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SUMMARY

P ossib le  high level teaching system s 
using self-organizing princip les a re  d iscussed . 
The E volu tionary’ ch arac te r of a self-organizing 
system  is  used as a b asis  for a sim ple teaching 
system  im plem ented on a digital com puter. 
D eficiencies in the system  suggest featu res of a 
m ore complex system  which is  being developed 
with the aim of providing a powerful re sea rc h  
tool through which eventually high level system s 
may be developed. The general approach of find­
ing constra in ts  and action capabilities to produce 
a self-organizing  system  which can enhance its  
own capab ilities through learning, is  suggested.

i i i



1. INTRODUCTION

We are  concerned here  with the ro le  of a machine in a high level teaching 
system . H itherto , the machine itse lf has played an in tellectually  tr iv ia l p a rt in 
attem pts to produce ’teaching m achines’. It is  our view that th is situation need not 
p e rs is t , and that the ro le  of the machine can be considerably updated.

Given an adequate in itia l organization of inform ation, a suitable physical 
(hardware) s tru c tu re , and provided with sets  of s tra teg ies , operating ru les  and d ec is­
ion c r i te r ia , together with the opportunity to com m unicate, gather and re -o rgan ize  
inform ation, p a rticu la rly  the ability  to produce and continually to update a model of 
the student(s), a m echanized system  can be reasonably expected to:

(a) adapt its  operation to take account of individual student capabilities and 
b iases, selecting  inform ation for optimum presentation , determ ining the nature of 
d ifficulties, and instituting help sequences when student perform ance req u ires  these;

(b) optim ize its  existing s tra teg ies , ru le s  and decision c r i te r ia  through 
experience with single students and with groups of students;

(c) act as an inform ation sto re , allowing a student to ask  for, and be supp­
lied with, inform ation which he d e s ire s  or needs;

(d) provide adequate challenge and stim ulation;

(e) generally  provide a powerful m easurem ent and control system  for te s t­
ing theo ries, approaches and s tra teg ie s  in a re a lis tic  environm ent, thereby providing 
inform ation enabling the machine designers and educational re sea rc h  w orkers to 
enhance the system ’s capab ilities and perform ance, ultim ately enabling specification 
of a p rac tica l teaching system  to be made.

The potential capability of a suitable machine s tru c tu re  to update its  p e rf­
orm ance through the in tegrated  re su lts  of in teracting with hundreds of individual 
students should not be underestim ated , as the p ro cess  of im provem ent can be achiev­
ed extrem ely  rapidly, unlike the corresponding p ro cess  in a human teacher, whose 
experience m ust be developed over a long period, due to his lim ited inform ation p ro ­
cessing ra te . What is very  c lea rly  necessa ry  at th is stage of m achine development, 
however, is that the provision  of new inform ation on topics to be taught, the en rich ­
m ent of s tru c tu re  and the provision  of new s tra teg ies , ru le s  and decision c r ite r ia , 
m ust come from  the educational re s e a rc h  w orker and machine designer -  the machine, 
by its  own actions, can be expected to im prove its  perform ance, both short and long 
te rm , only by selecting s tra teg ie s , ru le s  and decision c r i te r ia  (which are  p resent), 
thereby improving and optim izing its  perform ance and adapting to each student, In 
th is sense, it might be said to ’le a rn ’ to be a be tte r teacher, but (at the p resen t stage 
of knowledge) it cannot be expected to ’invent’ new s tra teg ie s , ru le s  and decision 
c r ite r ia , although, by acting within i ts  s tru c tu re  and general organization, it might 
well produce sequences of in te rac tion  with a student which have not been anticipated by 
the machine designer. (Invention of new s tra teg ies  need not be ru led  out com pletely, 
however, because if given appropria te  capab ilities for re -s tru c tu rin g  inform ation, an
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opportunity to review  inform ation, and to seek fu rther inform ation by being able to 
Task questions’, even th is aspect might eventually be handled).

E ssen tia lly , it  m ight be anticipated that a high level m echanized teaching 
system  which can be devised in the light of p re sen t knowledge, would be an extrem ely 
powerful re se a rc h  tool in the hands of an educational re s e a rc h  w orker, for studying 
and defining the problem s involved in developing a specification for a general purpose 
teaching system  able to le a rn  to im prove its  own perform ance. The place of the 
human teacher in such an environm ent would undoubtedly be as a m anager of a pow er­
ful facility , guiding its  application and updating its  capab ilities.

2. MECHANIZED TEACHING SYSTEMS

2.1  Inadequacies of Existing System s

P red ic tions made (around 1960) that by the 1970’s students would be 
spending th e ir  days in front of com puterized teaching m achines have not been re a l is ­
tic . However, the acquisition by an ever increasing  num ber of educational estab lish ­
m ents, including p rim ary  and secondary schools, of digital com puters for general 
data p rocessing  requ irem en ts  has provided a strong drive for employing such equip­
m ent in Computer A ssisted  Instruction System s. At the p re sen t stage of development 
many fu rther studies m ust be undertaken before confident recom m endations can be 
made in reg ard  to d esirab le  system s. The need of a la rge  amount of re sea rc h  seem s 
urgent, p a rticu la rly  as la rge  on-line tim e-sh ared  educational data p rocessing  system  
a re  being insta lled  in  some U niversities in the U. S. A. While a re la tive ly  sm all num­
b e r of experim ental m ulti-console system s may be w arran ted  in o rd er to develop th is 
new concept in teaching, a g re a t p ro liferation  of expensive equipm ents likely to be­
come rapid ly  obsolete does not seem  desirable: (Rath (1967), m entions the proposec 
700 console system  at the U niversity of W isconsin and pred ictions from  the U nivers­
ity  of Michigan that the ir system  will have over 1, 000 consoles by 1970),

A m ajor w eakness in p resen t com puter a ss is ted  system s lies in the 
inadequate m eans fo r com m unication between student and m achine. This involves 
both the ’language’ used for com m unication, which constra in s the student to commun­
icate in the m achine's te rm s , as well as the effectiveness of the te rm in a l equipment. 
In a m ulti-console system , the te rm in a ls  them selves w ill certa in ly  contribute a large 
proportion  of the to tal cost, if fac ilities  which a re  non tr iv ia l a re  to be provided -  in 
th is  re sp ec t it is  of in te re s t to note an estim ate  by B itzer et al (1967) that one central 
p ro c e sse r  might be expected to p ro cess  3000-5000 te rm in a ls , and the rep o rt by 
Goldberg e t al (1966) on plans for providing te rm in a ls  (via te lev ision  re c e iv e rs  and 
sm all keyboard consoles) in the homes of community groups of 5000-10, 000 people, 
connected by co-ax ial cable to a cen tra l com puter. In addition to technical and educ­
ational considerations, strong economic fac to rs  demand g re a t ca re  in solving s a tis ­
fac to rily  every  aspect of these te rm in a l requ irem en ts.
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A fu rther lim itation re la te s  to the kind of m a te ria l which can be 
effectively handled by existing m echanized system s. ’D rill and P ra c tic e ’ routines a re  
p ro cessed  com paratively w ell because the task  and subject m a tte r can be stated 
explicitly  and can be program m ed exhaustively and com pletely without detracting 
significantly  from  the value of the routines. Even here , however, a g rea t amount of 
w ork is n ecessa ry  to ensure  that system s a re  satisfac to ry , but i t  appears the future 
of th is  kind of in teraction  is assu red , for even at U niversity level, there  is much 
scope for the inculcation of factual knowledge in a lim ited context. On the o ther hand, 
the im plem entation of T utorial and Dialogue In teractive Systems is severely  ham per­
ed by the inability  to p ro cess  the unexpected response  or the unforeseen difficulty.

More fundam entally, however, existing com puter ass is ted  approach­
es a re  s tru c tu ra lly  and functionally unable to take into account the student a ttribu tes  
and the ch arac te r of the topic m a te ria l in a sufficiently rich  in te ractive  m anner -  even 
if th is aspect is  overcom e however, th e re  rem ains a vast gap in  knowledge concern­
ing the in te r-re la tio n sh ip s  between student and topic m ate ria l p a ram e te rs  (including 
the problem  of identifying those p a ram ete rs  which in fact a re  relevant) and the tra n s ­
form ations necessa ry  to achieve successfu l learning and understanding. Because of 
the inadequacy of existing theories of teaching and learning, it seem s necessary  to 
face the problem  in an em pirical, experim ental m anner in o rd er to gather adequate 
inform ation on which to base subsequent theories which would hopefully be useful in 
p rac tice .

Computer A ssisted  Schemes usually selec t each following move on 
the b asis  of the im m ediate past response only, (although the general stra tegy  of the 
in teraction  may have been, in the f i r s t  instance, selected  to m atch the student on the 
b asis  of general ability). This essen tia lly  m inim ally adaptive approach* is of 
extrem ely  re s tr ic te d  use in higher level operation, as it takes little  account of the 
overall perform ance over a period of tim e, and each of the p respecified  branching 
rou tines, once selected , cannot take account of individual student d ifferences which 
may apply over that routine.

There now seem s little  doubt that program m ed instruction  with or 
without mechanized im plem entation is  a successfu l form  of teaching within certa in  
re s tr ic tio n s . Claims often made that it is  successfu l because of its  featu res of sm all 
step p ro g ressions and im m ediate knowledge of re su lts , however, a re  difficult to sub­
stan tiate  with confidence, as other fac to rs  a re  invariably ra ised  -  the necessity  for 
the p rogram m er to f ir s t  c larify  his concepts and objectives, the g rea t redundancy 
incorporated  in the p resentation  of inform ation, and so on -  which contribute to the 
nature of the program m e. The advisability of the sm all-s tep  approach itse lf  has been 
questioned often and has led to other approaches in which la rg e r ’chunks’ of in form at­
ion a re  p resen ted  -  this seem s p articu la rly  apt with bright students and the attem pt to 
develop creativ ity  (Crutchfield, 1965). These aspects need carefu l re-thinking cont­
inually, particu la rly  as g re a te r  num bers of re sea rch  w orkers and practising  teach ers

* See Section 2. 2
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take up w riting program m es.

