1 ,wbtbtoll and .110 <OtInid .. modol (II ) wi'" ~ .. 
-. I~ MF( ... \) : (UI) .......... .-......,~ •• .-Iou Nlall_ Ie) .... 
1_ lopito _". at Ibo 001_ .. 1M ...... i ... AI ......... , ..... : ..,d (Ioj """ 
__ • forth ..... .....,.'111 bot __ • aD i .;tiol t.oad ......... ad 1M hN4 of IUa 

_ .. b~ '1'0";' (K) Io ." ... "'~ ....... ( ... U- be'_ tIoo onalaoJi_ IC) 
ud (D) ... i<I> II _I .... I. "..,_.J. f inaDy, ( f) io ........ Of)' ..... 1.1_ 
..... _ ..... .....,.,. ..... 01 ..... (C).(D~ 

IJIOUnl.int ekctronlc "nltl, which (ChapU'r 8) stand tOf I.Oplc Of 
I1II1101Y relation ROdeI, on Ille peRpe'" grich and conn..ctins them 
I<J&olUl~r wl1.ll vvIoUII Ilnlu ""P..-otinJl; limple ent.ailmenu and 
anllGglcal depMdencLet.. 

!l. th er lim pl~ and vilULlly abrio". conrtruction ",let .pply to 
!,he 1'1 ... """~nt and int.erconnection of the unlto (thele rulel llJll de­
""rilled in Chapter 8). The uniU them ... lveo conc..Jn mon ot til" 
""ulpme nt nMOde<! to eM"'" the! the rules Ire obeyed, and • 
mechanism tOf I!gnllllnil tht • unit II ~ither ocri .... or in. tat.ed .. 
I ncxk MpreoenUng. I<>pic:. 

Apart. from thill, the main CONtnint upO<"O' the Ullft'l COllltruC--

11071 ill .. fo Llowl' If nod. i and node j an inotat«l .. repreoentinl 
fopk I and 10pic j . if the ..... r pl.,.. . unit I<> , tpu,..nt node I< (of 
Iopk 1<) on the Irid. and if be derives topic I< (by linU Of oonn.,.,. 
tlons) from roplc I and topic J. thm he iI Mquireo:l l<> show by con­
IlJUCt.Ion how topic I and lop;" j can be derived !'rom topic k (to­
... Ih~ with otl1et ;",ta!.fd topics perhapo ). This .... eak q<:licity 
condlt.lon It checked before instatement;" .ffinned .• If node I< 



represent. an analogy relation. then this purely .yntacti<: requite­
ment i.o modified; irutatement depends upon deS<:ribinK the top;". 
related by the analogy 10 that the d"""riptor nameo employed 
fonn the diltinguishlng """,antic pn:dicat..!, Dist, of the proposed 
onoJogy reiation. 

Coel<i.tencc of more than one";m-awmce ill signified either by 
the user stating two (or more) aim. lind.". two Dr more head. (for 
example, the head. ot the diljoint IQrting otructurel, which make 
up one path leading t.o creation of the analogical transformation C 
of Fl{:. 7.11). o r by the user markinK an cx ilting topic as aim and 
simu ltaneously irutati"ll II fret!> unit. In general. there is more than 
"00 aim if there...., two ot moTe active markers II , v (either ainu 
or freshly !Mtated unitt) , ouch that u i. not in the entailment ""t 
of v (EruStl. vI and y ;" not in the entailment ""t of u (EntSe t II). 
Th is ccndition iI quite ..... lly detected, though its o<:currencc, ... 
noted before. can only be encouraged not (WlI1ll1teed. 

On"" \he many aim operation i. initiated, the reaDluliDn Df the 
mUlY aim. to tonn a common meaning agreement (which we be­
lieve to be an innovation) io handled hy \.he many peraon heuri. t iCII 
already di5cu&6ed in Chapter 6, Seo::tion 4 and 5). Hen!, olroullIIi!, 
then! ill only one user (in general. though THOUGHTSTICKER 
may be operated with several usen alto). The trick;' to detect a 
certain kind of many aim situation and to conolder the one user 
with tWD aim. (or mOn!, .. y. node I and node J) AI t wo P_Individ· 
uals (A,. "2) Dr participanl.l (Al> ,,), (A •• " ), ouch that A, Iliml 
lor node i, Uld A. lor node j. The "certain kind" of many aim 
configuratiDn iI a cDnfiguration in which them "",;'1.1 di.ti!ICtiv~ 

des.::riptiDnl of node i and node j; that;' ( ... later), \.h~ user hoa as­
signed delClipton with mal ( .. . -j valu ea on !opic i which have * 
(irrelevant) value on topic j, and vice vena, h ... RIIip1ed descrip­
to", with real ( .. . -) valuea onlOpic j that have· (irrelevant) value 
on topic i. Under these cireumstMces. if node i and node J am 
aim., the uoer, regarded AI (A" "), ( A •• 0.). is in the ""oition of the 
participants (At. ,t), (AI,~) of Chapter 6. The ~r can be ... ked 
to Ill"'" about the disparity "with himself" or to reach agreement 
betw""n ''his o wn pe",pediv",, " (A" A,) by the exchange grid 
process. i.e., to adjust the deocriptoro to that \.hey como into ac· 
cord (Chapter 6) . 

• 
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Such an ilFft!ment, if .............. is ....... Iution ; in p r.c&ice. ft'lQ-

lullon ill eehieved by 1nJta1m, ..... aruUOIY ~l.tion betlO'"",,, 10f'N: i 
and lop/i: J t~ with additional deteripl.On hlVinl .... 1 ..... 
I" , - } of topic t and topic. J, the ,,""' ... of which an! the diAin. 
",ishull pn!dica\.e DiA o f !.he analogy ",t.Lion. 1'1111 newly C1"e&tM 
analoey n!laUon II, .. I tressOO often , the O·jOcluan o f IIIl Illl""'­
ment ...... in"";ption in the me'" of. resolution let. 

1f n et qJfffI'Ient is jJOMible, the the ",""I t o f di$a(rreementll in· 
ocribed ... conditional ano.logy (I l pecial kind of ..,alOl[y dcn i.J 
which ropt1!lCntt the coexistence in the ",lIm, mesh of riu l and. at 
the moment, Incomratlb1e subthe"".) . 

Since thenl II o nly one mesh IUld it i. ,""ceAlbl. to AI and A. 
(both A. and A, ~ """""ted in Ihft oame brain, Q), the", ill no 
poin t in duplicatln,Uwt representation . We cannOt ut.erlorite and 
npture all o f tIHt l&l'eemeM process. However, much or It ill cap­
wred in the reviaion of desl'riptor valu,,", the production of. tnsh 
anal"l.)' n!1.tlon, and the ..... ition of deKriptori l j (Uke thOM pm­
duc:ed In the "exchanll" grid" process of Chapter 6) which form iu 
dislinculsh1nl predk:aUo(IJ. But, just ..... e anno~,""nlllltc IIlmIY 
aim o~tion , "",ther can we ""anntH diltlnct ift d etcrip t.lons: 
only el'\O:<>\ltqe th~m. 

Thul. the lleuriI;tic embodied in T UOUGUTSJ'ICKER (hence­
forward the B lleuriJtk:) is many fAceted . For ~8I:11 node inol.l.ted, 
8 mutt require a cy<:1k: derivltion and ch ..:: k It . 8 must pick up 
",me Dna aim Iltuationl and elkit d.....:ript!on l ; it mulL pick up 
mony aim lilu.tionl and ,,"couTlllle Te5Dlution to yield !Utlhcr de­
""ripliono; II mUll incit.! the UR r to mlUlY .Im OIMlI"llLion. 

The 8 heuristic ia Hov/!med by on .. """uti,, ... that continually 
ch""ks theae condiliona ~O'/rn in ,'iii. 7 .1.2 and ""u the proper 
rouUnH In motion. It the~ is no ";m, it mullters Tout inetl to p"" 
.".m an lim; If the~ it; only on ... im , it mUlten routine. to pro­
cuff< mlny aim operation. If _enol ";ml ""itt. e8l:11 Orwl o f til"", is 
inte'l,reted .. the ";m of • dUtinc:~ particiJ*"ll, and resolution is 
laDt.amount to lIIPume<>t between til"" "pan.icipaotl " . 

11.2.0..14 Boonlr 

Quite poIIibly, the arrangem.cntl 10 far ouUined I and refined in 
the Ieq ucl) wou ld """,e the pIIl]>OIetI o f • ]lCnu lne IUbjoct mltter 
""lM'rt who hN • thesia rumly in mind. If nOt (Ind even for the 
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mojorily of tltular .. bjed matte. aperbj. it ill "eo t "'Y to ..... 
menl the tystem by. fon:inK inpu t o f inrormat ion.,..« and above 
the In formation obtainable by ""ecuw., the o,;pnal ... , o f eon· 
(m!.e modell; (theM . It.1oched to the Raning .. of su1xt.nld>.l_1. 

The .upnenu.t1on is not I<) pMiphlmli • It Hem. to be ..,d 
I0OI\ COrnel Into 10CWl .. an euent.ill Celli"" of THOUGHT· 
mCKER. In p!'Klte., the forrin, input it provided trom • daU. 
bank, .nd the dau. ban k COTIIIsts in an arbitrarily inde:ud HI of 
""mput.er controlled channell ....,h able to Id ... IOU~ o f In· 
formation. Channell In the dBt.. bank un .ith .... be explorm (1I11nll 
..,plore tranta<.:Uo nl ), or f&!.llng l1li)' """ivil )' on the part of " Uler. 
Information ill automat ically d~livered after an appropri ..... delay 
by • • canning rou tine that II designed to mulmilo! novelty and 
..... reYilit channm in which the u..". h .. pmviout/y mo .. n an 
Intft$. At !hil~, the chOlmel ind ices do not lonn part of the 
~n lOCh_e propB'; they are t.ac n ....... haw;Il' nO ~antlc 
lntl'lpretation. The informatkm cooveyN may even be im!levllnt 
to the 1.*'. '1 ltlelil (lhoullh n!levance ill deain.ble). If the d at. 
channelJ are ..,lennl, then they ba::ome detcribed In due coune 
by IIII' 1.1tef In hill own terms. and !hi. personal mean in, npl_ 
the inItially _Icned i1'Miex nam .... 

It II ofl.en pou!ble to choose t ile channdllD lhat thoy II ..... 
oemible chanee of reu.var,,:,!. For nlUIlple, THOUOHTST1CK£R 
_y operate in the en¥[ronment of ~n~o conwrvaliOll. If SO the 
mrtlng Rt of IUbn .... ctu....,. II obtained by denudlnl the entail· 
ment itNctul'tl of Fig. 1.1. I.e. by re movinll' anll/ollY relation, and 
eliminating the IO!manUc descripton. Under these condItions. it 
make. _ to opecify data charmel ... the packa of uemplary 
ma\.i!riaI availabLe to • tlud~nt through ""plan tnn.."tionl In. 
If""dard opentlng Iyitem (CASTE or INTUITION). But it ia 
Important to no\.lce that the rdevance o f th ll material and the 
oemant.ie InterpretatJon of the energy conoervlUGII toplcl beionl 
to tome o ther .. bject mat\.i!r npert, not • u.e.- of THOUCm· 
STICKER. Juat u the UII!!" can piece t<J&elher the Spartan minded 
fnpnent.l of the ori&inal the!lia _ be lit "" (by COnltnlClin8 anaIo­
IY relat io .. bet..-n some of them). 10 also, he may Ii" an en· 
tiMly different oem."lic interpretation to the topic. (and thUi 11M 
di(fuent dll*:ripUonlllr1<l .... gn their values .. he lit8l). 



". 
5.3, De.criplion Ellci!inlf 

Whatever ""t.aIlment metlh the 11_ build. up on the CO"IUuc­
Uon grub .. hia cognitive model, Its topic. must be described. The 
dc.:ripoon eHell ing routine, discuued in Chapter 2, II .. oed for 
th is purpo .. (th~ ordering of the grid hun in"" to cOZTCflpond to 
analogical depth). It ;1 IUll"'ent.ed by on e additional trick: the 
ch~""eu are trut.O!d on a par with topic., insofar lUI any deocripwt 
5peclf"led on the topics in the me!ih bi also asoigned val .. ,," over the 
... t of channell in the data hank. 

In order to dblplay the detcription to !.he user, "lICh locul in the 
corutlUction grid (Fig . 7 .11) II aaoc iated with a pair of light emit­
Un, diodea (LEna) one red and the other green. Thee" ate uoed by 
the B heuri.otic to convey information to tile .... ' about the values 
h" has prnviouely usigned to descriptors Or logical combinations 
of deocriptora (oubseto of descriptor val .... ). Further. each cell in 
the conatruction Krid (FiS. 7.11) I. lllocat.ed one "attention 
lamp" . The attention lamp" U>l u8ed by the B heuristic for pm_ 
poling conatructiolll, They are employed in particular .. poinl.ers 
in tran_tio", .... hleh encourogt many aim operation (based on 
"tpilltemic Iymmetry" IlI\d "extapol.tion of principieo," the 
gambit. exel1)plified in """tion 2\, 

5,4, Tidy ing Up the Cognllille Model or Mesh 

Suppo.., the u.., ... have 5Omehow been . purred into constructive 
activity, thllt he build . up II me,h or network (a • cognitive 
modlll) on the construction grid., It is fairly evidmt thllt the 
whole thing ;. liable to degenerate Into 11.11 IIpp&!lin3 me .. , En, 
fon::ing the discipline needed to avoid thi. re.u ll would 00 certain 
to inhIbit free u"" of the facUi!! .. , That, in tum, defeat. tho object 
of the ,ystem, whleh is to exteriori.., ouch subtle and transient 
mental opellltio,," as "en tertain in g ",-'V~ral pe ... """liv",," (tagged by 
"""ellll aim.) lind ''resolvIng the diifere"""" of pe ... pective by 
common melllling agreement", The problem is 'ign ificant , if only 
becaUM! the discipline required to obtain an ordered m..b which 
can be input to t he description eliciting routine of Chapter 2, i. 
very &l.ringent. 
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Tb~ tidylDa up ope:noUom ~ to bep order .... amply' 
cornbinlt1on, 1n , lequ<mCe. of tJu, prunin" ord~rinl and d~pth 
numberinc rouUnn o f Chapter 2, e><~ted with relPfCl 1.0 any 
had node IJleClfIed .t • point ot rewlution. 'I1Iete pro;nml a:e 
a«:\lte<! .. part ot the cych. outlined in Fig. 7.12 (the aeo;ut.i~e 
routine). 

Urlng tile older implementation with phYli<:aIly ditl.irn:t con· 
"ruction grid., It la only poulblft to output. ph." DC the reviled 
lind IOrted entailment mcoh. The u...,. I. required t.o follow til .. 
pilln, dLrmlntlc hil cDnltnlct.ion, and ....,..",nge It. The recently 
Implemented IYltem perlo""" this coo ... ( .. Ithln Umltl) on the 
URl" behllt and dlaplayl Ute ~t. 
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Modu. Operandi and MNn' (or Encourtllfi.,. frmolKlllo" 

In the foUowinll _tIoru we lh..u conaider TUOUOHTSTICKER 
I,_tions in enough deWl to bring out lOme paint.l o f epm,. 
emololPcal interelt, and to Jtive an overall Imp ..... ion of the II)'J.­

!.em. The dllcu .. ion of the pf'llYloul chapter II ~t.endl'd to indicate 
the main coru;Uucuon "'lIN &nd t.o describe tht! ' n.nt.:tlon. (hued 
upon "epil~ic Iymmetly" .... d the "utrapolatlon of princi. 
plet") thai UII! uled .. muM to enc<>U ..... many aim o~ 
lind innantion by the UIII!!'. 

Althou"" 'I'HOUOHTSTICKER ill. n natlle IyIUm (the nam­
boyant ph ..... "ep~olo¢c..:J lIIboratory" ill not intentionally 
m .... dinll. It h .. IQ far ~ ulOId chiefly in wnnect.i<m with the 
mviro""",nt of "Energy Conversion , eo"""rva\.lon and RelJUb.· 
tlon" (the ""bjfld matte. for !.he el<llIlIplet in Chapter 7). 1'0 • 
1_ ..... tent. 'I'HOUOH1'S'I'ICKER h .... been brought to bear upon 
an envlronrnent "EntnJnment of OIcillalon". 

l. /IIOOKLLlNG I" ACILITIf.8 !'OR CONCIUITE WOlll!.l..8 

", .. Lumped Mod~linl V.dllty (or _I'IY conversion is the 
Jtandard modellin& fllCility (on .. par witll STATLAB In this &\.Ib­
jed matter Ii"'d) which iI \llII!d for an onroinl tutorial project. 
toRether with patch'1lrosr-mmabll! analogue comput.ini element. 
over and above thOIll incorporated in the . tandtu'd dCllign (Fig. 
8 .1). The wte of all analOJUB units (intqrat.on. adder.. multi· 
pitt ... ) ill t.n.<:e<I by thl! LSI InllChine which flCts .. regulator. Simi· 
Larly. aU Jtru<:tural. and patch"fllOlll"Mlmf!d connectiona in the 
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n • • 8,1. /oID<lollin. 1 .. IIi" ~M<I for hn' . nrl _ (""",ponion unlta perinI( 
_Illn. r ...... f,I .... I< ... O<Id .too....,. '''''nnody""mloo Oyoleml.t .,bIoIOf)' 
.... 1 of ""phlu.;."",", ; lillo OfIuipm<n ';' 1',;", .. 11, In ••• "wd f ...... ,"" .... orI\h 
cIIUd, . ...... .. ~ ....... by ' ho ___ .... Iopc ~""'P"tl~1 ri",";" oad dirt ... 
001, 1ft .ho labdl' •• ). All ...... """c __ ti_ .... _~nc uni ... II · BoIIet. _kin. n.;c! ___ 'a .. .," _ ... _ .• re., •• Ift_ B . _ . __ . 

e. S-ou o(.....tiq noid. (). SIn ... ",,1< pipo wi ....... UDrlin ........ E · 
.......... eI • ..so, _"'/1."" ..... "' .. __ . , . Inlo. YOlo. dl>plo, . 0.0\0\-
It< nl .. diopl.y. H • • 1y ..t. ... ( ..... honl< .. l, wod';"II • • on boo , • .ned "'""." 
oily Of bJ tho mo<honloml. I • Outl •• p, ... " .. '''''''~"'"''' m ...... . J • Cnn· 
"' ..... ~nk. K _ Cande ...... and .. ,"", of wor kln . nuld. L • Work """ . ""'.'. 
M • Lood ,wi...,.,.., N • Volo<ltl' m.~ • . 0 • 0.... ....... P - COn .... tI .... 
t .......... , 0<1;..-I0I01 fo r _ ..... Q o DiopI., of ... l..r ....... lionllnu.,., 

lUnd .... pOl1.ion of the apparaua an! tnced . utomatically: olher 
model IUucWn!iI may be Input manually by the inu.r.cllve con· 
1OIe. The facilIty can be ulO!d to model hc!1l !'rIC;"""_ n!l'rlgeraton . 
Ind the like, together with infDrmmUon tmnlfer. 

The Lumped Modcllini Facility for "ow;ill.ton" is a good deDI 
Ita ~labonte. It is .unply a kit Df pllrtl (old ..,Iayo, ", .. lgIIb , oem;· 
rondo.>eton, "Prinp, thermirton. etc., ... odd but profUM! .....,rt· 
IIItnt) whicll carl be wed for makinc ...,m.ton. Both oU\ietunl 
and beh~ cbta m\ltt he enl.tff:d manu..uy; no ttacin. iI at­
ImIptecl. 
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ThMe lid hoc arnutgements outter ftOm otwiol" and irritating 

detect.s. Ideally il \Joe • .should COnltruct lind cnllLl'ic a lumped facil­
ity .... required to lICCom modate the mOOcb he .. anti to milllu fac­
tore, .and h~ .... b.sellucnt modelling ol>""'liolll in One compo"",,! 
o f Ill .. lumped fadlity .should ;ill be computer int.erpret.lble !lnd 
oorut.rain...:i by the models already built . M It is, only !.he first of 
theoe mquiremento I! runy .. tlsf~ . True, so ]ong .. !.he system i.o 
an ",,~enta1 tool, the ... defici""cie. are no more than I nui­
sance, o n a par with the chore of copying out a revised and tidied 
version of the cognitive model (the m ... h on the comtruction 
grid) . But, in contemplating wider type. of application, it is crudal 
to notice that the ""illtinK con.traint.. lin! ines&enliol . 

MechanicaUy apea kJn ll. all the co"dition. fo r manufadming 
"'PIlf1!" modelling {BeiliU ... can be implcme nt.ed. and lleYeral 
oIighr.ly eontl!J:t dependent uampJes are in existence. Papert'l 
(1970) LOGO ...... no!.ad in the previous mOIlOj/lllpb. "" ,. para­
digm malhemat.!cl laboratory. and !.he system could be modified 
liighUy to accomodate the dilItlnction o f diffcrunUy conotrainO<! 
wUvenct. A further innarn:e ;1 • IUlt.e of interactive gmphic mani· 
pulation prognml originally dcoignO<! for an ;ut school and CUr· 
renUy uoed fo r modelHni in chemi.t.y (Bl a plethol'il of different 
levell: molecular, atomic, quanwm mechanical, etc.), which per· 
mltl the user to make and retain ".pare" modelling fllCiUtieo 
(~ Panti 1975). One further example, Is Negroponte'. (1970) 
"Architecture Machine" wh ich pennil.t aimilar inventiv~ liber· 
tiet. 

The iuue of pnu:tical feuibillty il very important. tor without 
• mellll.l o f giving uoe", (who are /lot vened in pro(/nOlmlng) ac­
e .... to freel y conrtructed ·'world.," the syrlcm would remain nO 
more than an experimental tool of limited value. The fact i. that 
means ""lit, and though they are currently quite ""pm.ive, their 
coil iI like ly to deere""" very I'iIpidly U co mputer technologlet 
cOme to fruition. 

2. Till! CO~ST/l.UCTlON GRID AND TIlE COGNITIVE MODEL 

The arrangemenl.t for building up cognitive models and entail· 
ment melhet are currently impl~mented u.inH a gmphk dll Ptay 
(Fig. 8.2) and a Iketch pad Input augmented by a keyboard. Prev!· 

-
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.... U .. 00""", _rio. of Tl IOUGIM'lITICKI!R ............... m.pt.o~ 
100100 (loRDS "'""Ioo.dl -.I .~.lllo'l' .".01_,. A - ... RllII To""'Mi, 07' 
_ -.I d ..... 1 l ube. B • S, ....... poplol< •• bl ... C • Con ...... qul"",",,, 
'0< ... pho to ble •• 0 • Mlnico",p"'., (!.Ill I ",I'h 2H ..,... ",or ... }. E. 
D;JlLal .... ""'110 1001'0 o.chp onl •. , . MIn! BOSS r", aI ..... lId.llea. G _ OM· 
pIo, ootelll_ roo _WOI ,_i.,. H ~ T.I.typo .... U ... oaooIo. 1 _ .. ~ . 

op cIiopIo, •• d ~. pjcIo. J • """UIary dioplOl'. K - ...... Iooctot. 

Dudy, the mesh constructIon wu...aliled with C<!rtaln limitatlono 
by IJ.m1l phyJ!caJ conatructl."., pido and pllYlically piKed eJoc:· 
!.tOnie modul .. connected togelher by the ....... 

The previoul arnn~ment 1P¥eS • clear piclUn! of pm<: M 

which IU'II now canied out automatic:ally and .... fHUlt o f which 
imaps are dllpl"Yed. The oy.tern will be deocribed in these !em,. 
and carrlcI Over into the ~urrent implementation , with the follow_ 
in, caveat. only. 

(1) Node unIt pWtioninl refen to pointing operatiom; (2) con· 
IMIC'tInc opentio ...... fer to key taqed link drawing Opetatiolll ; 
(3) dilplayl, both of d<:scriptOr n]u"", (LEDa), and signal lamPf' 
(Iellve node, and 00 on), IU'II repJaood by graph ic convention.; 
(4J ~te oon.ttnu;;tlo n sridl col'lftpond t.o d!lp!aeed tube 1<>ClI-
110lIl; (5) reglo ....... represenl.ed by • duhed line (quai 3 dimen_ 
Iional) display_ 
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The display !.ubi! can repreaenl only. raIrly amdl meth (or pan. 

o f . mesh -' 0"""') bul can be augm.mted by concrete COllltruetion 
Kridl for rep.......,Ung relattvt'ly unchanging port loru or • meth. 
Bowever, the mesh can be repruned under any helld roJe (the 
h~riKle o f Section 3.2Cf) it .eali .. ble), and the roIOrt]"K o f to pic 
node. accord ing to the computer genen.~ plan it aUlom.tic ror 
III nod ... dilplayed . 

The propln .. gG'Iernln& Ihe operation o r TilOUG11TS'TICKER 
are under colliinual dewclopment : listings of ilia altting procram' 
and their updated venlOM are.~ on reqUeK. 

2.1. G'nual F ... m~WQrlt 

The grid. (one to each rclian ... In Clutpt.cr 7 ) h ... e modul .... 
celli U80<:iatcd with node poaitio", ( to be tilled by the u""), 
I,.EDs fo r exhibiting the u lue. of ",,",antic delCriptoro, and 
''attentlon JlU1lpt" via which !.he "-'£U1atin, heurilll.lc B Can brlni 
U.e uter', attention to one Or I d UN . o f celli. Recall that the 
chan""it of 0." data bank are aho aaocla!.ed with th";rown LED 
diJp~ and are "tag name" I~ned . but not onleml. undM the 
(IyTltactlc) deplll descripC.Or. 

2.2. SlJJrli"l &1 

The , tarting.,\ o f .... tructUTft is built up on the construction 
Rrid fo r ..,gion 0 (namely COlO)) ul ing moduleo (Fill. 8.3) Identical 
with thOle employod In CAS'n:. E..,h module reLllillllltld displayo 
the! value of aplore , aim, goal. and uoo.entalld by meant o f Ouh· 
Ing Ilgbt cod ... baxd on \.hree oillJlal lamp •. '1'1'I e data bue (com· 
puter) lnIcription o f the .tat Un, oeI. moduleoo iI Indexed by o ne 
fam[ly of descripton (lUffk:lent to ..,.,.,.. the topia) : ,a/un bein, 
LRD displayed on demand. ToplCl are aocelled ( .. In CASTf:. pn­
vlou. monogr;lph) by apecltylng d eteriptor values via \.he in~' 

Uon con .. te. Fo r the "conversion and CO<Ue .... atlon of ellC.''ID' ~ e n· 
vlronment. the . tarting .... blltNct...ra are obtalnod by denudin, the 
entailment otNcture In Fill. 7.1. At the outM!t. a u .... r 1.11 (Ked 
with just these . tNctUI'Cl. and wh.illt he learn , about \.he topics 
they adu mbrate, h.1.II behaviour if "'I"J.t.ed .. It wou ld be In a 
CASTE Or INTUITION operatil'l(lll)'ltem. 

How_. !he ot..rt.in, wbctructu .... do not dellncaLe. full th.esiI 
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r .. , 1.3. A "",dulo u .. d I<> ,._n> • ,""'" in .... tl ... Mt o' .ubotrucw"", or 
• po ........ " ly 1 .. \.I I.d "<>dot. COnn""Uana .... _Iflood In th. eomp" '" . nd 
..... bod • Ii ... "" d"pI.y . .... in on o\~ .. ·U"'n..,.olutIuJAty opera';'" .)'1" 

.... (CASTII Df IIfTUmON) ""p!o~ • • Im ....... , 1\<1 ~"'.oland .... rk ... or. 
Iod;u'-<l by oi .... 1 .... \10. S<:><b .. .... i_ttlna .Im ."d •• pI_ ptQboo Of. 
ope;o...I oIn .. "'pl ..... , bo ace ...... by <ioocdv'''' ... _ . 

on !.he "eonleJ\l.tion and conversion of "1M!1'\U'," ..... the denuded 
',.".,enu of the oriCin" entailment rtruc:wz. &n! deliberately 
In1nI:I.ted to teCUre lhia condition . As. nlIlIlt. the I1Il'r can Ill"" 
...ate concrete apJanatory models in the Lumped Modelli", FaclI· 
ity than thoee alUChed to topics in U>e II.artinC rublt.ructurel. The 
pOOIibility of eonl troctinl analogy relaUoru II an obwlOWl CO" ..... 
quenee o f denudl"l \.he enWlm. .... t rtructure. BUI It II prac\.lClllly 
important that tapia "the. !han anaJolY relation. Can &!to be in­
nnle<!. 

2.3, n~lIdllll Up rho CognltllHl! Modi!!. 

Aport from the .tartin, tel o f IUblrtructUreI and Ibe a.oci.t.ed 
,""s, lll~ Ule. h. , vail.ble an u nllmtted wpply of electronic 
box" .nd connectinll linb. AI • maUe, o f conyen~ and ~ 
~t&tlonll economy, the bo,," ""' of lOVeR! diH,,",n ~ kinds: 
(a) Un ;lI ~Ilnl topics thac. all' derived _llhoul analOl)'; (b) 
Unlll l ~prn.nUn • ..,alOI)' mlations. and reprtieIlUnI lopla or 
muluaUy udull~e aM = nd itional hypoth_. Since aI] units 
-.nd for nodro in an "" r.ailmI'D~ lIIah. " nill an! l\enc:$rorwerd 
~ II nodes: topic nodes, maIolticId t><>dn , ..... cond itional 
1IOIlm. Similarly, the llnb an! cl.as:illied II foliowl: (AI Unldi..,. 
tional block Unlet, l'eP«""ntinK an othf,. ·th ...... n.lop:a! derlvaUon: 
(B) BidirecUonal o .... go:o linkl, representing an .... ]ocical deriva-
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lion; (e) WhiLe HnQ, "'I'rt!S('I\tinll the ",yntactic" component 
(isomorphism " .... Or " topic) which mpull\a the limilarily in lUI 
anaJotIcal topic , ,.a,,lion; (D) Purple 1mb. n!preRnt ing the 0 .... .,. 
o f Rmantic predical8, Dist or !.he dIfference in an analoKical topic 
relation ; fE) Brown llnb, rcpretenti"ll • conditIonal derivation; 
and (F) Speckled bl..:k llno, which ha"" nO functional dIst inction 
from bla.;k Iinb but .... u.efuJ In ¥bulllly dlsc:riminatlnl _"ral 
derintion path •. 

2.3.1. To Lnll.at.e" freIh topic l' which iI Jimply derived fmm ex' 
latlow \.oplca P and Q, the "Ill. t.&kM. topic nod .. {F ig. 8 .41 . l&bello 
It with the n_ tor T, and inserU it into" ~ition on" &rid. ThIs 
opentlon lUum!n.o!8 the acth" lamp on node T ( Fie. 8.4), The 
,,_ nett <:<Jflne<:U the output o f P and Q . though. blxk Ilnb to 
DIM! of the input <;luiJU,n (mulmum of three) on !\Ode T , Eaeh. 
cl ullt.et Is • kernel 0'1' (li",l monograph), Ind It may hlv" at moat 
oix membe ... If P and Q are .,rriclMt entailment ptrCU..an (in 
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r ... '.t. TopIo ..... Eooh D~ ... ,'_ R wll" I~JIOI" (lola<. IHd) r .... 
""",lmum or 3 ~ ..... Io ... ..... "'''''ti ... <Ieri .. ti_: .oct. _lion boln.l .. 
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'Ionod .... \II. rri~ .nd 10 .. ,Inru;'h t d 11 "' . nodo I. 1,..,",0<1. Tho .wi"~" In · 
~;. ... tlu.t ""'~ ... ~ .. tIon r""" ....... ,han 2 boot not mon tho. e .,"' .. 
uodoo io < ..... pIot. (Ule ~_I ill q_ ...... io lo.II). A. InoertiGn 01 0 r,,,,,, fieri.. 
no;"" load 10'" .. y _0" Hr-t. ..... 1In ... Uoe ·'.etIwtR t.mp . 



0Il0! kemel) of T. the uoer tum. the nritdl (FiI., 8.4) on thl. Input 
duat.H. Thill opertItlon lligninl!l that node T ill IUbmltted (Ol con· 
Aden.tion by the rqulltory beuricttc. Amonpt olher Ill in". I 
model fo r T must be constructed (in the P«' ~'lIOr MIQC;.t.OO with 
the IIrid on which T II mounted) berOl'l! the .. bmlalon can be..,. 
OI'pted. and unill thll model h'" been 1U0000000000y uecuted. T wID 
... main loCtive. Huw .... er. the model could be. Ind commonly ii, 
<:<:>Mtructed and aeculed before any Ilt.empt II mide to in.tate T . 

It P and Q Ire Interpl'l!ted in the Jame univene of compilation 
ond interpretlUon (Fig. 8.5 o n left), the account II complete Ir P 
to Interpreted In one unlvene X and Q in anothl!l Y (when P and Q 
are in Rl'IInIt.e wbstructu ..... ). then. in relpect of the model for T. 
th_ univfl"1i!l are no lo nll .... independent.. T unltel X and Y; I 
priori independence II modir.ed by the topic Inlltated (I'll. 8.r. on 

riCh t). 

2.3.2. In o rder lo inJllI.e I further derivation of an ulJtlni lopic 
R from uiltinl topICOI P and Q. the ute< conn«U black (or 
""",,1r.Ied black) Unu hom the output u f P and the out put of Q 
idle one of the unu.erl input clUAeD of node R. The ao::t of 
applyinlj: InlJU t conn.ectiotll lo an unuoed clUIteT IPvttf R the JlItUI 
of ao::Uve. The u ...... ned p"""" the! .... itch on the input d URer and 
IUbmit. hil fresb derivation for OO"Utiny by the heurlltlc. 

2.3.3. To in.tate an analogical relation betw..en lepta (either u· 
LoUnK ur due to be con. truded). the uoer poIitionl an analOliclll 

.... B~. o..i .. IIoR of'!)IIk T I.'. top;. _ I 1""".Ojikf, ... d Q. Oa_ 
I<fl. """ ~ .. , ...... «o~n_ to 0 ... ""i.-.. of In_tioro (XI' on ' M 
..ltI>. r .ad Q.", In dIoU"". ~ftl.....- "rlft...,...t.Uon I X, VI, wMch_ 
..... '-<1 ... , .... n uf wtaUftl .opk T. 
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node (Fir. 8.6) <m one or \he felCt'VOO grldI. N' result, the node 
bo!corn ... ""ttv. and «,nain. 10 ... ntil cert.aln inpo.tU J.tII rum iohed, 
though they nl lY be fumw,,"d !n ""y order whD~'Ver. Fin!. 
(though not nl'<;\!....uy in ord~r of appeannce), there muol. be 
0""'11" ~tinl linlu from ""iltin, o r yet to be lnIt.atftl topa 
in diffl!l1!llt un;'eneo MF(X } and MF(y). which fOIDl the lenna of 
the ana1oglet! nl'1.tlon. Next, thl!n! mun be ... bile link from an 
t!l<iItinl! or yel. 1.0 be iMtat.ed c.opk:, whlch is the similarity o1th .. 
anaIOC. The unlvene of compUltlon/mt.erprebtion of th '" (rlmi _ _ ., -,_ ... .... , ._-

@ ® 
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fi • . ti.6. An .n. lo ...... ' n.,do. '11>;" no de IIIU" • ..,.; •• lopu," I ....... I •• ds) 
r ... m """"" In . ' ..... '.0 dIN . .. n, ~nh ..... of In' .. pnt"'''''' X, Y (.iI,"", 
parUally . ... <_,., • .,.. d. ti •• d dori>.IkIoI· li<Ik,..! . ubi'"","",): "'. Inp," 
en ... _I.llb .. f ....... Lopio indi<oti ........ ilari.J' of • .woo . ... r ........ 
, pl. .... """ .... _ • (pouple _I inp~. t ...... .; .... _. loplc or _bla 
.. boll ..... _ •• Ie _pi .... , Both ........ ond ,,,,I)l10 Indo .... , be ... u1. 
tipl< ( """,;".u,," '" 4 _ ...... """' .... u ... o f 6 potrlIIo). 
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Iant)'l IIIOCkoJ may e,th.". be the union o r Ole prodllC~ of X and Y. 
or lOme dill ... ", unn--; it is • II"n""""latlon of lhe modell for 
!be analop;aJJy 1l't.1ftl topics. 

In CaM the analocical relation. is • rtrict and complete be­
morphi5ll'l, the white link may ernHp hom • special toeket I.­
belled J.omorphl&n! OJ>eTOl/O< ". ",naIly , there mun be • purp!. 
link from . wpic Or from 01M! o f the lloer Labelled IoDCket.l repno­
"",ntlnK floo ICmanlioc de.cripWIS. which an: named .. part of Lila 
de..::ript\on routine. The purp le link !.hul lilniriea a 110 fill UII' 
n""'&<! difference ruu (x, yl upon which the IInllojJical relltion Is 

'''"'. The uoer m~y Pt(! .. we .... bmit _itci1 whenever he II .. lpeci fied 
Ihe w l1oction o f term. (topia he '''IIanll "lOm~ohow .... JOgQ<ll). 
but the InalOl)' relltion II not ..Jjud;"ated for leaaJlW until \.he 
... rioUi inpull an: filiM out . Fig. 8 .7 &how. lyp!cal eompleted 
... alOC)' nod". bul at 1M: riIIk "f tedium. _ Sl ..... thu analog;caJ 
no<Ief can e.1tt (in an lM:liYe date, " f o:ou_Jlonl ber,,", all the 
inPl't.lue filled up. 

2.3.4. The c:onventlolll buUt into the T110I)CIITSTICKEIt If""", 
.... dellbel'lltely loedantie. {The peda:ntriel ..., jllillified inKlrar .. 
TIIOUOH'T'S'J'ICKER l(ives u ... lul lnIininK in IPI'IIo:<I ~~<>Io-
0, Q w~U Q Ictlnll II I cou .... _ mbly aptem. , AcconlinlllO 
tht'le conventioru, .... lol/Y ...,l.t,o"" hold hetw<!en topica in diJ.. 
tinct univelW'l or interpret"tion (which il correct, thouSh unduly 
fu5l)' for ordinary l'urpo_J. Dlfficulties ate thul enooun tered In 
dealin~ with analoNi.,. loo ... ly .... d to hold bI>(wP.f!n tople. In th~ 
oam~ unive_. 

