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Strategies, Matching and 
Mismatching 

Le,uning depend. upon Ihe slmt.si •• usod by utudem io ordet 10 dir«t hi, 
au.otion IUId to partition Ihe educational goal imo .. parat .... bgoall. At 
OM extrtme, Ih""" .!talegin may stem ftom Ih. stUdenl him$Olf; they ate 
letlfw;nl fIrm'lie. which he briop 10 bear upon an OI:h ..... i$O ulUlruClured 
situation. AI the OI:her .xue<ne, lhe lU"ail'glco may be imposed upoo the 
student as I~l S/r(;Jltfin by a programme, a leaching de\i~, or a 
trsiniDg routine. Many mil sit .... tiom lie bet ...... o tbe<e extremes. One of 
them i$ a IUtorial con'1'fAtion in which methods of learning at\! opetIlO 
diocusoion and in which lhe 1In1.~gy II: .. Iccted as .. n:o.uIl of a compromise 
betWttD the "".MIII and lhe teachet. 

Though ItrlItesies at\! imporllJll, ;1 is also 0 .. ry 10 comider the 
$lud""t's eompel.nce in eXealling ",..t.giH of a gi ... n ~ f Of cumpl., 
an individual OiOOenl may be sood 1.1 '5eri"8 things as pam of a whole·, Or 

convtrsely, he may lui ... a Ip.dal aptilude for ·,uinging .ubproblems inlO 
""'lu.nm;". which (on resolulion) lead 10 Ih. WIUlion of a Large problem. 
There are, af cour .. , many oth ... types of eompetence; for eXAmple, com, 
potence demarcated along th. vi sulllv .... ha1 dimeru;ion or det.rmined by 
the relative efficiency of 'sho"' term· and 'working· memory. 

Certain types of strat.gy call fer cerlain Iypes of eompel.noc. For in­
nance, ",m. Wltesies can best be (ot ultimalely can anly be) execuled by 
the 'halist' Jludem, ... I>crcu the tlecutioo of ather Wlt.yes rests upon a 
'...-iaI.i'ol' compel.""". By bYPOlbnil, dfe<1i'1' kUIlipg t.ab$ place ir. aPd 
ooly if. lhe individually.K1ec:tcd (learning or ,,,"chin!> wateg" I. matched 
la the stlldenl's t:Wti"l compelence. 

Su>d.OIS ar. ~J\naUy una"""" of tlteir compelence, and a f...., learning 
srudmt isllllliUty 10 !earp ... ~U. The combinalorial problom of matinl the 
....... tegy .""fa: 10 a (~y UnlwlWll) compel.""" profil. il coru.idm.bIe 
011 its cwo, bu, lhe!·. are also sptciDc facto ..... ·hiohmilital. against effCCli,-e 
"arnill8 by positivtly .nc;ouraling nmm.o.ICt. On. oflbe mOIl importanl is 
'cognitive !lxili. a I.ndency 10 &dh.re 10 an originally $OlCCled Iltotegy 
.... n in Ih. face of .videnc. shOwing il to be inapproprial •. 

Th. po,ilion i.lOm..what ditT.~nl if a I.ach.r or a t.aching prapmme 

n. 
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is iruroduccd inlO the lituatiOll. beca ...... 10 far ... be (il) II: obeyed. lbe 
teachet (programme or machine) uo.urps the role af lhe ... t>dem's intmtal 
autntiol! di.-..:tinc mechanism and guides hi, Ieaming aa:ord.in, 10 a 
traclting """<It. In lhe oimplnl case, Ih. tevh;1l8 sy>l .... II: dnil'lfd On 
lbe t.ui. ef a!i",," ....... I.IY. This II: a pro,.idt:ol d .... gn provi<kd t~ are 
grounds for bolding Ihal • !ingle IITllttlY is, io 10"'" seRSe, appo4il.; for 
.... mple. ·there is only on. """ibl. stral.gy' ( ..... Iy. if ev.r. true). 'o~ 
strategy is bt-Uor lluln the olbe .... i.e. Ih.re is an oplimal stralegy' (Irue in a 
r ..... cues, 1101 •• for illlllllCC, Mlth=o (19064) on lilt Itanting). or 'e ... 
• lt3l<gy is far more cconomie&lly admin.ist.red lhan lh. oth .... llIId indio 
\"idu.al ditT .... """. luI" little influ.nce upon lite ral. or rrro(livenm a r 
I •• rning· (quil. on.n Iru. and ,.nerally nscd la justify an illllrtlClionai 
p,apm lhal il neilh .. branching nar &dap'i,·.) . 