In the developm ent of m echanized teaching system s, th e re  has been 
a na tu ra l but reg re ttab le  tendency to accept existing digital computing system s and to 
employ ’state of the a r t ’ techniques in producing experim ental teaching system s. 
D igital com puters have not been evolved with the objective of solving teaching system  
prob lem s and it is  not su rp ris in g  that a m ajor m is-m atch  ex ists  in th is approach. A 
consequence of this is , apart from  the likelihood of inadequate system s resu lting , 
that costs  of system s, p a rticu la rly  when im plem ented in a half-baked m anner, a re  
likely to be needlessly  great.

Undoubtedly there  ex ists  a p re ss in g  need to conduct intensive 
re se a rc h  into all of the various aspects entering into m echanized teaching system s -  
philosophical, sociological and technological.

2 ,2  The Machine as an Adaptive Control System

It has been observed (Stolurow, 1961) that the te rm  ’adaptive’ may 
be applied in a teaching system  to indicate the capacity of the machine and its  a sso c ­
iated program  to adjust, in some way, to the specific needs of the individual lea rn er. 
We re se rv e  the te rm  'm inim ally  adaptive’ for system s which have a finite (non-zero) 
m inim um  adaptive p roperty  present: that is ,  the machine should be able to adapt on 
the basis  of the previous value, only, of a single m easured p a ram ete r of a student, in 
producing the next item  for p resen tation , in o rd e r to be called ’m inim ally adaptive'. 
(This p a ram ete r could, for exam ple, be the tim e taken to respond, or the co rrec tn ess  
o r o therw ise of a response). If m ore than one student p a ram ete r influences the succ­
eeding item (s), o r if the selection of item s is made on the basis  of 2 o r m ore previous 
values of one or m ore s tu d en t-p aram ete rs , the system  is m ore than 'm inim ally  
adaptive’, and it seem s reasonable to designate it sim ply as adaptive. A m em oryless 
system  which is sensitive to 2 or m ore student p a ra m e te rs , o r a system  with m em ory 
operating on one or m ore student p a ra m e te rs , seem s m ore than 'm inim ally  adaptive' 
and will be term ed  adaptive. This use of the te rm  ’adaptive' seem s not inconsistent 
with that employed by P ask  to describe  his own developm ents of teaching system s. 
F u rth er complexity is introduced when the fac to rs , p a ram ete rs  or individual previous 
responses a re  them selves in te r-re la te d  in a m anner taken into consideration  by the 
teaching system ; then pa tte rn s  of p a ram ete r varia tions and of responses may influence 
selection  of item s. Eventually the complexity of an adaptive system  m ight be increased  
to the point w here it would w arran t the designation ’self-o rgan iz ing’ system , as introd­
uced in Chapter 3.

P ask  seem s to have been the f ir s t  to have produced (and understood 
the significance of) a device able to modify or adapt its  p resen ta tion  to m atch the 
student being taught, in m ore than ju st a tr iv ia l m anner. His o rig inal work began with 
a system  to teach keyboard sk ills  (training punch-card  operators) and has since 
extended to the teaching of such sk ills as making m anagerial decisions, the use of
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scien tific  inference in re sea rc h , diagnosis and fault-detection in electronic equipment, 
and o thers . (Pask, 1957, 1958a, 1958b, 1960a, 1960b, 1961, 1962, 1965, 1967; P ask  
and Lewis, 1962). The princip le  used in a ll of these ac tiv ities is  that of including in 
the system  an adaptive m echanism  which in te rac ts  with the student, and allows the 
machine to lea rn  appropria te  student ch a rac te ris tic s , which a re  used to modify the 
tra in ing  routine according to these individual fea tu res. His devices have employed 
various form s of m em ory of past responses as well as m em ory of p rocessed  
resp o n ses. Design of such a system  involves a contro l-engineering  problem , with the 
machine acting as the control m echanism  to modify the student’s behaviour (Pask, 
1965).

Such a m an/m achine system  can be com pared to a hom eostatic 
p ro cess , as it seeks an equilibrium  defined in te rm s of accurate responses to the 
m ost difficult questions which the m achine can offer (B eer, 1959). A dynamic equil­
ib rium  is  se t up at the completion of the task , with the machine presenting the m ost 
difficult questions, and the student co rrec tly  making responses to these questions. To 
achieve stab ility , the teaching machine m akes tr ia l  moves which a re  initially  unbiased; 
however, as in te rac tion  proceeds, the teaching machine lea rn s  about the student’s 
behaviour p a tte rn  and, as a re su lt of th is, m odifies its  own stra tegy .

One requ irem ent for stability  of th is  in teraction  is that there  should 
be a balance between the co-operative and the com petitive s tra teg ies  on the p a rt of the 
m achine. The m achine takes the in itiative. If the student is scoring well, it will 
com pete, by giving le ss  cue inform ation and presenting  m ore difficult item s. This it 
w ill do until m istakes begin to appear, when the machine w ill s ta r t to co-operate  by 
sim plifying the problem  (or perhaps giving a help sequence) with re sp ec t to the kind of 
m istake which w as m ade. There is  therefo re  a tight feedback between the two system s 
(student and m achine). Because of the inform ation tra n s fe r  between the two system s, 
the adaptive teaching machine is  s im ila r to a partic ipan t in a dialogue.

P a sk ’s work has been perform ed m ainly by the construction of 
special purpose equipment, and appears to have been re s tr ic te d  principally  to the 
tra in ing  of various sk ills . Although highly successfu l, and certa in ly  opening a vast 
new fron tier of w ork, it has not attem pted the problem  of devising a universal (i. e. 
general purpose) system  for teaching.

System s which aim  to be adaptive, in o rder to adjust to the specific 
needs of an individual student, m ust be able to d iscover the values of essen tia l p a ra ­
m e te rs  -  th is can be achieved from  his resp o n ses, and some form  of m em ory in which 
to sto re  these p a ram e te rs  (which need continual updating) appears necessary . The 
student and machine m ust be in constant in teraction  to achieve effective adaptation: 
the system  of student plus machine may be regarded  as a self-organizing system .

2. 3 A Philosophy of Approach for Mechanized Teaching

The activity whereby a teacher (tutor) im parts  knowledge and
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understanding of a topic to a student, is viewed as a communication, m easurem ent 
and control p ro cess , in which the overall re su lt is  a tran sfe r of p a rticu la r in fo rm ­
ation from  an individually organized s to re  of inform ation within the te ac h e r 's  brain , 
(including also inform ation stored  in books, and so on, to which the teacher has 
access  and which he p ro cesses  in his b rain  before im parting this inform ation to the 
student), to a somewhat s im ila r individually organized sto re  of inform ation within the 
student’s brain . Because of hered itary  and environm ental fac to rs, the organization 
and in te r-re la tio n sh ip s  in the inform ation within the two b ra in s will differ to a degree 
which depends on these fac to rs . Even the s tra teg ies  for processing  this inform ation 
by the two individuals will probably differ, as will the ir attitudes, general levels of 
p rocessing  capability and so on.

The teacher, not knowing what actually tra n sp ire s  within the 
student’s b ra in  (and vice versa), can re ly  only on the com m unication m edia between 
them  to provide inform ation on the student’s attitudes, capabilities, level of know­
ledge and understanding, and other a ttrib u tes . In the case of a human teacher and 
student, the modes of communication a re  many -  including speech, with a rich n ess  of 
intonation, inflexion and so on: visual, through the w ritten , tj^ped or prin ted  word, or 
p ic to ria l (diagram  or picture); and the g re a t variety  of inform ation which can be con­
veyed by general facial and body expressions, W hatever the mode, the teacher m ust 
re ly  on behavioural inform ation in o rder to a sse ss  (m easure) the student’s in ternal 
s ta te . He does th is, probably largely  subconsciously, and essen tially  builds up a 
model in his own mind of just what the student’s attitudes and a ttribu tes a re  -  he uses 
th is  model, which is rev ised  (consciously o r subconsciously) continually, and on it he 
bases his teaching s tra teg ies  and item  d e ta ils , seeking to guide (control) the in te r ­
action in a d irection producing the d esired  behaviour (goals) in re la tion  to the topic 
being presen ted .

Insofar as he builds up a model of the student and can devise and 
se lec t his s tra teg ies , decision ru le s  and perform ance c r ite r ia , the teacher adapts his 
p resen ta tion  to the needs and capabilities of the student. F urther, over a com parat­
ively long te rm , he lea rn s , as a re su lt of many encounters with various students, 
which approach is  m ost effective for students with p a rticu la r a ttribu tes . His success 
as a teach er depends in fact on how well he can m atch his approach to the student, and 
on how well he can selec t, m easu re  and classify  appropriate  relevant student attitudes 
and a ttrib u tes , and im plem ent an appropria te  set of s tra teg ies , decision ru le s  and 
perform ance c r ite r ia  suited to the teaching and subject m atter goals.

Viewing the teacher /s tuden t in teraction  in the light of the above 
th ree  p a rag raphs, suggests the model on which the herein  described system s are  
based. As illu stra ted  in Figure 2 .1 , the C ontroller (experim enter or system  design­
e r), has d ire c t access to the student and to the teaching system , his aim  being to 
m atch operation of the overall system  to produce effective teaching-learning in te r­
actions, employing appropriate com m unication m edia between teaching system  and 
student. The store  of inform ation within the teaching system  is organized by the Con­
tro l le r  on the basis of his own conceptual understanding of the topic m a te ria l - the
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Figure 2 .1  Elementary Schematic of Controller/Student/Teaching System.

model of the student reflects this information store in structure so that, hopefully, 
when the teaching-learning interactions have concluded, it will also reflect the 
information store content in detail. N ecessarily, the store of information in the 
teaching system  can be only a very crude version of the organization within the Cont­
ro ller ’s brain, but nevertheless, this may be an advance on no organization at all; 
sim ilar remarks apply to the relation between the student and his model incorporated 
in the teaching system .