For "",mple, IUpJlOM! it is deoim::l to ""present \JI o lwmorphilm 
between papIuo (or finil<! .utomata) .' and O. AI a iCfIerallU.te­
menl, !here 10 One unlnne, 'lI'. of graphs (0' finiw aUlOmlU.l.),. 
unhre ..... of the lame kind of mathematkal ob;e.:u. lIowCII ... . !he 
particular objec:u " and G cannot "," limu luneoully uecuted In 
!he""",,, indepMtknt and ..,rial ""_ KIf (Q required Jr \JIey ~ 
aid t.o "'" anal ....... ). 'fh.ey tould, of ...... _. be limu lt.aneoualy 
,imu/ated, I>\It th,t ,. , very different milt". : their rn/_lion II 
octually .. aUed for. lienee. a ...... anxiou,1O In''-le and model !he 
F. G IIomorphiarn mult con.Uud topic ..... node In one grid X 
and ",0001 It .. M( F) In "ne .·priori ·independent put MJ"(X) of 
!he Lumped Moo..IllnK hci llty; """otruet topic G .. , node In an-
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Fi._ ' .f. (o, Simple iIomorp/>;' ....Jou;(b) 0... ..... 1; ......... "-<I ..... OIJ/:(.) 
00<fy .. 1M ..,..."" ..... f",," ""I. of",,1ll<>IY .. I ........ : ond (d l An on<ll"lJ' ho--
'_n ""If "f 0MI0v ",la' l_ 

other cr\d fYI , and ",OOel 'l _ 101(0) In another J*rt MF{V) oC the 
Lumped Modellinj Facility. To complete hil con.r.l\lction. he adda 
• wh It<! Un k to l he iIomorphlmt opention (Ihe "m'hm ty ) and _11& . dltr"ren~ betwl!Rl X and Y. Rut X and V ani equIvalent ... 
thai X. V. which means that the unlvents c:ouLti be rep_ led u 
X, Y o r th, product X)( X. ThIa poMibllity ill accommodated by. 
r.pec:ia1 01'''''(0 ..... Lfied by • toelt .. ! . fOT "~IYalMI bul dil-
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linct~ I"'ie. 8.8). The d ifference (between olhc ..... be ldentk.al .. "I· 
_ of in""P ...... tion) may be reprded either U IpIIllaJ IX, X) 
or ~poral tu in X~._ x, •••• ). 

To p.-!.hill Important point home,conlider I rather larger ... d 
more rNllstic: Hllmple. The " ..... wir;hes to modele (In lle _hi", 
of dynamic lylWml chancteriled by the ame I~m eq .... l.lon' 
and ""i"lll'l'!plic", but poaibly differinl In ,espect of Initial <'011 -
dition •. Such fonnulatiom ~ ubiquitou. In phy,lc., l cootlC. and 
numeroul other diJclpllnes; th ey underpin any appllc.tlon o f ttl­
wIled mechanics. The ",plln microtyrtcm' are ,"alogou, (not 
identical , but IlO morphic J. The similarity II the dynamic equation 
common to them all. The di fference is lOiI uwalence with either 
..... tial or \.emparll di. tin<1ion ... "*Pluring t heir I priori Inde",,". 
dence. Th .. InalOfY relUion •• Ihe e~mble o f micl'Of)'lteml. 
Thul. the lYII\.Cm equation, are represented ... derlvlUon I\.rUC­
tun! copied in elOCh analogou. uni_. X . y. ",. The ltatilllcal 
theory II. turther demr.tion IUUcture in. d iatine! (m ..,roth~t. 

ic) unlvene. MY U. The ~ o r th;. deri .... tion Jtructu ,", In U ;. 
ioomorphic: to the analoo bl!tw ","" the~, fl!Preten~ in X, 
Y, .••• 

:2.3.5. To lntLau I topic itipl,,,,nting mutually and pethll" e<>n· 
dUionally exclu,1ve hypothHes. the u'"'. J'O'itio." • eonditlonll 
DOd!! in • IP'Id U, Tbil node ""luirns [n"" to< from nodet or tm' 

• • 

I'll . .... .... _ .......... beI_ t.opic: X .nd t.opi< Y. gq.l.oI.-. _,,_Ilon 
b7 ",,'pM Ii"k ........ ",. t X .~d Y.,.. ............ """rdl . ..... "r pn>e!u"' .... 
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topic. repI'l'S<'lIting the bypath"""" (which can be Interpreted In 
unIverses X and V), together with a further Input th'QuSh. brown 
llnkwhich (Fig. 8 .9) eithe , negates their conjunction in U (I.e .• they 
cannot both be inte' pre!.etl ..nd ~urr""Lly ""ecuted in U), or 65CrtlI 
their L"Ondltional l.enure . 

The topic represented by B conditional node ;. two or mil'" 
alternative bypoJ.hMeS T" T~ that are pU IVI!)'ed or lupportcd by 
different factions and ar~ at loggerhead •. [n .hon, !.he topic nlP­
resent. a controversy between th"""'! that lire advanc<'ll or ad­
vocated by dil<tinct P. lndlv idual •• Th_ P·lndividual. may be ... 
augu ot 8 1 institutio"., famous scienUsts, "ti,e estsblishmcnt," 8",,' 
eWe di.dplin"". or "lChocl. of thought ". They may be .. minl­
.:,,'" u the different penpective . taken by o ne pertKJn (but two or 
mn ... P.ind;"idullll), ali in \.he ambilr\lou. fiiUre example (Chapter 
7, s..:tion 3). J,:xpert 1 and Io!><pert 2 of Chapkr 7. Section 2 
would count .. exponent. o f the rival U>Hef T" T, lfthcy failed 
to "IP'oo ond th eir dioagre<lment, the dash beto"",=n T" T., was in­
""ribed in th e network . In plll1.icuh.r. a conditional is intmdllced 
if, and only if, \J1~..., is . mony aim rt.'SOllltion (B tn.at.s the """ ..... 
< A" ,,) , ( A" ,,) , In which A, and 1\. do not reach agreement ). 

2.3.6. A typIcal interpretation 1 . ... fo llows. Let T , hold and be 
modelled In unlver.., X. Fo r ""ample . in elcrn"nt..ory phy. ics. T, is 
lOme prt,diction (the exi, t.e""" of o.ht1rp ohadows) rrorn tile New· 
tonian eo rput<.'Ulu theory o f light, and X II the unive rse proper 10 
the geometry o f this theory. By lhe same token. let T, (blurred 

• , 
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-"ad",") hold in unwe...., V. proper to the seometry or • 
(Huygenl, Fresnel.like) Wive theory o f lIaht. U U if,. further unl· 
"'_ of "I<perlmepl4 with "''''ow caslintl. u..,,, T 1 and T. an! rival 
hypOlhewl In U, and lhll rlnlry ;. expreued by the L-onditional 
node .... critical ""I'.,,'lmcnl between the th.,..,. of P·lndividuall 
(a u.er', conception of Nc-wl.On and 1\;" ",,"ception of F .... nel). 

T, and T. are not ronnllUy contndlctol'y. Furth."., both may be 
.".. ...... (in X, V). But T, and T. are inc:omplltlble in lOme com· 
mon (and """"'P ..... ·~ard) universe U. The conditional 
node deni". p<>II5ible analogy relation . 

If the experiment lead. to fal&ificaUon In POppel'l (1959) Ill'''''. 
then one thesil or the oth~ will be t.!nlllt.ively d,,"i~ (until 1M 
.ue ;. n!IOlwtd by some more 8dVU1ced discovery or theory), Dut 
then! need be no RIch crit ical test ( Ihe rivIIl claim. may Iftt un · 
decided. and the conditional node may ""Present only an opfn 
controve ... y and • fruitful rHl'!an:h topic). AI rtrMle<l rope.t,o,d ly, 
we an: not prim"';l)' Or directly c"",,emed .,.;th veriflcation /falll· 
nation or .bIolute wridlcality. How ........ , RIch im portant notion . 
mun be .ep",.."table in. body of knowlblel (_ they an! by eon· 
ditional nods). and it i. -.tiaI to recogniR that whm condi. 
tlonal Ulpko are manifst, they am invorlobly p"nunali&ed : Ul 
Nl!Wton Vel1>ll Huygeno, Church v,,",,, Stat.., Dr .everal dilUnct 
101 .. adol't.ed qua P.lndlvidualiLy by the u..". himM'lf. 

2.3.7. Whilot nrlous node conotnJctiom an! in p .ogress the 8 
heuristic d<!tcc:u any 11m which It can identify. An 11m may tither 
be ploced on I module, In which CI$II It II Identical wlLh the aim of 
other opentlng ~\cm' (CASTE Of INTUITION ). d . It may be! an 
.."Sue node. 

Many r><><Is may be .-imuilaneoully ..,live; for !!!l .... ple, In FIg. 
8.10 th~!'(! .... five acl.ive nodes. B ill programmed to Interp",t only 
.ome of th",c II candidate aim node.; thOle that are lu[""ronlinRtc 
and thlt h.ve rutl kemeill lin! .... bmiu.ed and ~pted for IUbmll­
lion. Thul. in F ig. 8.10, nod.,. SandT am the andldat.. held 
nod",; R ill excluded beelU"" the conlllruction , even if IUbmitted, 
il lncomple~ . 

After I period of CDIlIt.ruct ion , the uM" \0 Rbla to . ubmit nod", 
fn. instatement. in wb lch c .... (91 below in Section 2.4.), he mUJl 
justify derivltion of IUbonlina~ and the like. ThOle tnnsartiono 
take place lhrough the InICTKIion conoole. Once an hMlat.ed rtrue-
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FIc. 8.10. MIi .. _ . 

u ... ~ <::II ialf; Ule IUl!r is impelled to IUU • /Iud node and submit tile 
stnId.u.re. The planninK routina II ...:ecuted, and u. eonloeqU"""". 
be mUll f\u nl&h • .tftnantic description of lhe ItnW:wre. For the 
mo"," part, usen .,., quite willing r.o eh_ heada; railiot: that, 
they are periodically for~ 1.0 do 10. 

Next, if tI,,, B hCUlist;" plclu up • many aim confisun.tion of 
\.he type lIIown in Fig. 8.10 (Section 2.3 .7 ) and if It II Illso the 
case thlt Itleul. a pair of aims have dIJl.I",,! det<:ril'tioOl (obtained 
by prior d<!..,riptor IWignment und"" CIne .Im), Lhen B calli for 
l'e101"tlon (p\.llclnjf the .. se. in the poIlUon ot A" A,I. In lhio_. 
the "lanninK Toutine II """,,-,ted, but deJCription iI replaced by 
oomparinll and updating Ill" diJtinct detCripl.lonl of the aim nod..s. 

Thill, either Hi Mqw",meM for reJQlutlon or the "..,r '. oeIee­
\Jon o f • h\'lld bel""linlf to an inotat.d .. bll.rudure initiates tho:' 
plann,n, and dacrlptlon lOut; ..... o f Chap«>!" 7 ; the routines that 
tidy up the me'" and prHerIt It for lieseription and/or raolution. 

2.4. Inllallrr, .. Node: Drgrn of Verification 

The .cu.e lamp On a node II ""lInjrui~ only Ir eertain condi. 
tiOlll an! "Iiafi", moal. II.ricUy It the lopiel tonn I vllid COn .. eru. 
Ilona! damlin, lea oI;rictly It the conRlUctlon ia qreed by U10tllel 
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..... , (Ioc:ludinl arbitnton and IIf')\IplJ. In the Itrict case,!.he fo l. 
IowinC eondltlo .... mud hold : 

Ca) The model o f any ... perordinal.e topic conw,.. _ .,.,nsti(u­
HlU the modelJ fo, aU of the IUbordinato! topics from which IL ~ 
derind (that ii, ac:cof'dll\j: to the user" <k!rlvaUonJ , 

(bl The " ... '1 derivation o f a IUperordLnato! topic from it. IUD­
ordinate toJri<:J 10iel no essential lpIlCifldty and ill cyclic , apart 
from 11.1 primlUv9, III. result. 

An adequate, weaker form of this condItion illUmme<i up in. 
pair of lnJunct.iolll thal are t.o be obeyed by the ule, : 

(I) If topic k II to be ,,,,,tatoo &.I derived \non-analo!licIUy) from 
lOP"' I and topic J. then within ~ derivaUonalltNcture thQ u.." 
murt lIIow (by. colllttuction on the grid) how topic I md topic j 
are dl!ri'led from top'" I< (perhaps winl prlmltNeI ) without \.,. o f 
speclflcity. Y\ll'I.h<>r, the ... "'" mtuL mw (or _ rt that he eM 
make). modd M(II) . 

( II) If topic .. ill analoCical, the user mull. Iho .. the rew_ d"';· 
nOon (II1II .oov.1. ~ the waiver thai. the derivatlon d~ds 
upon \.he dilUn&uWlln, pred~. Oid., Furthm", It the lIrIalOU ill 
ltonIorphlc, the u.cr murI. Ihow the 0"" to one ~ence be­
I_.en topic L and lOP'" J (directly . or by .. bordlnaloe IIomor­
!'hilm), and it it is. if'""rafuation, IUWOrted b), topic e hi! mUllt 
make o r ..... rt thlt he can make a model M(e) . 

Sevi!ral dcgron of rillidity are poulblc, dcpendinll upon the 
J>UfJIOlO! In hand. At on, ""treme, the dloplaycd ,""work mu.t be 
c:onlilt..nt and cyclic ... that it (and the auocilted modell) form • 
• convc ..... lional domain . if 10, cond ition (a) and condition (b) an! 

mecked by applying th.e _t mulim,. of EXTEND, Ind th_ 
routln .. Ilfe also applied to iIOmorphk ana!oeiet belwHn topl«. 
11111 is a lenKthy and .. the\' n~e bumnell. 

At the oth"" .... l!'eme, wh"", THOUmITSrICKER ill uted u an 
~oJoelCll \Iborstory, ... are only anxioull.O nt.emalile an 
innovator .. concepu and dntntiDnl. The B heuriltk: check5 con· 
ditolUl (I) and (II). The u ..... is required to Slate whit he bel~ ta 
~ hill lMoIler. and df,rive them from other taplel. Thae lUte· 
menU Ille aooepted without justification (Of "'iUl o nl)' verbal juni· 
flcation), but there II no ",,.,...,teo that U,C produd iI. conv_· 
tiona! domain Ol'fl' wh leh II'amability and mcmo .. bllity .... ",at· 
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ante.<! unl eQ a model can be executed for ~ach lopi c. or a verbal 
explanation """tJI .• 
2.5. Ducr{p/;on MClhod. 

The d"""'; pl!on och""''' evolves tQgelhct wit h t he topic "c\­
work, and co nooquently. it Is impo .. ibl" to illS<:ribe Ule valu,," of 
d"","ptan BI the nxed , maplin .... presentation of an entailmenl 
otruclure. ov"", """ilion. on tho. grid., Moreover, in th .. inte""t 
of Uniformity. the descripton o f all tapiel, whet.her in the Ilrid. 
or th" dl.joint ... ""true!" .... (with Ute """"plion o f \J1e syntactic 
depth d.,."ripto r wi th values oupMOrdinate/subordinat.c). an! Tep-­
Il'SI!nted In the LIill display. 

Each ",,"iUon In the grid and ellCh node in t he disjoint ... b. 
d.ruetur~ II equi]lped wilh an LF.D (light emitting d iodo) pili r, 
"ble to Ih in .. red ,n gn:en if \J1e LED. are !I1uminated. Conseque nt.­
ly, the possible cond ition. o f any po3U/on lin! rcd (wbich rt&nw 
tor the d('$Criptc, valu e ... ), I/J"C<!n (Ibe descriptor value -J. and 
"otf," the d~riptor value· meaning "undetermined or i ...... l"· 
vant". l At any in,tant, It I. pmsible to display ail val ... ,," of o,,~ 
descril'!.or o r o f one Boolean ""I'", .. ian in th~ let o f d.-scrip !.oQ 
(all !.opie. havin g P, and p. but no t Po, fot example). TIle ... leT" 
abl~ to obtain LED dlspl.o.YI by typing the name o f .. descriptor oT 
the form of an up...,..;on into the terminal. Conversely . the regu· 
latory h""riltic: B can pre&ent an U~O di$play to the u..,r and id",,· 
tify it by printing nut the nam e!l) or the decriptor(l! concuned . 

