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The Cy~rn.'lcs of Human Utunillg WId P"f"''''<l11ce 

~1"'''i''''rI"" ~fr4X Uabllily Col""",,,, 'R"~' N~' 

, , , , • 
01 Sell i .g!'riceuwor'hanMark~ 

Volue1 , , , N N N 
Q2 Marl<et value ~ter ,han Cos, 

price? , N N , , N 
OJ Sell ing Price g=rer than Cos, 

price? , N , N 
01 Ta~ch:1rged on Selling I'ricek$o 

the Coot Price, to.. Expen ... , 
02 Ta. cIt ... ge<t on Selling Price Ieso 

tbe Cost !'rice. Ieso li<pe .... , 
OJ No Tax eitbttc~ or allo"'ed X X 
D4 Tu allo"-.d on Cost Price Ieso 

the Selling !'rice. plus Eltperueo , 
OS Tuallo..-ed on M ... ket;VIlueleso 

tIl.Selling Price, plusExpe.aes I X 

Fi!",. 86 A decision logic table for ddormining la, liabili,y (ofter Lew;" 1970). 

<Ill! be compared wi th what. Whereas ihe addresste or user may be e'pected 
10 compare numbt'rJ. doe, he have Ihe ability to recogni ... more obt'u';ve 
prop«rie&; either abstraet properties like jimUar/ry or ""ncreto propenies 
like shape and colour that arc u ... d in many ordering ",heme,~ 

The dilemma i, u,,,,,lIy r=l,ed (or "mply inchtd around) by appeal to 
'well learntd ,!:ill". The solulion is legitimate enough if training in these 
, kill. i, pro,idor! before the user is asked to inttrprct the chart; failing Ihat, 
be is alm"" bound to interpret any command to do (not just the command 
associated with the decision table) as a command to learn. IrS(), the inter­
pretation of the entire chan bocome'equivocal; variousoperationscoalesee 
into 'more or Ie .. wen [(amor! skill" and the chan bocomcs .-irtualty mean­
ingless (it might as well be represented as a big deci,ion table). 

Suppose, for one reason or anolhe" lhat a proces& i. ",rially e.<ecu .. d. II 
is th~, possible to T.p~t it as a flow-chart. The ch~rt may nOI only be 
complox but repetitive. like any other serial programme, it usually contain, 
pam (i .e. subroutines) tIlat "'present the same kind of computalion carritd 
OUt in diffe",nl contex .. Or with d ifferent data. A ',ubrontine charI' i< a 
representation of this .tructure. It h"" elements 'hat may be either , imple 
conditional commands or subroutine. made up from many; Ihe only 

,. 

Pro«ssU IVtd Pre.cripr/o", for Action IVtd /.eilrnlng 

restriction i, that each subroutine has been deUnealtd, before execution, ill 
exr.",o (as a segment of 1imple conditional command .. duly surrounded 
by a marker to indicate its integrity and named or labelltd). Such a chan is 
shown in Fig. 87 and it can be employtd practically tlSing instrument< for 
a=$$ins and assigning parnmeter, to tepl'e$tntatioru of the subroutines. 
Plate 8 .hol>'$ One of them. 
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7k Cy/>trMrlu of H_ lAdml"l <JIrd I'ufor""",u 

programmer hal pm:Iirud, miglll ha\'C bren made . This set omairuy con_ 
tains the corrtCt responsoe, aul il may abo contaio ""po= possibilities 
... hich, if they an: solcctcd, indicale the uisccn« of misconttptiotlS about 
Ihe JJl3,erial in frame I. 

S. As in "'" linear "",", ,lit: .,..ehi ... preocnls "'" "adent wi,h thc cot=\ 
response 10 trial nutnbcr N (Fra"'" I). 

6. The machi"" usct, bu ilt·in dmaion role 10 dctmnine whieh f, ame 
(A or B in Fig. 90(6» ohould be: d i.pLaj'N alni&! n + J. The inpul oflbis 
<leti,ion TIM i, the e,'&I"'\1ion of (4J abo>-e. 

