11 Learning Strategies, Teaching
Strategies, Matching and
Mismatching

Learning depends upon the strategies used by a student in order to direct his
attention and to partition the educational goal into separate subgoals. At
one extreme, these strategies may stem from the student himself; they are
learning strategies which he brings to bear upon an otherwise unstructured
situation. At the other extreme, the strategies may be imposed upon the
student as feaching strategies by a programme, a teaching device, or a
training routine. Many real situations lie between these extremes. One of
them is & tutorial conversation in which methods of learning are open to
discussion and in which the strategy is selected as a result of a compromise
between the stndent and the teacher,

Though strategics arc important, it is also necessary to consider the
student’s competence in executing strategies of a given class. For example,
an individual student may be good at *seeing things as parts of a whole', or
conversely, he may have a special aptitude for *stringing subproblems into
sequences’, which (on resolution) lead to the solution of a large problem.
There are, of course, many other types of competence; for example, com-
petence demarcated along the visual/verbal dimension or determined by
the relative efficiency of 'short-term’ and *working’ memory.

Certain types of strategy call for certain types of competence. For in-
stance, some strategies can best be (or ultimately can only be) executed by
the ‘*holist” student, whereas the execution of other strategies rests upon a
‘serialist’ competence. By hypothesis, effective learning takes place if, and
only if, the individually-selected (learning or teaching) strategy is matched
to the student’s existing competence.

Students are generally unaware of their competence, and a free learning
student is unlikely to learn well. The combinatorial problem of mating the
strategy choice to a (largely unknown) competence profile is considerable
on its own, but there are also specific factors which militate against effective
learning by positively encouraging mismatch. One of the most important is
‘cognitive fixity’, a tendency to adhere to an originally selected strategy
even in the face of evidence showing it to be inappropriate.

The position is somewhat different if o teacher or a teaching programme
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is introduced into the situation, because, so far as he (it) is obeyed, the
teacher (programme or machine) usurps the role of the student’s internal
attention directing mechanism and guides his learning according to a
teaching strategy. In the simplest case, the teaching system is designed on
the basis of a single strategy. This is a provident design provided there are
grounds for holding that a single strategy is, in some sense, apposite; for
example, ‘there is only one possible strategy” (rarely, if ever, true), ‘one
strategy 18 better than the others, i.e. there is an optimal strategy’ (true in a
few cases, note, for instance, Matheson (1964) on list learning), or ‘one
strategy is far more economically administered than the others, and indi-
vidual differences have little influence upon the rate or effectiveness of
learning’ (quite often true and generally used to justify an instructional
program that is neither branching nor adaptive).

Generally, however, such grounds for uniqueness do not exist, and in
this case, the design of an effective teaching system must be founded upon a
class of strategies. Sometimes, one member of this class can be chosen for
use on a given occasion with a given individual by an adaptive procedure
that employs feedback from performance measures, and the like. If so, the
most important process in reaching such a decision is a matching process
whereby the student’s competence is weighed up and a strategy is selected
tosuit it. More often, the set of strategies isnot givena priori and its members
must be determined by a (human or mechanised) tutorial conversation of
the sort alluded to earlier. In practice, also, there are other factors, to do
with the regulation of uncertainty and the student’s motivation, which often
dictate the use of a conversational teaching system. But, within the con-
versational format, there must still be a tendency and even an authority to
maintain matching. The compromise solutions accepted by the teaching
system must be those that engender matching even if they do not completely
secure it.

1 General Le:miug Situations

As a preliminary, it is useful to distinguish between performance strategies
concerned with the execution of a skill and the learning (or teaching)
strategies that build up performance strategies (Pask, 1969b). The arbitrary
character of this distinction is stressed in Chapter 6, where it appears as a
distinction between levels of control; namely Lev 0 and Lev /.

1.1 Performance Strategies  Performance strategies have been studied
with respect to a great many tasks. In the context of a perceptual motor
skill, such as typewriting or vehicle control, the performance strategy is an
operational or imperative interpretation of the hierarchical organisation in
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Figure 100 Flow-chart for the conversational system. Explanation. As for

the test of a subject’s ability to make grouped

responses {‘clumps’) is represented by the test box “Clumps 80 per cent,’ ie. to

Figure 22 with one addition

pass the test at least 80 per cent of a subject’s *first presentation’ responses must

be correct and grouped.
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The Cybernetics of Human Learning and Performance

general contention that theories of learning and theories of teaching do not
exist as separate entities. There are theories of learning and teaching; that
is all.

3.1 Relations and Types of Strategy I relation R is described in the
context of its domain, then it has an apparent dimension, n, equal to the
number of properties in (descriptors of) its domain and an order or adicity
m equal to the number of properties that R necessarily unites. The terms
apparent dimension and order are easily interpretable (in the case that Ris
stated extensionally as a subset of the product of variables (U)) indexing
the related properties),ic. asR= Uy X.. ., x Uy = U™ when an r-tuple
ul, . . ..un» € R  UP satisfies R. Ashby (1964a) provides an algorithm
for determining the order m of an arbitary subset of U® (his ‘eylindrance’),
and generally, m is less than ». In particular, following Ashby's line of
argumﬂnt:

(a) if n=m (as usual), then R is the intersection of subrelations
(cylinder subsets) of generally lower order and dimension;

(b) there will often be several families of ‘cylinder subsets’ that inter-
sect on R; any one family specifies R; the set of families provides a
redundant specification of R.

Relations may also be specified in a language where they are named by
words or described by phrases, for example, ‘father of* or *>" or ‘the
T.C.A. cycle’ or ‘A allows B to do €’ or ‘happiness’ or ‘antelope’ (a class of
animals defined by relations between behavioural or physical properties;
the taxonomies we actually employed classified mythical, Martian, creatures
since these were necessarily unfamiliar to the subjects). Sometimes the order
of the relation and the dimension of its domain are explicit; for instance
*~" has order 2 and i3 irredundantly specified (for numerical domains of
dimension 2; similarly, ‘4 allows B to do €' has order 3, though the
dimension is not explicit). But, linguistically stated relations can be quite
respactably under-specified. It is possible to list situations that engender
happiness or relations supporting the antelope character ed infinitum.