The model of the student contains other details dealing with his 
general capabilities and attitudes -  these attributes or parameters are taken into 
account, together with the properties of the information and general teaching goals, 
strategies, decision rules, and performance criteria  (all inserted by the Controller) 
in order to produce teaching-learning interactions well matched to the student’s 
attributes. A feature of this approach is  the necessary complementary relationship 
between the teaching system  structure and the functions which must be inserted into 
the structure to make it operate successfully. The task of the controller, apart from  
initially devising the necessary structure, organizing the information, and inserting 
the functions required, is  to monitor behaviour with the object of improving the struc­
ture and including new functions. The teaching system  itse lf is  expected to be able to 
optimize on the existing functions and to learn from experience which functions apply 
in particular cases -  it must be provided with operating strategies to do this.
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F u rth er c larifica tion  of the relationship between the inform ation 
s to re  and the student model is  necessa ry . It is  noted that (almost) intuitively a human 
teacher can sum up a student’s capabilities -  with a little  thought, he can give an 
opinion on the student’s cognitive style, his a ttitudes, and other le ss  read ily  definable 
qua lities. The teach er is  able to do this because of his own a ttrib u te s , som e of which 
have been developed through a g rea t deal of train ing and experience. If the teach er 
d e s ire s  to d iscover d irec tly  the a ttribu tes of a total s tran g er, he can do th is e sse n t­
ially  in two ways -  he may w ait to discover them  gradually through a (relatively) long 
perso n al acquaintance, or he can set out deliberately  and quickly to d iscover them  by 
te s t. Thus, in feren tia l or deductive ab ilities may be d iscovered by testing  with 
respective ly  in feren tia l or deductive item s of inform ation. By organizing a topic to 
be taught not only in te rm s  of concepts and th e ir in te r-re la tio n s , but also with each 
individual item  for p resen ta tion  to the student devised for a purpose (e .g . to d iscover 
in feren tia l, deductive, and so on, abilities) and ’tagged’ accordingly, including 
d e ta ils  of the concept itse lf, the responses of the student can be a sse ssed  in re la tion  
to the 'tagged' c h a ra c te r is tic s  which they c a r ry  and thus, over a reasonab le  length 
sequence of in teraction , a rich  s to re  of student a ttribu tes can be assem bled . The 
only effective lim it im posed by this approach is  the ingenuity of the con tro lle r in 
identifying appropriate  student p a ram ete rs  and devising (and suitably labelling) item s 
to develop and d iscover the student’s a ttribu tes  in re la tion  to these p a ra m e te rs . Thus 
the inform ation sto re  is  organized in te rm s  of concepts and th e ir in te r-re la tio n sh ip s  
with all item s for p resen ta tion , duly ’tagged' with the kind of p a ram e te rs  they contain, 
o r a re  used to d iscover as a ttribu tes  in the student. The student model, then, contains 
essen tia lly  a rep lica  of the inform ation s to re  in te rm s  of its  conceptual organization, 
so that the details of the student perform ance to the p a rticu la r topic can be ’filled in’ 
as in teraction  proceeds -  that is , his degree of com pletion for each aspect of the 
topic m ateria l is recorded  and continually updated. Another aspect of the model con­
ta ins a s tru c tu re  enabling a continual updating with regard  to other student a ttribu tes  
as deduced from  the scoring to the ’tagged item s’, as well as quantities such as e r ro r  
ra te s , response tim e, and m ore general a ttribu tes  such as m otivation, p e rs is ten ce  
and so on.

F u rth er student a ttribu tes  may be derived from  his attitude and 
behaviour (for exam ple, from  his speed of response) and from  his general p e rfo rm ­
ance to the s tra teg ies , ru le s  and c r ite r ia  incorporated  w ithin the teaching stra tegy . 
All of these a re  fac to rs  for inclusion, with suitable tags, w ithin the student model.

It is  of fundamental im portance to our approach that the continu­
ally  updated values of student a ttribu tes  within the student m odel, (together with 
inform ation which can be derived from  these attributes) provide the only possible 
quantities o r c h a rac te ris tic s  of the student which can be m easured  an d /o r controlled 
by the teaching system  (whether a human teacher or machine): consequently the r ic h ­
ness and relevance of the p a ram e te rs  incorporated  in the student model essen tia lly  
determ ine the level of adaptation possib le -  th is is  true  w hatever the nature of the 
system  and can serv e  as a profitable basis  on which to com pare different teaching 
sy stem s. The need for d iscovery  or identification and quantisation of useful student
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a ttrib u te s  is  therefo re  of param ount im portance to the future p ro g ress  of high level 
Adaptive Teaching System s.

In o rd e r to achieve the n ecessary  teaching goals and to adapt to the 
p a rtic u la r  student, a human teacher is  guided by certa in  p rinc ip les and s tra teg ies  
(which he may or may not have c learly  enunciated), which he has acquired through 
tra in ing  and experience, to p re sen t and explain his m ate ria l, and to adjust in acco rd ­
ance with the resp o n ses  of the student. The teacher is charac te rized  by extrem e 
flexibility  in re la ting  his approach to the subject m atte r and student a ttrib u tes , so 
tha t he can usually  achieve his purpose. It is  necessa ry  to provide a corresponding 
capability  in  the m echanized high level teaching system , so that appropriate  adapt­
ation can be achieved on the basis  of the p a ram e te rs  sto red  in the student model -  in 
th is  case, however, the p rin c ip les , s tra teg ies  and other fea tu res cannot rem ain  
vague and not enunciated, (unless a com pletely random  and im practicable  approach is 
employed to gather, then organize, inform ation). The stage of developm ent of m ech­
anization of cognitive p ro c e sse s  does not at p resen t allow invention or crea tiv ity  in a 
p rac tica l sense (e .g . A m arel, 1966; Minsky, 1961; Solomonoff, 1966) and the cont­
ro lle r  seem s obliged to provide to the m achine an adequate se t of s tra teg ie s , 
decision ru le s , perform ance c r ite r ia , as well as teaching goals and subject m a tte r 
goals.

In view of the partly  intuitive nature of the human teaching approach, 
specification of p a rticu la r s tra teg ies , ru le s , and so on, is  a difficult assignm ent. It 
seem s in  the very  nature of people that they learn , even when there  a re  no apparent 
specific goals of learning indicated, o r no p re -sp ec ified  approach to reach  these 
goals available. Effective teaching m erely  acce le ra te s  and d irec ts  th is p ro cess  by 
providing a suitable environm ent in which the learning goals a re  m ore readily  reached  
(the environm ent is essen tia lly  attained o r modified by the featu res of m easurem ent 
and control of student a ttrib u tes  in re la tion  to the subject m ate ria l, and the goals, 
s tra teg ie s , decision ru le s  and perform ance c r ite r ia  applied). How this may be done 
is  a fu rther field for fundam ental re sea rc h , no le ss  im portant than the determ ining of 
the appropria te  quantities on which m easurem ent and control can be based, as d is ­
cussed  e a r lie r .

Even the b est human teach e rs  a re  not perfect in always selecting the 
m ost appropria te  goals, s tra teg ies , ru le s  o r c rite ria : m oreover, because of lim ited  
p rocessing  ability w here la rge  m asses  of data a re  concerned, te ach e rs  do not rem em ­
b e r detailed facts about individual students, only general p rinc ip les and a ttrib u tes . 
W here a teach er in te rac ts  with large num bers of students over a period , it takes him 
a long tim e to p ro cess  the la rge  amount of data resu lting  from  these in teractions, into 
operating ru le s  based on this experience. Even in the human case , invention is  a r a re  
occu rrence , and a good te a c h e r 's  approach is based on train ing and experience.
Again, because of human difficulty in handling the complex decision making and large  
amounts of data necessary  in situations involving m ultivariable p ro c e sses , it is 
unlikely that a teacher w ill produce an optimum learning environm ent for every given 
student (even while tutoring to individual students), because both fac to rs  taken into
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account in making decisions and the data itse lf a re  f ir s t  sim plified, and there  is  little  
tim e to even try  to optim ize. Consequently, a human teacher is  likely to learn  to 
teach reasonably well re la tively  rapidly, as he can adapt quickly to individual needs 
as a re su lt of his general human capab ilities, but will find that it takes a re la tive ly  
long experience to make fu rther im provem ents when these depend on experim entation 
and optim ization over a large num ber of t r ia ls . (Indeed, many human teachers  seem  
not to bother to take th is  la s t s tep ).

A m echanized adaptive system  on the other hand, can have powerful 
inform ation p rocessing  fea tu res in that it  can handle and sto re  la rge  m asses  of data, 
and can engage tire le s s ly  in num erous experim entation tr ia ls  and can perform  optim ­
ization studies taking account of all data. The re su lts  can be organized and employed 
to im prove in an optimum way, the teaching and subject m atte r goals, s tra teg ies , 
decision ru le s , and perform ance c r ite r ia , all within a com paratively  sho rt tim e. 
M oreover, complete reco rd s  of in ternal operation and details  of m achine-student 
in teraction  may be sto red  and /o r prin ted  out.

It is  readily  apparent that human capab ilities, if combined with the 
inform ation handling pow ers of the adaptive m achine, can make a very  useful and 
effective co-operative system  for Educational R esearch , with a cen tra l feature of the 
continual im provem ent in perform ance which can be achieved as a re su lt of experien ­
ces and modification. Because of the extrem e p resen t lack of knowledge on every 
aspect of the problem , an approach is  favoured on the basis  of an overa ll general 
s tru c tu re  which allows details re la ting  to its  various fea tu res to be incorporated  to 
the extent of p re sen t knowledge, but with the capability of adding fu rth er details and 
even refinem ent to the s tru c tu re  without the necessity  of m ajor m odifications. The 
approach adopted, in the absence of adequate th eo ries  of learning, m ust be to a degree, 
em p irica l, with experim entation d irec ted  deliberate ly  to the gathering of inform ation 
n ecessa ry  to refine the s tru c tu re  and enrich  the details  of the functions within the 
s tru c tu re .

2. 4 Functional R equirem ents

F igure 2 .2  illu s tra te s  d iagram m atically  the general requ irem en ts 
in m ore detail than F igure 2 .1 . F rom  inform ation provided by an appropria te  se t of 
s to red  student p a ra m e te rs  (obtained in itially  from  previous in te rac tions, by standard 
te s ts , o r in serted  by the experim enter) the teaching system  should be able to select 
or generate  item s from  an appropria te ly  organized inform ation s to re  re la ting  to the 
topic, based on appropria te  teaching goals, subject m atte r goals and on a student 
p a ram e te r dependent set of s tra teg ie s , decision ru le s  and perform ance c r ite r ia , and 
p re sen t these item s, suitably displayed, to the student. The student’s responses are 
to be assessed  in re la tion  to the perform ance c r ite r ia , and the re s u lts  used to update 
the student p a ra m e te rs , provide inform ation to adjust s tra teg ie s , ru le s  and c r ite r ia . 
Study of the pa tte rn  of responses in re la tio n  to the item s p resen ted , the goals, s t r a t ­
eg ies, ru le s  and c r ite r ia  should allow the iso lation  of d ifficulties by the generation of
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hypotheses which a re  then used to assem ble sequences of item s designed to te s t if the 
p a rticu la r hypothesis indeed applies. The confirm ed hypotheses m ust then cause 
appropria te  help sequences to be organized to reso lve  the difficulty. The system  
should be able to im prove its  own perform ance by modifying its  goals, s tra teg ies , 
ru le s  and c r i te r ia  as a re su lt of in teractions with individual students and with groups 
of students, (Kaneff, 1967).