7. The studenl iJ asked 10 ~ontemplale tile correct respo".. information 
and (if n= ...... y) to us< it in mOO ifying hi, com'epl ofthe maleri&! in fram= I 
(trial 0), When he II.., consid.~ the matte, , uffidently, Ihe otudent indi a te' 
thai he is re:sdy \oJ reeei,.e the next frame (by p,"";oga button, or in aome 
comparable fru;hion). 

8. The m. chine soi«u lhe 1le~1 fr;1me A or B, depending upon the 
evalu.ation of(3) and the decision rule 01"(6) and prnonts illo II>e lIu.:knl , 

Ocarly, "oil' 4, 6.l1ld 8 mediate utttnal fcedhitck-rontrol based upon 
an e.,.aI .... Uon function and I decision rule that are chOW! by the pro­
grammer, Steps 3 and 6 rnedi.lte lbe: internal concaj'-e fcedbKk which i. 
present oven in a linear ')'Item. 

I( tile re<pO= i. cotlSlt\Iccod ratller lhan .. Iected il is usua!to hand 0>" ... 

the evaluation and the dcci&inn to Ibe stl.Ldent. i .•. the SCuMnt is &iven 
aert.ain JIll .. (saying !>ow to woigll up hi. conslrUCled response: ..,Iali,'e 10 
tile «,m:CC J'<Sponsoe) I nd o:t\ain dirocti,... (if you f«olthat your eval .... tio~ 
is 0, go to A. if b, go 10 B). The lIudont hi",""lf .. """ t~ ..... frftm • . Tho 
important point it Ih-'l • ,ubl)'Stem of the Itwicnl ha$ bren i..,lated as. 
supervisor and oontrollor of his own education. using t he rules a nd di reeli ~es 
that are gi,'en . Thil may or may not be a good thing to do depending upon 
the studenl and lb •• ubjec:t mailer. The t:lpedient certainly does impose a 
reiLI cogniti''e bunle~. 

Several different SOI'tI of programme network may be appropriate 
according 10 the intention behind the decision rules. The ca~ j1Ultxln­
sidcrcd in Fig. 90 (6) is a network structure containing' mainscream linear 
~"'" .. it!> remedial loops.. In the simpbl possible cotlditionl the 
response to frame / il en!uated u righl or wr~ and a decision is "",de 10 
solect A (for pres<nl.l.tion at trial ~ + !) iftllt: 11th response (to frame /) is 
righI, 10 se:1oct B if it i. ,,~ong. Frute A is pan of the main weam of in­
scruction; in a linear programme ;t .. 'OItld be: the ,,"xl item aJ\cr frame /. 
Frame 11, on the other hand, is lhe "'rt of a ",me<lialloop B. B" B, which 
conlaill$ frame, intrnded 10 iro~ out the misconctptions about fra"", I 
manifesl by Ihe e,'ahu,lion ..... rong·. The student i. mu'ned 10 the main 
in<tructioml "r~:un II frame A only when he has . hown evidence thai hb 

~ 

l',rICUSU <JIrd P'~pll"" .. f'" Acrkm <JIrd uam"'r 

misconceptiont IlI'C ""I righl. If the evaluation IJIIl the decision rules are 
more elaborate, "'" remedial action can be mO", di~mi ... t i,,& and ,he 
programme l iruceure may ... ith advarti.l.tl". be mon: &t.ailed, For uamplo, 
in Fig. 90(~) the", IlI'C t ... 'O diff=1 SQIU of ",toedilllioop (B. B" B. and 
C, C" C,.) 0"" of"'hicb i. se:1«1ed whm the ... bjea is ' ''roog' al frame I ; 
dich OM is .. lectl:d okpend. upon how he is lOITO!I8. The U$C ofremodial 
loops is akin to. ruei"! procedure t:lleOOed over sew:ral frames. lIccause 
it i.exteooed. it can be a controlled eII.ins procedure. 