There is nothing mysterious about the idea of an underspecified relation.
On the other hand it is an important and interesting idea. An individual who
understands the language in which the relation is stated can extensionally
specify the relation, at a given instant, by ostending the n-tuples which
belong to R and separating them from n-tuples that do not. But this specifi-
cation is tied to the individual and to the instant; if R is underspecified, then
n(and possibly the value of m)is variablein any general statement that is inde-
pendent of instants and individuals. Hence, it may be deemed prudent, and
it is certainly quite harmless, to regard underspecified relations as the open
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union of fully specified but redundant subrelations of possibly variable
dimension. For example, Banerji (1970) distinguishes between input
properties (in a fine-structure family) and non-input properties. Phrased in
these terms an individual need not specify all non-input properties at the
outset. But, if his goal is underspecified, he will use them and could specify
them at some later stage,

It is profitable to distinguish between two major kinds of problem-
solving computation. At one extreme, problems are solved by the serial
application or basic routine, produced by & type (a) strategy (section 2). At
the other extreme, problems are solved by mustering these routines con-
currently (an effectively parallel computation produced by type(c) of section
2). Amarel (1969), taking the position of a formalist, conceives the first type
of problem solver as a macro-assembler and the second as a director and
compiler combined. If we make the same distinction in terms of artificial
intelligence and psychology, we can say that the first sort of problem solving
resembles the operation of a programme such as Newell, Shaw and Simon’s
‘logic theorist’, whereas the second sort of problem solving resembles the
operation of an associative network like Quillian's (1969) ‘TLC'. When R is
redundantly specified (as it is) then the second sort of problem solver aims
for several subgoals at once and is likely to achieve R as the intersection of
various families of subrelations.

The crueial point and the reason for making this distinction, rather than
many others, is that (in common with some other pairs of processes) these
two areincompatible, Data used by one process cannot be used without com-
plete recoding and reconstruction, by the other.

If, as is nowadays generally agreed, a concept is equated with a goal
directed procedure, then the distinction demarcates two conceptual types,
namely a serialist type and a holist type.

Consider a task involving a redundantly-specified goal relation. (Nearly
all tasks of practical concern are of this type, as are all educational tasks.
The tasks used in the experiments were designed to be of this type, though
the form and amount of redundancy were carefully controlled.)

Suppose that a serialist and a holist solver both know what is required of
them, ie. to give a canonical description of the relation and to use this
relation. This condition was also satisfied in all of the experiments.

The serialist and the holist problem solvers use quite different data. A
serialist is embarrassed by redundant datn, unless it is clearly marked as
redundant. Failing that, he only succeeds if he discovers and sticks to one
irredundant description of the goal relation, and, since a canonical descrip-
tion is to be elicited, this one must be the one the experimenter has in mind.

By way of contrast a holist deals concurrently with many descriptions,
and even if asked to give the (experimenter's) canonical account of the goal

285



L8T

‘suonsanb uaamiag uonsumyy

“Jange 1{EN0S BOHMULIONN Ul 0 aun(re
“sapodAy ayearpard aifus Sunsay.

-ssapodiy sreappaad fuew Sunsa

YIS [RIUI0)

*Anam au jo uwnjos mpnoned ® jo 1aqung pred)

o ||np

'$3p0a pue seumu sapadsqns jo Supreaur ‘g ssep) Ssowadsqns
usamIaq SUopaUNSIp Jupiew Joj pesn sansumonmys eosdyd ‘g ssey ‘Amo
-UOXE] O SINIINIS INOGE KU ) 511 (o) 05 puw epqeEq MomMEgReg)
UORBULIOJU] [enixalu0d Y ssw) isapadsqns jo sisquow eadiy g0 saamond
‘P sse)y Aoy asnoy wepunpal] (p) fisijoy uepunpar (3) tmseuss (g) {2)
: fwouoxe) wadojooz v jo Fupwa| s Joj vopwiopdys jo suranwg  £or AmShy

st wopuane sy Juifdnoso Apuasins wonepesr sidoy (mag 2y Kruorsesso
J0) auo 3y [1un sanany s1o]dxa 1ou saop Ajpesid£y ot puw (,praye sy, oido
v ‘ael Aue 1) $nooj Juarmo siy jo purayw, sidoy v jo j0adsar ur ajeumsa
20uapyuod T A 0] A[quun S| ‘puNy JAIO A U0 YSBLLE W PRIYE,
a1doy ayy 01 31 sagmjed puw mep siouted oy yorym woip smdoj jo 138N
© S3IPNIS 3y Su (JOI[9q 1591100 UI ISVAIPUL U [IIM) paonpal st Ljureizaoun
sty puw ‘s Surpeap st oy saidoy ap jo praye, saidoy Jog Janaq 1931100
PUe (JuIeIa00N 2]qRANSEAU T SUTRIIIS 151j0Y a4 ‘wonwayidunsiano 1ySs
v 8y (L uonass ‘| amduy) ‘sawwinsa sauapyuoa Aq pauruuazap se) janag

1991100 puw AJUTEMAOUN UI S20UAJAQIP JNSUAORINYD I8 219 “Jayqumg
‘Aunnass 10) pasipeusaixa L[y ae sasaodiy oy

aloym ¥orgyapal Suump panaije Apral 210w 1w SUOHFUNILIISID 95T
's3|quieA AUBW JO SuOnouUN] a)edipaid
30 Aupiea 241 s pauaouod ase suonsanb siy ! sesayiod Ly euonepe: sasod
150y A “wsenued uj ‘sssayiodAy ey jo Kisfe) Jo ying Sy1 Inoqu Jajusw
-uadxa sy suonsanb uay pue ‘2ouc 18 anjea ayesipasd ‘Livun L[reisuss ‘2uo
1531 yorga sesapiodAy sasod 10 weyd reauny v 01 Surpaocow syoed pred o
yEnony sfuus S ISIULDS S {uonTUIILISIP Juapuadapur ue sapiaoid
OS[E (|'¢ UOMOAs JO SaUnsedw aouwipurjld ai) uo paseq) Surnresj-can

Suunp reurew £pnis 91 InOge payse suonsanb 9y Jo ssATeme JUATOY)
‘(g01 314 225) voneiojdxa jo
wsaed aNSANIVIRYD B SHGIYXA 31 (PAYISSR]D SAMNTLALD N[} PUB VOHEIGISSEP
S INOQE $108) PIqLOSUI AIB YOMJM UO SPIEd PIxXapul o1 ssaoow Summes
Aq apdwexa 10J) spwue Jo Awouoxw) ¥ UILI[-3a1f 01 pamolle st palgns

ay} g1 ‘skem snomrea ur paunutap aq fvw 2dfy aiBarens s, fenprapur
'swafqord Surajos ur uonejas (eod oy osn s13ajos wapqoad