C onsideration on how the s tru c tu re s  d iscussed  above m ight be im p­
lem ented ra is e s  fundamental problem s in every  aspect. Among these , educational 
objectives need to be defined, inform ation m ust be appropriately  organized and re p re ­
sented, adequate meaning m ust be given to ’perfo rm ance’ and how th is is  to be m eas­
ured, the nature of the student model m ust be determ ined, adequate s tra teg ies  and 
decision c r i te r ia  m ust be evolved, and effective com m unication estab lished . In te r­
action should involve not only the m achine, in a sense, d irecting  the learning p ro cess , 
but the student should be able to seek inform ation which he considers  n ecessary , and 
the m achine should be able to supply it. The system  should be capable of continual 
updating of its  perform ance capab ilities.

2. 5 Complexity and Self-O rganization

On consideration  of the kind of general purpose teaching system  
stru c tu re  which would m eet the philosophy of approach and requ irem en ts  outlined, it 
is  c lea r that a quite complex system  em erges. The system  m ust be m ultivariable 
with complex feedbacks, and, because it m ust adapt to individual student needs and 
p ecu lia ritie s  -  that is , it m ust consider some goals, s tra teg ie s , ru le s , and c r ite r ia  
as m ore probable than o thers for a given student, not allowing any of these to be 
dropped com pletely in case they a re  useful for a student of d ifferent a ttribu tes , o r the 
sam e student during periods of d ifferent m otivation, etc. - the system  m ust be b asic ­
ally p robab ilis tic . An approach in which th e re  a re  c lea r  cut decisions on the above 
fac to rs , is  in ferio r to the probab ilistic  approach because of the consequent lack of 
varie ty  in item s for p resen tation  and in coping with the sam e student over spells  of 
d is in te re s t and variab le a ttribu tes.

Self-organizing system s appear re levan t in th is environm ent: they 
a re  sy stem s which can learn  and in c rease  th e ir  behavioural re p e rto ire  through the 
capability  of building up a model of th e ir  environm ent by learning.

3. SELF-ORGANIZING SYSTEMS

The te rm  ’self-organizing  system ’ has been used in the lite ra tu re  in a 
varie ty  of ways, usually with re fe ren ce  to adaptive and learning system s, p a rticu la rly  
to describe very  complex p ro cesses  such as those to be found in various living organ­
ism s. We employ the te rm  here in the sense of B eer (1967) and Ashby (1962), to 
describe  very  complex, probab ilistic  system s which (a) can change the ir organization
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from  a state  of independent p a rts  to a state of dependent p a r ts , o r (b) can im prove 
th e ir  organization to fulfill a ce rta in  purpose o r goal, o r both (a) and (b).

As im plied by the above, no system  of itse lf  can be self-organizing  -  it  can 
do so only as p a rt of a la rg e r system . Thus, a teacher cannot im prove his p e rfo rm ­
ance if he is  in com plete isolation; but a la rg e r system  of teacher and students in a 
re a l world environm ent, can be a self-organizing system . The theory  of se lf-o rg an ­
izing system s has received  a g rea t deal of attention in the lite ra tu re  over the past 
decade, with re fe rence  to o rd er, entropy and other concepts: we will re fra in  from  
invoking these form alizations here -  see , for exam ple, B eer (1967), Von F o e rs te r  
(1960). Instead, it w ill be convenient to d iscuss inform ally the essen tia l ingredients 
of a self-organizing system  and to re la te  these to possible teaching system s.

At the outset, it is  necessa ry  to  draw  attention to ce rta in  possib le m islead ­
ing aspects of natural self-organizing  system s. When we observe the end re su lt of a 
se t of na tu ra l p ro cesses , we a re  apt to in te rp re t th is subjectively as a goal. This 
viewpoint, although som etim es a useful one, can m islead by diverting attention from  
the underlying p ro cesses  involved. Thus, if we have a c lu ste r of gas m olecules in an 
otherw ise empty closed box, we notice that in due course , the m olecules a re  spread  
sensibly uniform ly throughout the volume of the box. F rom  th is  and s im ila r observ ­
ations we deduce ’Law s’ of Nature or goals re la ting  to entropy and changes in o rd e r. 
We can view the p ro cesses  differently: given an environm ent which im poses a se t of 
con stra in ts , and given p a rtic le s  of gas with ce rta in  action capabilities (e .g . the 
ability  to move when acted on by fo rces), the whole system  m oves p robab ilistically  
and inevitably to a situation in which the gas p a rtic le s  are  uniform ly d ispersed . The 
end re su lt appears as a goal to an ob serv er.

3 .1  Relevance to Teaching Systems

B eer (1967), suggests that in the p ro cess  of a self-organizing 
system  moving to its  ’goal', ’en trop ic’ movem ent c a r r ie s  the system  inevitably to ­
w ard a pa tte rn  which guarantees an equilibrium  between the system  and its  environ­
m ent. When the observer has defined a set of goals as appropriate  to his purpose, 
and has spotlighted an entropic d rift which conform s to those needs, he labels the 
system  as self-organizing, and re fe rs  to the changes taking place as evidence of 
C ontrol. F u rth er, the degree of control exerted is  dependent on the amount of effect­
ive inform ation available to the system .

This p ic tu re  is s im ila r to the view taken of the general purpose 
teaching system , which can achieve m easurem ent and control of the student a ttribu tes  
only on the basis  of the inform ation available about them . M oreover, the teaching 
system  is  p robab ilistic , predictive and incorpora tes learning, a ll of which a re  identif­
iable features of Self-Organizing System s. Consequently it  seem s appropriate to app­
roach the design of the general purpose teaching system  from  the viewpoint of ce rta in  
aspects of the p rincip les of Self-O rganization, which can be helpful in the consideration
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of system s with com plex m ultivariable control functions.

The problem  of designing a Self-O rganizing System to take advant­
age of 'en trop ic  d r if ts ’ reduces to one of choosing and m aintaining a suitable environ­
m ent within which the entropic d rift can naturally  and inevitably take place. F or th is 
p ro cess  to occur, the utm ost inform ation m ust be allowed to flow in o rd e r to achieve 
effective control. F orem ost requirem ent, however, is  that a goal or set of goals, 
understood as much as possib le, m ust be viewed as the inevitable outcome of a set of 
environm ental co n stra in ts  and action capabilities on the p a rt of the system . It is the 
co n stra in ts  and action capabilities which the designer m ust be ingenious enough to 
determ ine in o rd er to produce a successfu l Self-O rganizing System.

The entropic p ro cess  which d rives self-organization  is hom eostatic 
as B eer (1967) points out, but the varie ty  genera to r which gives p ro liferated  s ta tes  
from  which successfu l pa tterns are  selected  is  conditioned from  outside by r e s t r ic t ­
ing to tal possible sta tes; varie ty  is  dim inished by feedback precluding other s ta tes , 
and by a learning m echanism  which b iases the alleged random ness of the m utations. 
S im ilarities  in the teaching system  to the above fac to rs  are  read ily  apparent.

3. 2 An E lem entary  ’Evolutionary’ Teaching System

To attem pt im plem entation of the p rincip les so fa r put forw ard, an 
elem entary  teaching system  has been sim ulated on a digital com puter (Vladcoff,1968),

The developm ent of the teaching machine s tru c tu re  outlined below 
has been based on the princip le of achieving fea tu res of self-o rgan ization  by g en era t­
ing ’s tru c tu re s ’ (by the application of certa in  ru les), and selecting those which survive 
in a specified environm ent. (By ’s tru c tu re ’ is  m eant any ordered  entity). Self­
organization in th is sense, is that outlined in (a) in the f ir s t  paragraph  of th is Chapter 
3. This, in a very  elem entary  sense, is  a basis  of the p ro cess  of evolution. The 
m otive in approaching the problem  in th is way, has been that self-organizing  featu res 
can be obtained by modelling this evolutionary p ro cess  which has been successful in 
producing complex and intelligent c re a tu re s .

In applying th is philosophy of approach to a teaching machine 
system , the ’s tru c tu re s ' generated a re  item s for p resen ta tion  to the student. The 
student fills  the ro le  of an environm ent, in that he is  the c r ite r io n  against which item s 
a re  tested . Those item s which a re  useful (in that they enhance learning) a re  retained, 
while those serving no useful purpose, in th is way ’die off’. This has been achieved 
by adjusting the probab ilities of selection of corresponding item s.

It is pointed out that in the sim ulation actually c a rrie d  out, the gen­
era tion  of item s has been re s tr ic te d  to the c la ss  of meaningful item s. The organiz­
ation which occurs  in the system  during its ’evolution' in an environm ent (a student) is 
then one of continued im provem ent in presenting  item s matched to the needs of the
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student (a form  of adaptation). F urtherm ore , because the environm ent is  a changing 
one (due to an increase  in student proficiency generally), the system  m ust survive 
under these conditions, by issuing item s which w ill continue to teach. This calls  for 
ce rta in  m em ory requ irem ents.

The organization which re su lts  in the teaching system  can be plotted 
in n-dim ensional space. This gives a certa in  path of developm ent of the machine 
s tru c tu re  as in teraction  p roceeds. However, (as in the case  of evolution, w here 
d ifferent t re e s  of organization a re  form ed depending on the p a rticu la r environm ent), a 
different path of organization w ill re su lt for each individual student.

The system  developed illu s tra te s  ce rta in  p rinc ip les of generation of 
s tru c tu re s  from  m ore basic components. This has application of g rea t im portance in 
teaching system s; for exam ple, in generating item s and s tra teg ies  not fo reseen  by the 
p rog ram m er.

Although illu s tra tin g  ce rta in  p rinc ip les, the system  has obvious 
lim itations as d iscussed la te r.