Ge ... raIly, bo" ... ·.r. such ground. for uniqueness do nal •• ill, and in 
thiH'aSt. the dosign of an err<'Cli,·e leacltilllll)'Slem must be founded upon. 
class of WlI<gN:1.. Sometimes. one member of thi,c\au <:all be eho"l1 for 
we 00 a liven oa:aoJon " lth a Ii~n individual by an adapth-e procedUflI 
thaI employs feedback from pcrform&DDe IIlCa1IIf"tS, and 1M tike. Ir ill, 11M: 
mosr imporwtt proc:cs5 io reachinl such a d«isicn ila matehing process 
wheteby Ih.lludenl'l compelenoc is weighed up and a stra1egy is selected 
10Rlil il. MaflloftCD. lhe selof l\t1l.1<giH i$n.ol giV"'1t1 p'1",1 and i1& mem\xrl 
m .... 1 be detmnioed by B (human or mechanised) IUlorial cooftfSation or 
1M wrt alluded 10 =1 ..... In prac1ia:. also, thc<e ..... atber f:KtOfS, 10 do 
with Iltf repillian ar~nCff\ainly and !hc .tudent". motivalioo. wltkh orten 
dictal. the \1$0 of. oon'''rsaliono.ll.aoniog 'yst.m. But. wilhin Ih. co", 
,=tienal format, there must sl ill be a t.nd.ncy and e,·.n an aUlhorilY to 
maintain mal~hing. Th. comptomilC $(Ilution, a=pted by lite teaching 
1)'$l<m muSI be: Ihose Ihalen~n<kr matching .... n Ifl!tey do nol compl.lely 
st<:I1I"C il . 

1 GeotnII LtamiIIK Sltuatiaas 

As a preliminary, il is "!'OM to distinguish betW«lt performance W1l1<&iet 
<:OIlCtmcd .,.ilh the OJ.<'CUlion of • sun and lbe 1eMni"l (or leadlillJ) 
stratcpes WI build up performancuttategies (Pnk. 1969b). The arbitrary" 
cbaracter or this dislinction is IUtSSCd in Chapter 6, ,,·her. il appeora ... 
distinction bet ....... o ~II of conltal; o.amety U:r> 0 and Ur> I . 

1.1 PflfIltJlW1a Strauzla ~rformall"ulrat.&iet ha ... beep studied 
with respec! 10 I ""al many !asb. In Ih. q.OI •• t ofa perc.plu.al mOI01 
skiU, such as typew. iling or ,·.hicl. conlrol. lhe performance stmlc\JY is an 
operalional or imperal;'·. interprelatiQII of Ihe ltie ...... hicaJ orgo.nil4lion in 
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1100 C)'~n.tI'" of H~""", Lnrn/ng ~nd Ptr/orn"",,,,, 

general conlention that theories ofl •• ming .ad theories of tea~hrng do not 
exi'l as 5<:parale enliti ... There .... theories oflelt1line: Ind leaclU",; that 
i, alL 

3.1 R.Llu.- ..... TypesolStnUetY If a relation It is dacribed in lbe 
conle':! of its donWll, wn It has an apparent dImension, n, eq....:J to the 
nWllber of properties in (dacriptors 01) ill domain and In onIer or .,:licit)' 
m equal to the numbe, of p<opcrtin tbal R n«USaril)' unites. T"I>e tmlU 
~111 dimens.ion and order .... easily intcrprelllblc (in lbe casc tbat R is 
nated eAtt:.MiotWi), as • ",Met of the prodllCl of ' ..... bIes (U.) irtdtxine: 
therelated ~ies). i.e. u R l!! U, )(.,., X U. _ U" ... hen u ... tuple 
( .. I, _ ., .... ) e R l!! U" wi<fies R. MIlby (1964) prcwides atI alpithm 
for delerminine: the o~ '" oIu utMwy lubset of U" (his 'cyUnd,ar.:.:"), 
a"d generally, '" is less Ilwt II. In partlculu, foUowine: Mhby'l ~ ... of 
all,,,,,,,,,t : 

(a) if n > m (as tIlual), then R il tbe interseetion of IIlbrel.tioM 
(cylinder ... \>$(:15) of generally 10 .... ' order and di ..... nsion; 

(b) lbete will ofltn be se"o'tn.l families of 'cylinder lubstll· Ibal inl'" 
sect on II ; anyone family lpecifies R; the set of familiel p<ovides , 
red.,ndanl .pceification of II. 