Js1[0Y] puR JSIELIAS 10q yorym ul Aesm oy oy Ajdde stustmmos sures sy
‘suondimsap JuepunpaI pue
JU2IIGIP JO 198 1 0} 30UIIDYI-85012 Kq I S)oNNEu0s Arisuad 2y vonejan

aupyarowsipy pue Supgnogy ‘saSaoas Suyovay ‘smfavns Suneway

weu gl — vl (o1} @
Enou By =4 (6
ol P74 — 48 l8hlg
saou o) —WE (L
U LY - g I8

upoul B0 = Wi (6
o = 0g (W
wapou 7 =g (01
U e = qon (O
vl o = 90 p (i

ERL

T

LU TG U O] g
sapErpes L6FL o sanE s [
LT
s PR miag e ey [E)
paIo0
Aouawe] jo mimsng {5
LR TFTIE LAl
J8 108 o adA jo maoy (¥
Baj 10y jo sdhy o miey (2]
sacthy . jo selan (T}
sRaugopy (1)

w9 § v 5 I

w3 geeg ey

5

_nn Auasake u|
P s o s (g
miranny Jo oy (f]
U N 70— g (5]
paou ek i g (5]

Ly®
Eadnt uo saion (]
miou Lg ¥p — 1= (6
s0u 0O — 31 (21
wnou T =1 (1)

aWmm  gWR YD JWeD gD WD

g

Ll

avupiiafing pun Suwinat unngg fo saniausaqin ay L



68T

ll-.lJ..
3 ﬁ
" z ..-.._.m_._
2 s
e m :
=
S _
m. mmmAH ¢ m
o g3

Pl | :

118 Lapmeg

LR ]
Gy

[t ]
~ ) ey -
¥ dnougy

!

L
W Sxaam 7 pue 8A0j L
3
|

= EHUSPLE I

UBGAI0Y O |RAREL]

|—'*'1FI-I!-I
=
Bl L
(1L} pmi ) sy

-mmwmmmww
=1
el B i
i Ll O R
Ml=i
T P :
il |

Surporowsypy pup Supyonpy ‘saudaa1g Supyava ‘sofarvass Sunuipay

Aprey st ufisop auL ‘(7461 “noo§ pue ysed) sjuawiadxs Jupures) afeos
-AIeTpaLIa) U} I3 JO 25URs 2T 0) a(qissod st ‘serrvurmmpasd s WAL
‘paxmbaa Sussasoad
TUALINAU0D J0 2a153p A1) (1SI[EHAS) SIF|WILI JO (1S0T) SISTWIXUW 181 Kum
¥ UL UONUINE 5 Juapn)s i) 2apmS puw suonefa: [wod oy 01 peaj 1w ‘wone|a
1803 ® jo suonepa 1ed 1 *2°1 “sardoy sy yEnoayp syyed Surpuy sywina 31 puw
(awmjoA 1xau auy up pajieIap st 1 ‘urede) onemalsds st ssaoold ulisop ay L
“ISION] B O pPaijaiousiue
PUR SI[UISS T O Paydivi SASILAIS ST J]aM SE ISIELISS T O) PayIIousTis
pue js1joy ® 01 payow are ey sa@xens Sunpen ulissp o3 Iqssod
st 11 uonaunsip ssa004d v uodn 53591 vonoUNSIp JSIELASST[OY At AU
‘(Smnjoa 1xau
31} Wl pasnponm aq 0} ‘ssuadmos Surunalap jo spoyIa 110 [BIIAE
are azn) A851ens Sunwres] jo ad) swes . 29n0sxs 01 asuatadwos jo xapul
auo 51 uonsodsip a1 ‘pasrunnizs si acuvmaopsed [nyss200ns siy JT WRY
10 (w1495 Ajquiajaad ‘syse) Juaasyip Jeao souwunrojrad Surwiesi-cay sy
Furomwexa Aq 3210 a1y Jo £Sa3e)s Jo pury U0 KN 0) uoiIsodsp [RITSTIES
t SwAvy 58 [ENPIAIPUI UE 3sLIRPmRYD o yqssod st “ysenuoo uf
"SUIEI[A PUB YSAIJE LS, SFuRyd
01 pajfadu st oya JuapmIs 31 § papaussip 2q 01 sey yuawdmbe aanmSos
palsasa fsnotaaxd oy ‘uonBUIOSUNL A3 JO NS B SB ‘puB AW 1M
$35BA1IUT UONENLIOJSUT $TIJ] 1939 O Pap323u ©jup SUMILIYuossip jo Junow
ayy yng “suononnsul [eusapxa £q odA) yrys o1 sqrssod sy 3f “unsIp 2uou
10 (12, 21w s2d £ a1Fa1ens 91 WONESIAANOD auo Ut ‘st rey L "(wuiod sip o) dn
UOISSNASIP A1 Ul patunsse A[I08) $¥) J8I[ELI2S, 10 Js1jo1, 8B A[snouwoloyaip
padfy 9q ues (panwis avuo) Enparpm ue ‘Jupures) jo a0ard semonaud
e Suunp e ju2xe oy 03 ‘paounoucid Lxan st 1] "smM200 192 S|
“13Yj0
i 10 £82)uas jo ady suo uresdur pinoys L11xy 2401UE02 Jo uonow ot ‘Awou
-oxm ¥ o) Suipiosow payrsseps aq o) samads v Jo uondussap oy ‘aqdumye
10j ‘feuarew Apnis Jo yunyd waAE v Jo 1x31u00 A1 U (S1XAJU0D uBMIAq
afueyo St juspnis v ySnoq) 1xawod awws M ur opqnedwosur oS
are L2y ], ‘sassa001d aanmudoo axe KHayuags jsienas v pue L3a)e1)s s10 v
“JSI[ELIA8 PUE ISI[OY 11 S)BUTLILE
-sIp (K]quifes ssa]) yoiym sisa [ouad pue Jaded owos am sy *Apeurg
“(soyenss aouspguoa Suniifa
pue suonsanb Suisod £q) padwes aq wes Euaew Apms A W AYMIS]D
suone[as 91do] JEL) puR ‘SI3T30 [ JO PeaYE SI U0 208 a3 U} WIap
jdacon 01 paxse si 19pual 913 PUE I5INOD INp Ul pasomsus 51 uonsanb snp faq
£¥w jo pesre 1ej, 20, Jo peaye, 21dor v 1ega Jo wonsanb iy s8aq st v
“(mones sdoy fpatioo
i Jo uiepaa st ay Ajemmm dmores A@admos st o) paystqerse Ang

