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required the exercise of a certain skill and judgment.
The tests were necessarily of a very simple character,
measured by quantity rather than by quality of
output. In view of all these difficulties, it is hardly
surprising that the interpolation of so-called fatigue
tests brought discredit on the early attempts to
estimate industrial fatigue.

NATURE oF FATIGUE.

Let us, then, turn to a consideration of the nature
of industrial fatigue, dealing first with occupations
especially involving muscular work. Here, it might
be thought, is a field in which the ergograph, recording
flexion and extension of an isolated joint within the
intact organism, might yield serviceable evidence
of the extent of fatigue. Here, too, it might be
expected—from the resemblance of ergographic
conditions to those of the muscle-nerve preparation
—that our knowledge of the physiology of muscle
would render wvaluable help in its application to
industrial fatigue. We have reason to believe that
the isolated muscle tires because it no longer has
sufficient manufactured material (of the nature of
glycogen) at its command which will enable further
contraction to take place, breaking down into lactic
acid, carbonic acid, &c., or because the muscle-
fibres have become clogged by the non-removal
and the accumulation of such poisonous products of
decomposition.

But the ergographic tracing is not a simple
record of elther of these conditions. For, when the
subject has reached the stage when he is ?uite impotent
to produce further movement of his finger, he will
immediately be able to furnish another good ergogram,
if the weight which his finger is lifting be slightly
reduced. From another aspect, too, the stage of
absolute exhaustion which he has reached is only
apparent, so far as his muscle is concerned. It will
still readily contract if the stimulus of an electric
current be applied to his arm over the appropriate
peripheral motor mnerve. The so-called fatigue
effects revealed by the ergograph are very largely
of nervous origin, due to afferent impulses ascending
from the tiring muscle and inhibiting the transmission
of efferent impulses which would otherwise throw
it into action. They are protective against truly
muscular exhaustion, and we are ignorant of the
relation between such nervous inhibition and the
degree of truly muscular fatigue occurring. We do
know that under conditions of severe general fatigue
such inhibition may fail, and thus a better ergographic
tracing—i.e., a larger amount of work—may be com-
patible with inecreased fatigue. Such an experience
occurred to my knowledge during a prolonged series
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muscles employed, a fatigue of the central nervous
** set ”’ which is responsible for the preservation of
the favourable posture, a fatigue, it may well be, of
the directive process establishing that set. Lastly,
not only are the various simultaneous movements
integrated together by practice so as to form a single
whole, not only is there this integration of a spatial
kind, but practice also brings about an integration
of a temporal kind. Successive movements are inte-
grated together, and here the influence of rhythmical
performance is of the greatest aid. The value of
acquiring a proper rhythm in repeated movements
can hardly be exaggerated. This kind of integration
likewise breaks down in fatigue.

We see, then, that if, so far as the performance of
movements is concerned, industrial fatigue is to be
viewed in the light of a fatigue of acquired skill,
we are far removed from an explanation of industrial
fatigue in terms of muscular metabolism. The fatigue
must be traced largely to disorders of nervous integra-
tion, inhibition, and coordination. Its site must lie
in the central nervous system.

Tllustrative Examples.

Two examples, illustrative of this conclusion,
may be cited from the reports of the Industrial
Fatigune Research Board. In the course of their
investigations into the process of “ buffing ” Farmer
and Brooke ! obtained wattmeter records of workers
roughing (removing imperfections and scratches from)
spoons and forks throughout the day. These records
enabled the experimenters to deteet the wvarying
number and duration of the strokes and the varying
pressure with which the workers applied each spoon
and fork to the polishing wheel. As the output
diminished durin e day’s work the worker's strokes
increased in number and duration, while the pressure
with which the strokes were applied became greater.
In other words, with the onset of fatigue, the worker
began to use extravagant energy, although the out-
put was diminished. The skilled worker became
an unskilful worker, just as happens in sport with
a tired eight or a tired golfer.

The second example ? illustrates a natural corollary
from our results—mnamely, that it is the less efficient
worker who is most susceptible to fatigue. In their
investigations in boot and shoe factories, Loveday
and Munro observed that those workers who achieved
a high output suffered far less than their relatively
inexpert comrades from the fatigue of the week'’s
work. Whereas the latter would reach their highest

. Enm;'ta of the Industrial Fatigue Research Board, No. 15,
» 4534,
up 2 .Ihidl’ Nﬂl 10] I]p.. 15_28.
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has to maintain and the efforts which consciously or
~unconsciously he has to expend; or, on the other
hand, they may assist in those directions. Irritation
and boredom are obvious examples of the former,
contentment and interest of the latter.