3 .2 .1  E ssen tia l F ea tu res of a Simple Evolutionary Model

The p ro cess  to be modelled is  that of a homogeneous 
se t of p a rts  becoming organized in different ways, depending on the p a rticu la r en v ir­
onment. The basic essen tia ls  for such a p ro cess  can be lis ted  as follows (see 
F igure  3 .1 ).

(a) Basic raw  m a te ria l. This constitu tes building blocks which are  
to be s tructu red  in certa in  ways. An example is  a raw  m a te ria l used in nature, 
nam ely the amino acids. These basic  elem ents are  organized into various pro teins 
during the growth of any cell: the actual p ro te in  form ed depends on the type and 
arrangem ent of the various amino acids (of which there  are  som e twenty known diff­
e ren t ones acting as building blocks, used in the pro tein  s tru c tu re .

(b) A ru le  of operation. This is  a ru le  for the generation of organ­
izations. The ru le  is  actually a function for ordering  the raw  m a te ria l into complex 
s tru c tu re s . It may be said that the genes of the chrom osom es w ithin the nucleus of 
the living ce ll function as such ru le s  of operation.

(c) A c rite rio n . The purpose of th is is  to act as a m easure  against 
which the s tru c tu re s  or organizations form ed can be tested . B asically , it is  a 
c rite rio n  for distinguishing between ’good* and ’bad* organizations. In nature , the 
environm ent itse lf  provides such a c r ite rio n  of acceptable organization. It behaves as 
a selective m echanism  in that the ’good’ organizations live on and reproduce, while 
those which do not m eet the requ irem en ts  specified by the environm ent w ill die. It is  
im portant to note that what is  a good or a bad organization is  re la tive , depending on
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Figure 3 .1 Simple ’evolutionary’ model.

the actual environment (Ashby, 1962). What has survived in our particular environ­
ment must therefore be necessarily  ’good’. But this is  not to say that this organiz­
ation w ill be acceptable in any other environment.

A criterion is  necessary in this model because the sense in which 
self-organization is  used here, is that of ’parts unconnected’ changing to ’parts 
connected’. In such a case, there is no guarantee that the organizations formed w ill 
be acceptable, and hence the necessity to have some measuring stick against which 
they can be tested.

(d) A random generator. This produces the constituent which Von 
Foerster (1960) refers to as noise, and which Ashby (1952b) ca lls  random information. 
It is best illustrated by the way it operates in nature. Here the noise arises from 
random gene mutations, which are a key to new creations in the evolutionary process. 
If such mutations were not present, the evolutionary system  would m erely settle down 
to a dynamic equilibrium, and new creations would cease. Ashby’s homeostat 
(Ashby, 1952a) uses random information in the sense that the various feedback factors 
are adjusted at random, if  the system  ever becomes unstable.
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Thus for any p ro cess  of self-organization , both o rd er 
(p resen t in the form  of ru le s  of operation) and noise (from a random  generator) a re  
essen tia l constituents.

The four fac to rs listed  above have been sum m arized  by 
the sim plified model of evolution shown in F igure 3 .1 . This model shows products 
being generated  on the basis  of ce rta in  ru le s , together with the intervention of a 
random  elem ent. After being tested  against the environm ent, som e w ill be re ta ined , 
and o thers re jec ted . Because the products which a re  re ta ined  c a r ry  within them  the 
ru le s  for generating new products (in the form  of the genes), there  is p re sen t in 
effect, a factor which m odifies the existing ru le s . This facto r is  rep resen ted  in the 
model by the block labelled "law for modifying ru le ” .

3. 2. 2 D escrip tion of the Teaching System

The system  based on the model outlined, is  illu s tra ted  
in Figure 3 .2 . B riefly, the following are  the essen tia l fea tu res.

(a) Store of concepts

The set (C , C , . . . ,  C.) of concepts to be taught is the 
1 ^ 1

f ir s t  portion of the lesson, and corresponds to the f ir s t  sub-goal. Sub-goal 2 is  then 
achieved afte r sub-goal 1, and so on until sub-goal n has been reached, which sign­
ifies the com pletion of the whole lesson . The c rite rio n  for the com pletion of each 
sub-goal is  that there  should be answ ered, in sequence, a prespecified  num ber of the 
m ost complex type of question in that sub-goal. It is  em phasized that the sense in 
which the word ’concept’ is  used throughout th is  chapter is  as a single aspect of a 
sk ill or lesson  to be m astered  (the example of section 3 . 2 . 4  m akes th is c le a re r) . 
Corresponding to each ’concept’ is  an item  designed to in s tru c t o r te s t on th is p a r tic ­
u la r aspect of the m a te ria l in  the lesson .

The ordering  of the sub-goals in th is  way is  re p re se n t­
ative of in itia l s tru c tu re  which has been sto red  in the m achine. This can be done on 
the basis  of experience as to which o rd e r of arrangem ent is  m ost suitable. However, 
th e re  is  not as yet any definite ordering  of concepts within each sub-goal. This o rd e r­
ing o r s tru c tu rin g  is  developed during an in itia l stage of in teraction  with a group of 
students, which p rep a res  the m achine for teaching.

This arrangem ent, it  is  seen, leads to a com prom ise 
between in itia l s tru c tu re  in serted , and s tru c tu re  developed as in te raction  p roceeds. 
Such a c o rre c t balance is n ecessa ry  in  o rd e r that the 'te a c h e r ' is  not too rig id  in 
behaviour, yet a t the sam e tim e has som e constra in t on the o rd e r in which m ate ria l 
should be taught.

The grouping of concepts in each sub-goal is  so
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arranged  that irresp ec tiv e  of which com bination is  selected  from  the i concepts, a 
sensible item  w ill re su lt from  th e ir  combination. There w ill th e re fo re  be,

; +

possib le  com binations,w here
n .

is  the num ber of ways of choosing x item s from

(b) Random Component

Each of the blocks labelled RG in F igure 3 .2 , is  a 
random  generato r which (without any fu rther influence), would produce and p resen t 
item s taken com pletely at random  from  the inform ation re levan t to the sub-goal.
This random ness is  ca rried  to the extent that the item  itse lf  may be a question o r an 
instruction  (re fe r to block, Q o r I ). Although a feature of the system  is to allow th is 
freedom  of p resen ta tion  of item s in a sub-goal, it is  however, advisable to place 
some constra in t on the o rder of the ir p resen ta tion  at the beginning of the in teraction . 
This is achieved by an in itial b ias ( IB ) on each random  generato r ( RG ). The 
re la tiv e  values of the b iases placed on these random  genera to rs  a re  a sse ssed  from  
human experience in teaching that p a rticu la r subject m atte r, and w ill th e re fo re  be 
som ew here near the ir optimum values. For exam ple, it may be known from  exper­
ience that it is  generally  be tte r to p re sen t C before . In such a case , IB^

and IBri w ill be set so that the probability  of C^ appearing before is  enhanced.

However, the actual optim ization of a ll in itia l b iases is  c a rried  out during an in itia l 
stage of operation, where the system  is  allowed to in te rac t with a group of students.

(c) The Student Model

A ra th e r sim ple student model was incorporated  in  this 
p re lim inary  developm ent, as shown in F igure 3. 2. As can be seen, the perform ance 
of each student is  a sse ssed  and sto red  in  a separa te  model, which reco rd s  h is p e rf­
orm ance to a ll concepts in the curricu lum , the storage being based on the percentage 
of co rre c t responses.

The perform ance of groups to each concept, is  analyzed 
(after the com pletion of each group) as indicated by T^, T , • • • , T^+. , i being the

num ber of concepts in the sub-goal in question. On a basis  of percentage of co rre c t 
responses, typical s ta tis tica l analyses m ay be, (see F igure 3 .3  ),

Tg : Peak occurring at 85%
(i. e. m ost students sco re  85% 
c o rre c t responses to ).

T? : Peak at 62% .
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T . : P eak  occurring at 73% .
0 + 1

Such s ta tis tic a l data is  used in adjusting the in itial 
b iases  IB^, IB^, • • •, IB,, through the long te rm  feedback indicated in F igure 3.2 .

3. 2. 3 O peration of the System

The two aspects of m ost in te re s t in the operation are: 
the method of selection of item s during norm al in teraction  with a student, and the 
long te rm  adjustm ent of in itia l b ia ses , (which is perform ed afte r a group of students 
has passed  through the lesson).

(a) Method of Selection of Item s

The selection of an item  from  the concept s to re  is
governed by two fac to rs .

(i) The long te rm  perform ance of the group, as incorporated  in the 
setting of the in itia l b iases on the random  g en era to rs .

(ii) The individual student perform ance as in teraction  proceeds.
This is incorporated  by the sh o rt te rm  feedback (see F igure  3 .2 ), which d irec tly  
b iases  the random  gen era to rs  for making a choice of concept or group of concepts. 
(Without the bias on the random  g en era to rs  from  th is sh o rt te rm  feedback, together 
with the in itia l b ias , item s would be issued  purely  a t random ).

Thus, item  selection  is  made p rim arily  on individual 
student perfo rm ance, but has also ingredients of group c h a ra c te r is tic s , as well as a 
random  component. For exam ple, suppose that on previous group perform ance, it 
had been found that m ost students experience difficulty if item s incorporating both 
concepts C and C are  p resen ted  before item s incorporating C alone. Then the

1 ^ X

in itia l s tra teg y  of the machine would be tow ards p resen ta tion  of p rio r  to and

C together ( IB , IB , • • • , IB. achieve th is b iasing). However, as th e re  is a 
Z X Z 1

random  component p resen t, varia tions from  th is procedure a re  possib le , which if 
successfu l for any p a rticu la r student, a re  re in forced  through the sho rt te rm  feedback. 
In th is way, although item  p resen ta tion  is  p a rtia lly  constrained , sufficient freedom  is 
allowed to cope with student behaviours rem oved from  the norm .

Once the concept or group of concepts has been selected , 
th is  is  transfo rm ed  to an actual item . (In the actual sim ulation m ade, a sim ple 
syntax which constructed  sentences, w as used). A com parison  of student response 
with c o rre c t response is  made, which leads to a weight adjustm ent (through the short 
te rm  feedback) of the random  g en e ra to rs , thereby d irec tly  influencing the next item
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presen ta tion . The studen t's  perform ance is also updated after each response  by 
evaluating a new percentage of c o rre c t resp o n ses.