aoumiaofiag pue Supana upwingg fo sappauaagd ay g



162

Jupomap jo potyisw sjqeuoseal B *A[puoaas puw (suonwas sidos o sjusuad
=Wod STOMIEA S1f PUT uonujar wof a1) wouy aq Avmr jwym Funuassaidar
Jo suwawr sjquuosear w “sig (Supuwmsinoe am sjuswanmbal urem om,

Suppuwyssapun) pre nopmuasarday Jo swajqoig dupuesing  p

[PNPIAIPTT UE Jo 20uajadmod oy 03 ABayrens [euoim i Sumgorew
Jo watpada (sjquonosed Lpinus) oy 4q paasryor aq prrod spmymBeu jo
S19pJI0 [E43425 JO Juowasordun we pue Juaogau Kjssoif 2 jsnw uonesnpa
woolsse(d ‘adsns am se 38rep se st 1939 a1 Jo azis S J] ‘wonIpEod
paaeul v Suninoss uodn spuadap Suruavs) aanvaye yFnoy se syoof 1

(d < 100+0) 1242} 122 32d 1.0 a1y 18 JuBOGILSIS seoualap 2a18 Amasmy
Jo sdnoiny s1oalqns paynewsnu ag) wey 21008 153 Jaydny yonw v oawy
sialqns payoiew a1 ‘Jasamol *(ynsarsny urejqo o) UAS0T2 alam suajqold
i) spalqns asijoy se ‘9fe19ae 91 o ‘fam 51 180 2wy s1alqns 1simiag
"[ETIE paurea|
Y} JO UONTIAUATA pUE UONUIIAA 10) PaIsa] 2194 s1aalgns e “Apuanbasqng
"PAYMULISIUL 048 (7 ) pue () Y10q SLaIYM ‘payoivit axm () puw (1) ioq
¥s+~H = (a)
YH +~H = (D)
¥H+ S =(g)
¥s+ 5= (¥)

‘Ajpureu {suoneuIquIoa moj 91 JO ‘(¥ #) ssunnox Sumren jsioy
puE (¥5) sounnol Surarex 1SIELas BIA 7 Y5E) Ul paonasur asam (f7) 1s1j0y
pue (§) 1siEpes adf-2ouajedmos ayy 03 poufisse Lsnowmard syuapmig

"¥orquoes) uo Juspuadap st 0WI B SIOURSWNID 95N J3PUN "7
'0s 0p j0u pip s192(qns 153 “Crowaw v 34wy 5109[qns youqoTa], ‘sa103s 1191
INBUTWLINSIP 0) PAP2AU ST POYIALT [EINSHE)S OU 10L] JUS]ED 3} O3 INI-TEID ST
sdnoJd om1 91 UM 20TIIAMIP YL PaISANAs alam spralqns gy e “sysam
Jo 91dnos v 191y “Yorqyoes) 03 pannugns aiam ‘Kauanyord Jo [pas] tues
a1 v *sealgns jo dnoad sapouy “Loustoyosd jny sasmiar pmos £my [Hun
Pasa) 1am s103(qns jo dnoad suo ‘swarqord sajos o) Fummaay sy 4
"21qapul s1 AI0Waut 3y 1Rl 942113 O WOSUAT 81 HIaT [, ‘[EAdSIUL IR Ja1)E
Pajsa) §193(qns v UT SO JOJ PIUE JSEA] I8 $Y3am Ma) 1t 10] sisisaad Arowan
S 020 3ad 1.0 3% JueogiuSis saouasayip moys Auami jo sdnoin daouce
ayy Fuonposdas uteys © Jo yorqyowa) UT OUASIKD ) Woy Aeaoamnbaun
pauojut aq Aww y 1deouos v 1oy Lowaw v Jo jusugsiqess Ay ‘g
! (yueoagrudis are sayogew waped ing swudosddeur
aw ss3) [eonsners adurs L1 YRl U1 ISHOY JO ISIULIS SB PISLDIOEIEYD
Apuspuadapur usaq 2wy s122iqng) -wonanposd oq Surnp parsay stseqrodiy
a1 Jo juasajex pur odky a1 03 10adsar yum Afeivadse ‘pupy ur juassgIp
aunb (parorpasd su) axe sisijoy pue sisrenas jo sureyo uopeueidya syy 7
{aequoua) ut nsoo op sureyo voneuejdxa ‘pasadya sy °| smsey 7%

Suyprowusipy puv Suppiopy ‘saifawns Sunpnay ‘soaivug Supuvary

06z

*SIMMIOUONT] IN[Is A[[eInionis
INq 19UNSIP OM1 TR SOT PUE p[ S2andlg Jo g sw puw | Jsm Apeurg
M jo spand puw uone[as (eof oy jo swone
-uwjdxa J0j Aprewnsd [reo (123duyo sy} jo UWOTIHS 158] A1 Ut 5¥) S)53) AU,
‘sayeIsTir Apatial o}