Relations may abo be .pecified in a language wllm they are named by 
",·ords or d.scribed by phr~ for .umple, 'father of' or '> ' or 'til<: 
T.e.A. c)'tle' or 'A allow. B to do C' o. °happ;ness' Or 'an(¢lopc' (a clas. of 
animal, d.fined by rdations betwnn belUlVioural or phylical properties; 
the laxonomies we actuIUy .mploytd classified mylhical, Martian, crealures 
.ince the'" were necessarily unfamiliar 10 the subj(C!$). Sometimes lhe orMr 
of til<: ",lalion and the dimension of il. don ... in are c~plicit; for instalKe 
'>' has. ord.r 2 and is irredundantly specified (f~. num.rical domains of 
dimension 2: similarly, 'A alioWi B to do C' has orde. 1, Ihough Ihe 
dimension is not .,plicil), BUI, Hne:uis1icallY'laled ,.lations can be quilo 
re'pedably under_specified. II is pouible 10 lisl !.ilualions tIlat cllFnder 
happines, or ",lations supporling the antdope dWllC1er oJ l'!finirorm. 

"The", is Mthing my't.rious aboul the idea of U\ undcrspeciflcd relation. 
OD!he other hand il;S "" importanl and interesting idea. An individual who 
undemands the language in "hich the relltion is 'Llle<! can •• t • .....,natly 
specify the relation. It • given '!\Slat\!, b)' O6Icnding the n-tupk1 " 'hid! 
beloog to R and"paming lhem f.om ... tuptes lbat do DOI_ But this specifi­
cation i$ tied to the Indioidual and 10 theinsUnl; i' R;s underspccltied, then 
,,(and possibl)' the \"11"" of m) il ..... iable io Ill)' gcntn.lltlttuWnt t/lat i. ind,e.. 
pendent ofin«anl$ and indi,'idll&t.. H~, il ma), be deemed prud.tnt, and 
it i. ocrtainJy quite hamolesl;, 10 reprd IUldenpecikd .. lationtt u !he open 

~ 
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union of fully !lp<Cified bUI redundant .ub .. !atiol\l of powbly ;,~i.:Ible 
dimension. For example, Banerji (1970) distingullJles bel ...... n inpul 
prop<tties (ill a fi_s(rucw .. family) and flOn-inpul properties. Phrued in 
these t., .... an individ....:J """" IIOt specify all OOtI-inPUI properties llihe 
ouu«, Bill, ifbis goil is llIIIImpccif\ed, be";U use lbem and COIIld speciry 
them II some later .ugc. 

II is profill.ble to dislioguioh bet,,"eCJI two Jltljor kinds of problem_ 
..,Iving compulatioo. AI 000 ... tre:lM, probleral Ire ..,Ived by !he.wri&l 
appJ;eat;on or Iwic . outine. prodtoeed by a type (a) straugy (!«lion 2) ..... t 
the other ... tre=, proble .... arc solved by mllSlerin& these routina con_ 
=t1y ("" elT..:ti\ -ely p.raUe1compulllioa prodlOCed by I ype (e) of section 
2). Amarel (1969), takiog tbe position ofa formalist, co_i>u!he tint type 
ofproblem $OI\"fr'" a ma~mbltr ,Old the KCOIld as. dire<1o.- and. 
compiler combined. If .... make lbe oaJDII distinction in (¢tuIS of artiDcial 
intellige= and psychology, "''C can say tIIIt lbe tinl..,rt of problem ..,lving 
resembles Ihe operation ofa ptOg:rammc .... h &I N ...... U. Shaw and Simon's 
'logic theorist", w~ .... the second _t of ptobkm soh ill! resem.bl .. the 
op.=tion of an MIOciati.t IItlwork like Qujllian's(I969) 'TLC, Wlten R i, 
redundantly specified (as it is) lben the second sort of problem IOh"fr alms 
fo .... ....ru sllbgo.als at 011« ~ i, likely to lchie>-e R Illbe inlcnection of 
various families of Illbrelations. 

The crueial pcint and the reason for making this di.tinction, rather than 
many others, is lbat (in common with lOme other paiR of procuse.) tb ... 
two are i ncom pa lible. Data used by one p.ecess can not be UJC<i wi thOllt com­
plete recoding and reconstruction, by Ihe other, 

If. as i. """"days generally agreed. a concepl is t<jwnod wilh • goal 
directed pr=dure, thon the disti nction d.m .. eat~ two cOnceptual1ypes, 
namely a St"rialistlYP" and. hotilllYP'" 

Consider. 1ask invol"'.g. redundanlly',pcciflod goal relation. (Nearly 
illla\h of practi~ contffn are of this Iype, u art: all oducationatla$b. 
The tasks .... d in the .. perin,.nl. wo .. designed 10 be of this type. though 
lhe form and amount of redundancy were carefully conlrolled.) 