New d"""";pton and thei. vlluet are introduced !.Iy the dcacrip-

.,I ... ,ion may be b ... d Dol 1M .... w. of . , 1_ ''''0 U"'"'. 

~~~E~~'~':~~'i~f~~la 00 ooh.o«1l '""'100",," of 'M .';"'1""0_.' 6. s.",_ ~. rot u." pot ....... I",,~'od _ 
",odul .. ODd ""Y Ihu. b<r I .. 'n<d by • &t. """1 

(CAST! ODd INTUITION ) pI ""I"" aim •• <>AI. 
'DP!... 

p"lM:jp"'ln~ uoero (A,. ,,) (A •• ~j b . . ... .-.l l.o •• .1. n<>de 
m.u.t.<;! (U.e 1_ . ici<I e-r1t0lk>n). Th. "," .. ,july .... JUf"""ed "<><Ie • .,.., 
_ep",d po,moftOnUy . .. mo<lu'. huod Lopi<.o. If, ud "" Iy If. (A,. ,,) U n 
, • ..., IA •• ~)". ~ WM" h • • dm_ lt "o W CASTE "," INTUITION <Dn' 

"'0' ... .... d."'; oiml!o,ly (A O, ~) In Ill< ro!. of . .... d ... ' .on 1 .. ," (II ,. "j' • . ~. 
t Thio "",,,,.,,,on' I ..... apo" u.. _ lblllly of r-oprooon!lni lh ... I.n of 
P ... y Pr.dlc ..... of u.. l.opi<.o .. in"'''''odluy ..... _ ar IIV-t. 
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lion ",utine or l'iM. 2.8, ""'~~ it the ....,. _m I Mad topic. 
Or B nlb tor. many aim reoolu tion. 

S. COOPItItA11VE ' ~RACTlO!ol 

It the ""'. doe. nothing. h .. I. bombarded wltl\ Item. or ln for. 
maUon from the data bank. Al least. he mu.t cn~"8e In hPL~ 
tranoaclio", in nmer to Iu,m wi! nux o r data. Initially, "can 
only "xplore the dal.a bank or Ihe minimo.l toplca In the "'"lUting 
IICI, and he =uiv<>fI In return Items (rom tha chanMllIIldress«l hy 
explontion. 

AI toOn ... lOme CO\IrIitive model h .. OOen oonlt.ruc\.ed Ilnd the 
dl!lCrip'lon routin!! h .. been 11."","(0.'<1, !he "R' is able land 
toreN) to _;MIl valUCI ot hb own dHcripl<;>n both to the topiel 
Or analocY rolltlorll lie h.u In.I.a~. and to the (bta hank channels. 
Tn. .. , in the limiting ease when the data bank II d~m<!d iI'rCIaVWlt, 
all d<oso::ripl.<>rl hi"'" thl! value "0" on aU "ha,,"ct.. O1.hcrwile, ehUl' 
.... 11 In the tlala bank ad as information lOun:etI thn bact up 
\opic& 0 ' .roupt or topics. 

CollfU\lC1lon ot ~ o r topic n<loIIM in~lIlves IIdivily in the 
modcllinl facility and IfVI$;Idio,,", imtnuncnl.o.'Cl Uu"ulh me inter. 
~on <:(InlD!" and Ih.e construction grid dilplay. 

Th~ whokl p~ IAkH pI""" unde~ the fo llowina rulH (reca. 
pitulmk-d (rom Chapl.cr 7): Cal If topic k iI iTlltllted u derived (in a 
conju nctive lubttructuNj from topic i ""d topic i, I~ II nece .. ary 
to &h ow how topic lind topic j nrc derived from tuplc k wIU".>ut 
10 .. of l[IO'Ciricity ovemll. (bl Analogical derivation. satisfy the 
1BlJ1~ ",t.. with tho .... Iver thaI 'P"Cifidty mil)' be lOll (I t ... placed 
by th~ Difol p ..... ""I.H). 

M the moment the uter asso.rt.o a head (or th~ a haniltic 
dctect.t • many aim conrlgWll.tion ",,1'1 demandl rP.tOlullonl, the 
pnlnin, and numMring routines come in\.<> play and provide a 
lidied up plan ot I.he m~ (cummUy, on !he OiJpllly Thbe). 

3.1. The OlwerverH'iclul'f! 

We , the observen, _ an nteriorlsed verdun of the ute. " me .... 
IIIl ol'!'ntlonl. What d oet the u_l"\ In retum fo . an h ill 1.<oublc? 
Part or the I tor}, h ... IM:en told already. Hut the,,, ill • Wlp \.<> fill: 
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name ly, the lmnsaction, meant to encourage i nno"atiY~ acUon and 
many aim o peration. In thesf! lran5aCtionl, the heuri stic B .ct . .. 
an innovative .... irtant to th e user A. Su <:<:;nct.ly. B promotes irmo­
vatio n on A'. part by ."...,ying irmOY~tion it.oelf. 

3.2. Promollng InnOL'lZliOIl 

(I) I f more than one dedu ctive ""heme exists [as a oepan.tcly 
headed or disjoint conjunctive derivation structure ) and if the 
..,herneo (conjunctive .truet",..,.) have analogou. par!' but are nO! 
identical, Ill .. n B app lieo epistemlc symmetry (ChHpter 7 , Sect;O" 
2 .5.2) to provoke the 'yntlldic component (Ilnd .. pULati"" """'''''_ 
tic component) of an andogy relati on between lopic. of the "". 
\.Iting scheme. 

(b ) If a princIple exiJu (Chppkr 7, Section 2.5.4.), \.hen B ap' 
pH,," extnpolal.lon 1.0 proyoke the development or any ex isti ng de· 
ductive IChc"II1e. -

(e) It an analogy is SUPP'lrted by a strict isomorphillm, It .tand., 
It there ill an analogy k between roplc I, lopic J with M(l), M(j) In 
MF(X) , MP(Y ). and It lA supported by a generalised Topic with 
M(t } In MF(U} , then B asks the user to model . projection ofM{i ) 
in MF{X ) or MFIY) or both . 'ni ts operation ("I nversion") p ro_ 
vokeo Innovatioo . 

(d) If there are empty cells in the . pace of d....,ripto", .. them 
are (previoUll monograph) In an evolving entailment mesh , then 
B pnint.s to the empty cella and provokes the Instatement of fre.h 
topk . to till them. 

(e) If there 1$ • (."it,able) many aim configuration . B requi ..... 
resolution; if agreement io reached. B Instates an analOKY relation 
and, if not,. conditlonal node . 

(f) U.jnlr the graphic facility . the mesh can 00 "'presented lnd 
displayed under any head node at the request of any user . 

• TM rynl.a<llc: <OO."""odon p.odwoed by '~lnIpoIo'i .... moy oot boo in, .. • 
p .... bI. In u. ..... loUnC ""1 •• .-..... AI u.. !>H' .lap. ttlttnl"'loUon load> 
to tho oo".lnletlo" or 0 """. 1 wnl,.., .. I" 0 .p.r. ... """mol r .. lli,y. ~'o.-
"' .... pI •• Lb. ;"r" ..... Iio" .~."..,'l. """,Iopmen ' or tb<nnodynom lao (CI1 op' 
.... 7) inYOl ... .... h a o~"lon ... d 10 on inno ... U ... pmblL, A r.,Lb.,. 
U&mpla .. tho ;" ... n'.,~ 01 0 (o.thOCO" ol l dlm .... Io . to ~moda ... tho 
.... u..m...ieo! ..... poI.lion or "OunlbH" to "compl •• ""mben", Goodal. l" 
( 1 ~52 ) ... d Polyo (1954) ,I ...... io --...pI .... <1000 Spo""" a"""n (1969). 
tho 1011. •• o.th", In !emu Ih. t .nt preeioely ou . .. d to Ih. _"I di"," "';oo. 



~ , AI'fOTI 'IiR VIEW 01' AIM INmAT10N 

W. &f'I\Ie !hU B IICla .. .., innonl.iv~ -utant to A beao"., the 
aim inililtlna operalion1 (a, b, c, d, e, 0 h~ .., InteraUn, and 
equiliplirocant Interpretation under the general tit.1e, "problem 
pOt.inc~; I.. , (liven a netwvrk of top;" ...,tationl) "foml ..,d poM: 

pn.Ibleml tbl' will R""~Le further topiea", 
Von roeMer ..,d WeJton (1974) note, in !heir dltcu.-ion ot 

""nted oriented 'Y1t.em1, tbat no problem ""iN wlt.hout c:onted. 
A relaUonal lJ*'irw;aUon on Ita: own iI inruffl"hmt to detennine. 
problem, Ie~ alone an ac:cept.lhle duo of IOludolU to a problm>, 
For Ulmple, under !he relaU ..... x..,d - , the pteudo problem 

2x 3 - ? 

might be ",Ived by 3 x 2 o r by 6; o r to dte • further example 
from Von Foenter and Weston, the c:uriouJly mipnatle p.udo 
prob~ poHed by 6 - ? h .. any oumber of lOlulloM d~dinl 
upon the eontellt in whleh thIs relation iI _bedded. 

A tomori, an uninterprnted IW'twork d ..... not in itRI f deter' 
mine • problem. But all of the procedul'l!l UJed to inltlate or Cllta­
iy ... conllructi-ve IC1Mty are ""ntelll Propoailll (benee, problem 
poc!nl) o.-alieN. A few of me proposaW mlY be u ~ific .. 
the contextual """tutlon, "6 - lIOm~ product. of ln~~, Mort 
.... far leea IpeciflC thouJb pouibly no 1 .... uMful. The proc:edUr<!I 
.... ru.ely rIOt complete IlId in th.1 IlenM do not conl tllute an 
"Artlfidal 1nteJlil"nce" (or, III W8 prefer , in the .pirit ot tbe con, 
tul paper, I ''General Intellecl"), But they rep.--nt part ot Nch 
Iming, and In combination with the other routine. , yield. ryrtem 
in whk:b It II impoaible for an ""lema! obaerver to tell wbether 
the Innovallon (If any) that tak ... pl_ b du~ to the uter A or to 
the h(!tlr\Ale B ...... promiMd, B ellco«""",_lnnontlon. 

I.liI'&;I"' C PROCEDu,UtS 

The prindpll!l end operations of Chap_ 7 , Seetions 2 and 3 are 
buUt into Bas. number or "problem ~["i" or ";nOOYlluon at­
Ulnptl"ll" pcocedurea. 



$.1 . B aamins the network built up on th~ grid for analottllll be­
tween a foplc I, which Is ~ of . JIlbnel JllpcronilnaL.l! 1.0 node i. 
and a fopic j, which ulau In OOllion. By ~pi.f~mic I)'",,,,dl)' . B 
In rc ... that there may u u t llUbnei IIlpcrordinate 1.0 wpie J which 
U Isomorphic 1.0 . uhnet I .,Id U fom,ed hy copying the ... bn~t I 
acrolil th~ analorieal distirn:t;on to form a hypothetical.ub""t j. 

B display. this IIlbnct by iUuminalinH !he IIUtnllon 11m1~ of 
which th"re is on" 1.0 each poIition on the grid. The dl.pLay is 
in!""",il tent rinL", the". m.-y bo!, and quit.! commonly ue,_na1 
topics with the MoaWl or fople I. A " nllle display coruiola In illumi­
nalln, the Illtenl ion lamp on topic i. and .. hil ... il iI tumal on. 
lCarl·illuminatin, the Ittention I_porn the hypolheti<,:al ... bnet J. 

Thll oper.lt.ion ill inll!rpret«l ... B ~ion to the use., "Do 
YOIl. alfirm or dCl1y U,e exia\l!nce of ~aoh topic on IUbnd j?" 
Then: are two equally productive way. of purlUinM an ""ower: 
jultlfyinr arfitromtJon. and JUIUfyinK dcnial. So fur, it h .. only 
been poI&ible to lmplem.nt the fo nner method . 

An affirmat.iv~ reply from the Ulet. in relP"Ct o f an l~ ""' ''''t y of 
",bnel j conliota In placlo, a node at the poaltlon on \.he pid DC­

cupiold by v ; !hill nod~ btcinl th~by riven an «IIWI statUI (notice, 
ho .......... thaI the node dOCl not _ the "",ml lon lamp at th .. 
JI06iUon). 

Denial (wbieh, In the eum:rot impl_enlllUon, II no t followed 
up) \I ""hi ... e<I by plHllng a key On the operatlns con..,!. at the 
moment when the denied e lement y is lCan·UJumlnlted coine;· 
d~'fItally wi!.h topic L AI a re.ult of denying t hat v i. a topic in the 
thesIJ und er CO<I'ltUctlon, IU bHquCflt ocM·illumination. o f rubnet 
J do not Include v. 

0""", initiated. the display of .. bnet j in thl! context or lop;" i 
ill ~ted rrom time to t ime, unl_ 

(a) thl! t..I\ure of.u .. "'m""ta v in .... hne4. J ill d""i«j , or 
fb) aU a rr..,.,ed I!lemcnta (with nodes poIillonOld) have """'" 

der!Y«l .nd ;rutated, 10 that thl! ~ndln~ nodH are no 
IonKCI' In an act.ivl! otal<!. 

6.2. A. lOOn "" I ,.....tl foplc i i. Instated on the Il'id, B ""archei 
the entailment set or tilill topic for a nodc repreoentinK a prln dpl~ 
(any fOpic j o f th e kind deacribed in Chapter 7 . &eUon 2 .5.3 .). 

If IUCh • topic ",,"ta, B In tera from £%trapO/allo<o of PrincipIa 
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lhat topic J m!ght ~ ",JPlIed 1.0 topic I ... m.,.,.. ot obtalnin, 
.,me further lopk k • ..,d R t hul displ~YI the pair Cno.w.ie i, nodej) 
coinddcn~ly by illuminati,,!! Ibe al.!.Mtion lun pa at u.e.e poU­
Lion. on !.he Irid. 

The dilplay it. Interpreted .... qu8l.ion 1.0 Ille u"", "Can you 
obtaln I further topic (which it. part o f your tOOiI) by applyln, 
,,"neiple j 1.0 topic 11" 

An affirmat;V'O! Teply conliJU In placinl! • nod .. k at • pooition 
IlIperordinlw on tile If\d 10 the node of topic J. Thll node l>..­
cornel ..,tiv~. and the . tl.l>nl io" lamp display ill repeated from t.im~ 
10 time \lntllloplc k It dL'riV"'! and In.tated . 

II n<1l~tive reply II Kivell by prea&inK I key o n the conlOle at th~ 
moment wh en the display ;0 pfI.'S<'nted. AI. "-'AUlt of dO!'llial. the 
.,wnllon lam", ani u l inguilhed. and the Pro llOM.'<i 111I' lIutlon o r 

the principle it dcl~led from B '. rt~ln!. 

S,3, B searche5 the de..:riplor 5P"'!" for any eonjuno:tion of de-­
lleripl.or YalU" thllt ..-ir_ • un it te' and b not oocupied "Ith"" 
by • node or a uniquely ."...:if"ted ,,"annel (MCAII thet the dll!ll:rip. 
tion, CQ¥e. the data bue, as .. ell .. the topiao). B prill" o u t the 
de.:ription and lib H th~ iIlUch • I.Ople. whleh the UIeT mUl~ 
amnn or d~ny . Th~ procedure was ~empUrltd in Ch'4lt~r 7, 
SecUon 2 .~ . 

5.4. In Chap\llr 7, Sectlon 2.1.8, we diICu..ed the conltrucUon g f 
I generall6ed topic (GHWM) to "' t>resent the limlhuity in an anal· 
oD ",,!align (lIWel between "heat cngineo" (IU:) lUld " ",frire", 
to .. or helt II',IIn"," (RP) and noted that lpeclalilled fonna of 
GWHM could be ... a116ed .. Iaomorphle mode ll (m ore Henem and 
mOre comprehenlive than liE or RPI in the uniwl'IeI or C(lmpU.· 
tJon and InterpretatiQn proper to HE and RP, _pec:tlyely. 

Suppo .. that GHWM .... , in fad, comtructftl in THOUGHT· 
STICKER. 1'0. thil or any H""eralisation ~ on an oth'" than 
ioomorphle anaio«y relation (detected by the a~ of the ~ 
.:m-td ioomorphilm open.l.Or .. ), B IOU the woe. 1.0 eonll.n>et the 
opecialiotd I.Op;'" obulned by int.crpretinl the trahly imlated 1Up­
portinl pnenllsatlon (for ""ample, GIIWM ) In the o riginal uni· 
.- of inl8pretatlon. The uoer A iI rnquirnd 1.0 "lnvni, hillen­
errJlu.tlon~ . The request from B to A i •• typed o u tqueotion, " II 
there I CPI! or the (IlMralliation aupportinll an X, Y, analOl/Y 1(:. 



tllal1y reeJlled in MF'{U ) within the origin&J uni"'!.-- of com pil .... 
1100 and intepretal\oll. AfF( X ) and MP(Y)?" An ufinnatr.e reply 
iI eridenced by lnst.atinll f:reth 000. in X and Y, ..,.peeUvely, or 
in juIt One of them. 

5.5. A completely nept;"'e reply , "the propoaed constNctlon 10 
impo./bit' accordinl to my thHiI," denieo the veJidil y of an ..,aI. 
OD ~aUon bQed \lpoII the ~raliRd topic: . Sucb repUe. ate 
rtored by B and are the main evklence at 8 " diapoal for eonl .... • 
dic:tlnt I mooted analOllY relltlon (thO\lah not the generalIsed 
tople It.III!lO. 

5.1l. The Lut proeftI, fftOl"tion of • many aim litu~lon , .. the 
m..-~ "" pan in B's armoury. Notle<lo thlt raoluUon ot I 
many 11m ' ;\.ul tion ~ alwaY" produ.,tlve. 

(a) It e nl"'llel the let of ""mant5~ d eooripto .... 
(b) H ...,.,ment is reached i'- lyntac1ic component ~ intcr\bftl 

in the me'" II the similarity pen o f an anaJotDr rel~ion (and UIlIal· 
Iy I !eMnilisation baNd anaIOO ... Iwon). 

(~ ) It th~,.., it dlqre<-m .. n l , th, oyntactie produ~t 10 I condl. 
tlonal analotQ', .. the mark of riyal t he ..... 

Rnolution 10 probably abo the com monlllt ~tion. W, .,on· 
jedun! th~ all au tonomously produced anUoIPN and condit ion'" 
..... dUO! to ' 'intemal l.rmuactiom'' ot thit kind: only I few o f them 
..... e.ptll n!d u " o ffic ial'· and o,*,rvable ",1O]"tion • . To the 
""tent that THOUOI-ITSTICKER d~. Clpt,,", IOm~ of th_ In· 
ternal tranlKtio'II , It iI able to uteriorise InrlOYatlon. 



CIt<Jpur 9 

CDmparilon 0100,,_ A_min), Syll ...... ; 
~ir U .. /" Teoe/,'''' i'wpu 10 t.vm 

,., 

AU tile open.tlnc 'YI'~ h ...... runctlonal .. w~ll ... 1)'1-

to!mic communality. Nolably, all of them ..,rve, In one way Or 
artOtbI:1' ... deYio:eo: .. hich t~[. I""enilled poaltIH tnnlfer or 
ob~ity. ~ art of '",,", inl orithoul .""clne eommltment to the 
alb;ecl mitt ... , beinllc,,",ed. 

In Cblpur 2. for Hample ..... p~1.ed nidence from In"",· 
vIeM and trOll" di$o;:uaion , toeether with tOme quantltled evI· 
dence, of .. "",en11$eoc1 poRtiTe tnUlster or tnlninC due to eJ:po!ri. 

I'fIOI'I II .. participant in CASTE Dr INTUITION, Ewen theM tutor· 
ial oyIl.eml .. lUI .. rlXed convenational domain .ppear 10 rOlur 
llC ..... tiWy (both operation 1eaminl and compll'hen.ion ltarnlnl. 
and In combinatlollll able to cope with VuiOU I clute. of le&mlnll 
and 1<"..:lIln8 It.tltagy). Such experience mayor may not inn uen<>e 
an under]yins globlol/locol hi .. ; that i.& moot point. 8ut one thin, 
'it certain . Though ve ..... l,l,ty it. " ",requisite ror an ability to learn 
In an unltnadur1!d e nvironment and thou&h It it wldenced by.w­
dmb wllo n .. " "learned to leam," ven"UBty ilnot II IUttlCu.nt 
condRion. If the pnenJ art of Io:amin, imptiH putting topther 
bib of uoutrucl.ured u perience • ...einR IhfI wood tor the uea, and 
... on, th .......... d""t who h .. leamed 1.0 Jearn mUll be abltt to 
_ble coune mlt.erial on his own account. AI1.houlh W1I em 
namlM thll IptltUI.e in th~ tutorial (or fixed domain) operati", 
systeml, !hey do not, jun becIl1Ie IhfI conVen8lUonel domain II 
r",ed, provide too" tor IDJdylng how, If It aU, people learn 1.0 .... 
limilal.e 1"1 ... dlte In their own WIY Uld, IUbiequently, 1.0 learn 
within Lhe perlOl1a1Jy .. imilll.8d Anlct ure. 

I'or this pUrpoM, ... e mUil. \.urn to tile coune uoemb!y .y.tern., 



,,, 
Io:XTEND (p . evio ... mon~ph) and THOUGlITST ICK~:R. AI a 
prnlbnlnary, Lh.,. 'Y.l.ems will be ",,",p.rod with. foeua on 
T IlO UG IITSTICKlnt, 11na' it h .. ml.>Ch great.e. capabiliUCI. s.e. 
lion 1 II devoted 10. gencnJ overview. and Sectioo 2 IfX'II I oul 
th e comp""""n In terml of the mllCwlhcorotic variables of uncer_ 
tainLy and doubt (previoul m onographl. Section ~ ;1 lin .ttempl to 
brid~ the .ap bel.wO<!n deCLnlttveLy innovative .ituation •• nd mOf'l' 
""",monly observed " Ieuning" lituationa ;n which . howC\'er, ... e· 
.",..rul.wden15 are required 1.0 structure the environm .. nt on their 
own. Se<;tiom 4 and r. cont.aln In """Co .. ",t of lOme ""perlmenta in 
wh lch principle!!, winkled mil frum ""perlence with the OPI!n>tinll 
oysteml, a,.. uoed 10 inculcate the an of I,.,.",in. in g<l1M':n>1 . 

1. PROCEI)UKAL OOMrAR!SON Rm"WEEN T!IOUG ItTSTICI\r.R ANI) 
<:7rIIKK OfERATING ~V~MS 

Whe" 1.......rung the topics In the darti .. lilt 0 1 d isjoint ... b­
struclunos. the u"",. has the role of • .wdent In a rlriet COnVerAI· 
lion, which is CASTF. or INTUITION "'I/Ultted. Later. under the 
oontrnl of THOUCI1TSTICK),;R proper, he hu t he rule of IUbjeet 
matte. expert 0. I"novalo •. We noted, In Chapter 9 of the L"'ovloUi 
monograph, that a IimU .... UanJition takes pl_ when EXTEND iI 
aLled InI.O play. But 1'HOUC HTS'I' ICKF.R ""tenori_ inno ... Uon, 
whereu EXTEND m .. ",ly permit. It and rocordl 1M product.. 

1.1. One ,"""~ent fe_tuno of the CAST F. oTRlUlilation is that. stu· 
d""t "dropa into" I convenatlonal domain representing knowabL~ 

topic:l from ''top to botl.Om" . • L~ arrives It the leaminl""";on 
with Cl'fbIin con~1.I in IliI mlMltal repenoire. H~ mUll hive con­
Cf'1'1.I for th~ primitive topirs, but he may h""" conoopt. for wpla 
at ..... r)('f{}rdinatc level. \Vhntever topics he docs ha~~ conoopt. to 
rnp'"""'t are init.ialty markL-d ... undruaood, and theso. the Itudent 
may Iqard as pm p"rtiea.. 

The top 10 bottom orientation (in conuut. to the IUSUmpt io n 
that kn .... ledgll is ltu ilt up from elftTleTItar)' fngmenl.l) II dramat· 
ically mani f""t by the order In which an uMderolamling II rnlChed; 
the derivation II fint ... noed (at which point the 5tud~nt know. 
!tow he"" ""plain the topic, if he can ""phun it). A co...,.,! ell· 

planltion (the o lher evidence required for In und-...<li .. ) 
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comes Bfl~' tOO w.rivaliQll. Or, phnosed dirrerenl..ly. the oI. .. d.",1 
know. the kind o f model he can build .. a non urbaJ exp ..... lian 
of the topic befo re either he o r the TCi\llatory heuristic knows 
whet.h<>r IH! c ... . 1n '''''t, build . conect model . 

1.2. To rea/lie a .rlcl conversaU"" aad \.0 ""~ .. ~d" ... IGnd· 
in, ... a Il1o impoted a polwity ... a"roucd In the "xperim""tal 
{tutorial! con tract, to the erreet that. the studen t lcam, toward •• 
heroo.] I.opic . Cundd'lrable lit""""'"'" placed (notably, In Chapter 7 
of the P'~"';"u, n1ullolP1ll'h) up"n t.he in _ ntial nature of th is 
ron,t"'''L, Under mMy dL'llCriptions o f th~ 14m" convc raaUonn.l 
domain, • • tudent " an l"lim hi . ... IlY through \.he topic. In GIIY 
diT1!dlon ; the rettri<:t ion iI introduce<! t" facilitate regulation and 
nt-rvation and to rep.....,,,1 the dio.l""",~ .. . ..,riM of dilCnlte 
"""astoM lotH! far .. ach undentanding) at ... hick cognitlv~ pm-
.-begin IlI>d end . 

1,3. To demareate OCt;Uionl (which .. .,...,.,HaI in • lto"iu conver· 
aOOnl. We P'Y the pne.. o f enfon::ing the One and only one-alm·at­
once condition; and .... noted, in conled, thll SlUdenu are in· 
dined lO nebo,1 .inll. this restriction . 

1.4. Mu~h the wne polarit~ and ~"onltnlnu apply lO Y.XTF.NO 
control wh.,., the Il.ud~nl. Opll into the role of. wbjed matt.!r eI<. 

pert. I:!:XTtNO penniU the lntroductlon of fresh wpa, and the 
conw:national domain ""olv .... But there iJ rtlll one-.im.ak>nc~; 
th .... "'" l ti ll d~nlw "ceasions; tlleN il still • d\re<:t!onaJiW at· 
taclled 1.0 th~ m~thod "r cuu"'" dIeII1bly pcnnlt1.cd by tile oper· 
atlng Iyltem. Th_ "" IIO!. 10 much .... tricUonl upon ~ition ... 
ffIItrlctlolll upon mOl<! aape<:t.I of ~ognltlon which can be uteri­
DriIoed .. behaviours. It .... ~ and ImIphubed thlt the re­
striclionl hampered the a1b;"':1. ma"", expert, though on balance 
he latnI m~ hom u$in& t.bc system than he 1_ by IICCepUng itA 
.. thomy .. ubit« or Ietlilima.cy. 

I .S. Mo~, m c:<>Urot! uoembly under the EXTP.ND Provan>, 
u.- COMtnoinll 8dd up lO prod""" a (fairly aluwyl dict.ltt. The 
.. bject miller 61X'rt produce< the lynt.8ct ic eompon""l, o f II;' 
th..sil (il"ll (tile derlvatlonl and tnt nplanation 'l. and the II!m.., · 
tic deli!riptionl ia]u. 
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1.6 . T IIOUCHTSTICKER permits and """,,,tim... nleoursgel 
many aim o peratlolll; the limultanuow; production and compari_ 
JOn of modell; !.he fonnation o f II"neraiisM (nOl. only hom orphic) 
analogy relallom. 

1.1. Thill , an the conlt.n.inta not.ed in Section 1,1 to l.~ 1m! re­
l~ed. By dint of • much mora co mp]"" o'lanilation In the oper_ 
atinK oynem, it II p<IIIible &110 to ""teriori. N1 Ipp"",lably 
p.ter body of COI'Ii tn.. prote and, at the pric. of 10m .. ob­
"",ntional amb..".,. to eo:t.eriorisot moat. faceta o f lnno.,.t ion. 

1.8 . Fot ....",pl", &IthOlJeh lh" " "'" (in hil COII_ ueembly role) 
moy work fram " lOp to botl.om," "" may alto do !.he ~ 
(makinl • model flnl, uplldtly. and inllOlting' topic lAter). H .. 
mult , till hve I h e~ orlent.ed polarity undOT one thl!'fa. but he 
rn-.y alto (and ulually doe,) entenain ..,.."..,1 theees to be mMll"'" 
liter , Although ho may outpu t t he . ynUu;tlc fotm of 11111 them (or 
lhHelj tir.r. ."d thei r lC\11antlc d-:ription lite., he may also 
ehoo. to "rmsl.n>Cl • framework of dl!SCtlpton and build. th"," 
within this _lure. I'lnally. nC>!. o nly may boo TfWene t.he o rder 

Derivation - El<planlt lon (model) 
.~ 

F"'pianation (model) - Derivation 

with respect to mOOtl. buUt .. non·verbal txpl-.n.UonJ ln the one 
or many MF(z), he mil' alto, In'''far .. Lhft data bank b deAcrlboed 
(channel. o r I 1>" w!th topICl ). Impute meaningful belu.vIour to 
whaU!V~. lie< bf,hind Lhe d.tl bank. ThUI, th e following aequence 
II quite l"llit"" It.e. 

El<plom d ata bank - Impute ""h ... ior '" Model It In the MF(I)" 
em. dmnlion. 

2. A"Tl':RNATlVt; AND MACROTItEORt:TIC DlSTINCTIDN 1IF:rW&£N 
OPERATING 5Y!:fl"l.:MS 

[t II po .. ibl" to c hatact.criee a o ne-aim·at-once operating Ifltern 
(any o f tbem at all) in t.emu of the attentional ur>Cf.I'tainty d o cBl­
culAted in the COIl,*, of 11m vBlldation and the Unc<!rt.lllnty vari· 
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able d- (Chapl.e, 6. Sectlon 11), which II computed "'lth respect 
to. finite (though open endM) list of nodes.. 

For . one-aim-at_ $ydem , the eJ:perlmental conine!. de­
manda that do" 0 (or nearly 10) if an l im 1& validated; sln~ 
th_ may only be one aim, this implies thllt d- " 0 (lOme 0'"' lim 
is ~1ec:1ed Ilnd \he participant oontempiats nO other) . Although it 
is imJ • ..cticabie to obtain conrlden« ut;matel OYer the Mtire let 
of nod", (topicll, channell, Of ",hatev~). the mdlllC d · it ..... fu lly 
Ipp.aaimQte<! by l',..,.,nt.inl the .. I of node. wh ich h.ve been at 
leut once ""pIon!(! durinlil the I ... t m """ulonl (m .. 12 if arbi· 
trary, but utllfactory). U there are a1tem.tlvel fot 11m 1M![e<:t.ion, 
u they U1l by edict In I onft .. im.aumce I)'ltem, the alntldy ttalA!d 
eovariaUon of do _nd d* iI ant.iclpated . By " iicitinK conrldence 
.. tim,teo over the uplo t'ftl node let durinB a IIImpLe of ""1']0,," 
lfaJlI8Ctionl, we oblain e mp irical variation curv ... of d" and do (_ 
dile"". value . ..... pled a t alm). 

Fa . TIiO UC IITSTICKER Dr any oth~ many aim syltem, tIli. 
constraint no IoI1p!' applies. ", .. use mllJ' .ppr~i.te. be certain 
about. dl!ll:l'iptlon tor. and validate hill aim wi th......,t to, .... I!f. 
oJ topics at once. Hence, th.o ""nr~ eotima~ upon which the 
calculation o r d- .n! bped do no~ IIUn\ to unity; do and d· an! not 
""'peete!! to eovuy; their empirical ~imal.el do not do 10. One 
.. ay o f Phruln8 the dlNI!ff:nCf: is to point oot that in I many aim 
&y.tem d" i. nOt. probability Of uncertainty me ....... but. Funy 
Sot me ... re and that in a many aim I)I$I.Cm the topiCl ...., neces­
lIarily Fuui Predicates .. proposed in Chapt..r 4, Section 2 [the 
""'Y far ~.chinl conoeq ucn <:el of th;. remark ~ alII(> conlidered 
at that poinU. 

I. AN OPERATIONAL OIlFINmON OF LEARNING TO LEARN: ITS 
REI.ATIONTO INNOVATION 

Il .... argued in Chapter 2 that oertain _udelltl haw. I "",,,,,. 
alised and lppuently transferable ability t.o fnm,' rqardl_ of th" 
Albject muur lhey r..:e, u.e.e ""dentl .... abl" to ...unlla'" It. 
Their ability to do 10 depends upon .,..enl ' ..,ton. They can 
Itructun! an otherwlte UMUUctun:d environment by actin"in this 
"'sped, U perIOnal subject matter expert.; havina: done 10, they 
mUlt exhibit vetuUUty (boo. DB and pn competence, Chapur 5) 
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in executing learning ,trategie$. Neither ,kill on its own i .... ffident 
to qualify the .tudent; on the other hand. the . kill, in qUl'Stion are 
correlated and probably interno.:t positively ruther th"" interrcrinjl. 

AU this wnounU to " oJoppy ca~goricaJ SpeCification . If Icarn­
ing to learn (by experience} or teaching people to learn (under 
duress or perr;ulI5ion) d ..... rve the elevated station in the educ,,' 
tional ' )'Ioom acribed to the.., activities in Chapt.cr 2. it it euential 
to llive an opernl.ional dclinition "r the comfl"l.cncc or ability 
thereby inculcated . Such" der",ition i ...... allah! .. and i. tanta­
mount to the bilk! statement that an ability to learn (the Ikill) ;. 
an ability to employ TIiOUGH TST1CKEIl.. produ"ing • sen.'ea! 
output when the urutructured subject matter/envlronm""t is t he 
active data bank and when the output .t.ructum is fo rm..! on the 
i!id' above the starting substructu re. By hypoth",,;. , this much, 
but no more than this, need be oaid; for T HOUGHTS'[' [CKEH. 
det.crmi""s R we ll-specified process , albeit open ended, which 
either can or cannot be handled. 

In common with th~ other opemting Iy,tem., CASTE and 
INTUITION, there .. .till an irreducible but, practically speaking, 
hannl" .. ambiguity. Doe. our definition "'fer to a ttl.t for "ability 
to learn," or doe. it IICt as B tJ"aininK device. Clearly, It may do 
both and the functions am inseparable. For the sy.t.cm is (amonsst 
other thing_\ an "epistemological laboratory" containing prin. 
cipl ... which may be instilled. Some of the ... prindple. are well 
entu:nched pieces of conventional or a~rnic wisdom (though 
they are not often recogniSl'd explicitly by Itudenl.l) . Othel'!, like 
"cpiltern ;c symmetry " and "inversion " ...., debalable ; aU Ille r;ame, 
Illey are upheld by common >Cnle as wen all by theoretical doc· 
trine. 

The .,.idenc~ lUgg<!$llI, moreover, that the uSC! of THOUGHT· 
STICKER hM a powerful [rainin!! function. Just .. o a .tudent with 
a defective repertoire acquires versatility in CASTE or INTU· 
mON If only by virtue of _ing hil own "Olohetrntting" of 
"Improvidence," so the u..,r of THOUG H'J'STTCKF.R "learn" to 
learn" even if he cannot do so at the Olll.4et. 

The data available...., .parse for two ",MOn,: (a) The expen­
mcn[.o am lengthy, ardUOUI, and fonn put of a phased and on· 
goinS study of innovation, (b) To oe<:ure the kind of result which 
is called for requirel . ",th ..... pco:ial opcrating condition. 

Under (a), the current resulll only att.c.t to tl1e exiat.ence of a 

I 
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tnlmm.g function; 11.1 magnitude ."d ..,liability cannot yet be 
""!<'d. Th~ example. of Chap«!' 7 an! bow~ycr qu ite typical. 
Wh"""", tho! ''n!lnv"nl.ion'' of Brillouin i work wu duo 1.0 an II<Iult, 
younpten; "rci/1Vf:lltcd" Ule ~ mininl pump and vanou. In· 
",niou. compOfile mgin8 (ofu!n with r.elN of Ipplbtion quite 
bium! to the odult mind l. Tha' analogical OItt'UctUrei r1!Iatins thete 
"rlCld." (or, In our jargon, ·'Unlv"..,. of int.el'J1Tctatlon"j an! far 
moM oomplOlX for younger people II OIl"ett.o.-d by the ..,I.tively 
Udy and lObe. mlr.ded the.1I of FI3. 7.1. M fint light, more Ii., 
nlficanl inlormulon ;abou t learnl", to ;""oute ... W come from 
eomparinr tlanIaClJorll and rellt lo""lll.rucbl _ than (rom lIfO .. 
nllmmcal """, ,>&rion ; at any ",I.e!, our o.'OlIvic:tion that the 1YR<!m 
hu value """"" chien, f rom tIIeh evide""", 

Undl'" (b) "Iearnln" to learn" !'lither than " 'eami"" \(l innovat.n" 
calls for a .i!.l.-lion dominated by the data hank ... 1IOlll'Cf! of In· 
formation on I p..- with odd u...\.1 in a library o r odd e.:periences 
in st.rre1.O and airports or I3bQqLoria. The required condiUonl &f'! 

aho,,", ocl>ern.alica.lly in Fic. 9 .1. The ....,. pldu up infann.llon 
!rom an ,nll bllly Ul\II.tuclured dati lwllr.. On the bull of lhilin. 
tonnatlon, he make. modell!n the "' F(.) and Iftb to delinelto 
a thlll'" by bu!ldln~ a c<>tlI1'tlve model. m,""" or netwo rk on Lbe 
C'OIIStnlctl(N1 1(Iid&. l laving d(N1 c 10, 1M! is in I pooition to describe 
hll thesia,..,d (linc:<ll channell are plac:ed on • par wltll Iopics...,d 
turtbennore, dnce tile channel o utput, rather til.., invention 
alone, ClIj1endel'l!d thoe modr.1J) any dMCription of the til ..... will be 
relevant to and dt'IC. lp tive or th~ channell (tl.I"al ly One channel \.0 a 
cl ~Jtcr of topic node. in the 'M.h}. '!'he th""i. and data bank de­
ICriplion (~ther with the mcth ur the lJIeIiJ Whi ch romu tile 
sluo u..t Slicb one clcscriptor to anutller) iI one of the perlOnal­
IIcd stnIctliJl:II; we an anxiou. to exterion.... 

The d istinction bel .. "",,, tllil mode of uperatlon and thoe cumml 
mode it to IOrnO extent D ml tt.o. ot degree: tor example, ""KUy 
LIlli cycle or KtlvlUea can , and oc.''Ca.ionally doet, t.ake pir.c.. On 
Ih~ "ther hllld, it II hardly encolln\;lcd by. oubject matter llke 
"conl<' .... ati(N1 and conwnion of enefJO'''. The "....,illaton~ en­
vironment, mentioned in Chapten 1 and 8, iI a mo~ fertile nekl 
ot en-quiry infOf .... !.be data bank i ...... teric (indued by ... thor 
n.arnn and contain,n, ext.raclll mom Apt.r, BeII , ]e, Galn"", Ot­
fUoIjet, I'ri.~"i,~"e, and many otllcn) , But, thill e nvironment hili 10 
tar been littJ~ ulled. 
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Fla. '.1 . Outli". of u.. Tl IOllGtITSTICKt:JI; ~nJU .. ll_ .... ~ ..... I .. t n _ 

~ ...... ''''''''''' Lo ...... " 00<1 •• ..... ni .. Lo ..... <tu", d~y u_ 
pon-r.." (\Iw dol-t .... d ... I ....... "",.,. .... ; r_ hlldHy 10 ..... bllohed b7 
......... 10_ .... _""''''' .. bonkl. 

A further dlnirKtion betweon the ell"",n! and the dcdrod mode 
II III followl: People who are leamln8 ~uently ad under dUfeQ 

Indue..:! by • time eonnnlnt; r .... aunple, an .,: .. min.lIon date 
looms: up in the I\IIUf'1!. Uncia u.e.e circum5&anClll, in....,.,Ql1on (in 
particular, in....,.,.Uon based on "episU!mic symmelry"l oecun in 
order to IJU"A' .t parts of lIle .. bject mlUer which hwe not been 
oovere<!. [t is not innovation for <:enven;.....,." Dr for Itl Own oake, 
or with much Pnltfttce to lUoce ... lt II innoYlltion of neceuity and 
jl very common, It rOUD ... that In ideo! I!Xperiment.al litu~tlon 
would Impale. time conrtralnt llkely to be incompaUble wlr.h the 
implementation of the present I)'It.em {though not wIth the nex t 
cenention THOUOHTSTICKER under const.ructloni. GeneJally, 
we teel th.t inftltiptio!ll .... benet carried out by other m~ 
for this reaIOf\. 
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A final d iff""",ce betwe<en 10M ~urrent.oo the dctired mode of 

..-Uon \I th"t lramen, qua atud.,.,lI, are Inclined t.o ~,t the 
rft:lilude of data -.rees (wisdy or not), AI • ~It. cano ... o f 
..orbb.lil)' depmd Upotl whether the data bank (or any partkulAr 
""an .. eI ) "UYI it worlu", M IIIl "" .. n1l Ull~ lI _h.1 the uaminOl 
' ... .."t to know" , U II qu ite .... y to incorpO .. te Il>e necf!UaI'Y h iD 
Into THOUGHTSTICKJo:R, but It II incomp.Ublfl with the conduct 
of gcnenl uperimenu on the syrtcm. 

Undt. til.,., circulmlan""'. the dotP1ll, ho""ltly and un ..... 
....... edly cnunci.1.ed in the Introduction, comO. to our reacu ... Al­
though . I.heo ry of educational leamillil and knowledKe mUll rest 
upon. well .. pec:lrlf!d upoerim""t.al """erne (and In pBCtice if only 
due to the magnitude of the eonv"",,Uonlll domaln. thll implie. an 
o~Un, IY'WIn Ilke TllOUCHTSTICKER), !he main uM! of the 
_It. in an educdional or institutional eontHt dON noi involve 
the opentin8 IYsk'nl dln!c:Uy. PrinciplM of in&tnIctlon m.y be u­
trJo:Ud rrom !.he ret\lU .. produced by CASTE tnnuetlonl; by the 
urn., token, prinelp1e5 of "lellrllinl to learn" are reldll), ulBl:ted 
born !hI> I'flIUlu obWned in 1ll0UGHTSTICKER. U • tul.orial 
(,.lMr than experimental .... cotnpantive) object b dominAnt, 
m ..... of !.h_ prlncil'leo can be I'fftt'I'\i.od, d emonJtnoi.od and re­
commended for lIdopUon by any Cony""iMl mode of "yocacy, 
for exlllPple, In • ct......,m 1.0. group of !nUl el' ed Itudent.l, 

Thil a:ped!enl h. been iIdoptod In uperiment.l chi",ny due 1.0 
U,C.E. Scott and Eliubeth. l'ask, ",inS the follo .... inl dn.ijn , 

~. CLASSROOM eXPERIEtlCE 

A group of betWe<:Tl 10 and 25 atud..nt.l (lIIIe 20 to 35 yun) lin! 

.. ked 10 attend _klnl In .. hk:h !.hey ... W "Ievn to Ie .... " , On 
uri¥a1, they are told tha foUowinR innocuoul "lI.Ory" to fo ....... 
work _ltine. 

y ......... _ .1 ...... ; ... .u. aoIIetI O:C-I< I't_ •. It iIId.d. 
__ Ioriol, Ihot "'~d, at 1( ... 1. En .... IIo_D. ~. m~ft, 
__ .... ', BI~ .... I(.~ ... 1(<011, ... d <M.hen. bullhot cour. ""M ... , it ... 
_", .. -u..a: ..,d opoft 10 ............ ir>"'IPm.tton. r Of _ .. _ ... 
onoUr .. (poll .... " on do _ .... wh .. ftUO .. l, 10" ..... r._ 10 .u".d ..... 
........ __ . 110_, rou'" _"",",,II.n, ",<Jr"'" 01 "'" ..... "'.1 at "'" 
........ "'.1 .. 1 ....... 10I>l00 ~ \omon"o"Or r_ I ... "" •• _ .... tI"" Oft "'" 
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, ... 
""" ... w~.,b yO<J !n,"nd ", _ A. "",hi boo ""_hid .• II<! ....... 1 ... ''''" .. 
",IOd •• p ekien,. of _y q~ ... ioM .....,klnl ",pi ... '" "bow" .... 11 ~.bJ''' 

q--........,II ' h .... Io, ..... 'k .... iii .. in foYOltt 01' ... _ .... 'hat Ii ... _ Idea 
ofh_ ,. .... ...-.I",... ~~.;.", : CO_nUy._o' ...... ___ 
..., 01>"" ... d«!. 1"""_. 1M ~ .. mln"~ ..... 'ado" .. hh • fev< '_uoJ q"o. 
. "' ... wh;dt OR "",no Ih .... "'. h .... i~h .... 

8om.,hlnl OM 1M don. '0 .. ,rio ... I"' .... lf r""" 1M dU"",m. ", on"";l\11 
.ho ..... m .. ;.", mono .. m ..... ' ""'PO' .. utly. W~ h •• , '-'" ~""""' ol.u u.. 
us ........ lit __ ..... _ .""" t..'to _0 edl ..... _0 to o><Lnda which 
(tho ..... _.op.y).,.n .... fftod .. ,......"."".,otI,. 2 h ........ v_ h ... 2 h .... "'( ... 
''1(1)11,. ......... ho floC' "P '" 31_ .. ) '" ".lIy ,_ .... t<tWs.. 

I\~ thil point the ""JM!riment.o!. P"'"""U the Stlul,m A ""XLI 
(TabLe 9.1) and I"ves the IlUdenU \.0 mull oyer them. Students 
lHve the ""perimMtal room ... h"" they h ..... 11 lOt .. m\ICh .. (they 
tlllntj they ean &om the maU:!rial. 

Althou!lh reading rate ;1 noL, In Lhe IlOl'ulatiQn """,p llld , a lim­
ittn, fielD •• the ape"''''''' ia III1' .. ing and for lO me studenl.l pos;. 
t ively mumatic . A re .. breD down .. motionally, or lIlt!ni ly C$­

ClIpe. Those who ..,main .... .,bmitt"" to an examinauon, liberally 
IWlClIlentft\ by P;"gel like inte,.,i<:w •. 

s.:A/{'" B. wh en the grou p nelC l ll"a1.he ... ill d .... ot.cd to. tnining 
.... d dCOlorutration eure;"'. Thil lllllion l ... tI for..,.,.,ni hou .. and 
""hlbitl the ,,";o r I'athologils of \camlnjj: (Chapter ~). theIr expJi-
""Uon In I.e<rnlO o f 1)8 and PB Op"l1Itlonl, and the .... ;.,nl principles 
o f T IIOUGHTSl'ICK£R. Within the 1i00iu uf • c .... room _Ion, 
the lIludentl an! required to do and ...., for lhem""lv .... not merely 
to ilium to B lecture . 

Finally, &airm C i .... virtual repJi.c:ation of &uion A u.onK di(_ 
""Y"" m.1ftiaIs (Table 9.1) and ia again follnw"" by an ", .. anin .. 
tion and "ir«Hian interview •. 

Tile UlUal conUOIl ....., 'PloIie<!. The materialJ employed in s.... 
rion A are found to btl of ""rnplUlb le dlUk'Ulty to tho .... OMI'l'loycd 
in Seooion C; fo r IIOme IP"OUPI. SeNion A m~terial.o "'" ulO!d rim. 
and for lOme JrOOP'. Sesslon C m.cderiail are used rll'Sl. Po";ble 
pniOli!:e dfectl an! ""ntrolled by ;nterpolal!na: \nactmly in place 
o f the (train",,) Selllon B (and found to be negl igible; if anytl\ing, 
performance BCI.I wu .... unl_ 1000llthing \I done to climln.Le!.he 
conl'lllion produc"ll by .... imil.tinll a large a,><I indiptiblu m .... of 
data). For all that. and pn!SUmahly ... ; n!IIUll. of inductr\nlling 
awd""tI with THOUGHTSl'ICKt; R pr1lM:iplel in &.ion 8 . there 

I 



TAHLI\ 9.1 

.. ............ '" LHno" K:.pnu.-.,.I M ........ 

~. 
T ..... : 
It. W.lk .. , .i s, ... ~ "fOUdtdji.,ro T.a<M"6 (CI>opt.. 1). 
r . Eneolo , TIl. ~I"'''' N.,~fC (CltaplL t nd un 
J. Lillo<)': n.. c,tI<uI ... C ... ,'" ((:10, ...... I I, I ~. l ~ . l~. Il>, 11). 

'" 

J. Cla'Yc: WA Mop "I In_ Space:' in ~ ", __ ."lJo. h_. K . .. d · 
_1 \ .... ). 

e.O. ~u ... : Exl ....... ''''''' hI< I n\.rOd~L"'" '" KIc/1ud WillI,I"," ,,,,n"'tkNr. of 
,<;n .... o( 1M Go/d, n n~_ •. 

-, 
TUI1: 
1.. WiU_t!'In , ~,~, .. w.iro.J'llRorop~~ ... (n.roetI). 
A. lIcIo o'" ColI,,'.d ".~ ... I, ~ Phobl .... ofSo<ldl R •• II,y ( .... rulo). 
W. 1I.lMobo,. : PIo,.iu • ...t tl6t<>N1 (Chopu. 9 .M to). 
L Sdorodi_: "'100, .. Lif" CCIo.pl. f l. 
e. C-_: A s.,.....u R .. lily (In"""ucllooo """ CiulpW. ~ ...... 11). 
C. C-.. _ : Jo ...... y ... II,Io" (ClulpLa. U • ...t toJ. 

;, • ¥ery marlted and JUlllt.iclllly slgn ltlcant improvement due t.o 
s.e.!on B praclke. Th ... result.t are lIlown in Table 9.2, and the 
acqu isition of I" "ability to learn " il mort marked In Lenni or 1.111 
"ho .... and ''wily'' qu .. tionl for which the an_e .. we derivations 
_ ""planat.ionl mooUy innovatM by u... stud,."q. Oraphioc .. 
Ip<mM!I (fo r ""unpie, no ... and conMCtion charta) au encounaed. 
In lllil arnnllemcnt the mat.eri all uoed In Session A and SllSfoion C 
co"""pond to the THOUGIITST ICKE R d at a ban k, and In Se .. lo n 
B, to. rtripped down "I"'ration or the TIIOUG:ITSTICKER IY. -. Vanoul compromisel and cLasnoom m minioll'llbl<! technique. 
h ..... been Iried. Detai1l o r the curren Uy uoed technique, .. hid! 
workl weU ror 5t h and 6th rorm lI.udcn t., are giv~n in Appendix 
C. II is • pncti(:able , rairly inex penaive method tested oyer lOme 
l ZO JlUdlMlt.; It can be uJed a110 fo r adu lt populatiON, and. mod_ 
ified version io beIn& pllo~ for use in primary .,hoolo. 



, 
• 0 , 
• • • 1 • • 
~ 
J 

• , • • • •• ~ • • • • • J 

'" 

po<>1u.pun "'"_ 
<>!d"l pO~"'"'' ..... ~N 

_~"n,~""d 
"!dOl P" ~"'w ..... ON 

'"' ".IJ !(] 

(1""nood ) 
IF .... '" .l"lIQ{<lW<>:) 

(l.., .. d) 
'1" .... '" ~,!".[<h"o:> 

· · f" · ~m.~~~~~~~"~N=~.~~~ .. I· ······ · · · I · I I · I· I ·~ • 

I 1 • I I I I I I I I I I I I ' •• I I I I I I 

~~ . ~=~~~~NQ~~=N~~=~~~~H~ 
~ ~_~ - co 

~~e~._~ ___ .. ~ ~~~~o= ~~ ~~~ - _ . 
• ~~.m~N N ~O~O=N."=~" ~ ~ . ~~ 
~-i .~mmH ._ "~. ii "- - N--

~O~O ~~ ~~ ~ OOOO~~~~O~_ . O~ _ 

~~~~ ~ ~~ . ~~~~~~=~~ . ~~.N~~ 



~ ~., .. 
; I • I 

-....... 

I . I • 

~ " .. .. ••• • 

... .. .. -- -

- .. ..... 
~-, .. , , , 
~" .... ••• 

0 .. 00 .. ., .. 

• • 
• 

-
-• 
• 

• • -
• • • 

, 
• • 

• 

" • 

l 
" -• 
" , 
" • 

-• 
" , 
• 

, 
• -
o • 

• • • • • 

• • -
g 
• -
o • 

• o • 
'" 

-g 
o 
• 



"" 
5.0ISCUSIHON 

The average improvement fostered by a TflOUGH'TST1CKJ.:R 
t.echnlque "' unequivocal . For rubject matter which '" 00 heteroge­
neous am] sometim es recondite , It is hardly necessary to que.tion 
the trarufembUlty oC any ,kill which is acquired. 

We do not claim that everyhody "leamoo. to learn". An appre­
ciable number of the Itudcnts opLed out (espeocial\y before the 
latest technique Wat introduced). We conjedum that th is is the 
main I'Ilason, In pmcLice, why people do not "l~am 1.0 learn", A 
["'" who stuck Out till Lhe end oC tile uPI'rime"t gained Llttle 
benefit, but these fo"" • lI'J\aJl pe=ntag~ of the total. Most 5tu· 
dents who did not benefit already had the I:eneralleaming . klll In 
their ",perloirc .t the oUW,ot, .., that they canno t for !.hi> rellSOn 
be snld to hay" lcamro II novel art. The great majority o f studen t. 
who weto initially naive and who did.1ay through the e Xp<!rimcnt 
mowed Il m-Jor d!l'gl'C<! of improvement. F urther, judging by their 
comments durlng the intervieW!, they cnjoyt-d the e~l'eri~"~". 
found it uJCful. and beeame Rware of how they..,t Rboulleaming. 

Amongst. th~ otudcnlo who did show ""iden"" of learning the II1't 
o f lcaminll in the cou,"" of the experimental ses.loru;. the re are 
two l/lOup. of . pecia! interest. 

(al Student. who.., response at the firlIt ezaminatlon Indicated 
thaI one (or Rt the mO lt two) text pusage had oo..n pIcked out for 
OIClUtlny and the ,.,.t nrglected . ApRtt from the ac ... crn time con· 
stmInt impo.,.d by the work""tting. U1, .. e student.. might have 
been adept .. ""ria/1m" Or they might hive been "improvident" 
leameR (with a purely arbitrary, oequentiaJ·looking, learning Jtnlt­
elY). 

(b) Student. whose replJes Rt the first examination showed 
e'I"'Y lign of "Olobetrotting" over lOme or all of the text passages. 
Given longe r. they might have been iUCceut'ul .. holilt.. ... AI It I •• 
they answered question. in tenn. o f loose. diiwrt.ed. or even flU"'" 
Iy nominal pl<!udo-analo~", (Kcnenln y. notlnll aimilaritie. and 
neglecting differences; invariably. unable to explain the topics thUI 
linked together). 

It wa.o sometimes poaible to oblel've grou features of ""pIMa' 
tory behaviour during the learning ..... ion. and these observations. 

, 



"" 
WMon available, aft c:ommensurat.e with the .,.Uero (a) or (b) d .... 
tfcl.fti in the examination phaoe. 
Af~ the ' n inin, .......... D, u... majority o f th_ IWdenta, 

type (I) Or I,,,,, (bl. improwf<i t .... ir performance in tennI of ....... 
lute ICO", on Ihe e>lUT1 inal lon fo llowi ... SeMion C. The t im. con­
rtnlnl upon Learn;n, In $Hoion C ill juot. all .uinl~l AI It It In SeI­
lion A, but jud,in, from \lie AUdcntll do!meanour ",kiln 1eun1nC. 
it II far leN bolh<!flOm •• Nearly .JI of !.he Itudeni.l; lmrx-d • 
,(",cture of their own upon the texl.l. were bolhconllCloUI ofdo;ng 
10 and able 1.0 ...,.,.11 the IIlructuring scheme (otwn JI1aphed o r 
chuted un pal"") ' Studen ... of Iyp!! (a) ~nl arged the teOpe of the ir 
aplanlUon (OCClLlion-.Jly fallin, int<> thu "OlolletroUJni" mate) . 
whenu type (b) Iluden\.l concentrated on .. ti.r""tary oplan. 
lion and derivation, AI though compenul.in. for the!r orillna! tle­
red (at the train;", RIliOl'l lh~ wen! probably nil! IWatt! of their 
pufonnancol and thu. all'" to obtain corTtCtive fMdback from the 
\Iainin8). 

Oboenrltlon of bdl ... lours ""d pn>\.ocoll RIppon the main 
conclulionl '-d upon • _ all.". ..... plc o f w"U..:onuo1led re-
.. Ill and upon the theoretical argum .... L, nam"ly: 

(1) lnnovltion involve. \11" rHOlution of mllrlY aim. to produce 
~ .. 

(2) Th" may oe<:ur In one I"'nDn (bnln) ir It II inhabit.ed by 
more tllan one P.lndlllidual. 

(3) It may, I!'Ql,lally well, occur in JrDupt of ........... 1 people. 
(4 ) CoUrH _mbly .. replete with Inn""ation. 
(5) [nno, atlon . .. COlO .... aaembly" (in the technical IO!J'IH o f this 

book) lIrId "Iearnln~ to learn" are tied together by. common p ..... 
celli, which also M!U thl'D'l apart from 1_ c reltive learnin,. 
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Chapter 10 

A~ Aflfmptfd Intt!paUorr of Thtorif. of CrNUulty 
Gild fllll"lHJtlo~ 

The presen~ theory o f irmovaUon io intimlto!ly connected wil11 
tMone. tlat ..... tefltatiwly oceepted u uplalnlne certain ty",," of 
creative .ctivity. The comparative ll.udy in tllio cha pu.r illimlted 
to a handful of po_ lbilitls and .... mcted e_ in wbich a process 
or mechanism 0 ' innovation .. poAuiated . Purtb ... , the e""",, 
uamined ....... pported by em pirical. .... idence 'rom 1!~ld dudios, 
hiotoric:a1 o"-"Itlon, or (OCC&IionolJy) laboratory data. 

It wlU be UllIled \II.t t.hf! prsent l111!'C1ry be ... up quite W<!Jl and 
do"" • u.eM job o f work in unl(yilli the theone.ICNunJaed. In · 
IO far u thill and other tMone. are not It oddl , .... en thoug:h mOlt 
other tI'Ieo"", laken &lOIle hlft senir..,..,L point.. 0 ' dlfl~nce, it 
if; ntuonablf! to claim that our \heal)' II I generaliAtlon of the 
others and is &lJO III IIOme relpeCtl: mOn! detaUed. Thil p"'tefltious­
lOundlng daim II duly qualified : the raet ii, tha pn!IO'!nt theory, 
though it hu pl .. !dlcti~ power, iI aloo b.llored to fit limited uper· 
1m"'t.al li tu~U""I. n... o Lben, in c Olllnsl., hi ve . far richer field of 
inlnprl!tation. Let 111 _ at l11e ouIRt th.t!be ~t theMy II 
no .. bet~" than t be ot.hf!n. It ;1 ~ic and the othen h""e • 
~mi<: co",; the ",enU!l.lilini capabilitios" of the theory "" 11m· 
lted to the 'Yl t.m!c rol'l!. But, ""'" in thtl Ught, the unlfi~ltlon 
IChleYed III nt.rl'mely \alef .. .. 