$1|nsaJ Jo 98 papaouy YsTuam 03 ATESS2031 517} “UOLIAILII 1) ORI SIUIPMS [[B
JRY} 2INSU2 0] J2pi0 U “PASEMOoUs JOU PIPUEWIP JIeU st uoneweidya
inq pakojdws st wonsaped jo woumuo sanaalqo Jwes i ‘vonipuoo
JORQUDEA] AANIILIUI U1 U] WORERS [od S pue ssn Y suonefai aidol 3
Jo (¢ urepdxs o) pue wonoapad asaoE 03 pasmbal st JuIpMIS AL UORIS
15€] A1) U paquosp ssac0ad Ay §1 (501 puw po1 $NSLy) Jorquoeal,
*papIooas ane suonerojdxa youd pres pur SUOHIRSUR) [BqIA log “SUTLIE]
-2a1] jo yued se payse 2q Aem smonsand) “oydwiBorord st mep awos fuanIM
g1 mup awog *(s[ewme sy Sunuen 10) SUOSTAI [UILI0NSI] PUT SISLIANILIRYD
(earshyd ‘moraeyaq :aqdureya 205) JUAYU0I AQ PIXDPUL 018 SPIED N[ ], "STELIE
uwnaepy Jo seads LrewSvun uw jnoge mwp Juuiwiuos spred jo jualm
~UOIIANS 1 210]d¥a 03 PAMOTE 348 ‘O 918 UL UMOYS PUR 313 JO SIBYD [)lM
papracad am pur uonepal [wof ) mowy| oym s1aalgns ‘uonipuos SoLrea
-aa1j a1 uy “eard K1 st ysuy (Surures) Awonoxe)) vonvaLsse]d sar0ads AL

‘501 St Jo udisap
uojejays 23 uodn paseq st udisap [euy sy ‘saidanens Suyoes) payojewsT
pue payrem jo Suruses| uo 0ungul Ay INOqE WEP PRI ‘s0algns swres
aut Sursn ‘puw yorqyoe2) Jo wonuaas vodn 1aya 1Y) ‘sadanens Surmres)
-331) Jn0qe uorewojur apiaoad syuswadxs a3 souls ‘(po1 ‘S14) xepdwoo

ufsop suipnQ  sor 3ty

|araaa [pich
— Y] e ¥EN]
ei=ba ] ik
= M{PH
[drzit (L]
WRE]  ———— O]
PaLEIRLLSY g
o v..._ﬂ_zﬁ_.___IH IBHAE iy == Seaa
[Encus (e
W) -— ) -—
PR
Bty L g
[ s (s
e v .-
P g
CPaL L Ty wr | wERL A =il P
St s
[ASatean Sunpes pegaoiaid W ey 1
Bipecaon SUREA)) UGG pucoes mey ulmy [SURARY B4} Lt TLI2y

asupuiiefiag pun Sutuspay uowngy Jo sonauiagly sy



£6L

sou *d [RuonIpuoD pun ‘sou 'd usamiaq uonwjal
‘27 t'sou °d jo spounpire pur saonns jo oo uasmiaq uopmRI ‘17 ‘aSpa)
-mouy uamd Jjo uonmuyap ‘gy ‘uopepes Lipgeqoxd jo wopmuysp Ly fsiaquinu
[MUOnang gy uonmuygsp aouo 1T auo, oy _nn:___.q_.,_u ‘by ‘mapao ‘g y ‘Sununos
‘zy ‘Aupgms uni-Fuop ‘1y -momm g Juonsasu Y o EEEEuEu_EF.ou ‘or
11355 PUY 338 ‘G 1I8IAMUN 4y ‘suoiTeiado NAWYIUE ‘gr dUOHOUNSIP AAlsnP
~X3/AAST{OU ‘2 [ UONSUTISIP PHOM [E31/|2POLU * [ 4 130 osodwios Jo justwaydimon
jo ou d ‘g *Asoay Kupgegosd ° g isiwasa ansodwos jo -sou -d reuonpuoo
‘9 suas2 siduns jo ‘sou -d ruompucs ‘g ‘sjuase assnppul Jo sou -d wly
'SIUIAD 2AISN[IX JO ‘sou *d *¢ 7 t51ua43 ansodwon jo ‘ou -d ‘2 ‘siwasa aqdims jo
(rou *d) s1aqumu Lypgegord ‘[z ‘1uasa ausodwos jo juswapdwos ‘g5 "wﬂ_mﬂﬁ
Aaeqord ‘o0 PO [RIRSANS ‘¢ Laiaaa ansnaur 'po LS1uaMa sasnxa g0
tsuass ansoduwios ‘7o Has wasa 1o Lo Lipquqosd 'y fsimsa aysoduos 1o
Anpqueqoxd pruonpuos ‘97 fsymsar ayduns jo Kupqeqoad [ruonipuos ‘.7 Ssymsar
ansnjoul o Kiriqeqoad ‘.7 Ssymsazasisniaxa jo L peugoud ‘g7 sy nsas apsodmos
Jo Kupqraord gy tsiynsas ayduns jo Lupquqosd [ tsymsad agdus jo Loy ‘17
dsiuusadya wopues ‘L g fsinsaransodmos jo £suanbaig jmronipuos ‘o tsimsas
aidusys jo fouanbasy muonipus ‘g fsynsas aagsnjoul Jo faoanbass ‘b tsinsa
aasnaxa jo Aauanbary ‘eq fsinsas ansodwon jo fausnbayy ‘zq !synsar ojduns
Jo Asuanbagy ‘1 tsynsas wopuws ‘90 iswawadya answIRp ‘¢ ‘synsar
AN *pS KNS BnISNX ‘£ isynsa aysodwon ‘7 isinsas ajduns o
aananayr uapoiua fo sapou of £z gy pue H jo sired usamiaq suonwyR: Sunms
spesayduad 7 £ 2apso, §+9) saannund ‘y ‘pfjppow zaqunu Ay :nu_.._E.m ‘H ”_u_.x_E
puninas ‘9 tKoag Aipgeqand 4 tsynsar aduws jo Aioays g ‘symaumrdys
wopuw ‘g :sjuswudxa onsTumuAap | (2002198 (uNoARYaq woiy sjdureys,
“83) @ 10) sperayduad ‘og 03 1g 1 20uwy jo sound wous adurea, §-9) 5 10j
sresyduad ‘9 01 [y :amonns wawpeiea ooy L Aiqeqosd, s 907 msiy

Z1S a1 JO TIPI U Japeas I 3A18 01 901 T uI umoys st auo ‘EuagEm
[PUOnEINDS jo syunyd pazrs ANsapoml Joj uasd ‘afiny K1aa are sampanns