Sup""",, that a .. rialil! and a bOO't $OI\"er both know .,.hat il ~u.ired of 
them, i.e. 10 gI"" caoonioal tleseription of the .dation and 10 we thi. 
",lation.. This condition WU also satisfied in all of the e.perimccntl. 

The oeriali<t and the bolilt problem ..,!vm ult quite different data. .... 
..naJiu is tnlbamuse<l by redundant dala, unJea il is clearly marked II 
redundant. Failing thaI, be only 111"Wi1 if he dilCOYCl"S and ,ticka to one 
irredUodaDt description of lhe ,oa! relation. and, AIKe • eanonkal descrip­
tion i.to be elicit..t,1hio Olle m\lf! be the Olle tbeuperimentcr has in mind. 

B), "''''y of contrlll. h<l~11 doals co~lly wllh many desaipiiOfll, 
and ...... if aslad <0 gI'" lbe ( .. peri_nltr'l) QUIOnkai K'COUIIt of the pi 
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stillod .x.a;ptiOll Df knowledp. To""ow .lUs poinl., comider any Ilescrip­
lion of an enwlm .... mtlb. Amonp. olber dDcrip'fln, il is poKibl. 10 
~ (and '0 oblain 1M promised .. nse Df ... opi< ,t1abOfl wIIidI is '.htad 
Df' another, il is necao&ry '0 cI>oose).' \east om: descriptor wi.b the broad 
COROOlalion Df ... bordma~fsupttordi~. In ........ of ,Ais description lhe 
Iopic: ldalio,," are partially ordcml; .h.l. is,oneupeaoflhrirdeocriplionis 
panially ord..-.d and q~il. possibly tlUs ()tiIHinK 100" Ute fi&. 904. H._, 
within this ord.ring, some IOpiC relatiOlU are 'ahead or otho .. and, U I 
rule, lho loal relation is pl~ ., the top au 'head' in .his de1Cliption. The! 
....... ial point i,that Ih.re.re many desrnpliom wi,h dilferent 'heads' for 
Ih. same entailmen, mesh. In faCI, Fig. 94 i, such an ordering and it It,ll one 
intrigwng ehllfacteristic; namely, Il~y lopic could be chosen as head in 
.ome dc .... iplion of'he IIndorlying meoh. Thai is. il wonld be reasonabl. 10 

learn aboullnnh labl .. in tH'ns of .ariabl .. and connecti'·"(as in fig. 94) 
Dr. \lSing a dilf.rent ord.,ing, 10 tum abou\ ronl .. :"'i ..... in ~rJJ1$ of mnlt 
labl .. , .,.. oariablos in tmnJ of connecti ... and .nlll! ,,,,lues. 

The sororod mjuiremcnl (a moans of dciectins !he undmtaQdinp IMI 
SO Dn in aconvenation) is bcllraclded in thecoru.exl Df an.ruai ..... nl rnnlt 
lhal forms the: convenational domain; Iho 10pic or subje<"t malic, lhal is 
under di ..... >Ioion. In this ODfIlU' ..... need .. mechanisabl. , .. , for IInder" 
$!aDding. The 'mect!onic:&l' ffClui"' .... nl upon lhe .«1. 0' de.eetion de-oioe is 
chiefty imJ"""'l IO ... sure Ibat il i. ", ... 11 ddno:<!. Of CO!lf'SC, il i. tuefIL! 10 
have a moc:hanically .. ..:uted test for olb., reuRM (for e ... mp!c, in order 
'0 instnlment a full·blooded lj'$l~m nf compIL ..... au.isted ins.ruc.ion 0< 

