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The Cybernetics af Human Learning and Performance

present form the objection applies only to lengthy experiments, With human
subjects though, if a more fundamental point of view is adopted, the
principle s universal.

A more appropriate paradigm for securing constant conditions would be
an arrangement whereby the subject (in the examples, this is a human
being) can be kept working within his individually determined and indi-
vidualistically altered operating region.

The experimenter could, in principle, take the necessary precautions
himself, i.e. he might adjust the rate and form of stimulation so that a
response criterion, indicative of continuing task performance, is satisfied;
for example, by making life more difficult if an index of correct performance
increases in value and making life less difficult if the correct performance
index decreases in value. To instrument this plan the observer needs a task
and an environment which furnishes more than enough variety to overtax
the subject at any point in the experiment.

Two problems result from allowing the experimenter to act in this way.
First there is a practical administration problem. All the measuring and
adjusting is likely to overtax the participant observer so that (even if he
circumscribes a compartment of his mind to act as a regulator and leaves
the rest of it to observe) he is likely to find himself so stressed that no energies
are left for his main occupation, which is observing. Secondly, there is an
experimental design problem due to the fact that the observer is no longer
external but rather participant at least some of the time. It is later shown
that the regulatory activities needed to secure the desired consistency ‘subject
working in operating region’ entail other than causal transactions between
the subject and the ‘regulator’, and thus render any ‘regulator’ a participant
most of the time,

The proposed method is as follows. Instead of the classical organism/
environment system in Fig. 57, construct the system of Fig. 58 in which the
controller is a mechanical or computer programmed device for executing
a steady state or null point operation. If p is a performance index and if a
level of task difficulty is represented by » then the controller in question
determines the value of p, compares it with a null point value £ (indicative
of satisfactory and correct task performance) and operates upon , as
follows, for experimental trials (or time instants) indexed n.

y{0) = 0
y(n) = ZAn(m)

+1if, p = & unless nln) = gy When Anin) =0
Arfp)= | Difilp=£
—1if, £ > 0 unless y{n) = 0 when Anin) =0

As a convenience, it is usual to assume that p and 5 are normalised so that
162
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Figure 57 The classical organism/environment system.
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Figure 58 Alternative system to that of Figure 57.
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Fipure 59 ¥, stimulus display; y, response; flx,y), ‘correct’ comparator output;
P.S. problem source; Simp, problem simplification or difficulty variation; ¢,
knowledge of results, if given,

1= p=0and 1> 5> 0. Since task difficulty is modified, in effect, by
simplifying task situations that are inherently too difficult, it is useful to
introduce a degree of simplification index = 1 — .

The system (Fig. 59) operates in the context of a source of task require-
ments (PS or problem source since task requirements will later be identified
with problems). The subject A4 receives problems that have been simplified
to a variable degree, u, by the controller, B, which may thus be regarded as
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The Cybernetics of Human Learning and Performance

system is Lyapunov-stable if the trajectory eventually approaches the
origin and if it never crosses from the inside to the outside of a boundary.

In saying that systems are empirically stable, I mean that their irregular-
ities satisfy this condition, on average, and may be constructed to do so, in
all particulars, by the choice of appropriate functions. The proposed method
can be claborated a great deal. The algorithm is extremely primitive, for
example, and is easily improved though (as a matter of fact) most improve-
ments have little practical value, The controller described above is uni-
dimensional. This restriction is inessential, The majority of stcady-state
controllers are actually multidimensional devices so thatp = <py, . . ., P/
and 5 = My, . . . Nay. The performance criterion is very rigid. That
constraint is lifted in at least one of the examples to be discussed.

The crucial and outstanding issues are to do with some half concealed
underlying assumptions. Apart from the previously voiced disquiet over the
status of *goals’ and ‘goal directedness’ it is evident that a controller can
only be designed to simplify a task (for example) if there is a model for the
task and for the controlled subject. Moreover, any adequate model for the
task must be a representation of the task as it is secen by the controlled
subject (otherwise there is no reason to suppose that an allegedly simpli-
fying operation would have the desired consequences). It is possible to cite
numerous examples in which intuitively plausible models incorporated in
controllers do mor have the required properties and the controllers in
question fail to stabilise the system. On the other hand, in the E:nmplc.s to
be cited the necessary conditions are met quite adequately. Perhaps this is
a matter of happy intuition, But it can be phrased otherwise, as follows. If
the subject is held in his operating region then he is prepared and he is able
to act as though the (physical) stimuli constituted ‘input states' and the
(physical) responses acted as ‘output states’; hence to subserve the external
observer’s scientific dogma, He could or would not do so unless he were
maintained in an operating region. To maintain him there, the experimenter
starts with the observer's dogma in mind and designs a controller to h.nlfi
the subject in an operating region if that supposition is valid. In fact, it
becomes valid due to the control operation only, i.e. by a boot-strapping
process. For the instances to be cited, the boot-strapping works.