.mt.__tu__u:__ﬁ:t pup Supyaippy ‘sadamas Jupyavay ‘suFaoas Supivary

T6T

qong (swuan sjqeardiour-ourgovin ur yauwas jo spadse Liojwueidya
pun aandiosap a1 Swissans aagieg a1 H(gLe1) praBour o ‘(0L61) oIS
‘a1dtunxa s0)sauadiperu feognae ur pakordwa Aapim sumb y1omiau jo pury
1) “YiIM [EDNUSPI 10U ING ‘0 JE[IIS JIOMIA [RUONE[RI B spiAA ‘Terausd
1 “08 Op O WY} U2MIIQ UOHER[AI ¥ SB UoNv[RI 203 a1 juasazdar o) pue
patiws| a1e ey) suonejRl adoy Ay Jussazdas 03 aqussod st 1 “2sn02 JO
~ys®1 ay uo Jeaq 03 Suq Loy yorym si01dussap pue sansadoad
[euonippe jo swisa it (ajdwrexa auo st 30| “3i Jo rstjoy wepunpa ag) Ay
-gsa00ns KJaa wre| spalqns awos asneaaq Auiqissod sy wpe o) [enuass?
s1 11 “19iung "uonNERI (208 JWES () AQLOSIP 0] UISOYD 3q UL SIUYIS
Surxapur pu siojdiosap jualagrp Awsw {anbrun jou st 3 pue vonduosap e st
uorjdinsap au) “13A9mOH 'S198 anfoa WUALAPIP Auvww jo s19nposd A Jo 1esqns
£ §¥ PUT SUOISUIIIP JO SIA1SN|D IDUNSIP [113438 JO s1onpoad o) Jo J3sqns © se
poassasdia aq ues uonejal [eod ay) “Juepunpas Ljoyesaqiiap st uondinsap oy
20118 SA11IN.] *SUOISTAIIP 253L[) JO SANWA IY) JO 195G NS 7 §© passardya aq ued
(Awouoxw s &g pagsar styoa Jo diysiaquisw saaads atp) uone|al Teod
g1 108 ug *(,uoryer2s feod, Sunraquimpn-|[e o)) £poq Y01 B OYUI W)
___G_E.__ 1) SUONE]2l 201 Yis ._uﬁumﬂ- g aad ‘SUOIR|aI 253 JO LONBIUE
-adas © j0u S1 71 {SUOTIE[AL A[QBAOUY PUR 9[qUUITI] J0) IWAYdS Furxapul 10
atwayos uonduosap st (suosuawip 0) Surpuodsalied spred viep jo saurodares
yum) £01 -J14 m voneuasaidas ayy mata jo jutod [Ronaloam ® woig
“Apaororsnes aymb UL 30
SNOLIEA PUE 2531} 133U S0P TEY] WIS UONMUASAIAI B *paurerqo 24y pue
3225 9\ “ISU1OUE 10 PUD{ SUO JO $3110)1S0dap JNULLLIS JO BNILLIND WI0J O}
sfipapmotny Jo syuntj Sunnquiod 10§ poyiu anewa)sks ou sta5ay ‘vonafqo
yreayruSis renba Ue sy UOISSNASIp JIpUN $58I SgIdads g ur ajqissod ag
o1 suadduy 1t yFnog amSy € yans Jo suu ur AFapens Furgoen & ssaudxe 0y
*(esauad un ‘Aum ou st a1 fsyenbapeug 2a0ad (uasrd 3q 0y suoseal 1oj) pmom
1t ‘ajquafruem pue sjgeanouid a39m UONMUISIIAAI SIYI I UIAD ‘120250
‘Lua awms agy un paymasardas sea JaNwW 15a(qns sy J1 QISR I9L198
-0y 2q pinos ‘apdurexa 103 ‘Suures] Ansiuayo jo Apnis v ey epordde
01 1[NAYIP 10U STIT £0T "S14 T wMoys pury a1 jo sarfainns Sujurea) 1o suone
-urjdxa 0 asu saard (spdurexs 1o ‘s{EUTUR UNTAUEY A1) 3 UI $)52) DUNSIP
USZOP WIOS 1IiA WIYDS SIWOUOXE) ¥ 40§ wiwp punosiyonq sy Surures]
(£Fojor00s J0 “AFojo1g ‘sonsnwys ur) asmoo v s adie| sv samjew palqns Jo
adoy pue Summaes] jo sagaians 2usiEal AEUONEINPS YILM [E2P 0 ATESSIcIU
st 1t mata Jo uiod onewSesd ¥ woig spunoid [eanazoay puw resnsesd
U0 110q 2415nNqO 51 (3Fpajmoury Jo uoneyusasdas v)usmannbarsnyay
“[PIUAUIEPUN 1 YOEQYOE3} Ui pastesqo Suipueisiapun o uonipuod ay) el
ystqersa o1 ajqissod aq o] (i 1] ‘sfupupisiapun jo souanbas € (aq Lew
25} 12A2UY M) §T U0 0 PUE JUILAMSEIW ‘UONEAINQO 0} u2do uonEsIoAueD
# wip urod snp jE yInous Jedpd st 1] “Supursiapun UB JO 23T2IIM00 A