oompILw-guided learning, or merely 10 reli.,-e Ib~ experimenler, in a 
seriously large learning Iludy, of an impMl<:.icable burden), Howe"Of, th.", 
is nolh;ng masi~ about Ihis godgclry; Ihe I." could be performed (u it II, 
in I.achback) by B humn .~perimeD'er, The "",da! issue in eilher ~ it 
whffiler the .... i, defini.i". for il il to rank as an al~mat; ••• o Turing" 
test for inlelligence;n coD",nalion (Turin" 1963, 1969). We .ball say!ha. 
.... y COQ ........ ion { ... bether be.wccn .wo men Or II man an<! II m:achiM} i. 
cl\araCltrilotd by • contigllOlIS $tries of occaM<>ns upon whi<1! llroder. 
standing is reached by II p'rxm, wilhout 100 much commiunent aboll. 
dn~ the process it ex..:u.ed (for .u.mp~, in the IeaCher's brain, in the 
srudcn.', brain, or in some ,nanima", processor). Thi< proem. mighl be 
doemed 'nl.lligeru. (iA. an insWl« of intcllcet and not i\1S1 'able 10 past 
intelli&<na: '05\0', which i •• trivial ailaion, iudr;ed either by Turing"s USt 
or our own). As. nw.~r of onen.a';Dn, I happco In call1hc putll.li",ly 
inlelligent proem. karom, and 10 no.ice that it iJ. qlli~ literally, ')'IIIbolic: 

_""itJn. 
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5 TantlJlg Wild UnUnllndi"l: 

The mc<banicall)"ltem wbic:h 1(11$ for and may abo maniJ>lll.o. •• undeT­
standing in a CET exletnalisod ron'-ersation is sho .. l1 in !'bIOS I I .00 12 
(tbcsc pidure$ are chiefty inlcntkd 10 p, .•• he reader an OVCfl'iew of Ihe 
cquipmcnillied in srudies of \earninl; IWI, in this volume, 10 inform in any 
dcplh). The .ystem i. founded ILpon a theory of whal IIndc,..taroding i. 
(puk. 5<0.1., and Kalli kourdi., 1973) and lbe followins «Imme<tll in .he 
mane, «IIIS,i,utes no m~ than an orieminl outl;ne; sulfic:icnt to irodiea,c 
the !Ia,'our Df .his field of researoh.' 

S.I II i. maintained that. con" ....... ;on in B dott1llin , R (lIl.i. fying 'he 
conditions of the lUI seclion), is u.lf."'prooucing .ystcm. That if, using 
Rtf 10 .taOO for 'reproollCtion' (in .he ,ymboUc and aUlOmaton theore.ical 
~n<e as in ChlIprCf 2) and cho-nsing any IOP;C relatinn {R,) in Ron whleh 
the coo'tt$;\lion il n>Orncntarily fOC\l$lld at a &i>'eo occuion, there is • 
.... hIe eotily 

Rtp {kp (It., (JtJ)) 
..-bon: kp{JtJi .. ~lorR, 

..... kplC--t"fI - Rtp(hp(JlJ);" .. __ .rof 11, 

If il .. "'" u •• malised in a con, ... rulion. by a CET 'echniqllt .• hi. cn.ily 
would be iymplOmatisod by .. cycle of c:<pIan.1.lion (1WnC1y 'e:achback) 
consi.ting of an explanation by one participant, 19reed by Ihe olh.r, and a 
jllStifyiog .. plana.ion .l~ agreed (Ihe «Imment follow. from Our earlier 
,pecification ofwh,'an e~planalion 0, moddliog oper~tion II). Thul, if the 
«In" ....... tional panicipan.s are 11 IUld B, the fir ' t pan of Ihe equation be­
comes (under.tte,c c:ondi.iollS) "Lt. G UplBnalion by 11 of R , to B and LnG 
explanation by B of It, to A' (wilh agrccmcnl) and the ne:<! part becomes 
'w I explanation by A of R, 10 B and Ltv I .. planation by B of R, 10 A'; 
.be lasI Rtp Ie"" cJotiog.hu)"Ittm and w,biUsiog ill execulion, 

ThiI 'stability' aa:ompanits (i~ tklt 10 Of gil'5 riu> 10, 11$ you prefer) tile 
effect of cognili,. HAily; i.e. il is .. propmy of such proccsscs lha. "'Mn 
e.eeultd in mpea of II givctl dOlllain they 'recogni'" and ",ject duset of 
dKWnibr procossa •• ..:utod in 1M ...... oolDlio. 

5.2 SIICb aa ~ntily .. reeu,..i .... ly opcciJ\ed ",ith rnpea '0 It" 0' in 
ge""ral, R. But It may be e • ..:utod in various p<ocessors, fo, .. ample, in a 
,.""her" " ,udenl, or a meclwtieal demo r n order 10 Dbur". Wldmrandi ng 
Dn the part of A aQd B, il i. =ir.ary (lising a CEl) '0 .x.emali .. Ihe 

4. Experime<l" uoi"ltho .r .. ..,.,...s-nbed to .... k."d Scot, umbo 1~7l). 
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