The evalu.ation and do:<:i.ion proa: .. can also be u.cd as a mental testing 
facility to determine ... hat J,Ort of individual eaclt student i1. lad 10 prescribe 
essentiatty diffC!onl form l of instruCCion fOf different J,Om of indiyid~QJ, A 
typicol progranlme network i.shown in Fig. 9O(dj, where Ihe ft,.n pan i1 a 
test seque"". for ',ming studenl$ into .Iassn and tbe remainder .. roe 10 
administer .. v~.1 mo.., or lUI linearly arranged coune< contingent upon 
cluJ membe:r ship. 11 is usual (as ;0 tltis network) 10 pro'ide melt faciUti .. 
for reassigN"g Ilt""",,t from time to time. 

In section J ,.'. prtS<'flI & lutori.l conlrol p"""'" founded on lhe tkip 
~near-programme network of Fig. 9Il(e). I I is a series of linear pr0-

grammes in whicb each Olle is addresoed to tbe inatlcation of one contept. 
From lime to time, l ies! of _pt ItlUtory i> made and, if lbe CODCIOpt has 
been ma5lered, the $Iudtnl is dirocted 10 st:ip 0'''' the ..,majning framel 
dealing with Ihil conctpt. lIena: lbe: name 'skip linear'. 

TIle first branohing prOVllffifrln were written by Crowder (1960) w/so 
abo designed the tin t teaching machines to administtt Ihom. ~bny people 
have .u~qlKntly been • • tive in this field: Galanter (1939), l umsdaine 
(1963), and Stohlurow (1%1). 10 menlion only a fow of Ihem. 

2.3 Structural Commualo.tloJt On. special !,,"ogramming to:<:hnique is 
the structural commun ieallon methOO of Hodge""n and aennet (1%7) and 
Hoog .... n (1968). Any Itudy unit (correspondi"! roughly 10 a programme 
se:gmcnl) consi'ts of tho following section,: 

1. A statement of the author', intention. Wt is, the uoottlying topic 

"" .... 
~. A ';""po;"t ... ·bioh onoOli the st!ldem and leads bim to t:lplore tilt: 

tiekl. 
1. A prnctllalion of tbe: boekIJound ma.t..w ",I ... ,.nt to Ibe COfICOpt of 

the study unil. 
4. An iOvtSligation in which the student is po!oCI! probleom .... y &ve of 

them. 
5. A w lution phase inyolving a r05po"" indicalor. This is a page con· 

taining ("y twenty) stalementS. all of which ",fer to J,Ome of tho problems, 

w 



Tk Cybern<l;CJ of HWItIm u",nu.l aM Pufor",on~ 

The .tudem 1/Icl<l.5 .ach problem in lurn and 5OIe01l 11'lomenlS l)u.l he 
believes 10 be tn>" 

6. A di5C\lmon guide. Conlin&enl upon lbc fludenf ... loctiq and not 
50lecting certain combillAlion. of,late_nlS in tile mopome indiClllor; lie i. 
dirtcted, through. nwnw of $Ugn of anal"''' to ltlidy some: of the 
'di5Cll5Si<ln commenlS' ... hicb are de!c:ribod below. 

7. 'Dircussion ctlmtnenu' ... hicb re.ncdy milOOf\CJeplions, moll., 
ambiguities. make stale"",nLS and encouf'I!C 1M stlldml to jultify hi. point 
or vie .... The commentl aha dir«:1 the 51lMknt 10 do 5OII1ffitiq by P"& 
bacI: to the probknu, the ricwpoinl. or the inunlion. 

Pmgn:ss 1brou&h Ihia l)'SICm il logical and .ystematic tnOIIgb. Super· 
fici&Uy, the $Iooent adopts a serial palb " 'hictI iI n:cordIbIe. He ia nol btld 
in the straitja<:t.et of stquential presenlation and, broadlyopeakin& tM 
wiser he .. the less ralric:tcd be will be. Wbereu lbe majority of branchi,,& 
~ ""' algorithmicin Ih. """'Ihat lbeyctlrrapond 10 serialOow· 
charU, a yrucnu:ai commUtlin.lion I'fOI'&1II"'" an only be represented by 
a coooition chart. For C1aJrIple, step (S) abo, .. il a condilion lest in .. hieh 
the required evahwioT\$ an be carried oUI in any order (usuaUy wilh 
inl<1TllpUon and $UU:king of data perm.iued) or e .. n .imulta/lleOwJy. By 
Ihe WIle IOk<n sup (7) oonlaiM unordered =lion 0, uaiJlU""nlSlatc­
monts. Whether or nol tb< stlMknt uleS tbe freedom permitted VII,i" a 
gr.al deal bUI he is ~rtainly. and rightly, encouraged to do 50. 

