












APPLICATION OF PSYCHOLOGY TO INDUSTRIAL MEDICINE

held to something like a constant effect only by
periodic increase. We know that whenever skilled
work or play is being exercised at near tolerance
limits, incentive will, and can, do nothing except in
a short-lived spurt. Near the beginning of all of our
work, Craik, pondering over operations of self-
regulating machines, such as the velodyne motor,
began to wonder whether it might be useful to think
of motive as a kind of feed-back, operating from
within a skill and currently with its unfolding, and
acting as a kind of centrally appreciated standard,
marking any difference between actual achievement
and whatever it is the organism is set to achieve.
And indeed this has proved to be a fruitful notion,
directing many experiments; and as I have indicated
earlier, we have gone some way along this line,
learning a little about the priorities and effectiveness
of information given either intermittently, in a
form of " knowledge of results ", or currently, with
practice of a skilled performance itself, through
associated internal peripheral and central changes.
But it is all the merest beginning, and in any case it
cannot be the whole story. The real puzzle lies not
in the relationship of performance and "set ", but
in what settles and maintains the " set" itself.

The Application of Experimental Techniques to
Problems of Ageing

When the Cambridge Nuffield Unit for Research
into Problems of Ageing was formed, much of our
early work on the measurement of skill had already
been completed. There was at that time an imposing
array of experimental work on the characteristic
deteriorations of reaction which accompany in-
creasing age. Nearly all of it was based upon
studies of isolated responses; reaction-times
acuity thresholds of many kinds; steadiness tests;
intelligence tests of the unit item variety; problem
solving; and the like. Where spells of working
activity were studied, little attempt had been made
to use any other measures except those of overall
performance: amount produced, total errors, total
times taken, amount of effort expended, and so on.
The general picture obtained was one of small and
negligible deterioration at relatively early age,
followed sometimes by recovery and sometimes by
slight persistent decline, and finally, at advanced age,
very often a catastrophic fall.

It seemed to us that the time had come to approach
the whole subject in a different manner. Because
we knew most about these we resolved first to study
the relatively light skilled operations which in fact,
owing mainly to improved instrumental and
machine technology in all directions, are coming to
play a more and more dominant part in organized
industry. Our skills must be allowed to keep their

natural order of expression, and our measures must
go inside the skills. We must give the operative
conditions of design in display and timing in control,
of speed, load, and ceiling, our primary attention.
We must not be too much hunted by the notion of
deterioration of skill alone, and supposing that we
did find that there are changes in the manner of
skilled performance which are characteristic of
broad age ranges, we must find out whether these
have important implications in regard to the most
economical learning of skill at different ages, and
its continued, day to day exercise.
The programme was large and undeniably

ambitious, but Mr. A. T. Welford and his associates
have already shown beyond question that its broad
guiding ideas are fruitful and practicable.

First there are a number of technical and tech-
nological points of method connected with measuring
skilled work from the inside, and with relating
whatever goes on inside the skill with a measure of
what is produced, or with an overall performance
score. Even when we have demonstrated that the
measures that we most need are related measures of
timing in control and spacing in display, if we are
to remain loyal to our view that these must be
sought within the natural skill sequence, and not
once only, but in continued exercise, any ordinary
methods of recording and evaluating are excessively
difficult and time consuming. Welford has,
however, been able to develop an electronic
time-and-error recording device which gives us the
critical scores we need in such a form that they can
be fed into automatic computing machines to give
us speedily whatever statistical analysis is desired.
There seems every prospect that this method of
recording and evaluation can be greatly extended,
and that it will open up fields of investigation which
have so far been too difficult to explore in any
detail.
The general story is consistent with most of what

has been said already. Laboratory and field studies
alike show that, as age increases, it is the timing of
control responses that suffers most. The difficulty
begins to appear early, in the late twenties and early
thirties, but except under severe speed and load
stresses, it is usually countered by a more " canny "

use of the display signals, especially, probably, by a
more deliberate and effective, though usually
unwitting, extension of anticipation, and often by
some reduction in a number of movements and
decisions. Consequently overall performance does
not suffer, and may even go on improving, unless
there are rather drastic changes in the general
design of the methods and environmental conditions
of the performance. The bother is that nowadays
very rapid improvements in machine design make
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such drastic changes common, and unless these are
introduced with care and wisdom, serious difficulties
are likely to develop, especially in the age range
from about 40 to about 60.
The evidence also shows that the increased

intolerance to speed which accompanies ageing is
not, during the period of a normal working life, or
even rather longer, due to any natural increase in
the time taken to initiate a response, or to the
movement time itself, but to irregularities of
change-over time, particularly, probably, in rather
long spells of continued activity. Field studies
appear to show that the trouble is most acute when
skilled movements have to be combined with a
large amount of general bodily activity, and both
the movements and the general activity have to be
carried out under imposed speed stress.
What causes the greatest difficulty of all is

dealing with novel clusters of signals, and especially
from the forties onwards the skilled operator cannot
reasonably be expected to make the necessary re-
adjustments quickly and automatically. Whether a
little judicious retraining could maintain the
required level of performance is not yet certain.
Very likely it could, but the method of training must
certainly be adapted to the age-range of the per-
former. In a broad sense it seems to be coming out
more and more that display and load assume
greater importance as age increases.
Any attempt to explain the precise mechanism of

