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The Cybernetics of Human Learning and Performance

Determination of Tax Liability Colurn or * Rule” Number

1 2 3 4 5 6

Q1 Selling Price greater than Market

Yalue? Y Y Y N N N
Q2 Market value greater than Cost

price? Y N N Y b N
Q3 Selling Price greater than Cost

price? ¥ I X N

D1 Taxcharged on Selling Price less
the Cost Price, less Expenses X

D2 Tax charged on Selling Price less
the Cost Price, less Expenses X

D3 Mo Tax either charped orallowed x X

D4 Tax allowed on Cost Price less
the Selling Price, ptus_ Expenses X

D5 Taxallowed on Market Value less
theSelling Price, plus Expenses | x

|
Figure 86 A decision logic table for determining tax Hability (after Lewis, 1970).

can be compared with what. Whereas the addressee or user may be expected
to compare anmbers, does he have the ability to recognise more obtrusive
properties; either abstract properties like similarity or concrete properties
like shape and colour that are used in many ordering schemes?

The dilemma is usually resolved (or simply inched around) by appeal to
‘well learned skills’. The solution is legitimate enough if training in these
skills is provided before the user is asked to interpret the chart; failing that,
he is almost bound to interpret any command to ¢o {not just the command
associated with the decision table) as a command to learn. If so, the inter-
pretation of the entire chart becomes equivocal ; various operations coalesce
into ‘more or less well learned skills® and the chart becomes virtually mean-
ingless (it might as well be represented as a big decision table).

Suppose, for one reason or another, that a process is serially executed. It
is thus possible to represent it as a flow-chart, The chart may not only be
complex but repetitive. Like any other serial programme, it usually contains
parts (i.e. subroutings) that represent the same kind of computation carried
out in different contexts or with different data. A ‘subroutine chart’ is a
representation of this structure. It has elements that may be either simple
conditional commands or subroutines made up from many; the only
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restriction is that each subroutine has been delineated, before execution, i
extenso (as a segment of simple conditional commands, duly surrounded
by a marker to indicate its integrity and named or labelled). Such a chart is
shown in Fig. BY and it can be employed practically using instruments for
accessing and assigning parameters to representations of the subroutines.
Plate 8 shows one of them.

P - _——————-——.-——_I

Yor Dees eopy metch @ member Ha
af st=

= Addd capy 1o [t =

i Dizcard tamparary
[

-
! |
! FAnad first iteam From Hst & I
i I
I | Resd nextitem from rean i | |
I -
iisrA I
I I Call procedurs In dotied
I Lacatz i1am in i Ll ';'::::::;'Ir;: il
= cods book X l'.-ﬂ“. K.d = £
: Y ¥
1
! Daes 2 entry for thet item exist? Do suibmaitive 1
I lar eenditian valuss
: i (8 v A0)
I !En'ler item Ir list @ I
i I i Y
I ! Make temporary
1 | capy of entry Do subroutine 1
4 for candition valles
i iz, A}
1 I
I
| e
I memaars of list =
|
[
|
1
i
|
I
1
|
I
|
]
|
I
|
I
|
|

Intisr A empey? *

k|

[ o ol LI AR e )

Figpre 87 Example of a subroutine chart.
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The Cybernetics of Human Learning and Performance

programmer has predicted, might have been made. This set certainly con-
tains the correct response. But it may also contain response possibilities
which, if they are selected, indicate the existence of misconceptions about
the material in frame /.

5. Asin the linear case, the machine presents the student with the correct
response to trial number n (Frame /).

6. The machine uses a built-in decision rule to determine which frame
(A or B in Fig. 90(5)) should be displayed at trial n + 1. The input of this
decision rule is the evaluation of (4) above.

7. The student is asked to contemplate the correct response information
and (if necessary) to use it in modifying his concept of the material in frame /
(trialm), When he has considered the matter sufficiently, the student indicates
that he is ready to receive the next frame (by pressing a button, or in some
comparable fashion).

8. The machine selects the next frame A4 or B, depending upon the
evaluation of (5) and the decision rule of (6) and presents it to the student.