souptaiofiag pup Sunpay uenung Jo saianegls g



C6T

Apernaad v syuasaxdar 3 “aayyes fasmas Kreuypio sy uy sBpajmouy juasaidar
10U 530p J] ‘PAALIAP 08 3 up? U0 S YSNOY) ysauw JusmfITua UR ‘woly
a[quariep jou st ‘eaauad u1 *pre jou sy jey) 19w o Aq dn paununs aq weo
*PasIonNLI0 APIi 13 YSTA “SIIDUIIDYIP §1] "93J] MHON B §111 19U QI9A B 1ou sl
2211 Jo[puw wv ‘(gsg oFed) 4 F1f UI UMOYS 2MIONNS EIMOIRIANY YL
“Sunimes| jo jnsas v se ‘seuuew sgew
-84s © ul ‘9a[0A% 0} saysaw Joj ofqissod st 3 puw seyao) saysow Jo spue
)y 01 3|qussod st 11 “sweswm snp Ag “sousixs out 1ySnoiq 2q 1ySrmIng
“151%2 Apuasma jou op 1Ey sapou 1oy ssapjoy 20w puw suonisod yuwg,
swos 3¢ Jutod o3 aqqissod st 1 “swayos wondudsap sy Susn £g (p)
"PIPUINSO aq WED 11 1BYf) 05 “YSILU JUSLJIRIUD Y] U (wonepar sidos
v funuasaidar) apou yoea saxapuwr £janbiun swatas vondisap oy (2)
‘pauipno
2q 0} syuamarmbai 15w a1 AJSUEs puw qNRdWon am YAYM JO [ ‘sawayas
arnduasap jo sequinu ayugapur uw asooys o) sjqssod 1 (q) Kuadosd
Jo asnaag “dew aapmuFoo v jo (AZojodos snonna L1aa uayyo uw ur) saur pus
ay sw 1o 1w (ss03dussap) sarwurpioos Sumodu ‘spios Jamo m ysam
[ruonejal o1 Juiquosap 0 sawos 11 uaym asuanbasuos jo s1 (q) Ausdosg
‘wonmardisyu jo surewop Lueld ur painoaxa
3q pinos 1daouoo ST Joj *(1upasjas smaap 2y yowm sanadord ey Sursooyo)
uonuarpasd jo spoe ur 38eSud ‘o) paxmbai puw ‘o) 931) 1 JUIPNIS ] 25US
1) ul pue (0UMUAAT0D Jo sy wody Jede) Juapnis a1 Aq uasoyd aq e
PAIN3AND PUR 1[N S1 [SPOL ) YoIy# Ut 3s3a1un semonnd o) ing - (Funsy
¥ £q) uoisuaixa u pauyap st uonepR! sy Ljres(d b usyy uonERl paIssp
apInoge funig s20p ‘TonNIIXS WO ‘YOIM [9POLL ¥ P[ing 0] Pasn stampasosd
A J1 uonws v noqe ssuuq yep ampasoxd v s1 ydaouos v +(suonepas
PAIES A[[RGI2A U0 JUSWILOD J2LIq 317) ['E LRSS Ui patoow sem jutod amq
H1xa1u0a Auw ur paurerdxs aq pmos uorejas sido) v 1wy suwstr () K11adosg

saLsaw Jauo jo Jaquunu o rep A rugaput uw o) owjdiowost ase Loy L, (q)
‘Ajreuonuayuy ‘st yep i (sampasord Surajos wapqoad 1o pasoarrp [2of)
so859001d Jo w9 uT Inq molEwAIXa Ul pafiaads K[uar jou are Koty (v)

‘soradoad Sumoeas-rey Ljpemor ing juasouur Lpuaredde 1210

Jo 9(dnoo v oawy (saysawr JuowiwIua Paf[es AJ[eIauad) syromjou yong
HIosjau
[PUONTaL 2y Ul ApOU YOEI 0] paysEne st wonmussarda ssaoad auo
1yy saambai Aypiqeandxa g 227 “suop aq Avw jeym sagads yogm Suop
10) axmonns Suials uorssnad v *vonvyuasaidal ssavoad v weyy ssIf Jouw
Jow ou st suonwuwdya g 227 jo ssep oy 0) Sutpuodsarios spout jo ssep
YL umowy aq Kvwr Teym sagpads 31 ‘u0jeq poliosse s o1 ‘Sunupay Joj
amjanns Surard vorssrunad e styssw 3t “g 1 sadey) 01 2003521 ITAL “pooss
-19pun 29 Aow ysat & gons urmonEpRl oido) yaws ‘sousy ‘vonwueidys f az7

duppasousipy pup Supgiopy ‘saSaious Suppova ‘sarSeross Sutuway

T

® £q vopwognsnl s qua Jagador ‘woneunidys p arg ¥ jo TONNIINI A
£q pasuapiaa st uoneaz aido  jo Suppuwisaapun ) ng “Kupiquondxs [ aay
JO UORTPUOA B ST ST, “Jsaw oYy ur uonefa1 1dol yaea soj uonwueydxe g 427 ¥
1# paALLI® 3y MOT jo uonene]dya Uv YsnuIn) o} Qe §I ‘1AYIOUE 0IUI UORE[I
aidoy suo Kires yep swoneiado peyusw pansod sy um paddmbs 133(qns
£we yeq suestn Kyorpadd 18Y) 310U PNOYS U0 *JUIMNO UT SN 395 O,
"1 s [eonuapt 2imb jou ySnow (er61)
siid pue goormOop 4q uaaf jesal v jo uonmasdizul @ 03 pajEls
Lppsop ywisad & jo Lupenb oy pus] LSy ‘SjqEIoWSW pUE S[EUIE]
51 ysaw 2 19y 2ajuerens ‘yssw ajqmdacoe we uodn pasodu are Yangm
Jo yioq ‘Kupgeandxa g aa7 pue KR Jo SUOUE A WA UM
‘suonredxa
§ a7 JO $SU]D STIES A1) ATY j0u op uap LSY) ‘YSaw Y} Ul JPUNSP puw
paureu AQuaiapip 2re suopeja: ofdo1 aJow 10 oMy Ji ey ‘Ajuen paAjoAul
st Aouapstsioo jo uawarmbar e *A[euL YIND jO UOLIAILO B 0 uoNaB TS JO
UOLIANIA 1 S 31 fsypom [apots ) 1ey) ATuo §1 uawaambar fipqeondxe sy,
sy St §153U) 9y SB [euonuA )mb §] S ‘08 0P 0] SIUBM Y JI ‘SUISUOU
ognuaios arejdya wea (Juapmis syl Jo0) wadxa IL "IPRINOAI HILIOY RIM
U2A2 JO 1INI] [EIPLIA 1A TWONJIIULOI SNOIAQO Ol SEBY Apqeondys g asg
101} PasSaI}s 9g PINOYS 3] "Il [IPOW UED Y ‘(SINuou0dd Jo JuswSTuew
w1 awed Furkeid-ojos ¢ ‘ajdwexs 10)) vonwmys swed ¢ Jo ‘Loreioqe]
‘auryowm Sunndumos sjqeunneidosd v sv yons 2msp rexsiyd seudosdde
e voAsd ‘10 1 ureidxa wes 3y 10 13]qualIdxa () 427 3 [TEYS YsIW Y1 I
uonejal ordo) o2 181 S “Y10M)2u B Aqasaty) pue sisa) v sagads oym (108)
JO Jonew v se uapmis 10) dnoad 1o vossad sy nodn JuTENSUOS 130 AL,
{12a0251p
st suonesado prmat jo uwonwyioa Furpuodsanod ayy pue (suonep:r didol
U29M120) MALYIII2 JO STONE]2] SE LI UOWIWOd ¥ 19pun 1ay3ado) padnos§
aq Awn suopmiado [EuonElRr ‘A[[MUIPIAU] YJOMIIU FWES AN UL SUON
-vjas o1doy sayio woay suonesado pryuaw adpty e ‘suoneado Euon[
Aq paapap aq uwa monuiex ardoy Aue yuyy “Ajauniu s hytonado s1 Saadoad 2up
2NN [0S YIOMIIH [UOTID]a T saptaadoad jpyn wodn siupgsuos woil jivde
yiadxa son1ew 103fqns ay3 Aq paruaaut Ajoal) sisay B A[ure)sed siif ‘K100
fypqueqoad Kreuauala Jnoqe sisay) Lenigae uv jo uonwuesaadai & 150l jou
§1901 “S11 spIom 3atpo w ¢ A1papada payred st puw papuTwIP ST IuawaNnba
sy ‘yssw swes a1 Ul suonwel mdo) Joyo woiy uonsanb ur TonER
a1y 1onnsuos o1 ajgqmssed st 1t *(op] "Hig ur saw pawanp 4q pajuasaidal
puv) suonrjas oidoy a1 W2MISQ P[OY 01 PIUS SUONE[RI Iy el JEY)
suonesado Sunuopad Aq 1340310 "SYIOMIOU GI2A 2TV SYIOMIIT ISI INO
paLLIBy ST UonEIo[dya 10 tjaress ® i ‘UONNIIX3 1puf) “Kioaq Aipqeqoid
Kvuawap noqe (1adys 1apew palqus ouo Jo) siSA auo sjuasasdal
9] nS1 ‘AIMANDS s3I (23431 0) (JWNJOA JXAU I} [1IUN) 10U PUB parjoaut