Section 1 cont&iN • brief _iew of the literature, U I ....... IL o f 
.. hleh certain eompanrble theoriell ....... lnkled out fo:r Iu.. nlion. 
Next (SectiOll 2). U>e prell!f1t theory iI ""Pl'I!JSI)d in a form appli· 
cable to IInf~ttered creativity (ylflldinH lin 'pproxlmltion to the 
ltac",ment In Chapter 6 and Chapter 7), Section 3 it devoted to 
comparirljj the RiecU!d thtrnet with the paradigm of Seetion 2 , 



'" 
.nd tile fft\I.!u are .. mmaritfd '1'1 &cllon ... Methodi of touerina: 
c~.tlvity (mo.t of them already dUcuNed In a dirrel'Wt guile) an 
noLed in Section 6, and Section 6 bri"ny explorft the MucaUonal 
ImpUcaUoru, 

I. EXlSTING TIlIIOR I£S AND THEIR CO_ON PItA'nJRES 

'I1w! HI ... n.tun on inno.'8tion and c reativity 11 wid""p.e8d and 
oddly mind. One .. peel or il ia """"",med with tIM! poychometrlca 
of Innovation; ever lince Qalt.on'l (lSS3) Itudlel, attemptl have 
been made to demonltrlte tnlto., lUU.lly Inherited, th.t are con­
ducive t.o inn.,..ation. For ,""aml'le, GuUdtonl'l (1956) divegent· 
production r""ton (analyud into _ual componenu In hll 
~SlNctun! o f Inlol!!lled" model) CO &Ion, with. tendency to Inno­
... te, Or at least to achew ""nvereen' thinklnl- SeverIlllmportanl 
fa.;1.1 are genenJ.ly ""knowledged; for inltanOl!. ,"en I careflll 
","udy ( ... ell u T~lor and EI1Imn, 1964. uainS the biopaphleaJ. 
In_enlory multJpl&-f.cto. ted. batterlell), it t.umI c>u1 that I pro­
penalty to innovate II nOf In regiAl8 with ac.dftll)e perfOrInanc:e 
and II not dirtefflltitlly predictai by academic .. ' ....... ' But., unl_ 
the pl)'chometric: dl!'llce& are used in tequenUal illvntiptiolll of 
dnelopmenl.al ~holocy (Piaget 1968, Baldwin 1966), no lpe. 
cilk medlllllilm of Innonr.ion ill directly lnyol~. 

It II clear tha, the prnent (mechanism oriented) theory canno t 
be compared with theoriel .. hkh Involve no ..,riOUI poitulated 
mechllliml; til;" in nO ... y del'lt ... the value or studi ... limed at 
Iktcrtblns or predil;tinl thl! distribution of cn:-tive mental tnllf In 
a population or theif ~h,pment u a function of age. Ho .. e.-tr, 
it. wen>. improMnt to identify ...u.bl)' tftW)1e !ftit.o wilh a. 
IUviI)" U 10m!! ........rchel'l are prone to d o. The .. Mil)' made con· 
Mion betw_ I teNoble reat ...... IIld I proce. or mechanism II. 
ca&qory error; cOllunltUn, th .. error (orten in ..... ry IOphlltlclteci 
form) Ie". to the well.known IIazarda of (un"IWngly) equltinl 
"inUlllIKen~" with "performance in an IntelliK"nce !.ell". The 
perill are eopecially veal within education, "IIere individual value 
judgements, ' 'he II intellil"nt" Of ''he \I creative," are apt to bane: 
upon the reouJts. If only tor thll reaJQn, we i,,"iIi thai. _th1ty! 
inno.-tion , .... ateYeF else il m.y be,;'. ~ or a m""'lIlllm, 
.. ther than a COJIlitive fnanit-..Uon/behaviour palJ.em. Hence-



fonoroni, the d~ II confi~ 1.0 theories whk h pottula"" • 
process or mechanism WId whi<>h may .... on incid~nt.al """,It, be 
eompared with \.h ~ p rucnl theory. 

Prop<>lH!d m~"'h ... l.J.m. o f creatiylty may very roughly be clua;· 
fied .. Hnru iltk: Or cultural (on \.he one hand ), and IndMdu.J (on 
the oth~). The demaraot>on if not at all de<lJ<:U ~: IrKllvld\UIJ inno­
vation ui~ pt.c, III • cullllraJ conUlltt aru1 iI ofu,n IlWtUated by 
Iin,wstic tooil IUd! .. metaphono _ien_Un, anaI~ and pan>­
hi.,., For a .... ple, u... thea....,. of Upt.on and Samf"Of' (1963). of 
Claire. (19(6) , and Fromm (1951) posit general c1_ o f m""h­
Ilnism lJIal are evidenced by the hi.tory of 50Cietal (ran. fonnatio" 
O. the otructure lnhcnm t In • corp". of lmo wlooS" con .... nt.ion o r 
r.n.dition , fo r !nttan~. the II.ructure of mylho or . style o f ""p ...... 
sion. In conttut, lndividualialioo lheone. - due 1.0 Schon (1963). 
K"""Ue. (1964), &melt (1 953). Gordon ( 1961), BI..nOllI and EJa.­
hout (1960). Fllther (1969,1974), and Maslo .... (1954, - propoa 
more or IeIt IlpeCIttc mecbaniunl for Innovation. and find IUpport 
either from detailed prol.ocoloo, hlhoral.ory u"""ment... 0' the 01>­
IOllVation . mllde It !.he ,,"vel of Inl<!,.... ,," w. by delil:l'lcl'I anthropolo­
patl and ....,iaJ or educational plycho!opatl , It ~ ,till we from = 
t)'lU>mic point of vie .. thai. 'he fonn of innovation in !.he ~ 
(..:>clal. culw.ral or Hnl"ldic) ill id""tinl with lIM! fonn of penon­
all5ed and mlni_lelnnovllion, 

1.1. Comm<m FHf~"'" 

The theoriea of Schon, BarnQtt, KI;)IIILler, FiJ..:hcr, Gordon, 
Mulo .. and Eilhout hive (or may be Interpre~ u hiving) certain 
importan t r""ture. In common. These .... : 

(1) All o f U\em an concl!ml!d with u/"tion., either abltnet o r 
hokiinK, bet_ tangible object.l , t'o. example, InnoYltio ... in 
ICienWlc theory deal with m ltlon.lnvol'lin, coherMt aetl of p .... 
]>OIition. called Ih«>ri#:. (but heneeforward, and in line wi!.h !.hI 
tenni nololP' of the book, caJJed Ih~u, to avoid L'Onfulin8 "!.heo­
riel th.t .", IonOYltl!<!" and "tMoril!ll of innontion ") . In c:ont.rul, 
I lecltnicIJ. invention , E'RIl If boIcked u p by a \h",,1J,. retU lls in a 
relation In.ot.&need by • tangible object. 

(2) Th ..... II • ph .. o f ochiml Or disunity of atUntion wh~by 
arnorphOUI know lrd", ill divided Into iIolatcd unlto. The unito m"Y 

-

• 



either be problems, ..-ifJed by .odjoin i"i • con""" ~ to lilt! o riginal 
..,lationl, or dlstlnc~ pe~<:tiws. 

(3) The Isolated u ni'" are jwttapo&ed (M. rul~, in .Iati<!r COn· 
""'~ o r by union In • contrived o r accidental ""l'IIt). 

(4) The I'I/Iu lt or this jwo:taposition may be I.bo" ive : It. may be 
plOductiYl'. 

(5) If produc lM, the I'HlII I il an am,loe betwL-en the o rigin&! 
unito IT~I.tlon.). 

(6) Supj.lUle coaJ ..... -enct! does ta ke place and yield. an Inno,... 
llo n. A " llU"(Ie" innovatio" correspondl to a /lMGmlll(!d an%ilY 
(our nomenel. lu",), r~ lh .. t than an ifomorpM.",: how"""., 100-
morphlc anal 0Ri.,. ""' u ... "lIly L"Oun"'nan(. ... -d II IImitlnl c~_ of 
innov'lion. 

(7) The ..... 11 of c:orJescenc:e, If It takes pl""e, " IOC<:I'l'dltod u 
lUI ;nnoniwn ' rather than an iMighl or • hriahl Idea) InlOr ... u 
the ~eral c:oncepl, o~ Interp""u,d in Itl own univel'lO, can also 
be l"'fI"""nteil In one o r both or ttle \l nivt-"", ~roper to the unlLi 
",""",u,d by • .,hlam. 

(8) Very deflnlte subject~ "I'll'" Ill! correl.led wlttl th" 
ph_ (1) to (7) : thHe mlY be liven neurophYlliol~1 Inte" ' .... 
lations. 

1.:1. QualifiCtJ I /Om and Dioc/aime .. 

The kind o f men\.lll Jcli .. ily counten .. ""W lIS Innovative , elth~ 
by UI~OriCi of the ty pe ouUined in the 1'"",1001 SUbteellon or by 
o ur o wn thllOry, Is quite n ... ruw!y bou nd c'<i. The defin ition. In. 
volved are technic&!, and the ir _oJU C "'II.. upon a poIIlb ly bUn k. 
ered tpl!<:iflcity, 

Yo. ""ample, supp0t8 lOme child",n "'" I,laylng wlttl Plpl.'I"I's 
(1970) LOGO. A ch ild di5COVero • p"""lplo! (tor inltance, "sub­
routine" 0 ' ''partllionlnl'') applli:ablo! to uillina p rop&ml, and 
ttle ""wei program Is unequiYocably ... ""[ .. polltion On th il buiI 
from the old ~rocnum. Accordine to tho> hypotheall under dilcu5-
Non, this ulrapol. lion iI not ill /Iaef( ... ;n ...,...llon. Ou l P.pert 
( 1970), Rrun.". (1966), and o then; ..... etimlll malnllln thlt It i •. 

The.e is no fundamental d iqn!ement, O n the one Iumd, ;1 Is 
ltupkl to argue OV~T I.I'm ir>c>loe (we hive aln!ady hinted that our 
te<:hnlcal dettnlUon mieh l be unfair and concede IhaL lhe other 
""'i"- may be mO ... equir...blc). Out, nomcncl~ture '1»-". we only 



noted thai. ""tn.po"'Uon II not in It.,( ... Inno ... t lon. Let UI &grft 

thai. ulRpot&tion Ia n--.y (in LOGO. it 1.0) . and comment that 
-0 far u our technical uuae ill """""med. the child" inventiveness 
depend. upon what ill done with the ""lnpolaUon. I.e •• the ne ... 
pl'OlfUTl and ita productlonl (lleometrlcoJ pattnn. o r wh.tev .... ). 
h~"CllforwllJtllUJt " P". 

In particular, the child win be Innovative if P ill u~ to JUUell a 
new 1dN.; that ii, If P lljuJ:traro:-\ with oome p. On the LOGO 
un!v@,.. o r not) and II found to be ... 0.1010"', -0 thai. P .a1¥6 a 
problem .. gested by thlt mean.. If -0, P It uNd .. an Eo/flh: tho! 
woni It culled from the early ",otto: o f Storm (1922), ..... od ... ted 
..,d developed by H .... ki ... (1969). In t he ortctnal context . an 
&cUth II an object, c:onventionally a oIab of stone Or ... 00II, ... hid! 
.., Innontor .tumblH aero .. by aec:ident, It diff~ from other 
objectlln IIlggettln ll a novel " ... ; for exam ple, Ita "'ape fita It for 
ute u . plough. The innnvat.ordid not have a plouah In mind, bu t he 
did (uy) have in mind the notion of breaklnll up tho jP'OUnd. He 
Innovate. (and h;, In novlUon 1.0. plough) in""far .. the Eollth (P). 
in juxtaposition with the clou of earth cu llins butrumenta (P-), 
form. • i\lncwnal IIIl&loI)' WI II !"eM>t-red .. an lnvenl.lon (tho. 
plough). Here, _ ... bmlt that PO\.ential Eoli th ....... PIlemted by 
exlnpolltion, to (onn P; rather than croppin, up by accident. 
In thll f8ped. the child .. extrapolation ;. like the act o f walking 
over the earth. The .-!It of exuapolaLion It 1n00000tlw II P II 
ualnllIlt.t<l in the oontext o f p. , and yields. PI"Oll"Rrn tht h .... 
radll:llly d ille."nt I\mction. Probably everyone ... ould qretI thBt 
1111.0 II "mOI"e Innovative" tilan the ext.rapolatlon It",1f and they 
m\jj;ht agree (depend ln, upon the del.aiJc<J condition.) that ollly 
.. ch 11.1 o f au-polation count _ ";nnOYf.l lve". 

It II alto .. orth poln ltna out that " ndn ... eryday circum ... ..,.,.,. 
an appan!nt ""lnpoillion an be due to • (technical ) Innovation, 
and it i& only In an operaLine: I)'II.em like TIfOUO HTSTICKER (or 
• "pain<! experimenl" Of • "depth inte>Yie .. " pem apl') tn.t tho. 
oriIInal -mlon, "the proll"am It unequivOCllly an ex~pol. 
lion, H II juotified at all. 

~. A GKtl EKAL REPRIESEIfi'AT10N 

In ord~r t o obtain I clNt- 8d. o f companIOn. betWe..II Ipedfl" 
exam pl.,. of the Cl"8tive mec:hanilm. dilcuaed In outline In ,s.e. 
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(31 On .. ,.nd ",,1)1 """. 'DC'''''''' 01· 
..... l1on ( f'.lndi.id.ol .. , . 1",) I • • 
... 1 of .wa,_, I h""Jll Ihio 
.wa ... _ .... y boo (""d lfo'or",lIy 
o,*,",loIo _) 'h~ "rifln or .. ", . 
...;...,_ on u.. pon 0' ..... P·la· 
d i,id ... 1 ... ,~ ...... _ o( ....... "'il'&. 

• :.~in _<>''' •• _ 
..... ( ... 1.;.«1 .. p ... bobl~I'1 _ia· 
Woo, <10(-'" a_' I"",,," ,,, .IL ... • 
_1 .. hIp--.. ........ _ 
,h ..... no ,i", ... ,ha. d, \<I .. ~I .. 
ow.o, """_I . nd ~. (~o~ht ,t>o<o, 
... ''''' .... ).rr ""den ... <I. 

(4) 1',,, ... (2) ,IMO I.on""."." 11>0 
' ·J"di,iduo" in q ........ " b.o ...... 
"lit .........-Iy ' o...n.<! •• "'..., .... n • ...,.,..,.......,.. _nl" , _ _ n' 
iot ~.. ;" «n.oin "ni.~ N_. _. _1 _, .... , • • «>80-

"'_ ", .. nino! ...--., ia ~h"'. 
W ...... 1 1.0 .... ..-- l bo, il ... 
_-.,. 0<"" ......... . 

(&) II (or. t1_ u.. _II, ..r 
.-....." _"in ••• n., .... .. ) """, . 
m<Jn m"nin, iot ........ ed , 11>0 .... oIL 
.. • ILh .. on oomotphl< .... 1 ... , rolo· 
• 100 m , ....... Il •• d o",lor, ,.1.0. 
'Ioa, 10-0 e ..... hi.k" .. d ... .-..l 
• , ... _ Im.!h. &to ... m .... ' I .... In 

Two P«'~" m., !,. l<>lnU, .... '" of 
"no o.opl c 0' two. Ono """"'" moy 
only 00, !,. .. ow. ", o r ...... 'opl< ., 
"" .... !h0"ll" ........ , IO, ,h,. h ... 
e......:ioo> ... ;,~ ....... oIh., po ...... 0 ' • 
'''.,;0 ..... .... , h • .. ~"/ ... ..... 
taiaiDI ... me "' ..... _U_ ._ • 
'hio o.ople. Wlut....." _, ... i ' ...... 7_ 
...,.. I <an'" .0 ......... of .wo loci 
01 .U .... 1on (1_ 'lrm) ""' •• ~ _ , 
.u-tf .... may -dlI.~ ...,,_" ' W<I 
, ,..;.,, ,Ilen_ ( ollenl,ll ... 11 •• _ .... 
.",bill."'" nl"""), .. <I ..,. "'0, .., 
,w.", Df 'h ...... III. U"". 

Common """,nl"l ..,..... ..... , "' .~ bo 
LIo<med likdl b . ...... .,r ._ .. phko! 
pro,loni., .". ""I'~roI oI",a .... y l0.-
t_ --... 111 !h ........ 10k ... , 11 
..-.-.I ,.· ..... i.~ ... I .......... pllod and 
. ....... ""eallion in !~ ...... Ion]" 
the Ilkd ihood "I ......u.p mo, be d"" 
10 pIt..- I lm ltoU-. ".. ......... n. 

of n""'" ""'"" _ ""'" Ill ....... '" 
p .... "" ............ "" ........ 8., ,110, "" 
~ordod ........ n<l.o1)' ......... """""" 
(_o.dary. Ihol io, ... «.mm,," ..... n· 
inl). In .. Ute, ... un", ... m.I"laln 'h'l 
pooplo m",' """'~ I",,, 1<OCt. ph;..! 
pm,1mi'l . bo-ioJ\f 10 .po<ifoc <~\I" .. I 
..... "P", •• d "' • • br.ln, (Of 01 ..... 1.-
-) "' ... , ....... ",.,~ .... ~ 
.... , ..... o_p of r--tndmd • • " Itt­
....... of lM pri .... ry """' ....... n' . 
~of_ ....... I""' 

~I ."""" ..... . ... III " ,,,"," 

to) Tho .. u, .. 'han o", lor\<. llopko In 
~; • . 10. I .nd 1 m., ... on • • d .. mr • 
I ... oimpl. ",10110'" '" , 01 ,h • .,0. ••• e ... 
h .... "' .... .,r p",_"lono .. h lc~ <On' 
";'ulo u,_ or '0_' ,,_ II, ..... 
........ _.1 ..... ) I h"";"" 



1.1.1" roo' ...... 
1'._ 10.1 ODd 'D Y ... 10.1. TIl ........ 
01 ............ 1 .... 10. 1 .... 7 tooClOun,­
ocI .. "'_Uono and III. prud"". 
.1oM of ,... ... UU Me In ..... bl~ 
<OIInlH .. "'-11_ Any .. r 
.'- ptodu.-uo ... It. 1f ........ II)I) • 
1~,1e ond 10 OJOOcia.od ,.Ith 0 ... 
. im, 'Of .Ue"tiona' I<><D" 

81nre " .. 1""",,_ Df , ., ",Ii, Htu." 
It. ... n ..... {ChOpl" &, ~.Iton 11) 

to "''''', .. co.""" .. ,,,. o ..... U .... d~ 
.. 1M ... hlp ,doubt .bout ...... _ 
In ............ 1100) ",h_ del io 10" 
--" lor ,t.. d<fi"lllo" "rd,. d._ 

'TheN "'" ...... , p" ...... ' ..,U.., 
io> ~leI O".rt ....... "'nn , .... "10. 
10 ....,h ... , ......... 11 , ... p ..... h:, 
11"'0 '" no . ... 'en ... Dr "0" OU'-
_ ": .t _. 1110 ... 10 • I'm,>., 
.... , 01 ""k<>m<oo" , In ..... , .... 01, 
C6wb''-' method). !nO)' be 10., 
...., io p<Odi<ubly "'- III,.. dao 
'fila. _, "'" "'->oo ..... y (eI, 10'" 
... _,nol4d, hllhlboobloto_ 
dry. 1'."" 1.1,,"' .... r", 1 .. _ 
• m . 

(t) ~"'Ion or ......... "" m ••• · 
' ''' "'., (CIo.ple. 8) .......... 0.11' 
"- II ... tloo '0 • rim .... "'" ... ... 
(. "' ..... Ilull"") ODd I' 01_ e"" 11 
",",., llnl.rpenon. 1 hyp<>lh ..... (in 
t"- _ uI' Ch ...... 01. 1010 ....... . 
If u.. ..... oIi ....... 01 a.opto. G. Soc-
",Oft 1 ,MI 8 "'" ootJttl<.d. f_ p. 
, .... _ .......... ~ l>y "'" ..-.. 
I ............ ....p ·'Con ..... 'Io. B<Hd· 
~'-. ",_ coMl";"'" _11_ 
.... 10, 11,."" ..,d ·'COII ...... 'Iu. 
B,e«J'n ... .., .... u", .. ~~ .. pI.~_ 
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Common .. ,), . "~ Id.nUIk.,"", 

(10) An onmplo of 1'11_ 10.110 , .... 0110-
COOM? or , ......... ...."..... ... ,_ 
"''''110 ........ 01 ....,UInI _10,_: 
... u.. 'n_,lon .. r~,,""'1ri<aI _~. 

, . .... I ...... _..,a, _II' ....... Aft 
• ..... p ... "r ....... ,0.1 10 , ... 01 __ " 

or .... 'nr""",,'lon u.-.... ''''''!>N' 
.. ,Ion or 1I1.,....odyn.mia. '" 'h, cn ... 
.'-noeth,,, .. r , .. pl<. (I ..... . ,.oIi .. !l .. " 
of ,hI. ,.n .... lio<td .n.1oJy ..... IkI". 

(e) Th. p.o<Iuclkl ... ..., ~~" to , ... 
",,,d .......... nd .......... pI .... II ..... 
_ .... " ... ~" comlnIctioft of .",.,... 
".. .. " .. Pf'OII ... ......, 1>01 ... ...,..;""" 
anlr.., ........... Ity .... 001 .. i" ... ~, 
rlu .... 

(d) To .p~,.h.nd lh ..... ,," of ,h _ 
. nmp'" 1\ 10 'm".,..,""", to ... 11 .. ,/Ii, 
;nf,,,,".1Ioft ,houo-,. ",,~Id h ... !.on 
_ ... ..-.';"IkI. nf ........ ... 
o1y .......... '" ow _ • • MI_ ... 
"'7. I" I ............... 0 .... 01 ,"' ....... __ 
..... tMory by rullowiac ,Ila, _ .. . 
{el Si .... tommon "","""j"l .r ... .... 
'0 • f ..... (.I".") .Im tho ;ono .. ,,,,, 
( .. hoO, .. oncump..-.d by ""," ~ .. I" '" 
.... idi". I" .... ~'l ~""'m .. . ..... of 
I .... In,,,,o''~J" ... """"'1' ......... .... .. ,.... _n' _ u.. co"'''''''' 
mroolnl..ro • .,'Kn, io ....... 0<1 . 

RaoJ .. tJo" ... , oIth .. ,,,_ on "'" . 
Ionool " or "" "uo.maI·· prnd ... U .. 
IM .. ~' ..... --U ..... 1'1>0 ,., .... 
.- 10 wid.,y dioc:.~ hy ... d., ,,"y' 
choli>llolo , nd "",,,,I . nlhrop-ol"."": 
"ot.hly "1' ""_n (11112. th .. 0.... .... 
bmd . ff""" .MI HI ..... thon Do-u ..... 
L<ami ... l : 80_ {1 958, .... N ... " 
~",o"'l: loIo11d (l~n): .O>d 
.s~_,,>; (leU, ~IJ' ... 00"_ 
, ;0" with ...... 'Co .... c..11~ ... " _"d 
oth ... M ...... n .. m ........ n •• ). 



'" 
1'ht! postulate (elaull! ~) that """,mon meanlni a&JWm""t is 

nl!CelA1}' is "'"por ted on t .... following grnundl, though it eould 
""r\.ainly be JwtifJed, mo~ .. t .. faclonly perk"", by meaRI o f. 
formol arguDI""t. 

The converul.lon bre<!dinR P"""'" (el ...... 6). 0 ' lOme ~ntial. 
Iy similar variant, II th~ only mllChaniom able t.o produce t wo or 
mo •• P.l t\tl"' id~ d .. nOVO from one P·lndlvldua., Ip.an. from. 
,.OOom ~. Notice. that any random proceM ... hlch might be 
Invoked Is of • peculiarly tundam .... ta1 Itind: for example, "NoiR 
SotucM" and "Background Noile" win not ... lfice \0 o pWn the 
random fif:ment, u.oulh I I'Pmpriate soru of random ~inR 
pi'll es miKht be employed \0 describe it. The ullLen"" of two 
or rno", P.lndividuals is noq\liNd ... ~ (cilIUM 1110 ~r th is 
..,m of dermltlo"" rw:ul"lli¥e, .atber than VacUO'" or tenninating. 
AI • matter of empirical r..,t , the pmce51 idumb",\.ed by th ..... 
defini t iolll dOOI take p lfK:l. 

:.:-.:..':. . ... ---~~~~:r~ '~-' 
P'if.IO. I . Simple an"<IV COOIfIc\I ......... ".. _rp/Ilom .... 1 "" ,., ' • 
br • '0"" k _ u_ ,he .,nt.<1< ... rOO'fftOl .om"*'l., ...... ....,n "" • 
...... (Mil ollopic I ( h. Xl ............... loI(il of ''''''' J (I. YI whodl io rep-
.-nted _ Modo! M{kllft M, dlolll>c. (."' ....... ) ~~l ... _ 'It Iftlo<J>« .. lioa. 
n.. ~D"''''' ~f In .. ,..,.. .. 'KIco an aim ...... "",,leU' •• f ... llltloo JI..,.) • 
.11,(,1. ,v l"!~1 [g, ",mpH";., . I ... """,I. tho ;ftt.'1> ..... tI~". o"d <Qm p;' oo;_ 
... ,. the r..",... to< .. l. 1><,'" .. ke .. lb. ~'.!'!:s1!: j no''''on .. »I .... ,b. 
,.~'""n t.U •• """"Is M . 110 ......... Iko ""'~ of Ilo .. eono'",.UO" 10 • .., .... _ 
D)I ""U"I tlu. u.. o" .. U_n, """"g •• ;nd ___ on loom"" .... _ bot .. _ 

-" 



ewro- ......... , ... . " .. ......-. 

':~f---";;;;",>l ""-- ..... ,-
.-~ --... , .. 

=c..----'==~F'~ 
__ .. .. 'll 
...... .. m .. . 

"" 

.,.,.. 10..2. A ........ _ ..... 00 rtiao.Ioa ... ~ ..,. ........ lMcI topIo f, 
wi .... _ Mill;" • dlJliroet an_ of ""'"" .... u.-. on<! 110,",,""""" 
M"V). """'""'lion 01 101(1110 JlFlXl,ieldo ... Cl) ..... o' N (t).o "'I"{Y) 
,ieldo Ny(t). N_,I0 •• _ .. 1'".,. 10.1. "'It) I. "'''IX)'' _"""k will> 
M(e) 1m Mn, y) ... d Mill'" X io • "~III of N"etl on" )1m I .. v 10. wI>. 
qoUm 01 My(I), AI ...... .,.... of LIo_ "",1-<11_ ..... , .. 101 lot. _"'1 ..... 
_ ...... "P'. 1Ioo\ .. odeII (N.II)."" M.m ..... oI. ......"".... It ... <><IeII;"1 
loeiIiu.o Ill' ("'"w .. for c\ari'r 0 1 •• pnMioooJ ...... placed by 1.",_ of 
.... In_ ond ... ",pllOIIDft ."" h.~ .. u.,.. .. r...-"- .......... u. ... 10'"'_ 
oIioH! ...... 01)' ~ """"" ....... u ... ~u.", of ...... I ond !'roc I. 81milarcom .... nlo 
... oppll •• bl. II Ill' 10 .. placed by the fo • .,. In""' .......... N ' ( .... ""'. 41 " • 
• a.'~nll.nl!ll .... 

We .... unwilli", to counten"""" III part of OUT theory Ill. pecu_ 
liuly tundament.al and .. bile type d. random event which milCht, 
,.. Iln .ltem.ti~ 10 eonvena1lon bmedin,.pve o.e 1.0 th" nequired 
"pply o r P.lndl9k1.w.. becau3e 00 clear meaninj can be liven 10 
random evenu ot Ihll callhn!. Instead, ... invoke tlH! a1~y 
"",Ic<d principle, ........ 1_ unit iI. eon_tIon," and alIpnftlt it 
by the fIIrlhn- pom. ...... , " ' n any .,.,n'«' .... lion teCOm ftlo(btirll 
mo~ u..n one poMib1e Ilim (~lIenUy nol In 1I'Il«al • IlUict 
COIl~OII), .~ leNt. one common meaninl agreecmlllt W rellChed 
aftoIr • finil4 nllm ber o f occ:aaIom {1I)1lIId b retOlved ... II'ner.l­
~ an.IOlY rel.Uon". 
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3. GOMPARlSON OF THio:OlllES 

In Ute following ..,.,tion ...... era! theories ...., compan>d with Ule 
pre.ent theory In an attempt to ~chicve non trivial unification. 
Something i. gah, .. '<i by all Lhe UlI'Orit.'I (our own Induded). 

3.1. Schon" Dl.placem~nl of Concepti and Tllllooolion 

Schon (t963) i. primarily concerned wi1.h technio::,.! innovation , 
;lIve,It;.,n on Ute pori. of poople o r I.e""'S, and the kind of c re­
at1vlty m""ifest in understanding (rather than proving) a mathe. 
mdica! p roposition. li la theory is huM"Uy exemplified by mull. 
ing through , ,,,,ord. o f indu&trial inveMion lUeh ... Rouman'. 
(1964) c lUlie and compcndiou. work . 

The b"", bon"" of hi. argument aro as follow. : the unit8i'y en­
tities in the theal)' "'" concep t. designuted "Schon Concept.." 
se, eon/all, mdapho ... deslgnal.ed "Schon Motaphon" SM, and 
"displaced con""pta" SD. A concept may be • proposition, an 
ona1oIlY, or a th ... i. (all .. , a theory). Any toncept bring> about a 
relation (ft), and it iI; "5truel.llred" by t.he contc::d in which i~ al>" 
pun. All concepts occur in 5Orn~ cont.ed. The context is a..,t o f 
facta", other con""I'''', and IlmpruiU"ra; typically, a the.;", tOKeth· 
er wit!> an interpretation IlfId an Intent ion ( tor c~arnple, to ..,Ive a 
oJ .... of problems). 

To ohow Ulat Se!>on'. theory and Oll r own hypot!>".i. are I_ 
rnorphic, it will be wHic;"nt to conoid ... t he most. Ir"neral cElSe 
.".amine<! by Schon. 3nd ID point o ut that he ""rmlta 0.11 dlminu. 
!.Ive or constrained rormulalionl .... opetial cuel. Any composite of 
th~ general case or a . ""cia! c ..... is also permisoible. 

The theory iI; outlined ... fonow •. Q,rtaln concepts arc enter· 
tained by one penon or severRl, hut are dilltinlf\liohed with reaped 
to their un iv~ of intru-pretation, ... fo r exampl~' 

SC, realise. R, in X 
SC, realise. Rt in Y 

where X I!nd Y, at j"llSt, mll13<;t.erise oont.e~ts and problem • . 
At lOme point SC, and SC, are Juxtapooed and related by a 

Schon Metaphor Sill which d""ignatcl a putative or actual analogy 
relation . In general, the analogy ,..,Iation 

SC, (SM] SCI 



cannot be rnliled unJ __ "" all!! taken to modify (d~_1 SC, 
o r SC, 0 . both ; for lnatance, it is not """erally poMibie La re.]i.., 
sc, in Y o, SG In X. 

Suppo.e SC, II tranrfonned. in thll coneeplual 'Y'~, 1.0 yield 
SD and thp' SD, If rnliled in Y. yieidl Rj (vice v_. displace 
SC, ). 'nIe dllplad!ment is .. "dul it SD ean be realR<! in X {' hough 
SCI (annot be) and if it rnlloH Rj In X; where Hi enc:omra- R, . 
If 10, SD iI (rHled, Ind the model eonlt.tucted und~r SO In X 
(which brinlll .bout 1\,' ) 11 an Invention. 

To live. roncrote exam ple of thn PI'OCftt, one or Schon'. coJ. 
Ie"l"'" wu famUla. with the canlext, X, o f rt'Cycll ng and rerrelll. 
inl th e conllm.ul,ent.l o f a elao<'<I """ironmont In eontac:t with a 
polluting lm tity 0 . further environment.l. One JYIWm, ehara.::t.er. 
iIII!d by SCI, filten and recyc1 ... air in I Jivh'l K IpaCO after earlron 
diox Ide and o ther wute products aceumu ll\lld d urin" habitation 
_ mnovfd, The relat.io n thu. PlUIlrved t. R, . AI the outlet, 
when th.e requirement fM a el ...... ;nB device ..... moo""', Schon 's 
collucue d id not immedlutcly mUiIe. me.e Ide ... but leamed 
aboul ... 1alIa", and pm.- r, in a further context, Y, o f cleaning 
m8Chin~ (lor ex .... ple, vacuum cle.nen, broom. to. bru" lng " ",. 
dust) by " fYNUIatic InvHtiplion. On" m..,hin" m&BC;1.MiIotd by 
SC, uta • buffer m.terial that;. in equilibrio.l conu.: t ... ith" dirty 
IUrfl(:tl and II readily remoYllbJe (fM inltance, dirty ..... dull thaI 
iI thrown I Wly) and pre.erve. . mation ft, in Y. The buffer mate. 
rial must be dllcudlOd U lOOn .. the concentration of d irt In Ill. 
equal to o r (Il1!lte. than the concentration of dirt on Iho ... ,{ace 1.0 
be cleansed; alhe""llI8. "cleaning" c,,, ••• ,,, ""d dirt II tranlfemod 
back 10 thl! ourfaec. 

Al thll stagg, It wu recal"looed ISM) thal the buffer mat<=rial t. 
In ~nui1onlll,"r In cont.acl with the larger "open" environment 0 1 
thB auf.." II nolion from context X). Bill , it thl! burfe, ma terial 
(alias, !he burf", ""vi,on",,,,,I) """ bf! recycled and renewed, the 
aet o f cleani", can conlin .... without limit . VIIriou. mec:hanlmu 
.... able 1.0 teo.:ure theM requln!ment.J, bul n ...... of them II IdentJ.. 
eal with the syRem under SC, (for teC)'e lin, and fill.crin, air). 0"" 
IIICh ntIld'IUl.m, chuacteriJoed. as" dj,pl~~I{SD) o f SCheon. 
oiIU In I bu rr ... ""vironment of IAbrie in eont.ec:t with !he lUlface 
1.0 be cltllrll!d and permealed by a continually nowlna: liquid dirt 
... Iv",,~. The Jiquld IOI....,nt il recycled 10 Utat. the dirt it clll"l"ln can 
be ",moved, either by di flefOentia! IblOrptlon , Or elle Ilona:. t On. 



'" 
ccntnlion gradient, and til .. purified liquid uoed again and agaln as 
the primary ""Iv,,"!. 

Suppose that SD, thl! dlopllOCed concept untJ<.r ""&mlnadon, 
really work .. in the "'ose that a ~Iocm or proKJUm repre..,nting 
SO can to<' mooelled and ..,ali.ed in same concret<> or inlocUcctuai 
universe distlnct from X or V (lilY, in Uj. If 50, SD may be, but 
ne«! not ~, realisable in X and/or in Y. At thi. stage In the pro­
ceedings, SD il I workab le idc~ and "candidate for realisation In 
X. 

Let SD. in rad, he . cucceu.ful """did"te , I"""far ... " ryl~m or 
program rnp", ... "tative of SD can be modelled (compiled ""d exe­
cuted) in X to brlng about a relation R, of which Ri is a rubrela­
tinn. "" that R, is ""tisfied If R. is ... tisfied. Alternatively, if Mx as 
berOT!! ot.and. for "model in X o f," tet both Mx (representative 
SCi) Rnd Mx (rep ...... ntative 50) brinG about the ... me ... laUan 
(R.,), but let Mx (representative SCi) be a mbly.tern of Mx (repre­
.entativ .. SOl. 110 that SD fumithel • mOT~ gcnernl oct of cleaning 
me thod. than SCi. If 000 OT both condition. aM ""tiofi"". tlmn any 
M" (repre""ntative SO) I. an in~nlion (in the con~retc ""n ... of an 
artifact); Mu (rep""",ntative SD) Is .150 an Innovation (often, 
tJu,ugll no t nece$S3rlly, an abstraction of the InvMUon); and SM i. 
tile analogy relation, o r " meUlpltor d ",lgnating it, which Schon 
reglllrls ... dosely uin \.0 c..s.i .... r·' '·Radical Metaphor". Schon 
aJso notf" that a ",cceuruJ dilplllCement (SD ) is irreve,..ible. Once 
that Sf) i, established, SCi even If evocable Is oeen In the context 
of SD. Jince SCi il a lubsystem of SD. 

Some of the ljJCCial """'" 1.0 which we wluded earliCl" can be! ob­
tained by pennutiri~ the orilin of tile displacement and the uni· 
verse in .. hich tile invention is constructed lIS" model. For ""am· 
pie, SCj may be displaced rathC'T til"" SCi o r both of them may be 
displ,..:ed . AU uf the model. M" (representative SD). My ( .... presen· 
tative SD), and Mu (representative SO) may be con.truct.cd as 
stable entities or only one of them. Further, It I. quite possible for 
Y to play the pivotal role of U (and If U - Y. then U nood not be 
mode explicit in tho fOTIOu latlon) . 

Two clllSSCS uf innovatio n are dminguiohed by Schon, and these 
aJso ""' "pf'<:ial cue_ of innovo1ion in genemL The t .. o classes 
differ in the polarity of mental operntioru. 

For Problematic Enquiry (stressed 50 far). them Is a problem 
obtained by iUl<tap03ing X .. ith oome intention to generate" con· 



3<,. 
tH:t and nollnl thlt !he cummUy .. :doling repntOlI'e o f X inter­
pt'fl.ed wroceptl do not 101 .... this pmblm! : ,",reo the pn:>blm. o f 
1M ...... tfecUve ,,"-aninc equipmlMlL. 11>e in~lOt c:uta -round 
ano!het" univenoe, IUd! as Y. In an ftld~ to nnd SM, Mlch that 
SCi (SM) SCj, ~ .hleh the othe.- ~tionl Uf! .ppl~, either 
ouceeatully Or not. 

Sp«ulatilJC E"qulry Iftcneo this ord~r of eo.entl. Some SM 
u:1rUI (In the i ........ tot .. mental ~perloln!) and SCi. SCj. or both 
are bull t up .. hypotheseo to utisIy SCI (5M) SCj. 

AU thw lt in .ecoid with the pn!I<lnt theory. liven the following 
.eriet ot idenU(!catloNl (undcr which the Ipl!C: i-.J UHI o f d ilplllC<!­
me"t Uf! Kl1Ien by rubllilut;on in FI, _ 10.2.). Notation. aNI culled 
fl'1!ely hum I"'""IOIU "hapten, notably 4 and 6 . 