A typical ru le  for weight adjustm ent is  to in c rease  the 
probability  of selecting a concept which has been poorly understood. O ther ru les  
consider the weight adjustm ent to be made to the random generato r governing the 
proportion  between questions and in struc tions. For exam ple, a good perform ance 
w ill generally  give a b ias tow ards a higher frequency of questions, and so proceed 
through the ta sk  m ore quickly, while a p o o rer perform ance will lead to the p re sen t­
ation of m ore item s of instructional value. These ru le s , used to tran sfo rm  student 
response  into an appropriate  weight adjustm ent, may not be optimum when the m ach­
ine is  f i r s t  used (e. g. student e r ro r s  may be too severely  trea ted  by p resen ting  too 
many item s of in structions when an e r ro r  o ccu rs. Or the ru le  used may not allow for 
sufficient rem ed ial item s to be p resen ted  for a certa in  e rro r) . However, such ru les  
can be read ily  modified from  the experience gained in using the system .

The questions p resen ted  by the machine may requ ire  a 
constructed  response , or a response from  various response a lternatives on the p a rt 
of the student. If the question chosen req u ire s  a response of the la tte r  t5̂ pe, the 
transfo rm ation  Tj_ (see F igure 3.2) enables the re levant response a lte rnatives to be 
evaluated. If an item  is chosen which involves n concepts, then in the m ost general 
case , 2 response  a lternatives a re  requ ired  in o rder that a choice from  one of 
these by the student, will give sufficient inform ation as to where the lack of under­
standing lie s . However, in the course  of in teraction , the system , having assessed  
which of these  n concepts has been understood, will lim it the num ber of response 
a lte rn ativ es  so that only those which lead to new inform ation about the student are 
p resen ted . As an exam ple, consider a lesson  designed to distinguish g reen-round, 
g reen -sq u a re , red -round  and red -sq u a re  objects. If the system  is satisfied  that the 
student has learned  colour, then it need not always p resen t four response a lte rnatives, 
and in such a case , two a re  sufficient. The exact form  of T-̂  depends on the p a rtic ­
u la r lesson  being taught.

(b) Adjustm ent of Initial B iases

When each student of the group has com pleted the lesson, 
a s ta tis tic a l analysis  of the group perform ance is  made, on the b asis  of perform ance 
to each of the concepts (see F igure 3 .2 , blocks Tg, T7 , • • • ,  Tg+. ) t O perator T3 
then analyzes th is  s ta tis tic a l data, and by m eans of o p era to rs  T4 and T^ (which a re
actually  ru le s  for weight adjustm ent), the in itia l b iases on the random  generato rs  a re  
adjusted. As an exam ple, for the figures Tg, Ty, Tg+. quoted previously , a

typ ical ru le  is  to adjust the in itia l b iases so that,

(i) The o rd e r of p resen ta tion  of C^, C^, C is  m ore likely to be:
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and (ii) A higher percentage of instructions to questions occurs  when
C is selected , than when C or C. is  selected .

^ X 1

Again, such ru le s  need to be modified from  experience 
in using the system . F or exam ple, the setting of T 5 may be such that if le ss  than 
90% c o rre c t responses a re  received , a higher frequency of instructions is  p resen ted . 
What th is setting should actually  be, is  a problem  in Educational R esearch .

As th is  feedback is made only after a group of students 
has in te racted , it is  te rm ed  a ’long te rm  feedback’, (as d istinct from  any adjustm ents 
which may be made to the system  during the course  of in teraction  with any one p a r tic ­
u la r student). The long te rm  adjustm ent can also be made after each group of 20 or 
30 students has taken the lesson .

3 .2 . 4 Application to a Specific P rob lem

The problem  chosen to illu s tra te  operation of the system  
by a continuous generation of item s, is  the apparently sim ple ta sk  of teaching to te ll 
the tim e. Only a b rie f  outline of the re levan t concepts involved in the ta sk  is  given.

(a) On the Im plication of the T erm  ’Concept’

The te rm  ’concept’ has been used in  a va rie ty  of ways in 
the lite ra tu re , and ’working definitions’ have appeared. For exam ple, P iage t (1957) 
considers  a concept as an explanatory ru le , o r law, by which a re la tio n  between two or 
m ore events may be described . (The explanatory ru le s  need not be c lass ifica to ry ). A 
concept can be rep resen ted  by mapping the set of argum ents onto the se t of values of 
the function, and if only the two se ts  a re  known, the function might be found by 
induction.

B runer et al (1956) sta te , ’’T here  a re  those who argue 
that a concept, psychologically, is  defined by the common elem ents shared  by an a rra y  
of objects and that a rriv ing  at a concept inductively is  much like ’a rriv in g  a t’ a comp­
osite  photograph by superim posing instances on a common photographic p late  until all 
that is  id iosyncratic  is  washed out and a ll that is common em erges. A second school 
of thought holds that a concept is  not the common elem ents in an a rra y , but ra th e r is  a 
re la tional thing, a re la tionship  between constituent p a rt p ro c e sses . We subm it that 
such a con troversy  is  re la tive ly  fru itle ss . We have found it m ore m eaningful to reg ard  
a concept as a network of sign-significate  inferences by which one goes beyond a set of 
observed c r i te r ia l  p ro p e rtie s  exhibited by an object or event to the c lass  identity of the 
object o r event in question, and thence to additional inferences about o ther unobserved 
p ro p ertie s  of the object o r event. We see an object that is  red , shiny, and roundish 
and infer that it is  an apple; we are  then enabled to in fer fu rther that ’if  it  is  an apple, 
i t  is also edible, juicy, w ill ro t if left un re frig era ted , etc. ’ The working definition of 
a concept is  the network of inferences tha t a re  or may be se t into play by an act of
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categ o riza tio n . ”

While these and o ther ’working definitions’ a re  in te re s t­
ing and to a degree, inform ative, the task  of actually handling inform ation req u ire s  a 
som ewhat le ss  com plex approach, at leas t in itia lly , which can sim plify a p rogram m ­
e r ’s problem  in organizing the inform ation. Consequently, it is  not intended here  to 
argue on the m e rits  of various points of view, but to employ the te rm  ’concept’ as 
describ ing  aspects of a sk ill or lesson  to be m astered  in a p rac tica lly  useful m anner, 
p a rticu la rly  to ac t as ’building b locks’, appropriately  in te r-re la te d , in forming 
higher level ’concepts’. This usage is , in  many re sp ec ts , s im ila r to that employed 
by o ther w rite rs . The te s t of w hether ce rta in  concepts have been grasped  by a 
student is  made in  te rm s  of activ ities he can perfo rm  or problem s he can solve.

(b) Basic Concepts in Time Teaching

The following a re  some aspects of behaviour to be 
m aste red  in the ta sk  of learning to te ll the tim e.

(i) The distinction between the two hands.

(ii) The recognition of num bers 1-12.

(iii) The recognition of num bers 5-55.

(iv) The recognition of a hand pointing to a num ber.

(v) The recognition of which clock has a ce rta in  hour 
reading.

(vi) The recognition of which clock has a certa in  
hour-m inute reading.

(There a re  of course other aspec ts  of understanding 
involved, which a re  considered in m ore detail at a la te r stage).

(c) Syntax for the Form ation of Sentences

To c a rry  out in itia l experim ents, the following sim ple s tru c ­
tu re  illu s tra te s  the form ation of a varie ty  of sentences, depending on the concepts or 
com bination of concepts selected  by the random  g en era to rs , with appropriate  b iases 
applied.

1 .
I This ) 
(W hich)

clock

2 .

has

3.
s h o r t ) ,  ,( hand
long )

Stage X
Stage Y

5.
(  6 ’  \ r 5 \

and j^a long handJ ( at 10

55
12

)

Stage Z
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th is  exam ple are:
The ru les  for the form ation of sentences (constrain ts) in

(i) If ’sh o rt’ is selected in column 3, then a selection  from  column 
4 is made only from  the num bers 1-12.

However, if ’long’ is selected , then a selection from  any of the 
num bers 12 or 5-55 can be made in column 4.

(ii) If ’sh o rt’ is selected , the system  can form  an item  up to stage 
X, Y or Z. But if ’long’ is  selected in column 3, then the program  is such that stage 
Y is  the highest o rder item  formed.

(The actual choice and construction of item s is considered in (e)(i)),

With a sim ple s tru c tu re  as the above, item s of the 
following type can be generated: -

This clock has a short hand. 

Which clock has a short hand?

This clock has a short hand at

Which clock has a short hand at *
12

?

(2 items)

(24 item s)

This clock has a long hand at 12.

Which clock has a long hand at 12?
5

This clock has a long hand at 10

55

Which clock has a long hand at )10|

55

Which clock has a short hand at

(2 items)

(22 item s)

1 1 )
/ 5 ]

) 2 and a long hand at \ : /

j • 1 j 55 [

I 1 2 1 (
1 2  1

[ 1
/  5

) 2
and a long hand at

1 1 0

I 1 2 /  55
1 2

(288 item s) 

?
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Note: In th is  la tte r  case , if the selection of ’12’ is  made by the long hand, so
obtaining,

fW hich clock has a short hand at 6, and a long hand at 12?", 

then the program  tra n s la te s  th is to,

"Which clock shows 6 o’c lock?"

The sim ple s tru c tu re  in this case produces a varie ty  of 338 different item s.

(d) C orrela tion  of the P roblem  with the G eneral System

The relationship  of the form ation of item s, to the block 
diagram  of F igure 3 .2  is as follows: -

(i) Block ’Q o r I' = j t Ms H |
This is controlled by RG^ with an in itia l a rb itra ry  

setting  IBq = 0 .4  to 0 .6  (questions to in s tru c tio n s).

This a rb itra ry  value was evaluated on the a p rio r i b asis  
of beginning a lesson  by presen ting , in general, one or two in structions followed by a 
question, tha t is , a ra tio  of 1 .5  to 1 (which in itial approach to the lesson  is varied  
from  group experience).

(ii) Block = Concept of length =

The selection here  is  controlled by

in itia l setting  favouring p resen ta tion  of before any p resen ta tions involving m ore 
than a single concept.

(iii) Block C = Recognition of nos, 1-12 .
Z

Selection here is  controlled by RG^ . In th is case , the

system  is  biased such that C9 alone does not appear (although it can be modified to

to do so), C appears only in conjunction with C , giving item s of C C concept- 
Z -L JL Z

ual content (which re la te  to identifying to which of the num bers 1-12 , a hand points).