2.4 rn.cn • ..,. Lew", Slr"",l"r.1 oomn1unication is • procedural 
.eification of a doctrine c.lIed 'discovery lu,nin,' Or C,ince undiluled 
disco,'ery appears 10 be a preny haph.urd aClivity) 'guided \lisco,'ery' and 
i. a com~omis( belween frec rein .nd the aUlhor ilarian approach. Th~ 
b.,ic idea is ex .. lIenl. Moreover. il is empiriclolly suppomble, Le.rning 
takes place if and only if the studenl is impell~d to discover a coDnoction 
bel ..... n already learned eOnCepti o. 10 corutlruct a ooncept <k ncwo. 

A. ofi.., ' Ioted. however. 'disco""')' le.min,· i, • sloppily made 00_" 
sian lhal learning is chidly a lIlAt\er of cognith'c processing ralher than 
'behaviQ\lr shaping'. A few ad,·DCaUS ofth~ principle take Ihe trouble to be 
more precise. mainly in apmIlional terms <lescribing ... hat tUlori.1 acts 
:should be perfor.ncd 10 induce discovtries, ... ther than in lerms of the 
m«banism involved. Thus. lhe work of BeOMI and Hodseson (cited 
previously) is ""e oUllWldins exctption to a ,.....aIly CI,"aiier Irwmont 
of "'hat OD canb 'discovny i:&, and Ihe "'1H'k of Belbin (1969) is anotber. 

From a cyben>tli<: point of ric ... il is hard 1000...:lone AOasUUDption lhal 
'd;'",;n-eoi is a pmpm)' of lbe mind "ithoul de1vins into lhe .ystems 
involved. This acid ""lieI .... is IpUf1ed on by • rul baard. Th .... i. no 
doubt lhal the ""'I"ili..., opc11lCiOll' .. lied 'disog,"efJ" .... '"efJ' important 

., 
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and thai Ihey are much more diffleult to c:omprehertd than 'ad'J>la~on' 
(induced by beh"'iour "'. piftg). The majorily of writinp on th •• ub.fect of 
discovery are inrendM lO ease the dimClllly, SO Ihal discovery is liclionally 
oompreberutible as a popular lagword. In lbe proceu, 'di5CO\'ery' i. used 10 

I1aJlle • scholastic laulol~ (a rose lmells Po= beau", ilhas .... -eetness; a 
mind disco,,,,, beau", it has lhe di .... ' .. .,. faculty) as a result of which the 
word faUsinto di,repute and the exce!lentw_pts. which aetualJy underpin 
the di..:o'"efJ' doc1riM. fal1"";th it. 

2.5 Bchorleunl Objt<1l_ Durin,lhe last decadeor 50 OIle """",menl 
(abo> .. all otbe1"l perhaps) has had. Alul"'J inlluence in leading pcopleto 
think clearly aboul lrainin; and edOKati"" . The underl";ns dosma i. 
'behavioural oI>.fectr.~' (Gagne. 19(2). A •• tone and iMII/licienl ~ 
the dogma ""Ids, .. folio ..... 