(a) A Sc:hon co~t SCI it .. COflcept In the p.ae"t ",,,1M! o f .. 
complied p~u.re. ThUl, lOme lyp;CIIl sea are 

SCi'" Proc4i: SCj - Proc:0J;SD. PrOC:.k. 

The.,.",c\al future it that any se. like any hoc, can be upreaed 
in t.e.1I!I1 of .. q<nlxUc Or prvsrammatic: part, tocelher with. com­
pilaUQn and lnterpreUtlon part. So, as .,.,fo ... 

SCI j (!!5!I.I, ~ " l,Se:!" (~b, lOin y) 

.. h~ • - b only In the rela livdy uninterestlnr cue where the d ia­
I't.cement ill trivial Can immorphi<: analQIY; the WIle program I. 
compiled and lnwrpreled In • dlffernnt uniY1!TIO!). 

Furtheo-, SD i eprol e, ~ u) _ P,ocok 

where U i.I llCnerally an abJt""'t universe (eonemt(! If ylewed ... 
brain o r (.·I'TooeAOl, but hRYina; no dlmet eorT"O"lpOlldenca with 
otheo- than mau.emaU"al rNlitiosj . 

(b) R, ill eomput.lld by SCi (aliall'nM:°l) In a uniwnl X; R, ;. 
compuWd by SCI (alias ~oj) in a unw- Y. 

(el The UJUallil.uation ill thal ~ b in sq (allu (~b, inter 
yl) cannot be eomp UecI and e>:ecut.ed .. It a&ndI In unlYe .. X 
(that ii, <ProS b, !!!!:!! xl .. eith.". impollible or impa.ible in the 
contex t of other ~~pb: In ~ Inn""ator. fel"'rtoire. From 
a..pm 5, Section 11, lKoJ.J the ."peelient of writlnl D8- UI rep. 
rewnt an actually more oubtlot act. in .. oIYinl the IIYnchroni.laUon o f 
• priori uynchronolll p~ur.,.. 



(d) There is a tlansformatlon DB-(Rh It",) " Rk and a tran.· 
form~tion PlIo(l'TocOj , Proc"m, n.) - Proc°k (the notation of 
Chapt.e~ (; with m, t and n free Indices) thllt yield. the dioplaced 
concep, SD (o.l!J>J Pr<x:"k - (~ c, Inter UI) compUed lind exe­
cuted in a ulliv""", U. From th~ precedlns description, SD II u..,ful 
if, and only if, I'r"l:l c can be compiled and Interpreted In universe 
X also; that is, ....... futthtlr concept written I''''c"''. With DB BJI 
isomorphiam. the \.::"""rormation is the gene ralised analogy opera· 
tlon of Chapter 5, Section 11. namely , DB.CR., 11.]) .. It.; PB 
(Proc°t, 11., ) - Proc° .. . We st.reso the imllOrtan' Cllvellt of Chapter 
4 that this ""pm .. lon only simulates an actuality or furnilhe. a 
convenient ohorthand. Strictly BJld practically, we have no right to 
talk of DlJ or PR ""ting betw",," P.lndividual<, BJld it is mllintllined 
(dause J below] that Proc"] BJld ProcOj belons to distinct p. 
Individual •. 

(e) The formaliom uncoven an otherwi$ll elusive featum of 
Schon'. theory . SD I. oIightly (and. tn the original trame ofmfer· 
enoo, hannle.sly) ambilllouo; it . tBJId. for both Pnx:" k and ~o~, 
designating unique\y only the syntactic component (I'rog c) which 
th.,;e concept& ohare in common. Schon', argument implfdtly caUl 
for an extra·theoretic univerne of interpretation: hence, we .poke 
in our pmviou. dis-cu .. ion of "SD interpmtl!d in U" and of "SD 
interpreted in X". 

(f) An aceeptablc displacement usually h .... the further property 
!.hat !'roc"i II a r;u!>system or l'roc"~, and it ill otten true that ProJ! 
can be compiled and Interpmted in V, u I'roc"" luch that Proc j 
II a .... boy.l<lm of Proc"r. The ... conditioll$ usually imply that Frog 
• i •• wbprogrnm of Proll c and that !'rOil b ;1 ~ rubprogram of 
Pros c.· Hence . the im!versibUity of dioplacement providL-d that 
PToc"~. !'roc°r ""' replicated by appropriate memories ( ... they 
must be if able to count lUI ~'Oncep .. in the first pIlICe). 

(s) The invention. previoully glo ... ~ lUI Mx (rep",..,ntative SD), 
is • model reali$Cd In universe X. Por conllstency with the pl'l'Vi. 
OUI discuMion, X I. chanlCtcrioed lUI a modelltnll' rac;liLy MF(X), 
and the Inv~ntlon becomes oirnply a model M, compUed and . ub· 
miLled for execution In MF(X). Thus, the invention is M, and iI a 
mo", General constn.Lction than M, (which ill a .... boy.tem of M,) . 

• !II.,.., """pl.,. poooIbillU- an bo ~ft.iM.c<d ... 1 ",111 not bo dl~ boo 
•• .,.. (boy do <>G' modify (M maln conlenll"" of "'-""rolbai.y. 
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!l!!l, the X foeusvd contex~) and En~ J (wh~~ J II Al'l ~ 
the Y f""uned context). It II I .... th.., the con~pU a~~ach,"" to 
lIod ... In the unl"" ot KntSe~ t, EntSe~ J . 

(I) Innov.lIon, ""cordlnl to Schon" theory . atidlN the condi. 
Mill aet Ollt In Sdleme 1; we Iho... thll by ouUlnl1\ll Scheme 2 
~nwl ..,d plllCini; i~ In ~. The ImJlOl'Wll diltlncUon '* 
tw~n Problem.~ic I'..nqull)' and SpeculatIve Enquiry ulIlea with 
the dil~lnctlon (Chapter 5 and Chapter 6) betwee" "dlleO'llng an 
analOiY with topicl &lvm" (PToblmDatJc Enquiry) and the "anaJo. 
IY fint." consl.rul:tion (Speculative Enqu iry) . 'Thil distinction ill 
dUefly obtrusive in cI.aoJ.., 6 of Scheme 1. 
Dilpi.acement. accordi", to Schon 's theory mil)' either t.. int<or· 
preted .. "1U".,.,..ful d ilpl..::ement" ( .. h~n it adumbratot 0.11 lit 
Scheme I ). o r .. a proe"" that ... ti.!;", cI.u~ 5 and 6 of Scheme 
1. Beth interpretationl are Il!8itlmate; their reJltive utility depend. 
uPlln the I"'fPOII' in lIand. 

SCHOIEI 

C ........ I" 
Ikhem. I 

, , 
, 
• , 
• 

T--gl ..... _) ........... __ ~X. Y. 

SCI 110 X. SCi i. Y. 
Aw.,.. __ uLo .... ",,<I -.....tlou I .. T1W D~_nl 
Dr ~p,. I"'" doo<ribed I" lhll a-'-"wl. 
I'or..,me SM, SCI ($"'1 SCj .. paoaIblo •• ad m.y bo IIk.I, . 
f>rudu<ticln 01 SD o.o ... ppon SM. 

I~ution till. -..I ___ I <_ J ............ U- .. r.wo or 
__ to"'po~ __ "Iood I. (1). 

3.2. Cullurrzl/nnOOQt ion 

Barnett approach ... in .... vatloD from an anthrnpOtocilt .. posi. 
tiDn and .... ri"". empirical IUpport trom vari ..... cu.lI.u",,; notably. 
rrom dew"",, audie. of the American Indian SlIuer cult (. devi­
ant but dl!¥out migiOlJ.l croUP. fOllnded in the mid·17001 Mar 
New Yorkl. 1I0 ...... H. the underlyinll theory of InnovatIon is 
applicable to Individual .. well as lOCietaJ transformationl. 



Thto buIc mochanlsm ia .un'I.,.. 10 d;.pl_",en~ , and by tok~n 
of SdIeme 2 and the pff'Cftlin, idenUl'leallolWl, It i. compatible 
.... ilh lhe con",,,,,,tion Uw!o_'" hypolhesis. Oompanod 10 Sd>on, 
tM <kt.aiJed IlI'IUment put forward by Sametl (1963) ia tori ........ 
"""'plb.U'd . and dime"lt 10 nhibil tor .. by sialic analYlii. 
nUi! coml,lex ity io _tiaI fo r t .... o main ~..., .. 

(. , SIn« Ille lhl'Ory io primarily lO(;icu.l. it II ~xpMl""t to d il­
ungulah leVenol Iypet Dr ..... bproc • • PI ot Innovati on ( fo r uatnl'le • 
...... Imllallon .. and "projec tion") and variou. phase. of Innovation 
[(Dr "" .mpl~. "i<lcntl r.c~tion" and "incorporation" and "analy. 
I .... ). to:xpt.~lI en<:y necome. • nN;f!SSlty In lO t .... Inno ... tive ( "I· 
w .... tranlfonnation. Involve a """I deal o( oth~r·U'..,·lnnov.tiye 

IICtMty from .... hlch lhcy CAnnOI be m~"'lnWr"lIy utricalA!d: 
thinking. leamillil. adopLaUon; Iymbolk . normative, .od rilualiltie 
modlflcatiO'II . 

Ibl Apln, bfcau ... o f the tocictal in~rpu:tatlan. It Is n ..... "ry 
to enlicll the pandljpnal.lc .il.u.t ion . When Lalking of Inyen tion for 
instance. it io rUlon.r.ble to deal in lemu of llflalOCiK between two 
lOp;'" with the nyu! Ir.~tly I bUR d in the earlier ...,....1 
thaI n.fokl·anal";'" In > 21 and anal";l!S-bet .. ~aIotil!l ILI'1! 

often inlendfd. LitOe ia la.!. by !.his pieee ..... a1 appl'O/lCh, and the 
rtlr:vanl JIl~ an! mw:h more easily rep.a .!nteci . In contrwt, II 
would c .... ainly be unreal"'''' to cite K",,~nJ~ analogi ... In· 
.0IYin, Iwo IOpiClo as u emplan ot cultural tn.n.tormatiora, AI a 
resu lt, I.ny COicnt Ill'IUmenl must comprehend very elaborate clul­
te .. of lnnov~tlon. 

No .ttempt it mllldc to lummari"" Ihfl full torco of ~lItr1 ott ·. n· 
(lIment ( the burden ot wllieh i. canifd by Chapter Vil and VIII Dr 
/QQ<)I.Or/k",. The Hut. of Cullund ChaQ/fC ;md by an Appendix DI'I 

Ihe NGlurf of ·'TIIIQ.,"I. How.,..er. i~ is pO';bl " t.o accomodate 
the basic Ih~'01')' .. comp .. ible with Scheme 1 under the foUawinl 
id~ntltlcatlons. 

(AI The primary \lnib .... conr.",raliOll$ ( "~vnelt conr.,.. .. 
110111" BC ) wllich t hcmoelv ... ...tate ..... era! concepti. A conn,.. .. 
lion may be ~I .. ~ ..... hoi" 1Lin<:f! II Is a stable .nti ~y . or 
analyMd In a conlex t into Itl parI..I. Th~ BC r.n! kientlrled ei~r 
with .able .md,,,/oQdl"ll of a ""~pl d.". In a P. lndr.ld ..... , 0 . 
wilh r ·lndivlduall. In all CNeI lIIal Involve Innov.UoIl lin conlraJl 



... 
to the otll~t "ultun.! transfonnatlolll of leaming, and 10 on). 
either klent;r,caUofl lI apPOIite. ThUl, the P·[ooividuali of c1auseo 
1,2 and 3 in Scheme I ..... BC(henceforwani,jull A, and A,) 
with .... t commitment to their locus ot execution (_""" Be in 
0 .... brain Or I Be distributed over _mal bnina). 
But A, eonNta in a ~pli<:.t.ive ""Ilecl.ion Qr oth .... sc. (-"e but 
not all o f .... hlch may be f.eta. P.ind lvidllalJ In their own nlhl); 
call them BC:' Be': ... • Similarly, fo r A. there ; •• colloctlon of 
BCI, .. y flCj. BC~ ... . At the least, • Bet may be. otabLe ~oi, 
n_ely • ooro«pt : aenenlly, il i.. <!lUI"'. of cOIICepil, the con­
stitumt ~·i in .. hlch mull. be ""t.rIet<ld by anaiyJll in • civen 
cantul. If .. ch an anaI),,"_ it carried ou t for ~oi rlllla Bq) in 
A, .m for ~oJ (a1;' Bell In AI. then the ",lalionl Rio RI 
brought _bou t by l!I<!CUtinll Proco[ and Proo;:Oj are Interpreted in 
distinct univ~nea (X, Y). 

(B) Al the Least. R, .... d ft , are simple. In reneral (hMeln Ii .. the 
camplHi!)' _ .. .,n _ the ftrimniliwde). they are analocy rell­
tio ... to t..ctn with. Por ellample, BC may be • Sellon analOjy 
St:\I(SM),SCV. 

(e ) The context In which BCI and Bet .,-e ioolated and jlLltta· 
posed may be ..,t by ftXt.emu.l meant; to r example, it an AI, A. 
canvenation it ",fern!d 10 a conYenf.tionai damain, at if a prob. 
lem 10 specirlfd by u temal bound&l}' condit.k>nl. It may alto arise 
autonomowJy in theeoune at A" A. dlaloeue. 

(D) Barneu well • opeclaI t.enn "Barneu Anology" (HA) to d ... 
;,nate both th e ju:daporlUon and its TeIOlutlan . Thill. HA ill "" L' 
o p"f'IItion (1 1'rO(:' in the p~t theory) wh ich m8y be appro:d· 
mated by the DB·, PH. conllructioo o f 5e<:tion 3.1, IUIPrlented 
by a plvolal SD in • u nlyene U. However, It this ttI(je. there are 
.... a lmporunl diUerencft betwftrn the e lementary .. r!. of d __ 
placement 10 fu lnvettlpted and the IICtion ot aHA . 

Fim o f all, the 8CI upon whleh 8A operatel may be inhc",ntly 
campl@x ; eonfigul'iltlanl alch III the rolO lutlon. 8C ~ SCU(SM)SCv 
or 8e ~ SCII(SM)SCt, 10 that BII !live. riM to varioul Itruclu,..,.; 
to r ""lIml,le. 

Bel. - (S(;\J.(SM)SCv(8A I )SCI(SM )SCt J 

B~. - (SCu(SM)SCv(8A.)SCt(SM)SCI) 

(which .,-e aoaloHiei betw~ ... o lDolol!)' Il'latlolll), or to dlminuitive 



lonnl of wh ieh Bet.· (SCu(BA.)SC.I; sq •• (SCu(BA. )SCt); 
BCf. - (SCV(BA.)SC.l, ~ IIOm~ ""ampi .... Mo~, in in~ 
inl o;aII!I at lease. o ne. and pOalbly ... mal, SC An! displtad to SO. 
Such colliption. art! called hybrid&. 

The o ther djtrert'nCtl, a 1OUn:e 01 "'Iually ' ''';t imal.e eompln:ity, 
• that the Bel ariai", in the ."oc ... ~, 0, may be, .. iable p. 
I I\dMdualJ. 01 the two diff,,~. the litter underH" ... the 
c.utlonary eommenll or Chapin 5, Section 11. Al though BA, qua 
oP61tlon, may be u prel8ftd In the manner of Sect ion 3.lld). th il 
fonnulatlon II Ippro.Jmat.0; It II a ""''''''''y legitimate Ihorthand. 
Bamett '. u.., o f hybrid .. Ilngulnrly appolltc . The r.ultlnr eOn· 
figuration doeo ~mbl" I resonance hy brid (ul lng the Jara<>n or 
rlemen\.ary ~hemiltry) and like. ""'onanl, In con!.rut to a tau· 
!omen.: molec1Jlo, may only be lC1:urately pictured within lOme 
more eomprehenaive (in the ehemleal cue, quantum mechanical ) 
r ....... 0 1 ",I~renc:e. 

U the emergent 8C il comp''''' IlIId II -.ble, It II ItIICI l a p_ 
IndiYidual , and In tllil c .... the formation of a hybrid II not only 
a eompla displlCM"lent, hut is also an ""am ple ot ''Convenation 
Bn!e<ling" (s<'heme I, c\au,.., 61. Barnett malls the point eK pi icit 
by noting that innovation iI (symbolic ) eOO/"II011. The power o f 
hill theory, .. well .. m""h o f it& complexity. , elide_In the fad 
that R'lQ lutlonuy poo<: 81 are ;o,ccommodated within the theory. 

The price I>&id lo r .....,h :an encompMIin' con lwdion ia that 
_era! l!tuatlon. have an air of Itranllcnea about tllt'm . For 
example, It sound_ odd and almo.t like a conundnlm t.o lIOy that a 
concept (or the relaUon it bring' abou t) il both the lII11e allOme 
other con""pt and also d ill",....,t to this oth er concept, f(lven . par_ 
ticular BA. 'l'hlo difficu lty. at leu~. rnay be Illnnounlc!d by ""'<>g_ 

nilinlllh.~ liable BC. an. P· lndividu .... ' I A" A. : that the limilar-or_ 
different concepw an. part o f d ifferent Be. (A," repertoire and 
A,', repertoin!l; that A, and A, ha"," d istinct penpectr.. (or. 
where \J1e not ion iI applicable, diltlnc1. !i!nJ): and rtnally, thlt the 
distinct poltow of view (A L " and A, ',) may be retOlved ... syn­
tactic 1im ~llity and • MlII\Elt r dilf"......,., (Dill (II, y)) U A, and 
A. coaIe.:e In the proce. of b reeding further BCa. 

3.3. lmooWlliD" ..... B ........ I/o" .. 

KOfltler', mlUU,rly Acl o( Creation (l964} contains the cleanm 
ltIu,men t ot I theory conll>&tlble with our own. There". very 



'" 
do"" , imilarily between tm. lheori.,. o f Koestler, Barnett and 
Schon (the wealth of exampJ"" ohv;o,,"I)/ apring from distinct 
$OUI<:eI). but KoesUer i.o far mote explicit about the dynamic char_ 
acter of the entitl"" involved and commen~ at greater length upon 
the role of con..,iousn .... in lhe c", .. t!v~ pro<:eu. Part of the ""8"­
mtnt Ilppeali to historical and conc~ptual reality, and part of it 
[the latter half of tile book) i. couched ;n tenn . of B process ori_ 
ented phymoJogical all.-gory . ThaI is, unconscioU5 activity and KI 
on are tacitly Identified with the o peration of functional oub­
oy.t.ems in a brain which", differentiated (on the one hand) &I 

more o r Jess; automatic and (on !.he other) as mom o r lea. phylo. 
genetically arehai<;-. "Allegory" cam"" no pejorative overto n".. [t 

mcroly stakea oul. oaJutory distinction betw",," unique and mul. 
tipl e CBuoality. 1'hu., Lhe posit.ed mechanimls may ~ ... pon.ible 
for the psychological efffO(:\JI; on Klme occasion., they proba.bly 
G'" the "au&ative agenr... Sut 110 may many other mechanism. act 
in th !5 capacity . Like He bb (949) wh~n he speaks of "0011 """,,m· 
bli .... or "ph ..... oequenc .... R. the pmgen!to", of p.ychic event., 
Koestler i. u,inK one possible m~h""ism in order to tell. true 
. tory about ubiquitou. mental happeninp, whi<:h may, or may 
not . have a direct connection with phy.iological proce&sel. 

With thai qurui!ication, the unitary constituenr.. of Ko""Ucr'. 
theory n~ mat.riool (KM ) and an opo>rntion betwC<ln matrke. 
called "Bissociation " (in cont .... ! to. comparable operation upon 
one matrix, which i. aS8O<;ialiortl. "Matrix" i. a rubric given to 
variou. coh"",nl .. nd rule obeyinl mental activities (from Bart­
leU', (1932) "..,hem.La;" to ",kill,"). Certainly, a " matrix" \.alI i.,. 
with a cl,.,.. of ,t"hle ~oi (coTH:epbl that ... .., undergoing ""<'CU. 
tlon with ' ''''ped of one universe o f interpretation). Malli e<:!' 
denoLed KMX (in X) and KMY (in VI, where X and Y"",distinct 
(n o oonJunctive derivation h ... been established to unite them), 
and tllU . belonK to two P·lndividullh A, and A. (oeparnw people 
( 1\, , ,,). (A •• 6) o. more u .... aJly as roles or penpeetiy,," entertained 
by on~ person (A I , .. 1, (A •• ,,1). 

Cognitive operation. involving only one P.lndividual (within or 
upon KM X o . KMY in isolation I ~ either run of the mil11eamin~ 
1''''''''''''' (im"llll'd by on ... aim·.klnee tran . actions) or \.he eon· 
'llructlve act of utrapoidlion (Chapter 7 ). K.-tIer c1.....,. all of 
\.h~ opel<ltion l as d..".,;"Ii"" operation •. 

Bill6OCiation, \.he crucial process. in"oly"," the coexistence of two 



Nndividuall A,. At .. matriceo KMX and KNY ; thei:r .. lHequ .. nl 
cooJ .... ence lI.> y~1d a novel o r disptac..d "'101cepl and the mad tri_ 
cation o f eo~ Ulat..,.is!. In the repenoi_ of A, and of A~. 
KoesUer id~tlt\e$ the ph ..... of analysi$ (wh..,., lOme ~·i Slandi 
out from KMX and l0III8 Proe"j ,!¥od. out from KMYI with 
the ' 'Conv_lion 8re<!din," o f Schnn .. 1, clau .. 6 antllhe juxta' 
poait iotl of the P-Indlviduah (0' the KMX. KMY) as conversational 
partlc lpanll. He ldentillea the ph~ or coale.cence with the action 
of. medllJlllm .... ch ... the 08. P8 approalm.tE-d trandonnalion 
of Sect ion a.l(d) o. ~tlon 3.2(D). Th .. OIlt<;ome o f coa iL","""n"", 
i, ei lher nolhl"" o r a further and nOlJt!I mau ix KM" . 'Th" ... wonb 
are nol KouUc. ', bullhe "tTWIslation" o.ppeon to be jUltined by 
lhe previou. ditcuuion and by Scheme 3 wh.lch place. K""rtle" 1 
lHminololJY in regilU"t with Scheme 1 . 

SCHOIIII 

CIo_i. 
Sdo ..... 1 

'" 
'" 
'" 
, ., 
'" '" 

,....0 ........... CO~ ....... In PO"J'<fll- _<0<1 h' 161-'" 
IC/IU. ICMY • ... " , . A. 

fI"r«'I In ICMX ...... I'<oo"l in "Ill' ... '~bk-<I of A" A. dloo-
........ _Ibly yloldin . . .... m.M """, comm"" m_nlnl. 

n.. JK""_ io " n.--i ..... "n.1I KIIX ."~ "MY.,. dlll".n. 
.10'-"'1. A' lb. polo ••• h .... io "",... .... '- or • .,mllod,y ond 
• rtll"f'",n .. n.' W"h 1'mc"1 in "!>IX .n~ "",,,"J In 11M Y. 

8i ..... '.lIon of KMX and KMY to -'blo o.d m.y bo lik<"iy or .-y. 
KN' io "..-odLK>ed 1.0 'UPJKL" ony ........ <h ••• ..,,;d bioo.<.oc",ion. 

II KN ' 10' ~ hlooociotlon f II ........ U .... r """""~"'. r~ ... ...... ""n"'.' ... '""'I\Llf"N1 in 11f. 

Biuocbuon may be induced elll.emalJy by dcl ibenL1.o! In te"""_ 
Iio<L lO)txtapole KMX and KMY. 'T" lIin& a joke that i"""'p0t8 
two Or mOM b~ ...u o f rules hao thil o;aJlbre, 10 does. funny 
cartoon or the ilIum n tigu"",. o r a comical Jll~ {lor ... mple. In . 
Fey<inu F...,., the jux ... .-;tion o f men in ward..,beI .,ilh the 
un"", .... o f crown p rinc:eo. anarchist., IUId fashionable ~ntJ"lc:oil. 

The pl)'chologlcal concomitant of Ihi. event ;1 I!.rHO. and II 



may lead to laushter or evaporate in • cathartic proc"",,. Bu t i ] 

may all<> lead to t.h~ produc tio n of a navel "mB\rix" KM., wllich 
(.ide co ndilion) can be replicated IlI1d luwiliJ<.od. 

That is, lIOmething (KM. ) may be created by th e jo~. If thi. 
eondition is satisfied, then the bissodation i. product.iv~ or ...,.. 
101 ... 00 AI an Innovation . 

KoeRlcr JIm""". h umour bet:aUJle it it in heronUy important and 
also beo:~u ... ita 5Ymptom. "'" Ulll'Qulvoc-.] nnll ren"ltllke (we can. 
not t<>11 by ;n,,,,,,,Unn if IOmeone thinlu a .wry is beautiful; we 
can tell by h is "",ile tnat he conside .. it &mu.ing) . However, he 
~rnphllllilel th at humo ur is only one o f the concomitan ts o f ot", .. 
(the .ame play may indu"," fear, joy, laughter or oympa Lhy j . More­
<)Ver. plaYI can be conltructal u corn ed ;"" Or t,",,>(edicI; the &arne 
i. t"'~ of any work of art. 

Tum now to !.he ls5ue of spontanemu c reativity (inve ntion or 
whatever). Koestler accounu fur l pontaneoul creat ion In term. o f 
VariDU' mechanirans and at a chie n y descriptive level dioeu5Se5 
their experiential concomitants. l'Ii. argument is, 

(al KM. an: continuall y act.iv"- ("-Mential ly the "man must learn" 
requirement of conversation theory). 

(h) The dist inction between universes;' not ab50lute (th il we 
plU'1l[lh""", by laying that Disl. (a , y) depend. upon an interpre ta. 
tion o f wh at may be known within ..,me the.iI 1.0 whi<:h the parti· 
cipant ouboeri bes; and aaying a\.IIo that the distinction Is re lat ive to 
a Fuzzy Un iverse) . 

(e) The main mechM iIrn faltering innovation genesil is ~"Ier 
pOUr m;e= """ter (roughly, taking • • tep backwanll in order to 
make a better leap ahead ), The "leap ahead " il innova tio n. The 
"Itep back" 15 con""iv("d al ref"ro nc" to distinct modes of bl'llin 
activ ity, pemapo enlU'1lctemlic o f the Umbie 'Y.tem or any other 
phylogeneUcally ancient Itructure, rather t han the neocortex. Th is 
conten tion may be too rpecialioed (it is pari. of the phy.iologiea] 
a1lpgory ), but o u, theory prodict& that innovation genes .. and th~ 
posr;ibility o f biaoo<:iation Iln! o ft.", hcrulded by awaren .... of dlt· 
ferent BIt<.! ,,<>nceiV3bly more primitive rules; the activity of KM. 
(JaY KMU o . KMV) Ihat do not enter Int.o C1lnoeiousn .... "". 
eause their acUvity ia a;;ynchronou l . COnoe i"" ... .... OCCUR at a 
point of partial o . loeal synchronicity. 

(d) The innovalo r iI com monly u nconoe ioua of (u nable to com· 

• 
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munleate wilh lOme olh~r ... nUent b«ln~. about) both KMX &rid 
KMY unlil ouch mllm~nt as .~lutk.n II aUcmpWd. Mt... , thit, 
there are two p005ibilitieL Jf reooluUon \I un_L1ce .... ru l. th en KMX 
."" KMY will alu.mate, temporarily, In eo nlCloulIIlCN, like the 
ol\o.'maUng p"1'S/>ec11v"" of .... Ilrnbiguous p!clunl!. If It iI ... " ,cetlrul, 
KAI- will ,"",-erge _ an Inn....,.L,"" . 

On tnnslal.lon : K/tIX and KMY .ro. or belong 10, t wo P, lnd i_ 
wldu'" A" AI ."th initiallY independ",,' enc:ulion. As ow;:h, they 
are U)'nchnlno u. ly i!>CO!CUted. Then! il U.US no information Lnina­
fer (In Petri'$ ", ...... , ""d, 01 that Ind.a .. t, A, and A. are not con· 
IClaus, ... ith each olh~r, o f wlythi", in X or Y (though they may 
be oonlCioul of 11./\ al\.em~Uon of KMX and KM Y or """lelou. of 
!heir d lmnction arwl theIr similarity . oepIlt1lUOoly). 

(a) R"",,]ution of KMX and KMY if ~.tNI uni(ormly (rponla. 
MOIJ. CruLjyily d <M!ll not dlff .... in thil...apec:t from Induc:ed ;ono­
wallon ), BiIaocIaI.l.,., may he eqWlted to l he achleve ..... "t ot. com­
mon m"lUIing agr~mcnt between A, and A •• lf IlIceeaful,K", o ;1 
II (enenJt.ed analogy rel,UDn. 
If \.he re&Olution fl!su1t .. In lin InnouUve (~eneru.lioed) analogy , 
(he.." C<iuilignirlCanUy, there appcan • novel P·1ndMdual A (the 
futed hybrid of A, ..w Awl or a novel <:o"""'pt ill crealo!d; namely, 
the Inno ... lion K"'- from whieh KMX and KMY may be retri .... • 
al,ll (with .,pnenlo!d meoninp. u Schon inoisU) .. aped" .. pre­
cuTIOn. 
Kont1er IlImman .... some of hi. poycl>ol08ical poin ts by I.'Om· 
p";nl oaIIen t faw ..... of habitual (and commonly rig;.:!, rttualilt le 
or automat;") thinkln~ wiUl fntu ..... of c"'aliva and innovative 
LhlnkinK, uling a table for thi. purpose . 'I"a I>"rt.in~nt ent.rlelln 
KOftI.l~r" Lable are copied Into Scheme 4 . whe", they .re relAt.ed 
10 COfIItnI<:U in ",,",venlllton ~ry. 

One lut polnt Is worth "' .... ing. Nearly all the Cf<!IIl.iwl p_ 
d;lCU~ by Koeltier (and lim,.", remarb Ipply to tha o\.her I .. · 
thon when thay deal with en.ativity in one penon) involve marie· 
~ri .. Uon. Thi& il ""1"",;ally true of the eondi lions (humour. I""gh. 
ter. pathos. agony . ",,"prilMt, and 10 on) which an. forerunn ..... of 
blNOCiat.ion itself. For "",aml'l~. members of • u. .... t.:r" lIudleno;:f! 
Identify Lhem~lv" wIth mOl"e Ul an one d".,.IIC,-"r in • pt.y and 
thus enact and ""lnollOlatc the pint in their own mind. '·S'-"I'Pinl 
hllck to leap fo .. anI H II llIloth.". "'"" .... ple •• ,""'" in doi"lllO, , _ 
my ... lr .. I ..... (qulte.part from the "haek 10 the primillve mlnd" 
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connotation) and _ mya-lf abo as I .... . H~I'II." in I m"",, ""r of 
an .udience. th~ iI an internal dialogue be\w~ u.. C(lfUtlUded 
Jl"nonalit is. ThiJ fillion and d ialogue iI predICtable, ... ..,.. ... in&: 10 
d", pmoent theory. for, ..... expect th.t any pneraliJed &naiaD 
ocbU:¥o!d by n!IOlut.ion of ...,,1!nII .im. D. roci o f .ttention will be 
round«! upon an exc~ of pcnorntlited hypothfHl. as well .. 
hypotheses which rolfe. d i"",Uy to tho: maU,,' in hand. 

3.4. Op"rrJlional Cr.!aflvily ""d SY1Ze~fk:' 

Around th e mld-1940.. W. J . Gordo n nnd lW!1Ienli colleagues 
began to dC!V<' lop mell/U fo r encou"'IIinl[ Innovatlve ""Uvltt ... On 
Lh e part. of indivlduala and KJOUPI. Much o f their ... o rll durinJI 
the 19SOt, which II ",ported In Gordon (1961j lnd Prince (1910). 
look pille .. "P.tnn the b""l<ground o f ind uJlry (in I d lvlllon of 
ArUlur D. Utili!, Inc., and a t I l .tI!r.t.qe in an ;ro<lepenMnt otp­
niaUon, Syn.ectla. Int .) and d",",l w it.h lA!dtnicai Invention and 
inOO'llt," IOlut.iool to man,..,.w o r adm iniJtn.tive problIM'u, 
Ho .... ever, both .. thon Ilness the (indisputable) relevaroo:e and .. m .. 
ea<:lty of f)'nectlc methods in educ.at.ion. 

Lih tho! DOl"" Cl'Htivity thf!Orisu, ..... oc.leI o l .ynecUc:o (from 
the G ..... t fo. ";oini"lt d isti nct and 1Up!!rf"lCiaJly incl ..... n lcom po­
~ntt" ) .. mphuiR th .. rol .. of analDIY, of p!!nonal JM"fIl"'C' liYe, o f 
jIl1:tapolition .nd .eoolutio n . Howeve. , .ince UIey an conceml!d 
"Ith D"" .. tionally p...,tic:a1 methoo. for conductinl If'OU p ..,.. 
lion. d. lUidinl{ indiYidual !.hin kers, the ... principle. eme'lle with 
gr~a L clarity .,Kl Iud to po~ itiye . eccmmendatlon •. Fo. example, 
uemplary u nive . _ o f compilation and Interp .etatlon (the 
" "orid," of Iyne<:tic theory ) are upUcltly 1I,I.ed, .... " lhc 
",anoeUVfel 1.D be adopted by a group leade. in order to c nlw"" 
d WoCU" .. hl~ In\.reducin, u.., minimum poalble bIN. 

PrInce U970} lriu, .. r h."" d" .... . to .... p.-- cyclic, Iterated, 
and often CDncu~nl ,,~tlon. as eMily communlc,ted pl'OCSl 
diaN: he malt. precIIely the same ....,.......tlOnl (for exam ple. th,t 
the pl'OCftl which ill belnll depicted iI not really RriII. !hIt tt. m il)' 
be dWribuIed o r Joc.J.iRd ). With these ...... nrllio nl In mind . 
Sch"", .. Ii (below) iI an Ittempt to IU mmariM tho! .. I;"nt ch.,..,· 
r.eriltio;l o f . croup ICtIvlty whkh foste" Innovltion. Any ...,up o f 
Ihil kind inciudea. amonp ! other partldpantt. I IUbject mi n." 
expert (D • • It Iny •• te • ..,m ..,,,,, bavinllC«N to the f..,u of I 
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---
I. ~~ ... """ OlIo .. "' .... of ....-.......... ' i ... " ro< .... .,pl., "obi .... Of 

ulnoctlnl ...... monutin __ .oa.npIo of o~ bMrinl ""'k , ..;u.-I 
.~.tt."'1<>n 'n , 1>0 p<_ ('om" _, 01001>110. 

2. En.n obi<ct i_ .. ..,.,cei.od by po..uc;ponla: r.,. •• ..".,.., .... "In. 
oil I<J loll tn~ how "", _ _ 1110 In ,"",,"air ....... "' ... 

3. 0..,.,.. 0,," ob .... U •• r"" or",,'''', (_""'. tho 01010<:11 .... i~ io 
..... ..,d) , 

• . Ellc;' I..un- (of .10_0 01010<11'0' In dl,u"", -"'!d , lor ..... mpl •• 
';'I0Il In. ot\tlnal proIol .... 10 po-.lln " world of.-lOl)l' ""d ...... 
.... 1'1 .... <lid. iaAo....- Qf In. objo<tI_ "'" _ " o f ~ (0.-
...... r ...... AiK .... ..,,' nl"poII d . ... ....... h .... o h wa!.(ftI .. lo . _'_I, 

~. SoIoect I......, ... r ... "" ... tiaJ;fo ......... .,. •• oinoo."h ... '. _ ....... 

6. ~ .1.0 .. ...". TIoia ..... ;nIcnoU ..... d _ tlall, PO~I 
.... thool 01 uf~" _II .... It .......... ' 0 _dint! ~ por_ 
t ;oiJ'NI1o 10 _ '11< ch_ r--. Iit •• '1000 .. u. ....... Urtq ON 
_ 010_, In 11010 . ...... tion : iD uu. ............. "'-" poI,lri • 
..... ' 1I".Inoo.IWI ....... of.1M .... "".1. ~ __ . 

7. tgi<lt '_10 U"" " I""" .. ch po.rtlciponl. A "book tIU. " .. " pith, 
phr_ .lUck .. ,-- .. " t.ol "'."p/K>r for 1100 !>&rilei""", .... perl­
._ In ,h. ",Ie o f " .lruo fio Ihil cue) ~d .umrna ..... " pondo,1<o1 
or In«>",pollbl. r . .. ".~ 01 Lhis """-

I. 8.,.<1 "baol! II Uo" : I ...... mp'e, 0 ... quoo.,d b1 I'rl .... !a C<I .. "", • 
• 1 ... ,041(( .... _. 

t. lWei. , ...... _ ...... ,"'" lD • bi<>lo&kal ..... ld ... . _ _ ho, no .... 

........ ' WO<td ,ho, .... bod. u.. """"'''11 01 Ih. booIt Lillo : r .... 
u .... pIo, u.. LeniIGrial • ..d __ H _ .... 11 .. 0 1 .... , .. ooa. 
,.-..I 10 6oio. 

'0. .....ct ..... , .............. ....... plil)"i .. -.. Mbooit UII.M ..... 
"10 .... n.·' II 10 u.. orieI ... t ~ """ t ..... _d ", _' " 
• ..! 001l1-<\li. , LIooI ., 011 .... oul_, al, ... """, 'ft .... ...teI"'" 
-~ 

II . &uJoo1M ofl_ 10 ··r....,. iii" .. d .... ..ct pIauoillie ''vIo""",in'" 
«.,_Ll •• _OO"dJ ... """",We .--""' .... d ooIuli<>a , 1« ".",pIe, 
' b. hI .. D1 .. 'Mh., do'""" ....... wdod _1111 01 calO ,J ... . 100 10 u.. 
pIollOlbio ...... !!llor! of I • .-i .... DII' . .... k oamplo nllM . ,'" oU 
dropl ... 00 Ihol It !a .... poIIu'od .hilo. belo •• om _ r",,,, u.. 
botln~ hoi • • 
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the", R"ill be • d ir rnence (the lec:hnique lIin,.. upon Ih .. o;oe,.i .. 
l.enc:e of distinct un iventS o f inu:.rpretation), and It .... ay be"",pe­
diMt to leave Ihil IIII!ledion to ~ leade •. However. the, ,, I. no 
,u..,n, in principle, why he ... ther than the othen mUll dowrmi" .. 
tha different univena, and in pl'3Ctice. hi. U!lectlon II col"ur~.J by 
the ongoing dileuulon . 