The influence of feelings of pleasure and displeasure
and of excitement and depression on the muscular
effort of which a person is capable have long been
recognised by physiologists and psychologists. DBut
the influence of conflicting feelings on the orderly
character of mental and central nervous processes
was only adequately realised after experience of the
ﬁyﬂho-neumses arising in the course of the war.

e phenomena of disorder and regression there met
with are but a pathological exaggeration of the same
phenomena which I have stressed earlierin this address
as occurring in industrial fatigue.

Just as efficient muscular work demands the
maintenance of a favourable posture, so efficient
mental work demands the maintenance of a favourable
attitude., This attitude is, of course, maintained
more easily in states of contentment and interest,
less readily in states of resentment and boredom.
So long as the worker is happy and interested,
the favourable attitude can be preserved without
effort ; its preservation involves the successful
inhibition of all antagonistic, incompatible attitudes.
Such inhibition is apt to tire when interest fails.
Discordant ideas or movements are no longer auto-
matically suppressed. They become manifest and
themselves inhibit industrial work. Conscious
voluntary effort has to be invoked in order that the
mental or motor task may be continued. As this
wearies, boredom is felt and the need for a change of
attitude becomes imperative.

We now realise how far the boredom arising from
an uncongenial task may be safeguarded by a more
careful selection of the worker. Too intelligent a
worker for the kind of repetitive work in which he
is en%!}%ed may be as unsuitable as a worker who has
not sufficient intelligence for another job.® The work
must be adapted not only to the level of general
intelligence, but also to the special abilities of the
worker. As a general rule, the dull worker prefers
a more monotonous job. He does not want change.
He safeguards himself against boredom by recourse
to the phantasies of day-dreaming, to conversation,
song, &c.

The effects of boredom are at first those of localised
fatigue. They may be dispelled by a change of work.
It has recently been found by Vernon and Bevington *°

! }3’-}1?[;3“ and Wyatt: Jour. of Nat, Inst. Ind. Psych., vol. ii.,
pp' F -

‘*é:;rdmtriﬂl Fatigue Research Board, Report No. 29,
I"' 'l
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frequency, in other words of spoilt work, were con-
structed both before and after the changes recom-
mended by the Institute had been carried out. Not
only was there a diminution of over 53 per cent.
in the number of breakages, not only was the curve
of spoilt work at a lower level throughout the day,
but it showed a far better form. The previous well-
marked rise of the curve towards the end of the day’s
work disappeared. We may reasonably conclude,
therefore, that removal of the sources of worry and
irritation materially reduced the workers’ fatigue.
They expressed unfeigned appreciation of the improve-
ment in working conditions introduced by the
Institute.

The curve of spoilt work throughout the day has
been shown by Ryan and Sargant Florence '* to be
characterised by the same features as that of output,
though, of course, in inverse direction. It tends to be
greatest during the initial and final hours of the
morning's or afternoon’s spell of work. It is also
greatest among the less expert workers. The causes
and hourly frequency of industrial accidents show
a close resemblance to those of spoiled work. Over-
pressure and irritation, especially when accompanied
by fatigue and inexperience, increase the hourly
frequency of accidents. Mere fatigue alone may not
do so. For the worker may for a time at least work
equally cautiously, but at a far lower level of output.
It is when he is unduly pressed or excited that spoilt
work or accidents become more frequent, and espe-
cially when such over-pressure, irritation, and worry
are so great as, or have continued long enough, to
be associated with fatigue.

FATIGUE OR INHIBITION ?

At the outset we might have been disposed to
define industrial fatigue as that result of previous
industrial work which is manifested as a diminution
in output. But, as has been shown, fatigue may
temporarily result in an increased amount of work
due to the tiring of higher-level inhibition and control,
and it may result from many other causes than that of
previous industrial work. The worker may for quite
other reasons come to his work in a fatigued state.
His lack of training, his use of needless movements,
his whole mental and physical environment may be
the true causes of his fatigued condition rather
than the number of hours which he has already
worked.

Further, diminution of output as the work con-
tinues may result not only from fatigue, but also from
lack of incentive or boredom, resentment, and worry

3* Ibid., vol. i., pp. 193-197,