(a) 'ThaI the terminal mlm. of uaini,,& and leaching Cln 1>0 c.'prc:ued 
in 1trIIl! of behavioun (onu very comfllex ones; for Vlample 'IO~Uiply 
numbers A to B uoinS a .Ude rule' or 'multiply numbers A to Buling I lable 
of log:uilhms' or 'mulliply numbon ,oj to C'). It lbe .. behaviours are co,... 
reelly performed a Sludenl ·kno .... · ... bal",'", (multiplication, fo< .... mple) i. 
required of him. The ... ord ·kno .... • is placed in inverled commQ beawc of 
a rontenlion Ih~llhc piny of behaviours is all that an instructor tan know 
(wilhoul in,'ened 00"'""") aboul the stud.nt. (b) The romplex terminal 
behavioun can be broken into ,.gmentl and Ihe oorrtCt perform1Ulce of 
these smaller pi=sofbehaviour. usually induced bybehaviour Ihapi ng. i, 
a sufficient ent'y crileria for. behaviour shaping operation that inrul""los 
Ihe terminal behaviour (obviou!Jy ra) and (b) can be iterated ... ilh .. speet to 
e!lC'h behaviou!al sellment unlil ,'ery . mall piecu of behaviour "main a, 
primitives and, in principle, unlHlhere il no rf/!.idu.). 

The ... hol. gamut of method, and models ("";tb Ihe pouible e~~plion of 
structural communication) Are pgpu lady adumbrated under the rubric, 
' behavioural ob.fectivos·. Training programm .. lire .erlainly devised On 
thai assumption and olkn more or kss work (though how elfectil .. ly il il 
hArd to 1011). The plain fact i .. ho"""'.1f di"",,'ery .. taken !triou.ly then 
neither Ibe contention of (al 'ccrminal behaviOWl .... all ~'e CIa kIlo ... • nor 
the conlention of (b) 'il i. pciSible 10 .. gmenl any $kill' hold 1VI1(f. If 
di"",,·ery does JIIQJ\ a cognili", ",~nl IhCfl ..... "... and "' .... / know. in order 
10 RIppon thl. vi .... ·• how . i1udenlromprebcnd, a lUbject mailer. deacribes 
it, and explains il. True. lbe dala may oome from objecti..., ~ of ... 1t&t 
!he $Iud.nl d .... bull/tcy ""' OOIlnlerpreled Q beha"ioural record .. For 
uarnpie, pby.ically a...:l operalioot.aJJy t!lm i. a year dcal of dilferenoe 
bet.......n 'multiplying' aod 'uplainin, multiplication' lboup il may be !he 
<Ue that the .xplmuni<M is physically manifosl IS makins a mt>dtl for lbe 
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""" C)'bmwli~' ~f 1/um"" i.lamirrr and p"fannanN! 

cbosen which wiVic$ colldition (ij and (0) and i.liUly <0 .. lillY tbe Ic&i· 
timacy ""odition. The k&i' iow:)' of the topic ordtrin& for all C. ill BR arc 
tested at ... p 6 and if neomat)' BR is reYioed. (To quoce ODe c.umple, in 
Sala= Rni".·, ",lOrial propammo fOl eltmenwy logic. the...",.. of 
tbe concepts in BR.~ U fo UOO<I : propooitiollS, uuth tabl .. ; disjuDClioll 
alld ""njunction; ntplion; the conditi""""; lite biconditional; J.f1IIIIlCAlS 

and uulla tabks; infere",," lUI": predica'e logic {~DCI&l pI"!"'litions and 
'luantiJiers}: p,\"d;""le Icpc (inference)). 

It does nol matter very mIlCh wlaclilC1" Ih. topic oldenng is constructed 
by tlte3uthorofth. tutorial p'olramme Or con.ltructed by a system Inalylt . 
But it i, eurmial to the who le tch.me th.t th. ~U/lwr app,nves th. ont.ring 
and is allowed to modify it if he d., iau to do $0. 

3. The el..mentary COnceptI available to any ItUdent in the pcpu!ation 
are d.t.rmi ned, in prlClioc, blClperiena: or intuition. 10 tlloory !lIey mi,ht 
bedetennined from Itlldent dlSCOU/W. using tbe methods tilat soc:iaJ .nwe­
pol~.u address to diSoOO'"Cri", saHent ",ords in .... ali"'Ian&~. 