The cyclic and ......,nl ... "t character of !JIo l>Toce» II made_ 
l>ecially c~ar In Gon:lon (1966) •• book which II prlmuily con­
CO'm«l with q>IK'Ctic princlplft .. they art! applied to leam;ng. In 
Append", I o f Gordo n (1966). the ''v;''wpolnt'' It not chart.nl ... 
• terminal ... lution (recommendation) o r ad. of ... Iuliool (recom­
mendationl) bu t .. the acncab of • ''''Old objeclln. Moreov~. 
Ih~ an. many , alm ol/. unchartablc, "in""mal" loopl; for e .ample. 
tile penICnal analotO' "hue can be, and often lI,ei ther I'1!ploteed o. 
,u","ont.ed by • forced "direct analogy" betwO'/m the di.tinct 
world, o r univerSet of int.<!rprotation . Wherea. "pertonal analogy" .tre_ In analogical or motaphorical uniyen" (akin to U in 
Sectlon 3.1), "d!n!cl analogy'· II. Itrai&llUorwmnl rncou ..... to the 
",alliable univc ...... ( X and Y in Section 3.1). 

With u. .... pointl in mind, and. notinl both Gordon·, and 
I'rinee" w i.wnce lbat the .ynt!CUc: proc:e. may e i1Mr bt! inter­
PftIOnal (u depicl.ed in Schem" 5) or intnpcnonal (in ~ther case, 
ho .. enr, InYolvinl dillinc:t P. lndiy\duaLoJ. it b; not dlm""lt to_ 
thlt c:lurten of phU(!l in Scheme 5 an! deaiJllCd to brill5 .bout Ihe 
eYcntl noted In S<;heme I. The Id""tm"ation II lummart.cd in 
Sch~me 6. 

The ph ...... of the Iynectlca proccdurn do not, and .,." not 
m~ant to, captun! all or lhe underlyinH heUriltic:1 (Ihe "dllep ItruC· 
tu"''' of the p""""" c.taJyoe<! by th. group Icad~rl . In I ""'If!, the 
und<!rtyinl heuri5UcI.,." mad .. "",id.nl by follow;n, the I'roc:«lural 
IIIIIftI.i<>M and mandltO'S; tho! underlying heurista .... not writ.-­
to!tl out u • series of tz.nlfonnalion •. 

UoweY" r, on ",adin, the li ...... lu"' and Cat ll'Ulj toyinl .. lth the 
method. It ill eYld"" I Ihatthe pn>efdures induct! .,....,itiYe tz.ndor_ 
m.Uon. limU .... to, If not Ide-ntic:ai with, thOle '"'ted uplic:itLy in 
THOUGHTSTICK~:H (Ctupt"T 9) . Th" ~xpHd! IIIItemcn! mlY be 
userul In lrUiding Ute con venation; for exampt~.lf It • &lI'"C'od that 
the 1'HOUGH1'STI CKER I.nlnlfonnation. (ep!.~m lc ~metry. 

elt.n.[lOlation, III\d 10 on) are d~'tit<!d, amongit other thin~. per_ 
hlpl, then Wi! f""' l th.t the Isder and poer+>'I)!! the particlpanu 
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and E:bhout (1960). Th_ Inveotigaton employO!d Guilford " 
"lppoU1ltul teo;tR .. their IUbJect matter. A typiCflllell. i~ COIl­
.... 1.1 In the de.cripUOIl o r mention of m ""pperawl"; for "",amp!.., 
.. chalt Or a ruor ("'l "1I"",,"", lU I for .ittinl o n " and In ""ppamtu. 
tor mavinl wlth. ," r espectively). 'I'h~ oLud~nt lo liked \.0 think up 
and record an improvment of the "ppparatu." In each tell. Item, 
I. •.• an imp.""ed chf.lr on an Improved ruo', An Improvement of 
.ome klf\d ui1t5 If Ihe IOlullon offered is dilti!\Ct from 01 .. orlii­
nal appan.tUl but '- rccocn lrable .. havi", the a.me function ;u 
!.he original , pemapl lwlina oth", {undlon, .. well. It wu found 
that toro very d ifferent klnda ol l&nll.lV &n! u-' by otudC'llls: the 
"IocaU", problems" .tn~ and "~iYe ...... .rorm.t.ions" 
ItraUgy (wrnvialo!d to LP and ST, rnspect."'etyj . O f Lhe.e, LP 
livl!:l rbo! r.o respon .... dCC'JTled pctleB\ri.m or proealc JoCcortii ng to 
_eraJ ""tn>mely p llulibl" ".lu.n., where", ST Iivf!I ri", to c''''' 
"Uve nl.ponoes. 

!,;i.hout and El.h oot found it pOllible t o pretnoill f1.ude nll to 
JdOpl either type o f Itnt.o. u.ing one o r the other of two pro­
grammed ter;.u. In their paper, they call the pro.1e IOlullonl , 
minor innovaiiono, and the creative .,Iuliono, m ajor InnovaUon •. 
H~, _ .. placed upon the natun! o f LP and ST and the differ· 
mea boot..-een th.,.., . AI. I mlt Ler of term ir>oJoCy, !.he ooIutloru 
produced by LP .... pn>b&bly no/ inno .... tive under the p ......... t 
lenni of ",fe",nee; thOR ot ST undoubtedly are In novaH"". 

Al though Ellhout and Ellhou t do not make the claim explfcitly. 
they appear to halHl I <;:OjJ~nt theory of innovation mlb<>ddod in 
tho distinclion bootwoon th~ Itrategy types, and It 1.1 J\lffidcn tly de­
tilled to aJJow for Inin;n, open.tioru that IUbftantilllly incre"" 
the proportion of in nov.t; ... " liO!utiono. 

1be Itnteg;eo in quesUon are as foUo,q: (Scheme 7 a nd s"tw.me 
8, below). The ..,riaI fonn it artirlc ial and unl'l'allstlc; for Hample, 
uecution o f Stel' LPI may continue as th .. othe r m ill .... In· 
Alluted. But oort.l>in o ld .... relalionl .... _ nUaI; for imtance, 
uecutlon of LP1 moo Aart ""tOn! LP3 is inltitu\.ed. 

Elshout and ElIho\It 'l ~nn lnolollY is very do,," In lItyle and 
meaning to our own, and it il euy t o ... 0 thlt t hulr th"l>ry cor· 
I1'lpand l with Iingular ..:curacy to the relevant point. of con· 
"e ... Uon theory, lUI d o tl1clr """It.. For e:o:ample, a "problem 
lO!ving procedul1''' (in tl1lA cont.cJr.t, at any ",Le) II • oon""Pt; 
the lumlng otn~1JieI exhibited In LP and ST .... ~ed all 

• 



·" 
I.' I UK tile . ".11 ....... or tho ~_ oppua ... (poooil;ll), ... 1_lIal ... , 

...... ';.1)..,. ._I,..!Tom .... __ I;"'n. 

U't B~', ..... _ 0' LII, .ppara, .... TIl ••• , ....... f~",,1lono In dlff ...... 
• ~ • ..,~ .. lIl> : , ... """",pIo. u.. <I .... r .. n<tlo .... on 1 ... ,,,,_, rot 
01111 ....... , bu. il .... the •• o.ribo> ...... "' .... ond "..,n-" whkh .... 
of dltf_., _q"" .... il It 10 u...d t.. • _flnod ._ .... 1ft ..... 
opo" 0". 

U'3 SelOC'1 on . ",Ibu, •• bat U"de, ""... .. .....,0",0.' 1"_' p,oh~m or 
P ...... -. • dlffk:" I,y; f.,. UAmpl., Lh, th." ",ndo up , .d If , .. 
",lH" 10 .. , . ... .. '8 .. r.." pro .......... .......In. If ,., <h,lt It .. oed In 
00",011...., ... , 

1.1'0 Oolemline the eft.." of <h"~1\1 .110 ........ o f 'bo ....... 1.0<1 o'lrib .. 1e 
In , "',._ lAo. oiI"';n.o1 ... boo ..... uHlopeoMn •• " 100"",, .. _ 
lIM r .. nclioCl .... of LIM _ , .. , to< . ..... pI • • ~ • dump), choir 
II _' .. h .... dlnd ..;..,.:1_. ~_ptobl. 10 od~I.-. 

1.1'. If , .... _1«1 .. bo""",,,-~ ~ tho (,,,,,,l1000 ..... .. '" 10 U', 
&11<1 ...... , ._'- .... 11 ....... .,],no ....... lri .... teo _I. otI tile !Iot, 
In .. hld! ... , nh.m 10 U' I. If tho _ -.I~ d_ ..... 
cIooUo, tho I .. ~. , ...... Lb.~ ornl ... "o<_pl •• ~olu 

• """"'010 "01 ... • ........ . 
U'~ eo ........ ,. "' .... Irlod for ... of ,"" mill." .ppua .... ,h •• 1 ___ '-

L1 .... 1t<1"d ... d f~ncUoaa!l7 ;"".,.~ ............... I" 'I"'bu'. "'''''. 
TIl .. " '""" m.ir" .....,.,.,.,.. ",moll .1 .. ,\,. ' (wllh ........ 'poeillc me.n· 
inl ...... "-<1 to ~~ .. ,h. ch.i< ;, .... oIl •• 'k ... II _ . I. •.• norn>wor. 
, hon .. \I. wh.~ ... ). S.,...". dac,ipllon of 'hi< ",""Inod fo.", of 
' PP.,,\\II., ,h. oo'u,,"". 

'"I&!>e' Jeoffi probl~", ",lvinK pl'C«(IlllU" (leamlnc It probl ..... 
IOIvInC about problem IOI";IIK, and their "level" dlsUnctlon lite 
t.b.~ L' • L 0 dlstin<:tJon II a maUer of convenience, not (aell. 

Moreover, the (oUowlng poinl, !.hOUllh importtod arid impooed 
.. .n explanatory derice, Is probably implicit in Elihout and 
KIo.hout .. ac.:ount, thou", they do not opeak o( it in these .. onb. 
TIoe ditr~n""" .. bel.ween c:reat.i¥e !.hintinK u pemed by ST and 
lIon",..,lIlvf thinkin ... govemKl by LP II Ioimply Utat ST d6. 
manoh mil'" than IIn.,....;m .. t.-once. w"'""'at LP milk" no .. ch 
demand. Of cOlIne. the .tucL.nt PursuinR LP Inltructionl micht 
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&CH~I!' 
5_, ... n....r""""Ilu ... (871 

.'IT I Lat .ttn"" .... hy obou.ctJo.. ... I. I.J> I . 

ST 2 S-" y ..... <»uo of.ho ' ppan'uo." in U'~. 

Sf ~ Sol .... kn'oU .. 'Llrlbu~ .hol _ • problorn , .. ..,ma contex. or 
DtIMt ... 1II LP I, 

ST'1 CIoa .... u.., .. I ... of 11111 .,tri .... w ... 0Il]0010 _ •• 11<1 .... '. (~ri'" I' 
• "",,", ... I~.I ....... , .... oho Opp&<aLuO 10 , ... doowd ..,..,... ... ,ioftaI. 

ST a A . ..... pt to ..... room 11M olnoc'''''' of Ill. "1'\>0"'''' ... thot I ' ,,_ 
rundion . i,h oontnldlctory .. , ... o f "'" _ .... oWib ... (whl<~ 
_y ....... , .0 .. , be poooil>lo!. " ... uamplo, if "'" 001_001 • ...,; .... o.c 
10 .. pootu ..... clW. LlI.o. M __ ~p" --.upi .. _ ....... OIantIlnl 
th ... I .. of ... . d •• ;,', •• ,....,.."' .... that It "11M n.,·' .. ,..to .. tho 
chol, d yotw><.io ... l . I. mOJ o .... y ltG' boo _1111. \0 In ..... 0 <hoi< 
(....,b ... e<>Il.""lblo d",,_ <hoi.) th • • occommod.1ooo b<Jlh .. , .. "' of 
p<>Ol.>o ••• 

sri 111M ." .... pI '" ...... ,or ... 1110 0P"""U' 10 "n" ,,_'ul, ,,'Un' 10 
ST, umIc. II .. ,Uri""" 1101 10 ... I .. "uud (In _hid! __ .oI>om.o 
$T I ). Oll .. ,wloo. 'f ..... .. teMpt II ._1 ............ ', tI>o ,.,<>oIif"..d 
_ .... and ... bonl'l .. doocript .... _ ...... ti-. 

divIde Ilif '1tention. LP dOoN n01 prohib it lhll. Bul the .tude nt 
who learnl and obeylST mUI! do 10. 

The d ilt in<:tion OC<:Ur1 I t Step 4 and Step 5 in ST. The tact 10, 
In apparawl (In our jargon • model. albeit I mental model) cannot 
be almu ltaneouoly runctlonal and dyotunct.lonal in the oame uoi­
vene. On the other hand, the pvoit.ed d)'llf'un~tional apparatuo 
mUll work in lOme un!vene; it can neiu",r be • otroke of caprice 
nor. r.tuouo COMI.ru~Uon . Hence, Step 4 In the ST infl.n>Ction. 
laciUy """" for the construction of two a·priori·indopotndent uni­
~; ...... in which the origin.al apparatUI "orb , and one in 
which the dy.tunl:l.iooal modltkatlon "orb . • 'urt.her, the ,..,..,Iu· 
tkK1 I.a be aU ... mpi«l .1 Step 5 ~uira the contemplation and 
c:omparimn of the two unlver1lS, each "ith ita dlltln<:1 foeul of 
aUentioo or aim .e ledion. 

InfonnaUy, we have round t h. t Il.uden lt roquirlld to IO lv. prob­
lemo of an OpeD ended type and giV('n il1ltructionl that tally with 
tha.e In I,P and ST T<!pon that the comparison .t Step 5 involve. 

-
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u,e ln~hly ot perJ<)flalllllld u .. ell III problem orient.ed hypoth • 
...... The lIludent concelvl!II him..,lf, fo r example, u a ".et ot the 
di fferent pieces ot apPIU'IlUuo. or ... \.he pro8enltor of d lrte",nt 
\.heN_ about them. General ly . \he emc'1lence of the tnnlfonnl' 
\.100 which ~IVH the Incompatibility IllUdden; the Iludr.nt;. 
rot\.llCio .... of the appanlw. to be tendered III IlII innovation III • 

erylll.allioed .. hoLe. ' i e II not (clearlylawan! o f all the ..... pa that 
lead up to the cryllalliAlI..." thouah by token of Ul., flO(:t \.hIt he 
can o~ ST inatruclionl or recoanile hill mmt.a/ pl'OOI!N AI ST 
... th~r than LP, he II able to describe. ",rieo of commando ha,;v"" 
IIIm..,lf, Or \.he ""nlt .. lnLA he appUe. in oro!!' to achieve thil .... 
lU ll . 

'I1Iis mud!. iI prmlc1lble in I.emI.I of the mlCf'Olt.aU! v.m..bl", da. 
d " and dl o There II • point (Sc""me 1, cl ....... 3) when do ill hllh . 
bu t ita val,,!! .pproachel zero at "cryst.lliation". The llet of 
... .,hlo'. common me.,in. (Sell"""" 1, cllUM b) by hypoUletl" 
due to COnnlnent auLonomou. ope .. tIon, II llMOCiated .. ith lliah 
d. (there iI no . ... aren" .. ot "Itep''') , But, InlOlar N ST II d. 
IC nbed ;y a Fuuy Procedure, d, lI low. The Kuden!, under thCIol! 
condltlonl. Irno~ 110 .... ho ;nn<wate. oyen though d . > d" he 
II unaw~ of the rftUllJ. until {do '"' 01 they are reifleo;l U an 
a:rtUact Or • lalid Idea... 

S.6. Olher PouibjJlf~. 

SlmUv Ipiriled coml'atiJom can be utel"ldcd to other theoriet 
rich cna uKh \.0 pOlilt a proceu underlylnS. and lam ehaw peculiar 
to, creativity. ~'ar lack of aproce, the matler 10 not pursued, but the 
reader mly find it rewudlnS to nun;n., the e ..... tivit;y th~riet ot 
Ba1A!ton {1972}, Malow (1954), IIld I'ixher (1969 , 1974) in the 
licht at the foregoing diM'uaion. ",_ .... eh....." as far from u · 
hau,U" or ""c:luaiYe C!Xampll'll, for two reUONl: nm, e oo;h iI • 
lluutifu l and .. eU .. tt~ l\.I.tement; .condly, the thf)(1rielltem 
from different departmomtJJ of cognitive oclenee. 

Bat.l'lOn'. view of Innovation ""'''''lI" In part from ooclal and 
anthropoloj!icallwdiH, and in part from individual p.ycllo lolY. 
The doctrine o f "deutero I~ing" and "IIIKher 1.han deutero­
learnlnl" establis/:u", • poaitiw connection between "ordinary" 
and ".,..,.l;"e" thintinll; specifIC mecllaniMnl. ",ell as the cullu .... 
"double bind" and III _en! analQlUeI, Itt the lItage for inno'lll' 
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lion (or, In th e preaent jargoo, tor '·mIlllY aim" ope-ration). Van_ 
001 hierarchically orpniled homeoA.atic meeh .... ....,. an compati­
ble willi the picture of coaIncence and rI!IOl"LltMI dnown In Ihil 
ch,p~, and lhe tundNnentai evolutionary component II eompat.­
Ibl" wllh c:onvenation breeding . 

Mulo .... '. theory II . t in a leu encompUlini framewo.k , alP"­
eifs of tran....,Uonaliom, but once qain, it (:Onwn. the lUll com· 
pll!ment of ~ and lhete .... compatible wilh the ~tifica­

tion. 10 r.r mooted. Simil:ar 0",,,,'''0 apply to F!.:her'. lhllOry, 
which II tt.ated in a ... n... of quite widely ICluer«l paptl .... Ita 
background "' mixed: first, an I!'Clectie bu t b.olIlcnHy mcntalliltic 
~chology, and IIlCOndly, the &reI of neuropl1yoiology and P'Y. 
ehoph&mlaeol"lD'. In "tnnalltlrlfI" FiIcl>e . .. concept of I pen::ep­
tiolI-blllucin.tion eonlinuum (in wh ich CftIIlivI produc1.ioru oc­
""py I tpecW pIaoI), it .. na eery to "trlmllte" oimultaneou.dy 
the mI!'Chanism. of Iymbolie cyolution wlilch underl ie thll con_ 
tinuum. Further, it II l"Il'CeISllI"Y, and appal"ef111y l"Iitimlte. to 
identity FiIehft .. COlICl'Pt of "l'rivlte" 3IId "public" verilkaUon 
of the ..",...,. 10 produced ..;tII the nolion of model.J.inl (intdl«:­
w.ol or f.octu.o.l) in co~d;n"y "priVite" and "public" uni_ 
venn: to note, .. FllChe .. (loa, that the .taw. of a <:n!(J11~e image 
(ou r "Idea") illIlcatory. Concordllllee between the model of an 
inlll/IC .... d o f .... individual (or the lOC\oo.taI Jl.al\lll quo) 10 undec:lded 
I t th,lNtant o f inception. 

t. MIIRff IN lDEN'l'IPVlNG THKORlJ0;8 0 1' INNOV'\T[ON 

w. embarked upon thi. chapter with. the promite of unlrlCptlon 
amoopt theoria whkh, tabn alone, have polnt.o of disparity . 1'h~ 
pnlllwe lIu been fulfilled by exhlbltinll I common I}'&temlc co,," 
adequate to acc:ornmodate varloolly delCrlbed I'fOCcaco. The euay 
migllt be juotirled On the ... ground. alone, but oome other IdvllII· 
tat:es .... "10 pined. 

The present theol"}l form •• natural bridee between the many 
penon lItwo.tion. (Ch.pter 6), the mllQy ~ rituation. (m ... y per­
oon or juot one) whki! _m to ~njfend.". InnOVition, an d the pro­
cea (Ch.pter 9) o f " Ieaminl to le:;un" . DiCfotenCeI of degrte aiR; 
thcoe uptCtI of rnllty mlY be lI ... fu.lly diKrbnina~ . But the 
underlyirll!»oJ 'I It lhe ....". lhroueI>out. It Involvel ·'Convena-



Lion l:I~inl" (a comprehcnaift IYI'" of "Yn.bolie "olut ion). the 
junapoliUotl of .un. 0. pcnpectivea and their IQOlu\.iQn by the 
eoaleteence ot P-Indlriduals In a common'meaning ajp't'elllent. 
smc. P-Indl¥lduall.the major wo.king unlb of au. theory , may be 
I",,"*'d or dl6l.ribut.ed OVe. JeVer.lI brains and ainOll .. vera! may 
<:O\'lI.ill In one brain. u... perplex in, differftl.,.. belw .... n ....,iet.aJ 
ami Pl'non" inno ... l.ion mOlUy evJ.IlOra\.c! . 

In ~tum. 01.1. theory ill butt.reaed by a body of "iden""'. Chai>" 
\.c!n 7. 8 and \I ~a ... e lOme eumpl .. of Innovation observed In 
THOUC I-ITSTICKEII and th" "leamlnR to learn" experiment.. 
Ru t ainCt! under th...., e irc:u m.lMlceo cognition .. laboriously exter· 
n.HIed. the in.t~"""" "",.am and miniscule: • plcayun8 body of 
data quite inad~quate tn oupport" lI!rlou. hypotb" .... So It would 
~main art... many ~pelit;on. or th" ""PI'rimenb. ~'or dat. about 
~ali$tic inno¥I Uon are pmen.d OV'" yNrl from d lfte~nteultureo. 

and th' mOlt. drama~ lnat_ are ~ obterved beyond the 1ab­
oratory (_ Mln .... y """,ark •. in am'" to Jtudy "intetllcence" uam­
ine the copIltion o ( 1ODI00AfI who ill ou.-I"lively intell i&ent; by 
IhI! same reuoninll. creativity iI b~U It.udied amonpl. people or 
Iyl'leml 0 . groul" who hfte an outotandinl o;noativity =om). 
Now the data su l'Porli"IJ the other theoriea ....... ly ..... 0 1 the ..... 
q .. lred kind; they .ra far m ora convind n( Ulan a few Laboratory 
t.n.nACliolll. lnaor ... u the o!her fonnul"tionl can be .,1 .. <'<1 in 
"",Iter with Ihe present con!ll.rucl.l. much of !hill d~1.I i. put " I the 
dilpooal o f our theory and it< h,,1d to lend It inductive support . 

• • PRWICTION ANO PRACMATtS1o, 

Obvio,uly, .... e claim to predict !he tonn of an Innovative pro­
.,.,... The t.ricky qUeMion .. wh..o.er or not It if; poulble to (Olle. 
crn.livity . and if .a, by what ""'ani. To aome eatent!he queation 
hal been lllWW~red in the arr ...... .a1<ve. In CN.pten 8 and 9, we clte 
proooduno. for encoura;!nR vari"". in(Udienu o ( innovltion; for 
... ample, th_ li1tOO under " aim initiation" 0 . Ihe aw:rall heur-
iIlil: of T HOUGHTS'l1CKER ... hid! induce. I n!SOlution b8havlo • 
• kin to £lahOllt and Kllhou t .... ~ .. tn.ndormatlon" t.rtlc. 
It ...... nokd in Chapter 9, s..dion. 3 and 4. that these m~'1.hod& 
lin! not bound to pie<:~ o f m""hin"'Y. however convenk!nt th~ 
machinery mr.y be; by tok .... Dr Ihill. prlndpln extn.etC'd from 
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usage o f th~ nperatinll syatem have ~n used fiUcce .. fuUy to a p. 
proximate the arune """,It in ent.irely nan-mechanioed Rudioa o f 
"learning to learn", Ellhout and EIshQul ob\.a.ined . imilar ...... 11 .• 
In the context o f the "Apparatu. Test"; GOrdon and Prince, in the 
pnlCtice of oynectic • . 

The ..,ope I. wide. than these parochial examplellUggeR. Firat, 
the rec:omtn~nd ... lio"" an ... from the I'S5ence of • theory; they am 
nol j ... 1 arbitrary or empirical rogge .!ion •. Next, till! theory 11. ... 
been Identif ied with the systemic CO ' e or oth.,.. theorie. for which 
,..,.,ommendationl lUI dive"", .. the areas of interpretation already 
exilL no. for """",pie , it iI posIIible willi Ba~n'l and Barnett'. 
thL'O';'" to . tipulale "ultun.! organlJationll conducive (say) to "aim 
inlti8lion" (one ingredient of innovation), and to Infe r that iono­
vat.i<:," is more lil<ely to occur if th"", organisation. are ",allied t.o­
gether with me""" t o guide the other ingredient proc<' ..... . Or , in 
the poychophysiologi..a. int.Mpretation o f Fische,', thMry, i~ i.I 
[JOoIlible to BI'KIlC that certain brain state. ine ........ the 1ik~lihood ot 
innovation; at I ~ast, th"t these .taW5 will 5timuiaLe appropriau, 
IlUbpr<><:e5Sel. 

6. ItElLVANCE IN EDUCATION 

Otten and prohKhly ri~htly,lnnovat;on I. cited III desirah le III an 
cnd in itself. If th"t is agreed. then there appear to be rather co m· 
plicated train ing operatioM which e ncourage innovation; either 
the mechanical or non.mechanlcal exped ient. 01 Chapte,.. 7 to 9. 
It iI 01 lotereot that these operation, tally well with the condition. 
held to be I...,und In lhil respect by proce .. oriented theorUt.J; in 
contrBlit, they do not tally well with the manoeuvres 01 lli mpie 
minded cnOOl.l~mcot which (howl!V~r .. ttractive they are In 
tenn. 01 potential o;o, t benefit) have provl'll diN.ppoinling (~, 
lo r ""ample, the very clear and candid revIew 01 one such endellv· 
or by Tomm<:e and Gupta 1964). 

SupJ)Olf:, however, that innovation Is nol lO uoiv~tulJy valul'll, 
that c hildren Or adult. 5hould nol be spec ifically "trained to inno­
vate". After all," number o r .,......,r o rientl'd educationaiisU han· 
... Uy take this point o lvlew. 

It would still be agreed, in "'OII( '1u..nen, that " learn in g to 
k:arn" and "I!rtIUP compete"",," are importo.nt part. or the educa· 
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Ilona! IySU:m (it not of the nlrricu lumJ . For example. "en if the 
o bjtf::t ill t.o produce I«hniciaN and opeciaUSU u the main p rod. 
1.>d. they will """..tit from vEnatility la com ponent o r " 'o mlnl 
10 IeamMj and an! likely to be better cit izenl lt they undentand 
udI otbf!r nther than ..:w., .. mboLi . Morecnrer , It h .. beoen .... 
filled (and the c_ . Ppo!BI'1I to be indi5putable) that an "fficit!nt 
educational l yato.m , be It for Ken"",lilt.I o r IIM!<:llllilta. de~nd. 
upon "the ut. ot IcamlnK " dissoominat.ed lIIDonlin th e Itudenta. 
"'11 lei 10 tOt the following "'ltSOns, (I) Thlt r1pld learning with 
...... lble retentio n 1& achlevlld (in practice) only by uti Using til .. 
vaUd a"alogle.ln • au hJ.o:t metter, dlllCovennH th ~m and cl1 et:klnlr 
lh~lr prope r ooml'reh."u lon, both of .. hk: 1I entail the "ru1 of 
lumlni": (b ) !J.ca,Ute only" small fraction o f the environment II 
an .codemLa where knowabiel UId do.abl ... an! coherently nroc· 
tured . Most leam1ns rnun ffor moot people) take pt.ee outllde an 
iMtltutlon, on the job 0 ' In the ot;r""t; a moiety of the time open! 
in "" tndltutlon .. .,.,td, th"",fon!, be devo ted to IrwloetrinalinC 
the ''WI. 01 lnminlH (from uM\nlclu~ ... rround inpl, ju. III 
lime is tpenl incubtin, thl! oth ... balk . kilb of oommunication, 
arithmetic, ..... 110 o n , 
Wh~r poin t of YM!W is adopted - namely, " lnnO¥lllon J. 

loud in iuei f," Of "Innovati"" mould not be Kl!nenlJy e!>OOu..gl!d 
.. hen we noed .. _iaIis1.1 or hodml!n," Or " I am indine",nt to in· 
novation Ot not, but 1!duc:at.i<M1 ohoukl be, in lIOtne ... n ... , errlClO' 
c!OUI" - the comment. in this chapter and the IlOIIt III'\! .iIl vcry 
much to the point, It hOI been argued that the J'l1'OCt'55C'1 callI!<! 
";nnovallon" Ind "l00mlnB to learn" and "leamln8 to participate 
in I group" have a com mon component and that. operatlonally 
speaklnll, their encou,.m~n t Is I matter of "",opllnK the ..... I! 
d ... of tactic. and methods. I do not think, whltever II dONI, WI! 
can guarlntl!e thlt IIOml!Ol>l! will 1'1""'" I brilliant Inventor/ artW.1 
pOlitician, Rut WI! do haY!! the inklinp 0 1 how to Khi~ I las 
p-ondioM, thouJlh no Ie. laudable, KORl : Ihlt this penon .. 1II IC!*rn 
to make _Ie o f and Avmlr hit intcllectIJal o r w neftte environ. 
ment, iu pall and lu tuD,ll'e; that he will learn to 1_ hia neiJlh· 
bour and lImultaneoul1y .. pim to ambitiOIlI which II do bel~) 
have nO limit .. h.t.-er. 
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Chap Ie' II 

General Cond ... i,,,,. and Ileunl ne",,/opmen t. 

Since this chapt..r II th~ last one, I take the Uberty of conjec­
wrin~ abou~ question. which lleem important enough to warrant 
crit ical imaginatJon. Several old them ... are rtlvitalised and com­
bined 50 as to weave new lahrie. A prefatory quaUr",.tian b in 
order. Tho ' peculation, tarely concern mntte .. of fact . The fact.. 
an! given in .arne adequate .en..,; /ar eXllIDpJe, they ~ con~n • 
... Ill.ly undisputed o r positively demon.tInted, or (when tactual op­
tions remain open) th e minutiae are eXp<lriment.ally d eddable. 
What is at issue is . vie .. of the world , IOm etim"... co mj1<l.ilion of 
view.; the question for debate Is whether any or all of Ih""" world 
viewa are worth adoptinK. Such judgmentl, j[ formalised at all, rest 
upon crit.eri. of utility and aesthetic com))MI. Insofar 118 f have 
made certain affirmative personal judgm~ntll in choo.ing a gagWc 
of . pec:ulation., it II on ly r .. i, to comment (.ince many ..,adel'l 
may dilagree) thllt thou~h I "",ely respect pmgmatUm, my choice 
is also weighted Itro nilly and unashomedly by aesthdic prefe,,,,,ce. 
I think the new fabric hall a beautiful pattern, and itt threads .,.. 
tabllsh fa£(:inatinll connectioOi between oth~rw i ... disp..",te 
notion •. I..ocaJly at any Tllte recognltlon of thbl pattern h"" often 
proven """fu l. A. pure opinion, hunch or belief, the oame pattern 
may have genenl ut.iHty lind lead to iiOme ""ns;bly fundamental 
dlllCOverl .... Th~ following aphorism, and mental ~~erc;"" .m In­
tended to IlIpport thll; opinion, hunch or bellet. 

I. CJI,\RAC1'BR REP RESENTA"I"ION 

Th ..... is nothins unflUTlilinr about the idea of a c haracte, ap-
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purina in the conlaXl of • play Or a novel , and it iI alao fa;.ly 
common to cncounll!' c1_ of chanr.clt!ra Or rolK (for example, 
town de,u, IIOlicltol'lj. UI{ng 50mll lpecifl t Instances, fo r the 
pOlllbl1ll0 are le";on, we ahall arvue thai the notion. o f chancter 
and role an! of the ut.most ftlucational lilP'iflcan~ .... Yet, for uri­
DUI rnaonI. the subject ot chuw:teriSlltion II ... ther ..... at.!<! inw _ 
jtiYe/y (Lhe arto! an author II invohred) o r....,iMd lib the 1'1 ....... 
The _ns for ... oid.""" .pp" .... to Involve waY" of .-i_in, reali­
ty I'Illh~ than the lnhcnnt dilficully o f the ... bjecL. He,-, w .. 
NIall attempt to clear away .om .. conceptual b",lhwuod and lay 
the foundation. fot an apl'fOach to Ihl . mit!.!! •. 

Aco:onllnK to the pfl",-",t thosil, a character 10 • rnpNl.enlal ion 
(e,,1 of. P./"dluidUllI (A) and a role, in the......, of. " I .. of 
dluac:~ II • n!JII"'"""tJ,tion o f . cI .. (a) o f ... 1 with em..;n f_ 
tu_ in """,mon. By prior detinitJon , A illhe tt..",.tion o f "''' in 
fOfJIe ~islinjj bu t u"'l""'it"oo: l.-ProulIIIIlr, and bklMl thus, II. 00-

l>erl:nt and ...u·Il'JlJicable lie!. of ""I ... ,.; cony"_I),, &A II I Ntic 
reprnent.lotion or thcte beli~f~, minimally at • "ohernnt Nt or 
prn[>Olitkms (Chsl'ter 4 ), !o;xtrapolltinK, 11' I. required to maintain 
coherency and to hIM! membf,r '''Present.atlon. (for eotlltnple, 11' ~), 

aU of which hsW! .,..,e <:0" """,1 IlIhMt (!he role """,!fie.Uon,.t 
InA) in common. Thou'" freshly int rodllCed, o.e.. definlt.lon ..... 
probably uncon1enli_, bul all of lhern are qualirJfll by the eIIi .. 
1ence or a conteJ:t in .... hk" the "hanctl!n or ro .... appear (Mr. 
Jan.le ill a rnBIllct<:r in thfl cantHI o r Plclcwlclt P"~n, and MiN 
Prism II • chBIllcter in Tile Imporr""c. of lklrll/A'm",Ij. Such a 
ront~tulll bindinl[ _m, to be an eoI&entlal Ingredient of charac­
terisation Chence, the rtat.lc rcpn:sent.lltlon o f P. lndivlduall) and 
ill written ''Q''; thu. "IA ;n Q" ill the pro,,,,. Iia .... mcnt o f lI'A' 
U .. a1ly. Q in 01.0,), •• plot., Or a ..,.,.,ario, but il II<!ed not be. 

It lI..-nliBl to dlltlnflUith bet_II dluac:ten in ilt!nenl (1IUCh 
• IA in Q, Mr. J\tIc1e In Pklcwlcllo Paperl, MiM Prism in Tha/rn. 
port,,",,", of Btl". limed) and particular liatic inocriptiOM or 
th_ omtit ies. Contusion ill virtWllly Impotllblo in literature Or 
dIllm~ (we do not get mbced up between /'1~lIwl"k Papen and I 
portlcular printed ""Ition or Picltwu:" on that bookClJ"j . In con· 
1rISI., confulion II quite lik.,jy ""he> th_ notionl are R"neralitcd . 

If the chBIlIcter iluft:ull!d in.,..,e IA'h-:lllor (I .. to reallM 
• P. lndividual AI, il ill alao .-enUa! to diltinlfUi", between the 
cmeraJ and the puticvlar e<III<'u-nt. To p ... Ihe poin t home. 
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Mr. Jingl~ i. c>,ecu\.cd in any "'00"'" brain, and even if differences 
In Interpre tation n.., diocounted, the !(ene ..... 1 """",uUon I. d ;,tinct 
!rom Joe'. or Jim', particul.,. execution. Similar comment.. IIpply 
to dramatic cnoctmcnt.s; til .. general"""" of Mi .. Priom Is distinct, 
eve n If di f(crenCO<\< in interpmtation ....., di",,~nt.ed, (rom e nac t. 
menla by di rl,,"m! and .peeif;" a~t.re"", o' !.he oam" actre .. on 
dilre",n! nightJ. 

In general, • pillY or " novel involves mOre than "n" chllf'lK!te.; 
as a rule, we speak of ":0 ~ in Q" and o f "1f. in Q" and notice thaI 
a rendering of the novel or " performa nce or the play Invo lve. 
",,~ and:lM In Q", 

In particular, we hBve consLructed a framework in which an "". 
""rtoric the.is T l land. as a lp""iaJ c;u;e of c hllf'liC\erisaUon, and 
the .tudent who leanu T act.. a /lull ell""",ter; his .. nadmen! is of 
the expert'. f>l'DpCCtivc, wh en ex pounding T. 

2. EDUCATION ~ARTICULARS 

To ..", how thiJ; bean upon oollClltion and eplstemulogy. !~t u. 
consld.,.. a few of the si tuation, dirussed up 1.0 !.hi. poin t and taJw 
!.he opportunity 1.0 indicate !.heir lign!licRI1ce. 

2. J. Innou~a"" JA!<Im;ng 

Many aim . ;(lIalio,," (Chapte, 7 onward» RI1d inno"ativ" ,illla· 
!.ions In particul~ (Char>te, 10) involve characterisation , Minima)· 
Iy, thit is of !.he type, "A's Imag~ of B', image of II topic T." wh ich 
",,,,,CI (ra!.he, than a plot 0' a story) ItA !.he conte~t, Q '" T . The 
ch ..... cterisation !5 It"nulne insofar ~. Utis lL.:lternc nt can he rc· 
phlUl!d, "A', image of B In the conte:r.t of T," o. "". In T," which 
II generally e. ""uted 1.0 fonn a P.lndividu:>l in A', brain. Under 
!.hese circum, tances, the image ;~lr il A-constructed .., that we 
may ei!.h"" talk of the ~ncnt! ""ecution of "".~ In T" "",fonnc<i 
by an un . pecifkod !"'ProcCKlOr, or el.., of !.he .,."""tion of ""B in 
T," l ubj""! \.0 the consln>inb impoocd by necuUng A'I Image or 
T tWA in T) .. IUt;n the oame brain; that Is, of an internal converu· 
tion on topic T between !.he execution in A of .... and lh~ ex'""u· 
tion of .. ~, l1li<1 gcncrnlly lell<lin~ to "" internlll ag"",mcnt about 
topic 'j' . Since we have alrea<ly It • ..oo that transaction. of this 
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type whcthft" intt!mal o r .".;18na! 10 • br'ain pl.y • c ritical part in 
innovation. no further comment i. nftded. 

