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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· 



" 
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. 

"""'. 



" 

.­... ' ._- .. -... .... -



L 
j ~ 

= 

i 
l . , J 

i,· ! i ~ i '" 

--." •• 

•• ." -. 

•• 00 

:: 

" --

---, -. -. fd 

"!"! .. 
:: 

'0 

" •• 
,. ., .. 

:;:; -. 

•• oo 

"!~ .. , ., 
s. 

" 



" • :i:~ • .. ~ .: •• • 11:; .- . - •• •• o • •• • • • · - - .- n -"'!tI! "'!~ o· .- "'!"!: 0-• •• -. •• -- •• -- _. • • •• 
_ . 

~: .. : "!"! "':"! ":<'l -- o· 
0 •• •• • • . - _ . .... •• • • 

• :l~ 
_. 

~~ ~: "l."! .- ":"1 .0 ::i::l --0 • •• o. .. .; 0- .... 00 ! , _. .- o. ;'.l;;i "!"! .- .,"'! o. :;;;;; o. 

J - •• •• •• • • -- • • . - 00 -• ~;;: 
_0 ::;: "'!"! "1"! .- .- -. -- :':l~ j - 00 •• -- 0- ..... •• 0"; 

0 • !~ 
-0 

~~ ~~ .- ~i .- •• --
~ ~~ ~~ 5!.!2 •• 5!.5!. ~~ 

"!"'! "!"l. ~~ .. .. ;;; _ . .-. . 00 -. •• -- •• • • -. •• 
, 

lQ I , , , , , 
I. I 

H •• U •• •• •• •• •• .. '" > . ,. ,. ~ . ,. 
1 , , , , .oJ , • • • " J- ,- 10 ~~ 

, 
l~ '- ,- , 

F --j;] il j~ j; ;~ o. 
" , 0 , 0 3 0 , 0 • 0 

ol;:h " " " " " E ~ •• " os 

i , • ~ • ~ • < • • , 
! • , 0 I , ! ! • 0 • t 1 < , , 

1 • , 
i • ~ ;. , , , 
• ! , i , 1 5 , : 0 ., < 0 

-~~ - { 5 .~ 
0 

~ 
, , .. ~;:<! • • '!l~- . "" ... ~- . TO • 0 ,. - Hj'S ~ • 5 

~ 8 • olio.!? • 0!I8 .!!., O!I ~, 



•• 
•• 

'" •• 

" -';0 

-. .: .. 
•• 

. -00 

-" •• 0 -..: ...: 

1 
1- ,-" f" i' . 
I!. !. 

• • 0 -

•• .-

--gg --00 

, 
' . .. 

J 

0-
00 

_. 
" . 
•• . -
-" •• 0-
00 

-" .--. .... 

-.-0: -. 
•• "-0": 

•• • • 

.... "" • • 

• 

I 



00 

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 

, 
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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 • 



" 
. 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 

• 
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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_ 
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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. 
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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 



U 8 

- --

Vii. a.d . 

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. 