4. Th<: fI"O(VIlIIJDI' fOIll\ll is "'01>'" in fig. 9l. Other lnanching fannatJ 
"i<llllte proptrUa ciled lido ... could be used, in particular lhe lInI<:Iural 
communkatiDfl formal. Tho: fannal of fig. 93 i, aboutlhc simplest, com. 
po.tible with the method. The maln educationalloal is &.ignaled G; Ibc 
edl>Calional pl. ~ designaled G" . '. G. and ,he edocati"""" JUbsoali 
(&, • . • '.A'iw.l .•• (rI,.. .. '.11"'..,). A one 10 one corrcspolld.na:lxtwecn 
COlICCpts and &<>&1' is lUIumcd (It.:: lUIumption i, $Cldom more thlln . tr"" 
approximation, bUI it i, made), Thus, ifibe co/ICCpl i. C·, the nG" .. G(C· }; 
similarly for thc concept C,ud Ihc ,~bcoo~pl$ C~ (so that for I .. I .. .. , n 
and] .. I, .. . ,m,. V, .. G{C.}andgij .. G(Clj). There In rough relation 
bet ..... n lev.l~ of abstraction in th. programme and theie'elsofabllraction 
supposed 10 ... i" in tbe mind ora lIude nt. 1['>' 5Iand. for 'mo~ .bltract', 
then G· > (G e (G,)) > (g . fA'Ij)) IUld similarly C· > (Ce {CI}) > 
(CE{CIJ}). How.,·.,., IlK enlire pro(VllllJDl' exislS in • lln&le 1., .. 1 of 
control.' The constit""nt TOTE "Ilia arc Ue 1 Opera!Or1lhat forna Ue 0 
WI><turcs in II>c: iltIdttIl by COCIpcnlti~n with u" J .~."'" in IlK iI..dent. 
There i. an illhe!"Cnl "uk,,"" in lite sc:bcnl<'. Whtrcas the iludenl can fann 
definite kall';"! .... (lInI<:Iures l ilhe 1=1 Ue I in hi> control hierarchy) 
lht; programmc cannot do 50. If it could, then lhtr. would be Ii .... >Viable 
relaliomhips bm"""n the G, and bct .... n gi} (not .,..,..Iy an onkrin& 
I, ... , n 01 I" . .. I ... ). FunN:' any proyamme with this propony would 
Ix real_time and on·line ~pti ... : th. adaptive pr~ being formalised ., 
• Ue 2 bo>C ,n th. I.achiq l)'Stem. n.e adapti~e prClDOlol of Steps 8, 9 and 10 
(below) is I$Omorphlc with luch a UD] 00 • . Buth docs notlCl atlh. indi­
vidual level. i,e. Ihc programme iudapted only to B pcpulation of ' ludenlJ, 

2. "'(>lIn from , .. 1"1 <>peril'''' wh;"h ... y '" r<pnl«l .. lLoO object. , 
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Fig/Jn 91 A branehio, programme fo,n .. ,. 

5. Conlider th. nf5t topie of tN: main topic stat.d in step (J). /t is mad. of 
subtopics. Some of these may be .Iementary """""pI> and olh .... may be 
iottodUNd by delinitio",. Fonn an ontering of Ihm '0pK:s (Fig. 94), 
startin& .. i lb thc fili i . ;n which each subtopic is represented hy a node in I 
din:ctcd graph and in wltkh ,f iii &bo\.., B. if and ol11y if, • col>«Jlt for 
"'pie B m .... be l uaiaxd before,f Is instrucled, cltilC1" a CODDOpl for topic: B 
is pan ofa concepl fo' topic:,f or lbe alui"".."t of a """"'I" for topic: B is. 
~ prttOndition for auaining. ccna:pC fo, topic A. To each directed 
edgl' (din:ctcd arc) of the ",ph, and 10 each terminal node, aMign • type 
label ac=rding to 1M type ofprocesa usod io building . conctpt for Ihe 
topic a t the node ..,bere tbe edg. terminateS. 

So far II> Ihe teaching il concerned, a type name il!lle name oflUl inst ruc· 
lion which tbe st udenl i, lI>~ed to rnrry out, on Ih. assumpTion lac hu Ii. 
Leo I mentol eporation fe, doioB 110. The Ii" 01 type name. i, re. tricted to 
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