2.2. Riwd lfypOlhua 

Theft It Increulni empirical evidence lh.t oerl.l.;n these< can 
only be undeMOod If their PTOIlflniton .... chlUllctcriM.'d. For 
"",ample, rival theorle:l S, T (!.he .. ave/cofJlu..:u lar controverty ) 
tan only he rcp!1!lented In a convenational domain if their pro­
genlWrII A. 8 (HuYKcnl/Newton I are.oo rep...,..,nU:<.1 .. ChlU'llCWh 
........ in the Jam" conv~national domain. The 1'IOI>o.I I;o n iA not 
Iltor;ether JUrpri.inK. fot it iI com mon plUUcc! 10 laden in. true_ 
tIon ..;ttl IIistori<:a1 and peTlOnal detail IU ftielent 1.0 ch....,terile 
pmUCOniati (not lI"yll"" .... and Newton bot &d heren t.l o f each 
..,hoo) of thou,.,t) . Bu t UU! empirical claim duervel c:&n!tul for· 
mul. lion sin.,. • IUon&l y . tr.nu t.ive find ;"' •• lndieat.ed by the 
dAta .. far available, wou ld pi..,., • lUmp o f 'PPlOn) u pon cur­
-.1 pnct.ioe. If we ""' riaht abou t ~dlnll riYaJ hypothwel, 
~ the hlll.oric:al r.nd peraonal bkkjrround 1I_,,'IiIJ. It II not , 
.. of\.l!n 1U11pOIe(\, pUuitoUi omrictunent m aterial 10 be em ployed 
.. an o pliona! embeUlllh ment.. The claim ;. th.t Itudl!nU can 
~mle""Gltd S Gltd T only If lb_ IheRo form lhe con text ror 
clllll"~ lI'A and 11'1 .. ho ~ d~hat1nK lbe meri tl of S and T • .., 
thlt the o:onteltl o f Imd'I"$I ,md;1I1 S gltd T It I series of A. B ~ 
mentl and d~mcntl. 

/I. very . Imllar claim II made with rc.pI!<;l t.o the ambiguou l fig· 
ure In Chapwr 1, Si!ctlon 3. Clearly , I student might understand S 
alone and underst.and T olone IIld link SandT by lOme wnuoul 
indexln« ICheme, permlttinll concepti o r S andT to olLemale In 
conlcloUlllf!ll. By Ute urne token. I student can understand \he 
pomelly of thTM d l~nJionall ines and \hn!<! dimen51onol blocb. 
and he can C01W:"ive o ...... ,,;,.;00 the .... blguoo' figun!; even d ..... 
it with the • ....,..ltUai tric .... But uruto.m.ndlnK S IIld T mUN 
und~ntandin. I di$pute fu... w8\le,eorpuEUlar theoriet .... """Iy 
t.aullhl t.o Uiullnle th.e prt>CftI of .,;"nUne d<1¥elopmcnt. not pri. 
marily ... bit o f optiQ). We <:lain> !hat I 'tuden! cannot un<i<!r· 
II.and !hi. d ilpate un l_ !.here Is choracto>. tepfftl'lltltion , any 
mOft! \hln he can undcrst.ond the amhlguOOI figure (quI figure. 
rather Lban .... .,ritOI of lric"') . 

I 
I 
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,.", An inDiIDI/cm 10 ,ole,,,, a D"""aliSl 

The lui. ""ample (riylll hypo\.hMe$) rest. upon the ex~...,ce of 
• pt'CUlIarly conwained repre ...... tation o r chll11k!\oltS; nllmely, rep­
rctenl.l.Uon, of ..... in S, T" and "II In S, 'T" wi!.h;n • conyena· 
tlonal domain (rathe, !.han In • book, play , Or II any unlpedfied 
men tal scheme ). The lluCltlon t.. "00 such representatioll5 
u in7" And, if they do, !.h~re io. further queou.on, "What do LIley 
look Uke7" 

Th_ questlonl .... "",,kled in ....... As I ro,. Mp, WI show 
thal • <:on lnl Q o f the Ulllal form (I plot, Jlory or 1Ce"";0) can 
be """Illuded. An exemplll'Y cQn$trud ion I. shown In l"iII;. 
11 .1, wh ich depiel.l. the entailment Mrueture tor the ''Spy Rin!! 
IUSUlI")' '' teo!. of Chal'U'r 3 . True. thll II • 1j>I!C1IJ cue, bu l l.here 
IJ'e no oIMoullimlLaUon., 1.1""" IIOm pl .. "ity apart., upon the piotr;. 
"...,ri", or lICenariol which may be rcpr"""nte<i In the same manner. 

~'u rth .. r, thil l pedal elISe II wo rthy o r otudy, rOT thel'(! ~ ... d r· 
CU/U.lW>ceS under which the "SI'Y RinK IIirtory" tuk..,1.1 u an in· 
rit.e.t!on to dnomatilM! within. contex tual tnomework thai II virtu· 
.uy. , .. /)"1 .. ",",,. 

Although the ItJ'uctUnl ""own in Fi", 11.1 II mooe notely com· 
pia, it II ...... ""lnoordinarily arid; the synl/llctic o r Jysten1ic simi· 
laritia an! quite ..,.,.,me, bu t the IUUcW .... is oem lllUcally 1>arrM. 
Since almo ... Illy choice of dlJtingu W,ing "redlcalft wUl .um CC!, 
the Iludenl nn live any me",,11l/I he lik"" to ".ples" or "COIln· 
triM" , The dcgroe or freedom pcnnitted by luch •• 1' ..... d...::rip­
lio n I., "f course, d cHllet ute. Not only am we """ioul to rond ou~ 
how d iHerent studenU re<;1ll) the material (hy o pentlon learning 
Or by compreMn.olon le.,.,.inl the ",I.t.ions, .. In Chapt.e. 3), we 
• ..., deIire to find ou t how the Iwdenl ciothel the suucture in 
d_riptotS o f hi. own invention in order that he.:lOn actually learn 
the... relR1lons. 

,Int ot all, the ... II 00 reuon why otudenl.s mould nol ~oncci"" 
I.hf! entl'" Spy Rinl HmoI")' II an II, "" obittl. ' or "".,.,ple, they 
could <:onltruel the IfIY nelworks II grapbl from liN, or u o lll.,... 
du, ~ou1d I'CCOnlU'uct thIlm rrom the CMtoon run ~Uon , A s1 lghUy 
mOnl IOphlsticated approach, also observed . it to conltruct fini~ 
I t.lte-m.chjn .... lik .... r"p~ntntlonl that genCnltc the communiea· 
ti"" .... hayiou .. . 

On the other h""d, the ... bi no reaoon why otudenl.s lho~ld c on· 
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Fl • • II.! . ~~I.lIm.nl .""< ..... f .... "Spy RIIt\t !lI .. ~.y" *' <hocrl.,... In 
a....,lo. S. 'Th. "Spy Rill' Unopho" <>r ..,n_.i ... network •• r. 0, ... O. 
(only 0, '" O •• nt p .... nl.lH! In """ bu. ~ mop bo InfOfT'Od) r", " ' " 1880, 
18U, 1890. 1896. 1900 (.nd, Inf.~ ""I,ll gO~ . A. II. ond C .... II>e ..... n· 
It .. ' ~ko .... : 1.(lof'), R (rioh . ), ond M (mldd .. or) 1>01", ,h •• ,.!.omlc (I .... , 
_''''i00i) ..... _1. ond ' . b, ~ 0" ubi.....,. (I .......... ) ~_or-.. ... 
II< ~iotl .... _ D, ._ 0. ...... b;"u:r (Inn.ned, dlalllleUo ... bol_ I., 
.......... P', ,_ ' .... "'" aon.oo.. (~ ptOd .... \ r~lOCli ..... _lobi .. , ... 
~ <_ p." •• ' of Iool ___ .-.:r ..... 1>0> ... " _ • ••• Q, 111_"7"10. 
,... of ... ~ ~~ ... doolMnll_ b, "'~~ ..... botl_ 0, _ C. 
( .... ~ .. _k I .. l no .nd In 11IO~1. A t ._ ...... B, ' •. a.. c , ••• c. ...... u.Lrios 
JIftdO ....... bI.,..tll)' dlol"-_In...,., on ( INllIO 19001. pro>I.s..i-.. 
_, ........ ,...pIoical _" .......... io "'_,. "" ""plio. 0 , .... , II. 
.... _\0<1 b, ...... bI,,"'" ,_ pn<Iica ... wi .... LI ........ , ..... po;, liola: I ,~. I, 4, 
S (-.11 II 10 .01 _110<1 "." ..., ... .,donl). '" by ..... blol •• • _. ~"in'_ 
wiLlI '''" opoc;",.,.LIIl .. f •••• " ... rroelr., 10 1" ...... \.0 1M bott. .. k>un "f tho 
"0$> ...... II io 0 It.", ....... OO"phiNn: .h •• o..aI"IIY .. !a,I"" ,~.t pr_.--. ... 1 .. by, 
diMlnluloh .. din . .... ! ... "1 .... Ib1 u.. .. bI"O"I]', or In •• nt.d. dil.h",,,,,,, n 
n.., Oft'!.' ' J".m ,,,",,m .. tlon. T. ~ ... bo L ....... d In ""'"Y . 0)'0 : ."''''' •• 
o'h .... by .Iou. o( 1M . ... 1....,. ..,I.,kln' A. B. C. S. Q. 
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Ilf'We Ihe Spy King Hls&ol}l as an i l . and .arne of lMm do not do 
110. The Iltitude of the IC<'D.Ilrio aIIo",. any .tudenl l.O ",,~i~ the 
~ieI u chaneten. or .... en to character\le the lOeial O'lanial ;on 
ot • Ip)' rina: or. eounlfy . Some IbJdenb -..ke adYintace of U. is 
po_.bUlly and dram.lise the rystcm». oI.ory invo"'lng P· lndivid­
uaIJ, ~M. Or 1OC~li~ q uite lil.e""l, and non triyially p ro" "",;' 
nalilo!d as "He" or "She", NoLke. lhcse otuden i.a are acl in. UIIlJ_ 
thon o. dram. tw, It is quite Lnddent.al 1.1" , thcy ad in this man­
nCr In order /0 ",,,,,/I 10m" ... th~ banllllyntaclic Or IYltem;'" ~1a­
tic" •. [I II far from Incidental IhJl whenever I lum.n \.l "'" .. dm_ 
malirta tlle), do and "",or to IOmC dr.gnoe IlIIrt.icipnt.. in the ~n"". 
Uon at Lhelr Own dram •. 

UlIn,lht! "~ ... ml'romiJe" te<:h nlqu et employed in the "Iearning 
to Inm" up"riments, it II <",nalnly poulble to ""teriorUe lOme 
taceu ot the .welent characterisat ion , and Lhul to gain lOme in­
licht, aIlw:il an inkling, o r how characterilAtion .>IOOO<.'d •• In other 
wonl., our data arc !KII confined to verbal "',IOn.. lhQUgh thae 
are e:oln1tlely valuable!, Fo r all thlt, • mo,., ~nenJ l.I'CamcnL of 
chanod.eriaallon II required in ordu Lo SUppoR the contention maL 
chancten (u w~1I as the ,,"nlUtl Clln be .etl_~ adequately 
in. c""""'ratlO ..... domain. 

S. " CI.06~R LOOK "TTHE CONVE RSATIOH"L l.A NOUAO~ L 

Ev.n thoUICh I w rote them. I find Lhe conwnt.l of thl • ..",tion 
qllite "range and fully I'J<p""t the reader Lo Ihare thl. perplexity. 
So far u I can _. the argI1menl holdl water fll. aU thlt. and an 
attempt II m.d~ til diuipate the feeling of oddity in 100 comm~n' 
Iary that foUa ... in Section 5 .2 {JOmt readen may ], rerl!r \0 look 
It over bdore co .. tinuing) . 

Any P.lodiYiduab, A and B. Itln'e a I....,.... I. in commao, 
hIIweYer primord ial it may be. nil ;0 • con ..... ru.Uona/ (or ad· 
dre.ed jlfOll"anll" ingj Iangu..:e. and it iI an inl~",led language; 
iU .. n;.,. ...... o f i .. terp","-tion bring . c'- o f (..P",,-_r:a. 

8y the ..... e Loken , th~ rep_Ullon'''A and la, II f A and B in 
a conv_tiona! d omkin h..-e lOmethin. in o:om mo n . and it io 01"", 
aary Lo lee what it Is at this otago in tlte dillCllaioll . Thete entitJe. 
(IA .•• 1 an. itaLic. no(dyn ..... lc like A and B. Rut we wish t.o "'lCUe 
that whaL "A and n a It...,,, in I:<.Jm mon (1\'IflU'dh ..... or any d lrrer· 
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enc. in u",i. constitution or Ih~ inlftprotatJon) il in One ....... 
the _ u the c:ommunality between A and B: namely, the N d i­
metltaty ~I('fllenu o f L . 

Conlid", any non-triYial L metaphor. 11." 1"' ..... in • convena­
Iional domain M _ o r m Oll: ana/OlIY ",latlOM, li>I'mlCivet ~pll. 
albia and cot>en!nl , belwee'I two o r more.eta o f coh~renl prop<>­
>iliuM (Cha pter 4). If the entailment rtfU<:lu re o f the eonve .. _ 
tiona! domain lIaulPJlenc.ed by a opeciroc:ation o f the IIC!t of~' 
(or, if preferred, o f DB and PH operato .... in Chapter 6) needed 
to execute Itru cture. th.t ""jot and to c.~.te further s!.ruetu"" 
(I. .... the Prim' of the prevl""s monog ... ph), and !f \.he IJO of the 
entailment Itructu re o f the convenallono.! domain ;1 augmen ted 
by the !'roc0 n!!t!dl!d for th is .am .. purpoH (i.<l " w'e ~o of the 
previolu monOll1'ph), then Ihe original Itructuro. thoash Itill 
dati<:, II o r the fonn "A 01" 'Ira. LM the conV<'rw.t.ional dom ain abo 
eontain Ille "'l'lftftllatioo of . con ..... ' Q made up o r topic: ",1." 
tiuM. T In Q , and 10 WCtIn! observablllly, lel_ L met.aphor des­
il'lale. ,_noJ analOO' between .. " and •• In Q . C<!o1.a.inly. Ule 
IItIUCture even I I this poin~ is static. Ho .... 'n r. ;r lhcn Is III I..­
""-r (or I Jet o f them) in which lhe ""tic encoolnll CUI be 
realised. it become. III o b.errable eonve,..1Jon between two o r 
mOre 1'. lndividuali . A ....:I B. The quesUo n It.. " WhIt dGeiIt m~1Il 
to rtatiae I'A • •• In Q .... ithin an I..-ProctslO •• " (And notice Ihat the 
' talle enccxlinl 10 be real l$ed il lultlrtenl.ll!d by • opecincatlon o f 
Prim I to I.'l(ccute derivation. and Primo to ""eculA! ""planations.) 
L contain. (It leut) an operation IIIP' . catl It .... .. to avoid 
lpecifitity. which IL.lnd. for Implication o. prDductlon Or derlva. 
tio n. AIUlOllRh Ul ll alp' it reearned as identical by lilY collcctl on 
o f ". lndivIdUal. A, II ••. , thit should no t IUllllelt tlut "', u jUdNed 
Impartl.l1ly by III externat obse .. ;er, h .. the lillie munlns In A and 
B. On Interpretatlon In III I..-Proccuor, the operotlon l ip' .. II.&ndl 
tor an erel : fOmethlnfl oo;;eu .... But, with(IU t tur\her tpeCi ticatlon , 
th ill act nuy be a doint; o r .... II'1pli<:ation.tep o r a derlvatlon l tep. 

I. atIO conWnI at lellllt an ~ent sicn, o;aIl it " .. ~ to avoid 
specilklty, which ltand& for cOrTelpondence. AlthOlldllhe lien ill 
identkal to Iny collection o f P. lndividuab A, B .... !hill should nOI 
""lIIeil thaI ", .. Judged lmputially by an extemal oboerver, hu 
the _ mCUlinl ln A and in B (trom hit point o f view. 'ICf1!e­
menl I. not ld~nllly). When .. 10 ln1.t<pn!ted in III I..-PrOCC'DOr. it 
lndlcl lel Iyntaclic Of ly:It.. mlc equivale,..,e, but tllil may be III 
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equlyalcnce of do,nll' or "phonar.ions o r derinllon • . 
The man_ '"' and .. . 1', ...... ;n lhe conversational domp;n inK>r .... 

II U,e derivation Ill'CII In the Mlailrnem l irudure co"""p.",,1 to O<.~ 
cu""nc.,. o f .. when the italic inllCription i. augmcnt.cd by the 
Prim' (or the DB, PH ol"'r1Il" .. ). and they COrrt'8llOuct to the de­
IIne.tion ur ""O'CULlr.1rl of the BG when the .Iutl" Inocri]>lioo ;. 
lugment.ed by tiM! Primo, SlmUarly, ooeUl1'Cn~ ..... of" m,.,.k IY~ 
temle ll1aiogi"'= namely, ,",olll of ... 0C<:Urn!"",," Ihat are dlJtinci­
I)' pl~. butotherwiR identk:a! in form. 

The compitalion Mod interpretation or ' .. , I •• Q In ... L-Prn­
ee!!IOr IJ """,alian : I realisllUOII of the oemanUc d"";,.1ors in 
the rormm;alional domain. Som" predication exiJla ,i....,., L iI an 
inlo!",roted Ian"" • . Hut, In ~n"rtJl. It ;. ambilUou. in ","~l of 
the Interpretation of th" Iml"'mUve give" to .. (II doi"!!" or den· 
vaU<>"" or thinkinp, etc. ) and the inlCrpreblion of .. (ao varlow 
kind . o f equivalence). With this interp",tati<.", t .. rel".otljnK deriva­
tion an:. hy ",.1 derivatlolll. Or product;on arc. Ily ",a1 ""plan.­
tkmol .... ~ and .... In I pu,.,ly (ormal5<tl1Se become two o r more p. 
Indivkluals. A and B. in the context of Q. 

Under the p<U't;",,/4. cin:umll.anc8 speclfl"t!. the ,.,alisat.ion is. 
howlI!¥fi. disambiguated and ~abre as IOttiet con""""l ion (in 
the -..., of this book and the prevl"'" monocraphJ oot"6m pat. 
t.icipllnLs A and B. ' rhlt iI. I. m~ be olr:o.tiroed by an utemal ob­
letvet into levels L'. L 0 anti I r .... 1.,..,,1 (L - , o r L t u d",,;redl. 
and the A. B conversation is anchored upon the topic. T In Q. 
whkh Wl uternal obtervcr r('gard. u r","t!. and Ihe co nversational 
dumlin. Th.t Is, Q is tho ."ppo,1 of Lh a previou. monognoph . 
Within th.t lramework, L' 0<."",,...,,,,,,,,, of ... tand for tognitiv .. 
acta Or dcl'ivation . : ),0 OOC:Urrences o f " fur ",,1.1 of modelling or 
explanation; and oca,,'rer'1C8 of " In the f""" 1 .... 0!1 (L- ' or L", 
ttand for ooh .... i"" ... or the .""",,,Uon of models. Similarly. L' <>C-

ClUftnC .. of" li&nir .... A. 8 cognitive ,«,,,,onenL; I,G oocu ....... ces 
of" signify in A, B IIft'I!A'Ofil t oyer a modl'l or an upl ..... tion; 
and OOCU rrel'OCM of .. at the r ...... level (L - . Or L') Itlnd ro r ,\ , B 
bohav;uuraL equivalence. lIu t . further postulst ... &re ntoed.od Ir the 
, ealisation . A. II o f "'A. ~. ~re tof:<)Unt non·romudly I0;Il P.lntlivld. 
ulll. These postulat.el are cond Ilional. 

(1, l':vcn If ,,~ .. _ •• thelr realisatlono are tli,tinct (A '" 8) . On .. 
obYiou. and ""mmon poalbiliLy is that ..... Is real ised in one I,... 
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I'roeftwr ... and •• In • tIlU....,.,~ L-Proceuor /I. and thai .. and If 
are di&ILngulJh«l ind.,.,.,oo""Uy (thlt Is. .. and 11- d lrtinctly M· 
Indi'tidlllt.ed In the ...... 1Ie 01 the p ..... iou& ",o""IJf\Iph, tor uunple, 
IIpIIUally deman:ated brainll). 

(bl ~ven tr IA • •• Uld A. B are ...,aI~ as P.Jndlvidualll in th., 
....... l,PI'OCI!8t<J. (for .".ample, an ""t.emal oblen'e. doeo not lee 

.. and jl as dls$lnclly "'_Individuated b .... ;". but u the AITl~ b .... ;n ). 
It is 11.,11 lrUe \hal A '* B. In other w<>nb, the predication of J'A 
and the .,redlc.tlo" of •• c""''' out dlsL'nd. unive..- of oomp\l.­
lio n and j""""'l'\!l.ation in t il " urn .. procellSO'. 

4. COHDI'l'10N8 rOil INDiVIDUALITY 

We sum up (a) Mel (b) lUI a 1'"""",,1 .. of prlwx:y In th. {fJCft o{ 
""",emenl. Ewell If A and B ~ utterly agreed in ..-spect of all 
Iopb T in Q, then! _ ditol.ind Individuals. Under". oocunence. 
ol " may be t.aed .. " or ... . . Equilirniroo;anUy. the predication 
(alia Interpretation) of .... is distinKUilhed oemantkally fn>m the 
predication or in~reuolion of • • _ 

M"""" u It and B opera\.e upon Q, the eond it ions o f .. .ukt 
conv~1.ion ..... con'novened. especially ail\Ce I\Irthcr encod lnp 
I ........ 1 """"\Wl whoo the conversational domain evo'V" (!.he 
"hreedinS" parlllJi"" of Cltapter 6 ). But "privao:y in lllc f..,., of 
~ment"lI Pl"I.'Ierve<i. 

$ . WHY NOT CALL L.~IIOCES90RS DRAINS AND L!"'V~ rr AT TIlAT 

Of (I) Bnd (h), cue (h) appears to be more Keneral, and the 
"olutlon of P.lndlvKluoll beyond the confillft of • Itriet and an· 
cliored convelUtion appears \0 be \he "'''''. Othl!rwlee, we milht .. 
w~U hi'" AId "brain·' inllead of "t..l'nM:c:AOr" throu1lhou~ 

One ""ample will be IUfro",,,,,t to opelI out the ICOJle o f \heIe 
commenU and lOme of Iheir episl.emololical impact. The uample _I from alUiel of carefully writ.t.en ''''I'''n by I .. kal.ol (1968. 
1973). which should be ~on.w.ted for h istorical persc-live ... 
well ... philolOflhieaUy defertlible state ... ""I •• My .... mmary does 

. .... _ 11\ "'" In ...... ~ctl .......... u... UJo"'"", to ... od,..,.,1oouI oyolem .. 
" .. _ 1.-..1 br 0.,.;,01. In tht. • .-. d''''nri •• """,id c~._ ,"'" 
"'_ ... ~ eo ...... "noc, ..... of 001""" ...... 01 .,.. ........ ~iotII _ ................ ~ ... 
............ ... . ~ ... ieOI _nl .. .. 



'" 
lCan~ jurtice to the original, but 00 far III It 11001, I. ,""curate. 

Lakato. llJUeI tl1_t ICkmtlrlc development , thouKh It dOOl in· 
.oJvc "uiom wdl·uccredlted tadicl llUell N Popperlan taldroea­
lion, hu primarily to do with lOCiai orpniMl ions ",Ilkh he call. 
'~h provams" and which I'OUjhly eorrapond 10 ''10::11001. 
of thought". Th ..... "organi_tiofll," whUn "",ploying It.and;ud 
moo ... of In rcn~n.,., and deduction In relpect of particular hyp<>lh­
eJcl ~nd dRUo, ~ basically Ilelr-perpetuatinM; that iI . !.hey are 
(XI!>.r"n! tyltt'lIH o f belief which rnainb.ln th"ir coh"re"cy very 
of""" by opcraUo ... that do not h ... e immetlla"" nco ....... to f"",w· 
al ¥alidi!y. Laka\.()S c it.eol and details numeroUI cue. and Pl,lnues 
thedevelopment or IlVOluUon of ..... en.! ItIch o"anisalionl. 

I propote that .. '''''''''rach program" In Lakal.oo' .sen ... i. II. 

P-Indi .. idual with II. "'p"''''nlation of the fonn .. (a ro]u or charac­
ter clato), The rualisalion of" ill an L-Pro«MOr (a "",ielal one) but 
II ""ither .. brain, nor .,..en o nly .. collection of brain •• fo r !.he 
com pilation and 1nt..~lJIlion of .. also invul .... CUII'eII llechnolo­
gies and other Inanimate (XImpor>e"u . Furth8, an IIdh~""'n~ or ad· 
\IOCa1.e of • lIa P.lndividual with "'~lIentation .". _ .... in • con· 
teot Q whk:h Indude. .t leaat some of •. Surnly. -A. _ .... IlI'e real-
ited L-I'roceuon. but once ag.i n , theM am not geM rally unique 
brai .... 

Pemapl A. B ( lhe real""tio ... of .... -a> act .. progenitors or 
u.- about 1Omt! o r all of the belief& In !.hi! realisation or.: by 
hypotbeoil, all lhesel an ot lhil form tor tome A, B and tome •. 
Such theR1 (and by hypothlllil only ... ~h th",,") are repreleflt<:d 
in con~c""tlonal domaln. with A, B lUI . ubject matter upena. 

BecaUIII! of the CIVUtl encomp .... inil lhe modes of inference in 
.. (and Ihe In""rpretatlon ot .. In jl.l ",allAtion), it iI P<*ible, lin.. 
Iy, and perhaps neet try lhat _ contains rival thetC.'l. S upp<>M 
lh ..... an 5 and T of the ~ioUl diICuAion and are espouted by A 
and B. rf:Ipc!Cl.ively. We mlintaln th.t I repreoenbtion of S and T 
of _ in I convenational domain mmy only b<l undemood If al'COm· 
panled by I partial o r complet~ repracntatlon of .... and ot ... in I 

contut Q which de"kl.l !.he realisation ot .. (that ii, Q b a atory 
or ICenario tor the enactment Qf _ on • par with the ItOry or JCe.. 

narlo In I'il. 11.1). 



6.1. Moni.tm end P/ .. ,../iun 

I can nciOler 1lI"0II'' nor t1ispro'1f1 !he .....,tillJdt! of Ole. con_ 
jecluret; Oley ate IIdvancftl as plausible and u ... ful m ....... of 
th ..... inc light upon certain e pislenlolop:.! iIIuH and !heir 
claim to plauilbUity will be backftl up by cullin. example. from 
other n~Ldl of l!<.IucalLonlll conc,,", (notably, the nltll" of ftluca· 
tionll mWia Ind dt-veJopm entaL IMYclIololD'l. The ... II nothln, 
wh ich f01l:" .nyone to I cc .. pt, Dr even cOIIlide., thla y\l!w o f 
thln~o. 

However, If th o ,,1_ II cOlUlld",.Nl and dO!l!med r>lauoihle enouRh 
to merit tentative acceptance, it /1 po .. lb le t.o ayold a tpeel .. of 
plunoHim (the J'.indiyldu.I/M-lndividual plural"m of the pnrvioul 
mon"l'""ph ; akin to, but not Identical with, mind /body dualllm ) 
which iI oth" ..... ,"" IIrongly ... gested. 0"",.11, 1 am P' "IlOli"ll thlt 
rite uni_ of com pilall .. " and interpretation ;. an I.-Pt·· ~r 
which mllY be Locally c .... ftl up into portions 0', ~ ••• tqlVllted b y 
...po .... In which onl), I mo'" restricted interpretation of • and of 
• is poaible I.e .• P''''' ,'0,. Dr 1_ capablllt)'. The tlllYin. u p 
..w locallp('cialiution if; due in Ih .. fi rst 1'1."., to the compilation 
... d ",tlRquen! Cl<ft:Ution of encodemenll Ilk .. ",,~ In Q" o r 
" rl in Q" Or (in I ..,tricted buI not essentlall)' d irf"",nt cue) like 
So. T. Since cod"'] inl<.rijltions /like r •• r. or S. T) .... built In 
Ihe 1_ IWOrt by I'ro~nito'" A, B ..• (th ..... a1iutlon of r~, If, In 
the I.-I'I1:X.""MO., albeit, with J<><:al compartments like co. P and their 
IOlpanotlng boundtui"'J, we n:tti"y., in ",",olutlon a . yot.emic monl"" 
and with It the convenient pennw.ion l<> _ eaclll!.ajju o f tile t-vo· 
lullon II th .. cn:atio n , com plbtion. and execution of a program. 

AI promlled at the outaoet. I lhalI uy to ind icate wh)' Ih il uwu' 
..... nt . thouiJI buic;ally ... und . III'eIIII m-anp and curioully \ortU. 
OUI (1.0 me, at any rite). 

The !.rOuble ariIea 10 workinK with d"in<:lioJU belw"",", ltatic 
"" titief. like ""tailmenl AnlI:tlIJft o r o ther coded reprelll!ntaUonl. 
and th .. d)'nam ic ""tit .... which ... a1 lse whItner II eneoded in 
.... ",11), mllly. and a1 .. aY I mon: thlll on .. , WI)' (for example . repre­
II('ntst.iolll ate realiled as I'rogramming or modellin, oprrttlono," 
proJralIl COnltruclion opeD-tioM, LI pro""", e" ........ t!on l ). SlmuJ· 
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taneoudy, we nero La work with diff"",nt kinch of ~icuWity 

... d ....... rality, k"'-'PinI u""m m~lIl.ally distin<;t i f thtIal'J/Ument ill 
La mako: JerUe. For Hample, i t is n~ 1.0 dill.inl"WI .. (the 
(leneral o'ilIliutlon) from ,,~ (a particular organ;"'Uon), wbilit 
ntJtlns t ... t f( is (In • d lrfeTl!nt ""nSll) more IICnerallhan • partieu· 
Jar, ljIaUally lo.;"Uocd InscriptIon of 'If: that "" ;1 mOr<! ~ .. neral th ... 
• IJ'IURlly 10000000iscd inscription of .... : that particular InllCriptionl 
.... < ... 11oft! mo re II"nl!l'a!ly (In yet another dirtcrent RIlIIII) by one 
or many proc:esRII, A, in WI)' L-Pro<:..or; and that th~ Tl!~i$Iltion 
o f • partit-ular inJcription ot " may incorponol.O.o.I l of th .... pro. -Mental i)'lIlnutic:ll o f thil kind am fam iliar ~Jh in b iology 
and ..... etlo w~ llobal at¥UITHlnt ... liH upon distinction. be­
t",,,,,,, ",nHl.! and partic:tJlar orpnUatlOnl (lenotypo, phenolyp"); 
ootWt'ell organisations and .\.alk: imcriplionl In DNA o r other 
hereditary m .. !.erial (the Ht of po .. ible llllelcl, tho allole. roalloed 
In the gen .. pool of a ()OpuJaLion. the geneti<: makeup of the ehro­
mowm .. _ in a parl.icular tYIIQW): between Ratle Inscriptlonl and 
chei. ",a1iu~ioll (oqjan.1um III .. lUb.peclflt JIOPUIB~ioll, • IlIlrticu­
Iar Otpl;"" includlllS lu srowth ...J d iff", ... U.lilm, .. well au... 
manutr.cture o f pmete. th.~ ate fed hr.<:k, both m llt.erial .... ...J 
Intorm.~ion ....... Into lIle ~.tc ... )_ By custom, IUCh eymnuti<:s 
U1! not called for yery o rl.en in r-YChoiogy Or epistemology Ii""" 
!.hHe IUb;.cta: _ ","puled 10 exla in two forml: bmadmindllll bu~ 
deliciously SDn . and bard but delichtfu Uy limpl~ _ 

An cq uaUy barbed parody could hB~e been aimed not too IonS 
"110 at biologyll!"neti«/c~o lu\ lonary studi"", a they wMe popular­
ly conceived. Bu t !.he conl.ent of JiUch epigram., fo r what it is 
worth, underlu..,.. prevailing conten\.ment with a limited f",1d o f 
cnqully • ..the. !.han m"klnS • IUbotantive commoml about our 
IClence. 

My conlclll;"'11 II !.hIt !.he probl ...... germane to educr.tion tax 
u... full appantw o f poyd,ololD' and epw..mololO' . I f 1Il.1 appara_ 
lui II employed by lUIimil.tinR oystemir:...J inronn ~\.Ion I.heoretic 
notion. to harden the broad perspective. then ,Iobal argumml 
( .. h leh • mand .... ory for I"t'tOlv!n8 !.he problems In que.llon) doeA 
Involvo mentally chui ... e distinction. of tho tyJlO! encounl.c...,d in 
bio logy 0 ' genetic •. 

l! ""auld I.>t: cmphulsed IheL the p!lflllicliosm IIlnl.ended to ,..,. 
II\(! two WIlY" of thinking .,Id nollO establish ~ IimUarlty betw~ 
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the .. b~ m.u..no. G<!netkl and .dun-tiona! PlY<'holotD' have 
mo", dirr"""...,... than .imilaritiH. Some of them .... ¥~ ( .. nib­
....,,,Ia! (ror exampll!, wh"",. the co"""" t of an "orpnism ,. II fair· 
ly ... ~ defined In 1f'!.",tiaI until you ~'OI,oidc:r illl im munologi",,1 as 
... eU .. 11.1 spatlallntqrily. the con~"'1 of • """"""''' In I'I)'Cholo­
IIY dependl for moll. pnoctical purpOfel uf>O'l the typ .. of me-.. .... 
men! and Ih~ enquiry In l>arKI). Our maln pOint II Ihlt in""""'inK 
educau<>nal 11'I,lie,llom of ~hology and epistemology demand 
• deg:n.oe of IOphittlcatlon ... hid. n" .... ad"}'. teem, natural I" genet­
ic . or bJolol/Y. The JI"",",,,,e .. of the IlrgUmllnt In the lB41. Je<;!lon 
;. due to the rad thut compw1l.ble .. uy. of thinking lin! cllrm"Uy 
alh!" tlI1!duclt!on. 

The qu ... t.ion at luue II wheth", o r ""l\.he trouble lAken (owet" 
thi> theory Or any other tl\l!Ory) illikely In 1"'1' dividffirl •. We eOn­
tend that this question ~'" he ; .... w~.,..,.1 in U." afl1 rmalive and be· 
lieve the dixuuion in the body of thl! book ltond.iUPl'orl to th15 
vlo! ... . IIDW~ .... .,..""Iuclinjr; end.,..,,,,,. to II""' thl! poin~ 
h ...... ~, WIll shAll w m In lwo mucatlonally o:rucial m.Uen ,. weeu' 
theory or tne<.l i. and • u ... rul inLerpret.at.ion of dat.,a (rom d",,~op" 
menial .udles) and show th.l lhe JlfHI'f\I'I)JlfUOlCh 1I1..u \.0 "" .... 1 
inlightl, hY l'othetel, etc., which could only be formu l.taI wilhin 
an inhe"mUy <:om plex frnmc of rer~. el lher Ihl., o. ",m~ 
l1<Iually d imcull thoory . 

6 , EDlJCIITIONIll.. Mr-:Il IA 

With tbe ~X~pt.iOIU rnr.,r~ncoo In the ""'1",,1, cllrnmt .ttempt. 
to dl.8llify ml!dia , .. "'lcvlJu.oJ, radio, wril1.c11 m.t.erial, 'Jlok~n ut.­
te"mee, min'~. II"'Iw .... and 10 on) rnly UIIOOl """""l'wa! character· 
lIt",,- ThQ m('(iium iUfolf Is regarded .. a kind of .1"" ... chan",,' 
linkinl "",!laIly d UII.inc~ t ransmittcn or ..,.;eiwn (tcldl"n and 
......,n ... fo. uaml.le) . Undeniably, thiJ i •• valid wly of look in, 
at mc:<Jia and the laxonomi!!s drnival from it are oftcn val\labl~. 

Bul II II; not the only way o f IookinK al media and it .Insu ffi· 
clently 11'"" .. 1, 

Por "".mple, dIldlH b",oed upo>n the Iign'" chann..,lpClfIl" are 
.... Idom able to .ruwer .... ient queations lih, "Should thll; tub;"':1 
m.tter be l/U"'''Y ...... by t::'TV or ndio or hy coone modul.,.?" Dr 
"What ill 1000t Dr pined by tTaMfcrri'" thl! Goo" SII(WJ/Sf",me 
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SI...,~tlBt"e P"t~, from radio to tehlVioion or vice versa?" It i. rele­
"ant tQ remark , ali people do, that "lelevi.ion provid", .. larger 
commun;""tio" bandwidlll than rodio"; or that "books are at 
hand fur ...,terence, whereas radio IJ'ansmmion. are not"; but, 
however preciac, th.,.., remarkl are insufficient to furnish guide­
lin"" for the co&t4>eneficial deployment of media re$OureM. 

To deal with deeper qU""tionl, we n.."j B broader theoretical 
base and .. morn ""btle estimate of the degr~ 01 treedom avail· 
able to an ed ucatar/produ"",/d!l'O'clor (or for that matter an ad­
v~rti .... ) who employ. th~ media to convey . meos.age . 