Clearly, steps 4, 6 and 8 mediate external feedback-control based upon
an evaluation function and a decision rule that are chosen by the pro-
grammer. Steps 5 and 6 mediate the internal corrective feedback which is
present even in a linear system.

If the response is constructed rather than selected it is usual to hand over
the evaluation and the decision to the student, i.e. the student is given
certain rules (saying how to weigh up his constructed response relative to
the correct response) and certain directives (if you feel that your evaluation
is a, go to A, if b, go to B). The student himself selects the next frame. The
important point is that a subsystem of the student has been isolated as a
supervisor and controller of his own education, using the rules and directives
that are given. This may or may not be a good thing to do depending upon
the student and the subject matter. The expedient certainly does impose a
real cognitive burden,

Several different sorts of programme network may be appropriate
according to the intention behind the decision rules. The case just con-
sidered in Fig. 90 () is a network structure containing 2 mainstream linear
programme with remedial loops. In the simplest possible conditions the
response to frame 7 is evaluated as right or wrong and a decision is made to
select 4 (for presentation at trial # + 1) if the ath response (to frame [) is
right, to select B if it is wrong. Frame A is part of the main stream of in-
struction; in a linear programme it would be the next item after frame [.
Frame B, on the other hand, is the start of a remedial loop B, By, B; which
contains frames intended to iron out the misconceptions about frame i
manifest by the evaluation ‘wrong’. The student is returned to the main
instructional stream at frame A only when he has shown evidence that his
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misconceptions are put right. If the evaluation and the decision rules are
more claborate, the remedial action can be more discriminating and the
programme structure may, with advantage, be more detailed. For example,
in Fig. 90(c) there are two different sorts of remedial loop (B, B,, B, and
C, G, G;) one of which is selected when the subject is *wrong' at frame I;
which one is selected depends upon /ow he is wrong. The use of remedial
loops is akin to a cueing procedure extended over several frames. Because
it is extended, it can be a controlled cueing procedure.

The evaluation and decision process can also be used as a mental testing
facility to determine what sort of individual each student is, and to prescribe
essentially different forms of instruction for different sorts of individual. A
typical programme network is shown in Fig. 90(d), where the first part is a
test sequence for sorting students into classes and the remainder serve to
administer several more or less linearly arranged courses contingent upon
class membership, It is usual (as in this network) to provide retest facilitics
for reassigning a student from time to time.

In section 3 we present a tutorial control process founded on the skip
linear-programme network of Fig. 90(e). It is a series of linear pro-
grammes in which each one is addressed to the inculcation of one concept.
From time to time, a test of concept mastery is made and, if the concept has
been mastered, the student is directed to skip over the remaining frames
dealing with this concept. Hence the name ‘skip linear’.

The first branching programmes were written by Crowder (1960) who
also designed the first teaching machines to administer them. Many people
have subsequently been active in this field: Galanter (1959), Lumsdaine
(1963), and Stohlurow (1961), to mention only a few of them.

2.3 Structural Communication  One special programming technique is
the structural communication method of Hodgeson and Bennet (1967) and
Hodgeson (1968). Any study unit (corresponding roughly to a programme
segment) consists of the following sections:

1. A statement of the author’s intention, that is, the underlying topic
and goal.

2. A viewpoint which orients the student and leads him (o explore the
field.

3. A presentation of the background material relevant to the concept of
the study unit.

4. An investigation in which the student is posed problems, say five of
them.

3. A solution phase involving a response indicator. This is a page con-
taining (say twenty) statements, all of which refer to some of the problems,
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The student tackles each problem in turn and selects statements that he
believes to be true.

6. A discussion guide. Contingent upon the student’s selecting and not
selecting certain combinations of statements in the response indicator; he is
directed, through a number of stages of analysis, to study some of the
‘discussion comments’ which are described below.

7. ‘Discussion comments’ which remedy misconceptions, resolve
ambiguities, make statements and encourage the student to justify his point
of view. The comments also direct the student to do something by going
back to the problems, the viewpoint, or the intention.