1 Error Score Constancy in a Manual Task

The subject is presented with a compensatory display, usually on a cathode
ray oscilloscope. In the one-dimensional case shown in Fig. 63 he perceives
the locus of a point on & line and is required to adjust a manual control in
order to keep the point within a line segment around a fixed position. His
manual control determines the acceleration of an idealised vehicle (the
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Figure 63 One dimensional, compensatory tracking, task system.

vehicle characteristics of the system in Fig. 63 are specified by a couple of
integrators). The displayed point (described to the subject as *an indicator
of vehicle displacement’) varies from its fixed position, even if the subject
does nothing, because of un input perturbation that is added to the subject’s
acceleration control signal before it is integrated. The form of this pertur-
bation is unlearnable and hence its value is unpredictable. But the subject
can learn to ‘handle the vehicle’ when it is perturbed by unpredictable
disturbances. Further, it is empirically safe to say that the *vehicle-handling'
job is made increasingly difficult by an increase in the mean amplitude of
this perturbation.

The subjects error score, ¥, (the converse of p) is computed either as the
average root-mean-square deviation from the fixed point or as the average
value of the modulus of this deviation. Let £ be a critical error score. To
maintain constancy of error score, we set

n = Const »% Time Integral (£ — 7}

and choose the (positive) constant so that the man-machine system does
not become unstable due to over-compensation. In other words, the task
difficulty is continually modulated in order to maintain the chosen form of
constancy, that & — = 0 (or, phrased in a slightly different way, the
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The Cybernetics of Human Learning and Performance
1. Riry~1— . — 1)

The next part of the control operation selects the class of events from which
one event will be ‘randomly’ sampled at ¢ = r,,, if some test trial is made
on this occasion. The selection probability for the class X is denoted =,
and the controller of Fig. 66 is designed so that

2 wi{i) =1 — zi(n)

Finally each of the terms R{t,) and =((n) is interpreted as a bias applied to
a probabilistic selection device (a variable ‘window width' random address
generator). The effect of equation (1) is to increase the test trial rate as the
subject’s vigilance decreases, and the effect of equation (2) is to rehearse;
most frequently, the most neglected events. The latter process maintains
the average values of the w(n) close to 1/m as required in the definition
of vigilance.

As a theoretical aside, it is worth commenting that the recursive definition
embedded in the design is typical of relativistic systems. Here, vigilance is
defined on the assumption that the m (1) are nearly equal, There is a rule
(namely a psychological principle of familiarisation due to repetition)
which, il valid, justifies the Iast control operation as an expedient for
securing equality of the = (n). Since the rule is psychological, the entire
operation is a heuristic recursion,

4 Maintaining a Constant Proficiency in a Coordinate
Transformation Skill

The subject is presented with the display and response board shown in
Fig. 67. Each trial, Af apart, he is presented with a figure in the alphabetic
display and required to select the row and column buttons that designate
the row and column coordinates of the figure in the 3 x 4 rectangular
display before dt seconds after the stimulus. With &t set at 2-5 seconds,
Ar at 5 seconds, and the between-trial interval at 1-5 seconds this is a
difficult job, and the novice is unable to do it unless he is provided with
cueing information.

The skill is characterised by a couple of error factors (in the sense of
Harlow, 1935), namely, a row and column error factor, since the subject’s
response may be row-correct and column-correct independently. Hence,
the cueing information is delivered with reference to the row-response
selection and the column-response selection separately. The information
concerned is provided by the row lamps and the column lamps of Fig. 67
which are illuminated at a variable interval (within the allowed interval of
dt seconds) after the appearance of a stimulus fipure in the alphabetic display.
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The Steady State or Null-Point Technigue
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Figure 67 Coordinate (ransformation task showing display and response
Facilities.

Let i = ‘column’ or ‘row’, and let p, be a proficiency index

pp = Average value (4,)

where

+ 1. if the ith type response selection is correct and presented
before the ith type cueing information;

0, if the ith type selection is correct but too late;

—1, if the ith type response selection is mistaken or absent

=

The value of +1 in this rule may, with advantage, be replaced by the
term At — latency. Define 7, as the proportion of At that elapses before
the ith type of cueing information is delivered to the subject. The maximum
value of 77, is At and if 9, = jmax then no cueing information of the ith type
is delivered.

The control mechanism for variable delay cueing satisfies

#y = Constant ¥ Time Integral (o, — £)dr

where £ is the required level of proficiency and the constant is a positive
rate term. The system is started in the initial condition 5 (0) = 0. The value
of 3, is defined unless or until , = Hmax-

4.1 Clamping Techniques  The assumption underlying simplification
by a variable delay cueing procedure, with Ar constant, is that the subject
operates decisively (to select responses) at the same rate throughout the
experiment. Given this, the cueing information can be delivered at an
optimal (constancy-maintaining) instant during the decision process taking
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The Cybernetics of Human Learning and Performance

them. Moreover, the steady-state system is, in fact brought into existence by
quite different means.