McLu han (1 970 1 .t.aled the p rerequisite. tor a theory or media 
in two oommuntl, "Media am exteruions of the brain," and "The 
medIum if Ill .. "'''''''''I!e'', We bBve arrived at much the same con· 
elusions by • dirt"."n! and po .. ibly devious route. The Rdvantagell 
(if any) of our approach are that conltruetive recommendationo, 
not Ilnlik~ MeLuh"" 's, ean be iOlued from a theoretical IIIld poten. 
tinily quantitative platform and that the two flllperfIciaUy dis· 
jointed statement. a", ..,.,n ... near complementary, at any rate as 
intlmately related. 

r..,t me b"an . l.te "Media are ""temions of the brain" 115 follow •. 
la) Mwia aro preci.oely modelling foeililieo , qua proce."" ... in 
which programs are compiled, interpreted IIlId executed ... demon_ 
.!.notion. or ""planations or learning !!.notegi.".. Modelling facilities 
",,( as ""tension. of the brain qua L·Processor and may, given n lib­
eral design , approxima!(l an L·Proceosor. or to KO one i tep further: 
(b) BraUlI "'" dirlinet jut! be<:aulI(! they are carved out o f a pcr­
vasive L-Processo. Or Mcncrai medium by more restricted and spe­
cialioed region o (Itill modellinM facilities but of mo", lim ited capa_ 
bility thlll an L-Proc"""'r). 

6.2. Conllra;nll/mpO<ed Upon General Medill 

Of these propositions , (a) i. relatively uncontentioul and lUg· 
gesu; a cb..,lirication of mM;a in tcon. of ability t.o IIccommoda!.o! 
demonstrations. ~t.o. ; that ii, in teon. "f the interpretatio n whleh 
can be IPven to the L sign! .. and .. together with the number o f 
a·priori-independent subp ' OCE'ssol"S, c""h able to accommodate in 

-
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paralld -"" d irrel'Cn~ inlcl'prctation or .. and open to coupling Or 
Iocaloynmroni .. tion .irnir.ed by the L sip'-, 

For example. the moo restrictive f"", ilil"" o r med ia only penni! 
the ueculion o f compi~ jln)p1Iml {the worki ... o f model.llnd 
\hut IICCOmmodaw. no more u."" _impl" ""h'~;OIJn, in In.. Ibni' 
tho nu U Of Italic "~h""iour". The nex t ""1.ct<>ry provld8 for the 
In",r\pllon and dilpl",>, of ..,riaI propwnl 81 well .. Il"rmlU lni 
their execution. In o rtle r to ",present Inalory, ...... mol indc!)f'ndl:nt 
I'J'OCOlIIIOn or Ih i. kind mUll. be colligatcd in 041'1111 ,,1. ~ lICh pro­
ccaof O. ~b lc 10 "",commodate m di ff"",n! (hut LO ) inlCrim,laUon 
o f " , oay - . and .. , . and the processors are ~VU I>k'tl by. f .. !"tller 
r"",lily lIivinll ~n L' inw.rp",talion \0 .. and rul illn/( lYlltcmi<: 
equ ivalence .. betWIX'J1 submodel. mali.-! by ocrorrenCfl of .... 
and other .... hmodell realised by OCWrTl!"",," o f "y. ScenariGl, per 
Ie, .... d ynamic analogi" (i.e., in the lil.erallll!lWO. parablesl wh ich 
can 00 .... 'Wmmod.to:!d with in an Indefinil.ely exwrulbl" mooium 01 
the Iype l'Ilqu tn!d to model anaIoci .... CharacteriNotion. on the 
othe hand, In~olvH • medium co ..... pondlnB to an ~r, 
and dory lellin, (thou", 1I1i11 a fo rm o( moop.lI;n81 calli to r the 
collill"tion o f .......,ral L-1" ex."ftODh within lhe ~ ... nu."'tu-.l f ....... o f D 
..",.,uio. It iI nut in<.>ftlinal.ely dirr..;'lI.1l .... d .... 11O! duaiflCllUona o f 
thlo IOrt , but fu"h"" work iI needed to determine a canonic-.l and 
I"n.""lly ulO!ful way of d:uoifyfnK the avllilahle d......,.,. o f rr-­
,~. 

The dciJ'l. ..... o f treedom and the .,...,ntioJ ..,oDlu.inLs UI",n c""h 
el .... of mode lling facU lty can be realised in many klDdl o( fabric 
an d uli nll thu attributes (v i""a1 . colou r visual. audi to ry ) of vario us 
modal it i .... So",e cmbodjrn~nt.o are mom cn nvc nlen l than o ther. 
( it iJ n o "',.'o:id""t th.t we rel y. In our own work,lO m ud! upo n 
multiple lmlJ.R(!. vllUaU)' o rl""t.:d facilitleo. or that indep"ndcru:e iI 
conveniently rep,esented by ..,pa .... tion of 1Cn1OT)' modallt.i8). 
Bu t. over a wkle r1U1l1e o f variuion , the material f.eta ... and p"r· 
""IJtu-.l f.e1Ofll are not limiting. Fo r ex","ple, it iI on.... poaible 
10 lell 1 II.Ory. 10 ""pkt it In I cartoon .trip . or 10 m ime it o n IeIe­
VI.ion. 

The ..,N eial triek, which j)'ll1S " bile into thil "'"Y of thlnkinlh iI 
that modellintl f.eilit i,.. (and, by bypolhe.il, media alto) may 
either be "'I"HenIed and typified by spatial and phYlical con· 
"''''coon {i.e., ",,,kinR an ~'<I ujprnent li kp. S'I' A TLAB. makin ~ an L.­
I'nx:.::.orl . o . ", fth <'<jual il-gi tim ... y and rno..., ICllneral ut il ity. by 
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the co",trainl.l of the conversational domain which cani.,. the 
"ml!llalle". We havflllI'gUoo thallhe entai hnen1 me.h and th e BG 
o f a conv.,rsationaJ domain rup''''''''L ""y ,....,rtetic Lh"'li, and Lhat 
if th e the.is inco'V"",\.l'S Bnalogi"" ( ... It doe~ . ""c~I'L for trivial 
"""", ), then the en t ailment m ... h h ... di.Und ..,b.tructure. deter­
mining "_priori.independent universe-. o f "DmpilaLion and inle r­
preta!ion, connec~ at a cOj(l1iL;ve 1"",,1 hy the a"alo~'Y rola­
Uon . . .. W8 have also argu~'<l., in the carlier rmrt of thi. chwpt"" 
thaI ch""'ders and ro l"" can be re presented in a contex t Q (usua!-
1)' a plot or , tory) and that a ron!""t of this fom, can be repm­
$e~t.ed ;n the en\.ailment mesh given the augmentat io n of Section ,. 

The p""",,,( point is that t.he entailment mllOh tor BOy or all of 
thooc entiti.,. (the..,., ml'SMljl"', or whatever) i. ""mdent to deter. 
mine the modelling fadlity ""quire(] 1.0 real~ the cnt;~Y(3) in 
'1u ... 1Ion, and .... In th .. ",n"l 10 char1lCl.cri.., th~ n~ m~"ll· 

urn. Morrover. If the most libt!ml kind of medium. an 1"PTOCO'$IOt. 
I. avallable , then the entilyt.) can be ",o.Ii."d; eit her using it. full 
capabHi~;", or lO me restricted venion. 

6 .• 1. !,jngu;'!ic Stat". of M~dj,,,,, 

'fhio I. probably D flllr tmn.latioo of (the intention behind) 
McLuhan's dictum, ''The m<>dlum I. Ill" mellS8f(e". But It Is 
possible to procC<!'d further by invoking our own lIighlly cryptic 
propooition (b); tbat "the medium" i. a pervB3lve L-rIOce!!50r 
carved up into portion. by boundaries that are more restricted 
pl'OCl!85On. The carvin~ or specialisation is dcl.crminlld by an 
(aulpn~nted) entoihncnt mcoh. Rephrasing tloe maller, B medium 
Is Ille cunlt.-uined univl.'n<! of inl<!rprototion for a languag<! of 
wbich the (augmented) entailment mesh is s ."mantlc 1!faIIImar 
(. point made In the previous monograph but emphasised in the 
l'teSetll book). Conv",...,ly, the most ~cn~rul kind of cunv""",tionru 
domllin to an inl.crpmtoc.l languBg<! L, of ... hl~h partk'Uiar vcn ion. 
cOIrl'Spond 10 demon.trallons and lenmlog .I.ml.cgi.,. and p • 

• In .h .. "'1'""111 b in.''''<U •• I<> "~lId '~ ...... nl.lio"' . .. .... h-> •• ~" I\ • • foo 
popolor "0" .",1>aI <. ,." .. i.""' nl. I)"""y 'a r.1"" (_h,p' Ih. brol .umpl .... 
.... hi< ",uakol . 1I.~OTy .. ~"~""" nn ,h. "Rnhoy ........ """,omon' bu. lh. 
"~ ... bo" ... quon« "' comp.l'.bl~l h ••• ~ch In'oo1""ln o ,nd (non formoily) 
"donill "",Ol"",. 



Individual. (A, H) lfMeralLod by l>art icular heh..,i..,... II'"'"pIu' fiG 
entail ...... L mnhel and "'V ...... "'tation ... ~ ..... lIA Ot lIa. It i. sig. 
niflcant that I. Mettopho ... d""ignale arWogic1lIl.opio.. .. and U"l the 
cI_ of analoci'" includ.,. interpersonal analogies (the prov...,.tjye 
tnnucl'on. of Ih .... ""'i.,..,1 monowaph, which I.lay "" altent ion 
direct;nl .. well .. a c<>mrnunicali"" pert). U all Ih. wero '",e (in 
the ..,.,ae of u..,rul and plau,ibl,,), we h.., .. alreldy Idv....,ed, 
thooKh no~ ~. yct. mctriciocd. a lI"""ral thftOl'Y of medii. 

6.4. Rtl(/II~ Mfril •. 1'1 .. ".1/)110"1.,. pnd Uni(it:all<m 

On cu.,al I<:ruUny. the IUl:I:cJtion of • pIlrvui,e 1 ... 1',0<:,,110. 
le,,,,UI hnplQulibl" if no t oulragl.'OUI. Durinl{ matunotion. adult 
hum ... , beinp deo;"lop ... nsory and mOl.or 0,¥,",1I UTat .,rf~",U~~ly 
encapsulate their brains 10 th.o.t rommunication ...... m. I.U involve 
an inpul/oulpUl boulen",," at the interl_. Utl(!(or O1l'SC cif(;um. 
IlanccI (or from 0,," poOint o f view). 01 .. nOllon o f a medium .. a 
IUb5I .• "lially iner' ''iI,a! cbannel looks a1t.ogether mo re tenaibl". 
The dltr1culty ill t haI perccl)\uallUldiel em ployed ' 0 quantify the 
lignal channel repreM!nlatiOl1 ""' bound 10 overemphulJe the (real 
and und".>u \.O!d) inpul/ou lput bottleneck. 

Such Mudlet (riI(hUy. in UTei. own .....,..ince) dlllOCilte Ih .. 11n­
lUilu.c.. and recopllvc f.,nctiono. By virtue o f Ihe tnnlmlllo!r· 
channel·re«lver pnnodlgm. they deal only wllh Ihe """'pilon o f 
tignalo which later On lite loternally oymboJised Ind 'ynlh""I.oo 
into P"'""~PI.I o r oonoepll. Sll"ul " '''''plion and . i\ll1aJ p rocellinll 
hRvII well·known limitation.; fo. examl,le, \.ha~ word. are l1!aII as 
Ilringl' of . yml>ol •. 11,e Pl'I"" "ialkm nf l iMhts o. Mu"d, obeyalim' 
ilar lCqucntial ronl.l.",intl. imjK,..,d by \.he le<1IOT)' aJ'ITamUl ' . The 
analYllo o f medlt a1C/'4I pen:eptulll linel i. based upon the ... find-
ing!!: correclly, Into! ... .. a med ium ;1 cou vt'fT tlonaJly vie ....... .. . 
oign.aIlinjf channe l. 

We rcprd thil vicw M In", rr;ciCfTI (nol "" inaccu mteJ by nOlinl 
!hili. anlntcrpl'M<.od RIllun>l I""p'ag<! iI commonly tiled 10 rei .... the 
tiJIII.BI channel parad llfl1\ and c reate a lit"atlon In which dillinel 
bntinl .0' u t housh they _'" • pIlrvuille L-f'rocfAOr . • The chief 
implements .... Ittention" . provocalnre and mel.lphoriCll t.nn.. 
.o:tiom: In Ihll ..,......,1, the facts o f everyday obieMlllonlUpport 



'" 
th ~ g~n"""l Unngu d<.'Yciopcd in this s,..,Uon , with L In the ro le o f a 
naLuml btn~agu. Retl'O!lpect.ivcly. it looks as lh""~h hu man natu­
ral language h .. the caUbre of an ftdaptaUon which compen .. tes 
for th~ fad that od ult brain" am e""31 .. u l~ Letl by mat"nltion, 11",1 
all""". them to function 115 LI,augh they w ~..., not. 

6.5. Summary Disc, .. ,;,,,, 

On tile"," ground., ou r gen....ru theory of "wdia 5iam's oUl 
as quit... a plaut ;bl" candidate tu complement, rather than vie 
with, the l igna! chan l1 ~1 lheory . It il "CC"S3BI'}' to ohow. o f course, 
that L III fficiendy approximate. the richn .... o f natural Ian · 
guage .• If so. the ge neral thcory (pervasive L·Processor ""{) 1111) 
h ... pre<lictive powe r . MIl.eoy"", it open. up constructive possib Ui. 
tics for fabricatinR enUrely novcl Iy""," o f m"" im, oome of which 
have been realioed (for ""ample, Chapter 8, Section 1, tho,", due 
to De ~'anli and NelOt'Opont.cj . 

7. A CO NV ER SATIONAL VIEW OF CIIILD PSYCI!O!,OGY 

In Chapter I , we emphasi5ed U.e ~...,ntial ~qu i val ence of con­
vernatloos as we have descrihe<! them, paired e:.""rimcnLs, and 
Piage!ian in tervie ws . All of !.hem "''' prol/f'UT1 """,ing 'lndlor pro­
gnunming o l",,,Uo ns, Wi we ll as contrivlln c.,. (or ""teriorisinW 
~'OgniUon; lhey diffe, chieny in the d~gree <lr conotrainllmllOSl'd 
.. thc pric<! paid fo r external ob ... rvations (and wil.h it the extent 
to which concepts, etc., mBy be formall y specined) , 

\\lith the ... "'lu!valen.,.,. in mind, the follo win"g n" Uon " by no 
mean. o riginal, "'The 1"01"" unil for sludy in deveiol"nent.W, lUI 
well all adult andlor educatio nal, p.ych<lI<l1lY is a conversation be· 
tween P·I rn:lividuBLs" (th" conversation also being a P.lndivldual In 
ito own rillhtl. 

Perhaps the most Inci,iv", rtBt,'rnent o f th is principle app'''''''' in 
Luria (1961), the gist of Lu ria', il'Ctu rc'S in 1958 a L Univcni ty 
Coli"!!,,, Lond"n, On p. 20, Luria '<.'<:all. VYKoLsky'. insistence 
upon paired aperimenLs as !.he paradigmatic ""p<!rirnental l itua-

• O • ..,m. Ilbo .. li...d an~ FuuUy tn'".p",'.d ..... on of f.., ,he p, .... "' fonn 
d .... ~<I, nt .. , , b! ..... ul.om."I. 

-



Uon. Luria "",iUlliJet and auplenta the dictum .. follow. : The en . 
tity which developl and ill IkIdiM in pt;ycholoo ill • functional 
system (or •• ~ of eoheret!~ functional ~tem'l haYln. their uri­
cinl in ooeiatly encoded rnpreoenllol.ionf; (p. 2). I'aired experimenta 
""t.eriorile functlonal ly.~m. and ~nder them obterv1Ibl<! .. they 
Iiev(!IQP under phylloJogical and envlronml'1>tal eonltralnta, In. 
dudinK the maturation o f u.., human brain. 1f\Jll(.r .. the child In 
a paired experlmen~ h .... Imtin which I. only partially d ..... e los-!, 
wh~.., .. the oth~r human participant, ~ommonly an adult, h ... 
fully developed brain. the i nnucnce of maturation can be factored 
out for .peelll ob~rntlon. 

Olven the proper equivalences, thll point of vlcw II not at uddo 
with tile I'i., ..,hool. 0 ' in ract til/! prw:\J()tl of mOlt develop. 
menl.ll PIIychologlJta who LUe ""n""national I.edlnlquOil (In con. 
I.tut to the ttlmulu .. "",po""," 1.11<1 eonJt.ant_ndlUon lec:hnlqUt!l 
wh ich !.uria nllo "Stalle"). Perhaps be<:auM thill approach Ia 10 
wide",,,,&d, the quite fWolotiOlUll)' eonsequel'lCt!tl o f Luria'. balK: 
Il4>Lemenl appear 1.0 be o.erlooked. In o rder 1.0 hiChligh l the iuu ... 
involved, I thall ' 'tran&l,Le'' Luria's statement and oI,,,,Uy exLend 
It ; ulinJ lhe equlv,len"" belween palred CIperimenta and eonver­
.. Iio ... (In OIl . aenae) 10 Identify " )'unctlonal System" with rither 
• wP.lndivillual o r put of one," and 1.0 Identify "Itable or repll· 
cated functionallY.tem .... lth P.lndivldual. 

(I) TIle dUlei of .table functional .y.~m. Men u.w... d~ .. cJop­
men l are P.ln<lividUliI. II,. A .... ""hleh are el<teriori ... 'tI for obl.er­
"Ation either in Jl.i~ Cl1.pcrimen t.o or eonvelu tion . of the form 
A, B, Q (where B representa the partlclpantpperimcnter and Q 
the context of I eonvenatlonal domain), OT (u.lnll the "cognitive 
... nec\.or" oonu.rucUon In I"i •. 6.1 .) of the fonn A •• A., Q. 

(b) Alo A, ... hive their oocin in "",ially encoded represoen .... 
00 ... (ehltlC~, rollS) l"A' . "'A1'" 

(c) Smc. A,. A .... are inUgrallYfDbolle f)'5tenll. they may be 
upeeted to obey definite ]a .... IJ"Ol"'r 1.0 IlIdII)'WlmII, notJobly, 
.. ruily .... I' ropoam in Chapte. 211'1d ''b~In&- fl form o f .ym· 
bolk: II!WOlulion ) .. I>ltIpoe<i In Chapter 6. Thil cl ... te ia an &dd i· 
tion 1.0 the original ttelement buL illn the Ame . pint ( fo r exam· 
pie , Luria notal linguistic Ja .... of much the oame kind. and the 
P~¥ID'rian law. KD"emlng the high.". o r linguistic: li."allinllsyt.1ml). 

(d) Humin hraln. are Int.egr:al. lpatially !ocalillold concrete 1)'1-



'" 
tern. and am d",i~ted "'1. n •... IIA proper units of oboervation 
(l potlal1y locali5ed; M-Indlviduated. uoinK the nomenclature o f the 
prcviool monovaph). " , . '" ... oooy l~wl pro!>". to concre\.c 'Y~ 
tern .; tor ""ample, adaptation, Pavh,nrillll fint ord~r co nditioni ng, 
IlIld habituation. In tad, we may ~o rurt.h~r Ulllll that, applyin!: for 
.,:tample the gflncrru law. for L"tlnCret<l ' YI1.<:ml discu..ccJ by Miller 
(1973,19741. 

{el "',. D •••• have their origin in (lenetic code.; call them 0." 
0 ••... and "" ,," , 

(tl As " ""suit of mut"notion, " ,. '" . .. ""mmo nly ~cquire lh~ 
cPpabiliLie' uf L-Prn<:e$llurs • • '0' """",ple, the embryonic "etvau' 
Ir . tern ;. not. mn L-I',occuor, and Ute inrant brain become, such 
• thin~ qu ite gradually. It is a moot point whether o.ll human 
brain. do OOcom" L·Proceosoro ( ..... , for example, . Iud"'" of ex­
treme auU.", by llNtclheim (1967) Wld historics of 1.601ntion *). [t 
may be true U.at C",. G •• do not neceosarily generate L-Proces­
..,n. and it i. certainly tru~, as ,tre&5ed fep<'atedly, that a human 
brain has many funetin". whi"h do noL involve L-Proce .. ing. If, 
nnd only if. " is an L-I'roc""," "an a 1'·lndividual A or a convel'lllil· 
Lion A" A •• Q be executed in <t. Th;. i, "" exl.l!n,ion ot [.uri,'. 
ot.tement but """"'. to be fairly" urn:ontentiou •. 

(g) In Ke"eral, A,. A •... ara di,tributed under execution in 
..... ""'1 L-Pro\''eiIOOnI; for ""ample, in the paired """"rimont A. B, 
Q. if the respOll<knt" brain is" and the participant ""IK!rimcnter·. 
brain i'll. then the """""tion of A is di.trlbuted over <1.11. both of 
which are assum e<..! to be L.Procsson. If A or a conversation of 
U1e form A , . A •• Q is ",,~'<!ute<l in O" B L·Proceosor or brain ", we 
$Oy tlost A Is Il'aLio.ll y localised in o. 

(h) Let 0.11, ""f 00 "",Lially localisOO concrnte .ystem.;" and tJ 
are brain.; iJ Is also an L-I'roc~r. Let ""f be an inanimaLe m<>del· 
llnl( f""iUty such thaL " and ""f joinUy con&titutc an L-f'rocellOor. 
Tho conditio,," upon Lhe opatial local ..... tion of A are summarised 
In Table 11.1. 

(I) Fuzzy Comput.atinn i. the rul~ ; non·l'uuy Computation 

• U ... d {]<>1~""ltlo .... kind on""", '" 1-.1 m~ b .. ' .... utabl' comp..m..,· 
.... m. cr «_lII olld .... 1. or ··" .... f <~lId.",," ond oth •• c .... or hy",." ... at· 
••• • ;"" ;n ..,1. ,;,,,, r.om hum.n "unl.Od . Sc,,"lny of 'h"", 1"1;<"''''" (whkh 
"'Y rrom ~ ... rul ... "",Un~ '" .... ""y"hol • ......00 ... ) Ind.,. ... I.II.llInrulal.le 
""ch. np ;, nO«!.d ." ..,. up InJl"'llnod ')'mOOI;., "",Un" ;n .h. o~"". ur 
"hkh Ih. b •• in" no' .n L·P .. , ......... 



TABLE 11.1 

SpotW Locollootlon 

• 
• ., 

II I.-r ... >< 

AI" ... 

AIBoo.­
f\ In <>,.., 

'" 
10 No' 1.-"0' 

A in ... ~ 

A'"o,,. 

(cermane 10 (ormal lChema invomnc unique complemental.ion 
and neg~tion ) '- the ualptlon . Fonnal IChemes have vahi\' .. !he 
moll. "fneient mean. or conducting oth~r·th""-lUlll1og1cal cOIn;. 
tIon. The Kcneration of a charllCU'r or role only ~t<ld Involve an .. 
10jIcal procesaP.l. Furfh". PoilU""" (bu t RUlln the lfIiri~ of Lun.'. 
otatement) : If . b"';" mitulfi to become an L-ProcetIOr, Il ia able 
to accommodate ( to compile and to eJlecuu.) Fuuy PI'OCeChltt'l 
(in particular I character o • • role) lM!fore It can aeoommoduU! 
non·Fuuy P,ocedureo. 

(j) Let "ddld" m<!lln a 'pfltiaJly diJtinc l in fant with bno.in .... 
From 10 •• chiklcannota' hlrth accommodate I P-Intlividual A (or 
.rhidI then: is • lIOCial <epAltlentaLlon .... ; lhe moU. ... .-;hild or the 
family-cl!nd eomp!"" (t. fl of (h)) may do M>. The ~ for whclJ1~r 
or not" I. able 1.0 """,ommodaLe A, 10 that A may 00 .""tio.lly 
localised In D, i. lU£!Iested by c1au ... (i): namely. It II pewiblc to 
"'ow 2l(....,j-oth ... ~il.ion ",inti On in" and evidenced by an 
Intem.al conversation or the ty pe A,. A1• Q (...;th A,. A.1. tacton 
o r A). All . I.ud te. o f ~~trlclly and rel.ted ph.,.,..m~n~ apl"'lOJ 
to _ k .... Id~nce o r thl. kind . From (I), we p=li<:l thal Connal 
oJl('rationl cannot be manifClt .. ]ocallJed In " unit .. a o::h""",w 
A" A •• Q m-.y aIoo be localised In ". 

(k) It folloWS, from the torqoinC daullC!S, that I conv_lional 
Ippr1)OIdI. 1.0 dwelopm~nl.al .tudi ... (which is advocated by Dio:OCI, 
]nhekll'1". Landa. Luria. PapI!Tt, Piaget and a host of oth .... te· 
tearchcrI) carrie. th~ foUowlng perlJ>ft'ti..., as an at IClIIt implicit 
concomitant. Devdopmcnl.al PsycholOlY Is conc~ed .. ith the 
inc:arrurtion o f IUbJe IYmbolic: ~I A .. "'2 '" I/Cnen.ted by 
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IOciaI reprHefltalionl a .. , ..... ... in • popul.IIr.ion of m.b.trinK DOlI· 
Clek! ~s IbraiM) ........ II'!~ by lflIetic eod .. G .. " 
Gu ... Th~ ""lIM;Uti"lI of A may be ~tialJy 10000Iift in II only 
inaorar .... 11.0 matured .. In L-Processor, and though apecial 
Interest II aU .... ,hed to thi l cue, the oclenct also countenances di .. 
tributeo:! executiOI1.l of A. On execution In P, the PToc:eduUfof A 
modify th~ matum\Jon o f iii. and vice Venti, t.h e corlltnlnw ;m­
poNd by 0 .,. Cftn.ln rtap of developmen t modify A: III.Y. "A 
becomeo A",M '"''-.In tum,lead. to nOlleieoclal NprnentaLionl 
1' .... 

Systemic MOIl'- (Jymbolk: .,.r.em$ and conenu.e IYNm. h_ 
buic 18105 of operation and deftlopm ... t In common) h.M lOI~y 
been recommended . II II o f material coruoeq\lence IlIIOf .. _ tht 
den!opmenl of A (thlt II It. becorn ... A 0 ) may open.te UIK'" the 
<:Oded repre •• mlalionl of concrete rylteml ("0 .. becomes G • • ," on 
• p" with ". A be<:omea .. " ."), Until recently lhi l lr&nlformation 
.... inadmissable, at any •• te, In practice, 

It II wo rth noti ne 1ll.1 two meo;:hanl.",. ""itt d",e to the devol­
Opmet11 of our civilisation (in parti.cular, duO! to research programs 
In LakatOl ' Rnse). One mechUlilm is genetle er,.tneerlnl. applica­
ble In cue 0 " o • ... are bninI. The other II the development o f 
L-Pu on, other than bnlm, able to accommodate P· lndivid· 

""'. [t II bard to apprec;iate the Blgantic impact o r th ..... two comple· 
momtar)' d ..... elopmenu, and It II important to recOlni.., how r&dl­
c.n)' they change the object. and penpectivet o f dev~opmental 
, tudil!l [n general ""d educational $ludi~1 in p.rticul ..... Notably, 
the univ~naliJl appro..:h or Section 6 .3 . II _n, in thill context at 
an)' rate, .. more than • curio,;t)' of poaible ~~mic [nl861. It 
ill a viabl~ and pract:lcable wIY o f d~alins with reality . 

8. CO/ll'ARA11 VES1'UDY 0' DATA 

[ t illnstructive t o compare data o btaino-d by the co,wHllltional 
(palred experiment) t.e-ehnlque and dat.o from "It.tie" lltudies, 
IOmetimel d ata obtaino-d In \.he IlUTl C laboratory . A lIfO. compan· 
IOn It liven by Luria (1961) dtlnj: rwuJU from non.Fun)' prob­
lem ooIving due to Mi""b)'a (19M), the form o f wh k:h illket<:hed 



in Fil. 11.2. Suec:e. if mark edly high,.,. It all "4eI1t problem IOlu­
ticn ill pre«decl by palM ""pmmentoolion, and the IOlution 
mO!thock lIdo pt.ed by IIIe conyersatlonal .wdenlf; are completely 
dilfe'n~. brinK inll!p'ate<i .,d purpoteful, nther than fn!pnoen­
tuy. In Ihe convtnalional aph-fonnlln<:e o:urve, we are Iookin • 
• t an O'ICraU almmary of. P.lndiridual .. ability to execute non­
Fuzzy Program., ,,!tiler in • picl.Orlal(vllUal I'ep!'elenl.&oon , OT • 
fonnal/1IIWJ ilUc: ,ep~l.tion. tn OOfltat •• t Ieut , It ill fair to n-
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__ UOOnaI (po"'" ""'-"-dl l ... hjodo; """ f.,. .... Iie ........ m-. •• ~ ... 
ioeto. Aboot : Rclotioot _ , __ for ........... picloriol .. d alJOO'iU, ... 1c 
11iarI>Io1ie) _ ... I.l00\. In ____ licooI eoo<di ... , ... _" ......... _ 
~ _ • _ ... In prnblBn ~ AU _ r ........ d, by WI""' 1'" C _ 
eo-. ..... ""_" ........... It - Al~ori'b"'"' '"JA_' '''Iooo. , _ Plo4OriaI Npow-
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prd pictorialftrisual u one Funy Tnndonnation o f . non-Fuzzy 
problem_ In conlnolt , formaln lnguistic il an ILIl1"rithmlc and non_ 
Fuzzy RepresMt.ation. TIM! P·lndividual II the child .. ""'K"'~n~ 
by U1ft ""p"rimente. lA, R) . It. loculi. In Ih" child'. brain Q, 

Rlppl~mented cOOpllratively by the exp<lrimcnter', hruln 0. From 
Urn e to time for l.eot, elCeo;utio" iI isolated In .. , 

8.1. S,,,,1e £r~rimenl' 

In contrast, consider the "'Il.atic" performance/. elIrv ..... The 
experimental condition. now include. concrete/ practlCIJ "'P~ 
Rnl.al;on: me""inS that !.hen! il I modeUi ... rlcllity 11')10 which 
ptoblem solving progrnml may be compiled. Insofar u the pro­
paml are partially ro ml'l1cd in 7 (thaI. ii, t.h~ mlf!\lant proceuor II 
the pair, <>, 1), the "'RIllA "'" fairly roh .. re"t: for th~ pictorial, vi,,. .. and the rDrrnai /lin~ui.tic repre""nllltlon, they are I" .;r,,,,"ing_ 
1)' fragmentary. In all CaM'I, ~rvatlon of the chUd u' l\Inctiun. 
III I)'Hem (Luria) or I P. lf>(Iividuai (p""""t nomend.tu",,) 111m_ 
~"d . inc<! pqram exf'<;1JUon II only Incldenu./ly exteriorisM.. 
With the possibl .. ""'CC'lllilln of th" roru:rel.e/practlcal daLII (whln 
the bf:h.vioun in .., can ..... "" ..... !nedl. the data ,'"manly refe. to 
the dliId'& brain I .. ) in I,. ""pac;ly ~ " nOJ'l·f·IU'.f)I !'J oe ... ".. 
MOf1!O\'er. by token o f the .Il~ntion tap .... 1lnd diltJw:Uoru which 
OCI:"\I' repeatedly , inrormatkm abou t a is -.iulterate<! by the (:0. 

olltent compilation in " of a If'u.uy) P. tndMdual A. Thil adul· 
\.entlan rtayl with the eJlperimcnte. "ntil A illlblc and willing to 
lecept Instruct;"o, that IlDlate lOme MpIlCt or" (the problem o r 
menla! ..... tin~ in p r ... dolL_,t.I) . Luria '. own work upon the reau' 
Iatory function of lpeech ia • beautiful .. :<ample o f the latter kind 
of Up"rimeol. In order to ilIulln.U! the distinction. -., .. of hil 
rault.l ..., oy""';ewed In Table 11.2." a profile of how " a;;quinool 
tho ability to act deducthrflly and ""«ute it ·then-e1le statemenU. 

By way o f • IU"'mary, t wo quite d illitlct Int.erpft"tations can 
(arid Ihould) ..... liven to the ""perime ntaJ d .... (rom develo .... 
mental sl.ud"". We m.in!.aln that the distinction iI no t a matteT of 
(..:t (that hum"" ""inlll dl!¥elop .. two kinds of Iys,""", ) but 
depend. upon th .. cxiJltlnce of two ob..,.,.....tional methods. It 
hippen. that the Infomatlon Obtainable by ooe method io ",,,,, i· 
mitcd by "".-tlt!nu \.hat adult.cnte th~ infomatlon obtainable by 
the uther method. 
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0.." ,_h In ' ..... lo-I I ... 
.Implo \0>11 for """,plos In· 
."".""" Ii~. " P.- ft TIm .... 
", '~ n Ll_~""I·'. 0.­
'-" 10 .-.led '" ~ble 
. nd _Ll .... II .&m u..mioblo. 

I'ropoMd Inl<rrpr.t.llon 01 
,he Plndl • • 

11 ... 1 . .... .. ... ..,U ......... ~ 
I. _ I 01 Lhll "'k . 

Ik,ln .... compil~ PO" ar 1m· 
po,otl ... Impl;u.,1000 l><o' '"" 
p_ -.d;L.ion.o.I Impo .. ' 
Ii .. Ir, . rtd DOIjr Ir. PO" o r 
PfOIII'II'" .. "",mall, co:.o. 
p<lod ..... ." .... "'<1 I,h. r_· 
bKkIOOp). 

ChUd'. _n .po .. d, .. ...." .. 
""",""Un. focijl'J, ea ... pH.· 
IIooL <>l ....... ..,rtdl ....... 1 
1m ..... , .... , " L If , _ .... 1,. 
Ir, ...... .- _po_ 1I;a· 
vol,,", In .... oao' i_ 

Inl .. ",1 """"1' .. 1.'1<)0 nf Ill",· 
1,1 • • "n~lII<>n.1 Impo,.t1_ b 
L_~"'; aibol i"'LnI<UOfIo 
I_In .... _"onci ... 1 ... 
q"i'" .,,_oLa_ at """" --. 



N •• oll"" "omdJod oMquotoly. 
S_h. If _ I. bee"" •• 
_rt. If u.. cb~d _ .. i.· 
• tnoocl_ b • .,... ......,. t.Mm 
r .... ~ult. ...... pIo 1Mb. 

Po." , d 1~~Iion 01 
!boo " .... 1_ 

lIrain .. U.iI, •• iI" n",,·Fu .. , 
......pl_tol .... (11)0 pro_ _ep_ ... of _tion). Com· 

pIeW " I f lItH or _ " ........ 
_to _pllod""" .. "",,\ed. 
buI IIn~;... pr ..... '" .... 
__ 10 .. m ..... III ... r .. mly 
for compilation and "000' 

I .... . 

GTood.olIJ .... potiti .... of c_ Prort_ 10 """,piled ... d "" .. 
.,...,1 I ......... U- 10 '""""' cutad lo ......... y . 
"''''_ lhaM _I. 

8.2. Difct<,.;"" 

Poltulata (a) to (k) til .... predictive .. weU .. detC1iptlve poten. 
t.LoI inl(lfar .. they can b<! reapplied in compleme-n~ form to 
pnentle a Rrieo of lntenctln, orpn ... tionl . Theoe OI1Ian1loorJnftl 
appear 1.0 recapitulate In system theoretic: Jarpn 1tIe sLruetIJfU d. 
~ and deteribed by inli;gtMul developmental plYdtolo-risU, 
many of U>em by Pi&get. and hll collabon.ton. So , ln particular. A 
wW put through many complex &rid contex l lpet"ifie ldentlUeo as 
A dl!\lelos-, and th_ identlt1el e.n bot claaifilld; for '.nmple, A', 
bod)' idftttlty, A .. world 01 Fuzzy (pictorial? ) im"l8, Ind A'. 
world. o f formal procedUl1'!l. 1'hoe ~ o f ouch wo rldo: lind 
the fact that Ole lIIquence II inter\Aoed and cnn~t top<lI:lfi<: to 
bellin with) leadl t.o dlstinctlonl o f the kind we have mlde be­
tween "dM<:riptlena of topia" and "topiCi ". 

Throulhout IM .... y be 1nff!JTed from Ie) and Id» an "Il<temal 
world," A .. concept of what he haI~, ill JUItapOMd with an 
"internal world " of A" im&gilu.tively genen~ pl""OCedur-... 
(Chapter 4) . So It I. that Luria'. "funotional "ptem," o r our " p. 
Indlv1duab" Bppear to evolve. 

It II nlUUal to uk .. hether, I l lhillf.ale, lhere '" a breakpoint 
....... kin' a chanS'! In kind o r Qualily o r the buic enOl), A (not 



'" 
merely &CCI"~UDn. """"lalisatkm and Mellen-Uoo) . Ow- hunch ia tha~ 
Just ouch • breakpoint oc:cun in " I..amiol to learn" and thlt ltl 
retOlution, In onJer to con,l.ruet an _ ntlally novel enuty , II 
·'i!1r1OYatlon ... 

By ''learning to learn" A Impoaeo an intemallUuc::lW'1I on lbe 
enrironm~t, primarily upon the IOclaJ. mvlronment. The c .... cial 
1U1' (many Illm operation II required) ill "brHding~ whereby 
A - A" A2 feb'pUr 6), The eompelWlting proxe.o, by which A U 
",HI .. A" AI'" maint-in Integrity, II an q:re<'!ment (common 
m~ina; IftOlu.llon) \.OlIethe. with "p""."y ;n the r...,., of ~ 
mMI" , Of lheM compenat\nt Upl. the former alone is ... ff"tcient 
1.0 accoun t for the .ct of innovation; the IatUr (10 our notion 
110ft) II • ..sj>O!IIlble for the o .. nerlhlp o f Innovation . It II owner· 
,hip In the peculiar ..,n ... that A hu • world of ide .. ohared with 
othcn, albeit genenoted by their errON, hut from A '. point of 
vie ..... panJdpant In lOCiety, thll world of ideal II his identIty. 



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 . ..... 
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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 

"" • 
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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 .. ). 
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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 

... -.. .. --@J 
•• 0@0 
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• 

Index number .'lli 
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0 @ 0 
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r .. A4. ~ ...... "1 ......... re><"""" 0 1 an ",dir>ar)f loP!C(._1. at ... 
aul,.ieal Iopic t _ _ ~ _, h, ...... ~...,.. r"" u...., ... ..-u .... """",". 
'1'1>. ~ d ........... p (R , ._III Npl_d b,.. •• '" oic>uoI....,. t .... lJ. c. D. 
lor' mm ..... ~ ~I. 
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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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