Progress through this system is logical and systematic enough. Super-
ficially, the student adopts a serial path which is recordable. He is not held
in the straitjacket of sequential presentation and, broadly speaking, the
wiser he is the less restricted he will be. Whereas the majority of branching
programmes are algorithmicin the sense that they correspond to serial flow-
charts, a structural communication programme can only be represented by
a condition chart. For example, step (5) above is a condition test in which
the required evaluations can be carried out in any order (usually with
interruption and stacking of data permitted) or even simultaneously. By
the same token step (7) contains unordered exccution or assignment state-
ments. Whether or not the student uses the freedom permitted varies a
great deal but he is certainly, and rightly, encouraged to do so.

2.4 Discovery Learning  Structural communication is a procedural
reification of a dactrine called ‘discovery learning’ or (since undiluted
discovery appears to be a pretty haphazard activity) ‘guided discovery® and
is & compromise between free rein and the autharitarian approach, The
basic idea is excellent, Moreover, it is empirically supportable. Learning
takes place if and only if the student is impelled to discover a connection
between already learned concepts or to construct a concept de novo.

As often stated, however, ‘discovery learning' is a sloppily made conces-
sion that learning is chiefly a matter of cognitive processing rather than
‘behaviour shaping’. A few advocates of the principle take the trouble to be
more precise, mainly in operational terms describing what tutorial acts
should be performed to induce discoveries, rather than in terms of the
mechanism involved. Thus, the work of Bennet and Hodgeson (cited
previously) is one outstanding exception to a generally cavalier treatment
of what on earth ‘discovery® is, and the work of Belbin (1969) is another.

From a cybernetic point of view it is hard to condone an assumption that
*discovery” is a property of the mind without delving into the systems
involved. This acid criticism is spurred on by a real hazard. There is no
doubt that the cognitive operations called ‘discovery’ are very important
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and that they are much more difficult to comprehend than ‘adaptation’
(induced by behaviour shaping). The majority of writings on the subject of
discovery are intended to ease the difficulty, so that discovery is fictionally
comprehensible as a popular tagword. In the process, ‘discovery’ is used to
name a scholastic tautology (a rose smells sweet because it has sweetness; a
mind discovers because it has the discovery faculty) as a result of which the
word falls into disrepute and the excellent concepts, which actually underpin
the discovery doctrine, fall with it.

2.5 Behaviooral Objectives  During the last decade or so one movement
{above all others perhaps) has had a salutory influence in leading people to
think clearly about training and education. The underlying dogma is
‘behavioural objectives’ (Gagne, 1962). As a terse and insufficient precis,
the dogma holds, as follows.

(a) That the terminal criteria of training and teaching can be expressed
in terms of behaviours (often very complex ones; for example ‘multiply
numbers A to B using a slide rule’ or ‘multiply numbers 4 to B using a table
of logarithms’ or ‘multiply numbers A to C"). If these behaviours are cor-
rectly performed a student ‘knows’ whatever (multiplication, for example) is
required of him. The word ‘knows' is placed in inverted commas because of
a contention that the galaxy of behaviours is all that an instructor can know
(without inverted commas) about the student. (b) The complex terminal
behaviours can be broken into segments and the correct performance of
these smaller pieces of behaviour, usually induced by behaviour shaping, is
a sufficient entry criteria for a4 behaviour shaping operation that inculcates
the terminal behaviour (obviously (a) and (b) can be iterated with respect to
each behavioural segment until very small pieces of behaviour remain as
primitives and, in principle, until there is no residue),