all this is at present bound to be pretty much of a
guess. But it seems not unlikely that as what is
called " middle age " approaches, there is a tendency
to make more and more exclusive use of the second
of the three main types of anticipation. The
appreciation of order and pattern in events requires
certainly an alert intelligence. But it can, though
of course it need not, avoid the added burden of a
recurrent or continuously active selective obser-
vation. The anticipatory function in rapid skilled
performance cannot be avoided, for without it the
essential smooth quality of skill will be lost. It
may be that there is normally some retraction of
span or range of direct exploratory anticipation,
and with it some extension of span of the kind that
rests upon short or long-term storage or recall.
There is then inevitable loss of flexibility.

In spite of all of this, skill prognosis for age
becomes steadily more and not less favourable as
we come to understand better the nature of the
changes that take place. Given a due regard to
essential psychological conditions, a normally
healthy population should be able to maintain and
modify acquired skills, and even achieve new ones,
well beyond any age that is now considered to mark
the term of an active working life.

We began all our work on ageing in the laboratory.
This was partly because we were proposing to
develop new methods of assessment, and partly
because we knew that when we went out into the
industrial field we must be equipped with at least
some guiding ideas of what to look for. Without
these, observation of the field type gets bogged in a
mass of varied detail. But observation alone, and
even observation and field experiment cannot carry
us all the way when we are concerned with direct
industrial problems. We must have records,
especially when types of training and learning about
which practically nothing is known come up for
consideration, as they obviously do in this case.
We have found that reliable and relevant industrial
records bearing upon the problems which have been
indicated are very rare indeed. It is a matter of
great urgency that this gap should be filled.

The Study of Human Skill, Performance, and
Industrial Medicine

No doubt it is right and natural that industrial
medicine should still be greatly preoccupied with
detailed studies of specific hazards which must be
encountered in particular industries, groups of
industries, and industrial operations; and with
problems concerning the treatment of the worker
who falls a victim to these hazards, and how they
may be prevented or the workers adequately safe-
guarded. Toxicological problems, a large variety
of types of specific industrial diseases and acquired
disabilities of bodily function, the treatment and
prevention of burns and other injuries-these and
many other questions of the kind that everybody at
once recognizes to be " straight medical ", must
remain in the forefront of the industrial medical
officer's attention.
Yet nobody can now ignore the facts that modern

large scale and highly organized industry has to
face up to a lot of human problems, the criteria for
the occurrence and severity of which are limited
efficiency, the piling up of unwanted and avoidable
fatigue and strain; an accumulation of errors
leading to accidents that could just as well never
occur at all; irregular working habits, and the
growth of simmering or open dissatisfaction often
leading to dispute, the real causation of which is
frequently misunderstood. For the most part these
maladjustments do not issue in any definite or
identifiable bodily disease, but in extreme cases,
which are nevertheless sufficiently common to lead
to plenty of trouble, they do produce a crop of
nervous and mental disorders.

In all these instances the basic conditions are
exactly the same as those which produce the prob-
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lems which are generally regarded as a proper
concern of an industrial medical service. The body
and the mind are set to work under circumstances
with which they cannot deal without impairment of
the activity that is demanded. It is the medical
habit of mind, of learning to identify early symptoms
of such impairment, and then probing beneath the
surface to find out their real causation, that is
most of all needed. It should never be forgotten,
though it often is, that the body that was responsible
for nearly all the pioneer work in this country on
the scientific investigation of the matters which
I have been discussing, and for the great bulk of its
subsequent development, was the Medical Research
Council through its Industrial Health Research
Board: and that very nearly all the other organi-
zations which have played a great part in the same
field during the last 15 years or so have also had
extremely strong medical interests.

It has been one of my chief aims, in writing this
article, to show that the study of skill in industry,
and the general and specific conditions alike of its
impairment and of its healthy exercise, has become
as technical as that of any of the widely recognized
industrial diseases and hazards. The time has
come, I would maintain, when every progressive
industrial medical service must have its own group
of professionally qualified investigators well trained
in the principles and practice of experimental

psychology. Their relation to the practising in-
dustrial medical officer should be exactly that of
the toxicologist, or of the specialist in chest or
heart diseases. The doctor in the industrial field
must know what to look for, what records he, more
than anybody else in industry, is in a position to
appreciate and can be relied upon to collect syste-
matically and in a sensible form. Now that we are
certain that skill can and must be studied in its
natural setting of sequential exercise, now that we
know something about the key features of its
efficient practice, there is a vast amount of valuable
information and original observation which can be
collected and carried out without any elaborate
instrumentation.

I should be the last person to maintain that the
approach which I have here attempted to describe,
is the only one that should be tried. By all means
let influential people go on seeing what they can do
by repeated exhortation. Give all possible chances
to every wise development of the " science of human
relations ". But unless, also, the conditions affec-
ting the healthy and productive exercise of skill are
studied scientifically and secured in practice, any
number of appeals, any amount of " understanding "
management, and the most expensive development
of external incentives and amenities in the factory,
will not heal troubled bodies, troubled minds, and
a troubled society.
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