aoupuLioftag puv Sujuioay upwngy Jo sonaniagid sy




The Cybernetics of Human Learning and Performance

stilted description of knowledge. To show this point, consider any descrip-
tion of an entailment mesh. Amongst other descriptors, it is possible to
choose (and to obtain the promised sense of a topic relation which is ‘ahead
of another, it is necessary to choose) at least one descriptor with the broad
connotation of subordinate/superordinate. In terms of this description the
topic relations are partially ordered; thatis, oneaspect of their description is
partially ordered and quite possibly this ardering looks like Fig. 94. Hence,
within this ordering, some topic relations are “ahead of” others and, as a
rule, the goal relation is placed at the top as a *head” in this description. The
essential point is that there are many descriptions with different ‘heads’ for
the same entailment mesh. Tn fact, Fig. 94 is such an ordering and it has one
intriguing characteristic; namely, any topic could be chosen as head in
some description of the underlying mesh. Thatis, it would be reasonable to
learn about truth tables in terms of variables and connectives (as in Fig. 94)
or, using a different ordering, to learn about connectives in terms of truth
tables, or variables in terms of connectives and truth values.

The second requirement (a means of detecting the understandings that
go on in a conversation) is best tackled in the context of an entailment mesh
that forms the conversational domain; the topic or subject matter that is
under discussion. In this context we need a mechanisable test for under-
standing. The ‘mechanical’ requirement upon the test or detection device is
chiefly imposed to ensure that it is well defined. OF course, it is useful to
have a mechanically executed test for other reasons (for example, in order
to instrument a full-blooded system of computer-assisted instruction or
computer-guided learning, or merely to relieve the experimenter, in &
seriously large learning study, of an impracticable burden). However, there
is nothing magical about this gndgetry; the test could be performed (as it is,
in teachback) by a human experimenter, The crucial issue in either case is
whether the test is definitive for it is to rank as an alternative to Turing's
test for intelligence in conyersation (Turing, 1963, 1969). We shall say that
any conversation (whether between two men or a man and a machine) is
characterised by a contiguous scrigs of occasions upon which under-
standing is reached by a process, without too much commitment about
where the process is executed (for example, in the teacher’s brain, in the
student’s brain, or in some inanimate processor). This process might be
deemed intelligent (i.c. an instance of intellect and not just ‘able to pass
intelligence tests’, which isa trivial criterion, judged either by Turing’s test
or our own). As a matter of orientation, I happen to call the putatively
intelligent process Jearning and to notice that it is, quite literally, symbolic
evolution.

206

Learning Strategies, Teaching Strategies, Matching and Mismatching

5 Taming Wild Understanding

The mechanical system which tests for and may also manipulate under-
standing in a CET externalised conversation is shown in Plates 11 and 12
(these pictures are chiefly intended to give the reader an overview of the
equipment used in studies of learning; not, in this volume, to inform in any
depth). The system is founded upon a theory of what understanding is
(Pask, Scott, and Kallikourdis, 1973) and the following comments in the
matter constitules no more than an orienting outline; sufficient to indicate
the flavour of this field of research.*

51  Itis maintained that a conversation in a domain, R (satisfying the
conditions of the last section), is a self-reproducing system, That is, using
Rep to stand for ‘reproduction’ (in the symbolic and automaton theoretical
sense as in Chapter 2) and choosing any topic relation (R,) in R on which
the conversation is momentarily focused at a given occasion, there is a
stable entity

Rep (Rep (Rep (R)))
where Rep (R)) is a concept i of R,

and  Rep (Concept i) = Rep (Rep (R))) is 2 memory of R,

If it were externalised in a conversation, by a CET technique, this entity
would be symptomatised by a cycle of explanation (namely teachback)
consisting of an explanation by one participant, agreed by the other, and a
justifying explanation also agreed (the comment follows from our earlier
specification of what an explanation or modelling operation is). Thus, if the
conversational participants are 4 and B, the first part of the equation be-
comes (under these conditions) ‘Ler 0 explanation by 4 of R, to Band Lev 0
explanation by B of R, to A" (with agreement) and the next part becomes
‘Lev [ explanation by 4 of R, to Band Lev I explanation by B of R to A';
the last Rep term closing the system and stabilising its execution.

This ‘stability’ accompanies (is due to or gives rise to, as you prefer) the
effect of cognitive fixity; i.e. it is a property of such processes that when
executed in respect of a given domain they “recognise’ and reject classes of
dissimilar processes executed in the same domain.

§2  Such an entity is recursively specified with respect to R, or in
general, R. But it may be executed in various processors, for example, in a
teacher, a student, or a mechanical device. In order to observe understanding
on the part of A and B, it is necessary (using a CET) to externalise the

4. Experiments using the system are described in Pask and Scott (1972b, 1973),
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