(iv) Block C = Recognition of nos. 5-55 .
O

Selection is  controlled by RG , with the b ias again set
ü

so tha t C alone does not appear. As indicated e a r lie r , item s which are  m eaningless
u

long 
short

RG^ , with an
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a re  not generated , and so no item s with content a re  form ed. However, item s

w hich do appear a re , for exam ple, those with content (which re la te  to identify­
ing to which of the num bers 5-55, the long hand points).

(v) Block = Concept of telling tim e in hours.

Selection is  controlled by RG4 , with a setting of IB4 
such that item s containing C4 a re  not likely to be issued  early  in  the lesson  
(although the possib ility  s till  ex ists  and if the move is ’successfu l’, re in fo rcem ent 
o ccu rs , so allowing the possib ility  of the good student passing very  quickly through 
the ta sk ).

(vi) Block C_ = Concept of telling the tim e in hours and
m inutes.

H ere the probability  of such item s occurring is  co n tro ll­
ed by RG5 , with a bias on IB5 such that these a re  leas t likely to occur early  in the 
lesson .

However, it  is  pointed out that all the in itia l b iases  
indicated (although in itia lly  se t by the p rogram m er), a re  subject to m odification from  
experience with groups, and so can be se t a t a m ore suitable value.

(e) Simulation of the System

(i) P rogram m ing F eatu res

The basic  flow diagram  of the system  is shown in 
F igure  3. 5, while the method of generation of item s is indicated in F igure 3 .4  .

F igure 3 .4  shows the key words which need to be se le c t­
ed in the form ation of item s. This selection  is  made by the p a ram e te rs  indicated u s­
ing the following coding.

K = P a ra m e te r for form ation of item s involving C^ 
(initial bias is  KSC ).

(The SC te rm  following p a ram e te rs  re fe rs  to an in itia l b ias).

L = P a ra m e te r for setting a question o r an in struction  
(initial bias is  LSC ).

MS = P a ra m e te r for form ation of item s containing C2 
(initial b ias is  MSSC ).



28 SELF-ORGANIZING SYSTEMS

ML = P a ra m e te r for form ation of item s containing C3 
(initial b ias is  MLSC ).

MH = P a ra m e te r for form ation of item s containing C4 
(initial b ias is  M HSC).

MF = P a ra m e te r for form ation of item s containing C5 
(initial b ias is  MFSC ).

F igure  3 .4  shows ce rta in  in itia l b iases  (set before in t­
e ra c t io n -  for exam ple, the probability  of an item  of instruction  appearing is  0.6  , 
while that of a question is  0. 4 . These in itia l b ia ses , together with the weight ad just­
m ent through feedback, assign  values of probability  to the p a ra m e te rs . (In F igure 
3 .5 , T = T rue, F = False).

As an exam ple, consider that MF has been selected , 
with the value of L causing a question to be asked, MS indicating to concentrate  on 
num ber 5, and ML indicating to concentrate  on num ber 35 . Then the item  p re sen t­
ation selected  is ,

"Which clock has a short hand at 5, and a long hand at 35" ?

(refer F igure 3 .4).

The actual weight adjustm ent is  achieved by an increm ­
entation of variab les for corresponding c o rre c t resp o n ses. For exam ple, to adjust 
the random  genera to r used as p a rt of the selection  m echanism  for instructions and 
questions, an increm entation is  made in L .

The details  fo r th is a re  as follows: -

A random  num ber,

R = L * RANDF (1.) 

is  generated, (FORTRAN CODE).

which re su lts  in a random  num ber between 0 and L (the in itia l value of L is  20).

Then if R-LSC is  > 0, a question is chosen. O ther­
w ise the item  presen ted  is an instruction . ( LSC = 12 was the in itia l b ias used, 
thereby giving a 0.6  probability  of instructions).

An increm entation  in L each tim e a c o rre c t response 
is received , then in c reases  the probability  of questions (there now being a g re a te r  
chance of R-LSC > 0 ). The degree of increm entation  in L can be varied , which
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Begin

Initialise

Set
initial bias

G enerate 
random num ber

Form  sentence 
(see fig. 4 .4).

P resen t item  
to student

Com pare 
Item  = 'Question'?Modify

initial
b iases

Accept
response

Check
response

Adjust weights 
on random gen®S + 1

Update s to re  
of C i  , C o  * • C

Update
s ta tis tic a l

reco rd C rite rio n  for 
completion of 
task  attained ?

Group 
com plete ?

All groups 
com plete?

F igure 3 .5 Outline of overall operation.
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in effect is  a m odification of the rule for weight adjustm ent in the ’short te rm  
feedback’ loop.

o ther variab les.
A s im ila r form  of weight adjustm ent is  used for the

The in teraction  ceases when a specified num ber (in this 
ex erc ise  chosen between 5 and 20) of the m ost complex questions has been answ ered 
co rrec tly .

(ii) Control of the Visual Display by T ransform ation  T ^

The following indicates the type of analysis c a r r ie d  out 
by T^ in form ing various response a lternatives for visual display. A com plete 
analysis  has been made for each question which can be p resen ted , but a sam ple only is  
p resen ted  here  to indicate the nature of the transfo rm ations involved,

Suppose the item  presen ted  is,

’’Which clock has a short hand at (6) ? ”

(Such an item  presen tation  involves C-̂  and C9 , that is , 
concepts of length, and recognition of num bers 1-12 - the actual num ber of the hour 
appearing is controlled by C9 , which considers the student’s perform ance to each of 
the individual num bers),

When an instruction  such as the above appears, T^
p erfo rm s the following: -

(1) One of the clocks (chosen at random) has a short hand 
placed at 6 (or a fraction p ast the 6, because fractional hours a re  also considered). 
The long hand is set at the corresponding c o rre c t position in re la tion  to this short 
hand.

(2) The second clock is  then in co rrec tly  set, at a position 
c lose  to the 6 (between 5 and 6), and the long hand se t accordingly. The setting of the 
second clock in th is way m akes the selection  of the c o rre c t response  m ore difficult.

(3) Other a lternative settings of the second clock face are: 

Long hand between 6 and 7, (which then fixes the position of the
sh o rt hand) ; or

The short hand placed at random , with the long hand then placed 
c o rre c tly  in re la tion  to it.
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It can be seen that the choice of the ’in c o rre c t’ response 
a lte rnative  is a form  of cue inform ation. A choice of one of the above response a l te r ­
natives is  made on the sim ple perform ance figure indicated e a r lie r ,

(iii) P rac tic a l A spects of Simulation

Owing to the inaccessib ility  of a graphic display unit, 
re sponse  a lte rnatives, such as the above, w ere generated  on a standard  line p rin te r 
( I BM #  1403 ). The long hand setting was made to the n eares t 5 m inutes, with the 
sh o rt hand taking up positions e ither half-way, q u a rte r way, or th re e -q u a rte r  way 
betw een any two hou r-se ttings. F or initial te s ts , and in the absence of suitable 
com m unication fac ilitie s , the experim enter acted as the response  m echanism , by 
playing alternately , ro le s  of a 'good’, ’m edium ’, and ’poor’ student to te s t the w ork­
ab ility  of the sy s tem .

A desirab le  feature apparent in the in teraction  was a 
yery  rapid p ro g ressio n  through the m ate ria l (with few instructions) in the case of the 
’good’ student; with a correspondingly slow er p ro g ression  (with m ore item s of in s tr ­
uction), in the case of a poorer student,

However, ce rta in  lim itations w ere apparent, as d iscu ss ­
ed in the next section.

3 . 2 , 5  D iscussion

(1) The system  outlined has only a sim ple m em ory, and 
lim ited  capabilities of p rocessing  inform ation from  student re c o rd s , However, the 
featu re  of lim ited learning from  experience, does take the system  out of the c lass  of 
pu re ly  adaptive system s, It can, perhaps, be com pared with the lower form s of 
o rgan ism , which show a sm all degree of learning from  experience (due principally  to
a lim ited  m em ory), as well as adapting to th e ir environm ental conditions, The system  
outlined closely  resem b les  this type of behaviour,

(2) C ertain  featu res of self-o rgan ization  can be noted.
F o r exam ple,

(a) ’D ifferentiation’ occurs along d ifferen t pathways, depend­
ing on the p a rticu la r in teraction  with the environm ent (that is , adaptation occurs),

(b) There is  a certa in  im provem ent in perform ance with 
experience due to the long te rm  feedback from  group analysis,

(c) The system  is  p robab ilistic , in that it is  not possib le to 
define explicitly the next state  of the system  at any point in tim e . It is  pointed out, 
how ever, that with tim e (as the operation proceeds) the system  behaviour becom es
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m o re  and m ore predictab le.

Although p ro p e rtie s  of self-o rgan ization  can be observed, 
they are  of course  a t an elem entary  level, due m ainly to insufficient com plexity of 
s tru c tu re  and a lim ited m em ory to c a rry  forw ard useful s tra teg ie s  learn t.

(3) S im ilarities between the system  developed, and those of 
P ask ’s adaptive system s (for tra in ing  of sk ills), can be noted (Pask, 1958, 1960, 1961). 
F o r exam ple,

(i) P resen ta tio n  is  governed by student perform ance figures, 
with an em phasis on p resen ta tion  of item s leas t well handled;

and (ii) A corresponding matching or adaptation of the system  to
the partic ipan t.

There a re , however, basic d ifferences, including:

(a) A m ore flexible p resen ta tion  (about a norm) is  achieved 
by inclusion of a random  elem ent acting on prev iously -acqu ired  student behaviour 
figures. This has the advantage of allowing a very  rapid  p ro g ress  through the lesson  
by a good student (due to useful ’m utations’ which a rise ) . As far as we can asce rta in , 
P ask  has not considered adjustm ents on the b asis  of group behaviour.

(b) No allowance is  made in th is model for varia tion  of ra te  
of p resentation . Pask does include such a featu re , which is essen tia l for attaining 
com petence in ce rta in  sk ills . In the system  outlined, the em phasis is  m ore on ra te  of 
p ro g re ss  through the lesson concepts, ra th e r  than the physical ra te  of p resen ta tion  of 
item s. (The change of em phasis here is  due to the d ifferent nature of the ta sk  consid­
ered) .