The whole gamut of methods and models (with the possible exception of
structural communication) are popularly adumbrated under the rubric,
‘behavioural objectives’. Training programmes are certainly devised on
that assumption and often more or less work (though how effectively it is
hard to tell), The plain fact is, however, if discovery is taken seriously then
neither the contention of (a) ‘terminal behaviours are all we can know® nor
the contention of (b) ‘it is possible to segment any skill' hold water. If
discovery does mean a cognitive event then we can and must know, in order
to support this view, how a student comprehends a subject matter, describes
it, and explains it. True, the data may come from objective records of what
the student does but they are not interpreted as behavioural records. For
example, physically and operationally there is a great deal of difference
between ‘multiplying’ and ‘explaining multiplication® though it may be the
case that the explanation is physically manifest as making a model for the
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The Cybernetics of Human Learning and Performance

chosen which satisfies condition (i) and (ii) and is likely to satisfy the legi-
timacy condition. The legitimacy of the topic ordering for all C, in BR are
tested at step 6 and if necessary BR is revised. (To quote one example, in
Salazar Resine’s tutorial programme for elementary logic, the names of
the concepts in BR are as follows: propositions, truth tables; disjunction
and conjunction; negation; the conditional; the biconditional; arguments
and truth tables; inference rules; predicate logic (general propositions and
quantifiers); predicate logic (inference)).

It does not matter very much whether the topic ordering is constructed
by the author of the tutorial programme or constructed by a system analyst.
But it is essential to the whole scheme that the author approves the ordering
and is allowed to modify it if he desires to do so.

3. The elementary concepts available to any student in the population
are determined, in practice, by experience or intuition. In theory they might
be determined from student discourse, using the methods that social anthro-
pologists address to discovering salient words in an alien language.

4. The programme format is shown in Fig. 93. Other branching formats
with the properties cited below could be used, in particular the structural
communication format. The format of Fig. 93 is about the simplest, com-
patible with the method. The main educational goal is designated G; the
educational goals are designated Gy, . . ., G, and the educational subgoals
(B + ~8im) « (W5, . . EMag). A ONe to one correspondence between
concepts and goals is assumed (the assumption is seldom more than a gross
approximation, but it is made). Thus, if the concept is C*, the nG* = G(C*);
similarly for the concept €, and the subconcepts C; (sothatfori = 1,, . ., n
andf=1,.. _,m,G = G(C)and gif = G(Cif). There is a rough relation
between levels of abstraction in the programme and thelevels of abstraction
supposed to exist in the mind of a student, If *>>° stands for ‘more abstract’,
then G*>(Ge{G)) > (gefgy) and similarly C*> (Ce({Ci)) >
(C ={Cij}). However, the entire programme exists in a single level of
control.® The constituent TOTE units are Lev I operators that form Lev 0
structures in the student by cooperation with Ler / systems in the student.
There is an inherent weakness in the scheme, Whereas the student can form
definite learning sets (structures at the level Lev [ in his control hierarchy)
the programme cannot do so. If it could, then there would be time variable
relationships between the G, and between gij (not merely an ordering
L. . wnorip. . . iy ). Further any programme with this property would
be real-time and on-line adaptive; the adaptive process being formalised as
a Ler 2 box in the teaching system. The adaptive process of steps 8,9 and 10
(below) is isomorphic with such a Lev 2 box. But it does not act at the indi-
vidual level, i.e. the programme is adapted only to a population of students.

2. Apart from cueing operators which moy be regarded as Len 0 objects,
280
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[ F | [ P |
PO LOD [
T Fimt Pat Bam

= [XIT

Figure 93 A branching programme format.

5. Consider the first topic of the main topic stated in step (1). Tt is made of
subtopics. Some of these may be elementary concepts and others may be
introduced by definitions. Form an ordering of these topics (Fig. 94),
starting with the first, in which each subtopic is represented by a node ina
directed graph and in which A is above B, if and only if, a concept for
topic B must be attained before A is instructed, either a concept for topic B
is part of a concept for topic A or the attainment of a concept for topic Bisa
necessary precondition for attaining a concept for topic 4. To cach directed
edge (directed arc) of the graph, and to each terminal node, assign a type
label according to the type of process used in building a concept for the
topic at the node where the edge terminates.

So far as the teaching is concerned, a type name is the name of an instruc-
tion which the student is asked to carry out, on the assumption he has a
Lev I mental operation for doing so. The list of type names is restricted to

251
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