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The Cybernetics of Human Learning and Performance

x; = | all of the entries in 8, and all of the entries in 6, including 6,, and
0,5, are reduced in the direction of zero in proportion to their several values
and the length of the anticipation latency. Because of this, and because of
the active characteristics of the stimulus and response units, the maintenance
of a pattern of fl,, values entails some sort of dynamic organisation.

1.3 The System  Let us talk about the system anthropomorphically.
On receipt of a stimulus search instruction, the stimulus unit ‘expects’ to
receive a ‘problem’ (some non-zero value of X). The problem it does receive
will be biassed by ‘evidence’ U, from its environment but, evenif there is no
evidence, some problem will ultimately be posed (as a result of the stimulus
unit decision process). This state of ‘expectancy’ gives rise (when the prob-
lem is posed) to a state of ‘anticipation” regarding a solution to this problem.
A solution is denoted by some non-zero value of ¥, and it is achieved by the
response unit decision process, instituted through the response search
instruction by some x, = |. The solution depends, even in the absence of
the external input Z, upon the f; values in those rows of the 8 x 8 array
that are selected by the particular problem. The state of ‘anticipation’
terminates after a solution is designated and its termination gives rise to a
further state of problem ‘expectancy’.

In all this, the 8, values play a crucial part by determining what solutions
will be given to various problems. An assumption that values of R represent
values of some reward or desirable commodity, and that the machine
would like to solve problems in such a way as to maximise the average value
of R, is effectively built into the design. For, as a result of the process just
described, the machine ‘learns” to solve problems in & manner that is com-
patible with maximising the average value of R (the ;, assume a pattern
that leads to this result, providing that specific and consistent values of R
are associated with specific problem solution pairs).

1.4 Modification of Habituation Mechanism  The habituation of the
machine requires further comment since it is, in some respects, unrealistic,
If a stimulus is repeated, the strength of stimulus required to elicit the
problem state x; = | increases. Thisis more or less as it should be, provided
that x; = 1 does not lead to a reinforced response (a significant event), If
the result of a stimulus is significant (if {x,,y,» = ¢1,1} is reinforced) then
the present machine performs as it would do if the stimulus were not
significant (at least, it does so with respect to the expectancy process; the
anticipation latency, the interval occupied by the response unit decision
process, 1s reduced). This is not altogether satisfactory from a biological
point of view because in a real organism habituation with reference to
significant stimuli is suppressed or nullified. The model works the right way
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round for the anticipation latency ; but it is perverse in respect of the expect-
ancy latency for significant events.
The right characteristic can be secured in several ways. It was in fact,

-obtained by modifying the local storage feedback to the stimulus unit so that,

instead of a simple inhibitory signal, this feedback became, at the ath trial

and for the event (x,v,> = <1,1> a quantity | — 0{n) where ,(n) is the

quantity delivered as the internal input to the jth component of the response
unit. If the problem event induced by a stimulus is not significant, 1 — #,,(n)
is high (and habituation takes place as before). If the problem event is
significant, then 1 — 6,{n) is low valued and habituation is suppressed.
This arrangement gives the machine the required characteristics, but it
does so ‘unfairly’. Additions of this sort, constitute an attempt to represent,
in a primarily single level model, the organisation of a many level, and
hierarchical structure.

1.5 Experimental Facilities  For experimental purposes the EUCRATES
Hlearner® is connected to a console from which the experimenter can act
upon and observe the main variables as well as receiving an ‘illicit’ (from
one stance) view of the interior via a 0, display. As shown in Fig. 39 the
learner may either be manipulated directly or coupled to a EUCRATES
teacher (not yet described, but essentially the same as the learner apart
from a full representation of the task relation to be learned and circuits for
computing criteria of performance, i.e. of the extent to which behaviours
satisfy the task relation).

In addition, the teacher can be coupled to a real-life student so that
comparative observation is possible (student/Eu ¢ RATES teaching machine
in contrast to EUCRATES learner/EUCRATES teaching machine). Though
important for the main application (design of smaller, degenerate, teaching
machines) this facility is not discussed.

2 Ways of Looking at the System

The EUCRATES learner can be viewed in several ways. During the late
1950s it was fashionable to take a strongly behaviouristic point of view and
it will be instructive to start with this image in mind and to modify it as
needs be.

2.1 The Machine Regarded as a ‘Black Box"  Consider the machine as
a ‘black box', in Ashby's sense, It has an input U, which may be interpreted
as a stimulus, perhaps complex in form, which gives rise, internally (and
beyond the behaviourist image) to a problem vector X. It has an output, ¥,
which may be interpreted as a response vector designating an hypothetical
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The Cybernetics of Human Learning and Performance

Figure 46 Typical correct response probability curves (), and their transformed

tation as indices of selective uncertainty/information with respect to an
external observer (b). Three cases arc from Von Foerster's simulation and two
are from EUCRATES,
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8 Attention Directing and Constructive Mechanisms

It is possible to obtain a (rather cackhanded) model for non-trivial learning
by relinquishing the constraints imposed upon the system of Fig. 44in order
to secure two machines featuring as ‘teacher’ and ‘learner’. The essential
condition is that the learner’s output can form a non-numericised fuzzy
input to the teacher and, vice versa, that the teacher’s output can form a
non-numericised fuzzy input to the learner.

Tt will be evident that the resulting system is distributed; there is no
functional distinction between the teacher and the learner. Or, to make n
point also voiced by Von Foerster (and which is generally valid) learning
entails a reacher whe learns, just as teaching entails o learner who learns.
Any theory of learning in the preferred sense is a theory of teaching, and
vice versa.

Although the learnerfteacher distinction is satisfactorily eliminated
there remains an engine responsible for evaluating responses with respect
to the relation & and determining whether or not the machine is reinforced.
Crudely, but seriously enough, this engine is an arbilter of veridicial truth;
if a response is taken to index a problem-contingent solution then only true
solution-statements are rewarded. Since there is but one relation, the action
of this part of the equipment trivialises the joint machines’ operation by
thwarting the attempt (which the joint machine is bound, by construction,
to make) to direct its attention elsewhere and to explore its environment
for further relations that may be learned.

The method of surmounting this obstacle, recommended in Pagk (1960)

is to augment the truth criterion by a criterion of agreement between sub-

systems of activity (initially, the subsystems localised in the teacher and
learner parts of the apparatus) and to enlarge the apparatus so that physical
limitations, such as the number of storage locations, no longer play a
dominant role. Under these circumstances, replicas of the teacher and
learner erganisations can coexist and cooperate in the enlarged network as
dynamic but stable entities (the stable configurations in networks described
by Aleksander (1973) are examples of such entities). It is still true that any
aggregate of two or more cooperating subsystems must satisfy A and that
they must also agree (in the sense that the joint system is stable in the
domain of #). But the several distinct pairs (or aggregates) of subsystems
coexisting in the network correspond to different descriptions of #; in
particular, each one realises a distinct method of computing &, i.e. they are
distinct intentions of the same extensionally specified relations or, in psycho-
logical parlance, they correspond to different methods of solving the same
problem or performing the same skill.

This proposal remains valid and it has been embodied in a physical

12%
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