(4) A lim itation  of th is p a rticu la r model is  that selection  of 
item s is  based principally  on the individual student’s m ost recen t perform ance, and to 
som e extent, on the in tegrated  effect of the group. The deficiency here is  that insuff­
ic ien t consideration is taken of the in tegrated  effect of a student’s overall perform ance,

(5) It was found in stability  studies with the system , tha t the 
feedback fac to rs  used (i. e. the ’ru les  for weight adjustm ent’) w ere ra th e r  c r itic a l,
(e .g , it was possib le for the system  to over-com pensate by p resen ting  too many item s 
of a given concept, if  there  had been a w eakness in this concept e a r lie r ) . A fu rther 
cause of such instability  is  the absence of a m ore general student perform ance figure 
based on h is overall perform ance.

(6) A fu rther lim itation  of the m em ory is  that in sto ring  only 
a ’percentage c o rre c t’ figure, ce rta in  v ita l aspects of student behaviour a re  never 
recorded .
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(7) While the system  is  modelled in a m anner resem bling 
an evolutionary p ro cess , there is  a d ifference in that unfavourable p resen tations (for 
a p a rtic u la r  student) a re  not com pletely rem oved, but only have the ir probability of 
occu rrence  reduced, The reaso n  for th is is  that an unfavourable p resen tation  in one 
environm ent ( i .e . for one student), may not be so for another, ( cf. Ashby, 1962),
It is  therefo re  n ecessa ry  to re ta in  the possib ility  of such an ’unfavourable’ p re sen ta t­
ion being issued .

(8) The behaviour of the system  can be likened to a passive 
netw ork, in that its  behaviour is  controlled and shaped com pletely by the p a rticu la r 
environm ent. In other w ords, the p resen ta tion  it gives depends on the environm ent in 
which it o pera tes , (The system  is  in fact a function transfo rm ing  student behaviour 
into item  p resen ta tions), The lim itation here is that the system  cannot assum e an 
active ro le , and do something positive if a student difficulty a r is e s ,

(9) Teaching to te ll the tim e, as handled by the teaching 
system  d iscussed  in th is  chapter, seem s somewhat like the tra in ing  of a skill, The 
system  outlined appears to be m ore suited to ta sk s  which involve the train ing  of sk ills , 
(e .g , keyboard sk ills), because of the lim ited extent to which item s can be logically 
p resen ted  to teach ta sk s  requ iring  deep understanding.

(10) The principle of generating item s in a somewhat random 
m anner and testing  against an environm ent, o ffers the possib ility  of generating item s 
which may not have been p re -se lec ted  by the p ro g ram m er. To achieve th is , a syntax 
is  requ ired  which can operate on a se t of item  p a ram e te rs , so producing sentences,

(11) Experim entation with the setting of opera to rs  Tq and 
T 5 offers the possib ility  for Educational R esearch  in the two problem s (among others):

(a) The e r ro r  ra te  p rob lem , that is ,

"Is th e re  an optimum e r ro r  ra te , and if so, what is  th is r a t e ? ”

This problem  can be investigated by studying perfo rm ances of groups with different 
th resho ld  values applied to T5 .

(b) The program m ing prob lem , that is ,

"What is  the c o rre c t o rd e r of p resen ta tion  of m ate ria l in a le sso n ? "

Again, th is  problem  may be investigated from  group studies, with each group assigned 
to d ifferen t o p e ra to rs  Tq for influencing the o rd e r of p resen ta tion  on a basis  of past 
student perfo rm ance.
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3. 2, 6 Conclusions

The sim ple model presented has been based on co n stit­
uents of the m echanism  of evolution, The m echanism  consists  of a ru le  which o rd e rs  
raw  m a te ria l into d ifferen t s tru c tu re s , together with a c rite rio n  of acceptable o rgan­
ization against which the s tru c tu re  can be tested ,

This model has been applied in the design of a teaching 
m achine s tru c tu re  which organizes its  behaviour to suit the p a rticu la r environm ent in 
which it opera tes (that is , a student), The s tru c tu re  itse lf  is a com prom ise between 
p re -p ro g ram m ed  behaviour, and behaviour learn t in a specialized environm ent,
Before the machine is ready to teach, it undergoes a train ing period by in teracting  
with groups, In the operating cycle, when the machine behaves as a teach er, its  
behaviour at f i r s t  has a degree of uncertainty, but this is  reduced as the m achine - 
student in teraction  p roceeds. The selection of m ate ria l by the device is based on a 
p a rticu la r student’s m ost recen t perform ance, and on the long te rm  in tegrated  p e rf­
orm ance of a group of students. This lim ited m em ory reduces the effectiveness of the 
system  in sev era l ways, notably in lim iting the amount of learning from experience.
In th is  re sp ec t, it re sem bles a lower organism .

The principle under which the system  operates gives 
r is e  to the possib ility  of generating item s (or stra teg ies) not p re -p rogram m ed  before 
in teraction , This kind of system  may be useful for re sea rc h  in solving problem s 
which a r is e  in m echanized instruction ,

The above developm ent has highlighted certa in  essen tia l 
requ irem en ts  in designing a m ore general purpose system  which can be used for a 
wide varie ty  of ta sk s  requiring  understanding in the ir attainm ent, as well as p rac tice ,

4. FURTHER WORK

The sim ple model d iscussed in the previous chapter has shown various 
lim itations and suggested lines of approach for further work, The em phasis is  on a 
general s tru c tu re  which can be ’shaped’ by special purpose p rog ram s to handle p a r t­
icu la r topics, A g rea t deal of flexibility is introduced in allowing various functions 
(s tra teg ies , decision ru les , perform ance c rite ria )  as well as new inform ation, to be 
added at any stage, so perm itting  d iverse  experim ental studies.

The approach is generally styled on the activ ities of a purposive or ex p eri­
m entally minded tu tor, who experim ents with various s tra teg ie s  and decision ru le s , 
p resenting  his item s with specific goals in mind -  th is  attitude enables appropria te  
constra in ts  to be added. Several levels of s tra teg ie s , student p a ra m e te rs  and 
decision ru le s  a re  envisaged, together with a well-docum ented inform ation s to re , 
perm itting  the rea liza tion  of a rich  s tru c tu re  within which the system  can be 
’responsive ' to student needs and p ecu lia ritie s  in a complex m anner, The system  may
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im prove its  teaching perform ance from  experience (for exam ple, from  groups of 
students). The general line of approach envisages the handling of the m ultivariable 
p robab ilis tic  system  by re fe rrin g  to a higher level goal, ru le  or m easure , and allow­
ing adjustm ent through the feedback of the p a ram e te rs .

The problem  is  approached in the sp ir it that w hatever can be devised in the 
f i r s t  instance is bound to be modified in the light of fu rther experience, consequently 
an attem pt must be made to provide an overall s tru c tu re , conceived with the expect­
ation that this itse lf might need little  m odification, and the allowing of details, includ­
ing organization of inform ation, provision of s tra teg ie s , decision ru le s  and perfo rm ­
ance c r ite r ia , to be filled in by the experim en ter, who may wish to te s t p a rticu la r 
learn ing  theo ries, o r d iscover learning th eo ries  by experim entation. Consequently, 
two im portant com plem entary aspects in th is system  m ust be separa te ly  identified:

(a) The System S tructure Itself -  which allows processing  of 
inform ation to achieve adaptation (of the system  to the 
le a rn er), optim ization, and allows the m achine to lea rn  to 
be a b e tte r 'te a c h e r '.

(b) The T ransform ations between inform ation to be im parted  
(in the student-m achine in teractions) and the student 
p a ra m e te rs .

W hereas (a) is reasonably  explicit, (b) re la te s  to an a re a  in which much has yet to be 
d iscovered , and indeed it is to provide insight into these a re as  that has motivated the 
devising of (a). This c irc u la r  relationship  between (a) and (b) m akes very apparent 
the need for both aspects to p ro g ress  in an ite ra tive  m anner -  p ro g re ss  in one aspect 
leading to p ro g ress  in the other, the net effect resu lting  in a general advance. The 
need for an experim ental approach based on all re levan t knowledge seem s c lea r.

System C h arac te ris tic s

The following a re  som e of the c h a rac te ris tic s  (already d iscussed  previously) 
which a re  desirable:

(i) The system  m ust be responsive (i. e. adapt), to a whole range
of student c h a ra c te ris tic s . Amongst other requ irem en ts, th is n ecessita tes  an ex tens­
ive student model s tru c tu re , able to rep re sen t accurately  many aspects of student 
behaviour.

(ii) A general s tru c tu re  which can handle a varie ty  of topics or 
le sso n s, sim ply by allocating values to various 'item  p a ra m e te rs ', which then specify 
actual item s.

(iii) A system  which models the behaviour of the expert tu to r, 
experim enting with various s tra teg ies  (choosing favourable approaches), and 
continually searching for student difficulties which may a r is e . In th is sense, the
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system  is desired  to play an active ro le  in the teaching in teraction.

(iv) The system  should be amenable to ex ternal control, so allow­
ing experim entation with a varie ty  of s tra teg ies , decision ru le s , perform ance 
c r ite r ia , student p a ra m e te rs , and so on, thereby perm itting continual optim ization.

(v) T here  should be a s tru c tu re  which allows self-optim ization, 
once certa in  d esired  ’teaching objectives’ a re  specified,

(vi) The system  should allow the le a rn e r to ask questions and seek 
inform ation which he req u ire s .

(vii) A ppropriate p rinc ip les of self-organization , whereby 
constrain ts  and action capabilities tire devised to ensure appropria te  functioning, 
should be applied, Such a general system  should be an aid in a reas  of Educational 
R esearch, and consequently should allow extensive m onitoring of its  operation and 
inform ation flow.

5. CONCLUSIONS

It is our view that to try  to form alize the output of a human teacher (for 
example by form alizing ’theo ries  of learn ing’) and then to employ such form alization 
in a m echanized teaching system  - as essentially  is being attem pted in some work - 
is  a p rac tica lly  fru itle ss  approach, We consider that the ’m achinery of teaching' 
should be studied, not the output of th is  ’m ach in ery '. That is , we should try  to 
d iscover those constra in ts  and action capabilities which, when incorporated  in a se lf­
organizing teaching- system , lend the system  to a stable situation, in te rp re ted  as a 
goal, whereby a student lea rn s  because of the in teractions with the system , The 
system  should be capable of continually increasing  its  behaviour re p e rto ire  by le a rn ­
ing.

The discussions and elem entary  work reported  in this paper have been 
addressed to the problem  of eventually rea liz ing  such a system .
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