{a) The subject is goal-directed in the thoroughly full-blooded sense of
entertaining an intention or purpose.’ That is, the subject’s brain acts as a
general purpose computer which executes goal-directed procedures, alias
problem-solving procedures, alias intentions. Generally these procedures
are non-deterministic programmes in the sense of Manna (1970) or fuzzy
algorithms in the sense of Zadeh (1973).

(b) Under these circumstances, the environment is symbolically inter-
preted and selected by the subject, so, similarly, is the procedure he executes.
The subject attends to a field of attention. The experimenter may determine
what he attends to by specifying (as a programming operation) the pro-
cedure that he executes. Also, the experimenter may pose problems as
conditions in which the goal is not satisfied, But he does not construct an
input to which the subject reacts in any other sense.

{c) Under these circumstances the mooted equivalence between difficulty
and simplification makes sense. A simplified problem is a partially solved
problem and is less difficult than the undiluted problem, in so far as the
solution-method used to obtain the partial solution is compatible with the
methods realised by the current goal directed procedure.

In general, there is no guarantee that a simplification (partial solution)
which seems plausible to the experimenter will serve as a simplification to the
subject. In order to satisfy this condition it is necessary to have a model that
replicates the subject’s problem solving procedure. The cases considered
are specially tractable either becanse the subject’s method is dictated or
because it is possible to choose an ordering of difficulties (either one ordering
indexed by the scaler 5 or several ordering indexed by »,) which systemati-
cally simplify in respect of any method.

(d) The various performance indices, p, are interpreted as estimates of
the extent to which an internal-to-the-subject-hypothesis is confirmed or
an internal-to-the-subject criterion achieved, All of them are measures of the
subject’s degree of belief in the rectitude of a goal directed, 1., intentional
or purposeful, action. In addition, of course, they index the extent to which
the behaviour under this goal satisfies the external observer’s criteria, But,
first and foremost, they are estimates of subjective quantities and it is a
subjective quantity (the subject’s degree of certainty) thatis stabilised by the
SST. This point is obvious in connection with reflective measures, like r, as
these make little sense outside such a framework.

{g) The goal directedness requirements ({a), (b}, (¢), and (d)) are satisfied
by the existence of an experimental contract in which the subject agrees to

1. R. L. Gregory independently makes the same point, in saying that the brain under
these circumstances, acts as & deductire mechanism.
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The Steady State or Null-Point Technique

participate. This is a normative or game-like scheme (not a behavioural
paradigm) which is set up by a commanding or programming operation
‘giving the experimental instructions’. It is useful to stress that the contract
is agreed to by the subject. ‘Giving instructions’ is not a matter of presenting
a specially forceful stimulus. The contract has a semantic and a pragmatic
aspect. The subject, for his part, agrees to interpret symbols in a particular
way; namely, as members of a field of attention. The experimenter, for his
part, agrees to provide an SST controller that does so as well. The subject
agrees to adopt a rofe, that is, to aim for a certain class of goals and the
experimenter, for his part, agrees to furnish a controller that will cooperate
(in the agreed domain) by simplifying problems posed under the goal so
that the subject may be able to keep his part of the contract. Notably, the
controller is designed under the assumption that the contract is kept. It
does cooperate and iz able to cooperate if, and only if, the subject has the
intention of keeping the contract in the first place.

(f) Though this aspect is trivial for the case so far cited, the contract
also has a syntactic component. The subject and the controller speak the
same interaction language (formally an object language distinct from the
observer’s descriptive metalanguage) which has definite grammatical rules,
which, for example, determine what is the form of a correct response or the
construction of a logical subproblem (subgoal) of the original, The goal-
directed procedures are programmed in this language, the rules of the game
are stated in it

(g) Although the theory does not demand a physiological interpretation,
it is interesting that the subjective conditions (a), (b), (c), and (d) have
reliable neurophysiological concommitants in man. These are described by
Grey Walter (1969) who is responsible for much of the original work (this
paper is essential reading).

By way of summary, consider a subject as a reactive device in receipt of
stimuli that are pure stimuli, and no more than that.

If an auditory stimulus is presented to the subject it is usually possible to
record an electrical response from the specialised auditory region of the
subject’s cortex. The same is true of a visual stimulus, or any other, as each
stimulus evokes electrical responses from regions proper to its modality.
Inaddition, for each effective stimulus that does evoke an electrical response,
there is a transient electrical response discernible against a background of
the usual electrical rhythms, in the frontal regions of the cortex, Tf traces of
activity are laid out in time following the stimulus and if these traces are
inscribed in computer storage and their values are averaged over a period
of time in which several stimuli are delivered (so as to suppress the unwanted
background by cancellation), then the transients are accentuated. But no
other changes of response pattern are observed whilst the stimulus remains
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